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'-----DEViCE NUMBER 

'----~-- DEVICE FAMILY 

Ordering Information 

PACKAGE 

D - Glass/Metal Dual-In-Line Package 

F - Glass/Metal Flat Pack 

H - TO-5 (TO-99, TO-l00, T046) 

J - Low Temperature Glass Dual-In-Line Package 

K - TO-3 (Steel) 

KC - TO-3 (Aluminum) 

N - Plastic Dual-In-Line Package 

P - TO-202 (D-40, Durawatt) 

S - "SGS" Type Power Dual-In-Line Package 

T - TO-220 

W - Low Temperature Glass Flat-Pack 

Z - TO-92 

DEVICE NUMBER 

3,4, or 5 Digit Number Suffix Indicators: 

A - Improved Electrical ~pecification 

C - Commercial Temperature Range 

DEVICE FAMILY 

AD - Analog to Digital 

AH ~ Analog Hybrid 

AM - Analog Monolithic 

CD - CMOS Digital 

DA - Digital to Analog 

DM - Digital Monolithic 

LF - Linear FET 

LH - Linear Hybrid 

LM - Linear Monolithic 

LX - Transducer 

MM - MOS Monolithic 

TBA - Linear Monolithic 

Devices are listed in the table of contents alpha-,numerically by device family (LH, LM, LX, etc.) and then by device number. 
With most of National's proprietary linear circuits, a 1-2-3 numbering system is employed. The 1 denotes a Military temperature 
range device (-55°C to +125°C), the 2 denotes an Industrial temperature range device (-25°C to +85°Cl. and the 3 denotes a 
Commercial temperature range device (O°C to +70°Cl. i.e. LM101/LM201/LM301; 

Exceptions to this are the LM1800 series of consumer circuits, which are specified for the commercial temperature range; 
some hybrid circuits which employ a "c" suffix to denote the commercial temperature range; and second-source products 
which follow the original manufacturers numbering system, i.e. LM741/LM741C or LM1414/LM1514. 

Parts are generally listed in the table of contents by military part'numberfirst, i.e. LM139/LM239/LM339. Where a separat" 
data sheet exists for a different temperature range, the device will be listed separately, i.e. LMl19/LM2l9 and listed separately 
LM3l9. Where only one temperature range exists, the part will be listed in its proper order, i.e. LM340. 
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LM130 3-Terminal Positive Regulator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-50 
LM131 Precision Voltage-to-Frequency Converter .................. :. . . . . . . . . . . . . . .. 8-162 
LM131A Precision VOltage-to-Frequency Converter. .......................... : ....... 8-162 
LM134 3-Terminal Adjustable Current Source ............................. _ .... _ . . . . 9-13 
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Alpha-Numerical Index (Continued) 

LM135 Precision Temperature Sensor. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9·21 
LM135A Precision Temperature Sensor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9·21 
LM136 2.5V Reference Diode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . .. ..' 2·26 
LM1373-terminal Adjustable Negative Regulators ........ ',' . . . . . . . . . . . . . ... . . . . . . . . . '1·56 
LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage). ............ ... .. . 1·61 
LM138 5 Amp Adjustable power Regulators... ............ ........... .............. 1·66 
LM139 Low Power Low Offset Voltage Quad Comparator ......................... , . . . 5·23 
LM139A Low Power Low Offset Voltage Quad Comparator. . . . . . . . .. . . . . . . . . . . . . . . .. . 5·23 
LM140 Series 3·Terminal Positive Regulators ........ : . . . . . ... . .. . . ... . . . . . . . . . . . . . . 1'74 
LM140A Series 3-Terminal Positive Regulators............. ............. ..... ....... 1·74 
LM140L Series 3·Terminal Positive Regulators .............. ' ........................ , 1·82 
LM143 HighVoltage Operational Amplifier ................... .'. . . . . .. . . . .. . . . . .. . . . . 3·122 
LM144 High Voltage, High Slew Rate Operational Amplifier, ..... ' .................. ; . 3·129 
LM145 Negative Three Amp Regulator ............. '.. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . 1·85 
LM146 Programmable Quad Operational Amplifier.................................. 3·135 
LM148 Series Quad 741 Op Amps.................................................. 3·147 
LM149 Series Quad 741 Op Amps............ ............. ....... ...... .. ...... .... 3·147 
LM150 3 Amp Adjustable Power Regulator ..................................... ;.. . . ,1-89 
LM158 Low~Power Dual Operational Amplifier. ........ ............ ......... . ....... . 3-157 
LM158A Low Power Dual Operational Amplifier................... ......... . ...... .. 3·157 
LM159 Dual, High Speed, Programmable Current Mode (Norton) Amplifier ........ , .... ' 3-167 

, LM160 High Speed Differential Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·31 
LM161 High Speed Differential Comparator ......................... '. . . .. . . . . . . . . . . . 5·34 
LM185 Voltage Reference Diode. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . 2·32 
LM192 Low Power Operational AmplifierlVoltage Comparator ........................ ' ,3-183 
LM193 Low Power Low Offset Voltage Dual Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-37 
LM193A Low Power Low Offset Voltage Dual Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·37 

. LM194 Supermatch Pair ...................................................... , .. ,.. 11·1 
LM195 Ultra Reliable Power Transistor ....................... ; . . . . . . .. . . . . . . . . . . . . . 11·7 
LM199 Precision Reference.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2·38 
LM199A Precision Reference .................................... '. . . . . . . . . . . . . . . . . . 2·44 
LM201A Operational Amplifier .................................. , . . . . . . . . . . . . . . . . . 3·65 
LM202 Voltage Follower..... .... . . . . . .. .. .. . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 3·74 
LM204 Negative Regulator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2 
LM205 Voltage Regulator ................ ,.. .. .. .. . . . . . .. .. . . .. . . . .. . .. .. .. .. . . . . .. 1-5 
LM206 Voltage Comparator ....................... ' ............ ' .. ; . ; . . . . . . . . . . .. . . . . 5·9 
LM2070perationai Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-79 
LM208 Operational Amplifier ................................... '\' . . . . . . . . . . . . .. . . . 3-83 
LM208A Op~rational Amplifier ............................................... , . . . . . 3·88 
LM209 5-Volt Regulator .............. '........................... .................. ' .. 1·10 
LM210 Voltage Follower ..................................... ; . . . . . . . . . . . . .. . . . .. . . 3-95 
LM211 Voltage Comparator .............. ' .................... ; ..... : .... '. ............. 5·12 . 
LM212 Operational Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 3-102 
LM216 Operational Amplifier...................................................... 3·187 
LM216A Operational Amplifier.... .... ........... ................. .................. 3:187 
LM217 3-Terminal Adjustable Regulator ................... ,.. . . . . . .. .. . . .. .... . . . . . . 1·15 
LM217HV High Voltage 3·Terminal Adjustable Regulator. i. . . .. . . . . .. . . .. . . . . . . . .. . .. 1·23 
LM218 Operational Amplifie(.... .... ............................. .................. 3-106 
LM219 High Speed Dual Comparator............................. ...... ............ 5-18 
LM221 Precision Preamplifier..................................................... 4-11 
LM221A Precision Preamplifier.................................................... 4-11 
LM222 Precision Timer......... ................................ .................. 9-1 
LM22:3 3 Amp, 5 Volt Positive Regulator ..................... !...... .................. 1-39 
LM224 Low Power Quad Operational Amplifier ................. :................... .3-113 

,LM224A Low Power Quad Operational Amplifier .................. ;.................. 3-113 
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Alpha-Numerical, Index (CO~tinued) 

LM231 Precision Voltage·t~Frequency Converter.. ............... .... ...... ....... . . 8·162 
LM231A Precision Voltage·to·Frequency Converter .................. ".. ...... ....... 8·162 
LM234 3·Terminal Adjustable Current Source. , ............ ' ............. ~.:. ....... 9·13 
LM235 Precision Temperature Sensor .............. , ............. , . . . . . . . . . . . . . . . . . 9·21 
LM235A Precision Temperature Sensor ........... , , ... , ......... , , . . . . . . . . . . . . . . . . 9·21 
LM236 2.5V Reference Diode ......... , ....... ' ......... , , .. ; ...... , . . . . . . . . . . . . . . . . 2·26 
LM237 3·Terminal Adjustable Negative Regulator ................... , , .. '.... ... ... .. 1·56 
LM237HV 3·Terminal Adjustable Negative Regulator (High Voltage) .... , . . . . . . . . . . . . . . 1·61 
LM2385 Amp Adjustable Power Regulator ................ " ................. : . .. . . 1·66 
LM239 Low Power Low Offset Voltage Quad Comparator ...... , ...... , . . . . . . . . . . . . . . 5·23 

, LM239A Low Power Low Offset Voltage Quad Comparator ................ ' .. '. . . . . . . . . 5·23 
LM245 Negative Three Amp Regulator ......................................... ;. . . 1·85 
LM246 Programmable Quad Operational Amplifier ........ ,.... ..... .............. .. 3·135 
LM250 3 Amp Adjustable Power Regulator......................................... 1·89 
LM258 Low Power Dual Operational Amplifier...................................... 3·157 
LM258A Low Power Dual Operational Amplifier .............................. ,...... 3·157 
LM260 High Speed Differential Comparator ................................. ,...... 5·31 
LM261 High Speed Differential Comparator. ........ : ......... , .............. ,...... 5·34 
LM285 Voltage Reference Diode ............................ , ... , .. , ........... , . . . 2·32 

,LM292 Low Power Operational AmplifierlVoltage Comparator ............ ; ....... ,... 3·183 
LM293 Low Power Low Offset Voltage ,Dual Comparator ......... ': ............... , . . . 5·37 
LM293A Low Power Low Offset Voltage Dual Comparator .. , . , ... ',' .......... , , ... , . . 5·37 
LM295 Ultra Reliable Power Transistor ......................................... ,.,. 11·7 
LM299 Precision Reference ..................... ',' ............ , ............... , . , . 2·38 
LM299A Precision Reference .............................. , .... , , . . . . . . . . . . . . . . .. . . 2·44, 
LM301A Operational Amplifier... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,3·65 
LM302 Voltage Follower ........................................................ ,. 3·74 
LM304 Negative Regulator ............................... , ..... , . . . . . . . . . . . . . . . . . . 1·2 
LM305 Voltage Regulator .......... , ....... ..... ..... ....................... .... .. 1·5 
LM305A Voltage Regulator. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·5 
LM306 Voltage Comparator ................................... YO" • .. .. .. .. .. .. • .. 5·9 
LM307 Operational Amplifier ......................................... .-. . . . . . . . . . . . 3·79 
LM308 Operational Amplifier. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 3-83 
LM308A Operational Amplifier ..................................... , ......... , .. , . 3·88 
LM308A·1 Operational Amplifier ............... , ......... ,.................... ..... 3·88 
LM308A·2 Operational Amplifier ................. , ............ : ............... , .. ~ . 3·88 
LM309 5·Volt Regulator ..................................... , ................. ,.... 1·10 
LM310 Voltage Follower ......................... , ..•.................... , .... , . . . . 3·9,5 
LM311 Voltage Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 5·44 
LM312 Operational Amplifier ...................................................... ' 3-102 
LM313 Reference Diode ...................... : ...... '.............................. 2·18 
LM316 Operational Am'plifier .............................. , ........ .. ............ .. 3-187 
LM316A Operational Amplifier ........................................ '. ...... ..... 3·187 
LM317 3·Terminal Adjustable Regulator .............. , .................. ,..... .... .. 1·15, 
LM317HV High Voltage 3·Terminal Adjustable Regulator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1·23 
LM318 Operational Amplifier.: .................... '.. ............... .. .... . ...... .. 3·106 
LM319 High Speed Dual Comparator ........................................... ,... 5·18 
L~320L Series 3-Terminal Negative Regulators ....................... :....... ...... 1·97 
LM320ML Series 3·Terminal Negative Regulators..... ................ ...... ........ 1·97 
LM321 Precision Preamplifier ............................................. ,....... 4~ 11 
LM321A Precision Preamplifier ........... : .............. ' ......... ~ . . . . . . .. . . . . . . . . 4·11 
LM322 Precision Timer ........................ ' .................. , . . . . .. . . . . . .. . . . 9·1 
LM323 3 Amp, 5 Volt Positive Regulator... ... .......................... .... ........ . 1·39 
LM324 Low Power Quad Operational Amplifier...................................... 3·113 
LM324A Low Power Quad Operational Amplifier.................................... 3·113 
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Alpha-Numericallridex (Continued) 

LM325 Voltage Regulator. .......................................................... 1-43 
LM325A Voltage Regulator: ................ , ................................... ~ . . H3 
LM326 Voltage Regulator ....................................... : .............. ~. .. 1-43 
LM329 Precision Reference ............................ ~ . . . . . . • . . . . . . . . . . . . . . . . . . . 2-21 
LM330 3-Terminal Positive Regulator ........................... ~., .. < ... ,.. ... .... . 1-50 
LM331 Precision Voltage-to-Frequency Converter ..... : ......... : ............. : .. ~ .. ,. 8-162 
LM331A Precision Voltage-to-Frequency Converter ......................... , ..... :.. 8-162 
LM334 3-Terminal Adjustable Current Source ................... ,................... 9-13. 

· LM335 Precision Temperature Sensor ............. : ............ ' ........ , . . . . . . . . . . . 9-21 
LM335A Precision Temperature Sensor ........... : : ................... ~ . . . . . . . . . . . 9·21 
LM336 2.5V Reference Diode ........ , . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-26 
LM337 3-Terminal Adjustable Negative Regulator ... : ................................ '1-56 
LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage). . . .. . ... . . . . . . . . . . . 1-61 
LM3385 Amp Adjustable Power Regulator........... .......... ............ ... .... . 1-66 
LM339 Low Power Low Offset Voltage Quad Comparator. . . . . . . . . . . . . . .... . . . . . . . . . . . 5-23 
LM339A Low Power Low Offset Voltage Quad Comparator. . . . . . . . . . . . ... . . . . . . . . . . . . . 5-23 
LM340 Series 3-Terminal Positive Regulators. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-74 
LM340A Series 3-Terminal Positive Regulators ............ ; ............•........... : 1-74 
LM340L Series 3-Terminal Positive Regulators ................... , ,................ . 1-82 
LM341 Series 3-Terminal Positive Regulators .. :...................................... 1-103 
LM342 Series 3-Terminal Positive Regulators ................ : . . . . . . . . . . . . . .. . . . . . . . . 1-106 
LM343 High Voltage Operational Amplifier. ..................... ............... .... . 3-122 
LM344 High Voltage, High Slew Rate OperaticinaIAmplifier...... .................... 3-129 
LM345 Negative Three Amp Regulator ................ '.' ....... '. . . . . . . . . . . . . . . . . . . . 1-85 
LM346 Programmable Quad Operational Amplifier.................................. 3-135 
LM350 3 Amp Adjustable Power Regulator .......................... : .............. , 1-89 
LM358 Low Power Dual Operational Amplifier ..... :.......... . . ... . .............. .. 3-157 
LM358A Lo)/\/ Power Dual Operational Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-157 
LM359 Dual,High Speed, Programmable Current Mode 

(Norton) Amplifiers ............................................. ,. .. .. ...... .... 3-167 
LM360 High Speed Differential Comparator ...................... : ................ ; 5·31 
LM361 High Speed Differential Comparator. ............ ....... . .... . .... . .... ........ 5-34 
LM376 Voltage Regulator ................................................. '" ...... 1-5 
LM377 Dual 2 Watt Audio Amplifier ........................ ~....... .............. .. 10-1 
Llv1378 Dual 4 Watt Audio Am·plifier ..... ' .. : ............................. '. . . . . . . . . . . 10-6 
LM379 Dual 6 Watt Audio Amplifier .................•.................. ,........... 10-10 
LM380 Audio Power Amplifier ... :.... ..... ........................ ....... ... ...... 10-14 
LM381 Low Noise Dual Preamplifier..... ................. ....... . ..... .. ....... ..... 10-18 
LM381A Low Noise Dual Preamplifier............... .......... . ....... .. •.... .... .. 10-18' 
LM382 Low Noise Dual Preamplifier ....................................... : . . . . .. . . 10-21 
LM383 8 Watt Audio Power Amplifier .. : ................. ~ . . . . . . . . . . . . . . . . . . .. . . . . . . 10-24 
LM383A 8 Watt Audio Power Amplifier ........ : ........... : ................ , . . . . . . . . 10-24 
LM384 5 Watt Audio Power Amplifier .. : : .......................................... : 10-28 

, LM385 Voltage Reference Diode .......................... : . . . . . . . . . . . . . . . . . . . . . . . . 2-32 
· UII1386 Low Voltage Audio Power Amplifier .................................. '. . . . . . . 10-32 

LM387 Low Noise Dual Preamplifier ......................... :.......... ....... ..... 10-36 
LM387A Low Noise DuaIPreamplifh:ir .......................... ,................... 10-36 
qJl3881.5 Watt Audio Power Amplifier ........ ~...... ....... ..... .... .. ............. 10-39 
LM389 Low Voltage Audio Power Amplifier With NPN Transistor Array .............. ". 10-44 
LM390 1 Watt Battery Operated Audio Power Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-51 
LM391 Audio Power Driver ..... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 10-56 
LM392 Low Power Operational Amp'lifier/Voltage Comparator ........ , ....... ........ 3-183 
LM393 Low Power Low Offset Voltage Dual Comparator ........ , ......... , . . . . . . . . . . 5-37 
LM.393A Low Power Low Offset Voltage Dual Comparator. . . . . . . . . . . . . . . . .. . . . .. . . . . .5·37 

· LM394 Supermatch Pair .................................... : ...• :........ ......... 11-1 
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Alpha-Numerical Index (Continued) 

LM395 Ultra Reliable Power Transistor: . . .. . . .. . . .. . .. . .. . .. . . . .. . . . . .. . . . . .. . .. . .. 11-7 
LM399 Precision Reference .............................. ' ........ : . . . . . . . . . . . . . . . . 2-38 
LM399A Precision Reference ............. , . . . .. . . .. .. . . . . .. . . . . . . . . . .. . . . . .. . . .. . . ,2-44 
LM555 Timer .................................... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-29 
LM555C Timer. .......... .- ..................................... '.................. 9-29 
LM556 Dual Timer ........................................................... : .... , ' 9-35 
LM556C Dual Timer ...................... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-35 
LM565 Phase Locked Loop........................................... . . . . . . . . . . . . 9-38 
LM565C Phase Locked Loop ..................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-38 
LM566 Voltage Controlled Oscillator ................................ ; . . . . . . . . . . . . . . 9-43 
LM566C Voltage Controlled Oscillator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-43 
LM567 Tone Decoder. . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-46 
LM567C Tone Decoder ....................................... '. . . . . . . . . . . . . . . . . . . . . 9-46 
LM709 Operational Amplifier ...................... :............................... 3-190 
LM709A Operational Amplifier..................................................... 3-190 
LM709C Operational Amplifier.................................................... 3-190 
LM710 Voltage Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-52 
LM710C Voltage Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-52 
LM711 Dual Comparator............................................. . . . . . . . . . . . . . 5-55 
LM711C Dual Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-55 
LM723 Voltage Regulator ............................................. , ............ : 1-110 
LM723C Voltage Regulator ............................................... ,......... 1-110 
LM725 (Instrumentation) Operational Amplifier..................................... 3-194 
LM725A (Instrumentation) Operational Amplifier....... ............................. 3-194 
LM725C (Instrumentation) Operational Amplifier .................. :: ........... '" . . 3-194 
LM733 Differential Video Amp ........ ' .......................................... .,. . 3-198 
LM733C Differential Video Amp ...................................... ~ ...... ~..... 3-198 
LM741 Operational Amplifier......................... ................ ............. 3-202 
LM741A Operational Amplifier. ............................ , . ~ ............ ; ...... ; . . 3-202 
LM741C Operational Amplifier. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-202 
LM741E Operational Amplifier ....................... ~ .. : ............ ~ .,.. . .. . .... . 3-202 
LM747 Dual Operational Amplifier ......... ' ............................ ; . . . . . . . . . . . 3-205 
LM747A Dual Operational Amplifier... ................ ................ ............. 3-205 
LM747C Dual Operational Amplifier .•........................... ; . . . . . . . . . . . . . . . . . . 3-205 
LM747E Dual Operational Amplifier .................. ,' ........ , ~ . . . . . . . . . . . . . . . . . . . 3-205 
LM748 Operational Amplifier ..................... ' ....... , ......................... _ 3-210 
LM748A Operational Ampilifier .................................................. " 3-210 
LM78XX Series Voltage Regulators ................•...................... '. .. . .... . 1-136 
LM78LXX Series 3-Terminal Positive Regulators .................................. ,,'.. 1-139 
LM78MXX Series 3-Terminal Positive Regulators .................................. ;. 1-145 
LM79XX Series 3-Terminal Negative Regulators..................................... ,1-148 
LM79LXXAC Series 3-Terminal Negative Regulators................................. 1-153 
LM79MXX Series 3-Terminal Negative Regulators .................................. : 1-157 
LM1011 Dolby B-Type NOise Reduction Processor.................................... 10-67 
LM1011A Dolby B-Type Noise Reduction Processor ......................... ,. . . . . . . . 10-67 
LM1014 Motor Speed Regulator ...................................... ; ............ : 9-50 
LM1014A Motor Speed Regulator .. : ....................... ; . . . . . . . . . . . . . . . . . . . . . . . 9-50 
LM1017 4-Bit Binary 7-Segment Decoder/Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-70 
LM1019N Digital Tuning Station Detector. ................................ ; ......... ' 10-74 
LM1303 Stereo' Preamplifier ....... : ................... , ........................... '10-77 
LM1310 Phase Locked Loop FM ~tereo Demodulator. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 10-79 
LM1391 Phase Locked Loop Block ............... , ..................... :........... 10-81 
LM1408 8-Bit D/A Converter ............................................... , . . . . . . . . 8-173 
LM1414 Dual Differential Voltage Comparator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 5-58 -
LM1458 Dual Operational Amplifier ........ : ......•......................... :...... 3-213 
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Alpha-Numerical Index (Continued) 

LM1496 Balanced Modulator-Demodulator ...................... : ....... : ........... ,c. 10-84 
LM1508 8-Bit CIA Converter .... : .. ! ........................................... '. ... . 8-173 
~M1514 Dual Differential Voltage Comparator. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 5-58 
LM1524 Regulating Pulse Width Modulator ... " ............• , .................. ;". . . 1-115 
LM1558 Dual Operational Amplifier ............................................. :.. 3-213 
LM1596 Bah~nced Modulator-Demodulator ................................ : ....... : 10-84 
LM1800 Phase Locked Loop FM Stereo Demodulator ................................. , 10-88 
LM1801 Smoke Detector .............................................. " ,' .. : . . . . . . . 9-54 
LM1812 Ultrasonic Transceiver .................... : .............................. : . 9-58 
LM1815 Adaptive Sense Amplifier ........................................ -. . . . . . . . . . 9-64 
LM1818 Electronically Switched Audio Tape System ......•........ " .............. '.... '0-90 
LM1828 Color Television Ch(oma Demodulator ................. .'... . . . . ... . . ... . . . .. 10-99 
LM1830 Fluid Detector ........................................................... '. 9-67 
LM1848 Color Television Chroma Demodulator .............. , .......... '. . . . . . . . • . . . . 10-99 
LM1870 Stereo Demodulator with Blend .. .'.. . . . .. . . . . . . . . . . . .. .. .. .. . . . . . . . . .. . . . .. 10-102 
LM1877 Dual Power Audio Amplifier. .. ' ......................... , ................... 10-108 
LM1880 No-Holds VerticaI/Horizontal.. .............................. : .. ; ....... " .. 10-113 
LM1886 TV Video Matrix D to A ...... : ..... " ........................................ ,10-120 
LM1889 TV Video Modulator ....................................................... 10-125, 
LM1896/LM2896 Dual Povver.Audio Amplifier ............ ' .................... : ....... 10-134 
LM2000 Low Voltage Audio Driver ............ ',' ... ' ................... ' .. ' ....... :- .. ;. 10-141 
LM2001 Low Voltage Audio Driver .................................................. 10-147 
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tFor more information See National Semiconductor's Voltage Regulator Handbook. 

1·11 



3·TERMINAL POSITIVE VOLTAGE REGULATORS· 

Output Available VOUT Regulation VIN Ripple 
Current Device VOUT Tol. Lina (Nota 11 Load (Note 2) (V) Rejection 

(A) (V) (±%) %VOUTIVIN %VOUTIVIN' Max (dB) 

5 LM138; LM238 1.2 to 32 (Adjustable) . N/A 0.005 0.1 35 86 ! 

LM338 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86 

3 . LM150, LM250 1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86 
LM350 .1.2 to 32 (Adjustable) N/A 0.005 0.1 35 86 

LM123K, LM223K 5 6 0.01 0.5 20 75 
LM323K 5 4 0.01 0.5 20 75 

1.5 LMl17, LM217 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80 
LM317 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80 

LMl17HV, LM217HV 1.2 to 57 (Adjustable) N/A 0.Q1 ·0.1 60 80 
LM317HV 1.2 to 57 (Adjustable) N/A 0.01 0.1 60 80 

LM109K, LM209K 5 6 0.004 1.0 35 80 
LM309!< 5 4 0.004 1.0 35 80 

LM140K 5,12,15 4 0.02 0.5 35 66-80 

LM140AK 5,12;15 2 0.002 0.1 35 66-80 

LM340 5,12,15 4 0.02 0.5 35 66-80 

•. LM340A 5,12,15 2 0.002 0.1 35 66-80 

LM78XXC· 5,12,15 4 0.03 0.5 35 66-80 

0.5 LMl17H, LM217H 1.2 to 37 (Adjustable) N/A 0.Q1 0.1 40 80 
LM317H 1.2 to 37 (Adjustable) N/A 0.Q1 0.1 40 80 

LMl17HVH, LM217HVH 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80 
LM317HVH 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80 

LM317M 1.2 to 37 (Adjustable) N/A 0.01 0.1 40 80 

LM341 5,12,15 4 0.02 0.5 35 

LM78MXX 5,12,15 4 0.03 0.5 35 

0.25 LM342 5,12.15 4 0.03 0.5 35 53-64 

0.20 LM109H, LM209H 5 6 0.004 0.4 35 80 -
LM309H 5 4 0.004 0.4 35 80 

LM2930P 5,8 110 26V 56 
LM130H 5 i5 30V 56 
LM330H 5 i6 26V 56 
LM330P 5 i6 26V 56 

0.10 LM140L, LM240L 5,12,15 2 0.02 0.25 35 48-62 
LM340L 5,12.15 2 0.02 0.25 35 48-62 

'. -LM78LXXA 5,12,15 4 0.03 0.25 35 45-60 

Note 1: Line regulation is the change in output voltage for a change in input voltage. >. 

Note 2: Load regulation is the change in output voltage due to a change in load current from no load to full load. 
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Volt8geReguiator Guide 

PACKAGE PACKAGE 
DESIGNATDR TYPE 

-0 K 
TO·3* KC 

K STEEL HERMETIC 

(J T 
TO·220 

PLASTIC 

£9' P TO-202 
PLASTIC 

..,t;I H TO·5, TD·39 
HERMETIC' 

P 2 
TO-92 

PLASTIC 

* All devices with TO-3 package desig­
nators '(K or K STEEL) are supplied 
in steel TO-3 packages unless otherwise 
designated as {AU aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 



i 

3·TERMINAL NEGATIVE VOLTAGE REGULATORS 

Output Available VOUT Regulation VIN Ripple 
Current Device VOUT . Tal. Line (Note 11 Load (Note 2) (V) Rejection 

(A) (V) (±%) %VOUTIVIN %VOUTIVIN Ma. (dB) 

3 LM14SK, LM24SK -5.0,-5.2 2 0.008 0.6 20 68 
LM34SK -5.0,-5,2. 4 0.008 0.6 20 68 

1.5 LM137, LM237 -1.2 to -37 (Adjustable) N/A 0.006 0.3 40 77 
, LM337 -1.2 to -37 (Adjustable) N/A 0.007 0.3 40 77 

LM137HV, LM237HV -1.2 to -47 (Adjustable) N/A 0.006 0.3 50 77 
LM337HV -1.2 to -47 (Adjustable) N/A 0.007 0.3 50 77 

LM120K -5 2 0.02 0.3 25 64 
-12,-15, 35 (12V) 80 

40 (15V) 75 
70 

LM320K .-5 4 0.02 0.3 25 64 
-12,-15 35112V) 80 

40 (15V) 75 
70 

LM320T -5 4' 0.02 0.3 25 64 
-12,-15 35 (12V. 15V) 75-80 

70 

LM79XXC -5 4 0.03 0.4 35 66-70 
c . -12,-15 

0.5 LM137H, LM237H -1.2 to -37 (Adjustable) N/A 0.006 0.3 40 77 
LM337H -1.2 to -37 (Adjustable) N/A 0.007 0.3 40 77 

LMI37HVH. LM237HVH -1.2 to -47 (Adjustable) N/A 0.006 0.3 50 77 
LM337HVH -1.2 to -47 (Adjustable) N/A 0.007 0.3 50 77 

LM337M -1.2 to -37 (Adjustable) N/A 0.007 0.3 40 77 

LM120H -5.0 2 0.02 0.6 25 64 
LM320H -5.0 4 0.02 0.6 25 64 

LM320M -5 4 0.02 0.6 25 60-64 
-12,-15 4 35 (12V, 15V) 70-80 

/' 

LM79MXX -5, -12,-15 4 0.03 0.7 35 58-60 

0.25 LM320ML -5 4 0.01 0.5 35 50-60 
-12,-15 

0.20 LM120H -12 2 0.02 0.1 35(12V) 70-80 
LM320H -15 4 0.02 0.1 40 (15V) 

0.10 LM320L -5 4 0.Q1 0.5 35 60-65 
-12,-15 

LM79LXXA -5, -12, -15 4 0.02 0.6 35 50-55 
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nators (K or K STEEL I are supplied 
in steel TO-3 packages unless otherwise 
designated as. (ALI aluminum TO·3 
package. All' KC' designated devices 
are supplied in aluminum TO..J . 

.. L 'l· ' 
··ff-,· ·f',:-:· 

-24 -18 -15 .. -'12 -10 -9 -8 ~ -5.2 -5. 

Vo - NOMINAL REGULATED OUTPUT VOLTAGE (V) 



VOUT 
Toler. 

Line Load lOUT @l2SoC 
Function Features Reg Reg' (mA) (Max) 

Positive Programmable Voltage a.5% 
'Regulator Internal programming resistors, 1% 

adjustable current limit, 0.008% 0.055% 0.1-200 
Negative Programmable Voltage VOUT = 5,6, 8, 10, 12, 15, 18V 0.5% 

Regulator 1% 

\ 
• Refers to Special Functions Oatabook, 1979 edition 
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~National ' 
'~ Semiconductor 

Definition of Terms 
Current-Limit Sense Voltage: The voltage across the 
current limit terminals required to cause the regulator 
to current-limit with a short circuited output. This 
voltage is used to determine the value of the external 
current-limit resistor when external booster transistors 
are used. 

Dropout Voltage: The input-output voltage differential 
at which the Circuit ceases to regulate against further 
reductions in input voltage. 

Feedback Sense Voltage: The voltage, referred to 
ground. on the feedback terminal of the regulator while 
it is operating in regulation. 

Input Voltage Range: The range of dc input· voltages 
over which the regulator will operate within specifica­
tions. 

Line 'Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or'by using pulse 
techniques such that the average chip temperature is 
not significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under 
accelerated life-test conditions at' 125°C with maximum 
rated voltages and power dissipation for 1000 hours. 

Maximum Power Dissipation: The maximum total' 
device dissipation for which the regulator will operate 
within specifications. 

l-vlii 

Voltage Regulators 

Output-Input Voltage Differential: The voltage differ­
ence between the unregulated input voltage and the 
regulated output voltage for which the regulator will 
operate within specifications. 

Output Noise Voltage: The RMS ac voltage at the 
output with constant load and no input ripple, measured 
over a specified frequency range. 

Output Voltage Range: The range of regulated output 
voltages over wh ich the specifications apply. 

Output Voltage Scale Factor: The output voltage 
obtained, for a unit value of resistance between the 
adjustment terminal and ground. 

Quiescent Current: That part of input current to the 
regulator that is not delivered to the load. 

Ripple Rejection: The line regulation for ac input 
signals at or above a given frequency with a specified 
value of bypass capacitor on the reference bypass 
terminal. 

Standby Current Drain': That part of the operating 
current of the regulator which does not contribute to 
the load current. ' 

Temperature Stability: The percentage change ;n.output 
voltage for a thermal variation from room temperature 
to either temperature extreme. 

Thermal Regulation: Percentage change in output 
voltage for a given change in power dissipation over a 
specified time period. ' 



~·National 
~ Semiconductor 

Fixed or Adjustable Voltage Regulators 

At National we see the trend moving toward the use of 
more adjustable regulators and we are broadening the 
adjustable line to satisfy this demand. 

As you browse through this Voltage Regulator section 
you will notice many changes. We've expanded the ad­
justable regulator line and many· voltage options on fixed 
regulator~ have.been deleted. ' 

The fixed voltage regulators, like the 7800· and 7900 
series, resulte·d In customers having to stock and hold in 
inventory quantities of each voltage in order to always 
have on hand a specific device for a particular system. 
This proved to be very costly especially when production 
was stopped due to shortage of a particular voltage: 

Performance 
• Improves system performance by having line and load 

regulation a factor of 10 better . ' 

• Has improved overload protection thus allowing 
greater output current over operating temperature 
range 

Reliability 
• Improves system reliability with each device being 

subjected to 100% thermal limit burn-in 

Adjustables combine versatility, performance and relia- . 
bility, leading to increased popularity. As more and more applications use adjustable 

regulators, we believe that they will become the most 
popular regulators in the industry. 

Versatility 
• Satisfy output' voltage requirements from 1.2V up to 

, 47V 

• Simplify inventory and purchasing since a Single 
device satisfies many voltage requirements 

• Allows precision application 
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~National Voltage Regulators' 
~ Semiconductor. 
LM104lLM204lLM304 Negative Regulator 
General Description 
The LM104 series are precision vol·tage regulators 
which can be programmed by a single external 
resistor to supply any voltage from 40V down to 
zero while operating from a single unregu.lated 
supply. They can also provide O.Ol-percent regula­
'tion in circuits using a separate, floating bias 
supply, where the output voltage is limited only 
by the breakdown of external pass transistors. 
Although designed primarily . as linear, series 
regulators, the circuits can be used as 'switching 
regulators, current regulators or in a number ·,of 
other control applications. Typical performance 
characteristics are: 

• Subsurface zener reference 
• 1 mV regulation no load to full load 
• 0.01 %IV line regulation 
• 0.2 mV IV ripple rejection 

• 0.3% temperature stability over military. tem-
perature range 

The LM104 series are complements of the LM100 
and LM105 positive regula}or~, intended for 
systems requIring regulated negative voltages 
which have a common ground with the unregu· 
lated supply. By themselves, they' can deliver 
output currents to 25 mA, but external transistors 
can be added to get any desired ·current. The 
output 'voltage is set by external resiStors, and 
either constant or foldback. current limiting is 
made available. 
The LM 104 is specified 'for operation over the 
_55°e to +125°e military temperature range. The 
LM204 is specified for operation over the _25°e to 
+85°e temperature range. The LM304 is specified 
for operatio'r! from oOe to + 70o e. 

Schematic' and Connection Diagrams 
ADJUSTMENT 

1 ,-j~-'--:-1---r--------r\.R;;;I: GROUND 

., 
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lK 

15K 

RI' 1511: 

I REGULATED 
OUTPUT 

RI' IK 
l&ODSTER 
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Metal Can Package 
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'MPIIT 

Note: Pm 5 connected to case. 
TOPVIEW 

Order Number LM104H. LM204H or LM304H 
See NS Package H10C . 
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Typical Applications 
Operating with Separate Bias Supply 
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Absolute Maximum Ratings 

Input Voltage 
Input-Output Voltage Differential 
Power Dissipation (Note 1) 
Operating Temperature Range 

LM104 
LM204 
LM304 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics 

PARAMETER CONDITIONS 

Input Voltage Range 

Output Voltage Range 

Output-Input Voltage 10 = 20 mA 
Differential (Note 3) 10 = 5mA 

Load Regulation (Note 4) 0::; 10 ::;20'mA 
Rsc = 15!'! 

Line Regulation (Note ~r VOUT -:; -5V 
AV ,N = 0.1 Y'N 

Ripple Rejection C'9 = 10;tF;f= 120 Hz 
Y'N <-15V 
-7V?,V ,N ?-15V 

0utput Voltage Scale Factor R23 = 2.4k 

Temperature Stability Va ::;-lV 

Output Noise Voltage 10 Hz::;f::;10 kHz 
Va::; -SV, C'9 = 0 

C'9 = 10;tF 

Standby Current Drain IL = 5 mA, Vo = 0 
Vo =-30V 
Vo = -40V 

Long Term Stability Va ::;-lV 

LM104/LM204 

50V 
50V 

500mW 

_55°C to 125°C 
_25°e to 85°C 

-65°e to 150°C 
300°C 

LM104/LM204 
MIN TYP MAX 

-50 -8 

' -40 '-{).015 

2.0 50 
0.5 50 

1 5 

0.056 0.1 

0.2 0.5 
0.5 1.0 

1.8 2.0 2.2 

0.3 1.0 

0.007 
15 

1.7 '2.5 

3.6 5.0 

0.01 ' .1.0 

LM304 

40V 
40V 

500mW 

oOe to +70oe 
-u5°e to +150o e 

300°C 

LM304, 
MIN TYP 

-40 

-30 

2.0 
0.5 : 

1 

0.056 

·0.2 ' 

0·5 

1.8 2.0 

0.3 

0.007 
15 

1.7 
3.6 

0.01 

MAX 
UNITS 

-8 V 

-{).035 V 

40 V 
40 V 

.5 mV" 

0.1 % 

i 

0.5 mVIV 
1.0 mVIV 

2.2 V/k!'! 

1.0· % 

% 
;tV 

2.5 mA 
5.0 mA 

mA 

1.0 % 

Note 1: The maximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°'C and' LM304 is 100o e. 
For operating at elevated temperatures, devices in the TO-5 package ",ust -be derated based on a thermal resistance of 150°C/W. 
junction to ambient, or 4SoC/W, junction to case. . . 

Note 2: These specifications' apply for junction temperatures betw~en -55u C and 150u C (between -2SQ C and 100°C for the 
LM204 and O°C to +85°C for the LM304) and for input and output voltages within the ranges 'given. unless otherwise specified. 
The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into 
account separat,ely when the uni,t is operating under conditions of high dissipation. 

Nota 3:- When external boost~r ~ransistors are used, the minimum output-input voltage differential is increased;'in the worst case, 
by approximately 1 V. 
Note 4: The output currents given, as well as the load regulation, can' be increased by the addition of external transistors. The 
improvement factor will be roughly equal to the-composite current gain of the added transistors. 

Note 5: With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between OV 
and -5V, a de output variation, determined from the r~pple rejection, must be added to find the worst-cas~ ~in~ regulation. 
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Typical Performance Characteristics 
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~National . 
~ Semiconductor 

Voltage Regulators 

LM10S/LM20S/LM30S/LM30SA, LM376 Voltage Regulators 

General Description 
The LM 1 05 series are positive voltage regulators 
similar to the LM100, except that an extra gain 
stage has been added for improved regulation. 
A redesign of the biasing circuitry removes any 
minimum load current requirement and at the 
same time reduces standby current drain, permit­
ting higher voltage operation. They are direct, 
plug-in replacements for the LM100 in both 
linear and switching regulator circuits with output 
voltages greater than 4.5V. Important characteris­
tics of the circuits are: . 

• Output voltage adjustable from 4.5V to 40V 

• Output currents in excess of lOA possible by 
adding external transistors 

• Load regulation better than 0.1 %, full load with 
current limiting 

• DC line regulation guaranteed at O.03%1V 

• Ripple rejection of 0.01 %IV 

.• 45 mA output current without external pass 
transistor (LM305A) 

Like the LM100, they also feature fast response to 
both load and line transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ilbility to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either' an 8-lead, 
TO-5 header or a 1/4" x 1/4" metal flat package. 

The LM105 is specified for operation for -55°C ~ 

T A ~ +'125°C, the LM205 is specified for -25°C ~ 
T A ~ +85°C, and the Llill305/LM305A, LM376 is 
specified for O°C ~ T A ~ +70°C. 

Schematic and Connection Diagrams 

CURRENT liMIT 

L+.:..:....+ __ --< ...... _-'-flEHRUCE BYPASS 

Pin connections shown §!re for metal can. 

Typical Applications 
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RtHRENCt 
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Order Number LM376N 
See NS Package NOaH 

Metal Can Package 

GROUND 

Note: Pm 4 tonnected to case. 
TOP VIEW 

Order Number LM10SH, 
LM20SH, LM305H or LM305AH 

Sea NS Package HOse 

1.0A Regulator with Protective Diodes 
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Absolute Maximum Ratings LM10S LM20S LM30S 
Input Voltage sov SOV 40V 
Input-Output Differential 40V 40V 40V 
Power Dissipation (Note H 800 mW 800mW 800mW 

_ Operating Temperature Range ~55°C to +12SoC -250 C to +850 C O°C to +70°C 

Storage Temperature Range --6So C to +150°C -6SoC to +150°C --6SoC to +150°C 

Lead Temperatur.e (Soldering, 10 seconds) 300°C 300°C 300°C 

Electrical Characteristics (Note 2) 

PARAMETER CONOITIONS 
LM10S LM20S 

MIN TVP MAX MIN TVP MAX 

Input Voltage Range B.S 
, 

50 B.S SO 

Output Voltage Range 4.S 40 4.S 40 

Input-Output Voltage 3.0 30 3.0 30 
Differential 

Load Regulation RSC = lOn, TA = 2Soc 0.02_ O.OS 0.02 O.OS 

(Not. 3) RSC= lon, TA =TA(MAX) 0.03 0.1 0.03 0.1 

RSC = lon, TA = TA(MIN) 0.03 0.1 0.03 0.1 

0<;;10<;; 12mA . 0<;;10<;; 12mA 

RSC =on, TA =2SoC 

RSC=On, TA = 70°C 

RSC = on, TA = o°c 

line Regulation TA - 2SoC 
0·C";TA";+70·C 

VIN - VOUT"; SV, TA = 2S·C 0.02S 0.06 0.02S 0.06 

VIN -VOUT:2:SV, TA = 2S·C 0.Q15 0.03 O.Q1S 0.03 

Temperature Stability TA(MIN) <;; TA <;; TA(MAX) 0.3 1.0 0.3 1.0 

Feedback Sense Voltage 1.63 1.7 1.Bl 1.63 1.7 1.Bl 

Output Nois~ Voltage 10 Hz~f<;; 10 kHz " 

CREF = 0 O.OOS O.OOS 

CREF =O.l"F 0.002 0.002 

Standby Current Drain VIN = 30V, TA = 2S·C 

VIN =40V 

VIN~ 50V - O.B 2.0 O.B 2.0 

Current limit TA = 2S·C, RSC = 10~, _22S 300 37S, . 22S 300 37S 

Sense Voltage VOUT = OV, (Note 4) 

long Term Stability 0.1 ' 1.0 0.1 1.0 

Ripple Rejection CREF ~ 10"F, f = 120 Hz 0.003 0.01 0.003 0.01 -

LM30SA 
sov 
40V 

800mW 
O°C to +70°C 

-6SoC to +150°C 
300°C 

LM30S 
MIN TVP MAX 

8-S 40 

4.S 30 

3.0 '30 

0.02 O.OS 

0.03 0.1 

0.03 0.1 

0<;; 10<;; 12 mA 

0.02S 0.06 

O.Q1S 0.03 

0.3 1.0 

1.63 1.7 1.81 

O.OOS 

0.002 

O.B 2.0 

22S 300 37S 

/ 

0.1 1.0 . 

0.003 0.01 

LM105/LM2051 
LM305/LM305A, LM376 

LM376 
40V 

/ 

40V 
400mW 

O°C to +70°C 
-6SoC to +lS0°C 

300°C 

LM30SA LM376 
UNITS MIN TVP MAX MIN TVP MAX 

B.S 50 9.0 40 V 

4.S ~O S.O 37 V 

3.0 30 3.0 30 V 

% 

%. 
% 

0.02 0.2 0.2 % 
0.03 0.4 O.S % 
0.03 0.4 0.5- % 

0<10<4SrnA 0<10<2SrnA 

0.03 %IV 
0.1 %IV 

0.025 0.06 %IV 
O.OlS 0.03 %IV 

0.3 1.0 % 

1.SS 1.7 1.BS 1.60 1.72 LBO V 

o.bos % 
0.002 - . - % 

2.S rnA 

rnA 

O.B 2.0 rnA 

22S 300 37S 300 , .mV 

0.1 . 1.0 % 

0.003 0.1. %IV 

Note 1: The maximum junction temperature of the LMI05 and LM30SA is ISO·C, the LM20S and LM376 is 10ifC, and the LM30S is 8S·C. For operation at elevated temperatures, devices in the TO·S Package 
must be derated based on a thermal resistance of 1S00C/W junction·to ambient, 'or 4SoC/W junction to case. For the epoxy dual~in·line package, derating is based on a thermal resistance of 187°CIW junction tq 
ambient. Peak dissipations to 1W are allowable providing the dissipation rating is not exceede~ with the power averaged over a five second interval for the LM105 and lM205, and averaged over a t~ .-second 
interval for the LM30S. 

Note 2: Unless otherwise specified, these specifications apply for temperatures within the operating temperature range, for input and output voltages within the range given, s·nd for a ~ivider impedance seen by 
the feedback terminal of 2 kil. Load and line regulation specifications are for B constant junction temperature. Temperature drift effects must be taken into account separately when the unit is operating under 
conditions of high dissipation: 

Nota 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. T~e improvement factor will be roughly equal to the composite current gain of the 
added transistors.-
Note 4: With no external pass transistor. 



Typical Performance Characteristics LM105/LM205/LM305/LM305A 
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~ Typical Performance Characteristics LM376 
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Typical Applications (Continued) 

linear Regulator with Foldback Current .Limiting 

., 
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R2 
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R1 
!IIK 

~-+-+---+ " 
R2 
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Basic Positive Regulator with Current Limiting 
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~National 
~ Semiconductor 

Voltage Regulators 

LM109/LM209/LM309 5-Volt- Regulator 

General Description 
The LM 1 09 series are complete 5 V regulators fabricated 
on a single silicon chip. They are designed for local 
regulation on digital logic cards, eliminating the distribu­
tion problems associated with single-point regulation. 
The devices are ayailable iii two standard transistor 
packages. In the solid-kovar TO-5 header, it can deliver 
output currents in excess of 200 mA, if adequate heat 
sinking is provided. With the TO-3 power package; the, 
available output current i~ greater than 1 A. 

The regulators are essentially blowout proof. Current 
limiting is included to limit the peak output current to 
a safe value. In addition, thermal shutdown is,provided, 
to keep the IC from overheating. If internal dissipation 
becomes too great, the regulat!,r will shut down to 
prevent excessive' heating. 

Considerable effort was expended to make these devices 
easy to use and til minimize' the number of external 
components. It is not necessary to bypass ,the output, 
although this does improve trans,ient' response somewhat. 
Input bypassing is needed, however, if the regulator is 

Schematic Diagram 
r--~----t---T---~--t--INPUT 

l)------t--+--if----+-OUTPUT 

4" 

O. 
6JV 

'---6--+---+--+--+---6--+--+-GROUND 

Connection Diagrams 
Metal Can Packages 

Ordar Number LM109H, LM209H 
or LM309H 

Ordar Numbar LM109K STEEL, 
LM209K STEEL, LM309K STEEl, 

or LM309K (Aluminum I 
Sea Pock_ H03A Sea Package K02A 

1·10 

located very far from the filter capacitor of the power 
supply. Stability is also achieved by methods that 
provide very good rejection of load or I ine transients 
as are usually seen with TTL logic. ' , 

Although designed primarily as a fixed-voltage regulator, 
the output ,of the LM 1 09 series can be set to voltages 
above 5 V, as shown below. It is also possible to use the 
circuits as the control element in precision regulators, 
taking advantage of the good current-handling capability 
and the thermal overload protection. 

Features 
• - Specified to be compatible, worst case; with TTL and 

DTL 

• Output current in excess of 1 A 

• I nternal thermal overload protection 

• No external components required 

Typical Application 

Fixed 5V Regulator 

-Required if regulator is located more than 4" 
from power supply filte, capacitor. 

tAithough no output Clpecitor is needed for stlbility, 
it does improve transient ,espORse, 
C2 should be used whenever long wires Irl! used to 
connect to til. load, or when transient response' 
is critical. 

NOTE: Pin 3 electrically connected to CISI. 

Adjustable Output Regulator 

OUtPUT 

IiV"'VOUT,,-2.5V 



Absolute Maximum Ratings 
Input Voltage 
Power Dissipation 
Operating Junction Temperature Range 

LM109 
LM209 
LM309 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

35V 
Internally Limited 

_55°C to +150o e 
-25°C to +150oe 

oOe to +125°e 
_65°C to +150o e 

300°C 

PARAMETER CONDITIONS 
LM109/ LM209 

MIN TYP 

Output Voltage 1j=25oe 4.7 5.05 
\ 

Line Regulation 1j=25°C, 4.0 

7V " VIN " 25V 

Load Regulation Tj=25°C 
TO-5 Package 5mA" lOUT" O.SA 15 
TO-3 Package 5mA" lOUT" I.SA 15 

Output Voltage 7V" VIN " 25V, 4.6 

5mA" lOUT" IMAX' 
P< PMAX 

Qujescent Current 7V .. VIN " 25V 5.2 

Quiescent Current Change 7V .. VIN .. 25V 

5mA .. lOUT" IMAX 

Output Noise Voltage TA=25°C 40 
10Hz .. f .. 100kHz 

Long Term Stability 

Ripple Rejection Tj=25°C 50 

Thenhal Resistance, (Nota 2) 

Junction to Case 
T0-5 Package 15 
TO-3 Package 2.5 

LM309 
UNITS 

MAX MIN TYP MAX 

5.3 4.8 5.05 5.2 V 

50 4.0 50 mV 

50 15 50 mV 
100 15 100 mV 

-
5 .. 4 4.75 5:25 V 

10 5.2 10 mA 

0.5 0.5 mA 
0.8 0.8 mA 

40 /-IV 

10 20 mV 

50 dB 

15 °e/w 
2.5 °C/W 

Notel: Unless otherwise specified, the.e .peeification. apply for -55·C .. Tj" +150·C for the LM109, -25"C .. Tj" +150·C for the LM209. 
and 0" C .. Tj .. +125"C for the LM309; VIN = 10 V and lOUT = 0.1 A for the TO·5 package or lOUT = 0.5 A for the TO·3 package. For the 
TO·5 pack.g~. IMAX = 0.2A and PMAX = 2.0W. For the TO·3 package, IMAX = I;OA and PMAX = 20W. 
Note 2: Without a heat .Ink, the thermal re.i.tance of the TO'5 package i. about 150·C/W, while that of the TO·3 package is approximately 
3ft e/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink. 

Typical Applications (Continued) 

High Stability Regulator* 

OUTPUT 
f-----.... ----------::::Ir-lOV 

~IA 

. , 
3D. 

-Regulation better than 0.01%. load, line Ind temperature, c.n be obtained. ':' 

tOetermines zener current. Mly be adjusted to minimize therm.1 drift 
+Solid lInlllum. 

1·11 

Current Regulator 

INPUT 

RI' 

~ __ ... _OUTPUT 

*Determines output current. If wirewDund resistor 
is used, bypass with D.lIlF . 



Application Hints 
a. Bypass the input of the LM 1 09 to ground with 

;;. 0.2 /.IF ceramic or solid tantalum capacitor if main 
filter capacitor is more than 4 inches away. 

b. Use steel package instead of aluminum if more than 
5,000 thermal cycles are expected. (.6.T;;' 50°C) 

c. Avoid insertion of regulator into "live" socket if 
input voltage is greater than 10V. The output will 
rise to within 2 V of the unregulated input if the 
ground pin does not make contact, possibly damaging 
the load. The LM109 may also be damaged if a large 
output. capacitor 'is charged up, then discharged 
through the internal clam'p zener when the ground 
pin makes contact. 

d. The output clamp zener is designed to absorb tran­
sients only. It will not clamp the output effectively 
if a failure occurs in the internal power transistor 
structure. Zener dynamic impedance is "" 4 n. Con­
tinuous RMS current into the zener should not 
exceed 0.5 A. 

'e. Paralleling of LM109s for higher output current is 
not recommended. Current sharing will be almost 
nonexist~nt, leading to a current I imit mode operation 
for devices with the highest initial output voltage. 
The current limit devices may also heat up to the 

Crowbar Overvoltage Protection 

INPUT CROWBAR 

+VIN 

*Zener is internal to LM109. , 

thermal shutdown point ("" 175°C). Long term 
reliability cannot be guaranteed under these con­
ditions. 

f. Preventing latchoff for loads connected to negative 
voltage: 

If the output of the LM'109 is pulled negative by a high 
current supply so that the output pin is more than 0.5 V 
negative with respect to the grqund pin, the LM 1 09 can • 
latch off. This can be prevented by clamping the,ground 
pin to the output pin with a germanium or Schottky 
diode as shown. A silicon diode (1 N400l) at the output 
is also needed to keep the positive output frpm being 
pulled too far -negative. The 10n resistor will raise 
+VOUT by "" 0.05 V. 

+VIN 1-""1~-r---",,-+VOUT 

COM-----~----.. ---t 

........ --------< ... --VOUT 

OUTPUT CROWBAR 

+VIN I---.. --......... -+VOUT 

**01 must be able to withstand 1 A continuous current if fusing IS not used at regulator input. LM109 bond 
wires will fuse at currents above 1 A. 

t02 is selected for surge capability. Consideration must be given to filter capacitor size, transformer impedance. 
and fuse blowing time. 

ttTrip point is "II< 1.5V. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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~National 
~ Semiconductor 

Voltage Regulators 

LM117/LM217/LM317 3·Terminal Adjustable Regulator , . 

General Description 
The LMl17 ILM217 ILM317 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 1.5A over a 1.2V to 37V output range. They are 
exceptionally easy to use and require only two external 
resistors to set the output voltage. Further, both line 
and load regulation are better than standard fixed reg~la­
tors. Also, the LMl17 is packaged in standard transistor 
packages which are easily mounted 'and handled. 

In addition to higher performance than fixed reguletors, 
the LMl17 series offers full overload protection 
available only in IC's_ Included on the chip are current 
limit, thermal overload protection and safe area protec­
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 

Features 
• Adjustable output down to 1.2V 

• Guaranteed 1.5A output current 

• Line regulation typically 0.01%/V 

• Load regulation typically 0.1 % 

• Current limit constant with temperature 

• 100% electrical burn-in 

• Eliminates the need to stock many voltages 

• Standard 3-lead transistor package 

• 80 dB ripple rejection 

Normally, no capacitors are needed unless the device is 
situat~d far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achie've 
very high ripple rejections rati~s which are difficult 
to achieve with standard 3-terminal regulators. 

Typical Applications 

Besides replacing fixed regulators, the LMl17 is useful 
in a wide variety of other applications. Since the regu­
lator is "floating" and sees only the input-to-output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LMl17· can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V wh~re most loads 
draw little current. 

The LMl17K, LM21?K and LM317K are packaged in 
standard TO-3 transistor packages while the LM 117H, 
LM217H and LM317H are packaged in a solid Kovar 
base TO-5 transistor package. The LM 117 is rated for 
operation from -55°C to +150°C, the LM217 from 
-25°C to +150°C and the LM317 from O°C to +125°C. 
The LM317T and LM317MP, rated for operation over a 
O°C to +125°C range, are available in a TO-220 piastic 
package and a TO-202 package, respectively. 

For applications requiring greater output current in 
excess of 3A and 5A, see LM 150 series and LM 138 
serl'es data sheets, respectively. For the negative comple-. 
ment, see LM 137 series data sheet. . 

LM117 Series Packages and Power Capability 

RATED DESIGN 
DEVICE PACKAGE POWER LOAD 

DISSIPATION CURRENT 

LMl17 TO-3 20W 1.5A 
LM217 

TO-39 2W O.5A 
LM317 
LM317T TO~220 15W 1.5A 
LM317M TO-202 7.5W O.5A 

1.2V-25V Adjustable Regulator Digitally Selected Outputs 5V Logic Regulator with 
Electronic Shutdown* 

VIN _28V 

LMl17 

1-1~""'-VDUTtt 
'--"11"--1 V,N -----; I------<~ VOUT 

tOptional-improves transient 
response 

*Needed if device is far from 
filter capacitors 

ttVOUT = 1.25V (1 +~) 

'--"T'----' 

INPUTS 

*Sets maximum V OUT 

1-15 

VIN1V-J5V 

.. Min output 7::: 1 .2V 

C2 
D1.F 

t-t-'V'II'Y--TTl 
1k 



Absolute Maximum Ratings 
Power Dissipation Internally limited 

Input-OutPllt' Voltage Differential 40V' 

Ope~ating Junction Temperature Range 

LM117 -55°C to +150°C 

LM217 -25°C to +150°C I 

LM317 O°C to +125°C 

Storage Temperature --65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Preconditioning 
Burn-In in Thermal Limit i 00% All Devices 

Electrical Characteristics (Note 1) 

LMl17/217 LM317 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Line Regulation TA = 25°C, 3V::; VIN - VOUT::; 40V 0,01 0,02 0_01 0_04 %/V 

(Note 21 

Load Regulation TA = 2SoC, 10 mA::; lOUT ~ IMAX 

VOUT::; 5V, (Note 2) 5 15 5 25 mV 

VOUT:::: 5V, (N'lte 2) 0,1 0,3 0,1 0.5 % 

Thermal Regulation T A = 25°C. 20 ms Pulse 0,03 0.07 0.04 0.0], %/W 

Adjustment Pin C.urr~nt 50 100 50 100 IJA 

Adjustment Pin Current Change lOmA::;IL::;IMAX 0.2 5 0.2 . 5 IJA 

2,5V::; (VIWVOUTI::; 40V 

Reference Voltage 3::; (VIWVOUT)::; 40V, (,Note 3) 1.20 1.25 1.30 1.20 1.25 1.30 V 

10 mA::; lOUT ::;'IMAX, P::; PMAX 

Line Beg'ulatlon 3V::; VIN - VOUT::; 40V, (Note 2) 0.02 0.05 0.02 0.07 %/V 
Load Regulation 10 mA::; lOUT::; IMAX, (Note 2) 

VOUT::; 5V 20 50 20 70 mV 

VOUT:::: 5V 0.3 1 0.3 1,5 % 

Temperature Stability TMIN::; Tj::; TMAX 1 1 % 

Minimum Load Current VIWVOUT = 40V 3.5 5 3.5 10 mA 

Current Limit VIWVOUT::; 15V 

K and T Package 1.5 2.2. 1,5 2.2 A 

Hand P Package 0.5 0.8 0,5 0.8 A 

VIN-VOUT = 40V, Tj = +25°C 
K and T Package 0.30 0.4 0,15 0.4 A 

Hand P Package 0,15 0.20 ' 0,075 0.20 A 

RMS Output Noise, % of VOUT TA = 25°C, 10 Hz::;f::; 10kHz 0.003 0.003 % 

Ripple Rejection RatiO VOUT = 10V, f = 120 Hz 65 65 dB 

CADJ = 10IJF 66 80 66 80 dB 

Long·Term Stability T A = 125°C 0.3 1 0.3 1 % 

Thermal Resistance, Junction to Case H Package 12 15 12 15 °C/W 

K Package 2.3 3 2.3 3 °CfW 

T Package 4 °CfW 
I 

P Package 12 °CfW 

Note 1: Unless otherwise specified, these specifications apply: -5SoC :S: Tj S.+150"C for the LM117, -2S .... C S Tj ~·+150°C for, the LM217 and 
0" C $. Tj $. +125° C for the LM317; VIN-VOUT = 5V and lOUT = 0.1 A for.the TO-S and TO-202 packages and lOUT = O.SA for the TO-3 pack-
age and TO-220 package. Although power dissipation is internally limited. these specifications are applicable for power dissipations of 2W for the 
TO-S and TO-202 and 20W for the TO-3 and TO-220. I MAX is 1.SA for the TO-3 and TO-220 package and 0.5A for the TO-S and TO-202 package, 
Note 2: Regulation is measured at constant junction temperature, using pulse testing with ... a low dut~ cycle. Changes in output voltage due to 
heating,effects are covered under the speciflcatio~ for thermal regulation. 

Note 3: Selected devices with tightend tolerance reference voltage available. 
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Typical Performance Characteristics (K and T Packages) 
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Application Hints 

In operation, the LM117 develops a nominal 1.25V 
reference voltage, VREF, between the output and 
adjustment terminal. The reference voltage is impressed 
across program 'resistor R 1 and, since' the voltage'is con· 
stant, a constant current 11 then flows through the 
output set resistor R2, giving an output voltage of 

VOUT=VREF (1+ :;)+IADJR2 

lM111 

FIGURE ,. 

Since the 100llA current from the adjustment terminal 
represents an error terin, the LM117 was designed to 
minimize IADJ and mak~ it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini. 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended., A 0.11lF 
disc or 11lF solid tantalum on th.e input is suitable input 
bypassing for almost all applications. The device is 1)10re 
sensitive to the absence of input bypassing when adjust·, 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terrT)inal can be bypassed to ground on 
tbe LM117 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 101lF' bypass capa· 
citor 80 dB ripple rejection is obtainable at any output 
level. I ncreases over 10llF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging throti'gh internal low current paths 
and damaging the device. ' 

In general, the best type of capacitors to use are solid 
tantalum: Solid tantalum capacitors have low impedance 
even at' high frequencies. Depending upon capacitor 
construction, it takes about 251lF in aluminum electro· 
lytic to equal' 11lF solid tantalum at high frequencies. 
Ceramic capicitors are aiso good at high frequencies; 
but some types have a' large ,decrease in capacitance at 
frequencies around 0.5 MHz, Fo'r this reason, 0.01J1F 
disc may seem to work better than a 0.11lF disc as 
a bypass. 

~·18 

Although the LM117 is stable with no output capa· 
citors, like any feedback circuit, certain values of 
external capacitance can cause excessive ringing. This 
occurs with values between 500 pF and 5000 pF. 
A 11lF solid tantalum (or 251lF aluminum electrolytic) 
on the output swamps this effect and i!1sures stability. 

Loa~ Regulation 

The LM117 is capable'of providing ;;xtremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con· 
nected between the adjustment terminal and the output 
terminal (usually 240n) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectvely in series 
with the reference and degrading regulation. For exam· 
pie, a 15V regulator. with 0.05n resistance between the 
regulator and load will have a load regulation due to 
line 'resistance of O.05n x I L. If the set resistor is con· 
nected near the load the effective line resistance will be 
0.05n (1 + R2IR1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu· 
lator and 240n set resistor. 

V,N 

lMl17 

VIN VDUT l1---' .. R .. S,,""_ 

AOJ I R1
vOUT 

~24D 

..... ---..... 

FIGURE 2. Regulator with Line Resistance 
in Output Lead 

With the TO·3 package, it is easy to minimize the resis· 
tance from the case to the set resistor, by using two 
separate leads to the case. However, with the TO.5 
package, care should be taken to minimize the wire 
length of the output lead. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

Protection Diodes 

When external capaCitors, are used with any IC regulator 
it :is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 10llF capacitors 
have, low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the IC. 

Whim an output capacitor is connected to a regulator 
and' the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 



Application Hints (Continued) 

current depends on the value of the capacitor, the 
. output voltage of the regulator, and the rate of decrease 

of VIN. In the LM117, this discharge path is through 
a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive 
regulators. For output capacitors of 25,uF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 

V,. 

D1 
lN4002 

occurs when either the input or output is shorted. 
Internal to the LMl17 is a 50h resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 1 O,uF ·capacitance. 
Figure 3 shows an LM 117 with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 

Hr~,"""""--",,-VOUT 

'--"iP---' R1 C1 

240 T 
+ 

C2 

J 10 .. ' VOUT ~ 1.25V (I + :~) + R21ADJ 

R1 

o 1 pr~)tects against C 1 

02 p~otects against C2 

FIGURE 3. Regulator with Protection Diodes 

Schematic Diagram 

r---.... ---.----1r--_t---.... - .... ----------------_t------1~_t---VIN 

R15 
J 

'-~~--~--~~~~_4~~-~-~-~-~~~--_i---~--~-----------4-~--VOUT 
'-_--------------------AO' 
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Typical Applications (Continued) 

V'N 

Slow Turn-On 15V Regulator Adjustable Regulator with Improved 
Ripple Rejection 

+ , 

35V 

tSolid tantalum 

*Discharges C1 if output is shorted to ground 

+ 

High Current Adjustable Regulator 

"J 
2N29D-,' __ -4"':"" __ .1\'",0",0.,...._-+ 

lMl11 

H~--1>----4>---1""" VOUT 

tSolid tantalum 

*Minimum load current = 30 rnA 

+Optional-improves ripple rejection 

V'N 
35V 

SA Constant Voltage/Con$tant Current Regulator 

Al 

" 
Cl 

MJ45D2 
r--------------.------~~--~ 

lM3t7k 

V'N Vour 
AOJ 

C2 
100pF 

1"" A. 
680 

01 
lN457 

03 
lEO* 

tSolid tantalum 

C5 AS 
'15pF l30k , 

-6VTO -15V 

*Lights in constant current mode 
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o to 30V Regulator 

.J 
680 

-IOV 

AJ 
0.2 
,W 

C3 + 

'0'''1. 

A6 
200 

V'N 
15V 

High Stability lOV Regulator 

1-.... -""'1~~~v'JT 
'---''f-..... 

lM1Z9A 

.J 
261 
1% 

., 
2k 
5% 

Power Follower 

CI 

*0.'" 

A' 
10k 

10V-40V 

1 A Current Regulator 

1.2V-20V Regulator with 
Minimum Program Currant 

V'N 

A2 
20k 

.2 
Uk 
1% 

.2 
2.' 

*Minimum load current ~ 4 rnA 



Typical Applications (Continued) 

. High Gain Amplifier Low Cost 3A Switching R~ulator 

v' 01 
2N]192r-_______ .... -'-~-C-!"~~~...,-.... .., 

Ll 60o,.,H-
LMl17 lM317k R2 

0.25 
R2 
24 

BV-J5V ~~'IIIi",,"+--I t-"",.,. ..... -t----+-l 8\1 TO 12V 

R1 
10k 

OUTPUT 

INPUT -'W,,",,"+--I LM195 

RI 
3D 

4A Switching Regulat~r with Overload Protection 

2N29D5r-____ ~::jt::~,,5,,~31\0 ,..... 

R2 
500 LM111 

B-~~~ -4~W'lr-""-I 

R. 

" 
.+ 

CI 

C2 
O.DI/lF 

01 
INlBID 

+ 

t Solid Tantalum 

*Core-Arnold A-2541 68-2 60 turns 

V,N 

Precision Current limiter 

1.2 
H~'IIIi/\r"'-IOUT = R1 

~T'-...J 

*0.80 S; R 1 S; 1200 

Tracking Preregulator 

~'00,.Ft ---"'-...r,....,-y-'-~""-VOUT 

R2 
120 

1 BVTD32V 

V,N 

t Solid Tantalum 

VOUT 

R3 
120 

. *Cdre Arnold A-2541-68-2' 60 turns 

Adjustable Regulator with Current Limiter 

r--
I 
I 
I I 
IrRANSfORMER" 

I RECTIFIERS 
AND fiLTER I CAPACITOR , , 

I L __ 

V,N 

Short circuit current is approximately 600 mV IR3, or 120 mA 
(compared to LM1 17H's 1 ampere current limit) 
At 50 rnA output only 3/4V of drop occurs in R3-and R4 

Adjusting Multiple On-Card Regulators 
with Single Control*' 

I 

VQUTt 

'--_-+-____ ----' _____ __ J 

1-21 

* All outputs within f 1 00 mV 

tMinimum load-.10 rnA 



Typical Applications (Continued) 

12\1p-p 

f\.; 

V,N 

AC Voltage Regulator 

120 

6Vp-p 
1A 

480 4BD.~ 

12V Battery Charger 

.2 
14k 

*Rs-sets output impedance of charger ZOUT = RS I, + ~R21) 
Use of RS allows low cha~ging rates with fully \1 
charged, battery. 

50 rnA Constant Current Battery Charger 

Connection Diagrams 

ITO·3 Steell 
Metal Can Package 

BOTTOM VIEW 

Order Number: 
LM117K STEEL 
LM217K STEEL 
LM317K STEEL 

ITO·39) 
Metal Can Package 

Go INPUT 

. 2 ~ ADJUSTMENT 

J -OUTPUT 

CASE IS OUTPUT 

BOTTOM VIEW 

Order Number: 
LMl17H 
LM217H 
LM317H 

See NS Package K02A Soe NS Package H03A 
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Adjustable 4A Regulator 

V'N--1~-I lMJ17 
0.2 

I-.... """'"-+--... v TO 25V 

5k 

5' 

Current Limited 6V Charger 

. vlN 
9VTO JOV 

*Sets peak current (O.6A for 1,n) 

**1000 ~F is reoommended to filter 
out any input transients. 

(TO·220) 
Plastic Package 

l 0 ( 

ADJ ____ 

VOUT 

Order Number: 
LM317T 

---VOUT 

Seo NS Package T03B 

ITO·202) 
Plastic Package 

o 
~VOUT 

I 
A"IiJ ____ 

LVOUT 

FRONT VIEW 

Order Number: .. 
LM317MP 

See NS Packago P03A 

TAB Formed D~vices 
LM317MPTB 

See NS Package P03E 



~National 
~ Semiconductor 

Voltage Regulators 

LM117HV/LM217HV/LM317HV High Voltage 3-Terminal 
Adjustable Regulator 

General Description 
The LMl17HV!LM217HV/LM317HV are adjustable 
3·terminal positive voltage regulators capable of supplying 
in' excess of 1.5A over a 1.2V to 57V output range. They 
are exceptionally easy to use and require only two 
external resistors to set the output voltage. Further, both 
line and load regulation are better than standard fixed 
regulators. ,Also, the LM 117HV is packa~ed in standard 
transistor packages which are easily mounted and· 
handled. 

. In addition to higher performance than fixed regulators, 
the LMl17HV series offers full overload protection 
available only in IC's. Included on the chip.are current 
limit, thermal overload protection and safe area protec· 
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is' 
disconnected. 

Features 
• Adjustable output down to 1.2V 
• Guaranteed 1.5A output current 
• Line regulation typically O.Ol%N 

• Load regulation typically 0.1 % 
• Current limit constant with temperature 

• 100% electrical burn·in 
• Eliminates the need to stock many voltages 
• Standard 3·lead transistor package 

• 80 d B ripple rejection 

Typical Applications 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very' high ripple rejections ratios which are difficult 
to achieve with standard 3·terminal regulators. 

Besides replacing fixed regulators, the LM 117HV is 
useful in a wide variety of other applications. Si(1ce the 
regulator is "floating" and sees only the input·to·output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the, LMl17HV 'can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LMl17HVK STEEL, LM217HVK STEEL, and 
,LM317HVK STEEL are packaged in standard TO·3 tran· 
sistor packages while the LM117HVH, LM217HVH and 
LM317HVH are packaged in a solid Kovar base TO·5 
transistor package: The LM 117HV is rated for 0peration 
from _55°C to +150°C, the LM217HV from -25°C to 
+150°C and the LM317HV from O°C to +125°C. 

1.2V-4,5V Adjustable Regulator Digitallv Selected Outputs 5V Logic Regulator with 
Electronic Shutdown· 

VIN-48V H~"'-'VOUTtt 
'--"i;:::-...... v,. -----I I---.... -VOUT 

t Optional-improves t'ransient 
response' 

*Needed if device is far from' 
fi Iter capacitors 

ttVOUT = 1.2SV (1 +~) 

L......::r-...J 

INPUTS 

*Sets maximum VOUT ' 
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AI 
240 

H~"'-~9UT 
'--.::;:::----' 

1k 

* Min output ~ 1.2V 



Absolute Maximum Ratings 
Power Dissipation Internally limited 

Input-Output Voltage Differential 60V , 
Operating Junction Tempera~ure Range 

-55°C to +150°C LMl17HV 
LM217HV "-25°C to +150°C 

LM317HV O°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

LMl17HV/217HV LM317HV 
PARAMETER CQNDITIONS UNITS 

MIN TVP MAX MIN TVP MAX 

Line Regulation TA ~ 25°C, 3V~ VIN - VOUT~60V 0,01 0.02 0,01 0.04 %/V 
(Note 2) 

Load Regulation TA~25°C, 10mA~ 10UT~ IMAX 

VOUT ~ 5V: (Note 2) 5 15 5 25 mV 

VOUT ~ 5V, (Note 2) 0.1 0.3 0.1 0.5 % 

Thermal Regulation T = IOns %/W 

Adjustment Pin Current 50 100 50 100 /lA 
" " 

Adjustment Pin Current Change 10mA~ IL ~ IMAX 0.2 5 0.2 5 /lA 

3.0V~ (VIN-VOUT) ~ 60V 

Relerence Voltage 3 ~ (VIN:-VOUT) ~ 60V, (Note 3) 1.20 1.25 1.30 1.20 1.25 1.30 V 

10 mA $ lOUT ~ IMAX, P ~ PMAX 
.' 

Line Regulatio[1 3V ~ Vllil - VOUT~ 60V: (Note 2) 0..0.2 0..05 0..02 0.07 ' %/V 

Load Regulation 10 mA ~ IOU'T ~ IMAX, (Note 2) , 
VOUT ~ 5V 20. 50. 20. 70 mV 

VOUT;::: 5V 0..3 1 0.3 1.5 % .. 
Temperature Stability TMIN~Tj~TMAX 1 1 % 

Minimum Load 'Current VIN-VOUT = 60V 3.5 7 3.5 12 mA I 

-' 
Current Limit VIWVOUT~ 15V 

K Package 1.5 2.2 1.5 2.2 A 
H Package 0.5 0.8 0..5 0..8 A 

VIWVOUT ~60V 

K Package 0.1 0.1 A 

H Package 0..0.3 0..03 A 

RMS Output Noise, % 01 VOUT TA= 25°C, 10Hz~l~ 10. kHz 0..0.0.3 0.003 % 

Ripple Rejection'Ratio VOUT = 10V, I =,120 Hz, 65 65 dB 

CADJ = IOI'F 66 80 '66 80 dB 

Long·Term Stability TA=125°C 0.3 1 0.3 1 % 

Thermal Re~istance, Junction to Case H Package 12 15 12 15 °C/W 

K Package 2.3 3 2.3 3 °C/W 

Note 1: Unless otherwise specified, these specifications apply -55°e .; Tj .; +160o e for the LMI17HV ,-25" e .; Tj .; +150o e for the LM217HV 
and oOe .; Tj .; +125°e lor the LM317HV; VIN - VOUT = 5V and lOUT = 0.1 A for the TO·5 package and lOUT = 0.5A lor the TO-3 package. 
Although power dissipation is internally limited. these specifications are applicable for power dissipations of 2W for the TO-5 and 20W for the TO-
TO·3. IMAX is 1.5A lor the TO-3 and 0.5A for the TO·5 package. ' 
Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 

Note 3: Selected devices with tightened tolerance reference voltage available. 
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Typical Performance Characteristics (K and TPackages) 
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Application Hints 

In ~peration, the LMl17HV develops a nominal'1.25V 
reference voltage, VREF. between the output and 
adjustment termil)al .. The reference voltage is impressed 
across program resisto~ R1 and, since the voltage is con·, 
stant" a constant current 11 then flows through the 
output· s~t resistor R2, giving an output voltage of 

VOUT= VREF (1 + :~) + IADJR2 

lM117HV 

v,. Your 
I"l ADJ 

1 I VREF Rl 

I VOUT 

IADJ 

~'l j. 

~ 

FIGURE 1. 

SiilCe the 100llA current 'from the adjustment terminal 
represen~s an error term, the LMl17HV was designed to 
minimize IADJ and make it very constant, with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini· 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A O.lIlF 
disc or 11lF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more ' , 
sensitive to the.'absence of input bypassinQ when adjust· ',' 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
. the LM 117HV to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10llF bypass capa· 
citor 80 dB ripple rejection is obtainable at any output 
level. Increases over 10llF do not appreciably improve. 
the ripple rejection at frequenci,es above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging thro~gh internal low current 'paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 251lF in aluminum electro· 
lytic to e'qual 1ilF solid t~ntalum at high frequencies. 
Ceramic capacitors are also good at high frequencies; 
but some types have, a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.0.1IlF 
disc may seem to work better than a O.lIlF disc as 
a bYl?ass. 
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Although the LMl17HV is stable with no output capa· 
citors; like any feedback circuit, certain values -of 
external capacitance can cause eXCessive ringing. This 
occurs with values between 500 pF' and 5000 pF. 
A illF solid tantalum (or 251lF al'uminum electrolytic) 
on' the' output swamps this /lffect and .in,s,-!res stability. 

Loa~ Regulation 

The ',LM117HV is capable of providing extremely good 
load ·.regulation but a few precautions are needed to 
obtain'maximum performance. The current set resistor 
connected between the adjustment terminal and the out· 
punerminal (usually 24002) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing', effectvely in series 
with the reference and degrading regulation. For exam· 
pie, a 15V regulator with 0.0502 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.0502 x I L. If the set resistor is con· 
nected near the load the effective line resistance will be 
0.0502 (1 + R2/R 1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu. 
lator and 24002 set resistor.' . 

LM111HV 

V'N 

I RS . 
V'N VDUTLI-''W'If-_VDUT 

ADJ f~;o 
.... ----' 

A 
:{, 

FIGURE 2. Regulator with Line Resistance 
I in OutP~t Lead 

With the TO·3 package, it is easy to minimize the resis· 
tance from the case to the set' resistor, by using two 
separate leads to the case. However, with the TO·5 
package; care should be taken' to minimize the wire 
length of the' output lead. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any IC regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
curre'nt points into the regulator. Most 10llF 'capacitors 
have low enough internat' ~eries resistance to deliver 
20A spikes when shorted.Alth'ough the surge is short, 
there is enou~h energy to dal)1age parts of the IC. 

When an output capacitor is connected to a regulat'or 
and' the input is shorted, the output capacitor will 
discharge into the output of the, regulator. The discharge 



Application Hints (Continued) 

current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of VIN. In the LM 117HV, this discharge path is through 
a large junction that i,s a.ble to sustain 15A surge with no 
problem. This is not true of other types of positive 
.regulators. For output capacitors of 25/lF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 

V,N 

0, 
1N4D02 

occurs when either the input or output is shorted. 
Internal to the LMl17HVis a 50n resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less ,and 10/lF capacitance. 
Figure 3 shows an LMl17HV with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 

1-1--+--..... -VOUT 
'--'T'--.... 02 C, 

1N4DOZ T 

Schematic Diagram 

.2 + C2 

T_ '1M 

VOUT = 1.25V ~ + :~) + R21ADJ 

01 protects against C1 

02 protects against C2 

FIGURE 3. Regulator with Protection Diodes 

r----t---..... ---.----1---~-._------------------------~----_t----------~--._---VIN 

.zs , 
~~_--~~----~--~ __ ~~_~--~-.. __ ~~_--~--~~-~----------~--~--VOUT L-____________________ A~ 
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Typical Applications (Continued) 

Slow Turn.()n 15V Regulator 

V,. ~P------._~JT 
~T-....I 

lN4Q02 

High Current Adjustable Regulator 

.3 
2N2905-", __ ", __ ..J.'150'I0\r-__ • 

V,N 

Adjustable Regulator. with Improved 
. Ripple Rejection 

tSolid tantalum 
*Discharges C1 if output is shorted to ground 

V,N 
35V 

o to 30V Regulator 

V,N -t-""I\r+-I 

+ 

tSolid tantalum 

*Minimum load current = 30 rnA 
:t:Optional-improves ripple rejection 

SA Constant Voltage/Constant Current Regulator 

M-502-,.. ________ -1~----._--_, 

LM311HV 

C2 
10Dp'F 

.3 
0.1 

·5W 

LM113 
I1V 

.3 
680 

-lOY 

35V -1~+"""M...-4HVIN AD~D1jTI-.... ---... .:.....:....-.---I----+--... -~~~~~~v 
~ ~+ 

t'"' ::; lM'J 
Dt 

lN457 
03 

LED* 

tSolid tantalum 

C5 RS 
75pF 33.0k 

-&VTO-15V 

'*Lights in constant current mode 

1-28 

.6 
100 

High Stability 10V Regujator 

"""P--~~f~VUT 
'--.::;::-....... 

LMT29A 

.3 
267 
1% 

., 
" 5% 

Power Follower 

10V--4QV 

INPUT -""I\r+~ ., 
10k 

LM111HV 

1 A Current Regulator 

1.2V-20V Regulator with 
Minimum Program Current 

V,N 

.2 
Uk 
1% 

., 
2.4 

*Minirnum load current ~ 4 rnA 



Typical Applications (Continued) 

High Gain Amplifier 

LM111HV 

R' 
10k 

V~ 

OUTPUT 

LM195 

R1 
14 

Low Cost 3A Switching Regulator 

8V-J5V ~~""'''v-'''-I l-'VII'v-..... 4----... -1.8V TO J2V 

0' 
lNJ880 

t Solid Tantalum 

+ 

*Core-Arnold A·254168-2 60 turns 

4A Switching Regulator with Overload Protection' Precision Current Limiter 

R' 
3D 

8-j~~ ~~""'''v-'''-I 
L..-:T'-....I 

V'N 

RJ 
5k 

R8 
100 

High Voltage Regulator 

R' 
1.' 

V'N 

---.L~.rot'Y"'-~",,- Vo ur 
1.8VTO J2V 

V'N 

t Solid Tantalum 

"Core Arnold A-254168-2 60 turns 

1-.... 'VII'v-_-IOUT" ,*. 
L--'T'-----' 

*0.8n:s R1 :S 120n 

Tracking Preregulator 

R1 
120 

Your 

R3 ,,, 

Adjusting Multiple On-Card Regulators 
with Single Control* 

V'N 

1-29 

* All outputs within ±10a mV 

tMinimum load-l0 rnA 



Typical Applications (Continued) 

12Vp-p rv 

V'N 

AC Voltage Regulator 

u. 

12V Battery Charger 

LMJI1HV 

12. 

u. 

"2 
2.4k 

6Vp-p 
IA 

r-u 

"Rs-sets output impedance of charger ZOUT = RS I, + ~R2,) 
Use of RS allows low charging rates with fully , 
charged battery. 

50 rnA Constant Current Battery Charger 

LM317HV 

V,. __ +,. ADJVOUT~ 
I . -=-

J 

Connection Diagrams 

(TO·3 Steen 
Metal Can Package 

BOTTOM VIEW 

Order Number LMl17HVK STEEL. 
LM217HVK STEEL. or 

LM317HVK STEEL 
See Package K02A 

1-30 

Adjustable 4A Regulator 

'.2 
LM317HV 

1-... '\.I\-,.,. .... --4 .• V TO 25V 

V,N 
9V1060V 

Current limited 6V Charger 

.. 

.. 

"Sets peak current (O.SA for 1 nj 
**1000 p.F is recommended to filter 

out any input transients. 

(TO-391 
Metal Can Package 

Qo 'NPUT 

Z 0-;.-- ADJUSTMENT 

3 ~ OUTPUT 

CASE IS OUTPUT 

BOTTOM VIEW 

Order Number LMl17HVH. 
LM217HVH. or LM317HVH 

See Package H03A 



~National 
~ Semiconductor 

Voltage Regulators 

LM120 Series 3·Terminal Negative Regulators 

General Description 
The LM120 Series are three-terminal negative regulators 
with a fixed output voltage of -5V, -12V, and -15V, 
and up to 1.5A load current capability. These devices 
need only one external component-a compensation 
capacitor at the output, making them easy to apply. 
Worst case guarantees on output voltage deviation due to 
any combination of line, load or temperature variation 
assure satisfactory system operation. Where other voltages 
are required, the LM137 Series provides an output 
voltage range of -1.2V to -47V. 

Exceptional effort has been made to make the LM 120 
Series immune to overload conditions. The regulators 
have current limiting which is independent of tempera­
ture, combined with thermal overload protection. Inter­
nal current limiting protects against momentary faults 
while thermal shutdown prevents junction temperatures 
from exceeding safe limits during prolonged overloads. 

Although primarily intended for fixed output voltage 
applications, the LM120 Series may be programmed for 
higher output voltages with a simple resistive divider. 
The low quiescent drain currerit of the devices allows 
this technique to be used with good regulation. 

Typical Applications 

Preventing Positive Regulator Latch-Up 

I-"';;..,..------<t---~~--c .. --, 
I 
I 
I 
I 

COM--~~--~---~---~-, 

rol"j l COMMON 
I LOAD l_J CURRENT 

I 
I 
I 
I 

~~ ____ -* ____ ~~ __ ~ __ J 

RI & 01 8l1owthe pO~lt've regulator to "start up"wlten +V'N IS delayed 
relative to ·V 1N and i huvy load IS drawn lJetween tile outputs. Without 
RI & 01, most three terminal regulators will nat start With heavy ID.1A-1AI 
load cunentflowm;tuthe negatIve regulator, even though the pO~lllve 
output I~damped by 02 
·R2 I~ optional. Ground pm tUlrent Irom the posltlye legulatorflowmg 
ttllough Rl w,n InCIUse +VOUT ,,60 mV II R2 15 omlttd. 

1-31 

Features 
• Preset output voltage error less than ±3% 

• Preset current limit 

• I nternal thermal shutdown 

• Operates with input-output voltage differential down 
to lV 

• Excellent ripple rejection 

• Low temperature drift 

• Easily adjustable to higher output voltage 

LM120 Series Packages and Power Capability 

RATED DESIGN 
DEVICE PACKAGE POWER LOAD 

DISSIPATION CURRENT 

LM120 
TO-3 20W 1.5A 

LM320. TO-5 2W O.5A 

LM320T TO-220 15W 1.5A 

LM320M TO-202 7.5W O.5A 

LM320ML' TO-202 7.5W O.25A 

LM320L' lO-92 1.2W O.lA 

*Electrical specifications shown on separate data sheet 

-Requ,redtflegulalor'l 
sePlfitedhomf,ltelupa· 
cltorby moretllan 3". For 
valuegivell,t3patltormurt 
be solid tantaillm. 25j.<F 
alummum etectrotytlc may 
be substituted. 

+INPUT 

-INPUT 

Fixed Regulator 

tReqlllfedfollif<lb,tity.Forvalue 
gl't'en.capac,tor must besohd 
f<lntalum.25j.<Falummumelec· 
trolYllcrnaysubstltllted. Value$ 
given may be increased without 
lim.t. 

ForolltputClp.e'tan~ein exte" 
of 100j.<F,ahighcurrentdlodefrom 
,nputto oulput (lN4Q01,etc.)wlll 
protect the regutatol Irommomentary 
input shorts. 

Dual Trimmed Supply 

}---+-.... -----1>-Q+5.0V 

01 
lN4DDl 

02 
lN40Ql 

}-_ .... _ .... _..-_~~_50V 



LM120 Series 
-

-5 VOLT REGULATORS (Note 31 Absolute Maximum Ratings 
Power Dissipation I nternally Limited 

Input Voltage . -2'5V 

Input-Output Voltage Differential 25V 

Junction Temperatures See Note 1 

Storage Temperature Range -65° C to +15()" C 

Lead Temperature (Soldering; 10 seconds) 300°C 

Electrical Characteristics 
METAL CAN'PACKAGE POWER PLASTIC PACKAGE 

LMI20K-S_O LM320K-S.O LMI20H·S.O ·LM320H·S.O lM320T·S.O LM320MP-6.0 
ORDER NUMBERS 

(TO·31 (TOoll (TO-61 ITO-61 (TO-2201 (TO-2021 
UNITS 

DESIGN OUTPUT .CURRENT (101 I.SA I.SA O.SA O.SA 1.SA O.SA 
DEVICE DISSIPATION (Pol 20W 20W 2W 2W 15W 7.SW 

PARAMETER CONDITIONS (NOTE 11 MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 
-

Output Voltage TJ = 2S'C, VIN = 10V, -S.1 -S -4.9 -5.2 -5 -4.8 -5.1 -5.0 -4.9 -5.2 -5.0 -4.8 -5.2 -S.O -4.8 -5.2 -5.0 -4.8 V 

ILOAD = SmA 

line Regulation T J = 25'C, ILOAD = 5 mA, 10 25 10 40 10 25 10 40 10 40 10 40 mV 

VMIN:S; VIN:S; VMAX . 
~ 

Input Voltage -25 -7 -25 -7 -25 -7 -25 -7 -25 -7.5 -25 -7.5 V 

c" 
N 

RIpple Rejection f= 120 Hz . 54 64 54 64 54 64 54 64 54 54 54 64 dB 

Load Regulation. (Note 2) TJ = 25'C, VIN = 10V, 50 75 50 100 30 50 -30 50 50 100 40 100 'mV 

5 mA:S; ILOAD:S; ID 

Output Voltage, (Not~ 1) -7.5V:S; VIN:S; VMAX, -5.20 -4.80 -5.25 -4.75 -5.20 -4.80 -5.25 -4.75 . -5.25 -4.75 -5.25 ,-5.0 -4.75 V 

5 mA:S; ILOAD:S; ID, P:S; Po 

Quiescent Current VMIN:S; VIN:S; VMAX 1 2 1 2 1 2 1 2 1 2 1 2 mA 

Quiescent Current Change TJ = 25'C 

VMIN:S; VIN:S; VMAX 0.1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4-. 0.05 0.3 mA 

5mA·:S;.ILOAD:S;IO 0.1· 0.4 0.1 0.4 0.04 0.4 0.04 0.4 0.1 0.4 0.04 0.25 mA 

Output Noise Voltage, TA = 25'C, CL = I/lF,IL = 5mA, 150 150 150 150 150 150 p.V 

VIN = 10V, 10 Hz:S; f:S; 100 kHz " 

Long Term Stability 5 50 5. 50 5 50 5 50 10 10 mV 
-

Thermal Resistance 

Junction to Case 3 3 15 15 4 12 'CIW 

Junction to Ambient 35 35 150 150 50 70 'CIW 

Not.,: This specification applies over-55"C S TJ S +150·C for the LM120, and O"c S TJ S +125'C for the LM320, 

Nota 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant function temperature, low duty 
cycle, pulse testing is u~d. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to PO, 

Note 3: For -5V 3 amp regulators, see LM145 data sheet. 



-12 VOLT REGULATORS Absolute Maximum Ratings 
Power Dissipation Internally Limited 
Input Voltage -35V 
Input-Output Voltage Differential 30V 
Junction Temperatures See Note 1 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 
METAL CAN PACKAGE POWER PLASTIC PACKAGE 

LM120K-12 LM320K-12 LMI20H-12 LM320H-12. LM320T-12 LM320MP-12 
ORDER NUMBERS 

(TO·31 (TO·31 (TO-51 (TO·51 (TO·2201 (TO·2021 
UNITS 

DESIGN OUTPUT CURRENT (lD' lA lA 0.2A 0.2A lA O.SA 
DEVICE DISSIPATION (PDI 20W 20W 2W 2W 15W 7.SW 

PARAMETER CONDITIONS {NOTE II MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Output Voltage TJ - 25"C. VIN -17V, -12.3 -12 -11.1 -12.4 -12 -11.6 -12.3 -12 -11.7 -12.4 -12 -11.6 -12.4 -12 -11.6 -1.2.5 -12 -11.5 V 

ILOAD -SmA 

~ Line Regulation T J - 25"C, ILOAD - 5 mA, 4 10 4 20· 4 10 4 20 4 20 4 24 mV 

VMIN ~ VIN <; VMAX 

Input Voltage -32 -14 -32 -14 -32 -14 -32 -14 .-32 -14.5 -32 -14.5 V 

Ripple Rejection '-120Hz 56 80 56 80 56 80 56 80 56 80 56 80 dB 

Load Regulation, (Note 2) TJ' 25°C, VIN - 17V, 30 80 30 80 10 25 10 40 30 80 40 100 mV 

5 mA'~ ILOAD ~ 10 

Output Voltage, (Note 11 14.5V ~ VIN ~ VMAX, -12.5 -11.5 -12.6 -11.4 '-12.5 -11.5 -12.6 -11.4 -12.6 -11.4 -12.6 -11.4 V 

5mA~ ILOAD~ 10, P~ Po 

Quiescent Current VMIN ~ VIN ~ VMAX 2 4 2 4 '2 4 2 4 2 4 2 4 mA 

Quiescent Current Change TJ - 25"C 

VMIN ~ VIN ~ VMAX 0.1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3 mA 

5mA~ ILOAO~ 10 0.1 0.4 0.1 0.4 0.03 0.4 0.03 0.4 0.1 0.4 0.04 0.25 mA 

Output Noise Voltage TA - 25°C, CL - I~F, IL - 5 mA, 400 400 400 400 400 400 ~V 

VIN - 17V, 10 Hz ~,~ 100 kHz 

Long Term Stability 12 120 12 120 12 120 12 120 24 24 mV 

Thermal Resistance 

Junction to Case 3 3 15 15 4 12 "CN! 
Junction to Ambient 35 35 150 150 50 70 "CN! 

Note 1: This specification applies over-55"C::; TJ ::; +150"C for the LM120, and o"c::; TJ::; +125"C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica-
tions apply only up to PO. ' 

S8!J8S O~~Wl 



LM120 Series 

..;..15 VOLT REGULATORS Absolute Maximu.m Ratings 
Power Dissipation Internally Limited 

Input Voltage 

LM120/LM320 -40V 

- LM320T ILM320MP -35V 

Input-Output Voltage Differential 30V 
, Junction Temperatures See Note 1 

Storage Temperature Range -£5°Cto+150°C' 

Lead Temperature (Soldering,,10 seconds) 300°C 

Electrical Characteristics 
METAL CAN PACKAGE 

.. 
POWER PLASTIC PACKAGE .. 

LM120K·15 LM320K·15 .LMI20H·15 LM320H·15 LM320T·15 LM320MP·15 
. ORDER NUMBERS 

(TO·3) (TO·3) (TO·5) (TO·5) (TO·220) (TO·202) 
UNITS 

DESIGN OUTPUT CURRENT liD) lA lA 
, 

0.2A 0.2A lA 0.5A 
DEVICE DISSIPATION (PD) 20W 20W 2W 2W 15W 7.5W 

PARAMETER CONDITIONS (NOTE 1) MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Output Voltage TJ = 25"C. VIN = 20V. -15.3 -15 -14.7 -15.4 -15 -14.6 ~15.3 -15 -14.7 -15.4 -15 :::14.6 -15.5 -15 -14.5 -15.6 -15 -14.4 'V 

ILOAD = 5 mA 
~ 

~ Line Regul~tion TJ = 25"C •. ILOAD = 5 mAo .5 10 5 20 5 10 5 20 5 20 5 30 mV 

VMIN $ VIN < VMAX 

Input Voltage -35 -17 -35. -17 -35 ". -17 -35: -17 -35 -17.5 ~35 -17.5 V 

Ripple Reie~tion f= 120 Hz 56 SO 56 SO 56 'SO 66 80 56 80. ·56 80 'dB 

Load Regulation, [Note 2) TJ = 2S"C. VIN = 20V. 30 80 30 80 10 25 10 40 30 SO 40 100 mV 

5 mA $ ILOAD $ ID .. .. 

Output Voltage, (Note 1) 17.5V $ VIN $ VMAX. -15.5 -14.5 -15.6 -14.4. -15.5 -14.5 -15.6 -14.4 -15.7 -14.3 -15.7 -14.3 V 

5'';'A $ ILOAD $ 10. P $ PD 

. Quiescent Current VMIN ~ VIN <; VMAX 2 4 2 4' 2 ·4 2 4 2 4' 2' . 4 mA 

QUiescent.Current Change TJ=25"C 

VMIN' $ VIN <:; VMAX 0.1 0.4 0.1 0.4 0.05 0.4 0.05 0.4 0.1 0.4 0.05 0.3 mA 

5mA$ILOAO$IO 0.1 0.4 0.1 0.4 0.03 0.4 0.03 0.4 0.1 0.4 0.04 0.25 mA 

Output Noise Voltage TA = 25"C, CL = l/IF,IL = 5mA, 400 400 400 . 400 400 400 /IV 
VIN = 20V. 10 Hz $ f $ 100 kHz 

Long Term Stability 15' 150 15 150 15 150 15 150 30 30 mV 

Thermal Resistance 

Junction to Case 3· 3 15 15 4 12 "CIW 
Junction to Ambient 35 35 150 150 50 70 . "CIW 

Note 1: This specification applies over-55"C:£ TJ:£ +15o"C fofthe LM120, and O°C:£ TJ:£ +125°C for the LM320. 
.. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into- account separately. To ensure constant junction te-mperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests. even though power dissipation is inte!nally limited. electrical specifica· 
tions apply only up to PO. 

--- ---_.- -------- --- -



Typical Performance Characteristics 

10.0 

0.1 

Output Voltage vs 
Temperature 

1.0t r-r-r-..-,.-.,....,....,...--, 
~ 1.005 I-t-+-+-+-+-+-+--l 
" I.DD b-1-+-+-+-j..-l:::d---1 
~O.995 1----vouT=-1Z\iAND~ . 

~ o,990 I-b+-+-++++--1 
o 

~ 1~1 1-t-t-+-++++--1 
~ 1.005 ~bt:t;t;;;i;;l:~~ 
~ o~~:: I-- Your = 5V 
. O,990 '-'-'--'-..L....L.....L......L..-l 

-50 -25 0 25 50 75 100 125150 

JUNCTION TEMPERATURE ("CI 

1 

i 
~ 
iii 

Note: Shaded portion refers 
to LM320 series regulators. 

10' 

10· 

Output Impedance TO-5 
and TO-ZOZ Packages 

~~~;~~:=:v =~~~:N~~~ 
T.''';C 

I h.. 

F SO~DU;~~T~:UM ~ ~ 

CoUT =IIf1,tFSQLlD 

TANTALr" 
O.Dlk D.lk 1k 10k lOOk 1M 

1.3 

1.z5 
12 

1.15 

1.1 

1.05 

1.0 

0.95 

0.' 

FREQUENCY 1Hz) 

Quiescent Current vs 
Input Voltege 

lM120-6 J 1 
11 ,/ f- r-!i"-SSOC 

I- ;'10 ,,)c-;::; 
I .... 

; 1 1 
1 1 

TI=150°C 
-:' 

1 1 
5 10 IS fO 25 3G 15 40 

INPUT VOLTAGE (VI 

Maximum Average Power 
Dissipation (TD-5) 

TO·5 10 

INFINITE HEAT INK 

-r-. 
WAKEFiElD 

HEATSINK tt2D7 ~ '\ 

NO HEATSINK~ '-\ , 

Ripple Rejection 
(All Types) 

10' ~fmEliilEml=E1 
VOUT~ -lZVAND -15V 

ISO Vour= -5V 

40 

Output Impedance TO-3 
and TO-ZZO Packages 

... 
2D ,,-2 L--1+--"-_-'-_.L--l 

z: 
t; 

t ,.-

1 

i 
~ 
z 

!i! 
iii 

D.OIt D,Ik It 10k lOOk 

2.' 

23 

2.1 

I.' 
1.7 

1.5 

lJ 

1.1 

09 

'.7 ... 

1.3 

1.2 

1.1 

'1.0 

'.9 

FREDUENCY 1Hz! 

Minimum Input·Qutput 
Differential TO-3 and 
TO-ZZO Packages 

/ 

/ 
W 

rT,. 55'C V/ 
Tj"25°i:-

Tj=I50"C 

• 02' OJ 0.75 ,. ll' I.' 
OUTPut CURRENT (AI 

Quiescent Current vs 
Load Current 

~~ T ,-\,·C • j./ ~ 

....... 1 

""'" 
T1 =25 C ....... 

........ -r 
1 

I-- - T1 c15D"e -

~ 

-
~ 

o 0.25 0.5 0.75 to 1.251.5 

OUTPUT CURRENT (AI 

z: 
~ 
~ 

~ 
i 

U 

22 ,. 
1.' 

u 
lA 

12 

U 

•• 
'.6 
'A 

21 

.19 
11 

15 

13 

11 

o 

100 Ik 10k lOOk 1M 

FREQUENCV (Hz) 

Minimum Input·Qutput 
Differential TO-5 and 
TO-202 Peckages 

, 
/ 

r--r---Tj''''C~~ 
T,'55'C -1-
~:;....:% f-:::""- Tj o 15IJ"C-

0.1 0.2 0.3 0.4 0.5· 

OUTPUT CURRENT 'AI 

Maximum Average Power 
Dissipation (TO-3) 

l-I-- TDol,2"C/W 

I'.. '\.:::::ES~~E~; 64IAI = 
TO.3, 5~CIW 

" 
HEATSINK* 

'< \. ::'~.~:~~LD 
TO-3 10·CNi·· ..... " \. HEAT SINK ....... " ~ "' TO·3, NO SINK -o 25 50 75 100 125 150. 

AMBIENT TEMPERATURE (OCI 

Note: Shaded area shows operating 
range of. TO-5 and TO-202 p,ackages .. 

*These curves for LM120 and LM220. 

Maximum Average"Power 
Dissipation (TO-ZOZ) 

INFINITE 
HEA~SINK 

;;;;;;"··C/wHfATSlNK - ,.J" ~ 
...... 

-,. .... 
r-

200~.HEATSINK 

g 
z 
0 

~ 
~ 
= 
~ 
Ii! 

21 

19 
17 

15 

13 

11 

9 

Derate 25°C further for LM320, 

Maximum Average Power 
Dissipation (TO-ZZO) , 

~ TO·2Z0,5"CIW 
HEAT SINK 

...... 
......... .... +0.22. "'C/W-

T~~~:~~KSINK 

Short Circuit Current 

25 50 75 100 125 liD 

AMBIENT TEMPERATURE (~Cl 

0110 20 3D 4D 50 60 70 25 50 75 100 125 150 o 510 IS 20 253035110 

AMBIENT TEMPERATURE '"CI AMBIENT TEMPERATURE rei VIN - VOUT (VI '" 
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Typical Applications (Continued) 

High StabHity 1 Amp Regulator 

- ...... _-.... --...,,---_.--...... _-_____ -::::II~-VOUT(·' 

' ..... 

INPUT 

I=-.... --..... ---------=-..... -yo"' H 

LOIdllldlinlrtlU'lthtJI <8.Dl%tmpentar,stlllility <0.2% 

to ..... miMS Zuer cam •• 
ttSolidt8l1fiulA. 
An LMIZG-IZ or LM1Zo..ti 1lIIY"""" tI,.,mit IIithtr in,ut ftlltagn. IIut 1ht 
nlUlmd DUtpIIt ,011lfl must .... Ieat -15Y whln !lSi ..... LM1Z0-1Z antl-tlV 
f1rrttleLMI2D-l& . 
.. S.lectresistarstDutO.rt,.nvoltlllt. 2 pt1111/"Ctnd!intsu ..... 

Current Source 

UY 
·IOUT -I mA +. Rt 

.Yw 

Wide Range Tracking Regulator 

.3 
INCDClt 

_ ... __ ~~==:::::~=t=j~-_1-0CO-DN 
.. 
nidi. 

·" ............. of RI ..... R2t1"""'fttelllltdlinl 
oI(.)tmI(-li...... . 

··NecesaryD.I,jf_.IIfIIy~"InDrldiln 
l"from,... ... rs 

All LM3III&N _rAY 1lIIY suIIstit1ItIfar aI, Dll1111 DJ fer 
lImIf_ility ... trll:kiwt.I.thtanytliHl,ttInIiItm 
Q& ... 04 {i. ,..nell ........ D2:IiatiIIrIy,OIHd QZ 
__ ElI.q03 ......... 211ZZZZ. 

Variable Output 

-oJtiHII.I ... p' .... ...... at,...... .... .............. 
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Typical Applications (Continued) 

±15V.1 Amp Tracking Regulators 
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Connection Diagrams 
Metal Can Package (TO·391 (HI 

INPUT ~
UTPUT 

--£;-
BOTTOM VIEW 

Order Numbers: 

LM120H-5.0 
LM320H·5.0 
LM120H·12 
LM320H·12 
LM120H·15 
LM320H·15 

S .. NS Package H03A 

Power Package TO·202 (PI 

INPUT 

I 

1 0 1] 
FRONT VIEW 

Order Numbers: 

LM320MP·5.0 
LM320MP·12 
LM320MP·15 

See NS Package P03A 

For Tab Formad TO·202 
Order Numbers: 

LM320MP·5.0 T8 
LM320MP·12 TB 
LM32OMp·15 TB 

See NS Package P03E 

; OUTPUT 

INPUT 

GND 

'-" 

St .. 1 Metal Can Package TQ-3 (KI 
Aluminum Metal Can 
Package TO·3 (KCI 

BonOMVIEW 

Order Numbers: 

LM120K-5.0 
LM220K-5.0 
LM320K·5.0 
LM120K·12 
LM220K·12 
LM320K·12 
LM120K·15 
LM320K·15 

See NS Package K02A 
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lonOMVIEW 

Order Numbers: 

LM320KC-5.0 
LM320KC·12 
LM320KC·15 

, S .. NS Package KC02A 

Power Package TO·220 (TI 

INPUT 

l.~lr==l==:===> OUT O F"i: 

IUIIJ~'N' 
~ GNU 

TOP VIEW 

Order Numbers: 

lM320T-5.0 
LM320T·12 
LM320T·15 

See NS Package T03B 
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~ National Voltage Regulators 
~ Semiconductor 
LM1231LM223/LM323 3 Amp, 5 Volt Positive Regulator 
General Description 
The LM 123 is a three-terminal positive regulator 
with a preset SV output and a load driving .capa­
bility of 3 amps_ New circuit design and processing 
techniques are used to provide the high output 
current without sacrificing the regulation charac­
teristics of lower current devices_ 

The 3 amp regulator is virtually blowout proof_ 
Current . limiting, power limiting, and thermal 
shutdown provide the same high level of reliability 
obtained with these techniques in the LM 1 09 
1 amp regulator. 

No external components are required for operation 
of the LM123. If the device is more than 4 inches 
from the filter capacitor, however, a l/-1F solid 
tantalum capacitor should be used on the input. 
A O.l/-1F or larger capacitor may be used on the 
output to reduce load transient spikes created by 
fast switching digital logic, or to swamp out stray 
load capacitance. 

An overall worst case specification for the combined 
effects of input voltage, load currents, ambient 

Schematic Diagram 

temperature, and power dissipation ensure that 
the LM 123 will perform satisfactorily as a system 
element. 

For applications requiring other voltages, see 
LM lS0 series data sheet. 

Operation is guaranteed over the junction tempera­
ture range -SSo C to + lS00 C. An electrically 
identical LM223 operates from -2SoC to +lS0°C 
and the LM323 is specified from O°C to +12SoC 
junction temperature. A hermetic TO-3 package is 
used for high reliability and low thermal resistance. 

Features 
• 3 amp output current 

• Internal current and thermal limiting 

• 0.01 n typical output impedance 

• 7.S minimum input voltage 

• 30W power dissipation 

• 100% electrical burn-in 

.n 
" 

RU R24 
10K 11t 

" " 

'--... - ......... --<~-...... --......... --<~-...... ---<~--..... ---.... --.,.-......,G .. 
Connection Diagram 

Metal Can Package 

10nOMVI'. 

Order Number LM123K STEEL, 
LM223K STEEL or LM323K STEEL 

See NS Package K02A 
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Typical Applications 
Basic 3 Amp Regulator 
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Absolute"Maximum Riltings 
Input Voltage 
Power .D\.ssipation, 
Operating Junction Temperature Range 

LM123 
LM223 
LM323 

Storage Temperature Range 
,Lead Temperature (Soldering, 10 sec) 

Preconditioning 
Burn-In in Ther",al Limit 

Electrical Characteristics ,(Note 1) 

PARAMETER 

Output Voltage 

Output Voltage 

Line Regulation (Note 3) 

Load Regulation (Note 3) 

Quiescent Current 

Output Noise Voltage 

Short Circuit Current Limit 

Long Term Stability 

Thermal ReSIstance Junction 
to Case (Note 21 

CONDITIONS 

TJ = 2SoC 
V1N = 7.5V.loUT = 0 

].SV';; VIN ~ ISV 
0';; lOUT';; 3A, P ,;; 30W 

TJ = 2SoC 
7:SV';; VIN ,;; ISV 

TJ ::. 2SoC,'V 1N' '" 7.5V, 

0';; lOUT';; 3A 

7.SV';; VIN ,;; ISV, 
O~ lOUT ~3A 

Tj = 2SOC 
10 Hz';; (5: ioo kHz 

'1j .. = 25~C 
VIN = ISV 

. VIN = 7.5V 

20V 
Internally Limited 

-55°C to +150°C 
-25°C to +150°C' 

O°C to +125°C 
-65°C to +150°C 

300°C 

100% All Devices 

LMI23/LM223 

MIN TIP MAX 

4.7 '5 

4.6 

5 

.25 

12 

40 

3 
4 

2 

5.3 

5.4 

25 

100, 

20 

4:S 
S 

35 

MIN 

4.8 

4.75 

LM323 

TVP 

S' 

25 

12 

40 

3 
4 

2, 

MAX 

S.2' 

. 5.25 

25 

,100 

20 

4.S 
S 

35 

UNITS 

.V 

V 

mV 

mV 

niA 

.u.Vrms 

A 
A 

mV 

°CIW 

Note 1: Unless otherwise noted, sPecifications apply for ":SSoC ~ Tj ~ +IS0°C for the LM123, - 2SoC ~ Tj ::;; +IS0°C for the 
LM223, and O°C ::;; Tj ::;; +12SoC for the LM323. Although power dissipation is internally limited, specifIcations apply only 
10rP ::;;30W. : 

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 3SoC/W. With a heat sink, the effective 
thermal resistance can only approach the, specified values of 2°C/W, depe-nding on the efficiency ot"the heat sink. 

Note 3: Load and line regulation- are specified at constant junctio.n temperature. Pulse testing is required with a pulse 
width ::;; 1 ms and a duty cycle::;; S%. 

Typical Applications (Continued) 

Adjustable Output SV - 10V 0.1% Regulation 

+VIN 
, 

LM123 2 

R, I / '2!l 3 

02 
LMI03 '::51 • B. 4.1Y 

, 7 ... 
C, -,....5D.' 

2 lMID5 6 . R3* 

. \ B.IK 

.+ 

~t· 
3 - 5 R2"1 Y UK :mA c\=r ~5,..Lf 

*SELECT TO SET OUTPUT VOLTAGE 
**SELECT TO DRAW 25 mA FROM Y-
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Typical Performance Characteristics 
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Typical Applications (Continued) 

10 Amp Regulator With Complete Overload Protaction 
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~National 
~ Semiconductor 

Voltage Regulators 

LM125/LM325/LM325A, LM126/LM326 Voltage Regulators 

General Description Features 

• ±15V and±12V tracking outputs 
• Output currents to 100 mA 

These are dual polarity tracking regulators design­
ed to provide balanced positive and negative out­

'put voltages at current up to 100 mA, the devices 
are set for ±15 V, ±12 V and +5, -12 V outputs 
respectively, Input voltages up to ±30 V can be used 
and there is provision for adjustable current limit­
ing. These devices are available in three package 
types to accommodate various power requirements 
and temperature ranges. 

• Output voltages balanced to within 1% (LM125, 
LM126, LM325A) 

• Line and load regulation of 0.06% 
• Internal thermal overload protection 
• Standby current drain of 3 mA 
• Externally adjustable current limit 
• Internal current limit 

Schematic and Connection Diagrams 

.-----r----;---------....... --r--00 III 

L----~!._~-oCD '" 

l----w.----+---oG) Ill! 

L+---.-+-----+---o0 (14) 

.-+:k.l-.J...::..-l----'=::;::=:l:=:;::::;::=t=:;:::=:;::==:t.--o@ (1) 

Dual-In-Line Package 

-V,,,, 

-CURRENT 5 
LIMIT 

-VOUf 

TOPVIEW 

14 +SENSE 

13 + CURRfNT 
LIMIT 

12 NC 

AEfERHI~E 

Order Number LM325AN, LM325N, 

-~~+--~~~~==~--l--o or LM326N r 0) 161 See NS Package N14A 

(j)m 

0'81 

9}-~+--"!.-----VY.--"""'--o 0 '" 

'-+--+--+-->---+-+ ..... --+~~-..... ---------o0 141 

( 110) 
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Metal Can Package 
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TOPVlfW 

Order Number LM125H, 
LM325H, LM126H or 

LM326H 
See NS Package Hl0C 
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Absolute Maximum Ratings 

Input Voltage 
Forced Vo + (min) (Note 1) 
Forced VO- (max! (Note 1) 
Power Dissipation (Note 2) 
Output Short·Circuit Duration (Note 3) 

±30V 
-<l.5V 
+0.5V 
PM AX 

Indefinite 

OperaUng Conditions 

Operating Temperature Range 
LM125 -55°C to +125°C 
LM325, LM325A O°C to +70°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics LM125/LM325/LM325A (Note 2). 

PARAMETER 

Output Voltage 
LM125, LM325A 
LM325 

Input·Output Differential 

Line Regulation 

Line Regulation Over Temperature 
Range 

Load Regulation 
Vo + 
Vo-

Load Regulation Over Temperature 
Range 

Vo + 
Vo-

Output Voltage Balance 
LM125/LM325A 
LM325 

Output Voltage Over Temperature 
Range 

LM 125/LM325A 
LM325 

Temperature Stability of Vo 

Short Circuit Current Limit· 

Output Noise Voltage 

Positive Standby Current 

Negative Standby Current 

Long Term Stability, 

Thermal Resistance Junction to 
Case (Note 4) 

LMI25H, LM325H 

Junction to Ambient 
LM325AN, LM325N 

CONDITIONS 

Tj = 25°C 

Y'N = 'IBV to 30V, Il = 20 mA, 
Tj = 25°C 

Y'N = lBV to 30V, Il = 20 mA 

Il = 0 to 50 mA, Y'N = ±30V, 
Tj = 25°C ' 

Il = 0 to 50 mA, Y'N = ±30V 

T j = 25°C 

P~ PMAX , O~ lo,~ 50 mA, 
lBV~IV'NI~30 

Tj = 25°C 

Tj = 25°C. BW = 100 - 10 kHz 

Tj = 25°C 

Tj = 25°C 

MIN 

14.B 
14.5 

2.0 

14.65 
14.27 

Nota 1: That voltage to'which the output may be forced without damage to the device. 

TVP MAX UNITS 

15 15.2 V 
15 15.5 V 

V 

2.0 10 mV 

2.0 20 mV 

3.0 ·10 mV 
5.0 10 mV 

4.0 20 mV 
7.0 20 mV 

±150 mV 
±300 mV 

15.35 V 
15.73 V 

±0.3 % 

260 rnA 

150 . I'Vrms 

1.75 3.0 rnA 

3.1 5.0 mA 

0.2 %/kHr 

45 °CIW 

150 °CIW 

N~e 2: Unless otherwise specified, these specifications apply for Tj = -55".C to +15O"C on LM125, Tj = O°C to +125"C 
on LM325 and LM325A, VIN = ±20V, IL = 0 rnA, IMAX = 100 rnA, PMAX = 2.OW for the TO·5 H package. IMAX = 
100 rnA, PMAX = 1.0W for the DIP N packaga. 
Note 3: If the junction temperature exceeds 150-<: the output short circuit duration is 60 seconds. 
Note 4: Without a lieat sink, the thermal resi.u.nce junction to ambient of the TO-5 Package is about 150·CIW. With a heat 
sink, the effective thermal resistance can only approach the junction to case values specified, depending on the efficiency 
ofthesink. . 
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Absolute Maximum Ratings 
Input Voltage 
Forced Vo+ (Min) (Note 1) 
Forced Vo - (Max) (Note 1) 

Power Dissipation (Note 2) 
Output Short-Circuit Duration (Note 3) 
Operating Temperature Range 

LM126 
LM326 

Storage Temperature Range 

±30V 
-o.SV 
+O.SV 

Internally Limited 
Indefinite 

Lead Temperature (Soldering, 10 seconds) 

-SSOC to +12SoC 

O°C to +70°C 
-6SoC to +lS0°C 

300°C 

Electrical Characteristics LM126/LM326 (Note 2) 

PARAMETER CONDITIONS 

Output Voltage T, = 25°C 
LM126 
LM326 

Input-Output Differential 

line Regulation V'N = 15V to 30Y 
IL = 20 mAo T, = 25°C 

Line Regulation Over Temperature Range V'N = 15V to 30V. IL· = 20 mA 

Load Regulation IL = 0 to 50 mA, V'N = ±30V. 
Va 

, 
T, = 25°C 

Vo -

Load Regulation Over Temperature Range IL = 0 to 50 mA.Y'N = ±30,V 
Vo 

, 
Vo -

Output Voltage Balanc~ T, = 25°C 
LM126 
LM326 

Output Voltage Over Temperature Range P::;PMAX .0::; 10 ::; 50 mA 
LM126 15V::; IV'NI::;30V 
LM326 

Temperature Stability of Va 

Short Ci.rcuit Current Limit , T, = 25°C 

Output Noise Voltage \ T, = 25°C. BW = 100 -10 kHz 

Positive Standby Current T, = 25°C. I L = 0 

Negative Standby Current T, = 25°C, I L = a 
Long Term Stability 

Thermal Resistance Junction to Case (Not~ 4) 
LM126H/LM326H 

-

Junction to Ambient LM326N 

MIN 

11.8 
11.5 

2.0 

11.68 
11.32 

Note 1: That voltage to which the output may be forced without damage to the device. 

TYP . MAX UNITS 

12 12.2 V 
12.5 V 

V 

2.0 10 mV 

2.0 20 mV 

3.0 10 mV 
5.0 10 mV 

4.0 20 mV 
7.0 20 mV 

±125 mV 
±250 mV 

12.32 V 

12.68 V 

±0.3 % 

260 mA 

100 .uVrms 

1.75 3.0 mA 

3.1 5.0 mA 

0.2 %/kHr 

45 °C/W 

150 °C/W 

Note 2: Unless ott>erwise specified, these specifications apply for Tj = _55°C to +l50·C on LMl2ji, Tj = O·C to +125·C bn 
LM326, VIN = ±20V, IL = 0 mA.IMAX = 100 rnA, PMAX = 2.0'f'l for the TO-5 H Package.IMAX = 100 rnA, PMAX = 1.OW 
for the DIP N Package. 
Nota 3: If the junction temperature exceeds 150°C the output short t;ircuit duration is 60 seconds. 

Note 4: Without a heat sink, the the,;"'al resistance junction to a';'bient of the TO-5 Package is about 150·C/w. With a heat 
sink, the effective thermal resistance can onlv approach the junction to case values specified, depending on the efficiency 
of the sink. 
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Typical Performance Characteristics (ViOl; ±20V,I L ; 0 rnA, T j = 2SoC:unless otherwise noted_l 
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Typical Performance Characteristics (Continued) 
LM125 
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Typical Perfo"!,ance Characte-ristics (Continued) 

LM125 
Ripple Rejection 
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tSOLID 'TANTALUM 

ttSHORT PINS I AND 7 ON DIP. 
tttRct. CAN BE ADDED TO THE BASIC REGULATOR BETWEEN PINS 6 AND 5, t AND 2 

TO REDUCE CURRENT LIMIT. ' 

"'REQUIRED IF "EOULATOR IS LOCATED AN APPRECIABLE DISTANCE fROM POWER 
SUPPLY FILTER. 

-ALTHOUGH NO CAPACITOR IS NEEDED fOR STABILITY. IT DOES HELP TRANSIENT 
RESPONSE. (If NEEDED USE 1~F ELECTROL YTlt). 

·-ALTHDUGH NO CAPACITOR IS NEEDED fOR STABILITY. IT DOES HELP TRANSIENT 
RESftONSE. (IF NEEDED USE llpf ELECTROLYTIC). 
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Typical Applications (Continued) 

Positive Current Dependent Simultaneous Current Limiting 

., 

+VOIIT 

tn .. 

''''T 

2N29~'''-------___ .1 
V$E~SE.!:!E! +VRQI 

ICI.+~-'--­
R1 

Ic~- .. V$l!N$;~:"VOIODI 

ICL+ CONTROLS BOTH SIDES OF THE REGULATOR. 

Boosted Regulator With Foldback Current Limit 

"' 

POSITIVE REG. 

Iw.x·ZIIA 
Isc· .. 150 RIA 
G T" ~ IS"C 
+Y ... ~+ZSV 

NEGATIVE REG. 

....... x ~ Z.GA 
Isc·JSDtnA 
IITA -2S·C 
-VIN ~-Z5V 

Electric Shutdown 

tSOLIDTANIALUM 

"SHDRT,INS6AHU10NOIP 
'"REQUIRED IF REGULATOR IS LOCATED Art APPRECIABLE DISTANCE FROM POWER 
SUPPLY FILTER. 

"·ALTHOUGH 110 CAPACITOR IS NEEDED FOR STABJUTY, IT Don HEl' lllANSJENT 
RESPONSE. IIf IlEEDED USE I"F ELECTROLYTIC., 

1-49 

Resistor Values 

LM125 LM126 

Rl lB 20 

R2 310 lBO 

R3 2.4k 1.35k 

R6 300 290 

RCL 0.7 0.9 



Voltage Regulators 
- PRELIMINARY 

~National 
~ Semiconductor 
LM1301LM3303-Tenninal Positive Regulators 

General Description 
The LM130 series of 3-termlnal positive voltage 
regulators feature an ability to source full output current 
with an input-output differential of 0_5V or less_ Familiar 
regulator features such as current limit and thermal 
overload protection are also provided. 

The low in-out differential voltage makes the· LM130 
useful for certain battery applications since this feature 
allows a longer battery discharge before the output fall~ 
out of regulation. For example, a 9V battery supplying the 
regulator input voltage discharges to below 5V. V before 
any change is noted in the outpul Supporting this 
feature, the LM130 protects both itself and regulated 
systems from negative voltage inputs resulting from 
reverse installations of batteries. 

Other protection features include line transient protec­
tion up ~o 50V, when the output actually shuts down 
to avoid damaging internal and external circuits. Also, 
the LM330 regulator I.n the TO-202 package cannot be 
harmed by a temporary mirror-image insertion. 

Schematic 

, IN 

GND 

A fixed output of sv is available in the 3-lead her­
metic metal can and the plastic TO-202 power package 
(LM330 only). 

Features 
• Input-output differential less than O.SV 

• Output current of 150mA 
• Reverse battery protection 
• Line transient protection 
• Internal short circuit current limit 
• Internal thermal overload protection 
• Mirror-image insertion protection 
• Available in plastic TO-202 (LM330) 

Voltage Range 
LM130H-S.0 sv 
LM330H-S.0 SV 
LM330P-S.0 SV 
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Absolute Maximum Ratings 

LM130 LM330 
Input Voltage 

Operating Range 30V 26V 
Line Transient Protection (1000 ms) 50V 26V 

Internal Power Dissipation Internally Limited Internally Limited 

Operating Temperature Range - 55·C to + 125·C O·C to + 70·C 

Maximum Junction Temperature + 150·C +125·C 
Storage Temperature Range -65·C to +150·C -65·C to +150·C 

Lead Temperature (Soldering, 10 seconds) +300·C + 300·C 

Electrical Characteristics (Note 1) 

Parameter Conditions 
LM130 LM330 

Min Typ Max Min Typ Max Units 

Vo Output Voltage Tj =25·C 4.8 5 5.2 4.8 5 5.2 

Output Voltage 5 <; 10 < 150mA 
4.75 5.25 4.75 5.25 

V 
Over Temp 6<VIN<26V 

INo Line Regulation 9<VIN<16V 10=5mA 7 15 7 25 
6< VIN < 26V, 10=5mA 30 45 30 60 mV 

Load Regulation 5< 10< 150mA 14 25 14 50 

Long Term Stability 20 20 mV/l000 hrs 

10 Quiescent Current 10=10 mA 3.5 5 3.5 7 
10=50 mA 5 7 5 9 
10= 150 mA 18 30 18 40 mA 

Line Transient VIN = 40V, RL = 1000,1 sec 25 40 25 
Reverse Polarity VIN = - 6V, RL = 1000 -80 -80 

Alo Quiescent Current 
6<VIN<26V 10 10 % 

Change 

VIN Max Operati!>nal 
30 35 26 35 

Input Voltage 

Max Line Transient 100 ms Vo<5.5V 50 60 60 
V 

1 sec Vo<5.5V 40 50 50 

Reverse Polarity 100 ms Yo> - 0.3V RL = 1000 -30 -15 -30 
Input Voltage DC Yo> -0.3V RL = 1000 -12 -6 -12 

Output Noise Voltage 10 Hz-l00 kHz- 50 50 ,..V 

Output Impedance 10 = 100 mADC + 10 mArms 200 200 mO 

Ripple Rejection 56 56 dB 

CurrenI' Limit 150 400 700 150 400 700 -mA 

Dropout Voltage 10=-150 niA 0.4 0.5 0.4 0.6 V 

Thermal Resistance Junction to Case 
TO·39 40 40 
TO·202 - 12 

·CIW 
Junction to Ambient 

TO·39 140 140 
T0-202 - 70 

Nolet: Unle.s otherwise specified: VIN = t4V, 10= 200 rnA, Tj = 25"C, Cl = 0.1 ~F, C2 = 10 ~F. All characteristics except noise voltage and ripple rejection are 
mealured using pulse techniques Itw"'10 ms, duty cycle<5%). Output voltage changes due to changes In Internal temperature must be taken Into account 
separately. 

1·51 



Typical Perfonnance Characteristics 
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Typical Performance Characteristics (Continued) 
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Quiescent Current 
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Typical Performance Characteristics (Continued) 
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Typical Application 

LM130 
VIN VOUT 

UNREGULATED VIN VOUT REGULATED 
INPUT GND OUTPUT 

Cl* + C2** 0.,+ ~IQ T 'O
!1

F 

~ 

* Required if regulator is located far from power supply filter 
** C2 must be at least 10 ~F to maintain stability. May be increased without bound. Locate as close as 

possible to regulator. 
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Definition of Terms 

Dropout Voltage: The input·output voltage differential at 
which the circuit ceases to regulate against further 
reduction in input voltage. Measured when the output 
voltage has dropped 100 mV from the nominal value 
obtained at 14V input, dropout voltage is dependent upon 
load current and junction temperature. 

Input Voltage: The DC voltage applied to the input ter· 
minals with respect to ground. 

Input·Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the reg~lator will operate. 

Line Regulation: The .change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is no\ 
significantly affected. 

Load Regulation: The change in output voltage for a 
change in ioad current at constant chip temperature. 

Connection Diagrams 

(TO·39) 
Metal Can Package 

Q'''. . cr.--- OUTPUT 

GND • 

CASE IS GNO 

BOTTOM VIEW 

Order Number 

LM130H-5.0 
LM330H·5.0 

See Package H03B 
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Long Term Stability: Output voltage stabilit.y under 
accelerated life·test conditions after 1000 hours with 
maximum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak·to·peak input rip· 
pie voltage to the peak·to·peak output ripple voltage. 

Temperature Stability of Vo: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 

(TO·202) 
Plastic Packl!ge 

GNO 

t 

10 : ~:~T 0 
V,N 

FRONT VIEW 

Order Number 

LM330P·5.0 TB 

See Package P03E 



~National ' . Voltage Regulat~rs' 
~ Semiconductor 
LM137/LM237/LM337 3-Terminal Adjustable 
Negatiye Regulators 
General Description 
The LM137/LM237/LM337 ,are adjustable 3·terminal 
negative voltage regulators capable of supplying in excess 
of -1.5A over an output voltage range of -1.2V to 
-37V. These regulators are exceptionally easy to apply, 
requiring on'ly 2 external resistors to set the output 
\/oltage and 1 output capacitor for frequency compensa· 
tion. The circuit design has been optimized for excellent 
regulation and low thermal transients. Further, the 
LM137 series features internal current limiting, thermal 
shutdown and safe·area compensation, maki ng them 
virtually blowout·proof aga,inst overloads. 

• Line reguhition typically O.Ol%N 
• Load regulation typically 0.3% 
• Excellent thermal regulation, 0.002%/W 
• 77 dB ripple rejection 
• Excellent rejection of thermal transients 

• 50 ppmfC temperature coefficient 
• Temperature·independent current limit 
• Internal thermal overload protection 
• 100% electrical burn·in 
• Standard 3·lead transinor package 

The LM137/LM237/LM337 serve a wide variety of 
applications including local on·card regulation, program· 
mable·output voltage regulation or precision current 
regulation. The LM137/LM2371LM337 are ideal comple· 
ments to the LM117/LM217/LM317 adjustable positive 
regu I ators. 

LM137 Sari .. Packag .. and Power Capability 

RATED' 
DEVICE PACKAGE POWER 

DISSIPATION 

LM137 TO·3 20W 

Features LM237 
TO·39 2W 

LM337 
• Output voltage adjustable from -1.2V to -37V LM337T TO·220 15W 

• 1.5A output current guaranteed, -55°C to +lSOoC LM337M TO·202 7.5W 

Typical Applications 

Adjustable Negative Voltaga Regulator 

+ 
:;~C2* 

LM137/ 
LM337 

-VOUT =-1.25V (I +~) 
\ 120n 

.J:. -

VOUT 
~';;;';""---"---VOUT 

t Cl = 1 "F solid tantalum or 10 "F aluminum electrolytic required for stability 
*C2 =: 1 J,lF solid tantalum is required only if regulator is more than 4" from 

power-supply filter cap~citor 
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DESIGN 
LOAD 

CURRENT 

1.5A 

0.5A 

1.5A 
0.5A 



Absolute Maximum Ratings 
Power Dissipation Internally limited 

Input-Output Voltage Differential 40V 

Operating Junction Temperature Range 
I 

LM137 -55°C to +150°C 

LM237 -25°C to +150°C 

LM337 0°Cto+125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Preconditioning 
Burn-In in Thermal Limit 100% All Devices 

Electrical Characteristics (Note'1) 

PARAMETER CONDITIONS 
LM137/LM237 LM337 

UNITS 
MIN' TYP MAX MIN TYP MAX 

Line Regulation TA = 25°e, 3V <;;IVIN-VOUTI <;; 40V 0.01 0.02 0.Q1 Q.04 %IV 

(Note 21 

Load Regulation T A = 25°e, 10 mA $ lOUT $ IMAX 

IVOUTI $ 5V, (Note 21 ' 15 25 ·15 50 mV 

IVOUTI ~ 5V, (Note 21 0.3 0.5' 0.3 1.0 % 

Thermal Regulation T A = 25°e, 10 ms Pulse 0.002 0.02 0.003 0.04 %/W 

Adjustment Pin Current 65 100 65 100 /lA 

Adjustment Pin Current Change 10mA$IL$IMAX 2 5 2 5 jJ.A 

2.5V $ iVIN-VOUTI $40V, TA = 25°e 

Reference Voltage TA = 25°0 (Not. 31 -1.225 -1.250 -1.275 -1.213 -1.250 -1.287 V 

3 $ IVIN-VOUTi $ 40V, (Note 31, -1.200 -1.250 -1.300 -1.200 -1.250 -1.300 'V 

10 mA$ lOUT"; IMAX, P$ PMAX 

Line Regulation 3V <;;IVIN-VOUTI $ 40V, (Note 21 0.02 0.05 0.02 0.07 %IV 

Load Regulation 10 mA $ lOUT $ IMAX, (Note 21 

IVOUTI$5V 20 50 20 70 mV 

IVoUTI~ 5V 0.3 1 0.3 1.5 % 

Temperature Stability TMIN$Tj$TMAX 0.6 0.6 % 

Minimum load Current IVIN-VOUTI $ 40V 2.5 5 2.5 10 mA 

IVIN-VOUTi $ 10V 1.2 3 1.5 6 mA 

Current Limit IVIN-VOUTI $ 15V 
K and T Pack'age 1.5 2.2 1.5 2.2 A 

Hand P P~ckage 0.5 0.8 0.5 9·8 A 

IVIN-VOUTI = 40V, Tj = +25°0 

K and T Package 0.24 0.4 0.15 0.4 A 

Hand P Package 0.15 0.20 0.10 0.20 A 

~MS Output Noise, % of VOUT T A = 25° e, 10Hz $ f $ 10kHz 0.003 0.003 % 

Ripple Rejection Ratio VOUT = -10V, f = 120 Hz 60 60 dB 

OADJ= 10/lF 66 77 66 77 dB 

Long-Term Stability TA = 125°C, 1,000 Hours 0.3 1 0.3 1 % 

Thermal Resistance, Junction to Case H Package 12 15 12 15 °O/W 

K Package 2.3 3 2.3 3 °O/W 

T Package 4 °e/W 

P Package 12 °O/W 

Note 1; Unless otherwise specified, th~se specifications apply _550 0 ~ Tj ~ +150"C for the LM137, -25"C ~ Tj ~ +150"0 for the LM237 and 
O"e ~ Tj ~ +125°e for the LM337; VIN - VOUT = 5V; and lOUT = O.l.A for the TO-5 package and TO-202 package and lOUT = 0.5A for the 
TO..J package and TO-220 package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 
2W for the TO-5 and TO-202 and 20W for the TO-3 and TO-220. IMAX is 1.5A for the TO-3 and TO-220 package and 0,5A for the TO-202 
package, and 0.2A for the TO-39 package, 

Note 2: Regulation is measured at constant junction temperature, using puls~ testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8" below 
the base of the TO-3 and TO-39 packages. 

Note 3: Selected devices with tightened tolerance reference voltage available. 
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Schematic Diagram 
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Thermal Regulation 
When' power is dissipated in an IC, a temperature 
gradient occurs across the IC chip affecting the individual 
IC circuit components. With an IC regulator, this gradient 
can be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperatu're 
gradients on output voltage (in percentage output change) 
pe~ Watt of power change i,n a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occur~ within 5 ms to 50 ms 
after a change i,n power dissipation. Thermal ,regulation 
depends on IC layout as well as electrical 'design. The 
the'rmal regulation of a voltage regulator is defined as the 
percentage change of VOUT, per Watt, within the first 
10 ms after a step of power is applied. The LM137's 
specification is O.02%/W, max. 

LM1:P, VOUT ~-10V 

VIN-vOUT ~ -40V 
.IL ~ OA .... O.25A- OA 
Vertical sensitivity, 5 mV/div 

FIGURE 1 
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In Figure 1, a typical LM137's output drifts only 3 mV 
(or 0.03% of VOUT = ;-10V) when a 10W'pul~e .is 
applied for 10 ms. This performance is thus well inside 
the specification lin,it of 0.02%/W x lOW = 0.2% max. ' 
When the lOW :purse is ~nded, the thermal regu lation 
again shows a 3 mV step as the LM137 chip ,cools 
off. Note ttiat .the load regulation error of about 8 mV 
(0.08%) is, ~dditional to the thermal 'regulation error. 
In Figure 2, when the lOW pulse is applied for 100 ms, 
i:he output drifts, only slightly beyond the drift in the 
first 10 ms, and the 'thermal error stays well within 
0.1% (10mV). , 

1--100 ms---l 
LM137, VOUT ~-10V 

VIN-VOUT~-40V 

IL ~ OA ... O.25A,.. OA 

Horizontal sensitivity, 20 ms/div 

FIGURE 2 
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Connection Diagrams 

TO·3 
Metal Can Package 

BOTTOM VIEW 

Order Number: 
LM137K STEEL 
LM237K STEEL 
LM337K STEEL 

See NS Package K02A 

T0-39 
Metal Can Package 

ADJUSTMENT 

D-""7L..-.. INPUT 

CASE IS INPUT 

BonOM VIEW 

Order Number: 
LM137H 
LM237H 
LM337H 

See NS Package H03A 

TypicaJ Applications (Continued) 

Adjustable Lab Voltag.e Regulator 

+25V-~~-, 

~~~"",,>-_I.ZVT020V 

F'-'-4 .......... ---1.2V TO -20V 

-25V-..... ~-.J 

: *The 10 p.F cap,aeitors are optional t~ improv~;ripple rejec~ion 

Cu'rr8~t Regulator 

1.250V 
IOUT= At 
*o.sn:s: R1 :s: 120n 

Negative'Regulator with Protection Diodes ' 

*When C L is larger than 20 Il F. 01 protects 
the LM137 in case the input supply is shorted 

**when C2 is larger than 10 IlF and -VOUT is 
larger than -25V. 02 protects the LM137 in 
case the output is shorted 

TO·220 
Plastic Package 

o r v,. 

TO·202 
Plastic Package 

o I-- v,. 

L, 

I 
ADJ ___ --VOUT 

ADJ ___ 
I--VDUT' 
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v,. 
FRONT VIEW 

Order Number: 
LM337T 

v,. 
FRONT VIEW 

Order Number: 
LM337MP 

See NS Package P03A 

See NS Package T03S For Tab Send TO·202 Order Number: 
LM337MP TS 

.. See NS Package P03E 

-5.2V Regulator with Electronic Shutdown* 

TIL 
CONTROL 

-'VTO _,.V __ .... _ .... __ .J 

181 ,% 

, ... 
,% 

+ 
hf 

*Minimum output;::, -1.3V when control input is low 

Adjustabie Current Regulator 

High Stability -10V Regulator 



Typical Performance Characteristics (K Steel, KC and T Packages! 
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~National 
~ Semiconductor 

Voltage Regulators 

LM137HV/LM237HV/LM337HV 3-Terminal Adjustable 
Negative Regulators (High Voltage) 

General Description 

The LM137HV/LM237HV/LM337HV are adjustable 
3-terminal negative voltage regulators capable of sup­
plying in excess of -1.5A over an output voltage range 
of -1.2V to -47V. These regulators are exceptionally 
easy to apply, requiring only 2 external resistors to set 
the output voltage and 1 output capacitor for frequency 
compensation. The circuit design has been optimized for 
excellent regulation and low thermal transients. Further, 
the LM137HV series features internal current limiting, 
thermal shutdown and safe·area compensation, 'making 
them virtually blowout-proof against overloads. 

The LM137HV/LM237HV/LM337HV serve a wide 
variety of applications including local on-card regula­
tion, I programmable-output voltage regulation or pre-. 
cision current regulation. The LM137HV/LM237HV/ 
LM337HV are ideal complements to the LM 117HV / 
LM217HV/LM317HV adjustable positive regulators. 

Typical Applications 

Features 

• Output voltage adjustable from -1.2V to -47V 

• 1.5A output current guaranteed, -55°C to +150°C 

• Line regulation typically 0.01%1V 

• Load regulation typically 0.3% 
• Excellent thermal regulation, 0.002%1W 

• 77 dB ripple rejection 
• Excellent rejection of thermal transients 

• 50 ppmfC temperature coefficient 
• Temperature-independent current limit 

• Internal thermal overload protection 

• 100% electrical burn-in 
II Standard 3-lead transistor package 

Adjustable Negative Voltage Regulator 

-VIN 

~2 
~ 

~ -
) 

+ + t ;: ,C2* ;:~Cl 
1 J.lF 

~~ 
ADJ ~:120 

~ 
VIN LM137HVI VOUT 

VOUT LM337HV 

- . ~ R2 ) -VOUT =-1.25V 1 +--
120n 

t C1 = 1 JJF solid tan,alum or 10 IlF aluminum electrolytic required for st,ability 
"'C2 = 1 IJF solid tantalum is required only if regulator is more than 4" from 

power·supply filter capacitor 
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Absolute Maximum Ratings '. 
Power Dissipation Internally limited 

Input-Output Voltage Differential 50V 

Operating Junction Temperature !'lange 

LM137HV -55°C to +150°C 

LM237HV -25°C to +150°C , 
LM337HV O°C to +125°C 

Storage Temperature '-65°C to +150°C " 

!-ead.Temperature (Soldering, 10 seconds) 300°C 

Preconditioning 
Burn-In in Thermal Limit 100% All Devices 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS 
LMI37HV/LM237HV LM337HV, 

UNITS 
MIN TYP MAX MIN TYP MAX 

Line Regulation TA = 25°C, 3V::; IVIN-VOUTI::; 50V, 0.01 0.02 0.01 0.04 %IV 
(Note 2) I 

Load Regulation TA'=25°C,10mA::; lOUT::; IMAX 

IVOUTI ::; 5V, (Note 2) 15 25 15 50 mV 

IVOUTI?: 5V, (Note 2) I 
0.3 0.5 0.3 1.0 % 

Thermal Regulation TA = 25°C, 10 ms Pulse 0.002 0.02 0.003 0.04 %/W 

Adjustment Pin Current 65 100 65 100 IlA 

Adjustment Pi~ Current Change lamA::; IL::; IMAX I 2 5 2 5 IlA 

2.5V::; IVIN-VOUTI::; 50V, 3 6 3 6 1lA. 

TA = 25°C 

Reference Voltage T A = 25°C, (N!'te 3) -1.225 -1.250 -1.275 -~.213 -1.250 -1.287 V 

3::; IVIN-VOUTI::; 50V, (Note 3) -1.200 -1.250 -1.300 -1.200 -:1.250 -1.300, V 

10 mA::; lOUT::; IMAX, P::; PM AX 

Line Regulation 3V::; IVIN-VOUTI::; 50V, (Note 2) 0.02 0.05 0.02 0.07 %IV 

Load Regulation 10 mA::; lOUT::; IMAX, (Note 2) 

IVOUTI::;5V 20 50 20 70 mV 

IVOUTI?: 5V 0.3 1 0.3 1.5 % 

Temperature Stability TMIN ::; Tj::; TMAX 0.6 0.6 % 

Minimum Load Current IVIN-VOUTI::; 50V 2.5 5 2.5 10 mA 

IVIN-VOUTi::; 10V 1.2 ; 3 1.5 6 mA 

Current Limit IVIN-VOUTI"; 13V 
K Package 1.5 '2.2 3.2 1.5 2.2 3.5 A 

H Package 0.5 0.8 1.6 0.5 0.8 1.8 A 

IVIN-VOUTI = 50V, TA = +25°C 

K Package 0.2 0.4 0.8 0.1 0.4 0.8 A 

H Package 0.1 0.17. 0.5 0.050 0.17 0.5 A 

RMS Output Noise, % of VOUT TA = 25°C, 10 Hz::; f::; 10 kHz 0.003 0.003 % 

Ripple Rejection Ratio VOUT= -10V, f = 120 Hz 60 60 _dB 

CADJ = 10pF 66 77 66 77 dB 

Long-Term Stability TA = 125°C, 1000 Hours 0.3 1 0.3 1 % 

Thermal Resistance, Junction H Package 12 15 12 15 °C/W 

to Case K Package 2.3 3 2.3 3 ?C/W 

Nota 1: Unless otherwise specified, these specifications apply --s5"c S Tj S +15o"C.for the LM137HV, -25°C S Tj S +150°C for the LM237HV 
and O°C S T,j S +12.5'C for the LM337HV; VIN - VOUT = 5V; and lOUT = O.IA for the TO-5,package and lOUT = 0.5A for the TO-3 package. 
Although power dissipation is internally limited, the!'" specifications are applicable fClr,power dissipations of 'lJN for the TO;5 and 20W for the 
TO-3. I MAX is 1.5A for the TO-3 package and O.2A for the .TO-5 package. 
Note 2: Regulation is measured 'at constant junction temperature. using pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8" below 
the,base of the TO-3 and TO-5 packages. 
Note 3: ·Selected devices with tightened tolerance reference voltage available. 
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Thermal Regulation 
When power is dissipated in an IC, a temperature 
gradient occurs across the IC chip affecting the individual 
ICcircuitcomponents. With an IC regulator, this gradient 
can be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature 
gradients on output voltage (in percentage output change) 
per Watt of power change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within 5 ms to 50 ms 
after a change in power dissipation. Thermal regulation 
depends on IC layout as well as electrical design. The 
thermal regulation of a voltage regulator is defined as the 
percentage change of VOUT, per Watt, within the first 
10 ms after a step of power is applied. The LMI37HV's 
specification is 0.02%1W, max. 

----l 10 ms I-­
LMI37HV, VOUT = -10V 

VIN-VOUT = -40V 
IL = OA -O.2SA- OA 
Vertical sensitivity,'5 mV/div 

FIGURE 1 
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In Figure 1, a typical LMI37HV's output dr,ifts only 
3 mV (or 0.03% of VOUT = -10V) when a lOW pulse is 
applied for 10 ms. This performance is thus well inside 
the specification limit of 0.02%/W x lOW = 0.2% max. 
W.hen the lOW pulse is ended, the thermal regulation 
again shows a 3 mV step as the LM137HV chip cools 
off. Note that the load regulation error of about 8 mV 
(0.08%) is additional to the thermal regulation error. 
In Figure 2, when the lOW pulse is applied for 100 ms, 
the output drifts only slightly beyond the drift in the 
first 10 ms, and the thermal error stays well within 
0.1% (10 mV). 

1 
0.1% 

T 

1--100 ms--j 
LMI37HV, VOUT = -10V 

VIN-VOUT=-40V 
IL = OA - O.2SA- OA 
Horizontal sensitivity, 20 ms/div 

FIGURE 2 



Connection Diagrams 

Order Number 
LM137HVK STEEL 
"LM237HVK STEEL 
LM337HVK STEEL 

Sae NS Package K02A" I 

TO·3 
Metal Can Package 

BOTTOM VIEW 

Typical Applic"ations (Continued) 

Order Number" 
LM137HVH 
LM237HVH 
LM337HVH 

Se. NS Package H03A 

TOol9 
Metal Can Package 

ADJUSTMENT 

o-..,L..- INPUT 

CASE IS INPUT 

BOTTOM VIEW 

Adjustabl. High Voltage Regulator 

+50V-~~-., 

~~~~~-1.2V TO >4'V 

P"'-4~~~- -1.2VTO -47V 

'50V-~~-'" 

*The 10,uF capacitors ar~ ~Ptional to improve ripple.rejection 

Current Regulator 

IOUT= 
1.250V 

R1 

'o.sn S R1 S 120n 

Negative Regulator with Protection Diodes 

-V'N-~~---'" 

01** 
1N4D02 

*When CL is larger than 20 ",F, D1 protects 
the LM137HV is case the input supply is shorted 

**When C2 is larger than 10 ",F and -VOUT is 
larger than -25V, D2 protects the L.M137HV 
in case the output is shorted 

1·64 

Adjustabte Current Regulator 

( 1.5V) 
lOUT = ""R1 ± 15% adjustable 

High Stability -40V Regulator 

VOUT 
~1.:--""'-"'---40V 

35ppmrc 

*Use resistors with good tracking TC < 25 ppmfC 



Typical Performance Characteristics (H and K STEEL Package) 
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~National, , 
~ Semiconductor 
LM138/LM238/LM338 

Voltage Regulators 

5 Amp Adjustable Power Regulators 
General Description 
The LM138/LM238/LM338 are adjustable 3-terminal 
pesitive veltage regulaters capable ef supplying in excess 
ef 5A ever a 1.2V to. 32V eutput range. They are 
exceptienally easy !e use and require enly 2 resisters 
to. set the eutput veltage. Careful circuit design has 
resulted in eutstanding lead and line' regulatien' -
cemparable to. many cemmercial pewer supplies. The 
LM138 family is supplied in a standard 3-lead transister 
package. 

A unique feature ef the LM138 family is time-dependent 
current limiting. The current limit circuitry allews 
peak currents ef up to. 12A to. be drawn, frem the 
regulater fer shert perieds ef time. This allews the 
LM138 to. be used with heavy transient leads and 
speeds start-up under full-lead cenditiens. Under sus­
tained leading cenditiens, the current limit decreases 
to. a safe value pretecting the regulater. 'Also. included 
en the chip are thermal overlead protectien and safe 
area pretectien fer ,the pewer transister. Overlead 
pretectien remains functienal even if the adjustment 
pin is accidentally discennected. 

Nermally, no. capaciters are needed unless the device is 
situated far frem the input filter capaciters in which 
case an input bypass is needed. 'An eptienal eutput 
capaciter can be added to. impreve transient respense. 
The adjustment terminal can be bypassed to. achieve 

Typical Applications 

very high ripple rejectiens raties which are difficult 
to. achieve with standard 3-terminal regulaters. 

Besides replacing fixed regulaters er discrete designs, 
the LM138 is useful in a wide variety ef ether applica­
tiens. Since the regulater is "floating" and sees enly the 
input-te-eutput differential veltage, supplies ef several 
hundred velts can be regulated as leng as the maximum 
input to. eutput differential is net exceeded_ 

The LM138/LM238/LM338 are packaged in standard 
steel TO-3 transister packages. The LM 138 is rated fer 
eperatien frem -55°C to. +1~oC, the LM238 frem 
-25°C to. +150°C and the LM338 frem O°C to. +125°C. 

Features 
• Guaranteed 7A peak eutput current 

• Guaranteed 5A eutput current 

• Adjustable eutput dewn to. 1.2V 
• Line regulatien typically 0.005%N 

• Lead regulatien typically 0.1% 

• Guaranteed thermal regulatien 

• Current limit censtant with temperature 

• 100% electrical burn-in in thermal limit 

• Standard 3-lead transister package 

1.2V-25V Adjustable Regulater 10A Regulator 
Regulater and .voltage 

Reference 

LM131 

VOUTtt 

czt 
", 

R 
0.1 

R 
0.1 v,. - .... -w ..... --~--I---I 

t Optional-improves transient 
response 

*Needed if device is far from 
filter capacitors 

ttVOUT ~ 1.25V. (1 + :~) 

C1 
h' 

°R1 ~ 240n for LM138 and LM238 
* *R 1, R2 as an assembly 

can be ordered from 
Bourns. 
MIL part no. 710SA-AT2-502 
COMM part no_ 7105A-AT7-S02 

+ 

*Minimum load-100 rnA 
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OUTPUT* 
1.2VT020V 
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Absolute Maximum R~tings Preconditioning 
Power DISSipation Internally limited Burn-In in Thermal Limit All Devices 100% 
Input-Output Voltage DdfererHlal 35V 

LM138 55 Cto '150'C 

LM238 25C to .150 C 

LM338 o Cto'125"C 
Storage Temperature 65 C to '150 C 
Lead Temperature (Soldering, 10 sec:ollds) 300 C 

\ 

Electrical Characteristics (Note 1) 

LM138/LM238 LM338 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Line Regulation TA" 25°C. 3V ~ VIN - VOUT ~ 35V. 0005 0.01 0.005 0.03 %/V 

(Note 2) 

load Regulation TA " 25°C. 10 mA:,:: lOUT:':: 5A 

VOUT:':: ~V. (Note 21 5 15 5 25 mV 

VOUT;? 5V. (Note 2) 0.1 0.3 0.1 0.5 % 

Thermal Regulation Pulse = 20 ms 0.002 0.01 0.002 0.02 %/W 

Adjus,tment Pin Current 45 100 45 100 !LA 

Adjustment Pin Current Change 10 mA:,:: IL:':: SA 0.2 5 0.2 5 !LA 

3V:,:: (VIN - VOUT) :':: 3SV 

Reference Voltage 3:':: (VIN - VOUT):':: 3SV. (Note 3) 1.19 1.24 1.29 1.19 1.24 1.29 V 

10 mA:,:: lOUT:':: 5A. P:,:: 50W 

Line Regulation 3V:,:: VIN - VOUT S 3SV. (Note 2) 0.02 0.04 0.02 0.06 %/V 

Load Regulation 10 mA:,:: lOUT:':: SA. (Note 2) 

VOUT:'::SV 20 30 20 50 mV 

VOUT ;?SV 0.3 0.6 0.3 1.0 % 

Temperature Stability TMIN:':: Tj:':: TMAX 1 1 % 

Minimum Load Current VIN - VOUT" 3SV 3.5 5 3.S 10 mA 

Current Limit VIN - VOUT:':: 10V 

DC S.O B 5.0 B A 

0.5 ms Peak 7 12 7 12 A 

VIN - VOUT" 30V 1 1 A 

RMS Output Noise, % of Your T A" 2Soc. 10 Hz <; f:,:: 10 kHz 0.003 0.003 % 

-
Ripple Reje~tion Ratio 60 60 dB VOUT" 10V. f" 120 Hz 

. CADJ" 10pF 60 75 60 75 dB 

Long Term Stability TA" 12SoC 0.3 1 0.3 1 %. 

Thermal Resistance, Junction K Package' 
, 1.0 1.0 °C/W 

to Case 

Note 1: Unless otherwise ~pecified, these specifications apply -55°C ~ Tj :5. +150°C for the LM138, -25°C :5. Tj :5. +150°C for the LM238 and 
O°C :5 Tj :5 +12SoC for the LM338. VIN - VOUT " SV and lOUT = 2.SA. Although power dissipation is internally limited. these specifications 
are applicable for power dissipations up to 50W. 
Note 2: Regulation is measured at constant junction' temperature. Changes in output voltage due to heating effects are taken into account sep­
arately by thermal regulation. 

Note 3: Selected devices with tightened tolerance reference voltage available. 

TYPical Performance Characteristics 
Current Limit Current Limit Current Limit 

14 16 14 

~IZ"OIIlIIII.1 PRELOAD ~~ti0 --- PEAK CURRENT LIMIT 
12 ~ 

TCASj ili~1 C 
- -- DC CURRENT LIMIT . 12 

r-.. - TCASE" 2SoC PRELDAD "IA 
~ 10 ~ 12 

lfo • PR1LDAr" 0;1 ~ 10 
t- VIll;;YDUT'10V t- 'ffi i :::i PRELDAD - SA 

8 ~ " K PRELpAD i 3AJ '" 8 

" V;~~VOup ISV ~ 
, 

~ PRELDA~ ~I~A .8 :;.. PRELDAD" sA-
.t- 6 

.It\~~vo~ 5 I "\ .\ I I I' 5 
6 

111111111 ~ 4 ~ I \. R<PIREL1AO i lA !; 4 

" I- 4 

I ~.r"'h. " ,VIN "1'0\1" 
2 VIN VOUP 30V 2 VOUT"SV 

0 1111111 11111111 0 ~ T CASE ~, ~,:: C 
0 

0.1 1.0 10 100 0 10 20 30 40 0.1 1 10 100 

TIME (ms) INPUT·OUTPUT DIFFERENTIAL (V) TIME (ms) 
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Typical Performance Characteristics (Continued) 

0.2 

§ 
~ 0.1 
;:: 

" ~ .. -0.1 :il 
~ 

" -02 > .... 
" t; -0.3 

" -0.4 

1.260 

~1.250 .. 
'" " :; 1.240 
§: .. 
~ 1.230 

ffi 
~ 1.220 

1.210 

Load Regulation 

I 
- Il! 3A 

-
IlrA 

~ 

.l 
V,N'15V 
VOUT·IOV 
PRELOAD" 50 rnA 

·75 -50 -25 0 25 50 75 100 125 ISO 

TEMPERATURE I"C) 

Temperature Stability 

-~ I-
.". ..... 

V 
/' 

/ 

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

TEMPERATURE CC) 

Ripple Rejection 
100 

;; 80 - CADLJ"F 

'" ~ 60 § 
iil 40 .. 
~ 

"' 20 

.. I I 

~ 
VIN-VO~T=5~ . 
'l = 2A 
f= 120 Hz 

o T CASE' 25' C' 

o 10 IS 20 25 3D 35 

OUTPUT VOLTAGE (V) 

Dropout Voltage 

.lVOUT· 100 mV 

r--r-I- Il" SA f.-" 
r- ~'3.A r- --r:;.. = I--

I 
-75 -50 -25 0 25 50 75 100 125 ISO 

TEMPERATURE rC) 

Output Impedance 

::l 10-1 f--+--+ ....... +--:;>"f-'-j 
~ 
~ 10-2 t--+-.....,"f-....... "'t 

~ 10-3 p~1F"""7"f--+--+--! 
!; 
" 10-4 I-...-''F--+--+ 

10-5 '---'---'--,.-'--'-''-'---' 
10 100 Ik 10k lOOk 1M 

FREQUENCY (Hz) 

Ripple Rejection 
100 

80 
m 

'" 60 z 
" § 40 
;;l 

" .. 20 ~ ::: 
"' 

~' .. '~ADJ"IO"F 
, . , --- CADJ'~ 

1,\ 
V,N"15V 

, 
VOUT= 10V 
'l·=2A 
TCASE -25'C -' -20 

10 100 Ik 10k lOOk 1M 

FREQUENCY (HI) 

C 
~ 
.... 

i 
.... 
~ 

~ a 
" 

;; 

'" z 
" E 
iil .. 
::: 
"' 

Adjustment Current 
55 

50 

45 

40 

i"'" ~ 1/ 

// 

35 L 
30 

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

o 

80 

10 

60 

50 

40 

TEMPERATURE ('C) 

Minimum Operating 
Current 

Tj' -55'C ~ 

V ~:25~C 
;;,-. ~ 

~I"Tj"25°C 

o 10 20 3D 40 

INPUT·OUTPUT DIFFERENTIAL (V) 

Ripple Rejection 

II IIII 
........ CAOJ'I O"F 

"N. - II 
...... CAOJ' 0 

V,N'15V 
VDUT 'IOV 
t= 120 Hz 
TCASE' 25"C 

0.1 10 

OUTPUT CURRENT (A) 

Line Transient Response Load Transient Response 
1.5 .. 

~~ 1.0 

~"z" >;:::: 0.5 

~~ ...... ga -0.5 

-1.0 

~> -1.5 

~= 1.0 

"" ~:i 0.5 
Ei5 
!! 

-~l' \ "Fk L 10~F --k,' I I 1\ cli 0; CAOJ' 0 
I\, 

I I I 
VOUT=IOV 
IL=SDmA 
Tj"25'C 

I I 
I I 
I I 

10 20 3D 

- - C~. O;:CA+.J~ 
I I '--~ I 

-7 Cl"1 "F;CADJ"IO"F 

- VIN'" 15V 
VOUT"IDV 
PRELOAO" 10D mA 
TCASE' 25'j 

I 
1\ I 

I IUl 
40 10 2D 3D 40 

TIME,",) 
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Application Hints 

In operation, the LM138 develops a nominal 1.25V 
reference voltage, VREF, between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R 1 and, since the voltage is con· 
stant, a constant current 11 then flows through the 
output set resistor R2, giving an output volta~e of 

LM338 

FIGURE 1 

Since the 50 f-lA current from the adjustment terminal 
represents an error term, the LM138 was designed to 
minimi'ze IADJ and make it very constant with line 
and load changes. To do this, all quiescent operating 
current'is returned to the output establishing a mini· 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 f-lF 
disc or 1 /IF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing whim adjust· 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM 138 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10 /IF bypass capac· 
itor 75 dB ripple rejection is obtainable at any output 
level. 'Increases over 20 /IF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25 f-lF in aluminum electro· 
lytic to equal 1 f-lF so~d tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies, 
but, some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01 /IF 
disc may seem to work better than a 0.1 /IF disc as 
a bypass. 
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Although the LM138 is stable with no outout capacitors, 
like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. This occurs 
with values between 500 pF and 5000 pF. A 1 /IF 
solid tantalum (or 25 /IF aluminum electrolytic) on the 
output s~amps this effect and insures stability'. 

.load Regulation 

The LM138 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con­
nected between the adjustment terminal and the output 
terminal (usually 24OU) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectively in series 
with the reference and degrading regulation. For exam­
ple, a 15V regulator with 0.05n resistance between the 
regulator and load will have 'a load regulation due to ' 
line resistance of 0.05n x I L. If the set resistor is con· 
nected near the load the,effective line resistance will be 
0.05n (1 + R2/Rl) or in this case, 11.5 times worse. 

Figure 2 shows, the effect of resistance between the regu­
lator and 240n set resistor. 

LM338 

VIN .vourl!-.I\IlRlls 11-_ vour 
AOJ 'I '. 

RI' 
• 120 

FIGURE 2. Regulator with Line Resistance 
in Output Lead , 

With the TO·3 package, it is easy to minimize' the resis· 
,tance from the case to the set resistor, by using 2 sep­
arate leads to the case. The ground of R2 can be returned 
near the ground of the load to provide remote ground 
sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any IC regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 20 f-lF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage, parts. of t!le IC. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
current depends on the value of the capacitor. the 
output voltage of the regulator, and the rate of decrease 
of VIN. In the LM138 this discharge path is through 
a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive 



Application Hints' (Continued) 

regulators. For output capacitors of 100 /IF or less 
at output of 15V or .less, there is no need, to use diodes. 

The bypass capacitor on the ·adjustment terminal 'can 
discharge through a low current junctio~,' Discharge 
occurs when either the input or output is shorted. 
Internal to the LM138 is a 50n resistor which limits 
the peak discharge current. No protection is needed 
for output voltages ot ~5V or less and 10 /IF capac­
itance. Figure 3 shows an LM 138' with, protection 
diodes included for use with outputs,' greater than 
25V and high v'a,lues 'of output capaciiance. ' 

Schematic Diagram 

01 
I ..... 

•• 
+ c. 

""J' 01 protects against Cl 
02 protects against C2 

. (R2) VOUT = 1.25V 1 + R1, + R21ADJ 

*R1 = 240n for LM13B and LM23B 
FIGURE 3. Regulator with Protection Diodes 

r-~~------~~-----'------~------~-1~~----------------------------~~--------~~-1~~VIN 

.25 
3 

L--4~--~-------4~~--~--~--~~~-4~-'--~----~+-----~~---4~----~----~-------4~~----VDUT 

Typical Applications (Continued) 

Temperature Controller Light Controller 

lMJ18 

V,N 1-.... ----------' ..... Your V'N 
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L---------------------------~--------------ADJ 

VIN 

Precision Power Regulator with 
Low Temperature Coefficient 

LM338 

I---.... ....:.----------<i~ .. Your ..:4V 

lMJJ6;Ji.---.~ 

., 
31S 

R. ,. 

* Adjust for 3.75V across. R1 OUTPUT 
ADJUST ":" 



Typical Applications (Continued) 

Slow Turn-ON 15V Regulator 
.Adjustable Regulator with Improved 

Ripple Rejection High Stability 10V Regulator 

r1~--------~_~~lT 
L........!T'-..... 

IN4U02 

*Rl = 240n for LM138 and LM238 tSolid tantalum 

V'N 
"V 1-.... --..... '""" ~~lT 

'---::;:::--1 

lMJ298 

AJ 
261 

1 ~" 

AI 
2k 
5% A2 

15k ,% 

*Oischarges C1 if output i~ shorted to ground 

**Rl = 240n for LM138 and LM238 

Digitally Selected Outputs 

LM338 

V'N ----------I V,N AOJ 'JOUT 1-------1P'- Your 

INPU-YS 

*Sets maximum VOUT 

RI' 
"0 

**Rl = 240n for LM138 and LM238 

5V Logic Regulator with 
Electronic Shutdown" * 

V,N1V-35V 

C2 
O.1#lF 

Cl 
10,..F 

Hf-"",I\r--nL 
1k 

*Rl = 240n for LM138 or LM238 
"Minimum output ~ 1.2V 

AI 
0,05 

"2 
0.1 

1-71 

15A Regulator 

LM33B A. 
0.1 

,.-----------------IV'N AD,vDUT!--'lNor--, 

lM338 

RJ 
2' 

R4 
2k A6 

0.1 

1---------------... --.... - VDUT' 

-Minimum load-100 rnA 

o to 22!V Regulator 

V'N 
25V 

lM113 
1.2V 

AJ 
680 

-10V 

R,. 
120 

*Rl=240n for LM138 and LM238 

C2 
22pF 



Typical Applications (Continued) 

500 

VIN ~ JBV lM338 

O.lJJF 

RI 
3k 

,Adjustable Current Regulator 

LM338 

12V Battery Charger 

RG 
02 

TO 12V 
BATTERY 

Precision Current Limiter' 

RI 
024' 

VIN ADJVOUTI-'W\r-"'--~~~~A VIN I-<~""'f'v-"'-I~UT= ~* 

.3 
110 

V­
-5VTO -10V 

5A Current Regulator 

V,N 

lM117 

'--..::;:::.----' 

, 'OA':; Rl :; 120n 

Tracking Pre regulator 

V,N 

Adjusting Multiple On-Card Regulators 
with Single Control* 

tMinimum load-10 rnA 

*AII outputs within ±100 mV,' 

1-72 

.2 
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Typical AppUcations (Continued) 

Adjustable 15A Regulator . Power Amplifier 

0.1 
VIN-_~-i lMJ3I 

~""'Wlt-""- 4.SV TO 25V 

.. 

Sk 

Simple 12V Battery Charger 

V,N 

AV = I, AF = 10k, CF = 100 pF 
AV = 10, AF = lOOk, CF = 10 pF 
Bandwidth 2. 100 kHz 
Distortion ~ 0.1% 

Current Limited 6V Charger 

* As-sets output impedance ·of charger ZOUT = AS (1 + :~) 
Use of RS illlo~ low charging rates with fully 
charged battery. 

**1000 ",F is recommended to filter 
out any input transients. 

Connection Diagram 

Metal Can Package 

BOTTOM VIEW 

Order Number LM138K STEEL. 

*5et5 max charge current to 3A 

**1000 #F is recommended to filter 
out any input transients. 

LM238K STEEL or LM338K STEEL 
See NS Package K02A 
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~National 
-~ Semiconductor 

Voltage Regulators· 

LM140AlLM140/LM340AlLM340 Series 
3-Terminal Positive Regulators 
General Description 

, -
The LM140A/LM140/LM340A/LM340 series of positive 
3-terminal vollage regulators are· designed to provide 
superior performance as compared to the previously 
available 78XX series regulator_ Computer programs 
were used _ to optim ize the electrical and thermal perfor­
mance of the packaged IC which results in outstanding 
ripple rejection, superior line and load regulation in high 
power applications (over 15W). 

With these advances in design, the LM340 is now guaran­
teed to have line and load regulation that is a factor of 
2 better than previously available devices_ Also, all 
parameters are guaranteed at 1 A vs 0_5A output current. 
The LM 140A/LM340A provide tighter output voltage 
tolerance, ±2% along with O.Ol%N line regulation and 
0.3%/A load regulation. , 

Current limiting is included to limit peak output current 
to a safe value: Safe area protection for the output 
transistor is provided to limit internal power dissipation. 
If internal power dissipation becomes ,too high for the 
heat sinking provided, the thermal shutdown circuit­
takes over limiting die temperature. 

Considerable effort was expended to make the LM 140-XX 
series of regulators easy to use and minimize the number 
of external components. 'It -is not necessary to bypass the 
output, although this does improve transient response. 
Input bypassing is needed only ,if the regulator is located 
far from the filter capacitor of the power supply. 

Although designed primarily as fixed ,voltage regulators, 
these devices can be used witl:1 external.components to 
obtain adjustable vol~ages and currents. 

The entire LM140A/LM140/LM34IlA/LM340 series of 
regulators is available in the metal TO-3 power package 

Typical Applications 

and the LM340A/LM340 series is also ·ava-ilable in the 
TO-220 plastic power- package. Where other voltages are 
required, the LMl17 series provides +1.2V to .+57V. 

Features 
• Complete specifications at 1 A load 
• Output voltage tolerances of ±2% at Tj ';" 250 C and 

±4% over the temperature range (LM140A/LM340A) 
, -

• Fixed output voltages available 5, 12, 15 V 

• line regulation of 0.01% of VOUTN .6.VIN at 1A 
load (LM140A/LM340A) 

• Load regulation of 0.3% of VOUT/A .6.ILOAD 
(LM 140A/LM340A) 

• I nternal thermal overi'ciad protection 
• Internal short-circuit current limit 
• . Output transistor saf~ area protection , .. 
• 100% thermal limit burn-in 
• Special circuitry allows start-up even if output is 

pulled to negative voltage (t supplies) 

LM140 Series Package an_d Power capabilitY 

RATED > DESIGN 
DEVICE PACKAGE 'POWER LOAD 

DISSIPATION CURRENT 

LM140 
TO-3 20W 1.SA 

LM340 
LM340T TO-220 1SW l.SA 
LM341 TO-202 7.SW O.SA 
LM342 TO-202 .7.SW O.2SA -

LM140L 
TO-39 -2W O.1A 

LM340L 

LM340L TO-92 1.2W O.1A 

; 

, Fixed Output Regulator Adjustable Output Regulator Current Regulator 

INPUT 11 M34O- I 2 OUTPUT 

C1*..L I 
L XX I ..L 

3 GNO 

T C2"* O.22.FT 

":' 

*Required if the regulator is located far from 
the power supply filter 

** Although no output capacitor is needed for 
stability, it does help transient response. (If 
needed, use 0.1 ~F. ceramic disc) 

, 

INPUT 1 2 OUTPUT 

I LfI!34lI-~.O I 

31 R1 

--C1 To.22.F r R2 

'* VOUT = SV + (SV/R1 + lal R2 
SV/R1 > 3 la, load· regulation (Lrl '" 
[(R1 + R2l1R1J (Lr of LM340-S) 
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INPUT 1 r-
..L ,I LM;o-X)( 

C1 I o.22
•

F 

V2-3 
IOUT= R1 + 19 

R1 

OUTPUT --lOUT 

ala = 1.3 rnA over line and load changes 



Absolute Maximum Ratings 

Input Voltage (VO = 5V, 12V, 15V) 35V 
Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range (T A) 

LM140A/LM140 -:-55°C to +125°C 
LM340A/LM340 O°C to +70°C 

Maximum Junction Temperature (TO-3 Package K, KC) 150°C 
(TO-220 Package T) J 25° C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 

TO-3 Package K, KC 300°C 
TO-220 Package T 230°C 

Electrical Characteristics LM140AlLM340A (Note 2) 

lOUT = lA, -55°C::; Tj::; +150°C (LM140A), or O°C::; Tj::; +125°C (LM340A) unless otherwise specified. 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) IOV 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Tj";: 25°C 4.9 5 5.1 1175 12 12.25 14.7 15 15.3 V 

Vo Output Voltage PD::; 15W, 5 rnA::; 10::; lA 4.8 5.2 11.5 12.5 14.4 15.6 V 

VMIN < VIN < VMAX (7.5 < VIN < 201 (14.8 < VIN < 271 (17.9::; VIN::; 301 V 

10 = 500 rnA 10 ·18 22 rnV 

t;vu-.i (7.5 < VIN < 201 (14.8 < VIN::; 271 (17.9<VIN<301 V 

Tj = 25°C 3 10 4 18 4 22 rnV 

t;Vo Line Regulation t;VIN (7.3 < VIN < 201 (14.5 <VIN < 271 (17.5<VIN<301 V 

Tj - 25°C 4 9 10 rnV 

Over Temperature 12 30 30 rnV 

t;VIN (8< VIN < 121 (16::; VIN::; 221 (20::; VIN::; 261 V 

Tj= 25°C 15 rnA::; 10::; 1.5A 10 25 12 32 12 35 rnV 
t;vo Load Regulation 250 rnA < 10 < 750 rnA 15 19 21 rnV 

Over Temperature, 5 mA < 10 < lA 25 60 75 rnV 

IQ Quiescent Current 
Tj = 25°C 6 6 6 rnA 
Over Temperature 6.5 6.5 6.5 rnA 

5rnA<lo<lA 0.5 0.5 0.5 rnA 

Quiescent Current 
10 - 500 rnA 0.8 0.8 0.8 rnA 

t;IQ 
Change VMIN <VIN < VMAX (8< VIN < 251 (15<VIN<301 (17.9<VIN<301 V 

Tj = 25°C, 10 - lA 0.8 0.8 0.8 rnA 

VMIN;:; VIN < VMAX (7.5 < VIN < 201 (14.8 < VIN < 271 (17.9 < VIN < 301 V 

YN Output Noise Voltage TA = 25°C. 10 Hz'$f$100 kHz 40 75 90 ~Y 

Tj = 25°C. f = 120 Hz. 10 = lA 68 80 61 72 60 70 d8 

t;YIN 
f = 120 Hz, 10 = 500 rnA, 68 61 60 dB 

t;YQUT 
Ripple Rejection Over Temperature, or 

YMIN <:; YIN <:; YMAX (8::;YIN<:; lBI (15::;VIN::;251 (18.5::; VIN::; 28.51 V 

Dropout Voltage Tj = 25°C, 10 = lA 2.0 2.0 2.0 V 

Output Resistance f .. 1 kHz 8 18 19 m!1 

RO Short-Circuit Current Tj = 25°C 2.1 1.5 1.2 A 

Peak Output Current Tj = 25°C 2.4 2.4 2.4 A 

Average TC of Va Min, Tj '" COC, 10 = 5 rnA -0.6 -1.5 -1.8 rnVtC 

Input Voltage Required 

YIN to Maintain Line Tj = 25°C 7.3 14.5 17.5 V 
Regulation 

Note 1: Thermal resistance of the TO·3 package (K, KC) is typically 4°C/W junction to case and 3SoC/W case to ambient. 
Thermal resistance of the TO-220 package (T) is typically 4° C/W junction to case and 50° C/W case to ambient. 
Note 2: All characteristics are measured with a capacitor across the input of 0.22 iJ.F and a capacitor across the output of 
0.1 SlF. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw::; 10 mSI 

duty cycle.s; 5%). Output voltage changes due to changes in internal temperature must be taken into account separately. 
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Electrical Characteristics LM140 (Note 2) 

--55°C $ Tj $ +150°C unless, otherwise noted. 

- ,. . , 
" 

'. 

OUTPUT VOLTAGE SV 12V ,. lSV 

INPUT VOLTAGE tupless otherwise noted) 10V 19V 23V UNITS 

PAI\AMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX " 

Tj = 2S·C. S mA< 10< lA 4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 V 

Va Output Voltage Po $ 15W, 5mA$ 10$ lA 4.75 5.25 11.4 12.6 14.25 15.75 V 

VMIN < VIN < VMAX 18<VIN<20) 115.5 < VIN $ 27) 118.5 < VIN < 30) V 

Tj=25"C 3 50 4 120 4 lS0 mV 

10= 500 mA 
aVIN I7<VIN<25) 114.5 < VIN < 30) 117.5<VIN<30) V 

-55·C$Tj::; +150.'C SO 120 lS0 mV 

aVO line Regulation aVIN 18 < VIN"< 20) 115<VIN<27) i18.5~"VIN<30) V 

Tj=25"C 50 .. 120· 150 mv 

10$lA 
aVIN 17.3 < VjN< 20) 114.6<VIN<27) 117.7 < VIN < 30) V 

-5SoC $ Tj ~ +150°C 25 60 7S mV 
I. 

aVIN 18<VIN<121 116$VIN$22) 120 $ VIN $ 26) 'V 

S inA$ 10 $ 1.5A 
.. . 10 50 12 120 .12 150 mV' 

avo Load Regulation T) = 2~·C 
250 mA< lo<750mA 25 60 .75 mV 

-55·C<Ti < +lS0·C, S'mA< 10 < lA 50 '120. 150 rnV 

10 Quiescent C~rrent 
Tj = 2S·C 6 6 6 mA 

10$lA 
-55·C<Tj<+lS0·C 7 7 7. rnA 

5mA<10<lA 0.5 O.S O.S rnA 

Quiescent Current Tj = 25·C, 1'1:;; lA 0.8 0.8 0.8 rnA 
ala 

Change VMIN < VIN < VMAX 18< VIN<20) 115<: VIN < 27) 118.5<VIN <30) V 

.10 $500 rnA,-55·C$Tj$ +150·C 0.8 0.8 0.8 rnA 

,VMIN < VIN < ilMAX 18<VIN< 25) 115<VIN<30) 118.5<VIN<30) ·v 

VN Qutput Noise Voltage TA = 25·C, 10 Hz < t< 100 kHz 40 75 90 ~V 

110 $ lA, Tj = 25·C or 68 80 61 72 60 70 d~ 
aVIN 

Ripple Rejection 
t= 120 Hz 10$ 500 rnA, 68 61 :60 d8 

aVOUT -55·C$Tj$+150'C 

VMIN < VIN < VMAX 18<viN< 18) 115<VIN'<25) 118.S < VIN < 28.5) V 

Dropout Voltage Tj = 25'C, lOUT = lA 2.0 2.0 2.0 V 

Ol!tput Resist~nce t= 1 kHz 8 
., 

18 19 rn!1 

RO Short-Circuit Current Tj = 25'C 2.1 1.5 1.2 A 

Peak Output Current Tj = 25'C 2.4 2.4 .2.4 A 

Average TC of VO~T O°C < Tj < +150°C, 10'" 5 mA -0.6 ""1.5 -1.8 mVfC 

I~put Voltage Required 

VIN to Maintain Line Tj = 2S'C, 10 $ lA 7.3 14.6 17.7 V 
~egulation 

Note 2: All characteristics are measured with a capacitor across the input of 0.22 J,lF and a capacitor across the output of 
0.1 p.F. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques hw $. 10 ms, 
duty cycle:5. 5%). Output voltage changes'due to changes in internal temperature must be taken into account'separately. 
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Electrical Characteristics LM340 (Note 2) 

oOe:s Tj:S +125°e unless otherwise noted. 

OUTPUT VOLTAGE 5V 12V 15V 
INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Tj' 25'C. SmA< 10< lA 4.8 5 S.2 11.5 12 12.5 14.4 15 15.6 V 

Vo Output Voltage PD~ 15W,5mA~10~IA 4.7S 5.25 11.4 12.6 14.25 IS.75 V 

VM,N<V,N<VMAX (7 <V,N < 201 (14.S < V,N < 271 (17.5 < V,N < 301 V 

Tj' 25'C 3 SO 4 120 4 150 mV 

aV,N (7<V,N<2SI .114.5 < V,N < 301 (17.5 < V,N < 301 V 
'0' 500mA 

OQC~Tj~+125°C 50 120 ISO mV 

aV,N (8<V,N < 201 (15<V,N<271 (18.5<VIN<301 V 
aVO Line Regulation 

Tj - 2SoC 50 '120 150 mV 

aV,N (7.3<V,N<·201 (14.6<V'N<271 (17.7<V'N<301 V 
10~IA 

O'C~Tj~+12S'C 25 60 75 mV 

aV,N (8<V,N < 121 (16 < V,N < 221 (20 < V,N < 261 V 

Tj::: 2SoC 
S mA~ 10~ 1.5A 10 50 12 120 12 150 mV 

aVO Load Regulation 250mA<10<7S0mA 25 60 75 mV 
5mA<10< lA,O'C <Tj<+125'C SO 120 150 mV 

Tj' 25'C 8 8 8 
'. 

mA 
la Quiescent Current IO~IA 

O'C<Tj<+12S'C 8.5 8.S 8.5 mA 

5mA<lo<IA 0.5 O.S 0.5 mA 

Quiescent Current Tj' 25'C, 10 ~ lA 1.0 1.0 1.0 mA 
ala 

Change VM,N<V,N<VMAX (7.5 < V,N < 201 (14.8 < V,N < 271 (17.9<VIN<301 V 

10~500mA, O'C~Tj~+125'C 1.0 1.0 1.0 mA 

VMIN < V,N < VMAX (7<V,N <251 (14.5 < V,N ~ 301 (17.5<V'N<301 V 

VN Output Noise Voltage TA' 25'C,10 Hz<f< 100 kHz 40 75 90 ~V 

{ 10~ lA, Tj' 25'Cor 62 80 55 72 54 70 d8 

·aVIN f, 120 Hz 10~ SOOmA, 62 55 54 d8 

aVOUT 
Ripple Rejection 

O°C~Tj::;+125°C 

VMIN ~ V,N ~ VMAX (8~VIN ~ 181 (15~VIN~251 (18.5 ~ V,N ~ 28.51 ·V 

Dropout Voltage Tj' 25'C, 'OUT' lA 2.0 2.0 2.0 V 

Output Resistance f'l kHz 8 18 19 mr! 

RO Short-Circuit Current Tj' 25'C 2.1 I.S 1.2 A 

Peak Output Current Tj == 25°C 2.4 2.4 2.4 A 

Average TC of VOUT O'C<Tj<+150'C,IO'5mA -{J.6 -1.5 -1.8 mV('C 

Input Voltage Required 

V,N to Maintain Line Tj' 25'C, 10 ~ lA 7.3 14.6 17.7 V 

Regulation 

Note 2: All characteristics are measured with a capacitor across the input of 0.22 J.lF and a capacitor across the output of 
0.1 ,uF. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tw :::;' 10 ms, 
du,ty cycle $. 5%). Output voltage changes due to, c::hanges in internal temperature must be taken into acc,?unt separatelx. 
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Typical Performance Characteristics 
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Typical Performance Characteristics 

Load Regulation 
140AK·5.0. VIN = 10V. TA = 25°C 
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Application Hints 

The LM340 is designed with thermal protection, output 
short·circuit protection and output transistor safe area' 
protection. However, as with any Ie regulator, it becomes 
necessary to take precautions to assure that the regulator 
is not inadvertentlv damaged. The following describes 
possible misapplications and methods to prevent damage 
to the regulator. 

Shorting the Regulator Input: When using large capaci· 
tors at the output of these regulators that have VOUT 
greater than 6V, a protection diode connected input to 

: output (Figure" 1 ) may be required if the input is shorted 
to ground. Without the protection diode, an input 
short will cause the input'to rapidly approach ground 
potential, while the output remains near the initial 
VOUT because of the stored charge in the large output 
capacitor. The capacitor will then discharge through 
reverse biased emitter·base junction of the pass device, 
016, which breaks down at 6.5V and forward biases the 
base·collector junction. If the energy released by the 
capacitor into the emitter· base junction is large enough, 
the junction and the regulator will be destroyed. The 
fast diode in Figure 1 will shunt the capacitor's discharge 
current around th.e r~gulator. ' 

0 
I~ 
I~ 

IN4002 

YIN 
,. 

340 " . 
YOUT 

I I, I. 

)r -:..:- r"" 
FI,GURE 1. Input Short, , 

~ 
YIN J 

1 I 

• ....L 
,~ 

\ 

I 
I 

~ 
.' 

Raising the Output Voltage above the Input Voltage: 
Since the output of the LM340 does not sink current, 
forcing the output high can cause damage to internal 
low current paths in a manner similar to that just 
described in the "Shorting the Regulator Input" section. 

~egulator Floating Ground (Figure 2): When the ground 
pin alone becomes disconnected, the output approaches 
the unregulated input, causing possible damage to other 
circuits connected to VOUT. If ground is reconnected 
with power: "ON:', damage, may also occur to the regula· 
tor. This fault is most li~ely to occur when plugging in' 
regulators or modules with, on carp regulators into' 
powered up sockets. Pdwer should be turneC! off first, 
thermal limit ceases operating," or ground should be 
connected first if power must be left on. 

Transient Voltages: If transients exceed the maximum 
rated input voltage of the 340, or reach more than 0.8V 
below ground and have sufficient energy, they will 
damage the regulator. The solution is to use a large 
input capacitor, a series input breakdown diode, a choke, 
a transient suppressor or a combination of these. 

, .. 

.' I 

YIN 

I I 340 I I 
Your 

-I 

I· f I 
I 

FIGURE 2. Regulator Floating Ground 

340 - Your 

" 

~ 

FIGURE 3. Transients 
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Connection Diagrams, 

TO·3 Metal Can Packag. (K and KCI 

LM140AK·5.0 
LM140AK·12 
LM140AK·15 

BQTIOMVIEW 

Steel Package Order Numbers: 

LM140K·5.0 
LM140K·12 
LM140K·15 

LM340AK·5.0 
LM340AK·12 
LM340AK·15 

See NS. Package K02A 

Aluminum PackagB Order Numbers:" 

LM340KC·5.0 
LM340KC·12 
LM340KC·15 

Se. NS Packag. KC02A 

LM340K-5.0 
LM340K·12 
LM340K·15 

1·81 

TO·220 Power Package (T) 

TOP VIEW 

Plastic Package Order Numbers: 

LM340AT·5.0 
LM340AT·12 
LM340AT·15 

LM340T·5.0 
LM340T·12 
LM340T·15 

See NS Package T03B 



~.National 
~ Semiconductor 

Voltage Regulators 

LM140L/LM340L Series 3-Terminal Positive -Regulators 
General Description 
The LM140L series of three terminal positive regulators 
is available with several fixed output voltages making 
them useful in a wide range of applications. The 
LM140LA is an improved version of the Uvi78LXX 
series with a tighter output voltage tolerance (specified 
over the full military temperature range), higher ripple 
rejection, better regulation and lower quiescent current. 
The LM140LA regulators have ±2% VOUT specificatio~, 
0.04%/V line regulation, and O.Ol%/mA load regulation. 
When used as a zener diode/resistor combination replace· 
ment, the LII('I140LA usually results in an effective output 
impedance improvement of two orders of magnitude, 
and lower quiescent current. These regulators can 
provide local on card regulation, eliminating the distribu­
tion pr9blems associated with single point regulation. 
The voltages· available allow the LM 140LA to be used in 
logic systems, instrumentation, Hi-Fi, and other solid 
state electronic equipment. "'Ithough designed primarily 
as fixed voltage regulators, these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM140LA/LM340LA are available in the low 
profile metal three lead TO-39 (H) and _the LM340LA 
is also available in the plastic TO-92 (Z). With ad.equate 
heat sinking the regulator can deliver 100 rnA output 
current. Current limiting is included to limit the peak 
output current to a safe value. Safe area· protection 
for the output transistor is prIWided to limit internal 
power dissipation. If internal power dissipation becomes 

Equivalent Circuit 

too high for the heat sinking provided, the thermal 
shutdown circuit takes over, preventing the IC from 
overheating. -

For applications requiring other voltages, see LM1.17 
. data sheet. 

Features 
• Line regulatic::m of 0.04%/V 
• Load regulation of O.Ol%/mA 
• Output voltage tolerances of ±2% at TJ - = 25°C and 

±4% over the temperature range (LM140LA) 
±3% over the temperature range (LM340LA) 

• Output current of 100 rnA 
• I nternal thermal overload protection 
• O~tput transistor safe area protection 
• Internal short circuit currellt limit 
• Available in metal TO-39 I~w profile package 

(LM140LA/LM340LA) and plastic TO-92 (LM340LA) 

Output Voltage Options 
LM140LA-5.0 5V 
LM140LA-12 _ 12V 
LM140LA-15 15V 
LM340LA-5.0 5V 
LM340LA-12 12V 
LM340LA-15 15V 

Connection Diagrams 

r-~~--~----~--------------~----~----~~ ~rv:s:=P::D '''''0''''''· 

" '" 

.. , 
un 
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Order Number: 

LM140LAH-5.0 
LM 140LAH-12 
LM140LAH-15 

LM340LAH-5.0 
LM340LAH-12 
LM340LAH-15 

S.e NS Package ·H03A 

'UT~'" 

GN'><-/ 
.Ord ... Number: 

LM340LAZ-5.0 
, LM340LAZ-12 

LM340LAZ-15 
See NS Package Z03A 



Absolute Maximum Ratings 
Input Voltage Maximum Junction Temperature +150°C 

5.0V, 12V and 15V 35V Storage Temperature Range 
Internal Power Dissipation (Note 1) Internally Limited Metal Can (H package) --65°C to +150°C 
Operating Temperature Range Molded TO-92 -55°C to +150°C 

LMI40LA -55°C to +125°C Lead Temperature (Soldering, 10 seconds) +300°C 
LM340LA O°C to +70·C 

Electrical Characteristics (Note 2) 

Test conditions unless otherwise speci~ied 
TA =-SSoC to +12S·C (LM140LA) 
TA = O°C to +70·C (LM340LA) 
10 =40 mA 
CIN = 0.33jlF, Co = O.D1I'F 

-
OUTPUT VOLTAGE OPTION 5.0V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER ~ CONDITIONS Min Typ Max Min Typ Max Min Typ Max 

Vo Output Voltage TJ = 25°C 4.9 5 5.1 11.75 12 12.25 14.7 15 15.3 

Output Voltage LM140LA 10 = 1-100 mA or 4.8 5.2 11.5 12.5 14.4 ,15.6 

Over Temp. 10 = 1·40mAand 
(7.2 - 20) (14.5 - 27) (17.6-30)' 

(Note 4) VIN = ( )V V 

10 = 1-100 mA or 4.85 5.15 11.65 12.35 14.55 15.45 

LM340LA 10 = 1·40 mAand 

VIN = ( )V 
(7 -20) (14.3 - 27) (17.5 - 30) 

t.Vo Line Regulation lo=40mA' 18 30 30 65 37 70 

TJ = 25°C VIN = ( )V (7 -25) (14.2 - 30) (17.3 - 30) 
mV 

10 = 100mA 18 30 30 65 37 70 

VIN'= ( )V (7.5 - 25) (14.5 - 30) (17.5 - 30) 

Load Regulation 
TJ = 25°C 

10 = 1-40 mA 5 20 10 40 12 50 

In = 1-100mA 20 40 30 80 35 100 

Long Term 
12 24 30 

mV 

Stability 1000 hrs 

10 Quiescent TJ = 25°C 3 4.5 3 4.5 3.1 4.5 

TJ = 125°C 
mA 

Current 4.2 4,2 4.2 

t.IQ Quiescent t.Load 10 = 1-40 mA 0.1 0.1 0.1 

Current Change TJ = 25°C t.Line D,S 0,5 0.5 mA 

VIN = ( )V (7.5 - 25) (14.3 - 30) (17.5 - 3D)., 

'VN Output Noise TJ = 25°C (Note 3) 
40 80 90 /lV 

Voltage f = 10 Hz - 10 kHz 

t.V IN ,Ripple Rejection 
)V 

55 62 47 54 45 52 

t.VOUT 
f= 120Hz, VIN = ( 

(7.5 -18) (14.5 - 25) (17.5 - 28.5) 
dB 

Input Voltage 

Required to 

Maintain Line 
TJ = 25°C, 10 = 40 mA 7 14.2 17.3 V 

Regulation 

Nota 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 40oC/W junction to case and 1400 CIW june· 
tion to ambient. Thermal resistance of the T0-92 package is 180oC!W junction to ambient with 0.4 inch leads from a PC 
board and 160oC/W junction to ambient with 0.125 inch laad length to a PC board. 
Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or 
lead length of the package. The data above represent pulse test conditions with junction ter:nperatures as indicated at the' 
initiation of tests. 
Note 3: It is recommended that a minimum load capacitor of 0.01 .uF be used to limit the high frequency noise bandwidth. 
Note 4: The temperature coefficient of VOUT is typically within O.Ol%VotC. ' 
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~National -
~ Semiconductor 

Voltage Regulators 

LM145/LM245/LM345 'Negative Three Amp Regulator 
General Description 
The LM145 is a three-terminal negative regulator with a 
fixed output voltage of -5V or -5.2V, and up to 3A load 
current capability. This device needs only one external 
component-a compensation capacitor at the output, 
making it easy to apply. Worst case guarantees on output 
voltage deviation due to allY combination of line, load 
or temperature variation assure satisfactory system 
operation. 

Exceptional effort has been made to make the LM145 
immune to overload conditions. The regulator has cur­
rent limiting which is independent of temperature, 
combined with thermal overload protection. Internal 
current limiting protects against momentary faults while 
thermal shutdown prevents junction temperatures from 
exceeding safe limits during prolonged overloads. 

Although' primarily intended for fixed output voltage 
applications, the LM 145 may be programmed for higher 

Schematic Diagram 

output voltages with a simple resistive divider. The low 
quiescent drain current of the device allows this tech­
nique to be used ~ith good regulation. 

The LM145 comes in a hermetic TO·3 package- rated at 
25W. Two reduced temperature -range parts, LM245 and 
LM345, are also available. 

Features 
• Output voltage accurate to better than ±2% 
• Current limit constant with temperature 
• Internal thermal shutdown protection 
• Operates with input-output voltage differential of 2.8V 

at full rated load over full temperature range 

• Regulation guaranteed with 25W power dissipation 
• 3A output current guaranteed 
• Only one external component needed 

• 100% electrical burn-in 

Rl8 
4k 

Rl9 
5k 

R17 
6k 

,/--+-_P--oVOUT 

03 
6,ZV 

RZO 
20k 

Rl6 
~05 

v~o--6--6-~~--6--4--~---6--------~-~-------------~ 

Connection Diagram 
Metal Can Package 

INPUT 
leASE) 

BOTTOM VIEW 

Order Number LM145K-5.0, LM245K-5.0 
LM345K-5.0, LM145K-5.2, LM245K-5.2, 

Dr LM345K-5.2 
Se. NS Package K02A 
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Typical Applications 

fRequlred fGr stability. FDr value Imn, ",leila' must be sDlid tantalum. 5~F 
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capacito, must bt solid tanlllum. 5D/oIF aluminum electtolytlC mlY b. 
IIIbstltutid. 

Fixed Regulator 



Absolute. Ma~imum Ratings 

I nput Voltage 
Input-Output Differential 

Power Dissipation 
Operati!,g Junction Temperature Range 

LM145 
LM245 

LM345 

Storage Temperature Range 

Lead Temperature (Soldering, lO·seconds) 

20V 

20V 
Internally Limited 

-55°C to +150°C 

-25°C to +150°C 

O°C to +125°C 

-65°C to+150°C 

300°C 

Electrical Characteristics (-5V & -5.2V) (Note 1) 

PARAMETER CONDITIONS LM145/LM245 

MIN TYP 

Output Voltage Ti = 25"C, lOUT = 5 ·mA, 
5.0V V,N = -7.5 -5.1 -5.0 
5.2V -5.3 -5.2 

Line Regulation (Note 2) Ii = 25"(; 5 
-20V ~ V,N ~ -7.5V 

Load Regulation (Note 2) Ti = 25D C. V'N = -7.5V 30 
5 rnA ~ lOUT ~ 3A 

Output Voltage. -20V~V'N ~-7.8V 

5.0V 5mA~ lOUT ~3A -5.20 
5.2V P~25W -5.40 

T MIN ~ Ti ~ T MAX 

Quiescent Current -20V ~ V'N ~ -7.5V 1.0 
5 rnA ~ lOUT ~ 3A 

Short Circuit Current V'N = -7.5V, TJ = +25"C 4 

V ,N = -20V, Ti = +25"C 2 

Output Noise Voltage T A = 25°C, CL = 4.71lF 150 
10Hz ~ f ~ 100 kHz 

Long Term Stability 5 

Thermal Resistance 2 
Junction to'Case 

LIMITS 

LM345 UNITS 

MAX MIN TYP MAX 

-4.9 -5.2 -'5.0 -4.8 V 
-5.1 -5.4 -5.2 -5.0 V 

15 5 25 mV 

75 30 100 mV 

-4.80 -5.25 ~4.75 V 
-5.00 -5:45 -4.95 V 

3.0 1.0 3.0 rnA 

5.0 4 5.0 A 
3.5 2 3.5 A 

150 IlV 

.50 5 50 mV 

2 "C/W 

Note 1: Unless otherwise specified" these specific~tions ~pply: -55°C :$ Tj ~ +150o C for the LM1-:45; ~25°C ::; Tj:$ +15ct'C for the'LM245 and 
O°C :$ Tj :5. +1 ~5°C for the LM345.< VI N ~":"'7 .5V and lOUT := 5 rnA. Although power dissipation is internally limited, electrical specifications apply 
only for power' levels up to 25W. For calculations of junction temperature rise due to power dissipation, use a thermal resistance of 3SoC/W for 
the TO·3 with no heat sink. With a heat sink, u,se 2°C/W for junction to case thermal resistance. 
Note 2: Regulation is measured at constant junction'temperature. Changes in output voltage due to heating effects ml!st be taken into account 
-separately. To ensu!"e cons~ant junction temperature, pulse testing with a low duty cycle is used. 
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Typical Performance Characteristics 
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Typical Applications (Continued) 
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~National ' z.. Semiconductor 
LM150/LM250/LM350 

Voltage Regulators 

3 Amp Adjustable Power Regulators 

General Description 
The LM 150/LM250/LM350 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 3A over a 1.2V to 33V output range. They are 
exceptionally easy to use and require only 2 external 
resistors to set the output voltage. Further, both line 
and load regulation are comparable to discrete designs. 
Also, the LM 150 is packaged in standard transistor 
packages which are easily mounted and handled. 

In additiofl to higher performance th'an fixed regulators, 
the LM 150 series. offers full over'load protection available 
only in IC's. Included on the chip are current limit, 
thermal overload protection and ,safe area protection. 
All overload protection circuitry remains fully functional 
even if the adjustment terminal is accidentally discon­
nected. 

Features 
• Adjustable output down to 1.2V 

• Guaranteed 3A output current 

• Line regulation typically 0.005%1V 

• Load regulation typically 0.1 % 
• Guaranteed thermal regulation 

• Current limit constant with temperature 

• 100% electrical burn-in in thermal limit 

• Eliminates the need to stock many voitages 

• Standard 3-lead transistor package 

• 86 dB ripple rejection, 

Typical Applications 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to imp(ove tra!,\sient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators or discrete designs, 
the,.LM150 is useful in a wide variety of other applica­
tions. Since the regulator is "floating" and sees only the 
input-to·output differential .voltage, supplies of several 
'hundred volts can be ;egulated 'as long as the maximum 
input to output differential is not exceeded. 

Also, it 'm'akes an especi~lIy simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM 150 can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM150/LM250/LM350 are packaged in standard 
steel TO·3 transistor packages. The LM 150 is rated for 
operation from -55°C to +150°C, the' LM250 from 
-25°C to +150°C and the LM350 from O°C to+125°C. 

1.2V -25V Adjustable Regulator 6A Regulator 
Regulator and Voltage 

Reference 

tOptional-improves transient 
response 

*Needed if device is far from 
filter capacitors 

ttVOUT = 1.25V (1 + :~) 
Note. Usually R 1 = 240n for 
LM 150 and LM250 and 
Rl = 120n for LM350. 

R1 
0.1 

.z 
0,' 

V'N -+--'Wlr---<i>--~---I 

ct 
t" 

+ 
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Absolute Maximum Ratinas 

Power Dissipation Internally limited 

Input-Output Voltage Differential 35V 

L,M150 -55°C to +150°C 

LM250 -25°C to +150°C 

LM350 OO,C to +125?C 
Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Preconditioning 

Burn-In in Thermal Limit All Devices 100% 

Electrical Characteristics (Note 1) 

I,M150/LM250 LM350 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Line Regulation TA = 25°C, 3V S VIN - VOUT S 3511', 0.005 0.01 0.005 0.03 %IV 
(Note 2) 

Load Regulation TA=25°C.l0mAO:;IOUTS 3A 

VOUT S 5V, (Note 2) 5 15 5 25 mV 

VOUT ~ 5V, (Note 2) 0.1 0.3 0.1, ' 0.5 % 

Thermal Regulation Pulse = 20 ms ; 0.002 0.01 ' 0,002 0.03 %NJ 
" 

Adjustment ~in Current 50 100 50 100 /1A 

Adjustment Pin Current Change lOmAS ILS3A 0.2 5 0.2 5 p.A 

3V S (VIN ~ VOUT) 0:; 35V 

Reference Voltage 3 S (VIN - VOUT) S 35V, (Note 3) 1.20 1.25 1.30 1.20 1.25 1.30 V 

10 mAS lOUTS 3A, PS30W , 

Line Regulation 3V S VIN - VOUT S 35V, (Note 2) '0.02 0.05 0.02 0.07 %IV 
Load Regulation, 10 mA S lOUT S 3A, (Note 2) 

VOUTS5V - - 20 50 20 70 mV 

VOUT~ 5V,' 0.3 1 0.3 1.5 % 

Temperature Stability TMIN S Tj S TMAX i 1 % 

Minimum Load Current VIN - VOUT = 35V 3,5 5 3.5 10 ' mA 

Current Limit VIN - VOUTS 10V 3.0 4.5 3.0 4.5 A 

VIN - VOUT = 30V, Tj = +25,oC 0.3 1 0.25 1 A, 

RMS Output Noise, %,of VOUT TA = 25°C, 10,Hz S f S 10 kHz 0.003 0.003 % 

Ripple Rejection Ratio VOUT = 10V, f = 120 Hz 65 65 dB 

CADJ=10/1F 66 86 66 86 dB 

Long Ter~ Stability TA = 125°C 0.3 1 0.3 1 % 

Thermal Resistance, Junction ' K Package 1.5 1.5 °CNJ 
to Case, 

Note 1; Unless otherwise specified, these specification. apply -ssoe 5. Tj 5. +15o"C for the LM1S0, -2Soe 5. Ti 5. +1S0°C for the LM2S0 and 
O°C 5. Tj 5. +12SoC for the LM3S0, VIN .:... VOUT = 5V and lOUT = 1,SA. Although power dissipation i. internally limited, the.e .pecification. 
are applicable for power dissipation. UP to 30W. 
Note 2: Regulation is measured at constant junction temperature. Changes in ou'tput voltage due to h~8ting effects must be taken into account 
separately. Pulse testing yvith low duty cycle is used. 
Note 3: Se\ected devices with'tightened tolerance refer~nce voltage available. 
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Typical Performance Characteristics 
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Application Hints 

In operation, the 'LM150 develeps a neminal '1.25V 
reference voltage, VREF, between the output and 
adjustment terminal. The reference veltage is impressed 
across pregram resistor' R 1 and, since the voltage is con· 
stant, a censtant current 11 then flows through the 
"Output set resistor R2; giving an eutput voltage of 

LM15D 

V'N VOUT 

1"1 ADJ 

1 l VREF ., 
I VOUT 

~ 

/.~2 I 
~, 

FIGURE 1 

Since the 50 pA current from the adjustment terminal 
represents an error term, the LM 150 was designed to. 
minimize IADJ and make it very censtant with line 
and load changes. To do this, all quiescent 'operating 
current is returned to. the output establishing a mi(li­
mum load current requirement. If there is insufficient 
lead on the eutput, the eutput will rise. 

External'Capaciters 

An input bypass capaciter is recommended. A 0.1 f-LF 
disc or 1 f-LF solid tantalum en the input is suitable input 

, bypassing for almest all applications. The device is more 
sensitive to the absence of input bypassing when adjust­
ment or output capacitors are used but the above values 
will eliminate' the possibility ef problems. 

The adjustment terminal can be bypassed to ground on 
the LM 150 to impreve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10 pF bypass capac­
itor 86 dB ripple rejectien is ebtainable at any output 
level. I ncreases over 10 f-LF do not appreciably improve 
the ripple rejectien at frequencies above 120 Hz. If the 
bypass capaciter is used, it is semetimes necessary to. 
include pretection diedes to. prevent the capaciter 
frem discharging through internal low current paths 
and damaging. the device. 

In general,' the 'best type of capacitors to ,use are se.lid 
tantalum. Solid tantalum capacitors have lew impedance 
even at high frequencies. Depending upon capacitor 
censtruction, it takes about 25 f-LF in aluminum electre- , 
lytic to equal 1 f-LF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies, 
but seme types have a, large decrease in ,capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01 f-LF, 
disc may seem to work better than a 0.1 f-LF disc as 
a bypass. 
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Although the LM 150 is stable with no output capacitors, 
like anY' feedback circuit, certain values' of external 
capacitance can cause excessive ringing., This occurs 
with, values' between 500 pF and 5000 pF. A 1 f-LF 
solid tantalum (or 25 f-LF aluminum electrolytic) on the 
?utput swamps this effect and insures stability. 

Lead Regulatien 

The LM 150 is capabfe of prol(iding extremely good load 
regulation but a few precautions are needed to. obtain 
maximum perfermance, The current set resistor con­
nected between the adjustment terminal and the output 
terminal '(usually 240Q) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectively in series 
with the reference and degrading regulation. For exam­
ple, a 15V regulator with 0.05Q resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.05Q x I L. If the set resistqr is con­
nected near the load the effective line resistance will be 
0.05Q (1 + R2/R 1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu­
lator and 240Q set resistor. 

LMl50 
·s 

V'N V'N VOUT J VDUT ADJ ., 
2.0 

A 
b:2 

":' 

FIGURE 2. Regulater with Line Resistance 
in Ou'tput Lead 

With the TO-3 package, it is easy to minimize the resis­
tance' from the case to. the set resistor, by using 2 sep­
arate leads to the case. The ground of R2 can be returned 
near the greund of the load to. provide remote greund 
sensing and improve lead regulation. 

Pretectien Diedes 

When external capacitors are used with any IC regulator 
it is sometimes necessary to add pretection diodes to. 
preven't the capacitors from discharging threugh low 
current points into the regulator. Most ;0 f-LF capacitors 
have low enough internal series resistance to. deliver 
20A spikes when shorted. Although the surge, is shert, 
there is enough energy to. damage parts of the, IC. 

When ail output capacitor is connected ,to. a regulater 
and the input is shorted; the output capacitor will 
discharge into the output of the regulator: The discharge 

'current depends en the value of the capacitor; the 
eutput voltage ef the regulator, and the rate of decrease 
of VIN'. In the LM150, this discharge path is thrqugh' 
a large junction that is able to. sust~in 25A surge with no. 
problem. This is not true ef ether types of pesitive 



Application Hints (Continued) 

regulators. For output capacitors of 25 /IF or less, there 
is no need to us~ diodes. 

The bypass capacitor on the adjustment terminal can 
discharge 'through 'a low current junction. Discharge 
occurs when either the input or output is shorted. 
Internal to the LM150 is a 50n resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 10 /IF capacitance. 
Figure 3 'shows an LM 150 with protection diodes 
included for use with outputs greater than 25V and 
high values of"output capacitance. 

Schematic Diagram 

v,. 

O' 
lN400Z 

AZ 

1-1r-.... --""""'I~vour 

01 protects against Cl 
-= 02 protects against C2 

( R2)' VOUT=1.25V l+Rl +R2IAOJ 

FIGURE 3. Regulator with Protection Diodes 

r---.---~t----.---~~--t--1r--~-------------~r-------~t--1r----V'N 

A25 
3 

L-~~--~------~~ __ --~--~--~--'-~~~~ __ ------4-----~~--~r-----~------------~~ __ ---VOUT 

Typical Applications (Continued) 

Temperature Controller Light Controller 

.,. t-~----------._ Your 
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L.... ______________________________ .,-_________ AOJ 

v,. 

Precision Power Regulator with 
Low Temperature Coefficient 

LMJ50 

1----... -----------1~ VOUT ~4V 

Uk 

lN338'7i.;--~ 

A' m 

AZ 
Zk 

* Adjust for 3.75V acro;; I'll 
OUTPUT 
ADJUST ":" 

r-
,~ 
en 
S2 r-s: 
N en 
S2 r-s: 
c-:t, 

, en o 



Typical Applications (Continued) 

Slow Turn-ON 15V Regulator 

LM15D 

Y,N vOUTI-<'"" ____ .. _vOUT 
ADJ t5V 

C2 
AI 
2 •• *.O."F .... _~ ....... ""' ...... lN4DDZ 

CI 
lQOpF 

Digitally Selected Outputs 

V,N--"""'---! !---4~VOUT 

VIN7V-3sV 

INPUTS 

*Sets maximum VOUT 

5V Logic Regulator with 
. Electronic Shutdow,;* 

H~~~~OUT 
L--.:T'--....I 

C2 
O.1~F 

AI 
240 

t-t-""'''''-TTL 

*Min output iOI:I' 1 .2V 

o to 30V Regulator 

R3 
680 

-tOV 

.,. 

Y,N 

Adjustable Regulator with Improved 
Ripple Rejection High Stability 10V Regulator 

LM129A 

R3 
2&1 
1% 

tSolid tantalum 
*Oischarges C1 if output is shorted to ground ":" 

10A Regulator 

LM350 
0.1 

r---------iV,N AOJVOUT!-"""'IM""';.." 

2> 

0.1 

~-...,....-----... - ... -VDUT* 

+ 
1hF 

. *Minimum load current 50 rnA' 

5A Constant Voltage/Constant Current Regulator 

R3 
0.2 
5W 

120 

Rl 
33 

35V~""I\I\"""'~ 1-.... ---..... p-----+--4~-__1 .... ~~~~~~V 

tSolid tantalum 

~::y.:.... ..... 

R' &80 

Dl 03 
1N451 LED'" 

* Lights in constant current mode 

C5 RS 
15pF 33011. 

-Gvro -15V 

A1 
220 

.8 
VOLTAGE 

ADJUST 

A& 
240 



Typical Applications (Continued) 
12V Battery Charger 

500 

06 
O~ 

VIN~t8V LM350 

LEo 

01 
3' + 

O.1/.1 F 

Adjustable Current Regulator 

LM1S0 RI 
0.3 

VIN VIN AO}our!-...,.,..,. .... --- ~DTUDT 3A 

V,. 

1.2V - 20V Regulator with 
Minim.um Program Current 

V,N 

*Minimum load current ~ 4 rnA 

V,N 

v­
-5VTO -10V, 

LMln 

3A Current Regulator 

V,N 

Adjusting MUltiple On-Card Regulators 
with Single Control* 

tMinimum Joad-10 rnA 

+ 

TO 12\1 
BATTERY 

Precision Current Limiter 

........ "",,..,. .. -'IOUT'" ** 
L..--'T'----' 

'0.4 S; R1 S; 120n 

Tracking Pre regulator 

R' 

" 

RZ 
lZO 

OUTPUT 
ADJUST 

*AII outputs within ±100 mV 
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· Typical Applications (Continued) 

AC Voltage Regulator 

LM358 

120 

12Vp-p 
6VPll 3. 

~' tJ 480 4I0.~· 

Simple l2V Battery Charger 

* Rs-sets output impedance of charger ZOUT = RS (1+ :~) 
\ Use of AS allows low charging'rates with fully 

charged battery. 

**1000 IJF is recommended to filter 
out any input transients. 

Connection Diagram 

Metal Can Pack~ge 

BOTTOM VIEW 

Adjustable lOA Regulator 

D.' 
V,N-.... --! lM350 

......... ..,..,..,.. .. -_4:5VT025V 

5. 

50 

Current Limited 6V Charger 

V,N 
9V TO JOY 

" 

*Sets peak current (2A for 0.30.)' 

**1000 $lF is recommended tO'filter 
out any hiput transients. 

Orde,Number LM150K STEEL, LM250K STEEL 
or LM350K STEEL 

See NS Package K02A 
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~National 
~ Semiconductor 

Voltage Regulators 

LM320L/LM320ML 'Series 3·Terminal Negative Regulators 

General Description 
The LM320L/LM320ML series of 3-terminal negative 
voltage regulators features fixed output voltages of -5V, 
-12V and -15V, with output current capabilities in ex­
cess ofl00 mA, for the Lrvi320L series, and 250 mA for 
the LM3:!OM L series_ These devices were designed using 
the latest computer techniques for optimizing the pack­
aged Ie thermal/electrical performance_ The LM320L/ 
LM320ML series, even when combined with a minimum. 
output compensation capacitor of 0_1 f..I.F, exhibits an 
excellent transient response, a maximum line regulation 
of 0'.07% VON, and a maximum load regulation of 
0.01% Vo/mA. 

The LM320L/LM320M L series also includes, as self­
protection circuitry: safe operating area circuitry for 
output transistor power dissipation limiting, a tempera­
ture independent short circuit current limit for peak 
output current limiting, and a thermal shutdown circuit 
to prevent excessive junction temperature. Although 
designed primarily as fixed. voltage regulators, these 
devices may be combined with simple external Circuitry 
for bqosted and/or adjustable voltage~ and currents. The 
LM320L, series is available in the 3-lead TO-92 package, 
and the LM320ML series is available in the 3-lead 
TO-202 package. ' 

Connec~ion Diagrams 

TO-202 Power Package (PI 

o !--.NPU 

., 

GND_ _OUTPUT 

LINPUT 

FRONT VIEW 

Order Numbers: 

LM320MLP-5.0 
LM32OMLP-12 
LM32OMLP-15 

See NS Package P03A 

For Tab formed TO-202 
Order Numbers: 

LM320MLP-5.0 TB 
LM320MLP-12 TB 
LM320MLP-15 TB 

See NS Package P03E 
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For applications requiring other voltages, see LM137 
data sheet. 

Features 
• Preset output voltage error is less than' ±5% over load, 

line and temperature ' 

• LM320L is specified at an output current of 100,mA 
• LM320M L is specified at an output current of 250 mA 
• Internal short-circuit, thermal and safe operating area 

protection 

• Easily adjustable to higher output voltages 

• Maximum line regulation less than,O.07% VOUTIV 
• Maximum load' regulation less than 0.01% VOUT/mA 
• Easily compensated with a small 0.1 f..I.F output 

capacitor 

DEVICE 

LM320ML 

LM320L 

RATED 
PACKAGE POWER 

DISSIPATION 

TO-202 7.5W 

TO-92 0.6W 

·TO·92 Plastic Package (Zl 

BonOMVIEW 

Order Numbers: 

LM320LZ-5.0 
LM320LZ-12 
LM320LZ-15 

'See NS Package Z03A 

DESIGN 
OUTPUT 

CURRENT 

0.25A 

O.lA 



I Absolute Maximum Ratings : 

Input Voltage '. 
, VOUT = -5V. -12V. and -15V -35V 

Internal Power Dissipation (Notes 1 and 3) Internally Limited 
Operating Ternperature Rang~ " O°C to +70°C' 

i 

MaXimum Junction Temperatute' .' 
i;125°C . ' " 

Storage Temperature Range , 
Molded TO-92 -55°C to -t:150°C 

" 

Molded TO.-202 -£5°C to +150°C 
Lead Temperature·(Soldering. 10 seconds) . 300°C ' . ... . " 

, 

Electrical Characteristics LM320ML ' , 0" 0 ' ,. 
(Note 2) T A = 0 C to +70, C unless otherwise lJoted. 

'. 
OUTPUT VOLTAGE -5V 12V 15V 
INPUT VOLTAGE (unl ... otherwise noted) -10V -17V -20V ,uNiTS 

PARAMETER CONDITIONS 'MIN TVP 'MAX MIN TVP MAX MIN TVP MAX 

Vo Output Voltage Tj = '25°C; )a = 250 mA -5.2 -5 -4.8 -12.5 -12 -11:5' -15.6 -15 '-14.4 

1 mA:O; la $ 250 mA --5.25 -4,75 12.6 11.4' 15,75 14.25 V 

(VMIN:O; VIN:O; VMAX) (-20:0; VIN:O; -7.5) (-27:0; VIN:O; -14.8) (-30:0; VIN:O; -18) 

aVa Line Regulation Tj = 25°C. la = 250 mA 50 40 40 mV 

(VMIN < VIN < VMAX) 1~25<VIN:O;;-7.3) 1-30:0; VIN:O; -,14,6) 1-30:O;VIN:O;-17.7) V 

aVa, ' Load Regulation 'Tj =.25°C ,50 120 150 mV 

1 mA:O; la :0; 250 mA , 
,aVa Long Term Stability 'la=250mA 20 ' 48 60 mV11000 hr 

10 Quiescent Current la= 250mA 2' 6 2 6' 2 6 mA 

, Ala Qui~scent Current Change ,I mA< la<250mA ,0.3 Q.~ 0.3 
mA 

la- 250mA 0.25 0.25 " ,~.25 

IVMIN:O; VIN :O;VMAX) 1-20 :O;VIN $ -7.5) 1-27:0; VIN:O; -14.8) 1-30:0; VIN,:O; -18) V 

Vn Output No~se Voltage Tj = ,2,5°C. la = 250 mA , 40 100 120 I'V 

f= 10HZ-10kHz,: 

aVIN, : A ipple Rejecti on 
Tj = 25°C.da = 250 mA 54 56 54 dB 

aVa 1'= 120 Hz 

Input Voltage Required Tj = 25°C -7,3 -14.6 -17.7 V 

to Maintain Line la= 250mA 
Regulation . 

Nol.1:, Thermal resistance of the TO-202 Package (PI without a heat sink is 12"C{w junction to caSe and 70'C{W case t~'ambient. 
Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used . . 

" 

. , 
, , 

.. 

'" 

" , .. 

. , 

'.' .. 
..... 

i 
" 
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Electrical Characteristics LM320L (Note 4)' TA = oOc to +70°C unless otherwise noted. 

OUTPUT VOLTAGE -SV -12V -15V 
INPUT VOLTAGE (unless otherwise noted) -IOV -17V -20V UNITS 

PARAMETER· CONOITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage (Note 3) TJ = 25'C. 10 = 100 mA -5.2 -5 -4.8 -12.5 -12 -\1.5 -15.6 -15 -14.4 

1 mA5105100 mA 5.25 4.75 12.6 11.4 -15.75 --14.25 

VMIN 5 VIN < VMAX (-20 < VIN < -7.51 (-27 < VIN < -14.81 (-30 < VIN < -181 V 

I mA510 540mA -5.25 -4.75 -12.6 -11.4 -;-15.7 -14.25 

VMIN 5 VIN 5 VMAX (-205 VIN 5 -71 (-275 VIN 5 -14.51 (-305 VIN 5 -.17.51 

aVO Line Regulation TJ = 25°C. 10 = 100 mA 60 45 45 mV 

VMIN < VIN < VMAX (-20<VIN<-7.31 (-27 < VIN < -14.61 1-30< VIN < 17.71 V 

TJ = 25°C. 10 - 40 mA 60 45 45 mV 

VMIN < VIN < VMAX (-20<VIN<-71 (-27 < VIN <-14.51 (-30 < VIN < 17.51 V 

aVO Load Regulation TJ = 25°C. 50 100 125 mV 

lmA<10<100mA 

aVO Long Term Stability. 10= loomA 20 48 60 mV/l000hr 

10 Quiescent Current TJ = 25°C. 10 = 100 mA 2. 6 2 6 _·2 6 mA 

ala Quiescent Current Change lmA<10<100mA 0.3 0.3 0.3 mA 
1 mA< In<40 mA 0.1 0.1 0.1 

10= 100mA 0.25 0.25 0.25 mA 

VMIN < VIN < VMAX 1-20<VIN<-7.51 1-27 < VIN < -14.81 (-3Q< Ii IN < -181 V 

Vn Output Noise Voltage TJ = 25°C. 10 = 100 mAo 40 96 120 pV 

f = 10 Hz-20 kHz 

aVIN TJ = 25°C. 10 = 100 mAo 50 52 50 dB 

aVO 
Ripple Rejection 

f= 120Hz 

Input Voltage Required TJ = 25'C 

to Maintain Line 10= 100mA -7.3 -14.6 -17.7 
V 

Regulation 10= 40mA -7.0 -14.5 '-17.5 

NlJte3: Thermal resistance, junction to ambient, of the T0-92 (Z) Pacl<age is lBO'C/W when mounted with 0.40 inch leads on a PC board, 
and 160'C/W when mounted with 0.25 inch leads on a PC board. 

NOte 4: To ensure constant junction temperature. low duty cycle pulse testing is used. 
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Typical Performance Characteristics 
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Schematic Diagrams 

01 
6V 

01 
6V 

-5V 
LM320ML (LM320L) 

-12V and -15V 
LM320ML (LM320L) 

1·101 

GND 

R21 
4.29k 

R22 

R23 
0.5 
11.4) 

-VIN 

GNO 

R21 
4.29k 

R22 

R23 
0.5 
11.4) 
-VIN 



Typical Applications 

Fixed Output Regulator 

-V'No--.... _-I 

*Required if the regulator is loc'ated far from the power supply 
filter. A 1 ~F aluminum electrolytic may be substituted. 

**Required for stability. A 1 .uF aluminum electrolytic may 
be substituted. . 

Adjustable Output Regulator 

-Va = -5V - (5V/Rl + lal • R2. 
5V/Rl > 31a ' 

1,102 

±15V. Z50 rnA Dual Power Supply 

VOUT" 15V@ 250 mA 

-VIN 
-20V 



~National 
~ Semiconductor· 

Voltage Regulators 

LM341 Series 3-Terminal Positive Regulators 
General Description 
The LM341·XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications . .one of these is 
local on card regulation, eliminating the distribution 
problems associated with single· point regulation. The 
voltages available allow these regulators to be used in 

.. logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage· regulators these devices can be used 
with external compon.ents to obtain adjustable voltages 
and currents. 

The LM341-XX series is available in the plastic TC·202 
package. This package allows these regulators to deliver 
over 0.5A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for· the output transis­
tor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the IC from overheating. 

Schematic and Connection Diagrams 

Considerable effort was expended to make the LM341·XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transie(lt response. 
Input bypassing is· needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For applications. requiring other voltages, see LM 117 
data sheet. 

Features 
• .output current in excess of O.5A 

• Internal thermal overload protection 

• No external components required 

• .output· transistor safe area protection 

• Internal short circuit current limit 

• Available in plastic TC·202 package 

• Special circuitry allows start·up even if output· is 
pulled to negative voltage (± supplies) 

r-..... -----..... ------~~----._--~"_OV,N 

DI 

A12 

" 

All 
un 

A13 
.30 

A16 
'.5 

L--...... M._+----I_-4>-OVOUT 
A20 
1kTD20k 

1_---.....::~I_---+-----...... I4VI 

1·103 

A21 .. 

Plastic Package 

o 
GND 

INPUT- _OUTPUT 

LGND 

FRONT VIEW 

Order Number: 

LM341P·5.0 
LM341P·12 
LM341P·15 

See NS Package P03A 

For Tab Band TO·202 
Ordar Number: 

LM341p·5.0 TB 
LM341P·12 TB 
LM341P·15 TB 

Sea NS Package P03E 



Absolute Ma.J:<.imum Ratings ". 

Input Voltage 
(Vo = 5V, 12V and 15V) 35V' 

Internal Power Dissipation (Note 1) I nternally Limited 
" 

Operating Temperature Range' O°C to +70°C 
Maximum Junction,Temperature +125°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seco.nds) +230°C , 

Electrical Characteristics ' 0 . o· .... , 
,TA = 0 C to 70 C, 10 = 500 "'!~~ unless other\Nis~n'?ted. 

OUTPUT VOLTAGE 5V' 12V' 15V 
, INPUT VOLTAGE (unless otherwise noted) lOV 19V . 23V UNlrS 

PARAMETER CONDITIONS MIN TVP MAX MIN'TYP MAX MIN TVP MAX 

Vo Output Voltage TJ = 25°C 4.8 5 5,2 11.5 12 12.5 1,4.4 15 15.6 V 

PD:<:= 7.5W. 5 mA:<:= 10:<:= 5QO mA 4.75 5,25 11.4 12,6 14.25 15.75 V 

and VMIN:<:= VIN:<:= VMAX (7.5:<:= VIN:<:= 20) (14.8:<:= VIN:<:= 27) (18:<:= VIN:<:= 30) V 

i>VO Line Regulation ·T J = 25°C. 10 = 100 mA 50 120 150 mV 

TJ = 25°C. 10 = 500 mA 100 240 300 mV 

(7.2:<:= VIN':<:= 25) (14.5.:<:= VIN :<:=,30) (17.6:<:= VIN:<:= 30) V 

AVO Load Regulation TJ=25°c,5mA:<:= 10:<:=500mA ,100' 240 300 mV 

AVO long Term Stability 20 48 60 mV/l000 hrs 

10 Quiescent Current TJ = 25°C 4' 10, 4 10 4 '.10 mA 

AIQ Quiescent Current TJ = 25°C 0,5 0.5 '0.5 mA 

chang~ 5 mA < 10 < 500 mA 

TJ=25°c. 1 1 1 mA 

VMIN < VIN:<:= YMAX (7.5:<:=VIN:<:=25) (14.8:<:= VIN:<:= 30) . (18:<:=VIN:<:=30) V 

Vn Output Noise Voltage T J = 25°C. I = 10 Hz - 100 kHz 40 75 90 IN 

AVIN 
Ripple Rejection 1= 120 Hz 71' '69 --- 78 V 

AVOUT 

Input Voltage T J = 25°C. 10 = 500 mA 7.2 14.5 17,6 V 

Required to' Maintain 
I Line Regulation -

Note 1: Thermal resistance without a heat sink for junction to case temperature ,is 12"C/W for the TO~202 package. Thermal resistance for case to 
ambient temperature is 70·C/W lor the TO·202 package. 

, 

, 

-
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Typical Performance Characteristics 

Maximum Average Power 
Dissipation Peak Output Current Ripple Rejection 
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~National 
~ Semiconductor 

'Voltage Regulators 

LM342 Series 3·Terminal Positive Regulators 
General Description 
The LM342-XX series of three terminal regulators is 
available with several' fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available ,allow these regulators to- be us'ed in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment: Although designed primarily 
as fixed voltage regulators these devices can' be used 
with external components to obtain adjustable voltages, 
and currents. 
The LM342-XX series is available in the plastic TO·202·' 
package. This package allows these regulators to deliver 
over 0.25A if adequate'heat sinking is provided. Current 
limiting is, included to limit the peak output current to 
a safe value. Safe area protection for the output transis· 
tor is provided to limit internal power dissipation. If 
internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the IC from overheating. 

Input bypassing is needed only if the regulator is located 
'fa'drom'the filter capacitor of the power supply. 

For applications requiring other voltages, see LMl17 
data sheet. 

Features' 
• Output current in excess of'0.25A 

• Internal thermal overload protection 

• No external components required 

• Output transistor safe area protection 

• Internal short circuit current limit 

• Available in plastic TO-202 package 

• Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 

Voltage Range 
Considerable effort was expended to make the LM342·XX 
series of regulators easy to use and minimize the number 
of external components. It is not" necessary to bypass 
the output, although this does improve transient response: 

, LM342-5.0 5V 
LM342-12 12V 
LM342-15 15V 

• 

Sch~matic and Con~ection Diagrams 
,-""",--"",-------------"",--:"----,,,,-0 v" 

RI AS 
U9k 18k 

L-t--==--t--t-----; D' 

., 
214k 

D' 

C1 5., 

., 
15k 

.n 

Da ~-_1~--~~-__t 
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Absolute Maximum Ratings 
Input Voltage 

Vo ;5V 30V 
Vo; 12V and 15V 35V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range OOC to +70°C 

Maximum Junction Temperature 125°C 
Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 secol)ds) 300°C 

Electrical Characteristics 
TA ; O°C to +70oC, '0; 250 rnA (Note 2) unless noted. 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN l'YP MAX 

Vo Output Voltage Tj = 25°e 4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 V 

(Note 3) 1 mA $ 10 $ 250 mA and 4.75 5.25 11.4 12.6 14.25 15.75 V 

VMIN $ VIN $ VMAX (8$VIN$20) (15 $ VIN $ 27) (18 $ VIN $ 30) V 

AVO Line Regulation TJ = 25°e. 10 = 250 mA 55 100 100 mV 

(7.3 $ VIN :::; 25) (14.6$ VIN$ 30) (17.7$VIN$30l V 

t::.VO Load Regulation TJ = 25'e.l mA$ 10$250mA 50 120 150 mV 

t::.VO Long Term Stability 20 48 60 mVl1000 hrs 

10 Quiescent Current TJ = 25'e 6 6 6 mA 

t::.IO Quiescent Current TJ = 25°e, 1 mA <.10 < 250 mA ' 0.5 0.5 0.5 mA 

Change TJ = 25'e, VMIN $ VIN $ VMAX 1.5 1.5 1.5 mA 

(7.3 $ VIN $ 251 (14.6$ VIN$ 301 (11.7 $ VIN $ :i01 V 

Vn Output Noise Voltage TJ = 25°e. f = 10 Hz-10 kHz 40 96 120 "V 

t::.VIN 
Ripple Rejection f = 120 Hz 50 64 44 58 42 56 dB 

t::.VOUT 

Input Voltage TJ = 25'e. 10 = 250 mA 7.3 14.6 17.7 V 

Required to Maintain 

Line Regulation 

Note 1: Thermal resistance of the TO-202 package (pi without a heat sink is 12° elW junction to case and 80° C/W junction to ambient. 
Note 2: The electrical characteristics data represent pulse test conditions with junction temperatures as shown at the initiation ~f tests. 

Nota 3: The temperature coefficient of VOUT is typically within 0.01 % VOl' e. 

\ 

, 
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. Typical Performance Characteristics 
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10 '0'250mA' 

Tj'25'C 
o Ll..WIIIJL!.J.UJ.IULJU-U.'"'-"'-'-" ..... 

Dropout Voltage 

E 2.5 
~ 

'" ;:: 

~ 
l~5 E 

w 

'" '" 

i--!,!;I. 250 LA ./110 ; 10tmv 

F:; ~ t:-- t--!!: 100 mA-: 

~ 
~ 
> 
5 0.5 r; 

, 

i 25 50 75 100 125 UiO 

JUNCTION TEMPERATURE ("C) 

. Output Impedance 

V,N"OV 

§ 
. ~ 0.1 

~ 

Vo - 5V. 

l~ 10 "250 mA 
Tj·25"C 

1-
! 
I-

~ 0.01 
,/ Co 'I"F 

co 

10 15 20 25 10 100 lk 10k lOOk 10 100 lk 10k '100k 1M 

OUTPUT VOLTAGE iv) FREQUENCY (Hz) FREQUENCY (Hz) 

Quiescent Current Quiescent Current 
2.9 2.16 

VOUT' 5V 

:< 2.7. .s 
I-

ill 2.5 0: 

~ 
~ 2.3 

i:i 
;; 2.1 

'" 

:< 2.12 .s 
I-

ill 
2.68 

~ 
I-

2.64 ill 
i:i 
;; 2.60 '" 

... 

1.1 Vo e5V 
10 =40mA 

"'- Y,N 'IOV 

" 
lo=4DmA 

i'.. 

" r--

Tj'25'C 
2.56 1.9 

5 10 15 20 25 30 35 o n ~ ~ roo 1~ roo 
INPUT VOLTAGE (V) JUNCTION TEMPERATURE rc) 

1-108 . 



Typical Applications 

Fixed Output Regulator 

INPUT 0--.... ---1 

C1" 
O.Z2J.1F 

I-_ .... --QOUTPUT 

C2** 

*Required if the regulator is located far from power 
supply filter 

**Although not required, C2 does improve transient 
response. (If heeded, use O.lIJF ceramic disc.) 

Adjustable Output Regulator 

INPUT 0--.... --1 I-~ .... -o OUTPUT 

RI 

R2 

L------_~ .... ~GNO 

Vo = SV + ISV/RI + IQI R2 

SV/RI > 316, Load Regulation ILRI = 

[IR1 + R21/R1J' ILr of LM342-0SI 

Current Regulator 

INPUTo--"'--i 

CI 
RI O.""'J 

L..----,-+--o OUTPUT 

lOUT = V2- 3/R1 + IQ 

-lOUT 

AIQ S. 1.5 rnA over line and load changes 

CI" 

R 
. 470 

5W 

High Output Voltage Regulator 

H~--1~O VOUT" 39V@250mA 

'''1 
*Necessary if regula~or is Iqcated far from the power supply filter 

**D3 aids in full load start-up and protects the regulator during short 
circuits from high input to output voltage d~fferentials 

±ISV, 2S0 rnA Dual Power Supply 

1--.----0 \lOUT'" 15.V@250rnA 

GNOo--~----t----'--'-~OGNO 

-V,N"-10V 0--.... --1 1--.... --.,-1::> -Vour'" -15V@250mA 

Variable Output Regulator O.SV -18V 

VIN "'20Vv-..... - ..... 

1·109 

CI 
T!'l·22J"F 

RI 

R1 

R3 

JOpF 

VOUT = VG + SV, Rl = I-V'N/'Q LM3421 
VOUT = SVIR2/R41 for IR2 + R31 = IR4 + RSI 

=t -= A5 

A O.SV output will correspond to IR2/R41 = 0.1, IR3/R41 = 0.9 
·Solid tantalum' 



~Nati()nal 
~ Semiconductor 

Voltage Regulators 

lM7231lM723C Voltage Regul'ator 

General Description 
The LM723/LM723C is a voltage regulator design· 
'ed primarily for series regulator applications. By 
itself, it'will supply, output currents up to 150 mA; 
but external transistors can 'be added to provide 
any desired load c'urrE!nt. The circuit features ex· 
tremely low standby current drain, .and provision 
is made' for either linear or foldback current limit· 
ing. I mportant characteristics are: 

Ii 150 rnA output current without external pass 
transistbr 

• Output currents in excess of lOA possible by 
adding external transistors 

., I nput voltage 40V max 

• Output voltage adjustable from 2V to 37V 

• Can be used as either a linear or. a switching 
regulator. 

The LM723/LM723C is also useful in a wide range 
'of other applications such as ~ shunt regulator, a 
current regulator or a temperature controller. 

The LM723C is identical to the LM723 except 
that the LM723C has its performance guaranteed 
over a O°C to 70°C temperature range, instead of 
_55°C to +125°C. 

Schematic and Connection Diagrams· 

.. 
,m 

" , 

J-----''':.. ~:::;"n 
'-___ -"_ ~~:s~un 

v... NDNIIIVE!mJlG Y' 11\1(811111: 
III'I/t ,"'UT 

. Equivalent Circuit* 

rEMl'ERATURl 
COMPEIlSATED 

ZEilER 

*Pin numbers refer to metal ca~ package. 

1-110 

1) ~~~~~~;!;IIl~ 
12 v' 

NON INV(~~~~~ ~ 

V~'F S . '. . " 
Order Number LM723CN 

See NS Package N14A 

Qrder Number LM723J or LM723CJ 
See NS Package J14A 

Metal Can Package 
CURREn 

llNlT 

.. 
Note: Pin 6 connected to ase. 

t",""'IEW 

Order Number LM723H or LM723CH 
See NS Package H10C, 



Absolute Maximum Ratings 
Pulse Voltage from V+ to V- (50 msJ 
Continuous Voltage from V'" to V­
Input-Output Voltage Differential 
Maximum Amplif:er Input Voltage (Either Input) 
Maximum AmplifLer Input Voltage (Differential) 
Current from Vz 
Current from V REF 

50V 
40V 
40V 
7.5V 

5V 
25mA 
15mA 

800mW 
900mW 
660mW 

Internal Power DissIpation Metal Can {Note 1) 
Cavity DIP (Note 11 
Molded DIP (Note 11 

Operating Temperature Range LM723 
LM723C 

Storage .Ter;nperaturc Range ~~;al Can 

-5~'C to +125'C 
O'C to +70'C 

-6SoC to +150°C 
-5SoC to +125°C 

Lead Temperature (Soldering, 10 sec) 300'C 

Electrical Characteristics(Note 2) 

PARAMETER CONDITIONS 

Line Regulation V'N = 12V to V'N = 15V 

-55'C ~ TA ~ +125'C 

0'C~TA~+70'C 

VIN ::: 12V to V IN ::: 40V 

Load Regulation IL= 1 mAtolL=50mA 

-55'C~TA~+125'C 

0'C~TA~=+70'C 

LM723 LM723C 

MIN TYP MAX MIN TYP 

.01 0.1 .01 

. 0.3 

.02 0.2 0.1 

.03 0.15 .03 

0.6 

Ripple Rejection f = 50 Hz to 10 kHz, CAEF = 0 74 74 
, f = 50 Hz to 10 kHz, CAEF = 5~F 86 86 

Average Temperature _55°C ~ TA ~ +125'C .002 .015 
Coefficient of Output Voltage O°C5;TA ,::;:+70°C .003 

Short Circuit Current Limit Rsc = lOn, VOUT = 0 65 65 

Reference Voltage 6.95 7.15 7.35 6.80 7.15 

Output Noise Voltage BW = 100 Hz to 10 kHz, CA,F =.0 20 20 

BW= 100Hzto 10kHz,CAEF = 5~F 2.5 

Long Term Stability 0.1 

Standby Current Drain IL =O,V'N;30V 1.3 3.5 

Input Voltage Range 9.5 40 9.5 

Output Voltage Range 2.0 37 2.0 

Input-Output Voltage Differential 3.0 . 38 3.0 

Note 1: See derating curves for maximum power rating above 2SoC. 
Note 2: Unless otherwise specified, TA = 25°C, VIN = V+ = Vc = 12V, V- = 0, VOUT = 5V, 
IL = 1 mA, RSC = 0, Cl = 100 pF, CREF = 0 and divider impedance as seen by error amplifier 
< 10 kn connected as shown in Figure 1_ Line and load regulation specifications are given for the 
condition ,of constant chip temPerature. Temperature drifts must be taken into account separately 
for high ~issipation conditions. 

Note 3: L1 is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-387 pot core 
or equivalent with 0.009 in. air gap. 

Note 4: Figures in parentheses may be used if A1/R2 divider is placed on opposite input of error amp. 

Note 5: Replace R1/R2 in figures with divider shown in Figure 13. 

Note 6: v+ must be connected to a +3V or greater supply. 

Note 7: For metal can applications where Vz is required, an external 6_2 volt zener diode should be 
connected in series with VOUT-

1·111 

2.5 

0.1 

1.3 

UNITS 
MAX 

0.1 %VOUT 

%VOUT 

0.3 % VOUT 

0.5 %VOUT 

0.2 %VOUT 

%V OUT 

0.6 %V OUT 

dB 

dB 

%fC 

.015 %t'C 

mA 

7.50 V 

pVrms 

pVrms 

%/1000 hrs 

4.0 mA 

40 V 

37 V 

38 V 



Maximum Power Ratings 
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Typical Performance Characteristics 
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Load &' Line Regulation vs 
Input-Output Voltage' 

, Differential 

0.3 
VouT -+5V 
Rsc =0 

0.2 TA=+25°C 
D.V"+3V 

0.1 
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Output Impedance vs 
Frequency 

VouT =+5V 
V1N '"+12V 
Rsc=O 

CL =0 

TA =25°C ..lI!I 
IL =50mA 

C..: ·'1,.,.F 
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TABLE I RESISTOR VALUES (k!l) FOR STANDARD OUTPUT VOLTAGE 

POSITIVE APPLICABLE 
OUTPUT VOLTAGE FIGURES 

FIXED 
OUTPUT 

±5% 

OUTPUT 
ADJUSTABLE 
±10% (Nate 5) 

NEGATIVE 
OUTPUT VOLT AGE 

APPLICABLE 
FIGURES 

FIXED 
OUTPUT 

±5% 

5% OUTPUT 
ADJUSTABLE 

±10% 

+3.0 

+3.6 

+5.0 

+6.0 

(Note 4) 

1.5,6,9, 
12141 

1,5,6.9, 
12141 

1,5,6.9, 
12141 

1,5,6,9. 
12141 

2.4.15.6. 
12.91 

Rl R2 Rl PI R2 

4.12 3.01 1.8 0.5 1.2 +100 

3.57 3.65 1.5 0.5 1.5 +250 

2.15 4.99 .75 0.5 2.2 -6 (Note 6) 

1. 15 6.04 0.5 0.5 2.7 -9 

1.87 715 .75 1.0 2.7 -12 

2,4,/5,6,' 4.87 7.152.0 1.0 3.0 -15 
9.121 

2,4,(5,6, 7.87 7.15 3.3 1.0 3.0 -28 
9,121 

+28 2,4,(5,6, 21.0 7.15 5.6 1.0 2.0 -45 
9.121 

7 3.57 48.7 2.2 10 39 -100 

7 • 3.57 78.7 2.2 10 68 -250 

TABLE II FORMULAE FDR INTERMEDIATE OUTPUT VOLTAGES 

Outputs from +2 to +7 volts 

[Figures " 5, 6, 9,12. (4)} 

VOUT~ (VAEFX Rl~R21 
Outputs from +7 to +37 volts 

[Figures 2; 4. (5,6.9, 12)] 

Rt + R2 
VOUT == [V AEF X R'21 

Typical Applications 

Outputs from +4 to +250 volts 
[Figure 71 

VOUT = [V~EF X A2;, Rll. R3 '" R4 

Outputs from -6 to -250 volts 
[Figures 3, 8, tOJ 

VOUT==[V;EF X Rl;,R21,R3~R4 

RUUL ... nn 
OUTPUT 

TYPICAL PERFORMANCE 

Rl' R2 Rl P1 R2 

3.57 102 2.2 10 91 

3.57 255 2.2 10 240 

3.1101 3.57 2.43 1.2 0.5 .75 

3,10 

3,10 

3.10 

3,10 

3.48 5.36 1.2 0.5 2.0 

3.57 8.45 1.2 0.5 3.3 

3.65 11.5 1.2 0.5 4.3 

3.57 24.3 1.2 0.5 10 

3.57 41.2 2.2 10 33 

357 97.6 2.2 10 

3.57 249 2.2 10 

Current Limiting 

'L.lMIT = '~~S~SE 

Foldback Current. Limiting 

91 

240 

_I VOUT R3 VSENSE (R3 + R4)) 
IKNEE - Rsc A4 + Rsc A4 

'SHORTCKT"'[ V~SNCSE X A3:4 R4 1 

IUGUL"'lED 
GUTPUT 

" '-'I :::.~ 
IOO,F R2 

':' ':' 

TYPICAL PERfORMANCE 

, Nota: R3 = ~'+ Ri2 far mmimum temperature drift. RegulltadOutputVoItage 
Lint RlgulatiOR (ll.VIN .. 3V) 
Load ReFlation (ll.IL = 50 rnA) 

5V 
O.5mV 
1.5mV 

Note: R3 '" R~l+ ni2 for mimmum temperature drift. Regulated Output Volbge 
liDe R.gu .. tiDn (ll.VII,,"'3V) 

15V 
1.5mV 
4.5mV 

FIGURE 1. Basic Low Voltage Regulator 
(VOUT =.2 to 7 :Volts) 

. wi'" ~ "') I," .... 
~ " -f-'." ,_. 

v, ~~Q91 

t::~~~ tlr-

TYPICAL PERFORMANCE 
Regulated Output Voilige ~15V 

line Regulation !ll.VIN '" 3V) 1 mV 
laid RBguJltion (ll,IL '" 100 rnA) 2 mV 

FIGURE 3. Negative Voltage Regulator 

83 may be elimmated for minimum component count. Laid RquJation (OiL'" 50 rnA) 
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FIGURE 2. Basic High Voltage Regulator 
(VOUT = 7 to 37 Volts) 

'"-- .. '''~ 
L'lC"~r---r:::,".:!P ~" RI 

SIIhf 

~ 

TYPICAL PERfORMANCE 

Regulated Output Voltqe +15V 
line Regulation (ll.V1N '" 3V) 1.5 mV 
Load RegulatIDn'(6IL :;1A) 15mV 

FIGURE 4. Positive Voltage Regulator 
(External NPN PI\SS Transistor) 



Typical Applications (Continued) 

'. 

TYPICAL PERFORMANCE 
RI .. llttd Output Val1I11 +5V 
Line Regalatiott f6V1N " 3V) 0.5 mV 
Load R .... latian (t,IL .. 1AI 5 mV 

FIGURE 5. Positive Voltage Regulator 
IExternal PNP Pa .. Transistor) 

TYPICAL PEAF~RMANCE 
AlIII"-' Output Voltap +5DY 
lilli Rlllliatiott 16V1N • 20Y) 15 DaV 
I.oIIIRI .. IllUmWL"SD~) 20 mY 

FI GU R E 7. P~.itive F.loating Regulator 

':' TYPICAL PERFORMANCE 
...... IItadOlltpUtV.... +iV 
Line RqulatiDn (AVIN" 3OV) ,. mY 
LOId Rel\llatioa (All" 2A) II mY 

FIGURE 9. Positive Switching Regulator 

'" 

TYPICAL PERfORMANCE 
Noll: turftnt limit tnlllistor ny III RquItttd Output Vol.... +IV 

IISI. torsbutdawn ifcufftflt LiDe Rellllatloa{6V1N .. 3y) o.s mY 
linahiq;' not....,..il'llll. Leu AttuIlIiollltJL .. 511 mAl 1.& mY 

FIGURE 11. Remote Shutdown Regulator with 
Current Limiting 

TYPICAL PERFORMANCE 
Replm. Output VoI1agt +5V 
LiaeAqufltial(6V1N -3V, UmV 
Lead Rlgulatilm (AIL .. 18 mAl 1 mY 
Short Circuit Current 20 IRA , 

FIGURE 6. Foldba.k Current Limiting 

' .. 

'. 

OIIZIr 
unUl •. t---..... -{. 

tMIU 
LMlHC 

TYPICAL PERFORMANCE 
R .... IlttdOutputVoitIgI -1D1V 
Line RIgWttian caVIN· 20Y) 3D mV 
LaM Algulltian (AIL -188 mA) 2D.V 

FIGURE"S. Negative Floating Regulator 

N .M 

TYPICAL PERFORMANCE 
Re..-O .... tV~.... -IS. 
Lin. Altal.tllm t6VIN· 20Y) l'mV 
LDlllftatuJJtionCbIL-2A) ,lmV 

r~" 

FIGURE 10. Negative Switching Regulator 

TYPICAL PERfORMANCE 
Ragulllld Output VoItI .. ' +SV 
lilli Rqulltioa (.WIN • lOY) D.5 mY 
Lotd~OR(.o.IL-llOmAJ l.illY 

FIGURE 12. Shunt Regulator 
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FIGURE 13. Output Voltage 
Adjust ISee Note 5) 



~National Voltage Regulators 
~ Semiconductor 
LM1524/LlVi2524/LM3524 
Regulating Pulse Width Modulator 
General Description 
The LM1524 series of regulating pulse width modulators 
contains all of the control circuitry necessary to imple­
ment switching regulators of either polarity, transformer 
coupled DC to DC converters, transformerless polarity 
converters and voltage doublers, as well as other power 
control applications_ This device includes a 5V voltage 
regLilator capable of supplying up to 50 rnA 'to external 
circuitry, a control amplifier, an oscillator, a pulse width 
modulator, a phase splitting flip-flop, dual alternating 
output switch' transistors, and current limiting and shut­
down circuitry. Both the regulator,output transistor and 
each output switch are internally current limited and, to 
limit junction temperature, an internal thermal shut­
down circuit is employed. The LM 1524 is rated for 
operation from -55°C to +125°C and is packaged in 
a hermetic 16-lead DIP (J). The LM2524 and LM3524 
are rated for' operation from O°C to +70°C and are' 

Block and Connection Diagrams 

..... 

packaged in either a hermetic 16-lead DIP (J) or a 
16-lead molded DIP (N). 

Features 
• Complete PWM power control circuitry. 

• Frequency adjustable to greater than 100 kHz 

• 2% frequency stability with temperature 

• Total quiescent current less than 10 rnA 

• Dual alternating output switches for both push-pull 
or single-ended applications 

• Current limit amplifier provides external component 
protection 

• On-chip protection against excessive junction temper­
ature and output current 

• 5V, 50 rnA linear regulator output available to user 

15 

V,N 0--------------t----1 " 1---1---O VAEF 

,5V 

INVINPUT 

NIINPUT 

, 
COMPENSATION 0------+----1 

'vVV'v 
CTo---~~~~_~ 

AT 0----------1 
• 

GND~ 

Dual-In-Line Package 

If .IV INPUT 

NIINPUT 

DSCOUTPUT 

+CLSENSE 

-CLSENSE 

AT 

CT 

16 VREF 

15 
V,N 

14 EMITTERB 

13 COLLECTOR B 

" COLLECTOR A 

11 EMITTE'RA 

10 SHUTDOWN 

5V 

5V 

GND 9 COMPENSATION' 

TDPVIEW 

1-4 ____________ --63 ~~~I.!"i:TDR 
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Order Number LM1524J, LM2524J 
or LM3524J 

See N S Package J 16A 

Order Number LM2524N 
,or LM3524N 

See NS Package N16A 



Absolute Maximum, Ratings 
Input Voltage 40V Maximum Junction Temp'erature ' 

Reference Voltage, Forced 6V (J Package) 150°C 

Reference Output Currjlnt 50mA (N Package) 125°C. 

Output Current (Each Output) 100mA Storage Temperature Range :-65°C to +150°C 

Oscillator Charging Current (Pin 6 or 7) 5mA Lead Temperature (Soldering, 10 seconds) 300°C 
Internal Power Dissipation (Note 1) lW 
Operating Temperature Ranget 

, LM1524 -55°C to +125°C 

LM2524/LM3524 O°C to +70°C 

Electrical Characteristics 
Unless otherwise stated, these specifications apply for'TA = -55°C to +12SoC for ,the LM1524 and oOe to +70°C for the 
LM2524 and LM3524, VIN = 20V, and f';' 20 kHz. Typical values other ,than'temperature coefficients, are at TA = 25°C. 

, LM15241 
LM3524 

PARAMETER CONDITIONS LM2524 UNITS 
MIN TYP MAX 'MIN TYP MAX' 

Reference Section 

Output Voltage '4.B 5.0 S,2 4.6 5.0 5.4 V 
Line Regulation VIN = B-49v 10 20 '10 30 mV 

Load Regulation IL = 0-20 mA ,20 50 20 50 mV 
Ripple Rejection f= 120Hz, TA=2SoC 66 66 dB 

Short-Circuit Output Current YREF = 0; T A = 25°C 100 100 inA 

Temperature Stability Over Operating Temperature Range 0,3 1 I 0.3 1 % 

Long Term Stability TJl.~25°C 20 20 mV/khr 

Oscillator Section 

c,:. = 0.001 {IF, RT = 2 kn 350 350 " kHz Maximum Frequency 

Initial Accuracy RT and CT'constant S S % 

Frequency Change with Voltage VIN = 8~OV, TA '" 25°,C 1 1 % 

Frequency Change with Tef!1perature Over Oper~ting Temperature Range '2 " 2 % 

Output Amplitude (Pin 31 ' TA=25°C 3,5 3.5 V 
Output Pulse Width (Pin 31 CT = 0.01 flF, TA = 2SoC , 0.5 0.5 'flS 

Error Amplifier Section 

Input Offset Voltage VCM = 2.5V 0,5 5 2 10 mV .. ' .. 
Input Bias Current VCM = 2.5V 2 10, 2 10 flA 
Open Loop Voltage Gain .. 72 80 60 80 dB 
Common·Mode Input Voltage Range TA = 25°C 1.8 3.4 1.8 3.4 V 
Common-Mode Rejection Ratio , TA=2SoC 70 70 dB 
Small Signal Bandwidth AV = OdB, TA = 25"c 3 3 MHz 
Output,Voltage Swing T'';' = :l5°C 0.5 3.8 0.5 3.8 V 

Comparator Section 

Maximum Duty Cycle % Eac" Output ON 45, 45 % 
Input Threshold (Pin 91 Zero,DutY Cycle .. ,. 

1 V 
Input Threshold (Pin 91 Maximum DUty Cycle 3.5 3.5 V 
Input Bias Current. -I' -1 {lA 

, Current Limiting Section 

Sense Voltage V(Pin21-V(Pin 11~50mV, 190 200 210 180 200 220 mV 
Pin9='2V,TA=25°C 

Sense Voltage T.C. 
/ 

0.2 0.2 mVfC 
Cor:nmon·Mode Voltage -{J.7 1 - 0.7 1 V 

Output Section (Each Outputl 

Coliector·Emitter Voltage 40 40 V 
Collector Leakage Current VCE = 40V 0,1 SO 0.1 50 {lA, 
Saturation Voltage IC= 50 mA 1 2 1 2 V 
Emitter Output Voltage VIN = 20V, IE = -250flA 17 18 17 18 V 
Rise Time (10% to 90%1 RC = 2 k!l, T A = 25°C 0.2 0.2 flS, 
Fall Time (90% to 10%1 RC= 2 k!l, TA = 25°C 0,1 0.1 flS 

Total Standby Cu rrent VIN = 40V, Pins 1,4,7,8,11 5 10 S 10 mA 
and 14 are grounded, Pin 2 = 2V, 

All Other Inputs and Outputs Open 

Note 1: For operation at elevated temperatures, devices in the J package must be derated besed on a thermal resistance of 10000CIW, junction 
to ambient, and devices in the N package must be derated based on a thermal resistance of 150· CIW junction to ambien't. 
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Typical Performance Characteristics 
Maximum and Minimum 

Maximum Average Power Maximum Average Power Duty Cycle Threshold" 
Dissipation (J Package) Dissipation (N Package) Voltage 

10 10 3.B 
0JA =100°CiW 0JA = 150°CiW .. 

2: MAXIMUM DUTY CYCLE 

~ ~ 
~ 3.6 

z z i--'" 0= ~ '" 3.4 

~ ~ 
~ ~ w 32 

ili '" VIN = B-40V ili .. 
is 1.0 1.0 !:; RT=6k 

'" is 0= Cr= D.01IJ.F 

~ '" > 

~ 
0= 1.2 
~ MINIMUM DUTY CYCLE 0= 

I 
~ 1.0 .e I "1"""'"H-L . .e '" i= O.B 

0.1 0.1 0.4 
-15 -50 -25 0 25 50 15 100 125 0 15 30 45 60 15 -:15 -50 -25 0 25 50 15 100 125 

TA - AMBIENT TEMPERATURE (OCI TA - AMBIENT TEMPERATURE (OCI TA - AMBIENT TEMPERATURE (OCI 

Reference and Switching 
Output Transistor Satu ration Output Transistor Emitter Transistor Peak Output 
Voltage Voltage Current 

2.5 19.0 125 
2: VIN = 20.0V 
w 2: .. r-... '" 2.0 100 .. 

IJUT =150 m~ ...... ~ 
.s I' !:; 

~ '" lB.6 I-' I'"'" r-ri·25 jr 
r-t/ 

... ....... 0= .. 1il r-.... > 1.5 !:; 

~ 
15 

~. V 0= ....... i.--" > / , ;: ..... - ffi 
~ 1.0 ... lB.2 

ktJoml 

S 50 r--.... 
!:: 

~ ~ i1i J-p-I 0.5 C-r- lOUT' 10 mA - I i I I I 25 VIN = B-40V ... w E 
~ 

> I1.B REFERENCE OUTPUT, .1.Vo '" 100 mV 
SWITCHING OUTPqT. VCE ~2.5V 

0 0 
-15 -50 -25. 0 25 50 15 100 125 -15 -50 -25 0 25 50 15 100 125 -15 -50 -25 0 ·25 50 15 100 125 

TA - AMBIENT TEMPERATURE (OCI T A - AMBIENT TEMPERATURE (OCI TA - AMBIENT TEMPERATURE (OCI 

Current Limit Sense Voltage. 
Standby Current .. Standby Current (VPin 4 - VPin 5) 

5.0 5.0 220 
TA = 25°C - (VpIN 2 -VPIN 11~50 mV .. lOUT REF" 0 mA .. l- S VplN 9 = 2.0V ./ -.s oS 4.6 , .s . 210 ... ... " ~ 1il '" / '" 4.2 

....... .. 
200 '" .. ~ ~ i:l ." ...... ,/ 4.0 

i:; i:;' > V 0= ~ 3.B ~ 190 z z .. .. VIN '20V - ~ . In In lOUT REF'" 0 rnA I 
I I 3.4 ~IN2=2V - " 180 
~ .!!.' > PINS1,4,1, B,II AND 14- OV -

PINS 3,5,6,9,10,12, 13' OPEN 
3.0 3.0 110 

5 10 15 20 25 30 35 40' -15 -50 -25 0 25 50 15 100 125 715 -50 -25 0 25 50 15 100 125 

VIN -INPUT VOLTAGE (VI TA - AMBIENT TEMPERATURE (OCI TA - AMBIENT TEMPERATURE (OCI 
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Test Circuit 

2k 2k 
IW IW 

CB 
13 

~ 
-

VIN 
, 

CA 
12 

} OUTPUTS 

O.! OSC OUT LM15241LM25241LM3524 
EB .!!.. 

~ VAEF 
NI INV SHUT +CL 

INPUT' INPUT COMP DOWN SENSE 

2 I 

2k 

D.I"F=~ ~ IDk 

2k 

• 
GNO 

Functional Description 
INrERNALVOL TAGE REGULATOR 

9 10 

~ 2k 

~ 
10k 

LI~' ~ 

The LM3524 has on chip a 5V, 50 mA, short circuit 
protected voltage regulator. This voltage regulator 
provides a· supply for all internal circuitry of the device 
and can be used as an external reference. 

For input voltages of less than 8V the 5V output should 
be shorted to pin 15, VIN, which disables the 5V regu; 
lator. With these pins shorted the input voltage must 
be limited to a maximum of 6V. If input voltages of 
6-8V are to be used, a pre-regulator, as shown in 
Figure 1, must be added. 

* Minimum Co of 10 ",F required for Stability. 

. FIGURE 1 

OSCILLATOR 

The LM3524 provides a stable on-board oscillator. Its 
frequency is' set by an external resistor, RT and capac­
itor, CT. A graph of RT, CT vs oscillator frequency is 
shown in Figure 2. The oscillator's output provides' the 
signals for triggering an internal flip-flop, which directs 
the PWM information to the outputs, and a blanking 
pulse to turn off both outputs during transitions to 
ensure that crdss conduction does not occur. The width . 
of the blanking pulse, or dead time, is controlled by th\l 
value of CT, as shown in Figure 3: The recommended 

4 
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.!.!..., -CL EA 
SENSE AT CT' GNO 

5 6 7 8 

AT 

:.;:: CT 

values of RT are 1.8 kn to 100 kn, and for CT, 
O.OO1IJ,F to O.lIJ,F. 

~ 
II: 

§ 
II: 

'" z 
:IE ;: 
I 

Ii 

]; ... 
:E' 
;:: 

lDD.~ CT = 0.001 ",f 

50 
HCT·0.002",F , 

4 

CT = 0.005 ",F 

5 10 20 60 100200 600 lk . 

OSCILLATOR PERIOD (ps) 

FIGURE 2 

VCC=2DV 
.TA=25·C 

~ .1 
~ .... 

... 
co ... 
=> 
; DA 
co 

0.1 
0.001 0.004 0.01 D.D4 0.1 

CT(PF) 

FIGURE 3 



Functional Description (Continued) 

ERROR AMPLIFIER 

The error amplifier is a differential input, transcon­
ductance amplifier. Its gain, nominally BO dB, is set by 
either feedback or output loading. This output loading 
can be done with either purely resistive or a combination 
of resistive and reactive components. A graph of the 
amplifier's gain vs output load resistance is shown in 
Figure 4. 

The output of the amplifier, or input to the pulse width 
modulator, can be overridden easily as its output 
impedance is very high (Zo :::: 5 M.Q). For this reason 
a DC voltage can be applied to pin 9 which will override 
the error amplifier and force a particular duty cycle to 
the outputs. An example of this could be a non-regu­
lating motor speed control where a variable voltage was 
applied to pin 9 to control motor speed. A graph of the 
output duty cycle vs the voltage on pin 9 is shown in 
Figure 5. 

The amplifier's inputs have a common-mode input range 
of I.BV-3.4V. The on board regulator is useful for 
biasing the inputs to within this range. 

80 

~ 60 z 
;;: 

RL =00 

RL = 1M "I\. 
AL = jOOk " 
AL = lOOk ""'" '" w 40 '" 
AL = jOk ""I\. 

« ..... 
....I 
0 
> ~20 

~ 

\. 
\ 

AL = RESISTANCE FROM PIN 9 ~ TO GNO 

10 100 lk 10k lOOk 1M 10M 

FREQUENCY (Hz) 

FIGURE 4 

CURRENT LIMITING 

The function of the current limit amplifier IS to over­
ride the error amplifier's output and take control of the 
pulse width. The output duty cycle drops to about 
25% when a current limit sense voltage of 200 mV is 
applied between· the +CL and -CL terminals. Increasing 
the sense voltage approximately 5% results in a 0% 
output duty cycle. Care should be taken to ensure the 
-0.7V to' +1.0V input common-mode range is not 
exceeded. 

OUTPUT STAGES 

The outputs of the LM3524 a~e NPN transistors, ca­
pable of a maximum current of 100 mAo These tran­
sistors are driven lBO° out of phase and have non­
committed open collectors and emitters as shown in 

. Figure 6. 
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w 30 ....I 
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VOLTAGE ON PIN 9 (V) 

FIGURE 5 
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FIGURE 6 
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Typical Applications 

-. 
5k 

~5k 

GNO 
,.. 

:: 5k 

5k 
• 

:~ RT 

GNO 

RF 

r--" 

INV VR - ) 

~ NI VIN -. 
~5k 

0- OSC EB - r 
~ +CL CB 

LM3524 .... -CL CA 

RT EA 

CT . "SO -0 .... GNO COMP ....., 
~ . 

RT = =CT 
:~ 5Dk 
~ 

o.oDl 1lFT 

Ll 

01 
..... J 
"':""1 

, 

_iL 
_r- C 

V" o 

GNO 

I;)ESIGN EQUATIONS 

'RF = 5k(VO -1\ 
2.5 ~ 

fOSC::: FiTCT 

FIGURE 7. Positive Regulator, Step-Up Basic Configurati~n (IIN(MAX) =.80 m~) 
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FIGURE 8. Positive Regulator, Step-Up Boosted 'Current Configuration 
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Typical Applications (Continued) 

RETURN 

!> 
,~ 5k 

5k 
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,~ 5k • 
~ 
~5k 

.AA 
"". 

INV VR J 
NI .. VIN .' 

:~ 5k 
0- OSC Ea -

TOC;: 

+CL 
LM3524 

Ca 

-CL CA 

RT EA 

CT SO -0 

- GNO COMP -
_ ...... 
_r- CT , '= 50k 

o.ool~F-1-

·T 
RCL 

+ 

L1 

. ...... :v 

-~Ot 
-±.. 

j 
__ Co 

~ 

+ 
TO +CL PIN 

DESIGN EQUATIONS 

RF =5 kn(VO_l\ 
2.5 'J 

RCL 

CURRENT LIMIT 
SENSE VOLT 

10(MAX) 

Ll =2.5Vo (VIN-Vo) 
10 VIN IOSC 

GNO VIN 
10(MAX) = liN V;; 

FIGURE 9. Positive Reg~lator, Step-Down Basic Configuration (lIN(MAX) = 80 rnA) 
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FIGURE 10. Positive Regulator, Step-Down Boosted Current Configuration 
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~ 
~ Typical Applications (Continued) 
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:E 
..J 

~ VIN 

U) 
C\I 
:E 
..J 
.;p 
~ 
51 
..J 

GND 
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. ~ ~ 5k 5k 
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NI VIN : R2 5k c>- OSC Es ? , 

··1· 
fOSC:::--

. 'RTcr 

L1 _ 2:5VIN Vo 

fOSC (\ttl + VIN) 10 

LM3524 
.. :·loVo 

~ +CL Cs 

~ 
.. ~ . iiI -CL CA 

Co ~ I>Vo fOSC (Vo + VIN) 
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". 

EA 
..... ...... 
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> .. . ~ --RT 
=~CT ~ 

~'50k .. L1 _ +"c • 
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FIGURE 11. Boosted Current Polarity Inverter 

BASIC SWITCHING REGULATOR· THEORY AND 
APPLICATIONS 

The basic circuit of a step'down switching regulator 
circuit is shown· in Figure 12, along with a practical 
circuit design using the LM3524· in Figure 15. 

The circuit works as follows: 01 is used as a switch, 
which has ON and OFF times controlled by the pulse 
width modulator. vilhen 01 is ON, power is drawn from 
V I N and supplied to the load through L1; V A is at 
approximately VIN, D·l is reverse biased, and Co is 

VSAT 

VQ {. ·01 

charging. When Ql turns OFF the inductor L 1 will 
force V A negative to keep the current flowing in it, 
Dl will start conducting and the load current will flow 
through D 1- and L 1. The voltage at V A is smoothed by 
the L1, Co filter giving a clean DC output. The current 
flowing through L 1 is equal to the. nominal DC load 
current plus some Ll.1 L which is due to the changing 
voltage across it. A ·good 'rule of thumb is to" set 
Ll.1 Lp.p :::: 40% . 10 , 

.1. 

FIGURE 12. Basic Step-Down Switching Regulator 
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Typical Applications (Continued) 

di VLT 
From the relation VL = L- • AIL ~--

dt L 1 

AIL+=(VIN-Vo)tON AIL-=VotOFF 

L1 L1 

Neglecting VSAT. VO. and settling AIL + = AIL';'; 

Vo ~ VIN ( tON ) = VIN(tOT
N); 

\tOFF + tON 

where T = Total Period 

The above shows the relation between VIN., Vo and 
duty cycle. 

IIN(OC)'= IOUT(OC) ( tON ). 
tON + tOFF 

as 01 only conducts during tON. 

PIN = IIN(OC)VIN = (io(OC) VIN , ~ tON ) 
tON + tOFF 

The efficiency. 1/. of the circuit is: 

Po 10Vo 
1/MAX=--= 

PIN 10(tON)VIN+(VSAT tON +VOltOFF) 10 

T T 

~o 
= -- for VSAT = VOl = lV. 

Vo + 1 

1/MAX will be further decreased due to switching losses 
in 01. For this reason 01 should be selected to have 
the maximum possible fT. which implies very fast rise 
and' fall times. 

CALCULATING INDUCTOR Ll 

(AIL+)· Ll (AIL-) • L1 
tON ~ • tOFF = 

(VIN -Vol Vo 

(AIL+) • 'L1 (AIL-)· L1 
tON + tOFF = T = + -----

,(VIN-Vo) Vo 

O.4loL 1 O.410L 1 
.,------'--,-+---
(VIN-Vo) Vo 

Since AIL + = AIL - = 0.41 0 

VA 
ICOLLECTOR 

OF PNP) 

FIGURE 14 
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Solving the above for L 1 

where, L 1 is in Henrys 
f is switching frequency in Hz 

CALCULATING OUTPUT FILTER CAP~CITOR Co: 

Figure 14 shows L l's current with respect to 01's 
tON and tOFF times. This current must flow to the 
load and Co. Co's current will then be the difference 
between I L. and 10. 

From Figure 14 it can be seen that current will be 
flowing into Co for the second half of tON through the 
first half of tOFF. or a time. tON/2 + tOFF/2. The 
curren~ flowing for this time is AI L/4: The resulting 
AVc or AVo is described by: 

AVOp_p=2-.~ .(tON+ tOFF'\ 
C 4 2 2 7 

= AIL (tON + tOFF) 
4C 2 

VolT-tON) , 
Since AI L = L1 and 

or 

where: C is in farads. Tis 
switching frequency 

AV.o is p.p output ripple 

The inductor's current cannot be allowed, to fall to 
zero, as this would cause the indqctor to saturate. For 
this reason some minimum 10 is required as shown 
below: 

(VIN - Vol tON 
10(MIN) = 2L1 



Typical Applications (Continued) 

A complete step·down switching regulator schematic, 
using the LM3524, is illustra~ed in Figure 15. Transis· 
tors 01 and 02 have been added to boost the output 
to 1 A. The 5V regulator of the LM3524 has been 
divided in half to bias the error amplifier's non·inverting 
input to within its common·mode range. Since each 
output transistor is on for half the period, actually 
45%, they have been paralleled to allow longer possible 
duty cycles, up to 90%. This makes a lower possible 
input voltage. The output voltage is set by: 

VIN 
>BV 

C4-±' 
lOp F--

RETURN 

1~ J o
.1

PF 

R4 
5k 

R2 
5k 

R6 
6.5k 

R5 
6k 

VREF 

NI 

INV 

Rr 

Cl 

0'j1r 
Cr 

1.1 

!~COMP 
C2 

o.olpF-.-

Rl 
30k 

-

where VNI is the voltage at the error amplifier's non· 
inverting input. 

Resistor R3 sets the current limit to: 

200mV 200mV 
---=;--- = 1.3A. 

R3 '0.15 

Figure 16 and 17 show a PC board layout and stuffing 
diagram for the 5V, lA (egulator of Figure 15. The 
regulator's performance is listed in Table I. 

VIN 

LM3524 

GNO 

Rl 
5k 

01* 

~RlOy 
D2 .... 

R9 

CA ~ 

EA 

CB-

EB 

CL+ ~ 

CL- ~ 

RB 
510 

Ll 
500 pH 
~ ~ V.=5V 

iii I. = lA 
1=20kHz 

-f- C5_ .... 1 
"~1 o.lpF- jI' 

T MRB50 

GNO 
R3 

. 0.15 

C6 
500pF 

* Mounted to Staver Heatsink No. V5-1. 
Ql = B0344, MJE171 

Q2 = 2N5023 

L 1 ::; >40 turns No. 22 wire on Ferroxcube No. K300502 Torroid core. 

FIGURE 15. 5V, 1 Amp Step.Dow~ Switching Regulator 
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Typical Applications (Continued) 
TABLE I 

PARAMETER CONDITIONS 
TYPICAL 

CHARACTERISTICS 

Output Voltage VIN = 10V, 10 = 1A 5V 

Switching Frequency VIN = 10V, 10 = 1A 20 kHz 

Short Circuit VIN = 10V 1.3A 
Current Limit 

Load Regulation VIN = 10V, 3mV 
10 = 0.2-1A 

Line Regulation aVIN = 10-20V, 6mV 
10= 1A 

Efficiency VIN = 10V, 10 = 1A 80% 

Output Ripple VIN = 10V, 10 = 1A 10 mVp·p 

FIGURE 16. 5V, 1 Amp Switching Regulator, Foil Side 

iC31" T 
RETURN 

f~ r h:·: . 
E 

C6 

-1t-
C5 

~H-
VOUT 

GNP 
., .... \ 

. :'~ 

FIGURE 17. Stuffing Diagram, Component Side. 

1·125 



Typical Applications (Continued) 

THE STEP-UP SWITCHING REGULATOR 

Figure 18 shows the basic circuit for a step-up switching 
regulator. In this circuit 01 is used as a switch to alter­
nately apply VIN across inductor L1. During the time, 
tON, 01 is ON and energy is 'drawn from VIN and 
stored in L 1; Dl is reverse biased and 10 is supplied from 
the charge stored in Co. When 01 opens, tOFF, voltage 
Vl will rise positively to the point where Dl turns 

ON. The output current is now supplied through L 1 ,D 1 
to the load and any charge lost from Co during tON is 
replenished. Here also, as in ·the step-down regulator, 

,the current through L1 has a DC' component plus some 
~I L. ~I L is again selected to be approximately 40% 
'of IL. Figure 19 shows the inductor's current in relation 
'to 01's ON and OFF times. 

"--~-II*------~-----e~ovo 

FIGURE 18. Basic Step-Up Switching Regulator 

.<l.IL+ .<l.IL-'-... ~ ~-----r. 
IL(DC)~~ _____ ::::_40_%...l..tL(DC) 

FIGURE 19 
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Typical Applications (Continued) 

and neglecting VSAT and VDl 

( tON) Vo::::VIN 1 +--
tOFF 

The above equation shows the relationship between 
VIN, Vo and duty cycle. 

In calculating input current IIN(DC), which equals the 
inductor's DC current, assume first 100% efficiency: 

( tON) POUT = 10Vo= 10 VIN 1 +-- ' 
tOFF 

for 1'/ = 100%, POUT = PIN 

10 VIN 1 + -- = IIN(DC) VIN ( tON) 
, tOFF 

IIN(DC) = 10 1 +--( tON) 
tOFF 

This equation shows that the input, or inductor, current 
is larger than the output current by the factor (1 + tONI 
tOFF). Since this factor is the same as the relation 
between Vo and VIN, IIN(DC) can also be expressed as: 

IIN(DC) = lo(~\ 
vlNl 

So far it is assumed 1'/ = 100%, where the actual effi· 
ciency or 7lMAX will be somewhat less due to the 
saturation voltage of 01 and forward on voltage of D 1. 
The internal power loss due to these voltages is the 
average I l 'current flowing, or liN, through either 
VSAT or VD1. For VSAT = VDl = lV this power 
loss becomes IIN(DC) (1V).1'/MAX is th~n: 

Po Volo Volo 
1'/MAX=-= = " 

PIN Volo + liN (lV) (tON) 
Volo+lo 1+-­

tOFF 

( tON) From Vo = VIN' 1 +-- , 
tOFF 

VIN 
7lmax =--­

VIN+ 1 

This equation assumes only DC losses, however 7lMAX 
is further decreased because of the switching time of 
01 and Dl. 

In cal,culating the output capacitor Co it can be seen 
that Co supplies 10 during tON. The voltage change on 
Co during this time will be some f:J.Vc = f:J.V o or the 
output ripple of the regulator. Calculation of Co is: 

( T) VIN From Vo = VIN --, ; tOFF =--T 
tOFF Vo 

1 
where T = tON + tOFF = -

• f 

,VI'N (VO-VIN) tON = T - --T = T therefore: 
Vo Vo ' 

. where: Co is in farads, f is the switching frequency, 
f:J. Vo is the POp output ripple 
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Calculation of inductor II is as follows: 

VINtON 
II = ~ , since during tON, 

f:J.ll ' 

VIN is applied across II 

f:J.llp.p = 0.41l = O.411N = O.4lo( Vo \. therefore: 
vlNl 

VINtON . T(Vo - VIN) 
II = and since tON =--=---=-=--

0.410(~) Vo 
VIN 

where :ll is in henrys, f is the switching frequency in Hz 
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Typical Applications (Continued) 

To apply the above theory, a complete step·up switch· 
ing regulator is shown in Figure: 20. Since VIN is 5V, 
VREF is tied to VIN. The input voltage is divided by 
2 to bias the error amplifier's, inverting input. The 
output voltage is: 

The network D1, C1 forms a slow start circuit. 

This holds the output of the error amplifier initially' ' 
low thus reducing the duty·cycle to a minimum. Without 
the slow start circuit 'the inductor 'may saturate at 
turn·on because it has to supply' high' peak currents 
to charge the output capacitor' from OV. It should 

,. ' 

, , 

V'!EF 
V,N 

CA 

A4 
Z.4k 

NI Co 

: 113 Al 
z.4k2.4k 

-.:!:. ..A ,A INV EA F __ 
==O.I~F LM35Z4 

3k 
,AA AT ED 

~r~ CT COMP 
GNO 

also be noted that this circuit has no supply rejection. 
By adding a' reference voltage at the non·inverting 
input to the error amplifier, see Figure 21, the input 
voltage variations are rejected. 

The LM3524 can also be used in inductorless switch ing 
regulators. Figure 22 shows a polarity inverter which 
if connected to Figure 20 provides a -15V unregulated 
output. 

MOTOR SPEED CONTROL 

Figure 23 shows a regulating series DC motor speed 
control circuit using the LM3524 for the control and 
ddve for the motor and the LM2907 as a speed sensor 
for 'the feedback network. 

~ 

AZ 
lZk 

Ll 
300 ~H 

"VVv'- ...... Va = 15V 
@0.5A 

, Zk 
,~ 

~ ~ ';;2' 
~ 240 MA850 

B0345. 

lN914B 
~MJEI81 

..... , 
~ 2N2219 .... , 

-
, Ik 
~ 

+ 
O,'~F=~ =;:: 50 

01 

'~: .... , 
~ 50k 

GNO 

TO'OOI~F 
_d.. Cl 

T5~F 

L 1 = > 25 turns No. 24 wire on Ferroxcube No. K300502 Torroid cor •. 

FIGURE 20. 15V, O.5A Step·Up Switching Regulator 

--'-. 
100 ~F IN914B 

FAOM JUNCTION ~ '-... -MI--1 .... --... -o -15V 
OFL1,02~ r @25mA 

100~F 
... __ -+ TO NON·INVEATING 

INPUT OF LM3~4 

GNO~---t~--~~-~t-()GNO 

FIGURE 21 FIGURE 22 
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VI 
10V 

GND 

~ },::5"F*0.1"F 

4.3k 
...A VREF 

:ftl SPEED 
ADJUST 

NI 

5k 

r- INV 

3k 

RT 

0.02 "F 

Hr- I- CT 

NCO- I- DSC 

NCO- I- SO 

50k 
-A 

10k 

2N4032 
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...AA 
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130 

VIN 
CA 
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CB 

lM3524 EB~ 
MR850 : t-

~ 

Cl+ ~ 

Cl- I--

CDMP 
GND ,. 

~5Ok 

0.001 "F 

T 

, 

10k 

VARIABLE 
1 

~ 
RELUCTANCE 

PICKUP 

MDTO~ ~J. 
yT 11 

-. 

• 10k '. 10k . 
=i=o.l"F 

FIGURE 23. Motor Speed Control 
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LM2930 3-Terminal Positive' Regulator 
General Description 
The . LM2930 3-terminal positive voltage regulator 
features an ability to source 150mA of output current 
with an Input-output differential of 0.6V or less. 
Efficient. use of low Input voltages obtained, for exam­
ple, from an automotive battery during cold crank 
conditions, allows ,5V circuitry to be properly powered 
with supply voltages as low as 5.6V. Familiar regulator 
features such as current limit and thermal overload 
protection are also provided. 
Designed primarily' for automotive applications, the 
LM2930 and all regulated circuitry are protected from 
reverse battery installations or 2 battery' jumps: During 
line transients, such' as a load dump (40V) when the input 
voltage to the regulator can momentarily exceed the 
specified maximum operating voltage, the regulator will 
automatically shut down to protect both internal circuits 
and the load. The' LM2930 'cannot be harmed by tem­
porary mirror-image insertion. . 

Fixed outputs of 5V and 8V are available in the plastic 
TO-202 power package. 

'Schem~tic and Connection Di,agrams 

Order Number 

LM2930-5.0 TB 
LM2930·8.0 TB 

See Package P03E 

Features 
• Input-output differential 'less than O.6V 
• Output currerit in excess of 150mA 
• Reverse battery protection 
• 40V load dump protection 
• Internal short circuit current limit 
• Internal thermal overload protection 
• Mirror-image insertion protection 

Voltage R~nge 
LM2930P-5.0TB'5V 
LM2930P-8.0TB 8V 

/' 

fRO~TVIEW 
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Absolute Maximum Ratings 

Input Voltage 
Operating Range 
Overvoltage Protection 
Reverse Voltage (100 ms) 
Reverse Voltage (DC) 

26V 
40V 

-12V 
-6V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range - 40 'C to + 85 'C 
Maximum Junction Temperature 125 'C 

Storage Temperature Range - 65 'C to + 150 'C 
Lead Temperat~re (Soldering, 10 seconds) 230 'C 

Electrical Characteristics (Note 21 

LM2930P-S.OTB (VIN = 14V, 10= 150mA, Ti =25°C, C2=lOI'F, unless otherwise specifiedl 

Parameter Conditions 

Output Voltage 6V'; Y'N ';.26V. 5mA .; 10 '; 150mA, -40°C'; Ti '; +125°C 

Line Regulation 9V'; V,N '; 16V 10=5mA 
6V'; V,N '; 26V 10=5mA 

Load Regulation 5mA'; 10 '; 150mA 

Output Impedance loomAoc & 10mA rms, 100Hz-10kHz 

Quiescent Current 10=10mA 
10= 150mA 

Output Noise Voltage 10 Hz-loo kHz 

Long Term Stability 

Ripple Rejection fo=120Hz 

Dropout Voltage 10=.I50mA 

Output Voltage Under 
Transient Conditions -12V'; Y'N .; 4OV, RL = lOOQ 

Electrical Characteristics (Note 21 

LM2930P-8.0TB (VIN = 14V, 10= 150mA, Ti =25°C, C2= lOI'F, unless otherwise specified 1 

Parameter Conditions 

Output Voltage 9.4V'; V,N .; 26V, 5mA'; 10 '; 150mA, -40°C'; Tj '; +125°C 

Line Regulation 9.4V'; V,N '; 16V 10=5mA 
9.4V .; Y'N .; 26V 10=5mA 

Load Regulation 5mA'; 10 '; 150mA 

Output Impedance lOOmAoc & 10mA rms, 100Hz-10kHz 

Quiescent Current 10=10mA 
10= 150,mA , 

Output Noise Voltage 10 Hz-loo kH~ 

Long Term Stability 

Ripple Rejection fo =12OHz 

Dropout Voltage lo=l50mA 

Output Voltage Under 
Transient Conditions ~ 12V .; V,N '; 4OV. RL = looQ 

Min Typ Max 

4.5 5 5.5 

7 25 
30 80 

14 50 

200 

.4 7 
30 40 

140 

20 

56 

0.3 0.6 

-0.3 5.5 

Min Typ Max 

7.2 8 8.8 

12 50 
50 100 

25 50 

300 

4 7 
30 40 

170 

30 

52 
0.3 0.6 

-0.3 8.8 

Nota 1: Thermal resistance without a heat sink for junction to case temperature !s 12·c/w and for case to ambient temperatura is 70 ·CIW. 

Units 

V 

mV 
mV 

mV 

'mQ 

mA 
mA 

~Vrms 

mV/l000hr 

dB 

V 

V 

Unita 

V 

mV 
mV 

mV 

mil 

mA 
mA 

~Vrms 

mV/l000hr 

dB' 

V 

V 

N .... 2: All characteristics are measured with a capaCitor across the Input of 0.1 .F and a capacitor across the output of 10 .F. All characteristics except noise 
voltage and rippfe rejection ratiO ara measured using pulse techniques (t,j,sIO ms, duty cycl.s5%~ Output voltage changeS dus to.changes In Internal 
temperature must be taken Into account separately. 
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Typical Performance Characteristics 

Dropout Voltage 

0.6 

~ 
...J 0.5 
<t 
;:: 

"" w 0.4 a: 
w 
u. 
u. 

0.3 C 
l-
=> ... 

0.2 l-

I 
f..---- 10 = 200 rnA 

..".... I 

--f-- :.---7'0 = 150 rnA 

10 = 5~ rnA 

=> 
0 
..:. 
=> 0.1 ... 
='= 

~ I--" I 
~ r- 10=10mA 

I o 
o 50 100 150 

JUNCTION TEMP,ERATURE (OC) 

Low Voltage Behavior 

6.0 
lM2930·5 
10= 150mA 

5.0 

~ / 
w 

'" 4.0 <t 
:; 

V 
/ 

0 
::> 
I- 3.0 / 
=> ... 
l-

/ 
=> 
0 2.0 V 

1.0 1 
2.0 3.0 4.0 5.0 6.0 

INPUT VOLTAGE (V) 

Line Transient Response 

Tj = 25°C ~ t-- VIN - VOUT = 9V 
10=150mA C2=10}.lF 

"' ~ f "\. 
~ 

1\ I 1\ J 
\1 \I 

15 30 45 

1·132 

~ 
...J 
<t 
;:: 

"" w 
a: 
w 
u. 
u. 
C 
l-
=> ... 
I-
=> 
0 
..:. 
=> ... 
='= 

~ 
w· 

'" <t 
I-

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

,~ 4 
::> 
l­
=> ... 
l­
=> 
o 

o 

Dropout Voltage . 

Tj = 25°C 

/ 

..... V 
./ V 

;/ V 
V 

50 100 150 200 

OUTPUT CURRENT (rnA) 

High Voltage Behavior 

lM2930·5 
Rl = loon 

, 

1 
I 
I 
~ 
o 10 20 30 40 

INPUT VOLTAGE (V) 

Load Transient Response 

VIN- VOUT=9V 
C2=10}.lF 

II' .... 
\/ 

o 15 30 45 

TIME (}.ls) 



Typical Performance C~aracteristics (Continued) 
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Quiescent Current 
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I Typical' Performance Characteristics (Continued) 
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Typical Application 

Y,N 
UNREGULATED 

INPUT 
C1* 

O.l~ 

LM29JO 

Y,N VOUT 
GND 

* Required if regulator is locat~d far from power supply filter 

VDUT 
REGULATED' 
OUTPUT • 

+ C2** 

T 10
ll

F 

** C2 must be at least 10,uF to maintain stability. May be increased without bound. Locate as close as 
possible to regulator. 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further 
reduction in input voltage_ Measured when the output 
voltage has dropped 100 mV from the nominal value 
obtained at 14V input, dropout voltage is dependent upon 
load current and junction temperature_ 

Input Voltage: The DC voltage applied to the input ter­
mina,s with respect to ground_ 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate_ 

Line Regulation: The change in output voltage for a' 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is not 
significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

.' 

Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with 
maximum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio'of the peak-to-peak input rip­
ple voltage to the peak-to-peak output ripple voltage. 

Temperature Stability of Vo: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 

Maximum Power Dissipation 

10 
I I I 
I I I 
INFINITE 

I~EATSINK 

r-NO°CIW HEAT SINK '.! 
I l"""t4. r'I.. 

r,t....j. I r-
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LM78XX Series Voltage Regulators 
General Description 
The LM78XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One, of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage, regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM78XX series is available in an aluminum TO·3 
package which will allow over 1.0A load current if 
adequate heat sinking is provided. Current limiting is 
included to limit the peak output current to a safe value. 
Safe area protection for the output transistor is provided 
to limit internal power dissipation. If internal power 
dissipation becomes too high for the heat sinking 
provided, the thermal shutdown circuit takes over 
preventing the IC from overheating. 

Considerable effort was expended to make the LM78XX 
series of regulators easy to use and minimize the number 

Schematic and Connection Diagrams 

of external components. It is not necessary to bypass the, 
output, although this does improve transient respo/,\se.: 
Input bypassing is needed only if the'regulator is located 
far from the filter capacitor of the power supply. 

For applications requiring other voltages, see LMl17 
data sheet. 

Features 
• Output current in excess of 1 A -

• Internal thermal overload protection 

• No external components required 

• Output transistor safe area protection 

• Internal short circuit current limit 

• 'Available in the aluminum TO·3 packag~ 

Voltage Range 
LM7805C, 
LM7812C 
LM7815C 

5V 
12V 
15V 

Metal Can Package 
TO-3IKI 

Aluminum 

,--.... ----.... ----.... -_'"'"O.'OT 

R15 

" 
AI& 
D,' 

,---t---+-........ t-----+----+=-' DUTPUT 

Ri 
3D. 

All 

GND 3 

RIB , .. 
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BOTTOMVI£W 

Order Numbers: 

LM780SCK 
LM7812CK 
LM7815CK 

See' NS Package KC02A 

Plastic Package 
TO·2201TI 

TOPVIEW 

Order Numbers: 

LM7805CT 
LM7812CT 
LM7815CT 

Sao NS Package T03B 



Absolute Maximum Ratings 
Input Voltage (VO = 5V, 12V and 15V) 35V 
Internal Power DIssipation (Note 1) Internally Limited 
Operating Temperature Range (T A) 

O·Cto +70·C 
Maximum Junction Temperature 

(KPackage) 150·C 

(TPackage) 125·C 
Storage Temperature Range -65·Cto+150·C 
Lead Temperature (Soldering, 10 seconds) 

TO-3 Package K 300·C 
TO-220 Package T 230·C 

Electrical Characteristics LM78XXC (Note 2) O·C ~ Tj ~ 125·C unless otherwise noted_ 

OUTPUT VOLTAGE 5V 12V 15V 

INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Ti=25'C,5mA" 10" ·lA 4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 V 

Vo Output Vollage PO" 15W, 5 mA" 10" lA 4.'75 5.25 11.4 12.6 14.25 15.75 V 

VMIN " VIN " VMAX (7" VIN" 20) (14.5" VIN " 27) (17.5" VIN " 30) V 

Tj =25'C 3 50 4 120 4 150 mV 

10 =500 mA 
",VIN (7" VIN" 25) (14.5" VIN " 30) (17.5" VIN " 30) V 

O'C" Ti" +125'C 50 120 150 mV 

"'VO Line Regulation 
",VIN (8" VIN" 20) (15" VIN " 27) (18.5" VIN " 30) V 
Tj - 25'C 50 120 150 mV 
",VIN (7.3" VIN " 20) (14.6" VIN " 27) (17.7" VIN " 30) V 

10" lA 
0'" Ti" +125'C 25 60 75 mV 
",VIN (8" IN" 12) (16" VIN " 22) (20." VIN " 26) V 

Tj = 25'C 5 mA " 10'" 1.5A 10 50 12 120 12 150 mV 
",VO Load Regulation 250 mA " 10" 750 mA 25 60 75 mV 

5 mA" 10" lA, O'C" Tj" +125'C 50 120 150 mV 

IQ Quiescent Current 10" lA 
Ti =25'C 8, 8 8 mA 
O'C" Tj" +125'C 8.5 8.5 8.5 mA 

5mA" 10" lA 0.5 0.5 0.5 mA 

Quiescent Current Tj=25'C, 10" lA 1.0 1.0 1.0 mA 
"'IQ Change VMIN " VIN " VMAX (7.5" VIN " 20) (14.8" VIN " 27) (17.9" VIN " 30) V 

10" 500 mA, O'C" Tj" +125'C 1.0 1.0 1.0 mA 
VMIN" VIN " VMAX (7" VIN" 25) (14.5" VIN " 30) (17.5" 'VIN " 30) V 

VN Output Noise Vollage TA=25'C,10 Hz" I" 100 kHz 40 75 90 ~V 

{ 10" lA, Tj = 25 'C or 62 80 55 72 54 70 dB 
"'VIN 1=120 Hz 10" 500 mA 62 55 54 dB 
'" VOl)T Ripple Rejection - O'C" Tj" +125'C 

VMIN " VIN " VMAX (8" VIN" 18) (15" VIN " 25) (18.5" VIN " 28.5) V 

Dropout Vollage Ti = 25'C, 10UT= lA 2.0 2.0 2.0 V 
Output Resistance 1= 1 kHz 8 18 19 mQ 

RO Short·Circuit Current Ti=25'C 2.1 1.5 1.2 A 
Peak Output Current Tj =25'C 2.4 2.4 2.4 A 
Average TC 01 VOUT O'C" Tj" +125'C, 10=5 mA 0.6 1.5 1.8 mV/'C 

Input Voltage 
VIN Required to Maintain Tj=25'C,.I0" lA 7.3 14.6 17.7 V 

Line Regulation 

Note 1: Thermal resistance of the TO·3 package (K, KC) Is typically 4'CMlIunction to case and 35'CMI case to ambient. Thermal resistance 01 the 
TO-220 package (1) Is typically 4'CMlIunction to cas~ and 5O'CMI case to ambient. 
Note 2: All characteristics are measured with capacitor across the Input 01 0.22 ~F, and a capacitor across the output 01 0.1 ~F. All characteristics ex-
cept nOise voltage and ripple relectlon ratio are measured using pulse techniques (tws10 ms, duty cycle s5%). Output voltage changee due to 
changes In Internal temperature must be taken Into account separately. 
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Typical Performance Characteristics 
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LM78LXX Series 3-Terminal Positive Regulators 

General Description 
The LM78LXX series of three terminal positive regu­
lators is available with several fixed output voltages 
making them useful in a wide range of applications_ 
When used as a zener diode/resistor combination replace­
ment, the LM78LXX usually results in an effective 
output impedance improvement of two orders of magni­
tude, and lower quiescent current_ These regulators can 
provide'local on card regulation, eliminating the distri­
bution problems associated with single point regulation. 
The voltages available allow the LM78LXX to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. . 

The LM78LXX is available in the metal three lead 
TO-39 (H) and the pl'astic TO-92 (2). With adequate 
heat sinking the regulator can deliver 100 mA output 
current. Curre[1t limiting is included to limit the' peak 
output cu'rrent to a safe value_ Safe area protection 
for the output transistor is provided to limit internal 
power dissipation. If internal power dissipation becomes 
too high, for the heat sinking provided, the thermal 
shutdown circuit takes over preventing the IC from 
overheating. 

Connection Diagrams 

Metal Can Package 

BOTTOM VIEW 

Order Numbers: 

LM7BL05ACH LM7BL05CH 
LM78L 12ACH LM7BL 12CH 
LM7BL 15ACH LM7BL 12CH 

See NS Package H03A 
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For applications requiring other voltages, see LMl17 
data sheet. 

Features 
• Output voltage tolerances of ±5% (LM78LXXAC) and' 

±10% (LM78LXXC) over the temperature range 

• Output' current of 100 mA 

• Internal thermal overload protection 

• Output transistor safe area protection 

• Internal short circuit current limit 

• Available in plastic TO-92 and metal TO-39 low 
profil e packages 

Voltage Range 

LM78L05 5V 
LM78L12 12V 
LM78L15 15V 

Plastic,Package 

OUTP~"UT' 

GN?<:-/ 
BonOMVIEW 

Order Numbers: 

LM7BL05ACZ LM7BL05CZ 
LM7BL 12ACZ LM78L 12CZ 
LM7BL 15ACZ LM7BL 15CZ 

See NS Package Z03A 

r :s: 
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Absolute Maximu01 ,Ratings 
'. 

I nput Voltage VO=5V 30V 
" 

VA = 1.2V and 15V 35V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range O°C to +70°C 

Maximum Junction Temperature 1.25°C 

Storage Temperature Range 

Metal Can (H Package) --65°C to +150°C 

Molded TO·92 tz Package) --55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

. L.M78LXXAC Electrical Characteristics (Note 2) 

TJ = O°C to +125°C;IO = 40 mA,CIN = 0.33,uF. Co = O.l,uF (unless noted) 

LM78LXXAC OUTPUT VOLTAGE SV 12V ISV 
INPUT VOLTAGE·(unless otherwise notedl 10V 19V 23V UNITS 

PARAMETER CONOITIONS nillN . TVP MAX MIN TVP MAX MIN TVP MAX 

Vo Output Voltage TJ = 25°e 4.8 5 5.2 11.5 12 12.5 14:4 15 15.6 V 

(Note 41 1 mA~ 10~70mA 4.75 5.25 11.4 12.6 14.25 15.75 ,V 

1 rnA ~ 10 ~40mAand 4.75 5.25 11.4 12.6 14.25 15.75 V 

VMIN < VIN < VMAX (7~VIN$201 114.5 < VIN < 271 IH.5~VIN~301 V 

!lYO line Regulation TJ=25°C. 10 54 20 110 25 140 mV 

(8<VIN<201 (16<VIN<271 (20 < VIN ~ 301 V 
'. 18 75 30 180 37 250 mV 

17~VIN~201 (14.5::; VIN ~ 271 (H.5~VIN~301 'V 

AVO load Regulation TJ= 25°e.l mA~ 10~40mA 5 30 10 50 12 75 mV 

TJ = 25°e. 1 mA~'lo~ 100 rnA 20 60 30 100 . 35 150 mV 

AVO Long Term Stability 12 "24 30 mV/l0CO hrs 

10 Quiescent Current TJ=25°e. 3 5 3 5 3.1 5 rnA 

TJ = 125°C ' 4.7 4.7 4.7 

Ala Quiescent Current 1 rnA < 10 < 40 rnA 0.1 0.1 0.·1 rnA 
Change VMIN::;VIN~VMAX 1.0 1.0 1.0 rnA 

(8~VIN~201 (16 ~ VIN ~ 271 (20::; VIN ~ 301 V 

Vn Output Noise Voltage TJ = 25°e. (Note 31 40 80 90 ,IlV 
. f = 10 Hz - 10 kHz 

AVIN f= 120Hz 47 62 40 54 37 51 dB 

AVOUT 
Ripple 'Rejection 

(8~VIN ~ 161 (15~VIN~251 18.5':::; VIN:::; 28.51 V 

111PUt Voltage TJ=25°~ 7 14.5 17.5 V , 
Required to Maintain 

line Regulation 

Nota 1: Thermal resistance of the Metal Cen Package (HI without. a heat sink is IsoeIW junction to case and 140°CIW junction toam-
bient. Thermal resistanCe of the T0-92 package is 1800 CIW junction to ambient with 0.4" le,ads from,. PC board and 160oC/W Junction 
to ambient with 0.125" lead length to a PC board. 
Nota 2: The maximum steady stat. usable output current and inpui voltage are very dependent on the heat sinking andlor lead length 
of the package. The data above represent pulse test conditions with Junction temperatures as indicated at the initiation of test. 
Nota 3: Recommended minimum load capacitance of O.OIIlF to limit high frequency noise bandwidth. , 
Not. '4: The tamperature coefficient of VOUT is typically withi~ ±0.01 % Vo/oe. 

'. 
" 

, 
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Absolute Maximum Ratings 
Input Voltage VO=5V 30V 

Vo = 12V and 15V 35V 
Internal Power'Dissipation (Note 1) Internally Limited 
Operating Temperature Range O°C to +70°C 
Maximum Junction Temperature 125°C 
Storage Temperature Range 

Metal Can (H Package) , -65°C'to +150°C 
, Molded TO-92 -55°C to +150°C 

Lead Temperature (Soldering. 10 seconds) 300°C 

LM78LXXC Elect~ical Char~cteristics (Note 2) 

TJ = O°C to +125°C,'IO = 40 rnA. CIN = O,33JlF. Co = O.lJlF (l!nless noted) 

LM78LXXC OUTPUT VOLTAGE SV 12V lSV 
INPUT VOLTAGE unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage TJ = 25u C 4.6 S S.4 11.1 1'2 12.9 13.B 1.5 16.2 V 

(Note 4) 1 mA'::: 10 .::: 70 mA or 4.5 5.5 10.B 13.2 13.5 16.5 V, 

1 mA'::: 10 ':::40 mA and t.VIN (7'::: V IN''::: 20) (14.5'::: VIN'::: 27) (18'::: VIN'::: 30) V 

t.VO Line Regulation TJ=25'C 10 150 20 200 25 250 mV 

(8 <VIN < 20) (16 < VIN"< 27) (20 < VIN':::30) V 

18 200 30 250 30 300 mV 

(7'::: VIN'::: 20) (14.5'::: VIN'::: 27) (18':::VIN':::30) V 

t.VO Load Regulation TJ = 25'C. 1 mA'::: 10':::40 mA 5 30 10 50 12 75 mV 

TJ = 25'C. 1 mA'::: 10'::: 100mA 20 60 30 100 
, 

35 150 mV 

t.VO Long Term Stability 12 24 30 mV/l000 hrs 

IQ Quiescent Current TJ = 25'C 3 6 3 6:5 3.1 6.5 mA 

TJ = 125'C 5.5 6 6 

~IQ Quiescent Current TJ,= 25'C. 1 mA< 10<40 mA 0.2 0.2 0.2 mA 

1.5 1.5 1.5 mA 
.. ' 

. Change TJ = 25°C (8,:::VIN'::: 20) (16':::' VIN'::: 27) (20'::: VIN'::: 30) V 

lin Output Noise Voltage TJ = 25'C. (Note 3) 40 80 90 JlV 
!=10Hz-l0kHz 

t.VIN ! = 125 Hz 40 60 36 52 33 49 dB --- Ripple Rejection 
(B':::VIN':::18) (15'::: VIN':::' 25) (18.5':::VIN':::28.5) V ~VOUT 

Input Voltage TJ,= 25°C 7 14.5 18 V 

Required to Maintain . 
Line Regulation -

Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 1SoC/W junction to case and 140°CIW junction to am-
bient. Thermal resistance of the T0-92 package is 1800 CIW junction to ambient with 0.4" leads from a PC board and 160oC/W junction 
to ambient with 0.12S" lead length to a PC board, 
Note 2: The maximum ~teady state usable output current and input voltage are very dependent on the heat sinking and/or lead length 
of the package. The data above represent pu.lse test conditions with junction temperatures as indicated at the initiation of tes,t. 

Note 3: Recommended minimum load capacitance of O.01J.lF to limit high frequency noise bandwidth. 

Note 4: The tempera~ure coefficient of '{OUT is typically' ~ithin ±O.01 % VO/oC. 

-

I 
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Typical Performance Characteristics \ , 
., 

.. 
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. Equivalent Circuit 
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Typical Applications (Continued) 
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LM78MXX Series 3-Terminal Positive Regulators 
General Description 
The LM78MXX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is' 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external compC?nents to obtain adjustable voltages 
and currents. 

The LM78MXX series is available in the plastic TO·202 
. package. This package allows these regulators to deliver 

over O.5A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis· 
tor is provided 'to' limit internal power dissipation. 
If internal power' dissipation becomes too high for the 
heat sinking provided, the thermal shutdown, circuit, 
takes over preventing the IC from overheating. 

Schematic and Connection Diagrams 

Considerable effort was expended to make the LM78MXX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For applications requiring other volta!)es, see LMl17 
. data ,sheet. 

Features 
• Output current in excess of O.5A 

• Internal thermal overload protection 

• No external components required 

• Output transistor safe area protection 

• Interflal short circui~ current limit 

• Available in plastic TO·202. p.ackage 

• Special circuitry allows start·up even, if output is 
pulled to negative voltage (± supplies) 

r-""1 ...... ----.... ------~~----._--"""1""'OVIN 
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130 
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1--~w.,.....+----I___4>-o Vour 
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Plastic' Package 

o 
GND 

INPUT __ _OUTPUT 

LGND 

FRONT VIEW 

Order Numbers: 

LM78M05CP 
LM78M12CP 
LM78M15CP 

See NS Package P03A 

For Tab Bend TO-202 
Order -Numbers: 

LM78MOSCP TB 
LM78M12CP TB 
LM78M1SCP TB 

See NS Package P03E 



-

Ab.solute Maximum Ratings' " .' 

Input Voltag~ 
-

(Va = 5V, 12V and 15V) 35V 
Internal Power Dissipation (Note 1) Ihterrially Limited 
Operating Temperature Range OOeto +70o e 
Maximum Junction Temperature +125°e 
Storage Temperature Range -65°e to +150o e 
Lead Temperature (Soldering, 10 seconds)' " +230~e 

, ' 

Electrical Characteristics. 
fA = oOe to 70o e, 10 = ~OO mA, uniess othervl;{se noted. 

OUTPUT VOLTAGE , 5V 12V 15V 
INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo Output Voltage TJ = 25'C 
.. ' . 

4.8 5 5.2 11.5 12 12.5 14.4 15 15.6 
" 

iI 
PO'::: 7.5W, 5 mf'.'::: 10'::: 500 mA 4.75 5.25 11.4 12.6 14.25 15.75 V 

, and VMIN'::: VIN'::: VMAX (7.5'::: V IN'::: 20) (14.8'::: VIN'::: 27) 118'::: VIN'::: 30) V 

.lVO line Regulation TJ = 25'C, 10 = 100 mA' 50 i 120 150 ',mV 

.".' . T J = 25'C, 10" 500 inA 100 240 300 ,mV 
\ . ., ' 

(17.6 ;'VIN $ 30) (7.2'::: VIN.'::: 25) 114.5''::: VIN'::: 30) V 

;:'VO Load Regulation TJ=25'C,5mA'::: 10'::: 500 mA 100 240 300 mV 

.c.VO Long Term Stability 20 48 '60 mV/l000 hrs 

. 10 Quiescent Current TJ.= 257C. ,4' 10 4: .10 4 19 mA 

. .c.,IO QUIescent Curren.t. TJ = 25'C 0.5 • 0.5 0.5 mA 

Change. 5 mA< 10< 500 mA 

T J = 25'C 1 1 1 mA 

VMIN < VIN < VMAX .. (7.5'::: VIN < 2.5) 114.8 <,VIN < 30) (1S";VIN < 3D)' V 

Vn Output Noise Voltage T J = 25'C, f = 10 Hz - 100 kHz 40 75 90 : /lV 

.c.VIN 
; 

--- Ripple Rejection f=120Hz 78 71 69 dB 
.c.VOUT 

Input Voltage T J = 25'C; 10 = 500 mA ,7.2 14:5 17,6 V 

Required tc? Maintain 

lin~ Regulation 

Nota 1: Thermal resistance without a heat sink for junction to case temperature is 12°ciw for ·the TO:20'2 package~ Thermal resistance for case to 
ambient temperature is 70°C/W·for the TO-202 package.' " 

, 

I 

, 

, 

, 
, 

'" .. 
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Typical Performance Characteristics 

" 
Maximum Average Power 
Dissipation Peak Output Current Ripple Rejection 

30 1.5 100 
20 

T")C 

11111111 

r--- INfiNITE HEAT SINK 1.25 - Vour;;. 5V i so 10 5 
I .. ...... -.. .... 1.0 z 

" 5 ::i l Tj-25"C ........ ~ 
.. 

60 :: 
WITH 15"Cm HEAT SINK ~ F=--- ~ I ~ i: 0.15 -.....:;: is 2 

=~ 
... Tj"50°C .......... 40 

'" => 
~ ~ ~ 0.5 ........ II: 1 1== I .......... 2 ... "' 20 VIN - VOUT = 8 VDC + .5Vlms 

0.5 
025 lOU T=500mA 

Ti" 25"C 
0.3 0 0 

0 15 30 45 60 15 0 5 10 15 20 25 30 10 100 1k 10k lOOk 

AMBIENT TEMPERATURE rCI INPUT·OUTPUT DiffERENTIAL IVI FREOUENCY (Hz) 

-

Output Voltage (Normalized 
Ripple Rejection Dropout Voltage to 1Vat TJ = 25° C) 

90 
2.5 I.J. 1.015 

f= 120Hz :; 
YiN - VOUT' S voc ~ :; 1.010 

+3.5Vrms ~ ?O F;;;!0UT' 500 rnA .. 
~ 

.. - .. 
SO lOUT" 500 rnA " ~ 1.005 

~. Tj' 25°C i ~b.-2J~ ". 
I ...... fi 1.5 - !;; ........ r....... . 

~ 
~ 0.995 ;;; 10 is 

'-.. !;; 1.0 .. 
w I!: -- ~ 0.990 
~ 

II: 
60 PART'VIN => 

~ 0.985 

"' i LM1SM05C.IOV 0.5 

b.VO~T '" 10~ mV 

,. 
LM7SMI2C.19V ~ 0.9BO 
LM7SMI5C.23V 

50 0 0.975 
0 5 • 10 15 20 25 0 25 50 15 100 125 150 0 25 50 l5 100 125 150 

OUTPUT VOLTAGE IVI JUNCTION TEMPERATURE lOCI JUNCTION TEMPERATURE lOCI 

-

Quiescent Current Quiescent Current Output Impedance 

6.0 4.5 10 
vOUT"5V VIN -10V 

" 5.5 IOUT"SmA 

" 
VOUT-5V 

oS lj'" 25'C oS 4.0 ~ S 1.0 
lOUT'" 260mA ./ ... f--+ ... ..... ~ w Tj'25°C 

::i 5.0. z u 
w z 

~ '" I'- ffi '" / 4.5 B 3.5 iii 0.1 

~ ~ 
;....-r- ... 

i-- ::i !;; 
iii 4.0 iii ~ 

3.5 If 3.0 IL 
~ ~ VIN 'IOV .. 0.01 

VOUT-5V 
lour=5mA 

• 3.0 2.5 0.001 
5 10 15 20 25 30 35 0 25 50 75 '100 125 150 10 100 . Ik 10k lOOk 1M 

INPUT VOLTAGE IVI JUNCTION TEMPERATURE lOCI FREOUENCY IHzl 
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~National ' Voltage Regulators 
,~ Semiconductor 
LM79XX Series 3·Te~inal Negative Regulators 
General Description 
The LM79XX series'of 3-terminal regulators is available 
with fixed output voltages of ~5V, -12V, and -15V. 
These devices need only one external component-a 
compensation capacitor at the output. The LM79XX 
series is packaged in the TO-220 power package and is 
capable of supplying 1.5A of output current. 

, drain of these devices with a specified maximum change 
with line and load ensures 'good regulation in the voltage 
boosted mode: 

For applications requiring other voltages, see LM137 
data sheet. 

'These regulators employ internal current limiting safe 
area protection and thermal shutdown for protection 
against virtually all overload conditions. 

Features 
• Thermal, short circuit and safe area protection 

Low ground pin current 'of the LM79XX series allows 
output voltage to be easily boosted above the preset 
value with a resistor divider. The low quiescent current 

• High ripple rejection 
• 1.5A output current 
.' 4% preset output voltage 

Typical Applications 
±15V,1 Amp Tracking Regulators 

.. ~o-.... ---; 
I 
I 
I 
I 
I 

C4**-1..! 
Z~.f-, 

I 
I 
I 

cs .. -L! 
25J.r f -.-

I 
I 

., 
" R2 RJ 

.... ""',.,.,.+<: ~UTPUT TRIM 
TO -1SDV 

+ 

Performance (Typic_II 

(-151 

Load Regulation at aiL = lA 
Output Ripple, CIN = 3000~F, IL = lA 
Temperature Stability 
Output Noise 10 Hz::; f:::; 10 kHz 

40mV 
100~Vrms 

50mV 
150~Vrms 

Vou,.(t}15V .. ' 
10k 
1% 

01 
AS' lN4001 
1Dk 
1% 

COMMON 

02 
lN4001 

VouT(-I1SV 

(+151 
2mV 
100~Vrnis 
50mV 
150~Vrms 

-Resistor tolerance of R4 and AS determine matching of 1+) and (-) outputs 
- -Necessary only if raw supply filter capacitors are more than 3" from regulators 

Fixed Regulator 

... Required if regulator is separated from filter capacitor by more than 3". 
For value given, capacitor must be solid tantalum. 25pF aluminum electro 4 

lytic may be substituted. 

tRequired for stability,. For value given, capacitor must be solid tantalum. 
2SpF aluminum electrolytic may be ·substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100",F, a high current diode from 
input to output (1N4001, etc.) will protect the regulator from momentary 
input shorts. 
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Variable Output 

* Improves transient response and ripple rejection. 

tlNPUT 

-INPUT 

Do not increase beyond 50",F. 

VOUT = VSET (R1
R
+
2 
R2) 

Select R2 as follows 

LM7905CT 300n 
LM7912CT 750n 
LM7915CT lk 

Dual Trimmed Supply 

t-'--.... -,..---.... -o."v 

01 
lN411C11 

O-~----+-------+---~-1~--~_PCOM 

02 
lN40111 

r--.... - ... --4~-... -o -5.GV 



Absolute Maximum Ratings 
I nput Voltage 

(Va = 5V) -35V 

(Va = 12V and 15V) -40V 
Input-Output Differential 

(Va = 5V) 25V 
(Va = 12V and 15V) 30V 

Power Dissipation Internally Limited 
Operating Junction Temperature Range O°C to +125°C 
Storage Temperature Range --{)5°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 230°C 

Electrical Characteristics Conditions unless otherwise noted: lOUT = 500 mA, CIN = 2.2/lF, COUT = l/lF, 

OOC-:;TJ-:; +125°C, Power Dissipation -:; 15W. 

PART NUMBER LM7905C 
OUTPUT VOLTAGE 5V 

UNITS 
INPUT VOLTAGE (unless otherwise specified) -10V 

PARAMETER CONDITIONS MIN TVP MAX 

Vo Output Vol tage TJ = 25°C -4.B -5.0 -5.2 V· 

5mA-:; IOUT-:; lA, -4.75 -5.25 V 

P-:; 15W (-20 -:; VIN -:; -7) V 

IlVO Line Regulation T J = 25°C, (Note 2) B 50 mV 

(-25 -:; VIN -:; -7) V 

2 15 mV 

(-12 -:; VIN -:; -B) V 

IlVO Load Regulation TJ = 25°C, (Note 2) mV 

5 mA -:; lOUT -:; 1.5A 15 100 mV 

250 mA -:; lOUT -:; 750 .-riA 5 50 mV 

IQ Quiescent Current TJ = 25°C 1 2 mA 

IlIQ Quiescent Current With Line 0.5 mA 

Change (-25 -:; YIN -:; -7) V 

With Load,5 mA -:; lOUT -:; 1 A 0.5 mA 

Vn Output Noise Voltage TA = 25°C,10Hz-:;f-:;lOOHz 125 /lV 

Ripple Rejection f = 120 Hz 54 66 dB 

HB-:;VIN-:;-B) V 

Dropout Voltage TJ = 25°C, lOUT = lA 1.1 V 

lOMAX Peak Output Current T J = 25°C 2.2 A 

Average Temperature lOUT = 5mA, 0.4 mVtC 

Coefliclent of o C -:; TJ -:; lOO°C 

Output Voltage 
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Electrical Characteristics (Continued) Conditions unless otherwise no~ed: lOUT = 500 rnA, CIN = 2.2p.F, 

COUT = lp.F, O°C ~ TJ ~ +12SoC, Power Dissipation = 1.5W. 

, 
PART NUMBER LM7912C LM7915C 
OUTPUT VOLTAGE 12V 15V 

UNITS' 
INPUT VOLTAGE (unless otherwise specified) -19V -23V 

PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX 

TJ = 25°C 
, 

Va Output Voltage -11.5 -12.0 -12.5 -14.4 -15.0 -15.6 V 

5mA"S: IOUT"S: lA, -11.4 -12.6 -14.25 -15.75 II 
P"S: 15W (-27"S: VIN "S: -14.5) (-30<VIN"S:-17.5) V 

l!.vO Line Regulation T J = 25u C, (Note 2) 5 80 5 100 mV 

(-30"S: VIN "S: -14.5) (-30"S:VIN:::::-17.5) V 

3 30 3 50 mV 

(-22::::: VIN "S: -161 (-26 ~ VIN 'S. -20) V 

1!.vO Load Regulation TJ = 25u C, (Note 2) 15 200 15 200 mV 

5 mA "S: lOUT "S: 1.5A 15 200 15 200 mV 
250 mA "S: lOUT "S: 750 mA 5 75 5 75 mV 

10 Ouiescent Current TJ = 25°C 1.5 3 1.5 3 mA 

AIO Ouiescent Current With Line 0.5 0.5 mA 
Change (-30"S: VIN "S: -14.5) (-30 "S:VIN "S: -17.5) V 

With Load,5 mA "S: lOUT "S: 1 A 0.5 0.5 mA 

Vn Output Noise Voltage TA=25°C,10Hz"S:f"S:100Hz 300 375 p.V 

'Ripple Rejection f= 120 Hz 54 70 54 70 dB 

(-25."S: VIN "S:-15) (-30 "S: VIN "S: -17.5) V 

Dropout Voltage TJ = 25°C, lOUT = lA 1.1 1.1 V 

lOMAX Peak Output Current TJ = 25°C 2.2 2.2 A 

Average Temperature IOUT= 5mA,. --0.8 -1.0 mVI"C 
Coefficient of O°C"S:'TJ~ 100°C 

Output Voltage 

Nota 1: For calculations of junction temperature rise due to power dissipation,.thermal resistanCe junction to ambient (8JA) is 500 CIW 
(no heat sink) and SOCIW (infinite heat sink). . . 
Nota 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage 
due to heating effects must be taken into account. 

, 
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Typical Applications (Continued) 
High Stability 1 Amp Regulator 

- ..... --..... --.... -----<lr--..,.--------, .. --\lou~ If) 
D1 
LMJ29 
7V 

R2' 

I'-..... __ ..... ________ -"'<I ..... _VOUT I-I 

Load and line regulation < 0.01% temperature stability < 0.2% 
t Dete;mines Zener current' -

ttSolid tantalum 

*Select resistors to set output voltage. 2 ppmfC tracking suggested 

Preventing Positive Regulator Latch-Up 

+VOUT 1-'---.---..... --...... ---<>4--, 
I 
I 
I 
I 

r~1 I COMMON 
I LOAD L_J CURRENT 

I 
I 
I 
I 

I-'-_---+---+----<~--J 

RT and 01 allow the positive regulator to "start-up" when +VIN IS 

delayed relative to -VIN and a heavy load is drawn between the 
outputs. Without AT and 01, most three-terminal regulators will not 
start with heavy IO.TA-TA) load current flowing to the negative 
regulator. even though the positive output is clamped by 02 . 

• R2 is optional. Ground pin current from the positive regulator flowing 
through Rl will increase +VOUT ~ 60 mV if R2 is omitted. 

22l1f 
SOLID 

TANTALUM 

, INPUT 

+ 

Current Source 

r ""R l 

I~,!I I OM 

...-__ ...... ' _L.~~...J_I_] 

5V 
'IOUT~ 1 mA+ R1 

". 

Light Controllers Using Silicon Photo Cells 

6V_ISV 
BULB 
U5A 
MAX TURN ON 
CURRENT 

* Lamp brightness increases, until II = iQ (:::; 1 rnA) + 5V/R1. 
t Necessary only If raw supply filter capacitor is more than 2" 

from LM7905CT 

Connection Diagrams 

Order Numbers: 
LM7905CK 
LM7912CK 
LM7915CK 

See NS Package KC02A 

TO-3 Package 

rOPVIEW 
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I 
I 
I ., 
.+ 2N414l 

cit ........... 

'''''.,­
I 
I 
I 

BV-15V 
BULB 
USA 
MAX TURN ON 
CURRENT 

*Lamp brightness increases until il = SV/Rl 01 can be set as 
low as lllAI ' 

t Necessary only if raw supply filter capacitor is more than 2" 
from LM7905CT' ~ I 

TO-220 Package 

TOPVIEW 

Order Numbers: 
LM7905CT 
LM7912CT 
LM7915CT ' 

See NS Package T03B 



U) 

.. !! . Schematic' Diagrams .' ~ 
'~ 
~ 
:E 
-I 

.-5V , 

RIB 
4k 

RIg 
Sk 

R17 

..----+--.... -oVOUT 

DJ 
6.2V 

R20 
20k 

R16 
0.2 

V,"o--~-~-~--~~~~-~--~~~~-~----~-~---~---------~ 

-12V and' -15V 

,.,.---+--.--0 VOUT 

DJ 
6.2~ 

R20 
20k. 

VINo---'---'-~~----~--~--~----~~--------------~~~~------------------------~ 
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~National 
~ Semiconductor 

Voltage Regulators 

LM79LXXAC Series 3-Term'inal Negative Regulators 
General Description 
The LM79LXXAC series of 3-terminal negative voltage 
regulators features fixed output voltages of -5V, -12V, 
and -15V, with output current capabilities in excess,of 
100 mAo These devices were designed using the latest 
computer techniques for optimizing the packaged IC 
thermal/electrical performance. The LM79LXXAC series, 
even when combined with a minimum output compen­
sation capacitor of 0.'1/lF, exhibits an excellent transient 
response, a maximum line regulation of 0.07% VOIV, 
and~ a maxi"'!um load regulation of 0.01% Vo/mA. 

The UVI79LXXAC'series also,includes, as self-protection 
circuitry: safe operating area circuitry for output transis­
tor power dissipation limiting, a temperature independent 
short circuit current limit for peak output current 
limiting, and a thermal shutdown circuit to prevent 
excessive junction temperature. Although designed pri· 
marily as fixed voltage regulators, these devices may be 
combined with simple external ci rcuitry for boosted and/ 

Typical Applications 

Fixed Output Regulator 

LM79LXXACZ 

~Required jf the regulator is located far from the power supply 
filter. A 1 fJF aluminum electrolytic may be substituted. 

**Required for stability. A 1 J.LF aluminum ·electrolytic may 
be substituted. 

+ 

Adjustable Output Regulator 

Rl 

I--~---"'-O -Va 

-Va = -5V - (5V/Rl + 101 • R2, 
5V/Rl > 3 10 

or adjustable voltages and currents. The LM79LXXAC 
series is available in the 3-lead TO·92 package, 

For applications requiring other voltages, see LM137 
data sheet. 

Features 
• Preset output voltage error is less than ±5% over load, 

line and temperature 

• Specified at an output current of 100 mA 

• Easily compensated with a small 0,1 /IF output 
capacitor 

• Internal short-circuit, thermal and safe op~rating area 
protection 

• Easily adjustable to higher outpL1t voltages 

• Maximum line regulation less than 0,07% VOUTIV 

• Maximum load regulation less than 0,01% VOUT/mA 

• TO·92 package 

Connection Diagram 

TO-92 Plastic Package (Z) 

GN~UTPUT 

INPU><-/ 

BOTTOM VIEW 

Order Numbers 

LM79L05ACZ 
LM79L12ACZ 
LM79L 15ACZ 

See NS Package Z03A 
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A~solute Maximum Ratings 
Input Voltage 

.-
Vo = -5V, -12V and -15V -35V 

Internal Power Dissipation (Note 11 I nternally Limited 
Operating Temperature .flange O°C to +70°C 
Maximum Junction Temperature +125°C 
Storage Temperature Range -55°C to +150°C , , 

Lead Temperature (Sol.dering, 10 seconds 1 300°C 

Electrical Characteristics . (Note 21 "Tj = O°c to +125°C unless otherwise noted . 

OUTPUT VOLTAGE -6V -\2V -15V 
INPUT VOLTAGE (unle" otherwise noted) 10V -17V 20V UNITS 

PARAMETER CONDITIONS MIN TVP iI/IAX MIN TVP MAX MIN' TVP MAX 

Vo Output Voltage TJ = 25°C, 10 = 100 mA -5.2 -5 -4,8 -12,5 -12 -11.5 -15.6 -15 -14.4 

1 mA:O;Io:O;100mA -5.25 -4.75 -12,6 -11.4 ":15,7 -14.25 

VMlN < VIN:O; VMAX 1-20 < VIN < -7,5) 1-27 < VIN < -14,8) 1-30<VIN<-18) V 

1 mA:O;Io:O;40mA 5.25 -4.1'5 12.6 11.4 -15.75 -14.25 

VMIN:O;VIN:O;VMAX 1-20:0; VIN:O; -7) 1-27:0; VIN:O; -14.5) (-30:0; VIN:O; -17.5) 

LlVO Line Regulation TJ = 25°C, 10 = 100 ,!,A 60 45 45 mV 

VMIN < VIN < VMAX 1-20< VIN < -7.3) 1-27 < VIN < -14.6) . 1-30 <:'VIN:< 17.7) V 

TJ = 25°C, 10 = 40 mA 60 45 45 mV 

VMIN < VIN < VMAX 1-20 < VIN <'~71 1-27 < Vt'N < -14.5) 1-30 < VIN < 17.51 V 

LlVO Load Regulation TJ", 25°C, 

1 mA:O; 10:0; 100mA 50 100 125 mV 

1 mA<IO<40mA 30 50 75, mV 

LlVO Long Term Stability 10= 100mA 20 48 60 mV/l000hr 

IQ Quiescent Current 10= 100 mA 2 6 2 6 2 6 mA 

TJ = 125'C, 10 = 40 mA 5.5 5.5 5.5 . mA 

LlIQ Quiescent Current Change 1 mA<lo<100mA 0.3 0.3 0,3 

0.1 0.1 
mA 

1 mA<lo<40mA 0.1 

.10= 100mA 0.25 0.25 .0.25 mA 

VMIN:O; VIN <:; VMAX . I 20:O;VIN:O; 7.51 I 27:O;VIN:O; 14.81 (-30:0; VIN ~-1,81 V 

Vn Output Noise Volt~ge TJ = 25°C, 10 = 100 mA, 40 96 120 pV 

t= 10Hz-10kHz 

LlVIN 
Ripple Rejection 

TJ = 25°C, 10 = 100 mA, 50 52 50 dB 
LlVO t= 120 Hz 

Input Voltage Required TJ = 25°C 

to Maintain'Line 10=100mA -7.3 -14.6 -17,7 

Regulation 10 =40mA -7.0 -14.5 .. V 
-17.5 

Note 1: Thermal resistance, junction to ambient, of the T0-92 (Z) package is 180°C/W when mounted with 0.40 inch leads on a PC' board, 
and 160°C/W when·mounted with 0.25 inch leads on a PC board. 
Note 2: To ensure constant 'junction' temperature, low duty cycle pulse testing is used. 

, 

'-' , -
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Typical Performance Characteristics 

0.7 

~ 
z 
co 0.4 ;:: 
:: 
ill 
c; 

'" D.Z 

~ 
0.1 

Maximum Average Power 
Dissipation (TO-92) 

0.125" LEAD LENGTH 
FROM PC BOARD -- -- FREE AIR 

....... :--... 
'h... ......... 

0.4" LEAD LENGTH ~ - FROM PC BoARD_ 
FREE AIR 

o 15 30 45 60 75 

TA - AMBIENT TEMPERATURE ('CI 

Dropout Voltage 

025 

0.2 
$ 

~ 0.15 

B 
5 0.1 

~ 0.05 

o 

BO 

lD 60 
:!! 
z 
co 

~ 40 

~ 

II: 20 
iE 

o 

Peak Output Current 

.6.VOUT'" 100 mV 

Ti: 6'C Ti :2~'C 

Ti- 125'C ~ ~ 
........ 
~ 

o 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (VI 

Ripple Rejection 

VoUT: -12V 

VOUT=-5V 

~ 

VIN - VoUT: -BV 

tlVIN '" 1Vp'~UJjlli 
lOUT" 5~ij 
TA :,~,~,;C IIIIIII 

$ .... 

~ 
B .... 
=> 

§ 

0.25 

0.2 

0.15 

0.1 

0.05 

o 

Short Circuit Output 
Current 

Ti =O'C 

~ 
VoUT=OV 

= 
Ti : 25'C 

~ ~ ~ ~ 
Ti: 125'C r--. b-, ~ 

......... 

o -5 -10 -15 -20 -25 -30 -35 

INPUT VOLTAGE (V) 

Output Voltage vs. 
Temperature (Normalized 
to 1V@25°C) 

1.010 ,---r--...,--.--,--, 

~ 
~ 1.000 F=-t--:;::z::!!~ 
iii 
~ 0.990 1---1-::-+-:--+-:::-:-1--1 
~ 

'" ~ 1.010 1---1--+--+-:-1--1 
> .... 
f· 1.000 1"'-'joo~dz~;;l;",;;;!;;;::-1 g 

0.990 '-_-'-_-'-_-'-_...J."':::""" 
25 50 75 100 125 10 100 lk 10k lOOk 25 50 75 100 125 

Ti -JUNCTION TEMPERATURE ('CI FREQUENCY (Hzl Ti - JUNCTION TEMPERATURE ('CI 

Quiescent Current Output Impedance 

1 2.5 
.... 

~ .... 
~ 
fa 1.5 
;; 

'" 

I 
I-- T.Jc I 

.....:: Ti: 25'C 

I 
~ Tj= 125°& 

t- VoUT = -5V -I 
I loy' 40r-

10 

§ 
~ 
u 
Z 

~ 

~ .... 
0.1 

~ 
co 

VoUT = -5V 
VIN - -10V 
IOUT"'50mA~Co:::o.1/JF 
TA'Z5'C Co'hF I :t, 

ALUMINUM~ 

/ 

0.01 
-5 -10 -15 -ZO -~5 -30 -35 10 100 1. 10k 100k 1M 

INPUT VOLTAGE (V) FREQUENCY (Hz) 

Typical Applications (Continued) 

±15V, 100 mA Dual Power Supply 

~&~o-"'--I 1--.... -oVoUT = 15V@100rnA 

GNoo-~------~------~-o 

-Vour" -15V@100rnA 
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Schematic Diagrams 
-5V 

GND 

-12V and -15V 
GND 
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~National Voltage Regulators 
~ Semiconductor 
LM79MXX Series 3-Terminal, Negative Regulators 
General Description 
The LM79MXX series of 3-terminal regulators is available 
with fixed output voltages of -5V, -12V, and -15V. 
These devices need only one external component-a 
compensation capacitor at the output. The LM79MXX 
,series is packaged in the TO-202 power package and 
TO-5 metal can and is capable of supplying O.5A of 
output current. 

drain of these devices with a specified maximum, change 
with line and load ensures good regulation in the voltage 
boosted mode. , " 

For applications requiring other voltages, see LM137 
data sheet. 

These regulators employ internal current limiting safe 
area protection and thermal shutdown for protection 
against virtually all overload ~onditions. ' 

Low ground pin current of the LM79MXX series allows 
output voltage to be easily boosted above the preset 
value with a resistor divider. The low quiescent current 

Typical Applications 
±15V,1 Amp Tracking Regulators 

Features 
• Thermal, short circuit and safe area protection 

• High ripple rejection 

• O.5A output cur'rent 

• 4%'preset ou'tput voltage 

Variable Output 

""'~""""---""'>--~,,,,""-""-O Your (+) ,5V 

I 
I 
I 
I 
I 

C4!t.-l.;!: 
25i<F-,--

I 
I 

,,' 
10k 
1% 

,,' 
10k 
1% 

DI 
'N4QOI 

I * Improves transient response and ripple rejection. 

..... ----..... - .... -+------..... ...;.+--~>_OCDMMON 

cs**....1...! 
zSI'F-r 

I 
I 

•• 
" " R2 RJ 25 .. F 

..... "."kl'v-K ~~TPUT TRIM 
TO-150V 

+ 

.2 
lN4DDl 

........... >-------...... >--..... -0 Your H 15V 

Load Regulation at O.SA 

Performance (Typical) 

(-15) 

40mV 
Output Ripple. CIN = 30001'F, I L = O.SA 
Temperature Stability 
Output Noise 10Hz::; f::; 10 kHz 

100l'Vrms 
SOmV 
1S0l'Vrms 

(+15) 

2mV 
100l'Vrms 
50mV 
150l'Vrms 

·Resistor tolerance of R4 and R5 determine matching of (+) ~nd (-) outputs 
~*Necessary only if raw supply filter capacitors are more than 3" from regulators 

Fixed Regulator 

* Required if regulator is separated from filter capacitor by more than 3". 
For value given, capacitor must be solid tantalum. 25p.F aluminum electro· 
lytic may be substituted. 

_tRequired for stability. For value given, capa~itor must be solid tantalum. 
2SJ.lF aluminum electrolytic may be substituted. Values given may be 
increased without limit. 

tlNPUT 

For output capacitance in excess of 1 OOIJ,F. a high current diode from _ INPUT 

input to output (1 N4001, etc.) will protect the regulator from momentary 
input shorts. 
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Do not increase beyond 50.uF . 

(
R1 + R2) 

VOUT = VSET -;;;;--

Select R2 as follows: 

LM79M05CP 
LM79M12CP 
LM79M15CP 

300n 
750n 
lk 

Dual Trimmed Supply 

~-.... - .... ---.... -o+5.0V 

•• IMODI 

O-~----..... ------+---~-1>---~-oC.M 

.2 
IN·toOI 

t-'--..... - ..... - ..... - ...... >-<l -"V 



Absolute Ma)!:imum Ratings 
Input Voltage 

(VO=5V) 25V 
", 

(Vo = 12V and 15V) ,...35V 
Input/Output Differential 

(Vo = 5V to 8V) 25V 
(VO= 12Vand 15V) 30V 

Power Dissipation Internally Limited 
Operating Junction Temperature Hange O·Cto +125·C 
Storage Temperature Range ~65·Cto,+150·C 

Lead Temperature (Soldering, 10 seconds) " 230·C " 

.. "", " " 
I 

I, 

, , 

Electrical Characteristics Condltior~ unless otherwise noted: lOUT = 350 mA, CIN = 2.~F, COUT = 1"F, 
O·C", Tj '" +125·C 

" '. 
PART NUMBER LM79MOSC LMi9M12C LM79M1SC 

OUTPUT VOLTAGE -5V "':12V -15V 

INPUT VOLTAGE (unless otherwise sp,e,cilled) " -jOV" -19V -23V UNITS 

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TXP MAX 

Vo Output Voltage Tj;"25·C -4.8 -5,0 -5,2 -11.5 -12.0 -12,5 -14.4 -15.0 -15:6 V 
"' .. 

5 rnA''; lOUT'; 350 rnA -4.75 -5:25 -11.4 -12:6 -14,25 -15.75 V 
(-25';VIN.;-7) (-27.; VIN .; -14,5) (-30'; VIN .; -17,5) V 

AVO Line Regulation Tj ; 25 ·C, (Note 2) 8 50 5 80 5 80 mV 
(-25'; VIN'; -7) '( -30 ';'YIN <; C-14:5) (-.; VIN'; -17,5) V 

2 30 3 30 3 50 mV 
... " (-18'; VIN .; -8) (-25'; VIN'; -15) (-28.; VIN';-18) V 

AVO' Load Regulation Tj ; 25 ·C, (Note 2) , 
5 rnA .; lOUT'; 0.5A 30 100 30 240 30 240 mV 

IQ quiescent Current Tj;25·C 1 2 1,5 3 1,5 3 rnA 

AIO Quiescent Current With Line 0.4 0,4 0,4 rnA 
Ch~nge (-25'; VIN .; -8), (-30'; VIN'; -14,5) (-30'; VIN .; -27) V 

With Load. 
5 rnA'; lOUT'; 350 rnA 0.4 0.4 0,4 rnA 

Vn , ' Output Noise Volt~ge TA;25·C, 10 Hz'; I.; 100 Hz 750 400 400 ~V 

Ripple Rejection 
.. 

I,; 120 Hz 54 ' 66 54 70 54 70 dB 
~-18'; VIN'; -8) (-25'; VIN'; -15) (,-30'; VIN'; -17,5) V 

Dropout Voltage TI ; 25 ·C, lOUT; O.5A 1,1 1,1 1,1' V 

lOMAX Peak Output Current Tj ;25·C 800 ' 800 800 A 

Average Temperature IOUT;5mA, 0.4' -0,8 -1,0 mV/·C 
Coelflclent of O·C.; Tj'; 100·C 
Output Voltage 

Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (BJA) is 70·CIW (no 
: heat sink) and 12 ·CIW (inlinite heat sink), 

Note 2: Regulation is measured at,a constant junction temperature by pulse testing with a low duty cycle, Changes in output voltage due to 
heating effects must be taken into account. 

" 

, 

" 

, 
, 

, " 
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Connection Diagrams 

K OUTPUT 

2 INPUT ·"~i1·~o 0-· 
BOITOMVIEW 

Metal Can Package TO-39 (H) 
- Order Nu mber: 

LM79M05CH 
LM79M12CH 
LM79M15CH 

See NS Package HD3A 
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INPUT , 

FRONT VIEW 

Power Package TO-2D2 (P) 
Order Number: 

LM79M05CP 
LM79M12CP 
LM79M15CP 

See NS Package P03A 

For Tab Bend TO-2D2 
Order Number: 

LM79M05CP TB 
LM79M12CP TB 
LM79M15CP TB 

See NS Package P03E 
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VOLTAGE TEMPERATURE 
DRIFT - ppmfC MAX 

REVERSE BREAKDOWN VOLTAGE or mV MAX CHANGE OVER DYNAMIC VOLTAGE DEVICE TOLERANCE TEMPERATURE RANGE CURRENT RANGE, IR' 
'IMPEDANCE VR at IR MAX, TA = 2SoC 

DRIFT TEMPERATURE 
(MAX) RANGE 

1.22 LM113 ±S% 100 (typ) -55°C'to +125°C 500pA to 20 rnA 0.311 
1.22 LM313 ±5% 100 (typ) oOe to +70°C 500 pA to 20 rnA 0.311 
1.22 LM113-1 ±1% SO (typ) 

.. 
-55°C to +125°C 500 pA to 20 rnA 0.311 

1.22 LM113·2 ±2% SO (typ) -S5°C to +125°C 500 pA to .20 rnA 0.311 
2.49 LM136 ±2% 18rnV -55°C to +125°C 400pA to 10 rnA 0.211 
2.49 LM136A ±1% 18rnV -5SoC to +125°C 400pA to 10 rnA 0.211 
2.49 LM236 ±2% 9rnV -25°C to +8SoC 400pA to 10 rnA 0.211 
2.49 LM236A ±1% 9rnV -2SoC to +8SoC 400 IlA to 10 rnA 0.211 
2.49 LM336 ±4% ~mV O°C to +70°C 4'00 pA to 10 rnA 0.211 
2.49 LM336B ±2% 6mV O°C to +70°C 400pA to 10 rnA 0.211 
5.0 LMI36-S.0 ±2% 36rnV -55°C to +125"C 400pA to 10 rnA 0.211 
S.O LMI36A-S.0 ±1% 36rnV -'55°C to +125°C 400pA to 10 rnA 0.2n 
5.0 , LM236·S.0 ±2% 18rnV -25°C to +85°C 400 pA to 10 rnA 0.2n 

r:-> 
5.0 LM236A-5.0 ±1% 18rnV -25°C to +85°C 400 pA to 10 rnA 0.2n 
5.0 LM~36·S.0· ±4% . 12rnV O°C to +70°C 400 pA to 10 mA 0.2n 
5.0 LM336B·S.0 ±2% 12mV O°C to +70°C 400pAto lOrnA 0.2n 
6.90 LM129A +3%, -2% 10 -5SoC to +125°C 0.6 rnA to 15 rnA 0.6n 
6.90 LM1298 +3%, -2% 20 -55°C to +125°C 0.6 rnA to 15 rnA 0.6n 
6.90 LM129C +3%, -2% 50 -S5°C to +125°C 0.6 mA to 15 rnA 0.6n 
6.90 LM3298 ±5% 20 O°C to +70°C 0.6 rnA to IS'mA 0.811 
6.90 LM329C ±5% 50 O°C to +70°C 0.6 mA to 15 mA 0.8n 
6.90 LM329D ±5% 100 DoC to +70°C 0.6 rnA to 15 rnA 0.8n 
6.9S LM199A +1%, -2% 0.5 -55°C to +85°C 0.5 rnA to 10 rnA O.W 
6.95 LM199A +1%, -2% 10 85°C to ~12SoC 0.5 mA to 10 mA O.W 
6.95 LM199 +1%, -2% 1 -55° C to +85° C 0.5 rnA to 10 mA o.~n 
6.95 LM199 +1%, -2% 15 85°C to +125°C 0.5 rnA to 10 rnA 0.5n 
6.95 LM299A +1%. -2% 0.5 -25°C to +85°C 0.5 rnA to 10 rnA 0.5n 
6.95 LM299 +1%, -2% 1 - -25°C to +85°C 0.5 mA to 10 rnA . O.W 
6.95 LM399A ±5% 1 DoC to +70°C 0.5 rnA to 10 rnA 0.5n 
6.95 LM399 ±5% 2 DoC to +70°C 0.5 rnA to 10 rnA o.sn 
6.95 LM3999 ±5% 5 O°C to +70°C 0.6 mA to 10 mA 0.6n 
10.00 LH0070·0 0.1% 20rnV -25°C to +85°C o mAto 20 rnA 0.2n 
10.00 LH0070·1 0:1% 10mV -25° C to +85° C o ;"Ato 20mA 0.2n 
10.00 LHOO70-2' 0.05% 4mV -25°C to +85°C OrnAta 20 rnA 0.2n 
10.24 LH0071-0 0.1% 20rnV -25° C to +85° C OmAto?OmA 0.2n 
10.24 LH0071-1 0.1% 10rnV -25°C to +85°C " OmAt020mA 0.2n 
10.24 LH0071-2 0.05% 4mV ':'25° C to +85° C OrnAta 20 mA 0.2n 

ap!nE> a:>uaJaJal::l aijelloA 



'r:-> 
:c. 

REVERSE BREAKDOWN 
VOLTAGE DEVICE 
VR at IR 

low CURRENT ZENER DIODES 

1.8 LM103 

2.0 LM103 
'2.2 . LM103 

2.4 LM103 

2.7 LM103 

3.0 LM103 

3.3 LM103 

3.6 LM103 

3.9 LM103 

4.3 LM103 

4.7 LM103 

5.1 LM103 

S.6 LM103 

Function-

10.00DV Precision BCD 
Reference 

10.024 V Precision Binary 
Reference 

6.95 V Temperature Stabilized 
,Reference 

6.9V Reference 

Voltage Reference and Precision Reference .Guides 
, 

VOLTAGE REFERENCES 
, 

VOLTAGE TEMPERATURE 
DRIFT - ppmiC MAX .. VOLTAGE or mV MAX CHANGE OVER DYNAMIC 

TOLERANCE TEMPERATURE RANGE CURRENT RANGE, IR 
IMPEDANCE 

MAX, TA = 2SoC 
DRIFT TEMPERATURE 
(MAX) RANGE· 

±10% ,-5 mVrC (typ) 55°C to +12SoC lOIlAto.l0mA ISn 

±10% -S mViC (typ) -5S°(: to +1 ~5°C 10llAtol0mA ISn 

±10% -5 mViC (typ) ':'SSoC to +12SoC 10llAtol0mA ISn 

±10% -S mViC (typ) -SSoC to +125°C 10i-Ato 10mA . 15n 

£10% ...:S mViC (typ) -55°C to +12SoC IOllAtol0mA, 15n 

±10% -S mViC (typ) -S5°C to +125°C 10llAto 10mA 15n 

±10% -SmViC (typ) -55°C to +12SoC IOllAto,10mA JSn 

±10% -5 mViC (typ) -55°C to +12SoC 10llAto 10m~ lSn 

±10% -5 mViC (typ) -SSoC to +125°C 10llAto 10mA 15n 

±10% -5 mvic (typ) -5SOC to +12SOC 10llAto 10mA 15n 

±10% ':'5 mViC (typ) -SSoC to +12SoC 10llA to 10 mA ,lSn 

±10% -S mViC (typ) -SSoC to +12SoC 10llAto 10mA ISn 

±10% -S mViC (typ) -SSoC to +12SoC 10llAtol0mA 15n 

PRECISION REFERENCES 
-

VOUT Part Number .. 
Toler. 

LIne Load lOUT @25"C Drift -SS"C to -2~"C \0 Page 
Features Reg Reg (rnA)' (Max) (Max) 12S"C 8S"C Num~beI 

0.02% 0.01% 0.1% 20mV· LHOO7O{) 

Three-terminal buffered zener 0.02% 0.02% ~5 0.1% 10mV LHOO70·1 7-4 
reference, 0.1 Q output, 0.02% 0.02% 0.05%' 4mV LHOO7()'2 

12.5 to 40V input, 100~V p.p 0.02% 0.01% 0.1% 2OmV· LHOO7H) 
noise '0.02% 0.02% ~5' 0.1% 10mV LHOO71·1 7-4 

0.02% 0.02% 0.05% 4mV LHOO71·2 , 
Thermostated two·terminal 0.1% 0.5-10 +1%, 15mV LMI99A 7·23 

zener, 0.5Q low noise -2% lmV LM299A 

. Low noise subsurface zener 6-15 5% 7 to LMl29 7·18 
0.8Q 3SmV , 

·These specifications apply for -;-25"C to +85 "C . 

•• Refers to Special Functions Datebook, 1979 edition .. 
.. 
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Voltage References 

LH0070 Series Precision BCD Buffered Reference 
LH0071 Series Precision Binary Buffered Reference 
General Description 
The LH0070 and LH007l are precision, three terminal, 
voltage references consisting of a temperature compen· 
sated zener diode driven by a current regulator and a 
buffer amplifier. The devices provide an accurate refer· 
ence that is virtually independent of input voltage, load 
current, temperature and time. The LH0070 has a 
10.000V nominal output to provide equal step sizes in 
BCD applications. The LH007l has a 10.240V nominal 
output to provide equal step sizes in binary applications. 

The output voltage is established by trimming ultra· 
stable, low temperature drift, thin film resistors under 
actual operating circuit conditions. The devices are short· 
circuit proof in both the current sourcing and sinking 
directions. 

The LH0070 and LH007l series combine excellent 
long term stability, ease of application, and low cost, 

Equivalent Schematic 

.---------------..... ---------0 V,N 

R2 

3 
GNO 

(CASEI 

Typical Applications 

2· 
"'>-4--0 VDUT 

+I5V 0-.... -------' .... ----------..... ----------, 

IOD 

100 

making them ideal choices as reference voltages in 
precision D to A and A to D systems. 

. Features 
• Accurate output voltage 

LH0070 
LH007l 

• Single supply operation 
• Low output impedance 
• Excellent line regulation 
• Low zener noise 

10V ±O.Ol% 
10.24V ±O.Ol% 
l2.5V to 40V 

O.ln 
O.lmV/V 
100/LVp,p 

• 3·lead TO·5 (pin compatible with the LM109) 
• Short circuit proof 
• Low standby current 

Connection Diagram 

TO·39 Metal Can Package 

BDTTDMVIEW 

Order' Number LH0070·1H, LH0071:iH, 
LH0070·2H or LH0071·2H 

See ,NS Package H03A 

+1SV 

3mA 

r-----------o VOUT 

.-"V\IIr--.... -"WIr---'II\o~ .... -o -I5V 

L-______________________ ~'~DD~~~~~~~T ' 

*Note. The output of the LH0070 and LH0071 
may be adjusted to a precise voltage by using 
the above circuit since the supply current of 
the devie"es is relatively small and constant 
with temperature and input voltage. For the 
circuit shown, supply sensitivities are degraded 
Slightly to 0.01 %IV chan'ge in VOUT for 
changes in. VIN and V-. .j. 

,DPTIDNAL T 

Statistical Voltage Standard 

2·1 

An additional temperature drift of 0.0001 %1 
°c is added due to the variation of supply 
current with temperature of the LH0070 and 
LH0071 .. Sensitivity to the value of Rl, R2 
and R3 is less than 0.001 %1%, 

*Output Voltage Fine Adjustment 

en 
CD 
'""I 

i" 
(J) 



'0 
Absolute Maximum. -Ratings CI) 

"C 
CI) Supply Voitage 

: 

en 40V 
Power Dissipation (See Curve) 600mW , 

it: Short Circuit Duration .. .' .Continuous 
Output Current ±20'mA 

8 Operating Temperature' Range . ." ,;' -55°C' to +125°C 
.. 

J: Storage Temperature Rang~ -65°C to +l50°C 

..oJ Lead Temperature (Soldering, 10 seconds) 300°C 
.. .. 

0 
CI) 
-c: Electrical Characteristics (Note 1) CI) 
en 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
0 ..... Output voltage TA = 2,5°C 
0 LH0070 - 10.000 V 0 
J: LH0071 10.240 V 

..oJ Output Accuracy TA = 25°C : 

-0,-1 ±0.03 ±O.l , % 

-2 ±0.02 ±0,05 % 

Output Accuracy 

, -0,-1 ±0:3 % 

-2 ±0.2 % 

Output Voltage Change With .. ",' (Note :1) ," . . -
Temperature 

-0 ± 0.2 % 

-1 ±0.02 ± 0.1 %, 
-2 ±0.01 ±0.04 % 

Line R~gulation 13V'::; VIN'::; 33V, TC = 25°C 

-0,-1 0.02 0.1 % 

-2 0.01 0.03 % 

Input Voltage Range 12.5 40, V 

Lqad Regulati9n o ~A'::; lOUT'::; 5 mA 0.D1 0.03 % 

Quiescent Current 13V'::; VIN'::; 33V, lOUT = 0 mA 2 3 ,5 .mA 

Change II') Quiesce~t Current ~VIN = 20V From 13V To 33V 0.75' 1.5 mA 

Output Noise Voltage BW = 0.1 HzTo 10 Hz, TA = 25°C 20 /lVp,p 

Ripple Rejection f = 120 Hz 0.01 %/Vp.p 

Output Resistance 0.2 1 n 
Long Term Stability T A = 25°C, (Note 3) 

-O,~'l ±0.2 %/yr. 

-2 ±0.05 %/Yr. 

Notol: Uniess'otherwise speCified, thes~ specifications apply for VIN = 15.0V, Rl = 10 kil, and over the tempt,ratu're range of -55°C ~ TA ~ 
+125"C.· ..... ' .,. . '. . . 

N~1o 2: This specification is the difference in output voltage measured at TA = s5"c and TA = 25°C or TA = 25°C and TA = -25"C with readings 
taken after ,test chambe~ and device-under-test stabilization at temperature using a suitable precision voltmeter. . 
Note 3: This parameter is guaranteed by design and not tested. 

2·2 



Typical Performance Characteristics 

700 

I 
&OtI 

z 500 
CI 
1= 400 :f 
iii 300 is .. 
~ 200 

'2 
100 

Maximum Power Dissipation 

I 10D"e 

r- °JC = -W. TJ(MAX)' 15D"C 

'- 0 _ 200'C I\. JA--W 

'\ 

"\ 

25 50 75 100 125 150 

AMBIENT TEMPERATURE ('C) 

Step Load Response 

~ 500 

ll!i 
51-500 

~ 
~ 

'" ~ 500 

!i! 0 
1; -500 

S 
CI 

I I I 
I .... I Ii 

CL = 10pF 

I I I 
J I I - CL = O.OI"F 

TI I 
DELTA CURRENT=5mAH+ 
PULSE WIDTH = 2", 

TIME (!'II 

10J.,lV 
VERT: mv:-

5SEC 
HDRIZ:-­

DIV. 

Typical Applications (Continued) 

NOMINAL 
117V,ms 
AC LINE 

lN4004 

10,..F 
20DV 

+ 

3D' 
lW 

3Uk 
f/4W 

Quiescent Current vs Input 
Voltage 

_ TA=-55'e 

TA =+25'C"-~ ... 
. -TA=+125'cl " .> ... I--

f-"': ..?'".. -I-
IF-

f 
I 

./ 
V 

10 15 20 25 30 35 

INPUT VOLTAGE (V) 

12 

10 

~ 
~ 

~ 
CI 
> 
~ 
S 
CI 

Noise Voltage 

8W=O.lHzT01DHz 

140-180VPEAK 

~ 

'" 
~ 

Normalized Output Voltage 
vs Temperature 

0.3 .-.---o-r-:-.,--,-,--, 

0.2 f--+-+--+-+--+-+---I 

~ ~ 0.1 ~~=-+--1--+--+-:::;;~~ 

S~ 
CI> 

m~ 
~ e -0.1 ~~=+--1--+--+=~~ 

" ~ -0.2 f--+-+--+-+--+-+---I 
z 

-0.3 L-...L-L_"-...L---I_..L...-' 
-50 -25 25 50 75 100 125 

CASE TEMPERATURE ('C) 

Output Short Circuit 
Characteristics 

13V,;VIN,;30V 

TA "+~25a~'" \ TA=+25'C 

~ TA'-55'C~ 

\\'~ 
1\ \ \ 
\\ \ 

10 15 20 25 3D 

OUTPUT CURRENT (rnA) 

41. 

lk 
F-"'-'lNIr--+<,DOV CAL. 

3' 

Expanded Scale AC Voltmeter 

2·3 
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::z:: 
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U) 

Q) Typical Applications (Continued) -E:. 
Q) +~~----~,-----------~----------, en 
..... 
to-
g 
:I: 
..J 

21-3ZVO& 
RAW INPUT 

4.7k 

,.....-----------t--..... ----.15V 

FROM~:I~~~~~~~~~: _____ + ___ ..... _...;;~ 
4-Z0~ 

INPUT ~ 10 

lOOk 

IOSk 

249k 24.3. 

ZERO 

39' 

. " . 
Precisio11 Process Control Interface 

2·4 

Your: IOV FURZO mA 
OVFDR4mA 

t----+--15V 
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LH0075 Positive Precision Programmable Regulator 
General Description Features 
The LH0075 is a precision programmable regulator for 
positive voltages. Regulated output voltages from 0 to 
27V may be obtained using one external resistor. Also 
available without any external components are several 
fixed regulated voltages with accuracies to 0.1% (5V, 
6V, 10V, 12V and 15V). The output current limit is 
adjustable from 0 to 200 mA using two external resistors. 
These features provide an inventory of precision regulated 
values in one package. 

Schematic Diagram 
V,N 

A' 

• Output adjustable to OV 
• Line regulation typically 0.008%/V 
• L{)ad regulation typically 0.075% 
• Remote voltage sensing 
• Ripple rejection of 80 dB 
• Adjustable precision current limit 
• Output currents to 200 mA 
• Popular voltages available without external resis.tors 

A8 

'REF 
r--~+----I 
I 
I 

CREf~ 
(EXTERNAL; -r-

I 
I 

FI I 
I 
I 
I 

A3 I 
I 
I 

D2 

VSENSE 

AI2 
6k 

G'D~~--~-----t----------------~----~~y---~-oD' 

Connection Diagram Typical Applications 
TO·S Metal Can Package 

'SENSE 

TOP VIEW 

'REF 
(EXT PROGRAMMING 
RESISTOR PIN I Order Number 

LH0075G 

Case IS electrically isolated LH0075CG 
See Package H12B 

Precision 15V Reference Supply without Current Limit 

r----------------------:=~~ vDUT 

V,. o-... --.... +------{ 

01 !-IF * 

·Needed if device is far.from filter capacitors 

2·5 



Absolute Maximum Ratings 

Input Voltage 
Output Voltage 
Output Current 
Power Dissipation 
Operating Temperature Range 

LH0075 
LH0075C 

'storage Temperature 
Lead Temperature (Soldering, 1'0 seconds) 

32V 
27V 

200mA 
See Curve 

TMIN TMAX 
-55°C to +125°C 

O°C to +70°C 
-:ii5°C to +150°C 

300°C 

Electrical Characteristics Unless otherwise specified conditions are for TMIN ~ TA ~ TMAX 

LHOO75 LHOO75C 
PARAMETER CONDITIONS 

TYP MIN TYP MAX MIN 

Line Regulation TA ··2S"C· 0.001l 0.02 . 0.008 

Load Regulation TA' 25°C, 1 mA < ILOAD < 200 mA 

VOUT <; 5V 2.5 7.5 2.5 

VOUT~ SV 0.055 0.15 0.055 

Reference Current (lREFJ TA' 25°C, VIN • 15V 0.998 1.000 1..002 0.995 ·1.00 

Load Regulation 1 mA< I LOAD < 200mA 

VOUTS SV 4' 15 4 

VdUT~ SV 0.075 0.3 .0.075 

Reference Current Dnft VIN' 15V -0.0065 -0.0065 

(llIREFfllTemp) 

Minimum Load Current{lLlM' (Note II 98 100 '102 95 100 

Output Voltage Range a 27 a 
Mmimum Input Voltage 8 8 

Input-Output Differential TA' 25 C, 1 mA < ILOAD < 200mA 3.0 3.2. 3.0 
Voltage ., 
QUiescent SupplV Current 6 6.5 6.5 

Ripple Rejection VOUT' 5V,I' 120 Hz 65 65 

CREF • 2.211F 80 80 

100tiai Output Voltage (Note 2) o'iO.l .£0.5 ±D.l 
Tolerance 

Output Voltage Change (Note 31 0.003 .' 0.003 
With Temperature 

(~VOUTf . .Hemp) 

MAX 
UNITS 

0.04 %IV 

15 mV 

0.3 %. 

1.005 mA 

25 mV 

0.5 % 

%!"C 

105 I1A 

27 V 

V 

3.5 V 

8 mA 

dB 

dB 

±1.0 % 

%/"C 

Note ~:. Mi~imum load current is establish~ by )LlM. the current from Q4. (See schematic): 'LIM goes directly to the output if the current 
limit feature is used. 

Note 2: For VIN = 15V and VOUT obtained by using R5, R6, R7 and R12 individually. 
N~ 3: Total change over specified tems;»erature range. . 
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Typical Performance Characteristics 
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Typical Applications (Continued) 

2A Regulator with Current Limit 

r---~----------------------------------------------~"~VOUT 

RLiMIT 

VIN o-.... --.. +---t------+-----{ 

Variable Voltage Reference with Current Limit 

RSENSE 
1 TO lOa 

*Needed if device is far from filter capacitors 
**Optional-improves transient response 

RpROG = VOUT Desired 

1 mA 
[

RLIMIT J IOUT(MAXI = --- + 1 x lOOIiA 
RSENSE 

Applications Information 

The LH0075 d~es not require capacitors for stable 
operation, but an input bypass is recommended if device 

2,8 

IOUT"200 rnA 

is far from filter ~apacitors. A 0.1 JlF for input bypassing 
should be adequate for almost all applications. 



Applications Information (Continued) 

DESCRIPTION OF OPTIONS 

Ripple Rejection Compensation. (Increases Ripple Re· 
jection Typically to 80 dB) 

The ripple rejection may be improved by connecting an 
external capacitor between pin 9 and ground. (The 
,typical performance curves show the rejection with 'a 
capacitance of 2.2IlFd,) 

,nternal Voltage Programming 

The LH0075 provides various precision output voltages 
simply by using one.or more of the internal resistors. 
A particular voltage may be obtained by external c·on· , 
nections as shown in Table I. 

RI2 
6k 

R5 
5k 

R5 
10k 

RI 
2k 

R5. R6, R7 and R 12 are 
preciSion-trimmed to 0.1 %. 

FIGURE 1 

External Voltage Programming 

An external resistance can be connected between pin 9 
and ground to obtain any voltage from 0 to 27Y' using 
the following equation: 

YOUT Desired 
REXT= 

1 mA 

The reference current (lREF) has·a typical temperature 
coefficient of -65 ppm/C, Choosing a resistive material 
with a temperature coefficient of 65 ppm/oC will com· 
pensate the negative temperature coefficient, resulting 
in an, output voltage with minimal change over the 
operating temperature range. Example of a good resistive 
material is Nichrome, which has a typical temperature 
coefficient of 80 ppm/C. 

Since a current source is used as a reference, this makes 
remote voltage programming possible. 

Current Limit Programming. 

The maximum current output of the device may be 
limited by adding two external resistors as shown below. 
The resistor values are easily calculated with the 
following equation: 

IOUT(MAX) = --- + 1 x 100llA [
RUMIT J ' 
RSENSE 

where RSENSE = 1 to 10n 

VIN o-... -+--I~---{ 

FIGURE 2. Current Limit Pr!,gramming 

This programmable current limit feature can be extended 
to make the LH0075 a programmable constant current 
source. This can be done by leaving pin 9 open and 
setting RLiMIT and RSENSE as desired. 

For applications where the current limit is used, a 
.minimum load current of 100 IlA is established 'at the 
output, This arises. from the fact that the constant 
current used in setti'ng maximum output current is 
100 IlA, and, it goes directly to the output of the 
LH0075. If the total current drawn ,from the output is 
less than the minimum, the output will rise. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. RSENSE must 
be placed as 'close to the output of the LH0075 as possi· 
ble, but RUMIT can be a fixed resistor or potentiometer 
located remotely from the device. . 

TABL E I. Connection Scheme, for Internal Available Output Voltages 

OUTPUT 
PIN 5 PIN 6 PIN 7 PIN 8 PIN 9 

YOLTAGE (V) 

5 Gnd 

6 

8 

10 Gnd 

12 Gnd 

15 Gild 

18 
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~National 
~ Semiconductor 

Voltage: References 

LH0076 Negative Precision Programmable Regulator _ 
General Description 
The LH0076 is a precision programmable regulator for 
negative voltages. Regulated output voltages from 0 to 
-27V may bee obtained· by using 1 external resistor. 
Also available without any external components' are 
several fixed regulated voltages with accuracies to 0.1 % 
(-3V. -5V. -6V. -8V. -9V. -12V. -15V and -18V). 
The output current limit is adjustable from Oto 200 mA 
using 2 external resistors. These features provide an 
inventory of precision regulated values in 1 package. 

'Schemati~ Diagram 

"' .. 

Features 
• line regulation typically 0.005%/V 
• Load regulation typically 0.02% 
• Remote voltage sensing 
.' Ripple rejection-70 dB 
• Output Adjustable to OV 
• Adjustable precision current limit 
• Output current to 200 mA 

GNDo---~~----t-~---------,----------~~---------o 

D' 
VSENSE .. 011 .. 

1 RliMIT 

" 3 

....1... CREf O. 'SENSE 

O. ,- (EXTERNAL) Ok 

I • 11 

'lIM.T·'"'' ! I '0' 
I 3k 

L_'f!!!-.:' 10 

v, 

21 

07' 

, 5 

V-O-~~~------------~~--------~----------~~ 

Connection Diagram 

V-

Metal Can Package 

, . 
Order Number 

VSEN.. -LH0076G 
LH0076CG 

, TO' VIEW See Package H 12B 
Case is e)ectrically isolated . . 

Typical Application 
Precision - 15V Reference Supply without Current Limit 

}---+ .. -o-VDUT 

, *Recommended if device is far from filter capacitors 



Absolute Maximum Ratings 
Input Voltage -32V 
Output Voltage -27V 
Output Current 200 mA 
Power Dissipation See Curve 
Operating Temperature 

l.:H0076 -55°C to +125°C 
LH0076C - -25°C to +85°C 

Storage Temperature -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics Conditions are for TMI N ~ T A ~ TMAX unless otherwise specified. 

PARAMETER CONDITIONS 
LH0076 LH0076C 

UNITS 
MIN TYP MAX MIN TYP MAX 

Line Regulation TA - 25°C 0.005 0.02 '0.005 0.04 %/V 

Load Regulation TA 0 25°C. 1 mA < ILOAD < 200 mA 

VOUT::> -5V 7.5 15 mV 

VOUT::: -5V 0.02 0.15 0.02 0.3 % 

Reference Current (lREF) TA 0 25°C. VIN 0 -15V 0.998 1.000 1.002 0.995 1.000 1.005 mA 

Reference Current Drift (...li R EF/ VIN 0 -15V -0.0065 -0.0065 %fC 

.lTemp) 

Minimum Load Current (I LIM) INote 11 98 100 102 95 100 105 ~A 

Output Voltage Range a -27 0 -27 V 

Minimum Input Voltage -8 -8 V 

Input -Output Differential Voltage l' A 0 25° C. 1 mA < 1 LOAD < 200 mA 2.7 3.2 2.7 3.5 V 

Quiescent Supply Current 9 10 9 11 mA 

Ripple Rejection VOUT 0 -5V. f 0 120 Hz 70 70 dB 

Initial Output Voltage Tolerance TA" 25°C. (Note 21 -+:0.1 .to.S .to.l ±1.0 % 

Output Voltaqe Change with INote 31 0.003 0.003 %!'C 

Temperature 

Note 1: Minimum load current is established by IL~' the currant to Q2 (see schematic). I LIMIT draws directly from the output if current limit 
feature is used. 

Note 2: For VIN ~ -15V and VOUT obtained by using R4, R5, R6 and R8 individually. 

Note 3: Total change over specified temperature range. 
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· Typical Performance Characteristics 
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Typical Application (Continued) 

Variable Voltage Reference with Current Limit 

+ 
0.1/o1 F* 

ASENSE 

-V'No-",--+",-C 

2.Amp. Regulator with Current Limit 

RSENSE 

O.l,uF* 

V'No-.. --+ ... -{ 

*Recommended if device is far from filter capacitors 

Application Information 

The LH0076 does not require external capacitors for 
stable operation. However, an input bypass is recom­
mended if the device is far from filter capacitors. A 
0.1 fJF for input bypassing should be adequate for 
most applications. 

DESCRIPTION OF OPTIONS 

External Voltage Programming 

An external resistance can be connected between pin 10 
and ground to obtain any voltage from 0 to -27V using 
the following equation: 

2-13 

VOUT desired 
REXT= 

-1mA 

The reference current (lREF) has a typical temperature 
coefficient of -60 ppm/oC. Choosing a resistive material 
with a temperature coefficient of 60 ppmfC will com­
pensate the negative tempco of the reference current, 
resulti~g in an output voltage with minimal change over 
the operating temperature range. Example of a good 
resistive material is nichrome, which has a typical 
tempco of 80 ppmfC. Nichrome is the resistive material 
used in the LH0076, resulting in output voltage drift 
of 20 ppmfC typically. 



Application Information (Continued) 

Because a current source is used as a reference, remote 
voltage programming is possible. 

Internal Voltage Progra,,!ming 

The LH0076 provides various precision output voltages 
simply by using 1 or more of the internal programming 
resistors. These voltages, may be obtained by using the 
connections as shown in Table I. 

RTOTAL is the total resistance between pin 10 and ground 

11 

" 

~ r , ' 

R4, R5, RS and RS are precision trimmed to 0.1% 

FIGURE 1 

Current Limit Programming 

The maximum current 'output of the device 'may' be 
limited by 'adding 2 external resistors as shown in 

RSENSE r-------.... Wlr"1ro 'OUT 

FIGURE 2. Curront Limit Programming 

For applications where the current limit is, used, a 
minimum load current of 100 J,tA is ,established at the 
output. This arises from the fact that the constant 
current used in setting maximum output current is 
100 J,tA, and it comes directly from the output of the 
LH0076. If the 'total load current is less than this mini­
mum current, the output will drop. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. RSENSE 
should be placed as close to the output of the LH0076 
as possible, but R LIM IT can be a resistor or potentio­
meter located remotely from the device. 

RSENS£ 
.--'-----~,...W'orl~=----oIOUT 

Figure 2. ,The resistor values are, calculated using the -". 
following equation: 

IOUT(MAX) = ---+ 1 x 100J,tA ~RLlMIT ~ 
RSENSE 

where RSENSE = 1 to 10n 

This programming current limit feature can be extended 
to make the LH0076 a programmable current sink. This 
can be done by leaving pin 10 open and setting RLiMIT 
and RSENSE as desired. (See Figure 3). 

RUMIT 

FIGU RE 3_ Precision Curront Sink 

iT ABLE I. Connection Scheme for InternaUv Availabl. Output Voltages 

OUTPUT 
PIN 1 PIN 2 PIN 7. ,PIN 10 PIN 11 

VOLTAGE (V) 

-3 Gnd 

5 

6 Gnd 
8 

9 Gnd 

-12 Gnd 

15 Gnd 

-18 Gnd 

2-14 



~National 
~ Semiconductor 

LM103 Reference Diode ** 

General Description 
The LM103 is a two-terminal monolithic reference 
diode electrically equivalent to a breakdown diode. 
The device makes use of the reverse punch-through 
of double-diffused transistors, combined with ac­
tive circuitry, to produce a breakdown character­
istic which is ten times sharper than single-junction 
zener diodes at low voltages. Breakdown voltages 
from 1.8V to 5.6V are available; and, although the 
design is optimized for operation between 100 /lA 
and 1 rnA, it is completely specified from 10 /lA to 
10 rnA. Noteworthy features of the device are: 

•. Exceptionally sharp breakdown 

• Low dynamic impedance from 10 /lA to 10 rnA 

Schematic .and Connection Diagrams 

R1 
IDK 

Typical Applications 

Saturating SaNo Preamplifier 
with Rate Feedback 

OUTPUT 

··Covered by U.S. Patent Number 3,571,630 

RI 
10K 

Dl 
<MID' 
13' 

2-15 

Voltage References 

• Performance guaranteed over full military tem­
perature range 

• Planar, passivated junctions for stable operation 

• Low capacitance. 

The LM 1 03, packaged in a hermetically sealed, 
modified TO-46 header is useful in a wide range of 
circuit applications from level shifting to simple 
voltage regulation. It can also be employed with 
operational amplifiers in producing breakpoints to 
generate nonlinear transfer functions. Finally, its 
unique characteristics recommend it as a reference 
element in low voltage power supplies with input 
voltages down to 4V. 

Metal Can Package 

Nota: Pin Z eannact!d 10 case. 

TOP VIEW 

Order Number LM103H 
See NS Packag. H02A 

200 mA Positive Regulator 

r----,------..... - ...... ----.----,.. v ... >uv 

..... --+--C~~Z414 

RB 

'" 

.... ----.--- VOUT-!iV 

"SalldllnlJlum 
ISlr.:lfilrmlnmwlll 
Ilmp_andnll, "-

r­s: ...... 
o w 
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Absolute Ma~imum Ratings 

Power Dissipation (note 1') 250mW 
Reverse Current 20 rnA 
Forward Current 100 rnA 
Operating Temperature Range -55°C to 125°C 
Storage Temperature Ra,nge -65°C to 150°C 
Lead Temperature (soldering, 60 sec) 300°C 

: 

Electrical Characteristics (Note 2) , 
PARAMETER CONDITIONS MIN TYP MAX UNIT 

Reverse Breakdown Voltage Change 10~A:::; IR:S 100~A 60 120 mV 

100~A:::;IR:::;1 rnA 15 50 mV 

1 mA:5IR:510mA 50 150 .mV 

Reverse Dynamic Impedance (Note 3) IR = 3mA 5 25 . n. 

IR=0.3mA 
I 

15 60 n 

Reverse Leakage Current V R = Vz -0.2V 2 5 ~ 

Forward Voltage Drop IF = 10 rnA 0.7 O.B 1.0 V 

Peak-to-Peak Broadband Noise Voltage 10 Hz:5f::;' 100 kHz, IR = 1 rnA '300 ~V 
. , 

Reverse Breakdown Voltage Change 10~A:::;IR:S100~A 200 mV 
with Current (Note 4) 

100~A:5IR:::;1mA 60 mV 
" 

1 mA:5IR:S1O'mA 200 mV 

- \ 

Breakdown Voltage Temperature 
mVtC Coefficient (Note 4) 100~~IR~ 1 rnA -5.0 

, 

I 

Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C'maximum junction temperature 
and a thermal resistance of 80°C/W junction to case or 440o e/W junction to ambient (see curve). . 

Note 2: These specifications apply for TA = 25°C and 1.BV < Vz < 5.6V unless stated otherwise. The diode should not be 
op~rated w,ith shunt capacitances between 100 pF and 0.01 IJF. unless isolated by at least a 300n resistor, as it may oscillate at 
some currents. 
Note 3: Measured with the peak-to peak change of reverse current equal to 10% of the DC.reverse current. 

Note4: These specifications apply for -55"c < TA < +125°C. 
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Guaranteed Reverse Characteristics 
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5.6 LM103H·5.6 
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~ LM1131LM313 Reference Diode 
General Description . 
The LMl13/LM313 are·temperature compensated. 
low voltage reference diodes. They feature ex­
tremely-tight 'regulation over a wide range of 
operating currents in addition to an unusually:lo~ 
breakdown voltage and good temperature stability. 

The diodes are synthesized using transistors and 
resistors in a monolithic integrated circuit. As such. 
they have the same low noise and long term 
stability as. modern IC op amps. Further •. output 
voltage of the reference depends only on highly­
predictable properties of components in the IC; 
so they can be manufactured and supplied to tight 
tolerances. Outstanding features include: 

• Low breakdown voltage: 1.220V 

• Dynamic impedance of 0.30. from 500 J.l.A to 
20 rnA 

• Temperature stability typically 1 % over -55°C 
to 125°C range (LMl13). O~C to 70°,C (LM313) 

• Tight tolerance: ±5% standard.- ±2% and ±1 % 
· . on special order. 

The characteristics of this reference recommend it 
for use in bias-regulation circuitry. in low-voltage 
power supplies or in battery powered equipment. 
The fact that the breakdown voltage is equal to a 
physical property of silicon-the energy-band·gap 
voltage':"makes it useful for many temperature· 
compensation and temperature.~easurenient 
functions. 

Schematic and Connection Diagrams 

"' .... 

R1 
U. 

Typical Applications 
Level Detector for Photodiode 

D1 
LMll3 

12. 

.. ,. 
TTL 
OUTPUT 
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Metal Can Package 

Nota: Pin 2 connected to case •.. 
TOP VIEW 

Ordar'Number LM113H or LM313H 
. See NS Pa~kaga H02A 

Low Voltage Regulator 
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Absolute Maximum Ratings Operating ConcJitions 

Power Dissipation (Note.1) 
Reverse Current 
Forward Current 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

PARAMETER 

Reverse Breakdown Voltage 
LM113{LM313 
LM113·1 
LM113·2 

Reverse Breakdown Voltage 
Change 

Reverse Dynamic Impedance 

forward Voltage Drop 

RMS Noise Voltage 

Reverse 'Breakdown Voltage 
Change with Current 

Breakdown Voltage Temperature 
Coefficient 

100mW 
50mA 
50 rnA 

-'-65'C to +150'C 
300'C 

Temperature (T A) 
LM113 
LM313 

(Note 2) 

CONDITIONS MIN 

IR = 1 mA 
1.160 
1.210 
1.195 

0.5 mAs IR S 20 mA 

IR =1 mA 
IR = 10 mA 

IF=1.0mA 

10 HzSfS 10kHz 
IR = 1 mA 

0.5 mAs IR S 10 mA 

TMIN S'TA STMAX 

1.0 mAs IR S 10 mA 
TMIN STA STMAX 

TYP 

1.220 
1.22 
1.22 

6.0 

0.2 
0.25 

0.67 

5 

0.01 

Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C 
maximum junction and a thermal resistance of 800 C/W junction to case or 4400 C/W junction to 
ambient. 
Note 2: These specifications apply for T A = 25°C, unless stated otherwise. At high currents, 
breakdown voltage should be measured with lead lengths less than 1/4 inch. Kelvin contact sockets are 
also recommended. The diode stiould not be operated with shunt capacitances between 200 pF and 
0.1 .uF. unless isolated by at least a 100 n resistor l as it may oseillate at some currents. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

Reverse Characteristics 
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Typical Applications (Continued) 

+15V 

13DK lJOK 
1% 1% 

OUTPUT 

'-~~---15V 

Reverse Dynamic Impedance 

IR=5mA 
TA ::25°C 

~ 

100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

Response Time 

'.'m I I 
OUTPUT_ 

't""" 'rI I I 
I I 
I I 
INPUT 
I I 

I I 
I I 

12 

TIME1J.ls) 

16 20 

Noise Voltage 
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~ 60~\\H~~~-H~~~ 
~ 

~ 50 ~~~~H*~++Hm~H+Hm 

FREQUENCY (Hz) 

Maximum Shunt Capacitance 

30 r---r---,----r--~---, 

10K 

Amplifier Biasing for Constant Gain with Temperature Constant Current Source 

12K 

-15V 

20DK 6K 
1% 1% 

Thermometer 
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LM129/LM329 Precision Reference 
General Description 

The LM 129 and LM329 family are precision multi· 
current temperature compensated 6.9V zener references 
with dynamic impedances a factor of 10 to 100 less than 
discrete diodes. Constructed in a single silicon chip, the 
LM 129 uses active circuitry to buffer the intern'll zener 
allowing the device to operate over a 0.5 mA to 15 mA 
range with virtually no change in performance. The 
LM129 and LM329 are available with selected tempera· 
ture coefficients of 0.001, 0.002, 0.005 and o.ol%fc. 
These new references also have excellent long' term. 
stability and low noise. 

A new subsurface breakdown zener used in the LM129 
gives lower noise and better long term stability than 
conventional IC zeners. Further the zener and tempera, 
ture compensating transistor are made by a planar 
process so they are immune to problems that plague 
ordinary zeners. For example, there is virtually no 
voltage shifts in zener voltage due to temperature cycling 
and the device is insensitive to stress on the leads. 

The LM129 can be used in place of conventional zeners 
with improved performance. The low dynamic impedance 

Typical Applications 

Low Cost 0-25V Reg~lator 

H,....--VOUT 

150 

-10V 

LM129 
6.9V 

15V 

simplifies biasing and the wide operating current allows 
the replacement of many zener types. 

The LM129 is packaged in a 2·lead TO·46 package and is 
rated for operation over a -55°C to +125°C temperature 
range. The LM329 for operation over 0-70°C is availa· 
ble in both a hermetic TO·46 package and a TO·92 
epoxy ·package. 

Features 

• 0.6 mA to 15 mA operating current 
• 0.6!2 dynamic impedance at any current 
• .Available with temperature'coefficients of O.OOl%/oC 

• 71lV wide band noise 
• 5% initial tolerance 
• 0.002% long term stability 

• Lowcost 
• Subsurface zener 

Simple Reference 

9V TO 40V 

RS 

LM129 
6.9V 

Adjustable Bipolar Output Reference 

SOk 

7.5k· +15V 

2·21 

50k 

50k~""'--"'""i 
10TURN 
OUTPUT 
AOJUST 

OUTPUT 
-6.9 ~ VOUT S; 6.9 
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Absolute_ M~ximum Ratings 

Reverse Breakdown Current 30mA 
Forward Current 2mA 
Operating Temperature Range 

LM129 -55°C to +125°C 
LM329 ' O°C to +70°C 

Storage Temperature Range -55°C to'+150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS 
LM129A, B" C LM329B,C,D 

UNITS 
MIN TVP MAX MIN ' TVP MAX 

Reverse Breakdown Voltage TA'; 25°C, 

0.6 mA ~ I R ~ 15 mA 6.7 6.9 7.2 6.6 6.9 7.25 V 

Reverse Breakdown Change TA ;'25°C, 

wi1h Current 0.6mA~IR~15mA 9 14 9 20 mV 

Reverse Dynamic Impedance TA ;25°C,I R ; 1 mA 0,6 1 0.8 2 n 

RMS Noise T A ; 25°C, 

10 Hz ~ F ~ 10 kHz 7 20 .7 100 /lV 

Long Term Stability TA ; 45°C ±O.l°C, 

IR ; 1 mA ±0.3% 20 20 ppm 

Temperature Coefficient IR ; 1 mA 

LM129A, LM329A 6 10 6 10 ppm/"C 

LM129B, LM329B 15 20 15 20 ppm/"C 

LM129C, LM329C 30 50 30 50 ppm/"C 

LM329D 50 100 ppm/"C 

Change In Reverse Breakdown 1 mA ~ I R ~ 15 mA 1 1 ppmtC 

Temperature Coefficient 

Reverse Breakdown Change lmA~IR~15'mA 12 12 mV 

with Current 

Reverse Dynamic Impedance 1 mA ~ I R ~ 15 mA 0.8 1 n 
" 

Note 1:These specifi~ations apply for-5S'C S TA S +125'C for the' LM129 and O'C S TA S +70'C.for the LM329 unless otherwise specified. The 
maximum junction temperature for an LM129 is 150"C and LM329'is 100"C. For operating at' elevated temperature, devices in T0-46 package 
must be derated based on a thermal resistance of 440'C/W junction to ambient or SC('CIW junction to case. For the TO·92 package, the derating 
is based on IS0'C/W junction to embient with 0.4" leads from a PC board and 160"C/W junction to ambient with 0.125" lead length to a PC 
board. 

, 

" 

-
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Typical Applications (Continued) 

OV to 20V Power Reference 

25VT04DV-... ----------------... -------..., 

LM129 
6.9V 

6' 

5' 

I;;F 
MVLAR 

LMI9S. 

.... --+--+--">Nv---+- :~T020V 

-5V 

Reference Extarnal Referenc,e for Temperature Transducer 

30pF 

10k 

2> 

03 
6.3V 

2.6' 

~---4_-~----~----~------~--~2 -' 
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LM129 
6.9V 

ISV 

1. 

} 
OUTPUT 
10mVrk 



Typical Applications (Continued) 

Positive Current Source 

10VTO 40V-.. ---4 ..... ------.. -----..... 

LM129. 
6.9V 

4.3k 

20k 
0.1% 

20k 
0.1% 

350 
0.1% 

.... _-4 ..... _0UTPUT 
10~A 

Buffer'" Reference with Single Supply 

+15V-.. ---------, 

Connection Diagrams 

LM129 
6.9V 

Metal can Package 

BonOMVIEW 

OnIer Number LMI29AH. LM129BH 
LMI29CH. LM329AH.: LM329BH. LM329CH 

or LM329DH 
See NS Package H02A . 

9k 

2-24 

>~""'-IOV 

Plastic Package 

BonOMVIEW 

OnIer Number LM329BZ. LM329CZ 
or LM329DZ 

See NS Package ZOlA 



Typical Performance Characteristics 

Reverse Characteristics 
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Low Frequ~ncy Noise Voltage 
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Response Time 
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I 

Tj=15"C- t---

20 
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1.0 

I--- Tj""25°C ./ ,r"1 
Tj-_55°C 

i==Tj=25"C 

0.1 1 

10 100 1k 10k lOOk 

FREDUENCY (Hz) 

Zener Noise Vol,taga 

150 

100 1\ 
'\:.=25O C -

50 
10 100 lk 10k lOOk 

FREQUENCY IH~ 

0.01 Hz::;;t-;51 Hz 



~·National 
~ Semiconductor 

Voltage· References 

LM1361LM2361lM336 2.5V' Reference Diode 
General Description 
The LM136/LM236 and LM336 integrated circuits are 
precision 2.5V shunt regulator d·iodes. THese monolithic. 
I e voltage references operate as· a low temperature 
coefficient 2.5V zener with O.2n dynamic impedance. 
A third terminal on the LM136 allows the reference 
voltage and temperature coefficient to be trimmed easily. 

The LM136 series is useful as a precision 2.5V low voltage 
reference for .digital voltmeters. power supplies or op 
limp circuitry. The 2.5V m'ake it convenient to obtain 
a stable reference from 5V logic supplies. Further. since 
the \-M136 operates as a shunt regulator. it can be used 
as either a positive or negative voltage reference. 

The LM136 is rated for operation over-55°C to +125°e 
while the LM236 is rated over. a 725°C to +85°e 

Schematic Diagram 

temperature range; Both are packaged in a TO·46 package. 
The LM336 is~rated for operation over a oOe to +70oe 
temperature range and is available in either a three lead 
TO·46 package or a TO·92 plastic package. 

Features 
• Low temperature coefficient 
• Wide operating current of 300 pA to 10 mA 
• O.2n dynamic impedance 
• ±1% initial tolerance available 
• Guaranteed temperature stabil ity 
• Easily trimmed for minimum temperature drift 

• Fast turn·on 
• Three lead transistor package 
• 5.0V device also available-LM336-5.0 

r-~--------------------~~---1~------------~~'---~+ 

.i ... 
'7 .. , 

•• • DD 

ADJ 

•• 
'" 

." .. , 
R2 ., 
2k 1.111 

Typical Applications 
2.5V Reference 2.5V Reference with Mi~imum' Te~mperature Coefficient Wide Input· Range Reference 

iV . 

iV 
... , i: ... 

2.5V 

LM136 

IN451* 

1N4S7* ' 

t Adjust to 2.490V 

* Any silicon signal diode 

2·26 



Absolute Maximum Ratings 
Reverse Current 
Forward Current 
Storage Temperature 
Operating Temperature 

LM136 
LM236 
LM336 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 1) 

l5mA 
lOrnA 

-ilO°C to +150°C 

-55°C to +150°C 
-25°C to +85°C 

0°Cto+70°C 
300°C 

PARAMETER CONDITIONS 

LM136A/LM236A 
LM136/LM236 

MIN TVP MAX 

Reverse Breakdown VO,ltage T A = 25°C, I R = 1 rnA 

MIN 

LM336B 
LM336 

TYP MAX 

LM 136/LM236/LM336 

LM136A/LM236A, LM3368 

2.440 2.490 2.540 2.390 2.490, 2.590 

2.465 2.490 2.515 2.440 2.490 2.540 

Reverse Breakdown Change 

With Current 

TA = 25°C, 

400}lAS IR S 10 rnA 

Reverse Dynamic Impedance TA = 25°C, IR = 1 rnA 

Temperature Stability VR Adjusted to 2.490V 

IR = 1 rnA, (Figure 2) 

O°C::; T A ~ 70°C (LM336) 

-25°CS TA S +85°C (LM236) 

-55°C S TA S+125°C (LM136) 

Reverse Breakdown Change 400 pA SiR S lOrnA' 

With Current 

Reverse Dynamic Impedance 

Long Term Stability 

IR=l rnA 

TA = 25°C±0.1°C, IR = 1 rnA 

2.6 6 2.6 10 

0.2 

3.5 

12 

3 

0.4 

20 

0.6 

9 

18 

10 

0.2 1 

1.8 6 

3 12 

0.4 1.4 

20 

UNITS 

v 
v 

mV 

n 

mV 

mV 

mV 

mV 

n 
ppm 

Note 1: Unless otherwise specified, th& LM136 is specified from -SS·C:5 TA:5 +125"C, the LM236 from -2S·C:5 TA:5 +85"C and the LM336 
from ffC:5 TA:5 +7ffc. The maximum junction temperature of the LM136 is lS0·C, LM236 is l25"C and the LM336 isl0ffc. For elevated 
junction temperature, devices in the T046 package should be derated based on a thermal resistance of 44ffc/w iunction to ambient or sffC/W 
junction to case.,' For the TO·92 package, the derating is baseil on lS0·C/W junction to ambient with 0.4" leads from a PC board and l6ffcIW 
junction to ambient with 0.12S" lead length to a PC board. 

Typical Performance Characteristics 

Reve .... Voltage Change Zenar Noise Voltage Dynamic Impedance 
3.5 250 100 

;; 18=1 rnA IR=1 rnA .! 3.0 11 Tj'25'C'-
~ Tj"'Z5°C ~ I §: 
'" 200 z 2.5 \ 

~ .. 
~V ~ " 10 ~ 

z 

\ 
.. 

Tj=125'~,~ ~ 2 ill .. 
~ ~j'-55'C :s 150 ~. 

~. 1.5 ~ " " .. 
~ ", > I c; ;;; 

1 

5 Tj'25'C_ z .. 
1.0 

/' 100 z Tj = -55'C 
I 

,.. .. 
1:: 8.5 .. ./ Tj=2S'C-

0 50 0,1 I 
0 2 4 6 8 10 10 100 lk 10k lOOk 10 100- Ik 10Ie lOOk 

REVERSE CURRENT (mA) FREQUENCY (Hz) FREQUENCY (Hz) 
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Typical Performance Characteristics (Continued) 

Response Time 

~ 
21-~r .. 

~ l-t- ,~ 

11-r-T ~ w .. 
t- ~t"'0T' c I-!:; 

" 0 > I I [ I I 5 

0 
I jlNPUTI I 

I I I I I 

0 2 4 \ 6 8 

TIME ""I 

Reverse Characteristics 

10-1 r-r-r-r-r-r-r-r--r-.,-, 

c 
,~ 10-2 

a: 
a: .. TI" -55'~" 
~ 10-3 Ti=2S'C 

I I \ 5 i'--
1:; Ti = 125'C 
cc 10-4 

J1 V / 
10-5 

0.6 1.0 1A 1.8 2.2 2.6 

REVERSE VOLTAGE (V) .. 

'. 

Temperature Drift 

2.590 ~~~~E~~~!~~ 2.570 
2.550 .... 

~ 2.530 I.o-"~~=t...l..-+-+-I-I-II-I 
~ 2.510 I""'l-:r-::::I.-I...,r-i--I--i-... ;;;:I 
~ 2.490 t:;:::.I--4--I,....,l-l-oI--I;;;±--I 
> 2.470 \;;;-l-+-++-I-4.;1=-1I'-H 
~ 2.450 l-I-+-+-i--I.dr---l::-=i'-i="'! 
1:; ZA30 "' ... ,*",*=I-!i-I._dr-=!~I-.I 
a: ZAl0 r=t==+==*,,-+-...b::-F~~kl 

2.390 'R -I mA++-+--f=t_1:::-I 
2.370 r---­

.,55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE ('CI 

, 

Forward Characteristics 

1.2 ,..--,.----,---,---, 

1.0 .I 
~ .... // 
~ 0.8 .--- / 

l:.:~ ~// 
~ 02 ~'25'C--

r- I 
o ~-~-~--~-~ 
,0.001 0.01 0.1 . 1 10 

FORWARD CURRENT (mAl 

Application Hints 

The LM136 series voltage references are much easier to 
use than ordinary zener diodes. Their low impedance 
and wide operating current range simplify biasing in 
almost any circuit. Further, either the breakdown volt­
age or the temperature coefficient can be adjusted to 
optimize circuit performance. 

Figure 1 shows an LM136 with a 10k potentiometer 
for adjusting the reverse' breakdown VOltage. With the 
addition of Rl the breakdown voltage' can be adjusted 
without affecting the temperature coefficient of the 
device. The' adjustment range is usually sufficient to 

RS 

LMI36 ~"k-~-""'< Rl .. 1 10k 

FIGURE 1. LM136 With Pot for <!\.djustment of 
Breakdown Voltage 

adjust for both the initial device tolerance and inac­
curapies in buffer circuitry. 

If minimum temperature coefficient is desired, two 
.diodes can be added in series with the adjustment p0-

tentiometer as shown in Figure 2. When the device is 
adjusted to 2.490V the temperature coefficient is mini­
mized. Almost any silicon 'signal diode can be used for 
this purpose such as·a 1 N914, 1 N4148 or a 1 N457. For 
proper temperature compensation the diodes should be 
in 'the same thermal environment as the LM136. It is 
.usuallY sufficient to mount the diodes near the LM136 . 
on the printed circuit board. The absolute resistance of 
R 1 is not critical and any value from 2k to 20k will .work. 

Rs 

~ ~1~914 

~ ~IN914 

FIGURE 2. Temperature Coefficient Adjustment 
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Typical Applications (Continued) 

Low Cost 2 Amp Switching Regulator t 

VIN 
6VTo20v-.. - .. '----...:;.~' :;:...-.. - ... -------~ .... .T1t;*-~LI:-r'-.. --.. -VOUT 5V 

600",H 

+ + 
U~ ~~ 200.uF 

VSK330 

*L 1 60 turns #16 wire on Arnold Core A·254168·2 

t Efficiencv "" 80% 

Precision Power Regulator with Law Temperature Coefficient 

5V Crowbar 

V+----~---~-----

100 

O,OI"F 200 

SENSITIVE GATE 
seH 

~--~'-------------t---VOUT 

Uk 

HI 
375 

* Adjust for 3.75V across R1 

2·29 

Trimmed 2.5V Reference with Temperature 
Coefficient Independent of Breakdown 

Voltage 

10V 

5k 

*Ooes not affect temperature coefficient 



Typical Applications (Continued) 

Adjustable Shunt Regulator 

RS 

6V T040V-JIIV'o-.... -----1"'""-------.... - ~~~~U:OV 

RX 

Linear Ohmmeter 

35 

10k 
CALIBRATE 

Bipolar Output Reference 

Op Amp with Output Clamped 

2k 
'2V-'''''''''' .. - ..... 

2.SV Square Wave Calibrator 

5V 

2k 

... r---~'----'l""'-- OUTPUT 

.A~L;;Ml;;3'6 "'';CAlIBRATE 
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5V 

5k 

-5V 

10k 
1% 

10k 
1% 

Vour 

±1.25V 



Typical Applications· (Continued) 

5V Buffered Reference 

lV::: Y,N ,;36V - .... ----2-0k-. 

10k 
CAL 

1% ' 

Connection Diagrams 
TO-92 

Plastic Package 

BOTTOM VIEW 

Order Number 
LM336Z or LM336BZ 
See NS Package Z03A 

5V 

·10k 
CAL 

2-31 

5V 

Low Noise Buffered Reference 

T0-46 
Metal Can Package 

BOTTOM VIEW 

Order Number 
LM136H. LM236H. LM336H. LM136AH. 

LM236AH or LM336BH 
See NS Package H03H 

2.SV 



~National . 
~ Semiconductor 

Voltage References 

LM1851LM2851LM385 Voltage Reference Diode 
General Description 
The LM185/LM285/LM385 are micropower 2-terminal bari~­
gap voltage regulator diodes. Operating over a 10 "A to 20 
mA current range, they feature exceptionally low dynamic 
impedance and good temperature stability. On-chip trim­
ming is used to provide tight voltage tolerance. Since the 
LM185 band-gap reference uses orily transistors and 
resistors, low nois~ and good long term stability result. 

·Careful design of the LM185 has made the device excep­
tionally tolerant of capacitive .loading, making it easy to 
use in almost any reference application. The wide dynamic . 
operating range allows its use with widely varying supplies 
with excellent regulation. Some outstanding features are: 

• Operating current of 10 "A to 20 mA , 
• 1% and 2% initial tolerance 
• 111 dynamic impedance 

• Low temperature coefficient 
• Low voltage referel!ce-1.235V 

The extremely low power drain of the LM185 makes it useful 
for micropower circuitry. This voltage reference can be 
used to make portable meters, regulators or general pur­
pose analog circuitry with battery life approaching shelf 
life. Further, the wide operating current allows it to replace 
older references with a tighter tolerance part. . 

The LM185 is rated for operation over a-55'C to 125"C . 
temperature range while the LM285 is rated - 25 "C t085 "C . 
and the LM385 O'C to 70 'C. The LM185/LM2851 
LM385 are available in a hermetic TO-46 package and the 
LM385 is also available in "a low-cost" TO-92 molded 
package. 

Schematic Diagram 
r------.--~~---.----_1~--~----._----+ 

Applications 

Wide Input Range 
Reference 

VIN' Z.3V TO 30V 

6.8k 

..... -t-~.~~ 

1.5yt 

R4 
60k 

Centigrade Thermometer 

27k 

2-32 

R6 
ZOOk 

R7 
50k . 

Uk 

Calibration 

I. Adiust RI'sa that 
VI = temp at I mV/oK 

2. Adjust V2 to 273.2 mV 

t IQ for 1.3V to 1.6V battery 
valt8ge=50 ~A to 150 ~A 



Absolute Maximum Ratings 
ReverseCurrent 
ForwardCurrent 
Operating Temperature Range 

LM185 
LM285 
LM385 

Storage Temperature 
LeadTemperature(Soldering,10seconds) 

Electrical Characteristics (Note 1) 

30mA 
10mA 

-5?'CtO+125'C 
-25'Cto +85'C 

0'Cto70'C 
-55'Cto +150'C 

300'C 

LM185/LM285/LM385B 
Parameter Conditions 

Reverse Breakdown Voltage TA=25'C IM1N $IR$20 mA 
LM185/LM285/LM385B 
LM385 

Minimum Operating Current 

Reverse Breakdown Voltage IMIN$IR$1 mA 
Change with Current 

Reverse Dynamic Impedance IR= 100 p.A 

Average Temperature 
Coefficient 

Wide Band Noise (RMS) 

Long Term Stability 

10 p.A$IR$20 mA (Note 2) 

IR= 100 p.A 
10 HZ$f$10 kHz 

IR= 100 p.A 
TA = 25'C ± 0.1·C 

Min Typ Max 

1.223 1.235 1.247 

8 10 

1 
1.5 
10 
20 

0.2 0.6 
1.5 

20 

60 

20 

Min 

.1.223 
1.205 

LM385 
Typ 

1.235 
1.235 

8' 

0.4 

20 

60 

20 

Max Units, 

1.247 V 
1:260 V 

15 p.A 

1 mV 
1.5 mV 
20 mV 
25 m.V 

1 {J 

1.5 {J 

ppm/'C 

p.V 

ppm/kHR 

Note 1: Boldface type applies over the operating temperature rang~. Thermal resistance of the TO·46 package IS 440"C/W Junction to ambient or ao°c lunc­
tion to case. Thermal resistance of the TO-92 package is 180 "CfW junc~ion to ambient. 

Note 2: Guaranteed maximum average temperature coefficient available as special order.' 

Applications (Continued) 

Micropower Reference 
from 9V Battery 

9V 

~500k 
~1.2V 

~(LM385 
-:.: -

2·33 

Reference from 
1.5V Battery . 

1.5V 

~~ 
. ~~ 3k 

-~ 
...... 1.2V 

~ rLM385 

":.:' .. -



LM385 Applications 

Micropower* 5V Regulator 

In --~------"' ________ -4",""" __ VIN,,5.2V 

Micropower.* 10V Reference 

In -­r----.... --VIN -ISV 

1M 

;>:~""'--11-10V 

LMJ85 10M 2k 120k 

4.7 ~F 
TANTALUM 

* lQ=20 ~A standby current 

Precision 1 JIA to 1 mA Current Sources 

LMJ85 

LMJ85 

-1.5V TO ,-27V -----4II----I-~NIr-... 1.5V TO 27V -----4II-----"""Ir-... 
-JOV 

* 
1.23V 

IOUT=--
R2 

2·34 

150pF J.5M 

500k 



I.,M385 Applications (Continued) 

METER THERMOMETERS 

OOC-1000C Thermometer 

Calibration 

R4 
220 

150 

1.5V 
(t.3-1.6Vl t 

1. Short LM385, adjust A3 for IciUT=temp at 1 "A/oK 

2. Remove short, adjust R2 for correct reading in centigrade 

tlO at 1.3W500"A . 

10 at 1.6V "2.4 mA 

O°F-50°F Thermometer 

Calibration 

R4 
100 

150 

1.3-1.6V 

1. Sho~ LM385, adjust A3 for IOUT= temp at 1.8 "AJoK 

2. Remove shortt adjust R2 for correct reading In OF 

Lower Power Thermometer 

8k TO 
12k' 

l.lTO 
1.6V t 

• 2N3638 or 2N2907 select for Inverse HFE"5 

t Select for operation at 1.3V 

* 10"600 "A to 900 "A 

Mlcropower Thermocouple Cold Junction Compensator 

MERCURY ... 
CELL 

1.345V 

S.lk 
1M 
1% 

LM385 

+ 
THERMOCOUPLE 

Adlustment Procadure 

R2 

\_, 
COLO JUNCTION 

ISOTHERMAL 
WITH LM334 

Rl 

2k 
1% 

TC AOJ 
500 

1. Adjust TC ADJ pot until voltage across Al equals kelvin temperature 
multiplied by the thermocouple seebeck coefficient. 

2. Adiust zero ADJ pot until voltage across R2 equals the thermocouple 
seebeck coefficient multiplied by 213.2. 

Thermocouple Seebeck R1 R2 Voltage Voltage 
Type Coafflclent (0) (0) Acro •• R1 Acros. R2 

/llVI"C) @2S"C (my) 
(my) 

52.3 523 1.24k 15.60 14.32 

T 42.8 432 lk 12.11 11.18 

K 40.8 412 9530 12.11 11.17 

S 6.4 63.4 1500 1.908 1.166 

Typical supply current 50 "A 

2-35 



Typical Performance Characteristics 

Reverse Characteristics Reverse Characteristics 
100 10 

:> 
< 

.g 

.:! '" >- " 10 .. 
i ~ 

w 

'" 
w ~ ~ > 

~ 
... 
" ... 
" '" 

-2 
0.2 0.4 0.6 0.8, 1.0 1.2 1.4 0.01 0.1 10 100 

REVERSE VOLTAGE IV} REVERSE CURRENT (rnA) 

Temperature Drift Reverse Dynamic Impedance 
1.255 100 r-Tormnr-rTTTlTIIr...,-rm".--"T"TTm11I 

IR" 10DI1A f= 25 Hz 

~ 1.245 £f 

l/ 
~ I-

'" ;: 
~ 1.235 
w 

~ 

~ 10 
'" 
~ 
l!! 
~ 

;; 
> " 
~ 1.225 ~. 

1.215 
-55 -35 -15 5 25 45 65 85 105 125 0.1 10 100 

TEMPERATURE I'C} REVERSE CURRENT (mA) 

Noise Voltage Filtered Output Noise 
700 70 

IR" lDOpA 
600 60 

500 
\~ 
> 400 :s 

r-
~ 50 

0; 40 
'" '" w 300 

~ 

~ 200 
'/\ 

>- 30 

~ 20 >-

'" 100 10 

10 100 lk 10k lOOk 

FREQUENCY 1Hz} CUTOFF FREQUENCY 1Hz} 
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Forward Characteristics 

1.2 rTTlTtmr"TT 

~ 
'" 0.8 Hiittttll-:ti 
~ 
'" > 

'" '" 3li 0.4 

~ 

10k 

~ 

~ 100 

~ 
~ 10 

~ 
~ 

0.1 

2.0 

1.5 

2: 1.0 

t.:I 0.5 

i 
'" <t 

~ 
> 10 

0.1 10 100 

FORWARO CURRENT ImA} 

Reverse Dynamic Impedance 

TA 0 25'C 
IR = 1DOllA ...,. 

L V 

/ 
~ 

10 100 lk 10k lOOk 1M 

FREOU'ENCY IHzl 

Response Time 

/ OUTPJT /f = r----
r----

OUTPUT 

~ - r----

1
1NPUJ. 

j / 

200 400 600 

TIME (~sl 



Connection Diagrams 

TO·92 
Plastic Package 

BonOMVIEW 

Order Number LM385Z or LM385BZ 
See NS Package Z03D 

2·37 

TO·46 
Metal Can Package 

BonOMVIEW 

Order Number LM185H, LM285H, 
LM385H or LM385BH 

See NS Package H02A 



~National 
~ Semiconductor 

Voltage References 

LM199/LM299/LM399 Precision Reference 
General Description 
The LM199/LM299iLM399 are precision, temperature­
stabilized .monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference· zeners. Constructed on a single monolithic 
chip is' a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.511. and allows the 
zener to operate over ·0.5 mA to 10 mA cu rrent range 
with essentially no change in voltage or temperature 
coefficient. Further,'a new subsurface zener structure 
gives low noise and excellent long term stability com­
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation. 

The LM 199 series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
LM199 is free of voltage shifts due to stress on the leads. 
Finally, s;"nce the unit is temperature stabilized, warm'up' 
time is fast. 

The LM199 can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital 'converters, 

Schematic Diagrams 

01 

42 1k 

L---------~--~~~--~----~--_4 __ --~.~v-
Temperature Stabilizer 

calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM199 can replace references in existing equipment· 
with a minimum of wiring changes. 

The LM199 series devices are packaged in a standard 
hermetic TO-46 package inside a thermal shield. The 
LM199 is rated for operation from -55°C. to +125°e 
while the LM299' is rated for operation from -25°C to 
+85°C and the LM399 is rated from O°C to +700e. 

Features 
• Guaranteed 0.0001%fC temperature coefficient 

• Low dynamic impedance - 0.511. 
• Initial tolerance on breakdown voltage - 2% 

• Sharp breakdown at 400/JA 
• Wide operating current - 500/JA to 10 rnA 
• Wide supply range for temperature stabilizer 

• Guaranteed low noise 
• Low power for stabilization - 300 mW at 25°C 

• Long term stability - 20 ppm 

, .. ,,. 

L------*--~------~~----------~--i, -

Reference 

Connection DiaQram Functional Block Diagram 
Metal Can Package 

~­
'tUd. 

TOPVI£W 

Order Number LM199H, LM299H 
or LM399H 

See NS Package H04D 
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Absolute Maximum Ratings 

Temperature Stabilizer Voltage 40V 

Reverse Breakdown Current -20mA 

Forward Current 1 mA 

Reference to Substrate Voltage VCRS) (Note 1) 40V 
-a.1V 

Operating Temperature Range 

LM199 -SSoC to +12SoC 

LM299 -2SoC to +BSoC 

LM399 O°C to +70°C 

Storage Temperature Range -SSoC to +IS0°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 2) . 
LM199/LM299 LM399 

PARAMETER CONDITIONS UNITS , MIN TYP MAX MIN TYP MAX 

Reverse Breakdown Voltage 0.5 mA ~ I R ~ 10 mA 6.8 6.95 7.1 6.6 6.95 7.3 V 

Reverse Breakdown Voltage 0.5mA~1 ~ 10mA 6 9 6 12 mV 

Chang~ With Current • 
Reverse Dynamic Impedance IR = 1 mA 0.5 1 0.5 1.5 n 

Reverse Breakdown -55°C<TA <85°C} 0.00003 0.0001 %1°C 

85°C ~ T A ~ 125°C 
LM199 

%fC Temperature Coefficient 0.0005 0.0015 

_25°C ~ TA ~ 85°C LM299 0.00003 0.0001 %fC 

O°C ~TA ~70°C LM399 0.00003 0.0002 %1°C 

RMS Noise 10 Hz ~ f ~ 10 kHz 7 20 7 50 p.V 

Long Term Stability Stabilized, 22°C ~ T A ~ 28°C, 20 20 ppm 

1000 Hours, IR = 1 mA ±0.1% 

Temperature Stabilizer TA = 25°C, Still Air, Vs = 30V 8.5 14 8.5 , 15 
mA 

Supply Current TA =-55°C 22 28 

Temperature Stabilizer 9 40 9 40 V 

Supply Voltage 
(Note 3) 

Warm·Up Time to 0.05% Vs =30V, TA = 25°C 3 3 Seconds 

Initial Turn·on Current 9 ~ Vs ~ 40, T A = 25°C, (Note 3) 140 , 200 140 200 mA 

" 

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or 0.1 V more negative than the substrate. 
Note 2: These specifications apply for 30V applied to the temperature stabilizer and -55°C < TA < +125°C for the LM199; -25°C < TA < +85°C 
for the LM299 and O°C :s TA:S +70°C for the LM399. - - - ,-
Nota 3: This initial current can be reduced by adding 'an appropriate resistor and capacitor to the heater circuit. See the performance characteristic 
graphs to determine values. 
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Typical Performance Characteristics 

Reverse Characteristics 

10'" 
6.25 

T =25·C -...-::: 
J,.....r- .-

V '~A81L1ZEO (T; ~9o·C)L 

6.45 6.65 6.85 

REVERSE VOLTAGE (V) 

Zaner Noise Voltage 
200 

7.05 

~ 150 

~ 
~ .. 

1\ 
100 ~ STABILIZED (T, ~ 90'C) --:-

Tj "'25°C 

50 

10 100 lk 10k lOOk 

FREQUENCY (Hz) 

Initial Heater Current 
250 

VHf. 4dv 
C 200 .! .... 
:li .. 150 .. z:-
~ 100 

r-... r-.... 
...... 
" ~ 

'" ~ 50 
:! 
!:: 
!! '-f--o 

-55 -35 -15 5 25 45 65 85 105 125 

TURN ON TEMPERATURE (·C) 

;; 
.! 

;; 
.! 
'~ 
5 
c 

C 
.! 
.... 

i .. 
~ 
,~ 

'" 

-1 

-2 

-3 

-4 

160 

140 

120 

.100 

80 

60 

40 

20 

Rever.18 Voltage Change 

REVERSE CURRENT (mA)' 

Stabilization Time 

TAJ25"C --
/ , ,~~. -J5·C 

I , 
I 

I 
VH i 15V I 

o 12 16 

,HEATER ON TIME - (SEC) 

Heater CUrrent (To Limit' This 
Surge, Sea Next Graph) 

TA "25"C 

I I 
~ ...... !--'vHLJ-"" ...... VH =20~_ 

\\ ~--I \ !---'VH' 30V 

'\~t:=r N:Hi 4O
,-

~ I I 
, I 

10 

20 

o 2 4 6 8 10 12 14 16 18 

TIME (SEC) 

-5 
'::l-.. 
:1i 
~ 
u 
i 
'" .. 
~ 

§ .. 
c 
!ii 
::l .. .. z 

~ 
:::; 
w 

~ 
ill 
:e 
::0 :e x 
'" :e 

Dynamic Impedance 
100 

ID / 
STAB1L1ZE~ 

(T, ~90"C) 

.1.0 ./J 
T,' 25·C~ 

0.1 I 
10 100 lk 10k lOOk 

FREQUENCY (Hz) 

Heater Current 

-55 -35 -15 25 45 65 85 105 

BOO 

700 

600 

500 

400 

300 

ZOO 

100 

0 

TEMPERATURE (·C) 

Heater Surge Limit Resistor ys 
Minimum Supply Voltage at 
Various Minimum Temperatures 

0 10 ZO 30 40 

MINIMUM SUPPLY VOLTAGE (V) 

*Heater must be bypassed with a 2 /-IF 
or larger <tantalum capacitor if maxi­
mum value resistors are used. Otherwise, 
30% to 50% smaller values must be 
used. If heater oscillates, resistor value 
may be too small, 

Low Frequency Noise Voltage Response Time 

;; 

i 
w 
w 
is z 

'4 10 

TIME (MINUTES) 

0.01 HZ$t::;1 Hz 
STABILIZED 
(T; .90"C) 
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Typical Applications 

Single Supply Operation 

'VT040V-~"_'-----, 

TEMPERATURE 
STABILIZER 

6.95V 

Negative Heater Supply with 
Positive Reference 

+15V-------., 

-9VTO 
-JJV 

TEMPERATURE 
STABILIZER 

B,9SV 

7.5k 

n. 

Split Supply Operation 

+15V--+------. 

-15V 

TEMPERATURE 
STABILIZER 

B.9SV 

Buffered Roference 
With Single Supply 

7.5k 

+15V--.... ----+-------..., .. 

Positive Current Source 

IDVT040V-.... ----.... --.... -----~,._.----_, 

TEMPERATURE 
STABILIZER 

6.9SV 

LM199 

4.lk 

Standard Cell Replacement 

15VT02DV--~----~-------------..., 
1% REGULATED 

TEMPERATURE 
STABILIZER 

6.9SY 

7.5k 

2-41 

350 
0.1% 

L-_ .... _ ~~~~UT 

OUTPUT 

IOV 



Typical Applications (Continued) 

Negative Current Source 

300 

-25V---4~----4""--4 ..... ---... ---..,...--...,..-... 

Square Wave Voltage Reference 

H5V ,,,,, 
7.5k SDk ~ 

.... -NII'--< ..... --I\N--... ...;+!:.I .- OUTPUT 

TEMPERATURE 
STABILIZER 

LM199 

lOOk 

lN457 

OTD-IOV 
INPUT 

snUARE WAVE 

14V Reference 

14k 
28V-...,..--.... --..... _"""''''' ......... ___ ~~4r:UT 

Portable Calibrator* 

-L 

f 200k 

12VTO _ 
I8V--

TEMPERATURE 
STABILIZER 

6.95V 

3k 
L-=t_--,L:;;M;,,;19::9_--1I-...J TRIM 

19k ,. 

B.Bk 
1% 

·Warm ... p time 10 sttflnds, intel11l1ttent opentlon does n~ degrlde long term stablhty. 

Precision Clamp* 

CLAMP 
INPUT 

R, 

... ------.... --OUTPUT 

+15V--.... ----, 1NDI4 

15k 

iN914 

":" ·Clamp will sink 5 rnA when Input goes more positive thin releren~e. 



Typical Applications (Continued\ 

OV to 20V Power Reference 

"V T040V--.......... ---.......... --------------.... ----___ -, 

TEMPERATURE 
STABILIZER 

6.95V 

LM199 

6k 

20k ~.t--'IIIIV-1>-'V\/Ir-;-, 

-,v 

Bipolar Output Reference 

.ok 
+15\1--.......... -----, 

-15~ 

TEMPERATURE 
STABILIZER 

6.95\1 

lM199 

7.5k 

5Ok> .... --..., 

-15V 30pF 
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~National Voltage References 
~ Semiconductor 
LM199A1LM299A1LM399A Precision Reference 
General Description 
The LM199A/LM299A/LM399A are precision, tempera· 
ture·stabilized monolithic zeners offering temperature 
coefficients a factor of ten better than high qual ity 
reference zeners. Constructed on a single monolithic 
chip is a temperature stabilizer circuit an'd an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.5>2 and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com· 
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation, 

The LM199A series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling, Also, the 
LM199A is free of voltage shifts due to stress on the 
leads. Finally, since the unit is temperature stabilized, 
warm up time is fast. 

The LM199A can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters, 
calibration standards, preciSIon voltage or current sources 
or precision power supplies, Further in many cases the 
LM199A can replace references in existing equipment 
with a minimum of wiring changes. 

Schematic Diagrams 

01 

,. 

Temperature Stabilizer 

Connection Diagram 

The LM199A series devices are packaged in a standard 
hermetic TO·46 package inside a thermal shield. The 
LM199 .is rated for operation from -55°C to +125°C 
while the LM299A is rated for operation from -25°C 
to +85°C and the LM399A is rated from O°C to +70°C. 

Certified Long Term Stability Devices 

All devices are tested for 1000 hours minimum at 25°C 
ambient temperature with temperature stabilizer oper· 
ating. All devices shipped with long term data which 
certifies a maximum drift for the 1000,hours of 20 ppm 
or 50 ppm, 

Features 

• Guaranteed 0,00005%tC temperature coefficient 

• Low dynamic impedance - 0.5r2 
• Initial tolerance on breakdown voltage - 2% 

• Sharp breakdown at 400ilA 

• Wide operating current - 500ilA to 10 mA 
• Wide supply range for temperature stabilizer 

• Guaranteed low noise· 
•. Low power for stabilization - 300 mW at 25°C 

• Long term stability - 20 ppm 
• Certified long term stability available 

Reference 

Functional Block Diagram 
Metal Can Package Certified Long Term Stability Device 

~­
U~ 

TOPVIEW 

Order Number LM199AH, LM299AH 
, or LM399AH 

See NS Package H04D 

CERTIFIED LONG 
TERM STABILITY 

ppm MAX 

20 

20 

50 

ORDERI,NG 
NUMBERS 

LM199AH·20 

LM299AH·20 

LM399AH·50 

M' 
r~ --- I 
I H I 
I I 
I I L ____ ..J 

• l ' 
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Absolute Maximum .Ratings 

. Temperature Stabilizer Voltage 

Reverse Breakdown Current 

Forward Current 

Reference to Substrate Voltage V(RSI (Note 1) 

Operating Temperature Range 

LM199A 

LM299A 

LM399A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 2) 

40V 

20mA 

1mA 

+40V 

-o.lV 

--55°C to +125°C 

.,-25°C to +85°C 
·o°c to +70°C 

-55°C to +150°C 

300°C 

PARAMETER CONDITIONS 
LM199A, LM299A 

MIN TYP MAX 

Reverse Breakdown Voltage 0.5 rnA :::;IR :::; 10 rnA 6.8 6.95 7.1 

Reverse Breakdown Voltage 0.5 rnA::; IR ::; 10 rnA 6 9 

Change With Current 

Reverse Dynamic Impedance IR = 1 rnA 0.5 1 

Reverse Breakdown -55°C<TA <850C} 
LM'199A 

0.00002 0.00005 
Temperature Coefficient 85°C:::; T A:::; 12SoC 0.0005 0.0010 

- 2SoC:::; T A :::; 85°C LM299A 0.00002 0.00005 

OOC ::; T A ::; 70°C LM399A 

RMS Noise 10Hz:::; f::; 10kHz 7 20 

Long Term Stability Stabilized, 22°C:::; T A ::; 28°C, 20 

1000 Hours,l R = 1 rnA ±0.1% 

Temperature Stabilizer TA = 25°C, Still Air, Vs = 30V . 8.5 14 
Supply Current TA = -S5°C 22 ' 28 

Temperature Stabilizer 9 40 
Supply Voltage (Note 31 

Warm-Up Time to O.OS% Vs = 30V, T A = 2SoC 3 

Initial Turn-on Current 9:::; Vs :::; 40, T A = 25°C; (Note 31 140 200 

LM399A 
UNITS 

MIN TYP MAX 

6.6 6.95 7.3 V 

6 12 mV 

0.5 1.5 n 
%/oC 

%/"C 

%/"C 

0.00003 0.0001 %/oC 

7 SO IlV 

20 ppm 

8.5 15 
rnA 

9 40 V 

3 Seconds 

140 200 rnA 

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be 8Pp'lied to either 
terminal of the ~eference is 40V more positive or 0.1 V more negative than the substrate. 
Note 2: These specifications apply for 30V applied to the temperature stabilizer and _55°C ~ T A::; +12SoC for the LM199A; -25°C :5. T A .:5 
+85°C for the LM299A and O°C ::; TA::; +70°C for the LM399A. 
Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic 
graphs t9 determine values. 

Typical Applications 

For typical applications, see LM199 data sheet on 
preceding pages. 
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

LM3999 Precision Reference 
General Description 
The LM3999 is a precision, temperature-stabilized 
monolithic zener offering temperature coefficients 
a factor of ten better than high quality reference zeners_ 
Constructed on a single monolithic chip is a temperature 
stabilizer circuit and an activ~ reference zener_ The 
active circuitry reduces the dynamic impedance of the 
zener to about 9_Sf! and allows the zener to operate 
over O_S mA to 10 mA current range with essentially 
no change in voltage or temperature coefficient_ Further, 
a new subsurface zener structure gives low noise and 
excellent long term stability compared to ordinary 
monol ith ic zeners_ ' 

The LM3999 reference is exceptionally easy to use 
and free of the problems that are often experienced 
with ordinary zeners, There, is virtually no hysteresis in 
reference voltage with temperature cycling, Also, the 
LM3999 is free of voltage shifts due to stress on the 
leads_ Finally, since the unit is temperature stabilized, 
warm up time is fast, 

The LM3999 can be used in almost any application in 
place of ordinary zeners with improved performance, 

Schematic Diagram 
Temperature Stabilizer 

Voltage References 

Some ideal applications are analog to digital converters, 
precision voltage or current sources or precision power 
supplies, Further, in many cases, the LM3999 can 
replace references in existing equipment with a mini.' 
mum of wiring changes, 

The LM3999 is packaged in a standard TO-92 package 
and is rated from 0° C to +70° C, 

Features 
• Guaranteed O,OOOS%fC temperature coefficient 

• Low dynamic impedance - O,Sf! 

• Initial t~lerance on breakdown voltage - S% 

• Sharp breakdown at 400MA 

• Wide operating current - SOOMA to 10 mA 

• Wide supply range fo'r temperature stabilizer 

• Low power for stabilization - 400 mW at 2SOC 

• Long term stabil ity - 20 ppm. 

Reference HEATER SUPPLY 

r---~----------~~--------~--------------------------------------------__ ----~~J v+ 

QI 

2> 

JOk 
4,2 Ik 

JO.F 

10k 

2> 

DJ 
6.JV 

26k 

REFERENCE 

GND 

~------~~--~--~--~----~--~~------~~----~~~~------~------------~~I -
. Functional Block Diagram 
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Typical,Applications 
Basic Operation 

9V TO 4DV -~.---------. 

TEMPERATURE 
STABILIZER 

6,95V 

LMJ999 

Rs 



Absolute Maximum Ratings 
Temperature Stabilizer Voltage 36V 
Reverse Breakdown Current 20mA 
Forward Current 0.1 mA 
Operating Temperature Range O°C to +70°C 
Storage Temperature Range -55°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

I 

Electrical Characteristics (Note 1) 

·PARAMETER CONDITIONS MIN TVP MAX UNITS 

Reverse Breakdown Voltage 0.6 mA::; IR::; 10 mA 6.6 6.95 7.3 V 

Reverse Breakdown Voltage 0.6 mA::; I ::; 10 mA 

Change With Current 6 20 mV 

Reverse Dynamic Impedance IR= 1 mA 0.6 2.2 n 
, 

Reverse Breakdown Temperature 

Coefficient 0°C::;TA::;70°C 0.0002 0.0005 %fC 

RMS Noise 10Hz::; f::; 10 kHz .7 p.V 

long Term Stability St~lized, 22°C::; TA::; 28°C, 

10 Hours, IR = 1 mA ±0.1% 20 ppm 

Temperature Stabilizer T A = 25°C, Still Air; Vs ~ 30V 12' 18 mA 

Temperature Stabilizer Supply 

Voltage 36 V 

Warm-Up Time to 0.05% Vs = 30V, TA = 25°C S Seconds 

Initial Turn-on Current 9::; VS::;40, TA = 25°'C 140 200 mA 

Note 1: These specifications apply for 30V applied to the temperat~re stabilizer and O·C 5. TA ::;; +70·C. 

Typical Performance Characteristics 
Reverse Characteristics Reverse Voltag~ Change Dynamic Impedance 
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::::: L ::i Tj~ .. 3 :i 1.0 Tj.25"C > lIP" II I " ~ 10-4 
~ '" 2 > 

V -~A81L1ZED V ., 
1;: 1 ITj - 90"CI a: /' 10-5 . 0.1 

6.25 6.45 6.65 6.85 1.05 0 2 4 6 8 10 10 100 lk 10k lOOk 

REVERSE YDLTAGE IVI REVERSE CURRENT ImAI FREQUENCY IHzl 

Zen.~ Noi •• Voltage Stabilization Time Heater Current 
200 1 

TA "25"C 

80 

I -- I'--. I 0 

'~~.-5k"c ;0 

/ 60 

~ 150 .5 I~H·l0V 

1\ ;; -1 
I .... 

! .5 

I I ~ "l. 
~ 

5 I ~ 40 VVH'20V t--
~ e: I~ 0 -2 VH = 30V i, STA81L1ZED ITj ~ 90"CI_ = a: -100 co ~ -..... ~V X H' 4OV 

'- Tj~25"C :Ii 20 ..... 
-3 :c -~ ~ ...... I"'\l I 

I VH ~ 15V , ~ 50 --4 0 
10 100 1. 10k lOOk 0 4 8 12 16 20 ~55 -35 -15 5 25 45 65 85 105 

FREQUENCY'IHz! HEATER ON TIME -ISECI TEMPERATURE I"CI 
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'Typical Performance Characteristics (Continued) Heater Surge Limit Resistor VI 

Minimum Supply Voltage at 
Various Minimum Temperatures 

.. 

.! 
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*Heater must be bypassed with a 2 IlF 
tantalum capacitor if maximum value 
resistors are used. Otherwise 30% to 
50% smaller values must be used.lf 
heater voltage oscillates under any con­
dition, temperature is not at control 
point. 

Response Time 
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Typical Applications (Continued) 

Buffered Referenea With Single Supply Voltage Reference 

-t15V--..-----1'--------, TD~~~--..... ----1~-----------_, 
9k 

IOV 

Negative Current Source 

1.Sk 

~'V-~~~ _____ ~~---~-------~ 
'00 
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TEMPERATURE 
STABILIZER 

&.9SV 

LM3999 

1.Sk 

Square Wave Voltage Reference 

t15V . 

''''' 1.Sk L 
... -.Mf'--.--.Mf'---'-+'-Ir OUTPUT 

. + 

TEMPERATURE 
STABILIZER 

LM3999 

DTO-IOV 
INPUT 

SQUARE WAVE 

OUTPUT 
1.01V 



Typical Applications (~ontinued) 
OV to 20V Power Reference 

TO!:~'" --.----""1--------------1'"""-...,..-----, 

TEMPERATURE 
STABIU~ER 

6.95V 

LM3199 

Precision Clamp· 
CLAMP 
INPUT 

R, 

Ok 

t-------1'"""-OUTPUT 
+15V-....:. ... ---...., lN914 

'6k 

IN9!. 

*Clamp will sink 5 rnA when input 
goes more positive than reference. 

Portable Calibrator" 

--l-

I 20011' 

Uk 
1% 

12VTD _ 
I8V--

TEMPERATURE 
STABILIZER 

6.85V 

lM .... 
3k 

TRIM 

,,. 
1% 

*Warm-up time 10 seconds; intermittent operation 
does not degrade long term stability •. 

LM3B5K 

... --+--+-"""M,.....-.... -:~: ::v 

•• y 

Bipolar Output Reference 
.Ok l5y--""1----, 

OUTPUT 
lOY' 
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TfMPERATURE 
STABILIZER 

6.95Y 

LM3999 

1.5. 

'Ok~I---~ 

-15V 3DpF 

Connection Diagram 

Plastic Package 

BOTTOM VIEW 

Ordar Numbar LM3999Z 
Sea NS Package Z03A 

OUTPUT 
±I.9V 
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Operational Amplifiers/Buffers 
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DC ELECTRICAL CHARACTERISTICS 

VOS - MAX OFFSET tNOs/t.T - T.C. OF IB-MAX BIAS 
PART NUMBER VOLTAGE (mV) VOS (!lVrC) CURRENT (pAl 

(TA = 25°C) TYP (TJ = 25°C) 

MILITARY BI-FET OP AMP (Note 1) 

LF155 5 5 100 
LF155A 2 5 (max) 50 
LF156 5 5 100 
LF156A 2 5 (max) 50 
LF157 5 5 100 
LF157A 2 5 (max) 50 

INDUSTRIAL BI-FET OP AMP (Note 1) 

LF255 5 5 100 
LF256 5 5 100 
LF257 5 5 100 

"" 
COMMERCIAL BI·FET AND BI·FET II OP AMP (Note 3) 

< LF351 10 10 200 
LF351A 2 10 100 
LF351B 5 10 200 
LF355 10 5 200 
LF355A 2 5 (max) 50 
LF35~ 10 5 200 
LF356A 2 5 (max) 50 
LF357 10 5 200 
LF357A 2 5 (max) 50 
LF13741 15 10 200 

BI-FET II DUAL OP AMPS (Characteristics for Each Amplifier) (Note 3) 

LF353 10 10 200 
LF353A 2 10 100 
LF353B 5 10 200 

BI-FET II QUAD OP AMPS (Characteristics for Each Amplifier) (Note 3) 

LF347 

J 
10 

J 
10 

J 
200 

LF347A 2 10 100 
LF347B 5 10 200 

AVOL LARGE 
SIGNAL VOLTAGE 

GAIN (V/mV) 
MIN (T A = 25°C) 

50 
50 
50 
50 
50 
50 

50 
50 

,50 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 

J 
25 

25 
25 

• 

AC ELECTRICAL CHARACTERISTICS 

en - EQUIV. 
SR -SLEW INPUT NOISE 
RATE (V/!ls) VOLTAGE (nV/y'Hz) 

(Note 2) 

5 20 
5 20 
12 12 
12 12 
50 12 
50 12 

5 20 
12 12 
50 12 

13 16 
13 16 
13 16 
5 25 
5 28 
12 15 
12 15 
50 15 
50 15 
0.5 37 

13 16 
13 16 
13 16 

1 
13 16 
13 16 
13 16 

9p!n~ UO!10919S dw" dO 
wlIl13.:1"IS/w113.:1"IS 



't' 
:::: 

Max Input Offset 
Voltage 
(T A = 25°C) 

Max Input Bias 
Current 

(T J = 25°C) 

Typ Equivalent 
Input Noise Voltage 
per,)Hz, f = 1000 Hz, 
Rs= lOOn 

Typ Slew Rate 

BI.FETTMfBI.FET IITM 
Op Amp Selection Guide 

I 

SELECTION BY DESIGN PARAMETER 
ADDITIONAL NS PRODUCTS USING 

BI-FET TECHNOLOGY 

2mV 5mV 10mV 15mV 
LF 155A/LF355A LF351B LF355/LF356/LF357 LF13741 
LF 156A/LF356A LF347B LF351 
LF357A LF353B LF353 
LF351A LF155/LF156/LF157 LF347 
LF353A LF255/LF256/LF257 • LF 111 Comparator 

LF347A • LF 1 98 Sample and Hold 

50pA 100pA 200 pA • LF 11201 Series of Analog Switches 

LF155A/LF156A/LF157A LF155/LF156/LF157 LF355/LF356/LF357 • LF 11331 Series of Analog Switches 
LF355A/LF356A/LF357A LF255/LF256/LF257 LF351/LF351B • LF 11508 Series of Analog Multiplexers 

LF351A LF347/LF347B • LF 152 I nstrumentation Amplifier 
LF353A LF353/LF353B • LF13300 Integrating AID Building Block 
LF347A LF13741 

12 nV or Less 15 nV To 20 nV 25 nV To 37 nV 
LF 156/LF 156A LF356 LF351 LF155 LF355 LF13741 
LF157/LF157A LF356A LF351A LF155A LF355A 
LF256/LF257 LF357 LF351B LFT155 

LF357A LF347 LF255 
LF347A 
LF347B' 
LF353 
LF353A 
LF353B 

0.5 V//ls 5 V//ls 12 V//ls 13V//ls 50 V//ls 
LF13741 LF 155/LF 155A LF156 LF351 LF157 

I~F255 LF156A LF351A LF157A 
LF355/LF355A LF256 LF351B LF357 

LF356 LF353 LF357A 

LF356A LF353A 
LF353B 
LF347 
LF347A 

-- -'--
LF347B 



MILITARY TEMPERATURE RANGE: -SSoC<TA < +12ScC 

Input Input Input Input Voltage Bandwidth Slew Rate Output Common Differential Supply 
Offset Offset Offset Bias 

Gain Av = 1 AV= 1 
Current Supply Voltage Mode Input Current Compensation 

Device Voltage Voltage Drift Current Current Min Typ Typ Min Min Max Range Voltage TA = 2SoC Components Package Types 
Max Max Max Max IVoltsN) (MHz) (V/i.,,) @RL = 2k (V) (V) 

(V) (V) Max Per Amplifier 
(mV) (/lV/"C) (nA) (nA) (rnA) (rnA) 

SINGLE OP AMPS 

LH10l 6 6typ SOO 1500 25k 1 0.5 5 ±3 ±22 ±12 ±30 3 0 TO·5 F.P. 

LM101A 3 15 20 100 25k 1 0.5 5 ±3 ±22 ±12 ±30 3 1 TO·5 DIP F.P. 

LM101 6 6 typ 500 1500 25k 1 0.5 5 ±3 ±22 ±12 ±30 3 1 TO-5 F.P. 

LM102 7.5 6typ . 100 0.999 10 " 10 1 ±12 ±18 ±10 . 5.5 0 TO-5 
(R L =8kn) 

LM107 3 15 20 100 25k 1 0.5 7.5 ±3 ±22 ±12 ±30 3 0 TO-5 DIP F.P. 

LM108A 1 5 0.4 3 40k 1 0.3 1 ±2 ±20 ±14 (Note 1) 0.6 1 TO-S DIP F.P. 

LM108 3 15 0.4 3 25k 1 0.3 1 ±2 ±20 ±14 (Note 1) 0.6 1 TO-5 DIP F .P. 

LMll0 6 12 . 10 0.999 20 30 1 ±5 ±18 ±10 . 5.5 0 TO-5 DIP 
(R L =8kn) 

LM112 3 15 0.4 3 25k 1 0.2 1.3 ±2 ±20 ±14 (Note 1) 0.6 0 TO-5 DIP F.P. 
(R L = 10 kn) 

LM118 4 · 50 250 20k 15 50min 6 ±5 ±18 ±11.5 (Note 1) 8 0 TD-5 DIP F.P. 

LM121A (RSET =70k) 0.65 0.2 1 30 16k 0.5 . . ±5 ±20 ±15 ±15 1.5 1 TO-5 DIP F.P . 

~ LM121 (R'SET=70k) 1 1 3 30 16k 0.5 . . ±5 ±20 ±15 ±15 1.5 1 TO-S DIP F.P . 

LM143 6 · 7 35 50k 1 2.5 4.4 ±4 ±40 ±38 ±40 4 0 TO-5 DIP F.P. 
(R L 2':5k) 

LM144 6 · 7 35 50k 2 30 4.4 ±4 ±40 ±38 ±40 4 1 TO-5 DIP F.P. 
(Av >10) (R L 2': 5k) 

LF15SA 2.S 10 25 0.05 25k 2.5 5 5 ±S ±22 ±20 ±40 4 0 TO-S 

LF155 7 20 . 50 0.1 25k 2_S 5 5 ±5 ±22 ±20 ±40 4 0 TO-5 

LF156A 2_5 10 25 0.05 25k 5 15 5 ±5 ±22 ±20 ±40 7 0 TO-S 

LF156 7 20 50 0.1 25k 5 15 5 ±5 ±22 ±20 ±40 7 0 TO-5 

LF1S7A (Av;::5) 2.5 10 25 0.05 2Sk 25 75 S ±S ±22 ±20 ±40 7 0 TO-5 

LF157 (Av2':5) 7 20 50 0.1 25k 25 75 5 ±5 ±22 ±20 ±40 7 0 TO-S 

LM709A 3 IS 250 600 25k \ 1 0.3 5 ±S ±22 ±20 ±40 3.6 3 TO-S 

LM709 6 6typ 500 1500 25k 1 0.3 S ±9 ±18 ±8 ±S 5.5 3 TO-S DIP 

LM72SA 0.7 2 18 180 1000 O.S 0.005 S ±3 ±22 ±13.S ±S 3.S 4 TO-SDIP 

LM72S 1.5 S 40 200 1000 0.5 O.OOS 5 ±3 ±22 ±13.5 ±5 3.S 4 TO-S F.P. 

LM741A 4 IS 70 210 32k 1 0.5 7.S ±3 ±22 ±12 ±30 4.0 0 T-O-S DIP F.P. 

LM741 6 lStyp 500 1500 25k 1 0.5 5 ±3 ±22 ±12 ±30 2.8 0 TO-S DIP F.P. 

LM748 6 . sao 1500 2Sk 1 O.S S ±3 ±22 ±12 ±30 2.8 1 TO-S 

LM4250 (Vs = ±lSV) 4 . 3 7.5 50k 0.1 0.03 0.12 ±1 ±18 ±12 ±15 0.011 set 0 TO-5 DIP 
(R L 2': lOOk) 

Note 1: Inputs have shunt-diode protection; current must be limited. *Not specified 

----
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Military Op Amp Selection Guide 
MILITARY TEMPERATURE RANGE:-55°C::;TA ::;+125°C 

Input Input Input Input Output 
Supply 

Voltage Bandwidth Slew Rate Common Differential Current 
Offset Offset Offset Bias Gain Ay = 1 Ay= 1 Current Supply Voltage Mode Input TA = 25°C 

Compensation 
Device Voltage Voltage Drift Current Current Min Min Max Components Package Types 

Max Max Max Max Min Typ Typ 
@ RL = ik (V) (V) Range Voltage Max Per Amplifier 

(mV) (ItV/'C) (nA) (nA) 
(VoltsN) (MHz) (V/lts) 

(rnA) 
(V) (V) (rnA) 

(Note 2) 

DUALOPAMPS 

LM158 5 30 150 25k 0.8 ±1.5 ±16 V+-1.5 V+ 1.2 0 TO·5 DIP 

LM1558 6 500 1500 25k 0.5 5 ±3 ±22 ±12 ±30 5.0 0 TO-5 

LM747A 4 15 70 210 32k 0.5 7.5 ±3 ±22 ±12 ±30 5.6 0 .DIP 

LM747 6 500 1500 25k 0.5 5 ±3 ±22 ±12 ±30 5.6 0 DIP 

QUADOPAMPS 

LM124 7 typ ±30 150 50 1.0 10 -16 +16 Oto Vbc 3 0 D, F, J 
V+-1.5V 

LM146 (lSET = 10 11A) 5 typ 20 100 lOOk 1.2 0.4 1.2 ±2 ±22 ±0.7 ±30 2 0 DIP 

LM148 6 15 typ 75 325· 25k 1 0.6 5 ±3 ±22 ±12 ±30 3.6 0 DIP F.P. 

LM149 (Av ~ 5) 6 15 typ 75 325 25k 4 3 ±3 ±22 ±12 ±30 3.6 0 DIP F.P. 

LM1900 150 0.8k 2.5 10 source ±4 ±36 12 0 DIP 
1 sink 

Note 2: Supply current for all channels of amplifier in the package. 

~ 
= 
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INDUSTRIAL TEMPERATURE RANGE: -25°C ~ T A ~ +85°C 

Oevice 

SINGLE OP AMPS 

LM201A 

LM202 

LM207 

LM208A 

LM208 

LM210 

LM212 

LM216A 

LM216 

LM218 

LM221A 
(AsET = 70k) 

LM221 
(AsET = 70k) 

LF255 

LF256 

LF257 (Av ;:: 5) 

DUAL OP AMPS 

'. LM258 

QUADOPAMPS 

LM224 

LM246 

LM248 

LM249 

LM2900 

Input 
Offset 

Voltage 
Max 
(mV) 

10 

2 

1.0 

3 

4 

10 

4 

0.65 

6.5 

6.5 

6.5 

7.5 

9 

6 

7.5 

7.5 

Input Input 
Offset Offset 

Voltage Drift Current 
Max Max 

(pV/"C) (nA) 

15 

15typ 

20 

15 

15 

20 

20 

0.4 

0.4 

0.2 

Input 
Bias 

Current 
Max 
(nA) 

100 

15 

100 

3 

3 

0.D15 0.05 

0.2 

5typ 

5 typ 

5typ 

7Wp 

7Wp 

7typ 

15typ 

15typ 

0.05 0.15 

50 500 

3 

20 

20 

20 

150 

150 

100 

125 

125 

30 

30 

50 

50 

50 

500 

500 

250 

500 

500 

200 

Voltage 
Gain 
Min 

(VoltslV) 

25k 

0.999 

25k 

40k 

25k 

0.999 

25k 

20k 

10k 

25k 

16k 

16k 

25k 

25k 

25k 

15k 

15k 

50k 

15k 

15k 

1.2k 

LM2902 10 
(TA =25°) 

±50 500 lOOk 
(T A =25"C) (TA =25"C) typ 

Note 1: Inputs have shunt-diode protection; current must be limited~ 
Note 2: Supply current for all channels of amplifier in the package. 

*Not specified 

Bandwidth 
Av = 1 

Typ 
(MH~) 

10 

20 

15 

0.5 

'0.5 

2.5 

5 

25 

0.5 

4 

2.5 

Slew Rate 
Av = 1 

Typ 
(Vips) 

0.5 

10 

0:5 

0.3 

0.3 

30 

0.3 

0.3 

0.3 

50 min 

5 

15 

75 

0.5 

0.4 

0.5 

2 

Output 
Current 

Min 
@AL=2kfl 

(rnA) 

5 

5 

5 

5 

lO-source 
5-sink 

10 

1.2 

5 

3-source 
D.5-sink 

20-source 
.. a-sink 

Supply Voltage Common 
Min Max Mode 
(V) (V) Aange 

(V) 

±3 

±12 

±3 

±2 

±2 

±5 

±2 

±5 

±5 

±5 

±5 

±5 

±5. 

±5 

±5 

±22 

±18 

±22 

±20 

±20 

±18 

±20 

±20 

±20 

±18 

±20 

±20 

±22 

±22 

±22 

±12 

±lO 

±12 

±14 

±14 

±10 

±14 

±13 

±13 

±11.5 

±15 

±15 

±20 

±20 

±20 

32 v+ 
(±1.5) (±16) -1.5 

3 

±2 

±5 

±5 

+4 

32 V+-1.5 

±18 ±1.5 

±18 ±18 

±18 ±18 

+36 

Differential 
Input 

Voltage 
(V) 

±30 

±30 

(Note 1) 

(Note 1) 

(Note 1) 

(Note 1) 

(Note 1) 

(Note 1) 

±15 

±15 

±40 

±40 

±40 

32 

32 

±30 

±36 

±36 

3.0 26 -Q.3Voe 26 Voe 
single single . to 

±1.5 ±13 +26 V DC 

dual dual 

Supply 
Current 

TA = 25"C 
Max 
(rnA) 

(Note 2) 

3 

5.5 

3 

0.6 

0.6 

5.5 

0.6 

0.6 

0.8 

8 

1.5 

1.5 

4 

7 

1.2 

2.5 

4.5 

4.5 

10 

2 

Compensation 
Components 
Per Amplifier 

o 
o 

o 
o 
o 
o 
o 

o 
o 
o 

o 

o 
o 

o 
o 

o 

Package Types 

TO·5 DIP F.P. 

TO·5 

TO·S DIP F.P. 

TO·5 DIP F.P. 

TO·5 alP F.P. 

TO·5 DIP F.P. 

TO·S DIP F.P. 

TO·5 DIP F.P. 

TO·5 DIP F.P. 

TO·5 DIP F.P. 

TO·5 DIP F.P. 

TO·5 DIP F.P. 

TO·5 

TO·5 

TO·5 

TO·5 DIP 

DIP F.P. 

DIP 

DIP 

DIP 

DIP 

DIP 
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Commercial Op Amp SelectiQn' Guide 

COMMERCIAL TEMPERATURE RANGE: O°C.:;; T A::; +70°C 

Inpllt Input Input Input· Output Supply 
Common Supply 

Voltage Bandwidth Slew Rate Mode Differential Current 
Offset Offset Offset Bias 

Gain AV;' 1 AV= 1 
Voltage Voltage 

T A = 25° C Compensation Packa e T es Device Voltage Voltage Drift Current Current Swing Min Max 
Rejection Input 

Max Max Max Max 
Min Typ Typ 

Rr=10kU 
Ratio Voltage Max Components g yp 

(Volts/V)' (MHz) (Vllls) (dB) (V) (mA) 
(mV) (IlV fC) (nAI (nA) (V) (V) (V) 

Min (Note 2) 

SINGLE OP AMPS 

LM201 10 10 typ 750 200 15k 1 0.5 5 ±3 ±22 ±12 ±30 3 1 TO-5 F. P. 

LM301A 10 30 70 300· 15k 1 0.5 5 ±3 ±18 ±12 ±30 3 1 TO:5 DIP 

LM302 20 20 typ . 30 0.9985 10 10 1 ±12 ±18 ±10 . 5.5 0 TO-5 

LM307 10 30 50' 250 15k 1 0.5 5 ±3 ±18 ±12 ±30 3 0 TO-5 DIP F. P. 

LM308A ·0.73 5 1.5 10 60k 1 0.3 1 - ±2 ±20 -±14 (Note 1) 0.8 1 TO-5 DIP F.P. 

LM308 10 30 1.5 10 15k 1 0.3 1 ±2 _ ±18 ±14 (Note 1) 0.8 1 TO-5 DIP F.P. 

LM310 . 10 10 typ . ;0 0.999 20 30 1 ±5 ±18 ±10 . 5.5 0 TO-5 DIP F.P_ 

LM312 10 30 1.5 10 15k 1 0.3 1 ±2 ±18 ±14 (Note 1) 0.8 0 TO-5 DIP F.P. 

LM316A 6 · 0.03 0.1 30k 1 0.3 1 ±5 ±20 ±13 (Note 1) 0.6 0 TO-5 DIP F.P. 

LM316 15 · 0.1 0.25 15k 1 0.3 1 ±5 ±20 ±13 (Note 1) 0.8 0 TO-5 DIP F.P. 

LM318 15 · 300 750 20k 15 50 5 ±5 ±18 ±11.5, (Note 1) 10 0 TO-5 DIP 

If> x 
LM321A 0.65 0.2 1 25 12k 0.5 . . ±5 - ±20 ±15 ±15 2.2 1 TO-5 DIP F.P .. 

(RSET= 70k) 

LM321 2.5 1 4 28 12k 0.5 . . ±5 ±20 ±15 ±15 2.2 1 TO·5 DIP F.P. 

(RSET = 70k) 

LM343 10 · 14 55 50k 1 2.5 4 ±4 ±34 ±34 ±34 5.0 0 TO-5 DIP F.P. 

(RL25k) 

LM344 10 · 14 55 50k 2 , 30 4 ±4 ±34 ±34 ±34 5.0 1 TO-5 DIP F,P. 

(RL25k) 

LF351 10 10 typ 0_1 . 0_2 25k 4 13 ±12 -18 18 70 ±30 3.4 0 H,N 

LF351A 2 10 typ 0.05 0.2 50k 4 13 ±12 -18 18 80 ±30 2.8 0 H,N 

LF351B 5 10typ 0.1 0_1 50k 4 13 ±12 -18 18 80 ±30 2.8 0 H,N 

LF355A 2.3 5 1 5 25k 2.5 5 5 ±5 ±22 ±20 ±40 4 0 TO-5, Mini-DIP 

LF355 13 5 typ 2 8 15k 2_5 5 5 ±5 ±18 ±16 ±30 4 0 TO-5, Mini DIP 

LF356A 2.3 5 1 5 25k 5 15 5 ±5 ±22 ±20 ±40 10 0 TO-5, Mini-DIP 

LF356 13 5 typ 2 8 15k 5 15 5 ±5 ±18 ±16 ±30 10 0 TO-5, Mini-DIP 

LF357A 2.3 5 1 5 25k 25 75 5 ±5 ±22 ±20 :1'40 10 0 TO-5, Mini-DIP 

(AV2 5) 

LF357 13 5 typ 2 8' 15k 25 75 5 ±5 ±18 ±16 ±30 10 0 TO-5, Mini DIP 

(AV2 5) 

LF13741 20 10typ 2 8 15k 1 0.5 5 ±4 ±18 ±16 ±30 4 0 TO-5, Mini-DIP 

Note 1: Inputs have shunt-diode protection; current must must be limited. *Not specified 
._. 



COMMERCIAL TEMPERATURE RANGE O°C ~ T A ~ +70°C 

Input Input Input Input Output Supply 
Common Supply 

Offset . Offset Offset Bias 
Voltage Bandwidth Slew Rate 

Voltage Voltage 
Mode Differential Current 

Device Voltage Voltage Drift Current Current 
Gain AV= 1 AV= 1 

Swing Min Max 
Rejection Input T A:' 25°C Compensation Packa e T pes 

Max Max Max Max 
Min Typ Typ 

RL=10kn 
Ratio Voltage Max Components g y 

(mV) (IlVfC) (nA) (nA) 
(VoltslV) (MHz) (VIlIs) 

(V) (V) (V) 
(dB) (V) (mA) 
Min (Note 2) 

SINGLE OP AMPS (Continued) 

LM709C 10 12 typ 500 1500 15k oj 5 ±9 ±18 ±8 ±5 6.6 3 TO·5 DIP 

lM725C 3.5 2 typ 50 250 125k 0.5 0.005 5 ±3 ±22 ±13.5 ±5 5 4 TO·5 DIP 

LM741C 7.5 15 typ 300 800 15k 1 0.5 5 ±3 ±18 ±12 ±30 2.8 0 TO·5 DIP F.P. 
LM741E 4 15 70 210 32k 0.5 7.5 :!-3 ±18 ±12 ±30 3.75 0 TO·5 DIP F.P. 

LM748C 6 6 0.5 1.5 25k 1 0.5 5 ±3 ±18 ±12 ±30 2.8 1 TO·5 DIP 

LM4250C 6 8 10 50k 0.1 0.03 0.12 ±1 ±18 ±12 ±15 0.D11 0 TO·5 DIP 

(AV>10) (RL~100k) (Set) 

DUAL OP AMPS 

LF353 10 10typ 0.1 0.2 25k - 4 13 ±12 -18 18 70 ±30 3.4 0 N,H 
LF353A 2 10typ 0.05 0.2 50k 4 13 ±12. -18 18 80 ±30 2.8 0 N,H 

~ LF353B 5 10typ 0.1 0.1 50k 4 13 ±12 -18 18 80 ±30 2.8 0 N H 

LM358 7.5 7 typ 150 500 15k 8 ±lo5 ±15 V+-lo5 V+ 1.2 0 TO·5 DIP 

LM1458 6 300 800 15k 0.2 5 ±3 ±18 ±15 ±30 5.6 0 TO·5 DIP 

LM747C 6 300 800 15k 0.5 5 ±3 ±18 ±12 ±30 5.6 0 DIP 

LM747E 4 15 70 210 32k 0.5 7.5 ±3 ±18 ±12 ±30 5.6 0 DIP 

QUADOPAMPS 

LF347 10 10typ 0.D1 0.2 25k 4 13 ±12 -18 18 70 ±30 3.4 0 N,J 

LF347A 2 10typ 0.05 0.2 50k 4 13 ±12 -18 18 80 ±30 2.8 0 N,J 

LF347B 5 10typ 0.1 0.1 50k 4 13 ±12 -18 18 80 ±30 2.8 0 N,J 

LM324 9 7 typ 150 500 15k lD-source 3 32 V+-l.5 32 2 0 DIP F. P. 

5-sink (±1.5)(±16) 

LM346 5 10typ 100 250 lOOk 0.8 0.4 ±12 -18 18 70 ±30 0.62 0 N,J 
LM348 7.5 15 typ 100 400 15k 5 ±5 ±18 ±18 ±36 4.5 0 DIP F. P. 

LM349 7.5 15 typ 100 400 15k 4 3 5 ±5 ±18 ±18 ±36 4.5 0 DIP F. P. 

(AV<::5) 

LM3900 200 2.8k 2.5 20 10 4 36 10 0 DIP 

(±2) (±18) 

Note 2: Supply current for all channels of amplifier in the package 

--------
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SPECIAL FUNCTION OPERATIONAL AMPLIFIERS 

8;r::. ~7r:.\ 6~rs~t ~r.:.t Voltage Voltage Bandwidth Slew Rete Supply Voltage 
VoUage Drift Current Currenl G,ln Av=1 Av =1 Output 

Ma. 
",Ul'C) 

Max Ma. Min (~z) (Jr:S) Current Min Ma. 
F •• ture, (mY) (nA) (nA) (VoItslmV) (mA) (V) (V) 

Micropower Low Drift , • 20 '00 25 , 0.25 .5 .5 .20 
2.5 3 20 100 25 , 0.25 .5 ·.5 .20 
5 3 60 200 25 , 0.25 .5 .5 .20 

Wideband 3 • 200 2000 '5 30 30 ±100 .5 ±20 

High Voltage 1 • 20 100 30 1 0.25 :t15 .5 .. 5 
1.5 • 45 120 1 0.25 "5 .5 ±45 

Wideband 3 10 5 25 • 30(1) 20(1) .so .9 .20 
10 20 20 50 2 30(1) 20(1) .so .9 .20 
10 25 25. 100 2 30(1) 20(1) . .50 .9 .20 

High Gain Medium Power 2.5 '0 50 2SO 100 1 0.25 •• 0 .5 .22 
6 10 200 500 50 1 0.25 .40 .5 ":22 

High Pow~r 3 3 100 300 100 1 3 . ±1000 .5 .,8 
6 5 200 500 100 1 3 "000 .5 .,8 
3 3 100 300 100 1 3 .200 .5 .'8 
6 5 200 SOO 100 1 3 ±2oo .5 i18 
4 5 100 300 50 15 70 .500 .5 .,8 
10 5 200 500 25 15 70 .500 .5 .,8 

General Purpose FET Input • 5 0002 0.01 100 1 3 ::tl0 .5 ±-22 
6 5 0.005 0.025 75 1 3 ±10 .5 .22 
20 5 0.005 0.025 50 1 3 ±1D .5 ±22 
20 10 0.01 . 0.05 25 1 3 ±1D .5 ±22 
0.5 2 0.0005 0.0025 100 1 3 ±1D .5 .22 , 5 0.001 0.005 75 1 3 .,0 .5 .22 

Wldeband High Slew Rate • 20 5.000 30.000 • SO 500 ±10 .9 .,8 
8 25 15.000 40,000 3 50 .00 .,0 .9 .,8 

Wldeband FET Input 5 25 0.025 0.1 1 70 500 .,0 .5 :t18 
15 25 0.05 0.2 1 70 500 .'0 .5 ±18 

Precision FET Input 0.05 0.2 5 30 500 0.' , 0.06 ±1.3 .3 ±20 
0.1 0.2 5 30 500 0.' 0.06 ±1.3 .3 .20 

0.025 0.1 2.5 15 1.000 0.' 0.06 ±1.3 .3 .20 
0.025 0.1 2.5 15 1,000 0.' 0.06 ±1.3 .3 .20 
0.05 0.2 5 30 500 0.' 0.06 :t1.3 .3 .20 

Medium Speed, FET Input 5 5 0_002 0.01 SO 15 70 .6 .5 .20 
15 10 0.005 0.065 25 15 70 .6 .5 .20 

Dual Precision 2. ·,5 10 75 SO 1 0.5 .5 .3 .22 
2 15 10 75 50 1 0.5 .5 .3 .22 . 

7.5 30 50 2SO 25 1 0.5 .5 .3 ±22 
0.5 5 0.2 2 80. 1 0.3 ., .2 ±20 
0.5 5 0.2 2 80 1 0.3 ., .2 .20 
0.5 5 1.0 7 80 1 0.3 ., .2 .20 
2 15 0.2 2 50 1 0.3 ., .2 .20 
2 '5 0.2 2 SO 1 0.3 ~1 .2 ±20 

7.5 30 1.0 7 SO· 1 0.3 ., ±2 .20 

Dual Low Power 3 - 5 15 100 0.25 0.16 ±0.7S ., .,8 
6 - 10 30 75 0.25 0.16 ±0.7S ., .,8 

Note: For Information on monolithic operational amplifiers, consult the Linear Datebook. 

Noie 1: SpeCified for Av= -10 . 

• Refers to Special Functions Databook, 1979 edition 

SPECIAL FUNCTION BUFFER AMPLIFIERS 

Parl Number 
VoUag. 

Gain Output' Slew Input -ssoc to -2S·C to 
Features (min) Current Rate Impedanca 125°C 8S·C 

Bipolar Inpul. medium speed 0.95 :!:100mA 200V1lts laOKs;? LHOOO2H LHOOO2CH 
/ LHOOO2CN 

FET Inpul, high speed 0.97 :!:100mA lOCOVllts 101°0 LHOO33G LHOO33CG 
LH0033CJ 

FET Input. very high speed 0.95 :!:250mA 2000VJJo/s 1010Q LH0063K LH0063CK 

• Refers to Special Functions Databook, 1979 edition 

, , 

.. 
3-XII 

, Tempel1lture Range . 
-55-Cto -25-C to O·Cto N:~.r 12S·e 8S·C 7O'C 

LHOOO' , .. 
LHOOOIA 1-7 

LHOOOIAC 1-7 

LH0003 LHOOO3C 1·10 

LHOOO4 1·12 
LHOOO4C ','2 

LHOOO5A '·15 
LHOQ05 1-15 

LHOOOSC '·18 

LHOO20 1·20 
LHOO20C 1·20 

LHOO2, 1·22 
-LH0021C '·22 

LH0041 '·22 
LH0041C '·22 

LH0061 1-61 
LHOO61C 1-61 

LH0022 1·29 
LH0022C '·29 

LHOO42 '·29 
LHOO42C '·29 

LH0052 1·29 
LH0052C 1·29 

LH002' 1-38 
LHOO24C ,'-36 

LH0032 1-39 
LHOO32C 1-39 

LHOO44 1-4. 
LHOO44C 1-44 

LH0044A 1·44 

LH0Q4'AC 1-44 
LHOO44B ,.., 

LH0062 1·84 
LH0082C 1-6. 

LH2101A 1·72 
LH2201A '-72 

LH2301A 1·72 
LH2108A 1-74 

LH2208A. 1·74 
LH230BA 1·74 

LH2108 1·74 
LH220B 1-74 

LH2308 1-7, 

lH24250 1-76 
LH24250C 1·76 

. 
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~National Operational Amplifiers/Buffers 
~ Semiconductor 

Definition of Terms 
Bandwidth: That -frequency at which the voltage gain 
is reduced to 1/y'2 times the low frequency value. 

Common·Mode Rejection Ratio: The ratio of the input 
common·mode voltage range to the peak·to·peak change 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic 
distortion being defined as one·hundred times the ratio 
of the root·mean·square (rms) sum of the harmonics to 
the fundamental. %,harmonic distortion ~ 

(V22 + V32 + V42 + .. . )1/2 (100%) 

V1 
where V1 is the rms amplitude of the fundamental and 
V2, V3, V4, ... are the rms amplitudes of the individual 
harmonics. 

Input Bias Current: The average of the two input 
currents. 

Input Common-Mode Voltage Range: The range of 
voltages on the input terminals for which the amplifier 
is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Impedance: The ratio of input voltage to input 
current under the stated conditions for source resistance 
(RS) and load resistance (RLl. 

Input Offset Current: The difference in the currents 
into the two input terminals when ~he output is at zero. 

Input' Offset Voltage: That voltage which must be 
applied between the input terminals through two equal 
resistances to obtain zero output voltage. 

'Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. ' 

Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required 
to drive the output from zero to this voltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for source 
resistance (RS) and load resistance (RLl. 

Output Resistance: The small signal resistance seen at 
the output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, 
referred to, zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift 
rate of offset voltage for a thermal variation from room 
temperature to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in. power supply 
voltages producing it. 

Settling Time: The time between the initiation of the 
input step ,function and the time when the output 
voltage has settled to within a specified error band of 

, the final output voltage. 

3-xiii 

Slew Rate: The internally-limited rate of change in 
output voltage with a large-amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output midway between the suppl ies._ 

Transient Response: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to 
the frequency where the amplifier open loop gain rolls 
off to one. 

Voltage Gain: The ratio of output voltage to input 
voltage under the stated conditions for source resis­
tance (RS) and load resistance (RLl. 
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~National . Operational Amplifiers/Buffers 
~ Semiconductor 
LF155/LF156/LF157 Series Monolithic 
JFET Input Operational Amplifiers 
LF155. LF155A. LF255. LF355. LF355A. LF355B low supply current 
LF156. LF156A. LF256. LF356 •. LF356A. LF356B wide band 
LF157. LF157A. LF257. LF357. LF357A. LF357B wide band decompensated (AVMIN 5) 

· General Description 
These are the first monolithic JFET input operational 
amplifiers to incorporate· well matched, high voltage 
Jf'ETs on the same chip with standard bipolar transistors 
(BI·FET Technology). These amplifiers feature low input 
bias and offset currents, low offset voltage and· offset 
voltage drift, coupled with offset adjust which does not 
degrade drift or common·mode rejection. The devices 
are also designed for high slew rate, wide bandwidth, 
extremely fast settling time, low voltage and ·current 
·noise and a low 1/f noise corner. 

Advantages 
• Replace expensive hybrid and module FET op amps 
• Rugged JFETs allow blow·out free handling compared 

with MOSFET input devices 

• ·Exeellent for low noise applications using either high 
or low source impedance-very low 1/f corner 

• Offset adjust does not degrade drift or common·mode 
rejection as in most monolithic amplifiers 

• New output stage allows use of large capacitive loads 
(10,000 pF) without stability problems 

• Internal compensation and large differential input 
voltage capability 

Applications 
• Precision high speed integrators 

• Fast 01 A and AID converters 
• High impedance buffers 
• Wide band, low noise, low drift amplifiers 

• Logarithmic amplifiers 

Simplified Schematic 

*c = 2 pF on LF157 

3·1 

• Photocell amplifiers 
• Sample and Hold circuits 

Common Features 
(LF155A, LF156A, LF157A) 

• Low input bias current 
• Low Input Offset Current 
• High input impedance 
• Low input offset voltage 

30pA 
3 pA 

1012n 
1 mV 

• Low input offset voltage temperature 3/lV {"C 
drift 

• Low input noise current 0.01 pA/VHZ 

• High common· mode rejection ratio 100 dB 

• Large de voltage gain 106 dB 

Uncommon Features. 
LF155A LF156A LF157A . UNITS 

. (AV= 5)* 

• Extremely 4 1.5 1.5 ps 
fast· settl i ng . 
time to 
0.01% 

• Fast slew 
rate 5 12 50 VIps 

• Wide gain 2.5 5 20 MHz 
bandwidth 

• Low input 20 12 12 nV/v'Hz 
noise ·voltage 

(&1 
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Absolute Maximum Ratings lF355B/6B/7B l F~55A16A17 A 
" , lFl55A/6A/7A lF155/6/7 lF255/fin lF355/6/7 

lF355B/6B/7B 
Supply Voltage ±22V ±22V ±22V ±18V 

Power Dissipation (Pd at 25"C) 
.. 

and Thermal Resistance (6jA) (Note I) 

TjMAX 
(H and J Package) 150·C l50·C 115"C 115·C 

(N Package) 100·C l00·C 
(H Package) Pd 670mW 670mW 570mW 570mW 

6jA 150·C/W I 50· C/W ,150·C/w 150·C/w 

(J Package) Pd 670mW 670mW .570mW 570mW 

6jA I 40· C/W I 40· C/W 140·C/w 140·C/W 

(N Package) Pd 500mW 500mW 

6jA 155·C/W 155·C/w 

Differential Input Voltage ±40V ±40V ±40V ±30V 

Input Voltage Range (Note 2) ±:lOV ±20V ±20V ±16V 

Output Short Circuit Duration Continuous Continuous Continuous Continuous 

Storage Temperature Range . -G5·C to +150·C -G5·C to +150·C -G5·e to +150·e -G5·C to +150·C 

lead Temperature (Soldering, 10 seconds) 30a·e : 300·e 300·e 300·e 

DC Electrical Characteristics (Note 3) 

SYMBOL PARAMETER CONDITIONS 
lFI55A/6A17A lF355A/6A17A 

UNITS' 
MIN TYP MAX MIN TYP MAX 

VOS Input Offset Voltage RS = 50n, T A = 25·C 1 2 1 2 mV 

Over Temperature 2.5 2.3 mV 

LlVOSILlT Avera'ge TC of Input RS= 50n 3 5 3 5 /lVrC 

Offset Voltage 

LlTC/LlVOS Change in Average TC RS = 50n. (Note 4) 0,5 0.5 /lVrC 

with Vas Adjust permV 

lOS Input Offset Current Tj = 25·C, (Notes 3.5) 3 10 3 10 pA 

Tj~THIGH 10 1 nA 

la Input Bias Current T J ~ 25·C. (Not~s 3. 5) 30 50 30 50 pA 

TJ ~ THIGH 25 5 nA 

RIN Input Resistance Tj = 25·C 1012 1012 n 

AVOl Large Signal Voltage VS=±15V.TA=25·C 50 200 50 200 V/mV 

Gain Va ~ ±10V,.RL = 2k 

Over Temperature 25 25 V/mV 

Va Output Voltage Swing Vs = ±15V, RL = 10k ±12 ±13 ±12 ±13 V 

Vs = ±15V. RL = 2k ±10 ±12 ±.10 ±12 V 

VCM Input Common-Mode +15.1 +15.1 V 

Voltage Range 
Vs = ±1.5V ±11 

-12 
±11 

-12 V 

CMRR Common-Mode Rejection 85 100 85 100 dB' 

Ratio 

PSRR Supply Voltage Rejection (Note 6) 85 100 85 100 dB 

Ratio-

A.C Electrical Characteristics TA = 25°C, Vs = ±15V 
LF155A1355A LF156A/356A LF157A1357A 

UNITS SYMBOL , PARAMETER CONDITIONS . MIN TVP MAX" MIN TYP MAX MIN TVP MAX 
.. 

SA Slew Rate LFI55A/6A; AV = 1. 3 5 10 12 V//lS 

LF157A; AV = 5 
, 

40 50 V//ls 

GaW Gain Bandwidth 2.5 4 4.5 15 20 MHz 

Product 

ts Settling Time to 0.01% (Note 7) 4 1.5 t5 /lS 

en Equivalent Input Noise RS = lOOn 

Voltage f = 100 Hz 25 15 I!i nV/y'Hz 

f= 1000Hz 25 12 12' nV/y'Hz 

in Equivalent Input f= 100Hz 0.01 0.01 0,01 pA/y'Hz 

Noise Current f=1000Hz ·0.01 0.01 0.01 pA/y'Hz , 
CIN Input Capacitance 3 3 3 pF 

3-2 



DC Electrical Characteristics (Note 3) 

SYMBOL PARAMETER CONDITIONS 
LFI55/6/7 

LF255/6/7 

LF355B/6B/7B 
'LF355/6/7 

UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

VOS Input Offset Voltage RS= son. TA = 25°C 3 5 3 5 3 10 mV 

Over Temperature 7 6.5 13 mV 

aVOS/tH Average TC of Input RS= son 5 5 5 p.vfc 
Ollset Voltage 

aTC/aVOS Change in Average TC RS = 50n. (Note 41 0,5 0.5 0,5 p.vfc 
with VOS Adjust permV 

lOS Input Offset Current Tj = 25°C. (Notes 3. 51 3 20 3 20 a 50 pA 

Tj<,;THIGH 20 1 2 nA 

IB Input Bias Current TJ =' 25°C. (Notes 3. 5) 30 100 30' 100 30 200 pA 

TJ<'; THIGH 50 5 8 nA 

RIN Input Resistance TJ = 25°C 1012 1012 1012 n 

AVOL Large Signal Voltage Vs = ±15V. TA = 25°C 50 200 50 200 25 200 V/mV 

Gain Vo = ±10V. RL = 2k 

Over Temperature 25 25 15 V/mV 

Vo Output Voltage Swing Vs = ±15V. RL = 10k ±12 ±13 ±12 tl3 ±12 ±la V 

Vs = ±15V. RL = 2k ±IO ±12 ±IO tl2 ±IO ±12 V 

VCM I~put Common-Mode +15.1 +15.1 +15.1 V 
Vs = ±15V ±11 ±11 ±10 

Voltage Range -12 -12 -12 V 

CMRR Common-Mode Rejec' 85 100 85 100 80 100 dB 

tion Ratio 

PSRR Supply Voltage Rejec· (Note 61 85 100 85 100 80 100 dB 

Ratio 

DC Electrical Characteristics TA=25°C.VS=±15V 

LF155Af155. 
LF156A/156, LF157A/157 

LF255, LF355 LF356A1356 LF357A1357 
PARAMETER LF355Af355B 

LF256/356B LF257!357B UNITS 

TVP I MAX TVP I MAX TVP I MAX TVP I MAX TVP MAX TVP I MAX 

Supply Current 2 I 4 2 I 4 5 I 7 5 10 5 7 5 I 10 rnA 

AC Electrical Characteristics TA = 25°C, Vs = ±15V 

LFI55/255/ LF156/256, LFI56/256/ LF157/257, LFI57/257/ 
SYMBOL PARAMETER CONDITIONS 355/355B LF356B 356/356B LF357B 357/357B UNITS 

TVP MIN TVP MIN TVP 

SR Slew Rate LFI55/6: AV = I, S 7.5 12 V/p.s 

LF157: AV = 5 30 50 V/p.s 

GBW Gain Bandwidth 2.5 5 20 MHz 

Product 

ts Settling Time to 0.01% (Note 7) 4 1.5 1.5 p.s 

en Equivalent Input Noise RS= lOOn '. 

Voltage f=100Hz 25 15 15 nV/,(HZ 

1= 1000Hz 20 . 12 12 nV/,(HZ 

in Equivalent Input f = 100 Hz 0.01 '0.01 0.01 pAl,(HZ 

Current Noise 1= 1000 Hz 0.01 . 0.01 0.01 pA/,(HZ 

CIN Input Capacitance 3 3 3 pF 

3·3 



Notes for Electrical Characteristics 
Note 1: The maximum power dissipation for these de~ices must be derated at elevated temperbtures and is dictated by TjMAX, BjA' and the 
arr-bient temperature. TA. The maximum available power dissipation at any temperature is Pd = (TjMAX - TAl/OjA or the 25"C PdMAX. which-
ever is less. • 
Note 2: Unless otherwise specified the absolute'maximum negative input voltage is equal to the negative power supply voltage. 

Nota 3: Unless otherwise stated. these test conditions apply: 

LF155A16A17A 
LF255/6/7 LF355A16A17A LF355B/6B/7B LF355/6/7 

LF155/6/7 

Supply Voltage, Vs ±15V:S: VS:S: ±20V ±15V:S: VS:S: ±20V ±15V:S: VS·:S: ±18V· ±15V:S: Vs ±20V VS- ±15V 

TA -55'C:S: TA:S: +125"C -25'C:S: TA :S: +85'C O'C:S:TA:S:+70'C O'C:S:TA:S:+70'C. O'C:S:TA:S:+70'C 

THIGH +125'C +85'C +70'C +70'C +70'C 

and Vos, Ie and lOS are measured at VCM = 0_ . 
Note 4: The Temperature Coefficient of the adjusted input offset voltage chan,ges only a small amount (O.5.uVrC tv~icallyl for each mV of 
adiustment from its original unadiusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 
Note 5: The input bias currents are junction leakage currents which approximately double for every 10"C increase in the junction temperature. TJ. 
Due to limited production test time, the input bias cur'rents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj = T A + 0jA Pd where 9jA is the thermal 
resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 
Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common 
practice. 
Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kn resistors for the LF155/6. It is the time required for the"error 
voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the ~ime a 10V step input is applied 
to the inverter. For the LF157, AV == -5, the feedback resistor from output to input is 2 kSl and the output step is 10V (See Settling Time Test 
Circuit, page 3-91. 

Typical DC Performance Characteristics 
Curves are for LF155, LF156 and LF157 unless otherwise specified_ 
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Typical DC Performance Characteristics (Continued) 
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Typical AC Performance Characteristics 
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Typical AC Performance Characteristics (Continued) 
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Typical AC .Performance Characteristics (Continued) 

Output Impedance 

10DO r--;:=;:::;:--'l'l"'"' .... ~ 

g 10D 
w 

" 2 

<1i 
~ 10 
!!! 
5 

~ 
D.l 

lk 10k lOOk 1M 

FREQUENCY 1Hz) 

Detailed Schematic 

10M 

100 

g 10 
w 

" 2 .. 
~ 
~ 
5 
~ 0.1 

Output Impedance 

0.01 w..uujIL.J..l.J.lWL...L.J..J..I ....... ...u-WIIJI 

Ik 10k lOOk 1M 10M 

FREQUENCY (Hz) 

100 

:§ 10 
w 

" 2 

<1i 
~ 
!!! 
5 
~ 0.1 

Output Impedance 

0.01 L..L..LJ.J.WJI.....w.~ ...... -'-'"_ ............... 

Ik 10k lOOk 1M 

FREQUENCY (Hz) 

,--------.... ------1r--------1---..,... .... ---------O +vee 

.. 
50 

.6 
50 

111 

., .. 
Jk 50 

L-_~_---~---~-~~---~---~--~-~-~-~~-~-+_-+_---~-VEE 

*c = 2 pF on LF157 

Connection Diagrams (Top Views) 

LF155AH 
LFl55H 
LF255H 
LF355AH 
LF355t1 

Order Number 
LFl56AH 
LFl56H 
LF256H 
LF356AH 
LF356H 

LF157AH 
LF157H 
LF257H 
LF357AH 
LF357H 

See NS Package HOse 

Metal Can Package (H) 

NC 

v-
Note 4: Pin 4 connected to case. 
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Dual-In-Line Package IN or J) 

BALANCE NC 

INPUT v' 

OUTPUT 

v- BALANCE 

Order Number LF355N. L!,356N 
or LF357N 

Se. NS Package N088 

,,, 
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Application Hints 

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

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

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output ,however, 
if both inputs exceed the limit, the output of the 
amplifier will be forced to a high state. 

These amplifiers will operate with the common-mode 
input voltage equal to the positil1e supply. In fact, the 
common-mode voltage can exceed the positive supply by 
approximately 100 mV independent of supply voltage 
and over the full operating temperature range. The 

. positive supply can therefore be used as a reference on 
an input as, for example, in a supply current monitor 
and/or limiter. 

Precautions should be taken to ensure that the power 
supply for the ,integrated circuit never becomes reversed 

Typical Circuit Connections 

Vos Adjustment 

v' 

v-

o vos is adjusted with a 25k 
potentiometer 

• The potentiometer wiper is 
con nected to V+ 

Driving Capacitive Loads 

5k 

*lF155/6 R=5k 
LF157 R = 1,25k 

in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current' surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
d~stroyed unit . 

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

All of the bias currents in these amplifiers are set by FET 
current sources. The drain currents for the amplifiers are 
therefore essentially independent of' supply voltage. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pickup" and maximize the 
frequency of the feedback pole -by minimizing the 
capacitance from the input to ground. 

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

lF157. A large Power BW Amplifier 

10k 

v' 

1k 

v,. 0-""''''''''''-1 

v-

For distortion ::; 1 % and a 20 Vp-p 
VOUT swing. power bandwidth is: 
500 kHz. 

Your 

• For potentiometers with 
temperature coefficient of 
100 ppmf C or less the 
additional drift with adjust 
is '" 0.5 p.VfC/mV of 
adjustment 

Due to a unique output stage design. these ampli­
fiers have the ability to drive large capacitive loads 

.and still maintain stability. CLIMAX) '" 0.01 p.F. 

o Typical overail drift: 5 p.V I 
°c ±10.5 p.VfC/mV of 
adj.1 

Overshoot::: 20% 

Settling time Itsl '" 5 p.s 
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Typical Applications 

10VS. 
I 0 511,0.1% 

*1.Ok,D.1% 

> 

~ 

Settling Time Test Circuit 

2k,O.1% 

2k,O.1% 
*400,0.1% 

+1~V 

Your 
• Settling time is tested with the LF155/6 connected 

as unity gain inverter and LF157 connected for 
AV=-5 

• FET used to isolate the probe capacitance 
-t5Vo--4~-----1I----......I • Output = 10V step 

SUMMING 
NODE-." 

LF355 

2""DlV 

Sk,O,1% • AV ~-5 for LF157 

Large Signal Inverter Output, VOUT (from Settling Time Circuit) 

LF356 LF357 

> 

~ 

1 ",/DIV 

Low Drift Adjustable Voltage Reference 

• t.VOUT/t.T = ±O.002%I'C 

r----1I--o VOUT' I.V ,. All resistors and potentiometers should be wire·wound 

.2 
lOOk 

.3 
1~Ok 

• PI: drift adjust 

• P2: VOUT adjust 
• Use LF155 for 

.. Low Ie 

.... Low drift 

... Low supply current 

3·9 
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Typical Applications (Continued) 

+15V 

IVa UTI = [1 + RRT2] kT In Vi [ __ R_r _] 
q VREF Ri 

.2 

-= 
2N4D92 

v. 
., 
Sk . 

.". 

Fast Logarithmic Converter 

" 50k 

,-----.... --...... M...,:.=-o VREF"5V 

• Dynamic range: 100 }.J.A ~ Ii $. 1 rnA 
15 decades), IVai = IV/decade 

• Transient response: 3 ps for ali = 1 decade 
• Cl. C2. R2. R3: added dynamic campen· 

satian 

• Vos apjust the LF156 to minimize quiescent 
error 

• RT: Tel Labs type 081 + 0.3%I"C 

log Vi R2 = 15.7k, RT = lk, 0.3%I"C Ifor temperature compensation) 
Ri Ir 

Precision Current Monitor 

Va = 5 Rl/R2IV/mA of IS) 
• Rl, R2, R3: 0.1% resistors 
• Use LF155 for 

... Common-mode range to supply ra~ge 

... Low 18 

.. LowVOS 

... Low supply current 

8-Bit 0/ A Converter with Symmetrical Offset Binary Operation 

R1 ,15V 

EO Bl 

+9.920 1 

+0.040 1 

-0.040 0 

-9.920 0 

5k 

EO 

-l~V 

• _ Rl, R2 should be matched within ±0.05% 
• Full-scale response time: 3 J,lS 

B2 B3 B4 B5 B6 B7 B8 COMMENTS 

1 1 1 1 1 1 1 Positive Full-Sca)e 

0 0 0 0 0 0 0 (+) Zero·Scale 

1 1 1 1 1 1 1 (-) Zero·Scale 

0 0 0 0 0 0 0 Negative Full-Scale· 
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Typical Applications (Continued) 

0" m 

Wide BW Low Noise, Low Drift Amplifier 

cz 

OZ 

fMAX ..,240kHz 

01 --~::~ 

v-

• Power BW: fMAX = l '" 240 kHz 
2wVp 

• Parasitic input capacitance C1 =:: (3 pF for 
LF155, LF156 and LF157 plus any additional 
layout capacitance) interacts with feedback 
elements and creates undesirable high frequency 
pole. To compensate add C2 such that: R2C2 '" 
R1C1. 

Boosting the LF156 with a Current Ampliffer 

oz 
.tk 

• IOUT{MAX) '" 150 mA (will drive RL ~ lOon) 
a.VOUT '0.15 • ----:;:r- = 10-2 V//ls (with CL shown) 

• No additional phase shift added by the current amplifier 

3 Decades VCO 

0, 
5.1k 

VpU=5V 

R' 
"k 

f = Vc (RB+R7) 
[BVpURBR1]C ,O$VC$30V,10Hz$f$10kHz 

Rl, R4 matched. Linearity 0.1% over 2 decades. 

3-11 

Isolating Large Capacitive Loads 

oz 
r-_____ .... _..tV.v.tk..-~~.() VOUT 

+Z~:F 
-ZV 

• Overshoot 6% V-

• ts 10/ls 
• When driving large CL. the VOUT slew rate deter­

mined by CL and IOUT{MAX): 

v,. 

'" 0.02 V l/ls = 0.04 V l/ls (with CL shown) 
0.5 

Low Drift Peak Detector 

• By adding 01 and Rt, VOl = 0 during hold mode. Leakage of 
02 provided by feedback path through Rf. 

• Leakage of circuit is essentially Ib (LF155, LFl56) plus capaci­
tor leakage of Cpo 

• Diode 03 clamps VOUT (A 1) to V I N-V 03 to improve speed and 
to limit reverse bias of 02. 

• Maximum input frequency should be < < 1/21fRtC02 where 
C02 is the-shunt capacitance of 02. 

Non-Inverting Unity Gain Operation tor LF157 

HZ 

Rl C ~ {2," (5 MHz) 

-Rl = R2 + RS . 
4 

AV{OC) = 1 

f_3 dB" 5 MHz 

Inverting Unity Gain for LF157 

RZ 

R1C ~ (2w) (5 MHz) 

R2 
Rl=-

4 

AVIOC) =-1 

f_3 dB" 5 MHz 



Typical Applications (Continued) 

V,. 

+ 

High Impadancd, Low Drift Instrumentation Amplifier 

+15V 

03 

+15V 

-15V 

02 

02 

+15V 

R3 

• VOUT = R3 [~ + 1] av, V- + 2V ~ VIN common·mode:!>. V+ 
R R1 

• System VOS adjusted via A2 VOS adjust 
• Trim R3 to boost up·CMRR to 120 dB. Instrumentation amplifier' 

Resistor array RA201 (National Semiconductor) recommended 

Fast Sample and Hold 

7 V +ISV 

+15V 
I I 

R. I I 
lOOk 

I L_ SW2 

I JFET ~ITCHES 
I, Lf11331 

SW. DR 
AH0134 

-lOUT C, 

T' -15V 

-15V 

VOUT 

• Both' amplifiers (A 1 ;'A2) have feedback loops individually closed with stable responses (over· 
shoot negligible) 

• Acquisition time TA. estimated by: 

[ 2RON' VIN, Ch] 1/2 
T A '" Sr provided that: 

VIN<27rSrRONChandTA> ,VINCh ,RONisofSW1 
, 10UT(MAX) 

If inequality not satisfied: TA '" VIN Ch 
20mA 

• LF156 developes full Sr output capability for VIN ~'1V 
• Addition of SW2 improVes accuracy by putting the voltage drop across SW1 inside the feedback 

loop 
• Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2 
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Typical Applications (Continued) 

High Accuracy Sample and Hold 

RI 
51k 

+15V 

+15V 

~:"""~-OVOUT 

-15V 

-15V 

• By closing the loop through A2, the VOUT accuracy will be determined uniquely by A1. 
No VOS adjust required for A2. . 

• T A can be estimated by same "considerations as previously but, because of the added 
propagation delay in the feedback loop (A21 the overshoot is not negligible. 

• Overall system slower than fast sample and hold 

• A1, Cc: additional compensation 

• Use LF156 for 
... Fast settling time 

.. Low Vos 

Cl 
O.OOl",F 

High Q Band Pass Filter 

R6 
62. 

I,F 

• By adding positive feedback (R21 
a increases to 40 

• fBP = 100 kHz 

">:... ... -OVOUT 
VOUT = lo,jO 
VIN 

High Q Notch Filter. 

v' 

,>":""'..--0 VOUT 

3·13 

\ • Clean lavout recommended 
• Response to a 1 Vp-p tone burst: 

300l"s 

• 2Rl =R=10M1l. 
2C = Cl = 300 pF 

• Capacitors should be matched to.obtain high Q 

• fNOTCH = 120 Hz, notch = -55 em, a > 100 

• Use LF155 for 
.. LowlB 
A Low supply current 



~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LF347 Wide Bandwidth Quad JFET 
Input Operational Amplifier 
General Description 
The LF347 is a low cost, high speed quad JFET'input 
operational amplifier with an internally trimmed input 
offset voltage (BI-FET IITM technology)_ The device 
requires a low supply current and yet maintains a large 
gain bandwidth product and a fast slew rate_ In addition, 
well matched high voltage JFET input devices provide 
very low input bias and offset currents. The LF347 is 
pin compatible with the standard LM348. This feature 
allows designers to immediately upgrade the overall 
performance of existing LM348 and LM324 designs. 

The LF347 may be used in applications such as high 
speed integrators, fast D/A converters, sample-and-hold 
circuits and many other circuits requiring low input 
offset voltage, low input bias current, high inpu~ imped­
ance, high slew rate and wide bandwidth. The device 
has low noise and offset voltage drift. 

BI-FET "TM Technology 

Features 
• I nternallY trimmed offset voltage 
• Low input bias current 
•. Low input noise voltage 

• Low input noise current 
• Wide gain bandwidth 
• High slew rate 
• Low supply current 
• High input impedance 

2mV 
50pA 

16nVf./Hi. 
0.01 pA/YHz 

4MHz 
13 VIlls 

7.2mA 
1012n 

• Low total harmonic distortion AV = 10, <0.02% 
RL = 10k, Va = 20 Vp-p, BW = 20 Hz-20 kHz 

• Low llf noise corner. . 50 Hz 
• Fast settling time to 0.01% 21lS 

Simplified Schematic 
1/4 Quad 

Connection Diagram 

Order Number LF347N. LF347AN 
or LF347BN 

See NS Package N14A 

VCCo----~_-----~~--...., 

Dual-in-Line Package 

TOP VIEW 

3-14 

Vo 

Order Number LF347J. LF347AJ 
or LF347BJ 

See NS Package J14A 



Absolute Maximum Ratings 

Supply Voltage ±18V 
Power Dissipation (Note 1 ) 500mW 
Operating Temperature Range O°C to +70°C 

Tj(MAX) 115°C 
Differential Input Voltage ±30V 
Input Voltage Range (Note 2) ±15V 
Output Short Circuit Duration (Note 3) Continuous 
Storage Temperature Range -65°C to +150°C 

. Lead Temperature (Soldering. 10 seconds) 300°C 

DC Electrical Characteristics (Note 4) 

LF347A LF347B LF347 
SYMBOL PARAMETER . CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOS Input Offset Voltage RS = 10 kn, T A = 25'C 1 2 3 5 5 10 mV 

Over Temperature 4 7 13 mV 

':'VOS/in Average TC of Input Offset RS = 10 kn 10 10 10 ~vtc 

Voltage 

lOS Input Offset Current Tj = 25'C, (Notes 4, 51 25 100 25 .100 25 100 pA 

Tj 5 70'C 2 4 4 nA 

IB Input Bias Current Tj = 25'C, (Notes 4,51 50 200 50 200 50 200 pA 

Tj -$ 70°C 4 8 8 nA 

RIN Input Resistance Tj = 25'C 1012 1012 1012 n 

AVOL Large Signal Voltage Gain Vs = ±15V, T~ = 25'C 50 100 50 100 25 100 V/mV 

Vo = ±10V, RL = 2 kn 

Over Temperature 25 25 15 V/mV 

Vo Output Voltage Swing Vs = ±15V, RL = 10 kn ±12 ±13.5 ±12 ±13.5 ±12 ±,13.5 V 

VCM Input Common-Mode Voltage +15 +15 +15 V 
Vs = ±15V ±11 ±11 ±11 

Range -12 -12 -12 V 

CMRR Common-Mode Rejection Ratio Rs510kn BO 100 80 100 70 100 dB 

PSR'R Supply Voltage Rejection Ratio (Note 61 80 100 80 100 70 100 dB 

IS Supply Current 7.2 11 7,2 11 7.2 11 mA 

AC Electrical Characteristics (Note 4) 

LF347A LF347B LF347 
SYMBOL PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Amplifier to Amplifier Coupling TA - 25'C, 120 120 120 dB 

f = 1 Hz-20 kHz 

(Input Referred) 

SR Slew Rate VS,= ±15V, TA = 25'C 13 13 13 Vips 

GBW Gain-Bandwidth Product Vs = =15V, TA = 25'C 4 4 4 MHz 

en Equivalent Input Noise Voltage TA = 25'C, RS = lOOn, 16 16 16 nV/..,!Hz 

f = 1000 Hz 

in Equivalent Input Noise Current Tj = 25'C, f = 1000 Hz 0.01 0.01 0.01 pAI..,!Hz 

Nota 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 12SoC/W junction to ambient or 
9SoC/W junction to case. . 
Nota 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
Note 3: Po max rating ca'nnot be exceeded., 

Note 4: These specifications apply for Vs = ±15V and O"c ~ TA ~ +70'C, VOS. IB and lOS are measured at VC'M = O. 

Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. 
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature -as a result of internal power dissipation, PO' Tj = T A + 8jA Po where 0jA is the thermal resis· 
tance from junction to ambient. Use of a heat sink is recommended jf input bias current is to be kept to a minimum. 
Note 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with com-
mon practice. 
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Typical Performance Characteristics 

Input Bias Current 
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Typical Performance Characteristics (Continued) 

Undistorted Output Voltage 

Distortion vs Frequency Swing Open Loop Frequencv Response 

0.2 30 120 
VS' ,1SV VS"" ±15V - ~ R~' 2kl 

0.175 RL =2k iO 
T~ =25;C J I .. :g 100 Vs.,lSV-

0.15 ~ TA = 2S"C z 
'\. 

TA=2S"C 
'" Av=l ~ ,. z 20 80 

;;0.125 ~.VO=20VP'P ~ \<I%DIST W 

'" i\. c '" :;; 0.1 ~ 10k '" ~ 60 
~ ~ AV=100 '" c c 

~ 
,. 

i\. In 0.075 
10 

~ 

c; ,. c 40 
0.050 

Av=10~rI 
!; ~ 

'\. 
~ 

z 
0.025 * 

20 

0 0 '\. 
0 

10 100 lk 10k lOOk 10k lOOk 1M 1 10 100 lk 10k lOOk 1M 10M 

FREQUENCY IH,I FREQUENCY IH'I FREQUENCY IH,I 

Common-Mode Rejection Power Supply Rejection Equivalent Input Noise 

Ratio Ratio Voltage 

! 
120 

:-i-J iO 
140 

VS' ~lSV 
~ 70 

VS" ±15V .:g ~ c RL =2k c 120 60 ;:: 100 ;:: r-..... TA = 2S'C ·W 
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z 
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80 
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40 W 
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40 
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0 ;; 
10 100 lk 10k lOOk 1M 10M 10 100 lK 10k lOOk 1M 10M ffi 10 100 lk 10k lOOk 

FREQUENCY (Hzl FREQUENCY 1Hz) FREQUENCY IH,I 

Open Loop Voltage Gain (VIV) Output Impedance Inverter Settling Time 

1M 100 
~ 

10 
IIII III VS=dSV 
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E: 
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i1i 
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:i ffi ~ ~ lOOK 1 )f ./ 

~ 
0 

~ AV"l", 
'" > 

!; AV=10 '" 1 mV 
~ 

~ c 10mV c 
~ ~ / -5 ~ 0.1 > 

I k\ ~ !; 

~ 1 1\\ 
10K 0.01 -10 

5 10 15 20 100 lk 10k lOOk 1M 10M 0.1 1 10 
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Pulse Response 

Small Signal Inverting Small Signal Non-Inverting 

5> 5> 
is is 
"> "> E E 

"" "" !e !e ... ... z z 
i i 
w w ... .... 
<t <t 
l- I-..... ..... 
0 0 > > 
l- I-= = ... ... 
l- I-= = 0 0 

TIME (0.2 ps/DIV) TI,ME (0.2 ps/DlV) 

Large Signal Inverting Large Signal Non-Inverting 

5> 5> e is 
> "> 
!e !e ... ... 
z z 
i ii 
w w ... ... 
<t <C 
l- I-..... ..... 
0 0 
> > 
l- I-
= = ... ... 
l- I-
= = 0 ,0 

TIME (2 PS/DIV) TIME (2 ps/DIV) 

Current Limit (RL ,,; 100nJ 

5> 
is 
"> 
... 
z 

i 
w ... 
~ ..... 
o 
> 
I-= ~ = o 

TIME (5 ps/DIV) 

Application Hints 
The LF347 is an op amp with an internally trimmed 
input offset voltage and JFETinputdevices(Bl-FET II™). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current, The maximum differential 
input voltage is, independent of the supply voltages. 
However, neither of the input voltages should be 
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allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the' corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 



Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the 'input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli­
fier will be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi­
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4V power 
supplies. Supply voltages less than these may result in 
lower gain bandwidth and slew rate_ 

The LF34l will drive a 2 kQ load resistance to ±10V 
over the full temperature range of ODC to + lODC. If the 
amplifier is forced to drive heavier load currents, how­
ever, an increase in input offset voltage may occur on 
the negative voltage swing and finally reach an active 
current limit on both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently jnstalled 

Detailed Schematic 

backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

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

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedba~k around 
any ampl ifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually ,the 
inverting input) to AC ground set the frequency of the 
pole. I n many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin_ However, if the feedback 
pole' is less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that. the RC time con­
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 

Vcc~------------~~--------------__ ----~------__ ----------------------~ 
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Typical Applications Digitally Selectable Precision Attenu'ator 

V,N 

-v, 

Vs All resistors .1 % tolerance 

Al A2 A3 Vo 
ATTENUATION 

0 0 0 0 
AnENUATlON SELECT INPUTS 

0 0 -1 dB 

0 0 ..,2 dB • Accuracy of better than'O.4% with stand~rd 1% value resistors 
0 1 -3dB • No offset adjustment necessary 

0 0 -4dB • Expandable to any number of stages 
0 1 ' -5 dB • Very high input impedance 

0 -6dB 

-7 dB 

Long Time Integrator with Reset, Hold and Starting Threshold Adjustment 

r---' 

VT"t-_____ -o--- " 

15V O-~"""""""'_Mr-O-15V 
10k 10k 10k 

THRESHOLD 
ADJUST 

o SET THRESHOLD 
VOLTAGE 

VOUT 

• YOUT starts from zero and is equal to the integrai of the input voltage with respect to the threshold voltage: 

VOUT=~ft (VIN"':VTH)dt' 
RC 0' 

• Output starts when V I N ~ VTH 
• Switch S1 permits stopping and holding any output value 
• Switch 82 resets system to zero 
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Typical Applications (Continued) 

Universal State Variable Filter 

lOOk 

." 
2Dk 

.... 
INPUT 0--'11""" .... "'1 

10k 

-IIiV 

HIGH PASS 
OUTPUT 

For circuit shown: 

.OOk 

fo = 3 kHz, fNOTCH = 9.5 kHz 
0=3.4 
Passband gain: 

Highpass - 0.1 
Bandpass -1 
Lowpass -1 
Notch -10 

• foxO~200kHz 
• 10V peak sinusoidal output swing without slew limiting to 200 kHz 
• See LM348 data sheet for design equations 
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~National Operational Amplifiersl Buffers 
~ Semiconductor 
LF351 Wide' Bandwidth J FET 
'Input Operational Amplifier 
General Description 
The LF351 is a low cost high speed J FET input opera­
tional amplifier with an internally trimmed input offset 
voltage (BI-FET I/TM technology). The device requires a 
low supply current and yet maintains a large gain band­
width product and a fast slew rate. In addition, well 

'matched high voltage JFET input devices provide very 
low input bias and offset currents. The LF351 is pin 
compatible with the standard LM741 and uses the same 
offset voltage adjustme'nt circuitry, This feature allows 
designers to immediately upgrade the overall perfor­
mance of existing LM741 designs. 

The LF351 may be used In applications such as high 
speed integrators, fast D/ A converters, sample-and-hold 
circuits and many other circuits requiring low input 
offset voltage, low input bias current, high input imped­
ance, high slew rate and wide bandwidth. The device 
has low noise and offset voltage drift, but for applica-

Typical Connection 

BI-FET II ™ Technology 

tions where these requirements are critical, the LF356 is 
recommended. If maximum supply current is important, 
however, the LF351 is the better choice. 

Features 
• Internally trimmed offset voltage 
• Low input bias current 
• Low input noise voltage 
• Low input noise current 
• Wide gain bandwidth 
.' High slew rate 
• Low supply current 
• High input impedance 

2mV 
50pA 

16 nV/.jHz 
0.01 pA/.jHz 

4MHz 
13 V /IlS 

1.BmA 
1012n 

• Low total harmonic distortion AV = 10, <0.02% 
RL = 10k, Vo = 20 Vp-p, BW = 20 Hz-20 kHz 

• Low 1/f noise corner 50 Hz 
• Fast settling time to 0.01% 2 IlS ' 

Simplified Schematic 
Rf Ycco-------~~------------~------, 

YCC 

Rj 

5 ' + 

-YEEo---------------~------~~----~ 

Connection Diagrams (Top Views) 

Metal Can Package 
NC 

Order Number 
LF351H 

LF351AH 
LF351BH .INYE~J:~~ 2 

LF351AH-1 
LF351BH-1 

See NS Package HOBe 

Y-
Note. Pin 4 connected to case. 

BALANCE 

, 
INPUT 

INPUT 
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Dual-in-Line Package 

TOPYIEW 

NC 

Y' 

OUTPUT 

Order Number 
LF351N 

LF351AN 
LF351BN 

LF351AN-1 
LF351BN-1 

See NS Package NOBB 

BALANCE 



Absolute Maximum Ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500mW 

Operating Temperature Range O°C to +70°C 

Tj(MAX) 115°C 

Differential Input Voltage ±30V 

Input Voltage Range (Note 2) ±15V 

Output Short Circuit Duration Continuous 

Storage Temperature Range --65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Note 3) 

LF351A LF351B LF351 
SYMBOL PARAMETER CONOITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOS Input Offset Voltage RS-l0krl, TA-25°C 1 2 3 5 5 10 mV 

Over Temperature 4 7 13 mV 

AVOS/AT Average TC of Input Offset RS ~ 10 krl 10 10 10 ~vtc 
Voltage LF351A·l, LF351B·l 10 20 10 30 

lOS Input Offset Current Tj ~ 25'C, INotes 3, 4) 25 100 25 100 25 100 pA 

Ti:O: 70'C 2 4 4 nA 

IB Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 50 200 50 200 pA 

Tj:O: 70°C 4 8 8 nA 

RIN Input Resistance Tj ~ 25'C 1012 10 12 1012 rl 

AVOL Large Signal Voltage Gain VS= ±15V, TA = 25°C 50 100 50 100 25 100 V/mV 

VO~±10V,RL~2krl 

Over Temperature 25 25 \ 15 V/mV 

Vo Output Voltage Swing VS=±15V, RL= 10krl ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 V 

VCM Input Common-Mode Voltage VS~±15V 
±ll 

+15 
±ll 

+15 
±11 

+15 V 

Range -12 -12 -12 V 

- CMRR Common-Mode Rejection Ratio RS:O:l0krl 80 100 80 100 70 100 d8 

PSRR Supply Voltage Rejection Ratio INote 5) 80 100 80 100 70 100 dB 

IS Supply Current 1.8 2.8 1.8 2.8 1.8 3.4 mA 

AC Electrical Characteristics (Note 3) 

LF351A LF351B LF351 
SYMBOL PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

SR Slew Rate Vs ±15V, TA 25'C 10 13 13 13 V/~s 

GBW Gain Bandwidth Product Vs ~ ±15V, TA ~ 25'C 3 4 4 4 MHz 

en Equivalent Input Noise Voltage TA~ 25'C, RS~ 100rl, 16 16 16 nV/y'Hz 

f~1000Hz 

in Equivalent Input Noise Current Tj ~ 25'C, f ~ 1000 Hz 0.01 0.01 0.01 pA/y'Hz 

Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 1500 C/W junction to ambient or 
45° C/W junction to case. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vs = ±15V and O°C:S T A :s;: +70°C. Vas, 18 and lOS are measured at VCM = O. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperat~re, Tj. 
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, PO. Tj = T A + GjA Po where 0jA is the thermal resis­
tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 
Note 5: Supply voltage rejection ratio is measured for, both supply magnitudes increasing or decreasing simultaneously in accordance with com-
mon practice. . 

3·23 

r 
-n 
CN c.n ..... 



Typica, Performance Characteristics 
Input Bias Current 

Vs = "~V+-+-Ir-+-+---t 
- TA=25"C-t-f--+--+-t--l 

~ 801-+-+-+-+-+-+-+-+ 

m 

100 

~ 60 1-+-1-+-+-1 .... --1:.0'9--1 

:'i 
a; 401-+-+-+-+-+-+-+-+ ... 
~ ·20 1-+-+-+-+-+-+-+-+ 
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Voltage Limit 
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/ 

/ 
/ 

V 

o lD 15 20 

POSITIVE SUPPLY VOLTAGE (V) 

Negative Current Limit 

~ 

25°C 
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OUTPUT SINK CURRENT (mA) 

Gain Bandwidth 

V~=±IJV _ 
RL =2k 

1'0.. 
CL = lOOpF-

r-.... 
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Negative Common-Mode Input 
Voltage Limit' 
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15 
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10 / 
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/ 

/ 
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Voltage Swing 
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10 50 
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-ZO -100 
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Typical Performance Characteristics (Continued) 

Undistorted Output Voltage 

Distortion vs Frequency Swing Open Loop Frequency Response 

0.2 3D 120 

R~ '2kl VS=t15V Vs.,15V - ~ 0.175 0: RL '2k 0; 

Tr 25;CI I .. '" 100 VS·,15V-
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<0 AV'I ~ '\. .. z 20 80 Z 0.125 ~v""2OVP'P ~ IYI%OIST 
<0 

'\. Q w ~ ~ 0.1 ~ 10k <0 60 
AV'loo "" Q 

Q :; > '\. In 0.075 ~ ~ " 10 
~ 

40 Q > Q 

0.050 :; g 
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Pulse Response 

Small Signal Inverting Small Signal Non-Inverting 

:> :> 
c c 
"> "> E E ... ... e e 
'" '" z z 
~ ~ 
w ... 
'" '" '" '" l- I-.... .... 
c:> c:> 
> > 
l- I-= = ... ... 
l- I-= = c:> c:> 

TIME (0.2/-1S/DIV) TIME (0.2 "s/DIV) 

Large Signal Inverting Large Signal Non-Inverting 

:> :> 
c' c 
"> ~ e_ 
'" '" z z 
fjl ~ 
w ... 
'" '" '" '" l-I- .... .... 
= = > > 
l- I-
= = ... ... 

l-I- = = = = 

TIME (2 "s/DIV) TIME (2I!s!DlV) 

Current Limit IRL = 100m -

:> c 
"> 

... 
'" ~ 
= > 
I­= ... 
I­= = 

TIME 15 "s/DIV) 

Application Hints 
The LF351 is an op amp with an internally trimmed 
input offset voltage an.d JFETinputdevices(BI-FET IITM). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
ir.crease in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 
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allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the' negative common·mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the' corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 



Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the input back within the common·mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common·mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli· 
fier will be forced to a high state. 

The amplifier will operate with a common·mode input 
voltage equal- to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi­
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

The LF351 is bi'ased by a zener reference which allows 
normal circuit operation on ±4V power supplies. Supply 
voltages less than these may result in lower gain band­
width and slew rate. 

The LF351 will drive a 2 kQ load resistance to ±10V 
over the full temperature range of O°C to +70°C. If the 
amplifier is forced to drive heavier load currents, how­
ever, an increase in input offset voltage may occur on 
the negative voltage swing and finally reach an active 
current limit on both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 

Detailed Schematic 

backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. . 

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

As w.ith most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con­
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 

Vcc~------------~---------------'----~------'---------------------, 

Vos 
ADJUST 

-VEE~--~----~----~--------6---~--~~--~--~~--~--------~--~ 
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~ Typical Applications 
U. 
...J 

Supply Current Indicator/Limiter 

RS 

YSUPPLY O-......... _ ...... """\r"" ... ---+----~ ~~~:!!~~~~~E~;loN 

IN914 

IS 
+ 
Yo 

R1 

Y-

• VOUT switches high when RSIS > Vo 

Ultra-Low (or High) Duty Cycle Pulse Generator 

1N914 R1 

1N914 R2 
... -I~t-_...JV'Ii~~ .... .()oUTPUT 

c* 

T 
1M 1M 

1M 

Y-

4.8 -2VS 
• tOUTPUT HIGH'" R1C ~n ----

4.8 -VS 

2VS -7.8 
• tOUTPUT LOW'" R2C ~n ---­

VS-7.8 

where Vs = V+ + IV-I 
*Iow leakage capacitor 

RESET 

---.r-
INTEGRATE 
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y+ 

Hi-ZIN Inverting Amplifier 

C2 

RZ 

v-

Parasitic input capacitance C1 '" (3 pF. for LF351 
plus any additional layout capacitance) interacts 
with feedback elements and creates undesirable 
high frequency pole. To compensate, add C2 such 
that: R2C2", R1 C1. 

Long Time Integrator 

---, 
Y-

c* 

y+ 

Y-

* Low leakage capacitor 

IZ 

YoUT= ~./" YIN olT 
11 

~ 50k pot used for less sensitive VOS adjust 



~National Operational Amplifiersl Buffers 
~ Semiconductor 

·LF353 Wide Bandwidth Dual JFET 
Input Operational Amplifier BI-FET IITM Technology 

General Description 
These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input 
offset voltage (BI-FET IITM technology). They require 
low supply current yet maintain a large gain bandwidth 
product and fast slew rate. I n addition, well matched 
high voltage JFET input devices provide very low input 
bias and offset currents. The LF353 is pin compatible 
with the standard LM 1558 allowing designers to imme­
diately upgrade the overall performance of existing 
LM 1558 and LM358 desi~ns_ 

These amplifiers may be used in applications such as 
high speed integrators, fast D/A converters, sample and 
hold circuits and many other circuits requiring low 
input offset voltage, low input bias current, high input 
impedance, high slew rate and wide bandwidth. The 
devices also exhibit low noise and offset voltage drift_ 

Typical Connection 

Rf 

R, 

Simplified Schematic 

1/2 Dual 
vcco----..... ------..... ---., 

INTERNALLY 
TRIMMED 

-VEEo---4~--~----~---~ 

vo 
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Features 
• Internally trimmed offset voltage 

• Low input bias current 

• Low input noise voltage 

• Low input noise current 

• Wide gain bandwidth 

• High slew rate 
• Low supply current 

• High input impedance 

2mV 

50pA 

16 nV/vHz 
0.Q1 pA/vHz 

4 MHz 

13 V//1s 
3.6mA 

1012n 
• Low total harmonic distortion AV; 10, <0.02% 

RL; 10k, Va; 20 Vp-p, BW; 20 Hz-20 kHz 

• Low llf noise corner 50 Hz 

• Fast settling time to 0.01% 2/1s 

Connection Diagrams 

LF353H Metal Can Package (Top View) 
v' 

6 INVERTING 
INPUT 8 

v-
Order Number LF353AH or LF353BH 

See NS Package HOSC 

LF353N Dual-In-Line Package (Top View) 

OUTPUT A v' 

INVERTING INPUT A OUTPUT B 

NON·INVERTING 3 

INPUT A INVER~ING INPUT B 

v- NON-INVE'RTING 
INPUTB 

Order Number LF353AN, LF353BN or LF353N 
See NS Package NOSA 

r 
"TI 

~ 
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Absolute Maximum Ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1 ) 500mW 

Operating Temperature Range O°C to +70°C 

Tj(MAX) 115°C 

Differential Input Voltage ·±30V 

Input Voltage Range (Note 2) ±15V 

Output Short Circuit Duration (l'Iote 3) Continuous 

Storage Temperature Range .;l5°C to +150°C 

Lead Temperature (Soldering,10 seconds) 300°C 
f 

DC Electrical Characteristics (Note 4), 

LF353A LF353B LF353 
SYMBOL PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vos I nput Offset Voltage RS= 10kn. TA=25"C 1 2 3 5 5 10' mV 

Over Temperature 4 7 13 mV 

<lVOS/<lT Average TC of Input Offset RS= 10kn 10 20 10 30 10 "vtc 
Voltage 

lOS Input Offset'Current Ti = 25°C, {Notes 4, 51 25 100 25 100 25 '100 pA 

Ti<:;70°C 2 4 4 nA 

18 Input Bias Current Tj =: 25°9. (Notes' 4,5) 50 50 200 50 200 pA 

Tj~ 70°C 4 8 8 nA 

RIN Input Resistance Ti = 25°C 1012 1012 1012 n 

AVOL Large Signal Voltage Gain Vs = ±15V, TA = 25°C 50 100 50 100 25 100 V/mV 

Vo = ±10V, RL = 2 kn 

Over Temperature 25 25 15 V/mV 

Vo Output Voltage Swing VS=±15V, RL= 10kn· ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 V 

VCM Input Common-Mode Voltage +15 +15 
±ll 

+15 V 
VS=±15V ±ll ±ll 

Range -12 -12 -12 V 

CMRR Common-Mode Rejection Ratio ,RS~ lOkn 80 100 80 100 70 100 dB 

PSRR Supply Voltage Rejection Ratio {Note 61 80 100 80 100 70 100 dB 

IS Supply Current 3.6 5.6 3.6 5.6 3.6 6.5 mA 

AC Electrical Characteristics (Note 4) 

LF353A LF353B LF353 
SYMBOL PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Amplifier to Amplifier Coupling TA = 25°C, f= 1 Hz- -120 -120 -120 dB 
20 kHz (Input Referred) 

SR S!ew Rate VS=±15V, TA=25°C 10 13 13 13 Vips 

G8W Gain-Bandwidth Product Vs = ±15V, TA = 25°C 3 4 4 4 MHz 

en Equivalent Input Noise Voltpge TA = 25°C, RS = lOOn, 16 16 16 nV/.JHz 
f=1000Hz 

in Equivalent Input Noise Current Tj = 25°C, f = 1000 Hz 0.01 0.D1 0.01 pAl.JHz 

Note 1: For operating at elevated temperature. the device must be derated based on a thermal resistance of 160°C/W junction to ambient for 
the N package, and 150°C!W jun~tion to ambi,mt for the H package. ' . 
Note 2: 'Unless otherwise specified the absolute maximum negative input voltage is equal to the negative 'power supply voltage. 

Note 3: The power dissipation limit. however, cannot be exceeded. 

Nota 4: TheSe specifications apply for Vs = ±15V and o"C $. TA $. +70°C. VOS, 16 and lOS are measured at VCM = O. 
Note 5: The'input bias currents are junction' leakage ~urrents which approximately double for every Hfc increase in the junction temperature, 
Tj. Due to limited production test time, the input bias currents measured are correlated to junction temp~rature. In norma! operation the junction 
temperature rises above the ambient temperature,as a result of internal power dissipation,' PO. Tj = T A +'9jA Po where 9jA is the thermal resis­
tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 
Nota 6: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with com­
mon practice. 
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Typical Performance Characteristics 
Input Bias Current 
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Typical Performance Characteristics (Continued) , 
Undistorted Output Voltage 

Distortion vs Frequency . Swing Open Loop Frequency R!,sponse 
0.2 3D 120 

R~ '2k' VS=±15V Vs= ± 15V l-i'-0.175 
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Pulse Response 

Small Signal Inverting Small Signal Non-Inverting 
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Application Hints 

These devices are op amps with an internally trimmed 
input offset voltage and JFET input devices (BI-FET II). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 
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allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 



Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the input back within the common·mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common·mode limit on a single 
input will not cha~ge the phase of the output; however, 
if both inputs exceed the limit, the 'output of the ampli· 
fier will be forced to a high state. 

The amplifiers will -operate with a common·mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi· 
tion. When the negative common·mode voltage swings 
to within 3V of the negative supply, an increase in input 
offsetvoltage mayotcur. 

Each amplifier is individually biased by a zener reference 
which allows' normal circuit operation on ±4V power 
supplies. Supply voltages less than these may result in 
lower gain bandwidth arid slew rate. 

The amplifiers will drive a 2 kn load resistance to ±10V 
over the full temperature range of O°C to +70°C. If the 
amplifier is forced to drive heavier load currents, how­
ever, an increase in lnput offset voltage may occur on 
the negative voltage swing and finally' reach an active 
current limit on both positive and 'negative, swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 

Detailed Schematic 

backwards in a socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal oonductors and result in a 
destroyed'unit_ '. 

Because these amplifiers are' JF'ET rather than MOSFET 
input op amps, they' do not require special handling. 

As,with most amplifiers, 'care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stabilitY.-For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "'pick-up',' and maximize the 
frequency of· the feedback pole _ by 'minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the fr,equency' of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and 'consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is tess than approximately 6 ,times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the i'nput of th'e op amp. The value of the 
added capacitor shOUld' b~ such that the RC- time con­
stant of this capaCitor and, the resistance it parallels 
is greater than or equal to the originill feedback pole 
time constant. 

vcco-------------~--------------_.----~------~--------------------~ 

Vo 

-VEEo---~-----e~--.. --------~~--~--~.---~----e----e--------~~--~ 
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Typical Applications 

'" ~ 
'" C1 
'" 

Three-Band Active Tone Control 

3.6k 

I.Uk 

+20 

+15 

+10 

I 1111111 (NOTE 4) 111111 I 
(NOTE 2) l\ IIIIVI 

~~6TJl 
+5 17 

-5 1'\ 
r-.. 

-10 

-15 

-20 
~m) ~ 

l~nIE51 111111 

10 100 lk 10k lOOk 

FREQUENCY (Hz) 

Note 1: All controls flat. 
Note 2: Bass and treble boost, mid flat. 
Note 3: Bass and treble cut, mid flat. 
Nota 4: Mid boost, bass and treble flat. 

Note 5: Mid cut, bass and treble flat. 

• All potentiometers are linear taper 

• Use the LF347 Quad for stereo applications 
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Typical Applications (Continued) 

1')01+--+"" 

1-)0+-+---+"" 

Improved CMRR Instrumentation Amplifier 
Vs 

-VS 1 1 

! ! 
-VS -Vs' 

SEPARATE 

R5 

R4 

rh ,and * are separate isolated grounds 

Matching of R2's, R4's and R5's control CMRR 

With AVT = 1400, resistor matching = 0.01%: CMRR = 136 dB 

• Very high input impedance 
• Super high CMRR 

Fourth Order Low Pass Butterworth Filter 

Rl 6,. 

C 
0.01 

V'No-~WIr-"'~WIr-.... --=-I 

R3 
11k 

• Corner frequency (fc) s:: j 1 
R1R2CCl 

-15V 

2" 

• Passband gain (HO) = (1 + R4/R3) (1 + R4'/R3') 

• First stage Q ='1.31 

• Second stage Q = 0.541 

R4 
lOll' 

R3' 
11. 

-15V 04' 
100k 

VOUT 

• Circuit shown uses nearest 5% tolerance resistor values for B filter with a corner frequency of 100 Hz and a passband g~in of 100 

• Of~set nulling necessary for accurate DC perfo~mance 
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Typical Applications (Continued) 

Fourth Order High Pass Butterworth Fi!ter 

V1No-1 
C 

0.001 

R3 
20011. 

~'1 ~ 
• Cornerfrequencv (Ie) = J FiiR2C2- , 2" = J ~2 

• Passband gain (HO) = (1 + R4/R3)(1 + R4'/R3') 
• First stage Q = 1.31 
• Second stage Q = 0.541 

Rl' 
248k 

R3' 
2DDk 

VOUT 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a P8SS;band gain of 10 

Ohms to Volts Converter 

lDM 

RX 

1.35k 

..... --.. -O-I.V 

1V 
Vo = RLADDER x RX 

VOUy'lV 
FULL SCALE 

Where RLADDER Is the resistance from switch S1 pole to pin 10 of the LF354. 
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~National Operational Amplifiersl Buffers 
~ Semiconductor 

BI·FET Technology 

LF13741 Monolithic JFET Input Operational· Amplifier ' 

General Description Features 
TheLF13741 is a 741 with BI-FET input followers on 
the same die. Familiar operating characteristics - those 
of a 741 - with the added advantage of low input bias 
current make the LF13741 easy to use, Monolithic 
fabrication makes this "drop-in·replacement" operational 
amplifier very e'conomical. 

• Low input bias current 50 pA 
• Input common·mode range to positive supply voltage 
• Low input noise current '0,01 pA/y'HZ 
• High input impedance 5 x 10 11 n 

Applications in 'Which the LF13741 excels are those 
which reqiJire low bias current, moderate speed and low 
cost. A few examples include high impedance transducer 
amplifiers, photocell amplifiers, buffers for high, impe. 
danc!!, slow to moderate speed sources and buffers in 
sample·and·hold type systems where leakage from the 
hold capacitor node must be kept to a minimum. 

Systems designers can take full advantage of their 
knowledge of the 741 when designing with the LF13741 
to achieve extremely rapid "design times."The LF13741 
can also be used in existing sockets to' make the "error 
budget" for input bias and/or offset currents negligible' 
and in many cases eliminate trimming. For higher speed 
and lower noise use the LF 155, LF156, LF 157 series 
of BI·FET operational amplifiers, ' 

• Familiar operating characteristics' 

Advantages 
• FET inputs - 741 operating characteristics 

• Lowcost 
• Ease.of use 
• Standard supplies 
• Standard pin outs 
• Non.rectifying input for R F environment 
• Rapid "design time" 

Applications 
• Smoke detectors 

• I to V converters 
• High impedance buffers 
• 'Low drift sam pi!! and ,hold circuits 
• High input 'impedance, slow comparators 
• 'Long time timers 
• Low drift peak detectors 
• Sup'plY current monitors 
• Low error budget systems 

Simplified Schematic Typical Applications, 

All on one die. 

MICRO· 
PROCESSOR 

Inexpensive Microprocessor O/A 

SERIAL DATA OUT . 
(LSB ~IRSTI 

HOLD 
r 

.J 

r 
~~~R='S~U~-<~~~~~ 
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Absolute Maximum Ratings 
Supply Voltage ±18V 

500mW 
O°C to +70°C 

100°C 
±30V 

Input Voltage Range (Note 2) ±16V 
Power Dissipation (Note 1 ) 
Operating 1emperature Range 

Tj(MAX) 

Output Short Circuit Duration Continuous 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Differential Input Voltage 

DC Electrical Characteristics (Note 3) 

SYMBOL PARAMETER CONDITIONS 

VOS Input Offset Voltage RS=10kn, TA = 25°C 

I 
Over Temperature 

AVOS/AT Average TC'of Input' Offset RS=10kn 

Voltage 

lOS Input Offset Current Tj ='25°C, (Notes 3, 4) 

Tj ~ 70°C 

IB Input Bias Current Tj = 25°C, (Notes 3, 4) 

Tj ~ 70°C 

RIN Input Resistance Tj = 25°C 

AVOL Large Signal Voltage Gain VS=±15V, TA = 25°C 

VO=±10V, RL =2 kn 

Over Temperature 

Vo Output Voltage Swing VS=±15V, RL = 10 kn 

VCM Input Common-Mode Voltage Vs = ±15V 

Range 

CMRR Common-Mode Rejection Ratio RS~10kn 

PSRR Supply Voltage Rejection Ratio (Note 5) I 

IS Supply Current 

AC Electrical Characteristics (Note 3) 

SYMBOL PARAMETER CONDITIONS 

SR Slew Rate VS=±15V, TA=25~C 

GBW Gain-Bandwidth Product VS=±15V,TA = 25°C 

en Equivalent Input Noise Voltage T A = 25°C, RS = 100 n 

f = 100 Hz 

f = 1000 Hz , 
in Equivalent Input Noise Current Tj = 25°C 

f= 100 Hz 

f = 1000 Hz 

MIN 

25 

15 

±12 

±11 

70 

17 

MIN 

TYP 

5 

10 

10 

50 

1.6 

5xl011 

100 

±13 

+15.1 

-12 

90 

96 

2 

TYP 

0_5 

1.0 

50 

37 

0.01 

0_01 

MAX 

15 

20 

50 

2 

200 

8 

4 

MAX 

UNITS 

mV 

mV 

/lvfc 

pA 

nA 

pA 

nA 

n 
V/mV 

V/mV 

V 

V 

V 

dB 

dB 

mA 

UNITS 

V//lS 

MHz 

nV/v'Hz 

nV/VHz 

pA/VHz 

pA/VHz 

Not8 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 150" e/W junction to ambient or 
4SoCIW junction to case. 
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the n~gative power supply voltage. 

Nota3: TheSe specifications applv for Vs = ±15V and O°C:5. TA:5. +70°C. VOS, IB, and lOS are measured at VCM = 0, 
Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, 
Tj. Due to limited production test time, the input bias currents measured are co~related to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, PO. Tj.= TA + 6jA Po where 9jA is the thermal resis­
tance from junction to ambient. Use of a heat sink i,s recommende~ if input bias current is to be kept to a minimum. 

Note 5: Supply Voltage Rejection. Ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with 
common practice. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Application Hints 

GENERAL CHARACTERISTICS 

The LF13741 makes the job of converting from a 
bipolar to a FET input op amp easy. As a systems 
designer you are probably very familiar with the 
operating characteristics of a 741 op amp. In fact, many 
of you have used 741s with FET input followers-that's 
just what the LF13741 is, but it's all on a single die. 

When you need a low cost, reliable, well known oj> amp 
with 'Iow input currents and moderate speed, use an 
LF13741. . 

DIFFERENTIAL INPUTS 

You don't have to use clamps across the inputs for 
. differential input voltages of less than 4DV. The input 

JFET's of the LF13741, in addition to being well 
. matched, have large reverse breakdown voltages from 
gate to source and drain. 

POSITIVE INPUT COMMO~~·MODE VOLTAGE LIMIT 

With the tF13741 (unlike the normal 741) you can take 
both inputs above the positive supply voltage by more 
than D.l V before the amplifier ceases to function. 
This feature enables you to use the LF13741 to monitor 
and/or limit the current from the same supply used to 
power it (see typical applications). 

If you exceed the positive common-mode voltage limit 
. on only one input the output phase will remain correct. 
When you exceed the limit on both inputs, the output 
phase is unpredictable. 

NEGATIVE INPUT COMMON-MODE VOLTAGE 
LIMIT 

There are two negative input voltage ranges of interest: 

1. The range between the negative ,common·mode 
voltage limit and the negative supply. voltage. 

2. Voltages which are more negative than the negative 
supply Voltage. 

If you take only one of the inputs of the LF13741 
into the first range, the output phase will remain correct. 
When you take both inputs into this range the output 
will go toward the positive supply voltage. 

If you force either or both of the inputs into the second 
range, an internal diode will be turned "ON." Unless you 
externally limit the diode current to about 1 mA, the 
device. will be destroyed. In either case, limited or 
unlimited input current, you cannot predict the output. 

HANDLING 

You do not have to take any speCial precautions. in 
handling the LF 13741. It has JF ET, as opposed to fragile 
MOSFET, inputs. 

APPLYING POWER 

You should never: reverse the power supplies to the 
LF 13741 ; plug a part in backwards in a poweted socket 
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or board; make the negative supply voltage more positive 
than an input voltage. 

Anyone of these supply conditions will forward bias an 
internal diode. If you have not externally limited the 
resulting current, the device will be destroyed. 

LAYOUT 

To ensure stability of response. you should take care 
with lead dress, component placement and power supply 
decoupling. For ex~mple, the body of feedback resistors 
(from output to input pins) should be placed close to 
the inverting input pin. Noise "pickup" and capacitance 
to ground from the input pin will be minimized-effects 
which are usually desirable . 

Because of the very low input bias currents of the 
LF13741, special care should be taken in printed circuit 
board layouts to prevent unnecessary leakage from the 
input nodes, (see typical applications). 

FEEDBACK POLE 

You create a feedback pole when you place resistive 
feedback around an amplifier. The parallel resistance 
and capacitance from the input of the device (usually 
the inverting input) to ac ground set the frequency of 
the pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and there is negligible effect on stability 
margin. However, if the feedback pole is less than 
approximately six times the expected 3 dB frequency, 
la distinct possibility when using FET op amps) you 
should place a lead capacitor from the output to the 
input of the rip amp. The value of the added capacitor 
should be such that the RC time constant of this capaci· 
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant (Figure '). 

C2 

H2 

y+ 

v-

Parasitic' input capacitance Cl '" (3 pF for LF13741 plus any 
additional layout capacitance) interacts with feedback elements 
and creates undesirable high frequency pole. To compensate, 
add C2 such that: R2C2," R1C1. 

FIGURE 1 



Typical Applications (Continued) 

Guarded Voltage Follower 

PC Layout 

8 
o 

VIN 

OUTPUT 

VOUT 

y+ 

V-

V· 

Circuits Using Guard Rings to Prevent 
Leakage Currents Between Inputs and V-

Guarded Inverting Amplifier 

RI R2 
YIN o--A"M~"'--JVV'v---.., 

v· 

RJ 
V-

GUARD 

Guarded Instrumentation Amplifier 

R2 

VOUT 

R2 
Av= -­

RI 

R3 = RIIIR2 

6O---0UTPUT 

lOOk 

HI. y+ 
10k 

VOUT 
RJ 
10k 

R4 Y-
lOOk 

DC REFERENCE 
VOLTAGE 

OR GROUND 

VOUT R2 
• -; Rl =R3.R2=R4 

VIN Rl 
• CMRR depends upon Rl-R3, R2-R4 matching 
• Trim R4 to boost CMRR 

• R5, R6 5% resistors 



Typical Applications (Continued) 

Bridge Amplifier 

>.-<)VOUT 

ForRf» R 

VREF(R.f) Va· -- -
2 R 

Automatic Vias Adjust (RslRG ~ 1001 For Instrumentation Amplifier 

22M 

V.~o-I0~ ____ -e ________ ~ 

-, 
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6 I 
VbO ____ -i ___ 1~4~~.-~I----~ 

I I 
I I 
I I .-15V 

0.0022 pF 
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I 
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I I I 

I I 
I I r------..J 

I 

4:4~4 LF13333 
SWiTCHES 

-5V-n 

OV....J L.. 
--It I- tMIN for VaUT = ±10V = 3.5 ms 
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Typical Applications (Continued) 

TIME 

S 
RESET 

Auto Zero Circuit for LF356 

",-_'-_'-015V 

51k 

~RDO 
NORMAL 

0.1 

15V 

• With the output having a 10k load resistor minimum pulse 
width to zero "'aDO 1'" 

• The capacitor on the output reduces the output switch glitch 

1/4 LFI3333 

V+ 

.Cl 

Long Time Timer 

15V 

---~ 

• Tim. = - VTHRESHOLD 
I, 

• Output goes high on time out 
., Reverse op amp inputs for output Iowan time out 
• C, low leakage capacitor 

OUTPUT 
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Ultra·Low (Or High) Duty Cycle Pulse Generator 

RI 

IN914 R2 
"---l~I--~NY-"'-o OUTPUT 

c* V· 

~ 
1M 1M 

1M 

4B-2VS 
• tOUTPUT HIGH'" RIC Qn 

4B-VS 

. 2VS-7B 
• tOUTPUT LOW'" R2C Qn ---­

VS-7B 

where Vs = V+ + IV-I 
·Iaw leakage capacitor 



Typical Applications (Continued) 
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.1,S Y. STEP 
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> ....... " lOOk 
P' 

v- . Vp 
• VOUT switches high when RSIS > Vo 

• VREF=IO(P'+Rl +R2),IO'" lOSS (1- VGS)'.2 

• Trim 250k potentiometer for drHt adjust 

Rl 

Vo 

• Trim lOOk potentiometer fo, VREF adjust 

Supply Current Monitor 

~ 

Rl 
VO=5 R2 (V/mAofIS) 

Rl, R2, R3: 0.1% resistors 
Use LF13741 ftl, low 18 
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Typical Applications (Continued) 

Low Drift Peak Detector 

T Ch 

RR/ 
RECDYERY 

TIME ADJUST ':' 

• Low leakage capacitor 

Ultra-Low Drift Peak Detector 

20k 

>~""OYDUT 

>~-oYOUT 

Y-

DIODES 
IN914 

RR 
RECOYERY TIME 

':' ADJUST 

• By adding 01 and Af. VOl = 0 during hold mode. Leakage of 
02 provided by feedback path through Af: 

• Leakage of circuit is I B plus leakage of Ch. 
• 03 clamps VOUT AI to VIN - V03 to impr""e speed and to 

limit the reverse bias of 02. 
• Maximum input frequency should be « 1I2"AfC02. where 

C02 is the shu nt capacitance of 02. 
• Low lea kage capacitor 

Low Current Ammeter 

Comparator with Offset Adjust for HioZ Inputs 

YDUT 

Y-

. V- +3V ~ VIN ~ V++0.1V 
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Typical Applications (Continued) 

Long Time Integrator 
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--I 
INTEGRATE 

v-

C* 

v+ 
R 

1 12 -
>~"""OVOUT= iii:./" VIN OIT 

5 _ . 11 

V-

*Low leakage capacitor 

, Photo Ce" Amplifier (I to V Converter) 

.R 

V+ 

Precision Current Sink 

v+ V+ I 
_.IOUT 

R 

VIN 
lOUT =- ,where lOUT ~ lOSS 

R 

,>+-oVOUT· 

V-

Conn~ction Diagrams (Top Views) 

TO.s9 Metel Can Package 

NC 

INVE~Jt~~ 2 

V-
Ord .. Number LF13741H 

Soo NS Package Hoile 

Note: Pin 4 connected to case. 

V-
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Dual-In-Line Package 

BALANCE NC 

INPUT y+ 

INPUT OUTPUT 

V- BALANCE 

Ordor Number LF13741 N 
Sao NS Package NOBB 



~National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LM10/LM10B(L)lLM10C(L) Op Amp and Voltage Reference 

General Description 
The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and 
an independent, high quality op amp. 

The unit can operate from a total supply voltage as low 
as l·.lV or as high as 40V, drawing only 270J.l.A. A com­
plementary output stage swings within 15 mV of the 
supply terminals or will deliver ±20 mA output current 
with ±0.4V saturation. Reference output can be as low 
as 200 m V. Some other characteristics of the LM 1 0 are 

• input-offset voltage 
• input-offset current 
• input-bias current 
• reference regulation 
• {lffset-voltage dri ft 
• reference drift 

2.0 mV (max) 
0.7 nA (max) 
20 nA (max) 
0.1% (max) 

2J.I.VfC 
0.002%fC 

The circuit is recommended for portable equipment and 
is completely specified for operation from a single power 
cell. In contrast, high output-drive capability, both 
voltage and current, along with thermal overload pro­
tection, suggest it in demanding general-purpose 
applications. 

The device is capable of operating in a floating mode, 
independent of fixed supplies. It can function as a remote 
comparator, signal conditioner, SCR controller or trans­
mitter for analog signals, delivering the processed signal 
on the same line used to supply power. It is also suited 
for operation in a wide range of voltage- and current­
regulator applications, from low voltages to several 
hundred volts, providing greater precision than existing 
ICs. 

This ,se~ies is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. 
In addition, a low-voltage specification (suffix "L") is 
available in the limited temperature ranges at a cost 
savings. 

Connection and Functi~nal Diagrams 

Meta,l Can Package (HI 

REFERENCE 
FEEDBACK 

TOP VIEW 

Order Number LM1oH, LM1oBH, LM1OCH, 
LM10BLH or LM10CLH 
S .. NS Package HOBA 

INPUTS 

REFERENCE 
BALANCE OUTPUT FEEDBACK 
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Absolute Maximum Ratings 
LM10/LM10B/,LM10C LM10BL/LM10CL, 

Total supplV voltage 45V ]:V 

Differential input voltage (note 1) ±40V ±7V 
Power dissipation (note 2) internally limited 
Output short-circuit duration (note 3) indefinite 
Storage~temperature rang~ -£5°C to +l50°C 
Lead temperature (soldering, lOs) 300°C 

Electrical Characteristics (TJ ~ 25°C, TMIN::; TJ::; TMAX, note 4) 

,(Boldface type refers to limits over temperature range,) 

PARAMETER CONDITIONS 
LM10/LM10B 

MIN TYP MAX 

Input offset voltage 0,3 2,0 
3,0 

'Input offset current 0,25 0,7 
(note 5) 1,5 

Input bias current 10 20 
30 

I nput resistance 250 500 
150 

Large signal ,voltage Vs = ±20V, lOUT = 0 120 400 
gain VOUT = ±19,9.5V 80 

Vs = ±20V, VOUT = ±19AV 50 130 
lOUT = ±20 mA (±15 rnA) 20 

Vs = ±0,6V (0,65Vl. lOUT = ±2 mA l,5 3,0 
VOUT = ±OAV (±0,3Vl. VCM = -DAV 0.5 

Shunt gain (note 6) 1.2V (1.3V)::; VOUT::; 40V, 14 33 
RL = 1.1 kD. 
0.1 mA::; lOUT::; 5 mA 6 

l,5V::; V+ ::;40V, RL = 250D. 8 25 
0,1 mA::; lOUT::; 20 mA 4 

Common-mode -20V::; VCM ::; 19.15V (19V) 93 102 
rejection Vs = ±20V 87 

Supply,voltage -
90 96 -D,2V > V >-39V 

rejection V+ = l:OV (1-:1V) 84 

1.0V (1.1V)::; V+::; 39,8V 96 106 
-V = -0,2V 90 

-
Offset voltage drift 2.0 

Offset current drift , 2,0 

Bias current drift Tc < 100°C 60 

Line regulation 1.2V (1.3V)::; Vs::; 40V 0.001 0,003 
0::; IREF ::; 1.0 mA, VREF = 200 mV 0.006 

Load regulation 0::;IREF::;I.0mA 0.01 0.1 
V+ - VREF ~ 1.0V (1.1V) 0.15 

Amplifiergain 0.2V::; VREF -:; 35V 50 75 
23 

Feedback sense 195 200 205 
voltage 194 206 

Feedback current 20 50 
65 

Reference drift 0.002 

Supply current 270 400 
500 

Supply current 1.2V (1.3V)::; Vs::; 40V 15 75 
change 
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LM10C 
UNITS 

MIN TYP MAX 

0,5 4,0 mV 
5,0 mV 

004 2,0 nA 
3,0 nA 

12 30 nA 
40 nA 

150 400 kD. 
115 kD. 

80 400 V/mV 
50 V/mV 

25 130 V/mV 
15 Vim V 

l,Q 3,0 V/mV 
0.75 V/mV 

10 33 Vim V 

6 V/mV 

6 25 V/mV 
4 V/mV 

90 102 dB 
87 dB 

87 96 dB 
84 dB 

93 106 dB 
90 dB 

5.0 /lvtc 

5.0 pAtC 

90 pAte 

0.001 0.008 %/V 
0.01 %/V 

0~01 0.15 % 
0.2 % 

25 70 V/mV 
15 V/mV 

190 200 210 mV 
189 211 mV 

22 75 nA 
90 nA 

0.003 %tc 
300 500 /lA 

570 /lA 

15 75 /lA 



r-
Electrical Characteristics (TJ = 25°C, TMIN S TJ S TMAX, note 4) 3:. 
(Boldface type refers to limits over temperature range.) ..... 

LM10BL LM10CL 52 
PARAMETER CONDITIONS 

MIN TYP MAX MIN TYP MAX 
UNITS r-

3: 
Input offset voltage 0.3 2.0 0.5 4.0 mV ..... 

3.0 5.0 mV 0 
Input offset current 0.1 0.2 2.0 nA 

m 
0.7 -(note 5) 1.5 3.0 nA ~ 

Input bias current 10 20 12 30 nA r-
30 40 nA 3: 

Input resistance 250 500 150 400 kl? ..... 
0 

150 115 kn S2 Large signal voltage Vs = ±3.2.5V, lOUT = 0 60 300 40 300 V/mV .c gain VOUT = ±3.2V 40 25 V/mV 

Vs = ±3.25V, lOUT = 10 rnA 10 25 5 25' V/mV 
VOUT = ±2.75V 4 3 V/mV 

Vs = ±0.6V (0.65V), lOUT = ±2 rnA 1.5 3.0 1.0 3.0 V/mV 
VOUT = ±0.4 V (±0.3Vl. V CM = -0.4 V 0.5 0.75 V/mV 

Shunt gain (note 6) 1.5V S V+ S 6.5Y, RL = 500n 8 30 6 30 V/mV 
0.1 mAS lOUTS lOrnA 4 4 V/mV 

Common·mode -3.25V S VCM S 2.4V (2,25V) 89 102 80 102 d8 
rejection Vs = ±3.25V 83 d8 

-Supply·voltage 86 96 80 96 -o.2V > V > -5.4 V dB 
rejection V+ = l:OV (1~2V) 80 dB 

1.0V (1. IV) S V+ S 6.3V 94 106 , 80 106 dB 
V- = 0.2V 88 dB 

Offset voltage drift 2.0 5.0 p.vte 

Offset current drift 2.0 5.0 pAte 
I 

Bias current drift 60 90 pAte 

Line regulation 1.2V (1.3V) S Vs S 6.5V 0.001 0.01 0.001 0.02 %/V 
OS IREF S 0.5 rnA, VREF = 200 mV 0.02 0.03 %N 

Load regulation' 0;; IREF S 0.5 rnA 0.01 0.1 0.01 0.15 % 
V - VREF:::: 1.0V (1.IV) 0.15 0.2 % 

Amplifier gain 0.2V S VREF S 5.5V 30 70 20 70 V/mV 
20 15 V/mV 

Feedback sense 195 200 205 190 200 210' mV 
voltage 194 206 189 211 mV 

Feedback current 20 50 22 75 nA 
\ 65 90 nA 

Reference drift 0.002 0.003 %te 
Supply current 260 400 280 500 p.A 

500 570 p.A 

Note 1: The i,nput voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the 
maximum differential input voltage and excess dissipation is accounted for when VIN < V-, 

Note 2: The maximum, operating.junction temperature is 150·C for the LM10, 100·C ior the LMIOB(L) and 85°e for the LM10e(L). At 
elevated temperatures, devices must be derated based on package thermal resistance. 
Note 3: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the Ie can be subjected to accelerated stress 
with a shorted output and worst-case conditions. 

Note 4: These !pecifications apply for V- < VCM < V+ - O.85V 11.DV), 1.2V (1.3V) < Vs < VMAX, VREF = O.2V and 0::; IREF S1.0mA, 
unless otherwise specified: VMAX = 40V fOr the standard part and 6.SV for. the low voltage part. Normal typeface indicates 25°C limits. Boldface 
type indicates limits and altered test conditions for full-temperature-range operation; this is -5SoC to 12SoC for the LM10. -2SoC to 8SoC for the 
LMIDB(L) and O·C to 70·C for the LMIOC(L), The specifications do not include the effects of thermal gradients ('1 " 20 ms), die heating 
('12 ~ 0.25) or package heating. Gradient effects are small and tend to offset the electrical error Isee curves). 

Note 5: For TJ > 90·C, lOS may exceed 1.5 nA for VCM = V-. With TJ = 125°C and V-'5 VCM S V- + O.IV, lOS S 5 nA. 
N~te 6: ,This defines operation in floating applications such as th! bootstrapped regulator or two-wire tran·smitter. Output is connected to the 
V terminal of the Ie and input common mode is referred to V Isee typical applications}. Effect, of larger output-voltage swings with higher 
load resistance can be accounted for by adding the positive-supply rejection error. 

3·51 



::r 
g 
..... 
:E 
..J 

~ 
ar 
o ..... 
:E 
..J -Q ..... 
:E 
..J 

. Typical Performance Characteristics (Op Amp) 
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Typical Performance Characteristics (Op Amp) 
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Typical Performance Characteristics (Op Amp) 
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Typical Applications tt 

op amp offset adjustment 

standard 

'-"'+--VREF 

poshive regulators t 

R2 
2K 

low voltage 

VIN > 3.2V 

VOUT 
3V 

tUse only electrolytic output capacitors. 
1tCircuit descriptions available in application note AN·211. 

I imited range 

........ +--VREF 

best regulation 

V1N >11V 

RI 
iK 
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V OUT 
IOV 

limited range with boosted reference 

R2 
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'----,41_- V-

zero output 

V OUT 
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Typical Applications tt 

current regulator 
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" OM 
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tt Circuit descriptions available in application note AN·211. 
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Typical Applications tt 
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tt Circuit descriptions available in application note AN-211. 
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Typical Applications tt 
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tt Circuit descriptions available in application note AN·211. 
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logarithmic light sensor 
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Typical Applications tt 

INPUT 
10mV,lDOnA 
fUll·SCALE' 

Rl 
tDOk 
1% 

01 DZ 
1N451 TN457 
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tt Circuit descriptions available in application note AN·211. 
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Typical Applications tt 

TRIAC 

R' 
47.8k 

,% 

FROM Rl 
REGULATED 200 

OUTPUT 

11 

~ 

R' 
1.91k 

1% 

0' 

R3 
2.2k 

ttCircuit descriptions available in application note AN·211. 

Application Hints 

isolated voltage sensor 

R6 
5k 

OC't 
FEEDBACK TO 

4- SWITCH , CONTROllER 

tcontrols"looPllain" 
*optionat frequency sk,ping 

light-level controller 

R' 
10k ,% 

LEVEL 

C, 
10J,.!F 

R6 
10k 

R' 
2k 

R' 'DO 

C' 
O.31",F 

0' 
STZ 

With heavy amplifier IOlding to V-, resistance drops in the V- lead can adversely affect reference regulation. Lead resiStince can approach tn. Therefore, the common to the 
reference circuitry should be connected itS close as possible to the package. 
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Reference and Internal Regulator 
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Definition of Terms 

Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output 
in the linear region. 

Input offset current: The difference in the currents 
at the input terminals when the output is unloaded 
in the linear region. 

Input bias current: The absolute value of the average 
of the two input-currents. 

-Input resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Large signal voltage gain:' The ratio of thll specified 
output voltage swing to the change in differential 
input voltage required to produce it. 

Shunt gain: The ratio of the specified output voltage 
swing to the change in differential input voltage required 
to produce it with the output tied to the V+ terminal ' 
of the IC. The load and power source are connected 
between the V+ and V- terminals, and input common­
mode is referred to the V- terminal. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the 
extremes. 

Supply·voltage rejection: The ratio of the specified 
supply-voltage change to the change in offset voltage 
between the extremes. 

Line regulation: The average change in reference output 
voltage over the specified supply voltage range. 

Load regulation: The change in reference output voltage 
from no load to that load specified. 

Feedback sense voltage: The voltage, referred to V-, 
on the, reference feedback terminal while operating 
in regulation. 

Reference amplifier gain: The ratio of the specified 
reference output change to the change in feedback 
sense voltage rcquircd. to produce it. 

Feedback current: The absolute value of the current 
at the feedback terminal when operating in regulation. 

Supply current: The current required from the power 
source to openite the amplifier and reference with 
their outputs unloaded and operating in the linear 
range. 
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~ National Operational Amplifiers/Buffers. 
~ Semiconductor 

LM101A1LM201A1LM301A Operational Amplifiers 

General Description 
The LM 1 0 1 A series are general purpose operational 
amplifiers which feature improved performance 
over industry standards like the LM709. Advanced 
processing techniques make possible an order of 
magnitude reduction in input currents, and a 
redesign of the biasing circuitry reduces the 
temperature drift of input current. Improved 
specifications include: 

• Offset voltage 3 mV maximum over tempera­
ture (LM101A/LM201A) 

• Input current 100 nA maximum over tempera­
ture (LM101A/LM201A) 

• Offset current 20 nA maximum over tempera­
ture (LM101A/LM201A) 

• Guaranteed drift characteristics 

• Offsets guaranteed over entire common mode 
and supply voltage ranges 

• Slew rate of 10V/p.s as a summing amplifier 

This amplifier offers many features which make its 
application nearly foolproof: overload protection 
on the input and output, no latch-up when the 
common mode range is exceeded, freedom from 
oscillations and compensation with a single 30 pF 

capacitor. I t has advantages over internally com­
pensated amplifiers in that the frequency compen­
sation can be tailored to the particular application. 
For example, in low frequency circuits it can be 
overcompensated for increased stability margin. Or 
the compensation can be optimized to give more 
than a factor of ten improvement in high frequen­
cy performance for most applications. 

In addition, the device provides better accuracy 
and lower noise in high impedance circuitry. 
The low input currents also make it particu· 
larly well suited for long interval integrators 
or timers, sample and hold circuits and low fre· 
quency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer 
the inputs of conventional IC op amps, it can 
give lower offset voltage and drift at a lower cost. 

The LM101A is guaranteed over a temperature 
range of -55°C to +12SoC, the LM201A from 
_25°C to +85°C, and the LM301A from O°C 
to 70°C. 

Schematic * * and Connection Diagrams (Top Views) 

.' 

**Pin connttctions shown are for metal can. 

Metal Can Package 

,. 
Note: Pin 4can~lCmI to e ... 

Ordor Number LM101AH, 
LM201AH or LM301AH 
Sae NS Package HOSC 

IAlANCE~10·tOMPEIIS.uIOIl COMPENSATIDIt 

INPUT 1 71/· 

IIIPUT l' 10ut'UT 

V'. 5 toUAlltE 

Order Number 
LM301AJ 

See ·NS Package JOBA 

Order Number LM301AN 
See NS Package NOSA 
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Dual·ln·Line Package 

IAUNClI 
CQIIII'ElSATlO.l 

" y. 

NotJt: Pin & connactlll1obottom afplcoge. 

Order Number LM101AJ·14, 
LM201AJ·14 or LM301AJ 

See NS Package J14A 
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Absolute Maximum Ratings 
I 

LM101A/LM201A LM301A 

Supply Voltage ±22V ±18V 
Power Dissipation (Note 1) 500 mW SOO mW 
Differential Input Voltage ±30V ±30V 
Input Voltage (Note 2) ±ISV ±ISV 
Output Short Circuit Duration (Note 3) Indefinite Indefinite 

Operating Temperature Range -SSOCto +12SoC (LM101A) oOe to +70°C 
-2SoC to +8SoC (LM201A) 

Storage Temperature Range --£SOC to +lS0°C --£SOC to +lS0°C 
Lead Temperature (Soldering, 10 seconds) 300°C 300°C -

-
-

Electrical Characteristics (Note 4) 

LM101A1LM201A LM301A 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C 
LM101A, LM201A, LM301A RS$50kn 0.7 2,0 2.0 7.5 mV 

Input Offset Current T.A. = 25°C 1.5 10 3,0 50 nA 

Input Bias Current TA = 25°C 30 75 70 250 nA 

Input Aesistance TA = 25°C 1.5 4.0 0.5 2.0 Mn 

Supply Current TA '" 2SoC 

VS=±20V 1.8 3.0' rnA 

VS= ±ISV 1.8 3.0 rnA 

Large Signal Voltage Gain TA = 2S·C, Vs = ±ISV 50 160 25 160 V/mV 

VOUT= ±10V. RL <: 2 kn 

Inpu~ Offset Volt~ge RS$50kn 3.0 10 mV 

RS$10kn mV 

Average Temperature Coeffj· RS$50 kn 3.0 15 6,0 30 pyre 

cient of Input Offset Voltage RS$10kn pVrC 

Input Offset Current 20 70 nA 

TA=TMAX nA 

- TA = TMIN nA 

Average Temperature Coeffi- 2S·C$TA$TMAX 0.01 0,1 0.Q1 0,3 nArC 
cient of 1 nput Offset Current TMIN$TA$25·C 0.02 0,2 0,02 0,6 . nArC 

Input Bias'Current 0.1 0,3 pA 

Supply Current TA = TMAX, Vs = ±20V 1.2 2,5 mA 

Large Signal Voltage Gain VS=±15V. VOUT=±10V. 25 15 V/mV 

RL <: 2k 

Output Voltage Swing VS=±15V 

RL"10kn ±12 ±14 '. ±12 ±14 V 
RL = 2 kn ±10 ±13 ±10 ±13 V 

I nput Voltage Range VS=±20V ±15 V 
VS=±15V +15,-13 ±12 +15, .. 13 V 

Common-Mode Rejection Ratio RS$50kn 80 96 . 70 90 d8 

RS$10kn d8 

Supply Voltage Rejection Ratio RS$50kn 80 96 70 96 dB 

RS$10kn dB 

Note 1: The maximum junction temperature of the LM101A is lS0°C. and that of the LM201A/LM301A is 100°C. For operating at elevated 
temperatures, devices in the TO-S package must be derated based on a thermal resistance of lS0°C/W,junction to ambient, or 4SoC/W, junction to 
case. The thermal resistance of the dual-in-line packag,e is l8~CIW, junction to ambient. 

Note 2: For supply voltages less than ± lSV, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 7SoC for ~Ml01A/LM201A, and 70°C 
and 55°C respectively for LM301A. . 

Noto 4: Unless otherwise specified. these specifications apply for Cl = 30 pF. ±SV < Vs < ±20V and -SSoC < TA < +12SoC {LM101AI. 
±SV::; VS::; ±20V and-25°C::; TA::; +8SoC (LM201A). ±SV ::; VS::; ±lSV and O°C::; TA::; +70°C (LM301A). - -
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Guaranteed Performance Characteristics LM101A/LM201A 

Input Voltage Range 
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Voltage Gain 
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Typical Performance Characteristics (Continued) 

Input Current, LM101A1 
LM201A/LM301A Current Limiting Input Noise Voltaga 

BO 15_ ~ 10-· 
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Typical Performance Characteristics 
for Various Compensation Circuits * * , 
Single Pole Compensation 

YOUT 

**Pin connections shown are for metal can. 

Open Loop Frequency Response 
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Typical Applications 
Variable Capacitance Multiplier 

C" 1+!!!! 
R. 

** 
Simulated I';"uctor , Fast Invarting Amplifier Wit" High 

Input ImPt;dance 

" .~ 

-'-- ...... >------it--------...J 
l~R1 R2C1 
Rs"'R2 
8,."'R1 

Inverting Amplifier 
with Balancing Circuit 

Sine Wave Oscillator Integrator wit .. Bias, Current Compensation 

N 

tMaylaeutltOfequal1oparaHeI ':' MW 

cemfainltion of R 1 and HZ IDr 
minlmumafhet. 

Application Hints * * 

Protecting Against Gross 
Fault Conditions 

.-------1-,,'''''''' 

Compensating For Stray Input 
Capacitances Or Large Feedback 
Resistor 

Isolating ':arga Capacitive i.;"'" 

~ '.. 

r-""""1 ....... '{Y'o-,. 

, .. -w.rl~---=---, 

• Adjust for zero integratDr 
drift. Currellt drih typiaHV 
0.1 nAfC O'RI-SSoC to 
H25°Ctmpmturennge. 

Although the LMtOtA,is designed for trouble free operation, experience hes 
indicated that it is wise to observe certain precautions given below. to protect the 
devices from ebnormal opereting conditions. It might be pointed out that the 
advice given here is applicable to practically any IC op amp,. although the exact 
reason why may differ with different devices. . , 

When driving either input from 8 low-impedance source, a limiting resistor should 
be placed in series'with the input lead to limit the peak instantaneous output 
current of the source to something less than tOO mAo This is especially Important 
when the inputs go outside a piece of equipment where they could accidentally be 
connectad to high voltage sources. Large capacitors on the input ,Igre~er than 
O.t "FI should be treated as a I"w source impedance and isolated with a resistor. 
Low impe~nce sources do not cause a problein unless their output voltage ex-' 
ceeds the supply voltage. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. ' 

The output circuitry is protected agai~st damage from shorts t~ ground. HoWever. 
when the amplifier, output is connected to a test point, it should be isolated by 
a limiting ,resistor, as test points frequently get shorted to bad places. ,Further, 
when: the amplifier drives a load external to the equipment, it is also advisable 
to u~ some sort of Jimiting resistance to preclude mishaps. 

Precautions should be taken to insure that the power supplies for the integrated 
circuit never become reversed-eVen under transient conditions. With reverse volt­
ages greater than tv, the Ie will conduct excessive current, fuzing internal 
aluminum interconnects. If there is a possibility of this happening, clamp diodes 
with a high peak curren~ rating should be installed on the supply lines. Reversal of 
the voltage between V and II" will always cause a problem, although reversals 
with respect to ground may also give difficulties in many circuits. . 

The minimum values given for the frequency comPensation capacitor are stable' 
only for source resistances less than to kn, stray capacitencas on the summing 
junction less than 5 pF and capacitive loads smaller than tOO pF. If any of these 
conditions are not met. it becomes necessary to overcompensate the amplifier 
with a larger c;:ompensation capacitor. Alternately, lead' capacitors can be used in 
the feedback network to negate the effect of stray capacitance and large feedback 
resistors or an RC netwOrk can be added to isolate capacitive loads. 

Although the LMtOtA is relatively unaffected by supply bypassing, this can~ot 
be ignored altogether. Generally it is necessary to bypass the supplies to ground at 
leest once on every circuit card, and more bYpass points may be required if more 
than five amplifiers are used. When feed·forward compensation is employed, how· 
ever, it is advisable, to bypass, the supply leads of each amplifier with Jow, 
inductance cap.acitors because of the higher frequencies involved. 

··Pin connectionti shown are for metal can. 
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Typical Applications * * (Continued) 

Standard Compensation and 
Offset Balancing Circuit Fast Summing Amplifier 

" ... 
" ". 

" , .. 

Power Bandwidth: 250 kHz 
SmaUSlgI\IIIBlndwidth:3.5MHz 
Slew Rate: lDVI"s 

'lOUT 

Fast Voltage Follower Bilateral Current Source 

"' .. 
v,~ 11-'; 

/ lour; ~~~; 
Power Ballltwldth: 15kHz R3= R4+R5 
Slew Rita: lV1tJS At .. H2 

.. .. 
" 

Fast AC/DC Converter' Instrumentation Amplifier 
.. a z:: 11-"" 

*feldforwardcompansiltion 
can ba used tomlk •• fast 
full wnl rRdifierwidlout 

-_--INPun--_+ .. tMatchingdeterminnCMRR. 

• filter. 

Integrator with Bias Current Compensation 

.--..... -,.",.-,. 

"Adjllstfor zero integruor 
drift.Curren1drift 
typically 0.1 nArc over 
O"C to 10Ge tlmperatur. 
ranllll· 

Low Frequency Square Wave Generator 

Voltage Comparator for Driving 
RTL Logic or High Current Driver Low Drift Sample and Hold 

Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 

OUTPUT 

". II.IPF 
-.---

... ·Pin connections shown are for metal can. 
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~ National Operational' Amplifiers/Buffers 
~ Semiconductor 
LH2101 AlLH2201A1LH2301A Dual High 
Performance Op Amp 
general description 
The LH2lOlA series of duaroperational amplifiers 
are two LM lOlA type op amps in a single hermetic 
package. Featuring all the same performance char­
acteristics of tlie single. these duals offer in addition 
closer thermal tracking, lower' weight, reduced 
insertion cost, and smaller size than two singles. 
For additional information, see the LM lOlA data 
sheet and National's Linear Application H~ndbook. 

- 2SoC to +8SoC temperature range. The LH230lA 
is specified for operation over the O°C to +70°C 
temperature range, 

features 
• Low offset voltage 

• Low offset current 
• Guaranteed drift characteristics 

The LH2lOlA is specified for operation over the 
-SSoC to +12SoC military temperature range. The 
LH220lA is specified for operation over 'the 

• Offsets guaranteed over entire common mode 
and supply voltage ranges 

• Slew rate of IOVfl-ts as a summing amplifier 

connection diagram 

tNY INPUT 4 

NON INV INPUT 5 

.------'0,' 
.-----...:;: .. 08ALANCE 

r---"" D~g~~~~SATION 
>--'!.!.·OOUTPUT 

'----'0 BAL/COMPENSATION 

.... ----"Ov· 

INV INPUTo-l'£..' ---I 
r---"OBALANCE 

10 OUTPUT 
COMPENSATION 

OUTPUT 

tlON INY iNPUT <>,,"'---1 BAL/COMPENSATION 

1--_--'0 v' 

auxiliary circuits 
Inverting Amplifier with Balancing Circuit 

., ., 

" 3DpF 

tM'rbtmtllreqlll'I.,.",ltltllmlNlIoIllon 
of AI Ind RZ 101' mlmmum ,lIset 

Order Number LH2101AO or 
LH2201AD or LH2301AD 

Se. Package D16C 

Alternate Balancing Circuit 

"' 'OM 
" JDpF 

., 
"M 

Single Pole Compensatipn 

CI~ 
Cs=]OpF 

Two Pole Compensation Feedforward Compensatio'n 

-Vlf~ 

Cl'~ 
Cs·.,F 

CZ· 101:1 

You, , 
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absolute maximum ratings 
Supply Voltage 
Power DISSipation (Note" 
DifferentIal Input Voltage 
I"pul Voltage (Note 2) 
Output Short CirCUit Duration 

±22V 
500mW 

~30V 

!15V 
Continuous 

electrical characteristics each side (Note 3) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Input ReSistance 

Supply Current 

Large Signal Voltage Gain 

Input Offset Voltage 

Average Temperature 
Coefficient of Input 
Offset Voltage 

Input Offset Current 

. Average Temperature 
CoeffiCient of Input 
Offset Currenl 

Input Bias Current 

Supply Current 

Large SIgnal Voltage Gain 

Output Voltage 'Swing 

Input Voltage Range 

Common Mode 
Rejection Ratio 

Supply Voltage 
Rejection Ratio 

CONDITIONS 

T A • 25'C. Rs ,;; 50 kll 

TA '" 25uC 

TA '" 25~C 

TAo = 25<)C 

. TA '" 25°C. Vs = ±20V 

TA :. 25°C. Vs '" :!:15V 
VOUT = ± 10V. RL 2> 2 kU 

Rs';; 50 kll 

25°C < T A < 125°C 
-55'C ,;; T A .,; 25'C 

TA ", +125°C. Vs:: ±20V 

Vs = ±15V. Your = flDV 
RL <' 2 kll 

Vs ~ ±15V. RL = 10 k!} 

RL ·2kl! 

Vs '" :!:2DV 

Rs <50kll 

Rs < 50 kU 

LH2101A 

20 

10 

75 

1.5 

3.0 

50 

3.0 

15 

20 

01 
0.2 

IQO 

2.5 

25 

!12 
flO 

!l5 

80 

80 

Operating Temperature Range lH2101A 
LH2201A 
lH2301A 

Storage Temperature Range 
Lead Tempera1ure (Soldering. 10 sed 

LIMITS 

LH2201A LH2301A 

20 7.5 

10 50 

75 250 

1.5 0.5 

33 30 

50 25 

3.0 10 

15 30 

20 10 

01 0.3 
02 0.6 

100 300 

2.5 

25 15 

:t12 ±12 

flO tID 

t15 ±12 

80 70 

80 70 

Note 1: The maximum junctIon temperature of the LH2101A is 150°C. while that of the LH2201A IS 100°C. For operating tem· 
peratures of devices in ,he flat package. the derating is based on a thermal resistance of 185"CIW when mounted on a 1I16-inch-thick 
epoxy glass board with O.Ol-lnch-wide. 2-ounce copper conductors. The thermal resistance of the dual-in·line package is l00"CIW. 
junction to ambient. ! 

Note 2: For supplv voltages lens than !lSV. the absol~te maximum input volta~e is equal to the supply voltage. 

Note 3: These specifications apply for .!:5V or; Vs E;; .t20V and -5S"C c;; T A ,.;; 12S"C. unless otherwise speCified. With the LH2201A. 
however, all temperature specifications are limited to -2S"C" T A >( 85"C. For the LH2301A these specifications apply for O"C ... T A'" 
70°C, and tSV ... VS" i15V. SupplV current and input voltage range are specified as Vs = i15V for the LH2J01A. C, .. JOpF unless 
otherwise specified. 
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UNITS N 
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mV Max ..... 
nA Max » -nAMa:.: r-
MUMm ::J: 
mAMax N 
V/mVMm ~ ..... 
mVMax » 
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nA/oC Max 
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nAMaJo: 

mAMax 

V/mVMin 

VMin 
VMin 

VMm 

dB Min 

dB Min 



~ National - Operational Amplifiers/Buffers 
~ Semiconductor 

LM102lLM202lLM302 Voltage Followers'_ 
General Description 
The LM102 series are high--gain operational 
amplifiers designed specifically for unity-gain 
voltage follower applications. Built on a single 
silicon chip, the devices incorporate advanced 
processing techniques to obtain very low input 
current and high 'input impedance_ Further, the 
input transistors are operated at zero collector­
base voltage to 'virtually elimina\e high tempera­
ture leakage currents. It can therefore be operated 
'in a temperature stabilized component oven to 
get extremely low input currents and low offset 
voltage drift. Other outstanding- characteristics 
of.the device include: 

• Fast slewing -10V//lS 

• Low input current - 10 nA (max) 

• High input resistance": 10,000 Mn 

• No external frequency Compensation required 

• Simple offset balancing with optional 1 K poten­
tiometer 

• Plug-in replacement for both the LM101 _and 
LM709 in voltage follower applications. 

The LM102, which is designed to operate with sup­
ply voltages_between ±12V and ±15V, also features 
low input capacitance as well as excellent small sig- , 
nal and large signal frequency response - all of 

, which minimize high frequency gain error. Because 
of the low wiring capacitances inherent'in mono· 
lithic construction; this fast operation can be real­
ized without increasing power consumption. 

Schematic * * and Connection Diagrams 

~--~+-~~---------------r--~~'~ 

L-__ ~~ ____ ~ ____________ ~~~v-

Typical Applications * * 
Low Pa .. Active Filter 

HI ... DUTPUT 

*Vllaeslrafor1DKHzcut1Jff. 
UsesilveredmiclcapacitGnfor 
goodtemperltUrestaltility. 

High Pa .. Active Filter 

" O.D1~F 

IIIPUT--1 

OUTPUT 

~:. ·Vlluilifa for lOG Hz cutoff. Use 
metlliud polycarbollltl captcitors 

"::' fargeodtempel1ltunmllility 

* ·Pin connections shown are for metal can. 
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Metal Can Package 
TIlPVIEW 

Nate: Pill4cannacttdtGCII8. 

Order Number LM102H. LM202H 
or LM302H 

. See NS Package HOSC 

Semple and Hold With 
-Offset Adjustmant 

"PUT 

t 

OUTPUT 

. ·PolyarbonatHlielectrir: ClpIcitor . 

. High Input Impedance 
AC Amplifier 

DUTfUT 

., 
'OIK 

.. ,,,. 

" ... 



Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (Note 1) 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 
Operating Temperature Range LM102 

Storage Temperature Range 

LM202 
LM302 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 1) 

PARAMETER 

Input Offset Voltage 

Input Bias Current 

Input Resistance 

Input Capacitance 

Large Signal Voltage 
Gain 

Output Resistance 

Supply Current 

Input Offset Voltage 

Offset Voltage 

Temperature Drift 

Input Bias Current 

Large Signal Voltage 

Gain 

Output Voltage Swing 

Supply Current 

Supply Voltage 

Rejection Ratio 

CONDITIONS 
MIN 

TA = 25°C 

TA:::: 25°C 

TA = 25°C 1010 

TA=25°e.Vs=±15V. 0.999 

VOUT = ±10V. RL = 8 kn 

TA = 25°e 

TA=25°e 

TA=TAMAX 

TA=TAMIN 

Vs = ±15V. VOUT = ±10V 0.999 

RL = 10kn 

Vs= ±15'!. RL = 10 kn. ±lO 

INote 51 

TA = 125°e 

±12V$VS$±15V 60 

±18V 
500mW 

±15V 
Indefinite 

-55°C to 125°C 
-25°C to 85°0 

O°C to 70°C 
-65°Cto 150°C 

300°C 

LM102 
TYP 

1012 

0.9996 

0.8 

3.5 

·6 

30 

2.6 

MAX 

10 

3.0 

2.5 

5.5 

7.5 

10 

100 

4.0 

MIN 

1010 

0.999 

±lO 

60 

LM202 
TYP MAX MIN 

10 

15 

1012 109 

3.0 

0.9995 1.0 0.9985 

0.8 2.5 

3.5 5.5 

15 

15 

1.5 5.0 

30 50 

±lO 

60 

LMJ02 
TYP 

5 

10 

.1012 

3.0 

0.9995 

0.8 

3.5 

20 

3.0 

20 

MAX 

15 

30 

1.0 

2.5 

5.5 

20 

15 

50 

UNITS 

mV 

nA 

n 
pF 

VIV 

mA 

mV 

/lVre 

nA 

nA' 

v 

mA 

d8 

Note 1: The maximum junction temperature of the LM102 is 1 SO° C, while that of the LM202 is 100°C and that of the LM302 is 8SoC. For 
operating at elevated temperatures, devices in the TO·5 package must be derated based on a thermal resistance of 150°CIW. junction to ambient, 
or 4SoC/W, junction to case. For the flat package, the derating is based on a thermal resistance of 18SoC/Wwhen mounted on a 1116 inch thick 
epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W,junction 
to ambient. 
Note 2: For supply voltages less than ± ISV. the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Continuous short circuit for the LM102 and'LM202 is allowed for case temperatures to 12SoC and ambient temperatures to 70°C.For the 
LM302, continuous short circuit is allowed for 70° C case or 55" C ambient temperature. It is necessary to insert a resistor greater than 2 kn in 
series with the input when the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 
Note 4: These specifications apply' for ±12V $ Vs $ ±ISV and -5SoC $ TA $. 12SoC for the LM102, -2SoC $. TA $. 8SoC for the LM202, 
and O°C $ TA $. 70°C for the LM302 unle .. otherwis~ specified. 
Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V- terminals. See curve. 
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Guaranteed Performance Characteristics LM102 

Input Current Output Swing 
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Typical Performance Characteristics LM102 
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Guaranteed Performance Characteristics LM202 

Input Current Output Swing 
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Typical Performance Characteristics LM202· 
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Guaranteed Performance CharacteristicsLM302 

Input Current Output Swing 
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Typical Performance Characteristics LM302 
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~National" " 
~ Semiconductor 

Operational Amplifiersl Buffers 

LM107/LM207/LM307 Qperational Amplifiers 

General Description 
The LM 1 07 series are complete, general purpose 
operational amplifiers, with the necessary frequency 

" compensation built into ttie chfp. Advanced proc· 
essing techniques make the input currents a factor 
of ten lower than industry standards like the 709. 
Yet, they"are a direct, "pr"ug~in replacement for the 

"709, LM101, LM101A and 741. . 

• Offset voltage 3 mV maximum over tempera· 
ture 

• I nput current 100 nA maximum over tempera· " 
ture 

• Offset current 20 nA maximum over tempera· 
ture 

• Guaranteed drift characteristics 

The LM 1 07 series offers the features of the 
LM101, which makes its application "nearly fool· 
p"roof. In '"addition, the device provides .better 
accuracy and lower noise in high impedance 
circuitry. The low input currents also make it 
particuhirly well suited for 10119 interval integrators 
or" timers, sample and hold circuits and low 
frequency waveform generators. Further, replacing 
circuits where 'matched" transistor pairs buffer the 
inputs of conventional IC op amps, it can give 
lower offset voltage and drift at a lower cost. 

The LM 1 07 is guaranteed over a-55° C to + 125° C 
temperature range, the LM207 from -25°C to 
+85°C and the LM307 from O°C to +70°C. 

Schematic * * and Conne~tion Diagra"ms 

··PiT'! connections shown are for metal can. 

Metal Can Package 

$ 
I . 1 v~ 

2 • (IUTI'UT 

III,u1S £:.. J +4 5 

Note: fm4 connected to CIIse. 

Order Number LM107H, LM207H 
or LM307H 

See NS Package HOSe 

Dual-ln-LinejPackage Dual-In-Line Package· 

I •• UTZ 7v+ "'9'" IIIPtIT J: . OUTPUT 

V"4 'Ie 

Nott: Pin 4 connecttd to Irattom af pacbge. 

3-79 

Order Number LM107J. 
LM207J or LM307J 

See NS Package JOSA " 
Ordar Number LM307N 
See NS Package NoaA" 

11 V· 

Note: Pin 6 connetted ta bottom of PlckaiB, 

Order Number LM107J-14. 
LM207J-14 or LM307J-14 

See NS Package J14A 



Absolute Ma,ximum Ratin~s 
LM10?/LM207 LM307 

Supply Voltage ±22V ±18V TMIN TMAX 
Power Dissipation INote 1) 500 mW 500 mW 
Differential Input Voltage ±30V ;!:30V LM107 -55·C +125·C 
Input Voltage INote 2) ±15V ±15V 

LM207 -25·C +85·C 
Output Short-Circuit Duration Indefinite Indefinite 
Operating Temperature Range ':LM307 O·C +70·C 

ILM107) '-55·C to +12S·C O·C to +7il"c' 
ILM207) -25·C to +85·C 

Storage Temperature Range -65·C to +150·C -6S·C to +150·C 
Lead Temperature ISoldering, 10 second,) 300·C 300·C " 

Electrical Characteristics (Note 3) 

LM107/LM207 LM307 
PARAMET~R CONDITIONS UNITS 

MIN TYP" MAX MIN TYP MAX 

I nput Offset Voltage T A ~ ,25,oC, RS::5: SO kU 0.7 2.0'" 2.0 7.5 mV 
I 

TA = 25°C I nput Offset Current 1.5 10 3.0 50 nA 

Input Bias Current TA = 25°C 30 75 70 250 nA 

Input Resistance TA = 25°C 1.5 4.0 0.5 2.0 MU 

Supply Current TA = 25°C 

Vs = ±20V 1.8 3.0 mA 

Vs = ±15V 1.8 3.0 mA 

Large Signal Voltage TA = 25°C, Vs = ±15V 

Gain VOUT = ±10V, RL:?: 2 kU 50 HiO 25 " 160 VlmV .. 
Input Offset Voltage Rs::5:50kn 3.0 10 mV 

Average Temperature 3.0 15 6.0 30 p.vfc 
Coefficient of Input 

Offset Voltage 

Input Offset Current 20 70 nA 

Average Temperature ,25°C::5: TA ::5:TMAX 0.01 0.1 0.01 0.3 nAloC 

'Coefficient of Input TMIN::5:TA::5:25°C 0.02 0.2 0.02 0.6 nAtC 

Offset Current 

Input Bias Current 100 300 nA 

Supply Current T A = +125°C, Vs = ±20V '1.2 2.5 mA 

Large Signal Voltage Vs = ±15V, VOUT = ±lQV 

Gain RL:?: 2 kU 25 15 V/mV 

Output Voltage Swing VS= ±15V 

RL = 10kU ±12 ±14 ±12 ±14 V 

RL = 2 kU ±10 ±13 ±10 ±13 V 

Input Voltage Range VS= ±20V ±15 ' , V 

VS= ±15V ±12 V 

Common Mode Rs::5: 50 Hi 80 96 70 90 dB 

Rejection Ratio 

Supply Voltage RS::5:50 kU 80 96 70 96 dB 

Rejection Ratio 

Note 1: The maximum junction temperature of the LM107 is 150·C, and ;he LM207/LM307 is l00"C. For operating at elevated temparatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150"CIW, junction'to ambient, or 45·CIW, junction 'to case. The 
thermal resistance of the dual·in~ine package i. 1 00· CIW, junction to ambient. 
Note 2: For supply voltages Ie .. than -15V, the absolute maximum input voltage is equal to the supply voltage. 
N.ote 3: The.e sFification. apply for ±5V ::; Vs $ +20V and -55°C $ TA::; +12S·Cforthe LM107or-2S·C ::;TA ::;+85·C for the LM207, and 
o C::; TA::; +70 C and ±SV $ VS::; ±lSV for the LM307 unless otherwise specified. ' 
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Guaranteed Performance Characteristics LM107/LM207 

I "put Voltage Range Output Swing 
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Guaranteed Performance Characteristics LM307 
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Typical Performance Characteristics (Continued) 
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Typical Applications * * 
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_ **Pin connections shown are for metal can. 
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~ National Operational Amplifiersl Buffers 
~ Semiconductor . 

LM108/LM208/LM308 Operational Amplifiers 
General Description 
The LM108 series are precision operational ampli­
fiers having specifications a factor of ten better 
than FET amplifiers over a -55°C to +125°e 
temperature range. Selected units are available 
with offset voltages less than 1.0 mV and drifts 
less than 511 V te, again over the military tempera­
ture range. This makes it possible to eliminate 
offset adjustments, in most cases, and obtain 
performance a pproaching chopper stabilized 
amplifiers. 

The devices operate with supply voltages from 
±2V to ±20V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit 
is interchangeable with and uses the same compen­
sation as the LM101A, an alternate compensation 
scheme can be used to make it particularly insen­
sitive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char­
acteristics include: 

Compensation Circuits 

• Maximum input bias current of 3.0 nA over 
temperature 

• Offset current less than 400 pA over tempera­
ture 

• Supply current of only 300 IlA, even in satura­
tion 

• Guaranteed drift characteristics 

The low current error of the LM108 series makes 
possible many designs that are not practical with 
conventional amplifiers. I n fact, it operates from 
10 MQ source resistances, introducing less error 
than devices .Iike the 709 with 10 H2 sources. 
Integrators with drifts less than 500 IlV /sec and 
analog time delays in excess of one hour can be 
made using capacitors no larger than 11lF. 

The LM108 is guaranteed from -55°C to +125°e, 
the LM208 from -25°C to +85°e, and the LM308 
from oOe to +70o e. 

Standard Compensation Circuit Alternate* Frequency Compensation Feedforward Compensation 

-v,. --"""-"'--'''''''---, 

Vou, 

c,· ... 

• *llndwtdtll Indllow ...... '."OfI'.n. II IICI III 1/Cs 

Typical Applications 
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" lDpF 
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High Speed Amplifier with Low Drift 
and Low Input Current 
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Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (Note 1) 
Differential I nput Current (Note 2) 
Input Voltage (Note 3) 
Output Short-Circuit Duration 
Operating Temperature Range (LM108) 

. (LM208) 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics. (Note 4) 

LM108/LM201! 

±20V 
500 inw 
±10mA 

±15V 
Indefinite 

-55°Cto+1i5°C 
-25°C to +85°C 

--t35°Cto +150°C 
300°C 

LM308 

±18V 
500mW 
±10mA 

±15V 
Indefinite 

0°Cto+70°C 

--t35°C to +150°C 
300°C 

PARAMETER CONDITIONS 
LM108/LM208 

MIN TYP MAX MIN 

Input Offset Voltage TA = 25°C 0.7 2.0 

Input Offset Current TA=25°C' 0.05 
, 

0.2 

Input Bias Current TA = 25°C 0.8 2.0 

Input Resistance TA = 25°C 30 70 10 

Supply Current TA = 25°C 0.3 0.6 

Large Signal Voltage Gain TA = 25°C. VS=±15V. 50 300 25 

VOUT=±10V, RL:e: 10kn 

Input Offset Voltage 3.0 

Average Temperature 3.0 15 

Coefficient of Input Offset 

Voltage 

Input Offset Current 0.4 

Average Temperature 0.5 2.5 

Coefficient of Input Offset 

Current 

Input Bias Current 3.0 

Supply Current TA=125°C 0.15 0.4 

Large Signal Voltage Gain Vs = ±15V, VOUT = ±10V 25 15 

RL:e: 10 kn 

Output Voltage Swing Vs = ±15V, RL = 10 kn ±13 ±14 ±13 

Input Voltage Range Vs = ±15V ±13.5 ±14 

Common-Mode Rejection S5 100 SO 

Ratio 

Supply Voltage Reiec)ion SO 96 SO 

Ratio 

LM308 . UNITS 
TYP MAX 

2.0 7.5 mV 

0.2 1 nA 

1.5 7 nA 

40 Mn 

0.3 O.S mA 

300 V/mV 

10 mV 

6.0 30 INloC 

1.5 nA 

2.0 10 pAtC 

10 nA 

mA 

V/mV 

±14 V 

V 

100 dB 

96 dB 

Note 1: The maximum junction temperature of the LM108 is 150°C, for the LM20S, 100°C and for the LM30S, 85°C. For operating at elevated 
temperatures, devices in the TO·5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient. or 45°CIW. junction to 
case. The thermal resistance of the dual-in-line package is 1 00° C/W, junction to ambient. . 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection-. Therefore, excessive current will flow if a differential input 
voltage in excess of 1 V is applied between the inputs unless some limiting resistance is used. 
Note 3: For supply voltages less than ±15V, the abso,lute maximum inp'ut voltage is equal to the supply voltage. 
Note 4: These specificetions apply for ±5V $. Vs 5 ±20V and -55°C. $. T A $. 125°C, unless otherwise specified. With the LM208, however, 
all temperature specifications are limited to -25°C $. T A $. 85°C, and for the LM308 they are limited to O°C $. TA $. 7rf'C. 
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Typical Performance Characteristics LM108/LM208 
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Schematic Diagram and Compensation Circuits 

r-------~-+~t-~----~~--_1r---------------~----~7V· 

f-*-"""IY-e-'- OUTPUT 

INPUTS 

Typical Applications (Continued) 

Standard Compensation Circuit 

Rl R1 

Alternate'" Frequency Compensation 

Rl R1 

-v'" --'VI.,..,.. ... -----A,""~---, 

R3 

0, r_ 100pF 
-lmproveSle/ectIDnofpllwel 
supply IIlIlse 11'( a la~tllilif t~n. 

VOUT 

Sample and Hold Fast t Summing Amplifier 

v' CSI 

INPUT 

R, 
INPUT -'VI.,..,.. ... ------------------.... ---i 

tTeflon, polyullylene af 
lIolycaroonltedlelectrit 
Ullaeitor 

Wom case drih 
lessthan2.5mVfsec 

C1 
JOpF 

Connection Diagrams 

Metal Can Package 

Note: Ptn4 COllnected to case. 

Order Number LM10BH 
LM20BH or LM30BH 
Se. NS Package HOSC 

"Pm connettiofls shown on schem~tic diagram are lor TO·5 package. 
"·Unused pin (no lnternal connectmn) toallawfllfmpulantt·leakage 

guard ring on prmtedcrrclIltbo8rdlaYOllt. 

OUTPUT 

.. In addnionto mcr!asing speed, 
the lMl0lA raiseshiJlI and low 
freljuency gain,intreases output 
drive eap.bHity.nd eliminates 
tliem1llfeedliack. 

Dual-In-Line Package 

**GUAAC l 11 CO'llPl 

\I v' 

**GUAAO , 

Note: Pin 1 connected to bottom 01 pack8ge. 

Order Number LM10BJ, 
LM20BJ or LM30BJ 

See NS Package J14A 
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RI Cl 
150K D,DD2J.'F 

OJ 
D,D02J.'F 

C4 
150pF 

OUTPUT 

Small Signal Bandwidth: l.SMHz 
Slew Rate: 10Vt"S 

:j: C5"" ~xR:O-8 

Dual-in-Line Package 

"·'S' "." INPUT- 2 1 v· 

1 . , 
INPUT' OUTPUT 

v- 4 5 NC 

Order Nqmber LM10BJ-8, 
LM20BJ-8 or LM30BJ·S 
See NS Package JOBA 

Order Number LM30BN 
See NS Package NOBB 



~ National Operational Amplifiers/Buffers 
~ Semiconductor .' 
LM10SNLnil208A1LM30SA, LM30SA-1, LM30SA-2 
Operational Amplifiers 
General Description 
The LM108/LM108A seri~s are precision opera­
tional amplifiers' 'hav'ing specifications about a 
factor of ten better than FET amplifiers over 
their operating temperature range_ In addition to 
low input currents, these devices have extremely 
low offset voltage, making it possible to eliminate 
offset adjustments" in most cases, and obtain 
performance a pproaching chopper stabilized 
amplifiers_ 

The devices operate with supply voltages from 
±2V to ±18V and have sufficient supply rejection 
to use unregulated supplies, Although the circuit is 
interchangeable witt) and uses the same compensa­
tion as the LM 1 0 1 A, an alternate cO,mpensation 
scheme can be used to make it particularly insensi­
tive to power supply noise and to make supply 
bypass capacitors unnecessary_ Outstanding char­
acteristics include: 

• Offset voltage guaranteed less than 0,5 mV 

• Maximum input bias current of 3,0 nA over 
temperature 

Compensation Circuits 

• Offset current less than 400 pA over tempera-
ture 

• Supply current Qf only. 300 JlA, even in 
saturation 

• Guaranteed 5 Jlvtc drift_ 

• Guaranteed 1 Jlvtc for LM308A-1 

The low current error of the LM 1 08A series makes 
possible many designs that are not practical with 
conventional amplifiers_ In fact, it operates from 
10 MQ source resistances, introducing less error 
than devices like the 709 with 10 kQ sources_ Inte­
grators with drifts less than 500 JlV /sec and analog 
time delays in excess of one ,hour can be made 
using capacitors no larger than 1 JlF, 

The LM208A is identical to the LM 1 08A, except 
that the LM208A has its performance guaranteed 
over a -25°C to 85°C temperature range, instead 
of -55°C to 125°C_ The LM308A'devices have 
slightly-relaxed specifications and performance 
guaranteed over a 0° C to 70° C temperature range_ 

Standard Compen~ion Circuit Alternate- Frequency Compensation Feedforward Compensation 

Typical Applications 

" 

tTdloa, polyethylene 01 
palycarbolUlledlsleclrlc 
c.pacltOf 

Wont_duft 
IHllhan25mVf_ 

Sample and Hold 

" lDpF 

+VI"~w..~-; 

c, 

T ID:I~~"''''''''ClUNlOI'_ 
":' .. pply ...... byllKlOI'.t1tn 

R" 

INrUT-"M~...:.j 

" 511C1pF 

Cl 

5" 

High Speed'Amplifier with Low Drift 
~nd Low Input Current 

OUTPUT 

INPUT -""",..,..-.-----.----'II""'----<t- OUTPUT 

OIl2"F 

'50' 

1501C 
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LM108AJLM208A 
Absolute Maximum Ratings 
Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage (Note 3) 
Output Short-Circuit Duration 
Operating Temperature Range LM 1 08A" 

LM208A 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics (Note 4) 

±20V 
500mW 
±10mA 

±15V 
Indefinite 

_55°C to 125°C 
_25°C to 85°C 

_65°C to 150°C 
300°C 

PARAMETER CONDITIONS MIN TYP MAX 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

I nput Resistance 

Supply Current 

Large Signal Voltage Gain' 

Input Offset Voltage 

Average Temperature 
Coefficient o'f Input 
Offset Voltage 

Input Offset Current 

Average Temperature 
Coefficient of Input 
O,ffset Current 

Input Bias Current 

. Supply Current 

Large Signal Voltage Gain 

Output Voltage Swing 

Input Voltage Range 

Common Mode Rejection 
Ratio 

. Supply Voltage Rejection 
Ratio . 

T ~ =' 25°C 

T A = 25°C 

TA =25°C 

TA = 25°C 

TA = 25°C 

TA = 25°C, Vs '= ±15V 

VOUT = ±10V, RL ~ 10 kH 

T A = +125°C 

Vs = ±15V, V OUT = ±10V 

RL ~ 10 kU 

Vs = ±15V, RL = 10 kU 

Vs = ±15V 

0.3 

0.05 

0.8 

30 70 

0.3 

80 300 

1.0 

0.5 

0.15 

40 

±13 ±14 

±13.5 

96 110 

96 110 

Note 1: The maximum junction temperature of the LM10SA is 150"C, while that of the LM20SA is 
100Cl C. For operating at elevated temperatures, devices in the TO-S package must be derated based on 
a thermal" resistance of 150°C/W, junction to ambient, or 4SoC/W, junction to case. The thermal 
resistance of the dual-in-line package is 100°C/W. junction to ambient. 

Note 2: The inputs are shunted with back-to-ba~k diodes for overvoltage protection. Therefore, 
excessive current will flow If a differential mput voltage in excess of 1V is applied between the mputs 
unless some limiting re.slstance IS used. 

Note 3: For supply voltages less than ±15V, the absolute maximum Input voltage is equal to the 
supply voltage. 

Note 4: These specifications. apply for ±5V <::; Vs <::; ±20V and ~55°C <::; T A <::; 125°C, unless other· 
WIS~ speclfied.o With the LM208A. however, all temperature specificatiqns are limited to 
-25 C<::;TA<::;S5 C. 
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LM308A, LM308A·1, lM308A·2 

Absolute Maximum Ratings 
Supply Voltage ±lSV 
Power Dissipation (Note 1) 500mW 
Differential Input Current (Note 2) ) ±10mA 
Input Voltage (Note 3) ±15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range O°C to 70°C ... 
Storage Temperature Range _65°C to 150°C' 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 4) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

I nput Offset Voltage TA =25"C 0.3 0.5 mV 

Input Offset Current TA = 25°C 0.2 1 nA 

Input Bias Current TA = 25°C 1.5' '7 nA 

Input Resistance TA = 25°C 10 40 Mn 

Supply Curr~nt TA=25°C, VS=±15V O.~ O.S mA 

Larg~ Signal Voltage Ga,in TA = 25°C, VS=±15V, BO 300 V/mV 

VOUT = ±10V, RL 210 kn 

Input Offset Voltage VS=±15V, RS= lOOn 

LM3QBA 0.73 mV 

LM30BA-l 0.54 mV 

LM30BA-2 0.59 mV 

Average Temperature Coefficient Vs = ±15V, RS = lOOn 

of Input Offset Voltage 

LM30BA 2.0 '5.0 I1vfc 
LM30BA-l 0.6, 1.0 I1V/oC 

LM30SA-2 1.3 2.0 I1VtC 

Input Offset Current 1.5 nA 

Average Temperature Coefficient 2.0 10 pAtC 

of Input Offset Current 

Input Bias Current 10 nA 

Large Signal Voltage Gain Vs = ±15V, VOUT = ±10V 60 V/mV 

RL210 kn 

Output Voltage Swing Vs = ±15V, RL = 10 kn ±13 ±14 V 

Input Voltage Range VS=±15V ±14 V 

, Common-Mode Rejection Ratio 96 110 dB 

Supply Voltage Rejection Ratio 96 110 dB 

Note 1: The maximum junction temperature of the LM308A, LM308~1 and LM308<2 is 85°C. Fo'r operating at elevated temperatures, devices in 
the TO-5 package must be derated based on '8 thermal resistance of 150~C/W. junction to ambient, Or 4SoC/W, 'junction t'o case. The thermal 
resistance of the dual-in-line package is 100°C/W junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore', e~cess!ve current will 'flow if a differ~ntial input 
voltage in excess of 1 V is applied between the inputs unless some limiting resistance is used. 
Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 4: These specifications.apply for ±5V:'; VS~ ± 15V and O·C~TA'~ 70·C, unless'otherwise speCified. ' . ' 
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Application Hints 

A very low drift amplifier poses some uncommon 
application and testing problems. Many sources of 
error can cause the apparent circuit drift to be' 
much higher than would be predicted. 

Thermocouple effects caused by temperature grad­
ient across dissimilar metals are perhaps the worst 
offenders. Only a few 'degrees gradient can cause 
hundreds of microvolts of error. The two places 
this shows up, generally, are the package-to print­
ed circu it board interface and temperatu re gradients 
across resistors. Keeping package leads short and 
the two input leads close 'together help greatly. 

Resistor choice as well as physical placement is 
important for minimizing thermocouple effects. 
Carbon, oxide film and some metal film resistors 
can cause large thermocouple errors. Wirewound 
resistors of evenohm or manganin are best since 
they only generate about :i IlV fc referenced to 
copper. Of course, keeping the resistor ends at 
the same temperature is important.' General­
ly, shielding a low drift stage. electrically and 
thermally will yield good results. 

Resistors can cause other errors besides gradient 
generatiKl voltages. If the gain setting resistors do 
not track with temperature a gain error will result. 
For example a gain of 1000 amplifier with a con-

Offset Adjustment for Inverting Amplifiers 

" , .. 
RANGE-.V(~I 

Offset Adjustment for Differential Amplifiers 

" " 
R2.Rl·R4 

RANG(.'V({a)(~) 
GAIN:~ 
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stant 10 mV input will have a 10V output. If the 
resistors mistrack by 0.5% over the operating temp­
erature range, the error at the output is 50 mY. 
Referred to input, this is a 50 IlV error. All of the 
gain fixing resistor should be the same material. 

Offset balancing the LM30BA-l can be a problem 
since there is no easy offset adjustment incorpo­
rated into the circuit. These devices are selected for 
low drift with no offset adjustment to the internal 
circuitry, so any change of the internal currents 
will change the drift - probably for the worse. 
Offset adjustment must be done at the input. The 
three most commonly needed circuits are shown 
here. 

Testing low drift amplifiers is also difficult. Stan­
dard drift testing technique such as' heating the 
device in an oven and having the leads available 
through a connector, thermoprobe, or the solder­
ing iron method - do not work; Thermal gradients 
cause much greater errors than the amplifier drift. 
Coupl ing microvolt signal through connectors is 
especially bad since the temperature difference 
across the connector can be 50°C or more. The 
device under test along with the gain setting resis­
tor should be isothermal. The following circuit 
will yield good results if well constructed. 

Offset Adjustment for Non-Inverting Amplifiers 

Drift Measurement Circuit 

,OVEN 



Schematic Diagram * 
COMPENSATION COMPENSATION 

r-__________ --~1~~--e_----~~~8~--~~------------------~~------.:.7 v+ 

R5 R6 
20K 10K 

1I---it--A<'I!I. .... ...::.6 0 UTPUT 

INPUTS 

+~---I-------~~ 
... ----HNV'--t--iI020 

R12 
820 

*Pin connections shown on sche.matic diagram refer to TO-5 packag~. 

Connection Diagrams 

Order Number LM10BAH, LM20BAH, 
LM30BAH, LM30BAH-1 or LM30BAH-2 

See NS Package H08e 

Order Number LM108AJ, LM20BAJ, 
or LM308AJ 

See NS Package J14A 

Dual-In-Line Package 

Ne I 

COMPI 2 

... GUARD J 

INPUT 4 

INPUT 5 

.* GUARD 6 

.- 7 

INPUts 

Metal Can Package 
COMP2 

.-
Note: Pin4connectedtocase. 

**Unu~dpill(llointerna!tonl\ectlon)toaUowfOlinputilnti·leakage 

guard ring on priot~d circlIlt board layout. 

Dual-In-line Package 

'4 Nt 
-COMP COMP! 

11 Ne 

12 COMP2 
INPUT- v· 

11 y+ 

11 OUTPUT INPur+ OUTPUT 

• Ne 

• Nt 
v· Ne 

Note: Pin7 connetted to bottom of package. TOP VIEW 

TO.YIEW 
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Order Number LM108AJ-8, 
LM208AJ-8 or LM30BAJ-8 

See NS Package J08A 

Order Number LM208AN 
or LM308AN 

See NS Package N08S 



~National Operational Amplifiers/Buffers 
~ Semiconductor 

LH2108lLH2208lLH2308, 
LH2108A1LH2208A1LH2308A Dual Super Beta 
OpAmp 

general description 

The LH2108A/LH2208A/LH2308A and LH21081 
LH2208/LH2308 series of dual operational amp· 
Iifiers are two LM108A or LM108 type op amps 
in a single hermetic package. Featuring all the 
same performance characteristics of the single 
device, these duals also offer closer thermal track· 
ing, lower weight, reduced insertion cost, and 
smaller size than two single devices. For additional 
information see the LM108A or LM108 data sheet 
and National's Linear Application Handbook. 

range. The LH2308AI LH2308 IS specified for 
.operation over the O°C to +70°C temperature 
range. 

features 

• Low offset current 

• Low offset voltage 

• Low offset voltage LH2108A 
LH2108 

50pA 

0.7 mV 

0.3mV 
0.7 mV 

The LH210BA/LH2108 is specified for operation 
over the _55°C to +125°C military temperature 
range. The LH220BA/LH2208 is specified for 
operation over the -25°C to +85°C temperature 

• Wide 'input voltage range ±15V 

connection diagram 

auxiliary circuits 
Standard Compensation Circuit 

• Wide operating supply range ±3V to ±20V 

NON INI( 
INPUT 

.------'-0 v' 

r----'-o ~g~~UT 
>--"'-0 OUTPUT 

'-----''0 ~':~: 

.... ----=-ov· 

OUTPUT 
COMP 

OUTPUT 

COMP 
INPUT 

'-----''0 V· 

Order Number LH210BAD, LH220BAD, 
LH230BAD, LH210BD, LH220BD, 

or LH230BD 

See Package D16C 

Alternate· Frequencv Compensation 
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-vIN-WIr-... --'lJVIr--......, 

.3 
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01 POWlIsuppl, 
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Your 

Feedforward Compensation 
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absolute. maximum ratings 
Supply Vol.age t20V Operating Temperature Range 
Power Dissipation (Note 1) 500mW LH210BAlLH210B -55°C to +125°C 
Differential Input Curre'n. (Note 2) tl0mA LH220BA/LH220B -25°C '0 +B5°C 
Inpu' Voltage INo.e 3) t15V LH230BA/LH230B o°cto +70°C 
Output Short Circuit Duration Continuous Storage Temperature Range -6S0Cto+150°C 

Lead Temperature (Soldering. 10 sec) 300°C 

electrical characteristics each side (Note 4) 

LIMITS 
PARAMETER CONDITIONS . UNITS 

LH2108 LH2208 LH2308 

Input Offset Voltage TA '" 2SoC 2.0 2.0 7.5 mV Max 

Input Offset Current TA =25'C 0.2 0.2 1.0 nAMax. 

Input Bias Cunent TA '" 2SC>C 2.0 2.0 7.0 nAMax 

Input Resistance TA ;: 2S"C 30 30 10 MnMin 

'Supply CUffent TA ;. 2S(,C 0.6 0.6. 0.8 mAMax 

Large Signal Voltage Gain T A .... 2S"C Vs .... ·,5V 50 50 25 V/mVMin 
VOUT '" !10V, Rl > 10 kU 

Input Offset Voltage 3.0 3.0 10 mVMax 

Average Temperature CoeffiCient 15 .5 30 ~VfCM.x 
of Input Offs!!. Voltage 

Input Offset Current 0.4 0.4 1.5 nAMax 

Average Temperature CoeffiCient 2.5 2.5 .0 pAtCMax' 
of Input Offset Current' 

Input Bias Current 3.0 3.0 10 nA Max 

Supply Current , TA = i 12S"C 0.4 0.4 - rnA Max 

Large Signal Voltage Gam Vs = i15V. VOUT '" -lOV 25 '25 .5 V/mVMin 
RL>·Ok!! 

Output Voltage SWing Vs = :!"15V. RL = 10kU ' '13 il3 113 VMm 

Input Voltage Range. Ys'" :!"15V ' 13.5 "3.5 '14 VMln 

Common Mode Rejection RatiO 85 85 80 dBMln 

Supply Voltage Rejection RatiO 80 80 80 dB Min 

electrical characteristics each side (Note 4) 

LIMITS 
PARAMETER CONDITIONS UNITS 

LH2108A LH2208A LH2308A , 
Input Offset Voltage TA=25"C 0.5· 0.5· 0.5 mV Max 

Input Offset Current TA = 25 C 0.2 02 1.0 nA Max 

Input Bias Current T A = 25"C 20 20 7.0 nAMax 

Input ReSIStance TA = 2S"C 30 30 .0 MSlMm 

Supply Current TA =25'C 06 0.6 0.8 mAMax 

Large Signal Voltage Gam TA = 25 C Vs:: t1SV 80 80 80 V/mVMm 

VOUT '" ~10V. RI- > 10 kU 

Input Offset Voltage '.0 1.0 0.73 myMaK 

Average Temperature CoeffiCient 5 5 5 IJVtCMax 
of Input Offset Voltage 

Input Offset Current 0.4 04 '.5 nAMax 

Average Temperature Coefficient 2.5 25 10 pA/QCMax 

0' Input Offset Current 

Input Bias Cummt 3.0 3.0 .0 nAMax 

Supply Current T'A == i125°C 04 0.4 - mAMax 

Large Signal Voltage Glln Vs::'~ 15V, Your = t lOV 40 40 60 V/mVMin 
RL> 10kS! 

Output Voltage SWing Vs:: !15V. RL '" 10 kU ' .3 !13 1:13 VMm 

Input Voltage Range Vs'" !15V '13.5 '13.5 !l4 VMm 

Common Mode Rejection Rallo 96 96 96 dB Min 

Supply Voltage Rejection Ratio 96 96 96 dB Min 

Note 1: The maximum junction temperature of the LH2108A/LH2108 is 150°C. while that of the LH220BA/LH2208 is l000 e and that of the 
LH2308A/LH2308 is 8&'C. For operating devices in the flat package at elevated temperatures. the derating is based on a thermal resistance of 
185°CIW when mounted on a 1116-inch-thick epoxy glass board with O.03-inch·wide. 2-ounce copper conductors, The thermal resistance of the 
dual-in-line package is 100°CIW. junction to ambient. 

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

Note 3: For supply voltages leu than :t15V. the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V " Vs '" 120V and -55°C " TA " 125°C, unless otherwise specified_ With the LH2208A/LH2208. 
however. all temperature specifications are limited to -2SQC '" TA 0;;;; 85'C and with the LH2308A/LH2308 for ±5V " Vs '" 15V and 
Il"C" TA" 70°C. 
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~National Operational Amplifiersl Buffers 
~ Semiconductor 

LM110/LM210/LM310 Voltage Follower 
General Description 
The LM110 series are monolithic operational 
amplifiers internally connected as unity-gain 
non-inverting amplifiers. They use super-gain 
transistors in the input stage to get low bias 
current without sacrificing speed. Directly inter­
changeable with 101, 741 and 709 in voltage 
follower applications, these devices have internal 
frequency compensation and provision for offset 
balancing. Outstanding characteristics include: 

• Input current: 10 nA max. over temperature 

• Small signal bandwidth: 20 MHz 

• Slew rate: 30V /J.l.s 

• Supply voltage range: ±5V to ±18V 

Schematic Diagram 

.. M ,n ... 
AI III 
II IK 

Auxiliary Circuits 

Offset Balancing Circuit Increasing Negative Swing Under Load 
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The LM110 series are useful in fast sample and 
hold circuits, active filters, or as general-purpose 
buffers. Further, the frequency response is enough 
better than standard Ie amplifiers that the 
followers can be included in the feedback loop 
without introducing instability. They are plug-in 
replacements for the LM 1 02 series voltage fol­
lowers, offering lower offset voltage, drift, bias 
current and noise in addition to higher speed and 
wider operating voltage range. 

The LM 11 0 is specified over a temperature rang" 
-5Soe ~ TA ~ +125°e, the LM210 from 
-25°e ~ TA ~ +85°e and the LM310 from 
OOe~TA~+70oe. 

Typical Applications 

Differential Input Instrumentation Amplifier 

" "" 

Fast Integrator with Low Input Current 

" ." 

Fast Inverting Amplifier with 
High Input Impedance 



Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (Note 1) 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 
Operating Temperature Range LM 11 0 

LM210 
LM310 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics (Note 4) 

PARAMETER CONDITIONS 

±18V 
500mW 

±15V 
Indefinite 

-55°C to 125°C 
-25°C to 85°C 

O°C to +70°C 
_65°C to 150°C 

300°C 

LMll0 LM210 LM310 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C 

Input,Bias Current 

I nput Resistance 

I nput Capacitance 

TA = 25°C 

TA;' 25°C 

1.5 

1.0 

1010 1012 

1.5 

Large Signal V?ltage TA = 25°C, Vs = ±15V 0.999 0.9999 

Gain VOUT = ±10V, RL = 8 kU 

Output Resistance 

Supply Current 

Input Offset Voltage 

Offset Voltage 

Temperature Drift 

TA = 25°C 

TA = 25°C 

-55°C"::: TA"::: +B5°C 

TA=125°C 

O°C ":::TA":::+70°C 

0,75 

3.9 

6 

12 

4.0 

3.0 

2,5 

5.5 

6.0 

Input B,ias Current 10 

Large Signal Voltage Vs = ±15V, VOUT = ±10V 0.999 

Gain RL = 10 kU 

Output Voltage 

Swing (Note 5) 

Supply Current 

Supply Voltage 
Rejection Ratio 

VS=±15V,Rl=10kU ±10 

TA=125°C 

±5V"::: VS"::: ±lBV 70 

2.0 

80 

4.0 

1.5 

1.0 

1010 1012 

1,5 

0.999 0,9999 

0.999 

±10 

70 

0,75 

3.9 

6 
12 

2.0 

80 

4.0 

3.0 

2,5 

5.5 

6.0 

10 

4.0 

2.5 

2.0 

l010 1012 

1.5 

0,999 0.9999 

0.999 

±10 

0.75 

3.9 

10 

70 . BO 

7.5 

7.0 

2.5 

5.5 

10 

10 

UNITS 

mV 

nA 

U 

pF 

V/V 

mA 

mV 

nA 

V/V 

V 

mA 

dB 

Notel: The maximum junction temperature of the LMll0 is l50"C, of the LM2l0 is 100"C,and of the LM3l0isB5"C. For operating at 
elevated temperatures, devices in the TO~5 package must be derated based on a thermal resistance of· 1 sCfC/W, junction to ambient, or 45°CIW, 
junction to case. The thermal resistance of the dual-in:line package is 10QD C/W, junction to ambient. 

Note 2: 'For supply voltage~ less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Nota 3: Continuous short circuit for the LMll0 and LM2l0 is allowed for case temperatures to 125°C and ambient temperatures to 70°C, and for 
the LM310, 70°C case temperature or 5SoC ambient temperature. It is necessary to insert a resistor greater than 2kn in series with the input when 
the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 
Note 4: These specifications apply for ±5V ~ Vs ~ ±18V and -55°C ~ TA ~ 125°C for the LMll.0, -25"C ~ TA ~ 85°C for the LM210, and 
O°C <; TA ~ 70°C for the LM3l0 unless otherwise specified. ' , 
Nota 5: Increased output swing under load can be obtained by connecting an external resistor between the booster"and V- terminals. See curve. 
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Typical Applications 

Comparator for Signals of Opposite Polarity 

Zero Crossing Detector 

"" 
Comparator for AC Coupled Signals 

Comparator for AID Converter 
Using a Binary-Weighted Network 

Comparator for AID Converter 
Using a Ladder Network 

DIGITAL 
SWITtI! 

DIlIVE 

~ 

'" " 

" '" 

Driver for AID Ladder Network 

AIAUG 
DUTPUT 

~ ·""IC~_".''''DI ...... ,..,to.- .. fpol _.-

" LOGIC 
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DlGlTlLDRln 

Buffer for Analog Switch-

" , .. 
" , .. 

" ,,' 

High Input Impedance AC Amplifier 

Bilateral Currant Source 

Sine Wave Oscillator 
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Typical Applications (Continued) 

.. 
W ... a 

'" 

RI·Rl 

~Ho;.¥ 

"'j;,c'~ll'l5l' 

Tunable Notch Filter 

~I ~:tl 
" 0 

CloCZ_¥-

ZJOpF 21tJ,F 

High Q Notch Filter 

Adjustable Q Notch Filter 

tU .... _ ...... ~'.I_ ...... 

'''I." .. ,.I¥.~'_''c 

Sample and Hold 

" 

" ....... '"' • .,100 .... "'101 ..... _ --.... -.. _-­__ l .. VI ... 

Low Drift. Sample and Hold" 
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Low Pass Active Filter 
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High Pass Active Filter 

L ~AI RZCI 
IIs'R2 
~.'Rl 

Simulated I nduetor 

Bandpass Filter 

Buffered Reference Source 

" '"' 

Variable Capacitance Multiplier 



Typical Performance Characteristics (lMll0/lM210) 
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Typical Perform~nce Characteristics (LM310) 
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Connection. Diagrams 

Dual-In-L~ne Package 

BALANCE 

Metal Can Package 

V-

NOTE: Pin 4 connected to case. 

TOP VIEW 

Order Number LM110H, LM210H 
or LM310H 

See NS Package HOse 

BALANCE 1 

NC 2 

Dual-In-Line Package 

NO CONNECTION 
INPUT 1 --'t---tj..r 

INPUT 

V-

NOTE: Pin 6 connected to b~ttom of package. 

TOP VIEW 

Order Number LM11 OJ, LM21 OJ 
or LM310J 

Soo NS Package J14A 
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TOP VIEW 

Order Number LM310N 
See NS Package NOBB 

Order Number LM310J·B 
Soo NS Packago JOBA 

B BALANCE 

6 OUTPUT 

5 BOOSTER 



~ National Operati9nal Amplifiersl Buffers 
~ Semiconductor 
LM1121LM2121LM312 Operational Amplifiers 
General Descrip~ion 
The LM 112 series are micropower operational 
ampl ifiers with very low offset-voltage and input­
current errors-at least a factor of ten better 
than FET amplifiers over a -SSoC to +12SoC 
temperature range_ Similar to the LM10B series, 
that also use supergain transistors, they differ in 
that they include internal frequency compensation 
and have provisions for offset adjustment with a 
single potentiometer_ 

These amplifiers will operate on supply voltages of 
±2V to ±20V, drawing a quiescent current of only 
300 !lA_ Performance is not appreciably affected 
over this range of voltages, so operation from 
unregulated power sources is easily accomplished_ 
They can also be run from a single supply like the 
SV used for digital circuits_ Some noteworthy 

- features are: 

• Maximum input bias current of 3 nA over 
temperature 

Schematic Diagram * * 

**Pin connections shown are for metal can. 

Connection Diagram 

• Offset current less than 400 pA over temper-
ature 

• Low noise 

• Guaranteed drift specifications 

The LMl12 series are the first IC amplifiers to 
improve reliability' by including overvoltage pro­
tection for the MOS compensation capacitor. 
Without this feature, I C's have been known to 
suffer catastrophic failure caused by short' 
duration overvoltage spikes on the supplies_ Unlike 
other internally-compensated -IC amplifiers, it is 
possible to overcompensate with an external 
capacitor to increase stability margin_ 

The LM212 is identical to the LMl12, except that 
the LM212 has its performance guaranteed over a 
- 2SoC to BSoC temperature range instead of 
-SSo C to 12So C_ The LM312 is guaranteed over a 
OoC to 70°C temperature range_ 

Auxiliary Circuits * * 

Offset Balanci'19 

., , ... 
y' 

Overcompensation for Greater Stability 
Margin 

C, 

'T'OUQPf 

Metal Can Package 
BALANtE 

Note: Pin 4 connect!d 10 e.se. 

Order Numbe. LM112H, LM212H. 
or LM312H 

See NS Packege Hose 
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Absolute Maximum Ratings 
LMl12/LM212 LM312 

Supply Voltage ±20V ±18V 
Power Dissipation (Note 1) 500 mW 500 mW 
Differential Input Current (Note 2) ±10mA ±10mA 
Input Voltage (Note 3) ±15V ±15V 
Output Short-Circuit Duration Indefinite Indefinite 
Operating Temperature Range aOc to +70°C 

LM112 -5SoC to +12SoC 

LM2l2 -25°C to +8SoC 
Storage Temperature Range --6SoC to +lS0°C -6SoC to +150°C 
Lead Temperature (Soldering, 10 seconds) 300"C 300"C 

Electrical Characteristics (Note 4) 

LMl12/LM212 LM312 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

I nput Offset Voltage TA ~ 25°C 0.7 2.0 2.0 7.5 'mV 

Input Offset Current TA ~ 25°C 0.05 0.2 0.2 1 nA 

, Input Bias Current TA ~ 25°C / O.S 2.0 1·.5 7 nA 

I nput Resistance TA~25°C 30 70 10 40 Mn 

Supply Current TA ~ 25°C 0.3 0.6 0.3 O.S' rnA 

Large Signal Voltage Gain T A ~ 25°C. Vs ~ ±15V 

VOUT ~ ±10V. RL ~ 10 kn 50 300 25 ·300 V/mV 

I nput Offset Voltage 3.0 10 mV 

Average Temperature 

Coefficient of I n put -
Offset Voltage 3.0 15 6.0 30 J1vtc 

I nput Offset Current 0.4 1.5 nA 

Average Temperature 

Coefficient of Input 

Offset Current 0.5 2.5 2.0 10 pAtC 

Input Bias Current 3.0 10 nA 

Supply Current TA ~ 125°C 0.15 0.4 rnA 

Large Signal Voitage Gain Vs ~ ±15V. VOUT ~ ±10V 

RL~10kn 25 15 V/mV 

Output Voltage Swing Vs ~ ±15V. RL ~ 10 kn ±13 ±14 ±13 ±14 V 

Input Voltage Range Vs ~ ±15V ±i.3.5 ±14 V 

Common-Mode Rejection S5 100 SO 100 dB 

Ratio 

Supply Voltage 

Rejection Ratio SO 96 SO 96 dB 

Note 1: The maximum junction temperature of the LM112 is 150°C" LM212 is 10QoC and LM312 is'S5°C. For operating' at elevated temperatures, 
devices in the TO~5 package must be derated based on a thermal resistance of 150°C/W. junction to ambient l or 4SoCIW. junction to case. The 
thermal resistance of the dual·in·line package is 100° C/W, junction to ambient. 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of 1 V is applied between the inputs unless some limiting resistance is used. , 
Note 3: For su'pplY voltages less than ± 15V. the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These spe~ifications applv for ±5V :0; Vs :0; ±20V 'and -55"C $. TA $. +125'C (LMl12).-25°C $. TA $. +85"C (LM212). ±5V $. Vs $. 
":,15V and O'C $.,TA $. +70'C (LM312) unless otherwise noted. 
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Typical Performance Characteristics LMl12/LM212 
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~Nationat .. Operational Amplifiers/Buffers· 
~ Semiconductor 
·LM1181LM2181LM318 Operational Amplifiers 
General Description 
The LM 118 series are precision high speed opera­
tional amplifiers designed for applications requiring . 
wide bandwidth and high slew rate. They feature 
a factor of ten increase in speed over general pur· 
pose devices without sacrificing DC performance. 

Features 
• 15MHz small signal bandwidth 
• Guaranteed 50V Ij.I~ slew rate 
• Maximum bias current of 250 nA 
• Operates from supplies of ±5V to ±20V 
• I nternal frequency compensation 
• Input and output overload protected 
• Pin compatible with general purpose op amps 

The LMl18 series has internal unity gain frequency 
compensation. This considerably simplifies its appli' 
cation since no external components are necessary 
for operation. I-Jowever, unlike most internally 

Schematic and Connection Diagrams 

. Metal Can Package' 

·Pin connections shown on schematic diagram 
and typical applications are for TO-S package. 

Order Number LM118H, LM218H 
or LM318H 

See NS Package HOSC 

3-106 

compensated amplifiers, external frequency com 
pensation may be added for optimum performance 
For inverting applications, feedforward compen 
sation will boost the slew rate to over 150V Ij.ls 
and almost double the bandwidth. Overcompensa­
tion can be used with the amplifier for greater 
stability when max imum bandwidth is not needed. 
Further, a single capacitor can be added to· reduce 
the 0.1% settling time to under 1 j.ls. 

The high speed and fast settling time of these op 
amps make them useful in AID converters; oscil· 
lators, active filters, sample and hold circu its, or 
general purpose amplifiers. These devices are easy 
to apply and offer an order of magnitude better 
AC performance than industry standards such as 
the LM709. 

The LM218 is identical to the LM 118 except that 
the LM218 has its performance specified over a 
-25°C to +85°C temperature range. The LM318 is 
specified from O°C to +70°C. 

Dual·1 n·Line Package "8 .... Ie I IIU 
MI. •• tEl 

cawuSAno", 1 II CIlllPl.."n~"1 

4 '11V' 

I",utt~ "unliT 

V' - 1.~T1D1-l 

Ie 1 '. Ie 

Order Number LM118J, LM218J 
or LM318J 

. Sae NS Package J14A 

Dual-I n-L1ne Package 

" 

v • 

Order Number LM118J-8, 
LM218J-B or LM318J-B 
See:NS Package J08A 

Order Number LM318N . 
Sae NS Package N08B 



Absolute Maximum Ratings 

Supply Voltage 
Power Dissipation (Note 1) 
Differential Input Current (Note 2) 
Input Voltage (Note 3) 
Output Short-Circuit Duration 
Operating Temperature Range 

LM118 
LM218 
LM318 

Storage Temperature Range 

±20V 
500mW 
±10mA 

±15V 
Indefinite 

-55°C to +125°C 
-25°C to +85°C 

Lead Temperature (Soldering, 10 seconds) 

O°C to +70°C 
-65°C to +150°C 

300°C 

Electrical Characteristics (Note 4) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input 8ias Current 

I nput Resistance 

Supply Current 

Large Signal Voltage Gain 

Slew Rate 

Small Signal Bandwidth 

I nput Offset Voltage 

I nput Offset Current 

Input Bias Current 

Supply Current 

Large Signal Voltage Gain 

Output Voltage Swing 

Input Voltage Range 

Common-Mode Rejection Ratio 

Supply 'Voltage Rejection Ratio 

CONDITIONS 

TA=25°C 

TA = 25°C 

TA = 25°C 

TA = 25°C 

TA = 25°C 

TA = 25°C, Vs = ±15V 

VOUT=±lOV, RL;::2kn 

TA = 25°C, Vs = ±15V, Av = 1 

TA = 25°C, Vs = ±15V 

TA = 125°C 

Vs = ±15V, VOUT = ±10V 

RL;:: 2 kn 

VS=±15V,RL=2kn 

Vs = ±15V 

LMl18/LM218 LM3,18 

MIN TVP MAX MIN TVP MAX 

50 

50 

25 

2 4 

6 50 

120' 250 

3 

5 

200 

70 

15 

4.5 

8 

6 

100 

500 

7 

±12 ±13 

±11.5 

80 

70 

100 

80 

0.5 

25 

50 

20 

4 10 

30 200 

150 500 

3 

5 

200 

70 

15 

10 

15 

300 

750 

±12 ±13 

±11.5 

70 

65 

100 

80 

UNITS 

mV 

nA 

nA 

mA 

V/mV 

V/!1S 

MHz 

mV 

nA 

nA 

V/mV 

V 

V 

dB 

dB 

Nota 1: The maximum junction temperature of the LM118 is IS0°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 1500 C/W. junction to ambient, or 45° C/W, junction 
to case. The thermal resistance of the dual-in-line package is 1 00° C/W, junction to ambient. I 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of lV is applied between the inputs unless some limiting resistance is used. 
Nota 3: For supply voltages less than ±lSV, the absolute maximum input voltage is equal to the supply voltage. 

Not.~: These specifications apply for ±SV :S VS:S ±20V and -5SoC:S TA:S +12SoC.(LMI18),-2SoC:S TA:S +8SoC (LM2181. and O°C:S TA 
:s +70 C (LM318). Also, power supplies must be bypassed with O.IIlF disc capacitors. . , • 
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Typical Performance Characteristics LMl18. LM218 
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Typical Performance Characteristics LMl18, LM218 (Continued) 
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Typical Performance Characteristics LM318 (Continued) 
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Auxiliary Circuits 
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Typical Applications (Continued) 
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~National Operational Amplifiers/Buffers 
~ Semiconductor 
LM1241LM2241LM324, LM124A1LM224A1LM324A, LM2902 
Low Power Quad Operational Amplifiers 
General Description 
The LM124 series consists of four independent, high 
gain, internally frequency compensated operational am­
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages_ 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers. dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM 124 series can be 
directly operated off of the standard +5 V oc power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 Voc power supplies. 

Unique Characteristics 
• In the linear mode the input common-mode voltage' 

range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

• The unity gain cross frequency is temperature 
compensated. 

• The input bias current is als9 temperature 
f:0mpensated. 

Advantages 
• Eliminates need for dual supplies 

• Four internally compensated op amps in a single 
package 

• Allows directly sensing near GND and'VouT also 
goes to GND 

• Compatible with all forms of logic 

• Power drain suitable for battery operation 

Features 
• Internally frequency compensated for unity gain 

• Large dc voltage gain 100 dB 

• Wide bandwidth (unity gain) 1 MHz 
(temperature compensated) 

• Wide power supply range: 
Single supply 
or dual supplies 

3 Voc to 30 Voc 
±1.5 Voc to ±15 Voc 

• Very low supply current drain (800IlA) - essentially 
,independent· of supply voltage (1 mW/op amp at 
+5Vod 

• Low input biasing current 
(temperature compensated) 

• Low input offset voltage 
and offset current 

45 nAoc 

2mVoc 
5nAoc 

• Input common-mode voltage range includes ground 

• Differential input voltage range equal to the power 
supply voltage 

• Large output voltage 
swing 

, 0 Voc to V+ - 1.5 Voc 

Connection Diagram Schematic Diagram (Each Amplifier) 

Dual-In-Line and Flat Package 

OUTPUT 4 INPUT 4- GND -INPUT J+ INPUT]- OUTPUT J 

OUTPUT 1 INPUT 1- INPUT'· v+ INPUT z+ ,IHPUT 2- OUTPUT 2 

TOP VIEW 

Ordar Number LM124J, LM124AJ, 
LM224J, LM224AJ, "M324J, 

LM324AJ or LM2902J 
Sae NS Package J 14A 

Order Number LM324N, LM324AN 
or LM2902N 

Sea NS Package N14A 

v' 
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Absolute Maximum Ratings 
LM124/LM224/LM324 

LM2902 
LM124A1LM224A/LM324A 

Supply Voltage. V+ 32 VOC or ±16 VOC - 26 VOC or ±13 VOC 
Differential Input Voltage 32VOC 26VOC 
Input Voltage -0.3 VOC to+26 VOC -0.3 VOC to +26 VOC 
Power Dissipation (Note 1 ~ 

Molded OIP 570 mW 570 mW 
Cavity DIP 900mW 
Flat Pack BOO mW 

Output Short-Circuit to GNO (One Amplifier) (Note 2) Continuou~ Continuous 

V+:5 15 VOC and TA· 25"C , 

Electrical Characteristics (v+ = +5.0 Voe, Note 4) 

LlVl1241L M2241LM 324, 
LIVI124A1LM224A1LM324A, LM2902 

LM124/LM224/LM324 
LM124A1LM224A1LM324A 

LM2902 

Input Current (VIN < -0-3VOC) (Not. 3) 50 rnA 50 rnA 
Operating Temperature Range -40"C to'+85"C 

LM324/LM324A o°cto +70°C 
LM224/LM224A -250 C to +850 C 
LMI24/LMI24A -55"C to +125"C 

Storage Temperature Range -GSoC to +150°C -65"C to +150"C 
Lead Temperature (Soldering, 10 seconds) 300"C 300"C 

LM124A LM224A LM324A LM124/LM224 LM324 LM2902 
PARAMETER CONOITIONS UNITS 

MIN TYP MAX MIN TYP MAX MI\II TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage T,A. = 25"C. (Note 5) 1 2' 1 3 2 3 ±2 ±5 ±2 ±7 ±2 ±7 mVOC 

Input Bias Current IIN(+) or IIN(-). TA = 25"C 20 50 40 80 45 100 45 150. 45 250 45 250 nAOC 

(NoteS) 

Input Offset Current IIN(+) -IIN(-). TA = 25"C 2 10 2 15 5 30 ±3 ±30 ±5 ±50 ±5 ±50 nAOC 

Input Common-Mode V+ = 30 VOC. TA = 25"C 0 V+-1.5 0 V+-1.5 0 V+-1.5 0 V+-l.5 0 V+-1.5 0 V+-1.5 VOC 

Voltage Range (Note 7) 

Supply Current. RL =~. VCC = 30V. (LM2902 VCC = 26V) . 1.5 3 1.5 3 1.5 3 1.5 3 1.5 3 1.5 3 mAoc 

RL = ~On All Op Amps 0.7 1.2 0.7 ,1.2 ' 0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 mAoc 

. Over Full Temperature Range 

Large Signal Voltage 
'+ . 

V = 15 VOC (For Large Vo Swing) 50 100 50 100 25 100 50 100 25 100 100 V/mV 

Gain RL;::2kfl. TA = 25°C 

Output ~oltage Swing RL = 2 kri. TA = 25"C (LM2902 RL;:: 10 kn) 0 V+-1.5 0 V+..,1.5 0 V+-1.5 0 V+-1.5 0 V+-l.5 0 V+-1.5 VOC 

Common·Mode DC. TA = 25"C 70 85 70 85 -65 85 70 85 65 70 50 70 dB 

Rejection Ratio 

Power Supply DC. TA = 25"C 65 100 65 . 100 65 100 65 100 65 100 50 100 dB 

Rejection Ratio 

Amplifier-to-Amplifier f = 1 kHz to 20 kHz. T A = 25"C -120 ' -120 -120 ' -120 -120 -120 dB 

Coupling iNote 8) (Input Referred) 

Output Current 

Source VIN+= 1 VOC. VIN-=O VOG. 20 40 20 40 ' 20 40 20 40 20 40 20 40 mAoc 

v+ -15 Voc. TA = 25"C 

Sink VIN- = 1 VOC. VIN + = 0 VOC. 10 20 10 20 10 20 10 20 10 20 10 20 mAoc 

v+ = 15 VOC."'A = 25°C 

VIN- = 1 VOC. Vlrit + = 0 Voc. 12 50 12 50 12 50 12 50' 12 50 !lAOC 

TA = 25"C. Vo = 200 mVOC 

Short Circuit to Ground TA = 25"C. (Note 2) 40 60 40 60 40 60 40 60 40 60 40 60 mAoc 
--
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Electrical Characteristics (Continued) 

LM124A LM224A LM324A LM 124/ LM224 LM324 LM2902 
PARAMETER CONDITIONS UNITS 

MIN ,TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (Note 5) 4 4 5 ±7 ±9 ±10 mVOC 

Input Offset Volfage RS=On 7 20 7 20 7 30 7 7 7 JJ.V/'C 

Drift -

,Input Offset Current IIN(+) -IIN(-) 30 30 75 ±100 ±150 45 ±200 nAOC 

Input Offset Current 10 200 10 200 10 300 10 10 10 pAOC/ o C 

Drift 
i 

Input Bias Gurrent IIN(+) or IIN(-) 40 100 40 100 40 200 40 300 40 500 40 500 nAOC 

I Input Common-Mode V+ = 30 VDC 0 V+-2 0 V+-2 0 Y+-2 0 Y+-2 a Y+-2 a Y+-2 VOC 

Voltage Range (Note 7) 

Large Signal Voltage + ' V = +15 VOC (For Large Va Swing) 25 25 15 25 15 15 Y/mY 

Gain RLe: 2kn 

Output Voltage Swing 

VOH V+ = +30 VOC. RL = 2 kn 26 26 26 26 ,26 22 YOC 

RLe: 1Okn 27 28 27 28 27 28 27 28 27 28 23 24 YOC 

VOL y+ = 5 VOC. RL:O; 10 kn 5 20 5 20 5 20 5 20 5 20 5 100 mVOC 

I Output Current 

Source YIN + = +1 YOC. YIN - = 0 VOC. y+ = 15 VOC 10 20 10 20 10 20 10 20 10 20 10 20 mAoc 

Sink YIN - = +1 YOC. VIN + = 0 VOC. y+ = 15 VOC 10 15 5 8 \ 5 8 5 8 5 8 5 8 mAoc 

Differential Input y+ y+ V+ V+ V+ y+ YOC 

Voltage (Note 7) 

Note 1: For operating at high t~mperatures, the LM324/LM324A,LM2902 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device 
soldered in a printed circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a +150° C maximum junction temperature. The dissipation is the total of all 
four amplifiers-use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 
Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 40 rnA independent of the magnitude of V+. At values of supply 
voltage in excess of +15 VOC, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cau~e the output voltages of the op amps to go-to theV+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re·establish when the input voltage, which was negative, 
again returns to a value greater than -0.3 VOC. / . 
Note 4: These specifications apply for V+ =+5 VOC and -55°C:S T ~.::; +125°C, unless otherwise stated. With the LM224/LM224A, all temperature specifications are limited to - 2SoC S T A:S +8SoC, the LM324/ 
LM324A temperature specifications are limited to aOc::s T A:s. +70 C; and the LM2902 specifications are limited to -40°C :s. TA :s +8SoC. 
Not. 5: Va S! 1.4 Yoc. RS = on with y+ from 5 Yoe to 30 Yoe; and over the full input common-mode range (0 YOC to y+ - 1.5 Vocl-

Note 6: The direction of the input current is out of the Ie due to the PNP input s~age. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 
Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of the common-mode voltage range is V+ -1.5V, but either or both 
inputs can go to +32 YOC without damage (+26 Voe for LM2902), 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitive increases at 
, higher frequencies. 



Typical Performance Characteristics 
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Typical Performance Characteristics (LM2902 only) 
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Application Hints 
The LM124 series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 Vec- These amplifiers 
operate over a wide range of power supply voltage with 
little change in performance characteristics_ At 25°C 
amplifier operation is possible down to a minimum 
supply voltage of 2.3 Vec. 

The pinouts of the package have been designed to 
simplify PC board layouts. Inverting inputs are adjacent 
to outputs fo~ all of the amplifiers and the outputs have 
also been placed at the corners of the package (pins 1, 
7, 8, and 14). 

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

Large differential input voltages can be easily accom­
modated and, as input differen~ial voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The differential 
inpLit voltage may be larger than V+ without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0.3 V DC 

(at 25°C). An input clamp diode with a resistor to the 
.' IC input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier, a resistor should 
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be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 
distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst-case non­
inverting unity gain connection. Large closed loop gains 
or resistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM124 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 Vec to 
30Vec· 

Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in IC chip dissipation which will cause eventual 
failure due to excessive junction temperatures.' Putting 
direct short-circuits on more than one amplifier at a time 
will increase the total IC power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur­
rent capability at elevated temperature~ (see typical 
performance characteristics) than a standard IC op amp. 

The circuits presented in the section on typical applica­
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V+/2) will allow operation above and below 
this value in single power supply systems. Many applica­
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes' 
ground. In most cases, input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 



Typical Single-Supply Applications (v+ = 5_0 Vocl 
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Typical Single-Supply Applications (Continued) (V+ = 5.0 VDcl 
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~ Typical Single·Supply Applications (Continued) (V+ = 5.0 Vocl 
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AC Coupled Non-Inverting Amplifier 
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Typical Single-Supply Applications (Continued) (v+ ~ 5.0 VDcl 
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~National 
~Semiconductor 

Operational Amplifiersl Buffers 

LM143/LM343 High Voltage Operational Amplifier 

General Description 

The LM143 is a general purpose high voltage operational 
amplifier featuring operation' to ±40V, complete input 
overvoltage protection up to ±40V and input currents 
comparable to those of other super-(3 op amps. Increased 
slew rate, together with higher common-mode and sup­
ply rejection, insure improved performance at high sup­
ply voltages. Operating characteristics, in particular 
supply current, slew rate and gain, are virtually inde­
pendent of supply voltege and temperature. Furthermore, 

. gain is unaffected by output loading at high supply vol-
tages due to thermal symmetry on the die. The LM143 
is pin compatible with' general purpose op amps and has 
offset null capability. 

Application areas include those of general purpose op 
amps, but can be extended to higher voltages and higher 
oUtput power when externally boosted. For example, 
when used in audio. power applications, the LM143 pro· 
vides a power bandwidth that covers the entire audio 
spectrum. In addition, the LM143 can be reliably 
operated in environments with large overvoltage spikes 
on the power supplies, where other internally-compen­
sated op amps would suffer catastrophic failure. 

The LM343 is similar to the LM143 for applications in 
less severe supply voltage and temperature environments. 

Connection Diagrams 

Metal Can Package 

Ne 

INVERTING 2 
INPUT 

v-

NOTE: PIA 4 connected to case. 

TOP VIEW 

Order Number LM143H 
or LM343H 

See NS Package HOSC 

Features 

:. Wide supply voltage range 

• Large output voltage swing 

• Wide input common-mode range 

• Input overvoltage protection 

±4.0V to ±40V 

±37V 

±38V 

Full ±40V 

• Supply current is virtually independent of supply 
voltage and temperature 

Unique Characteristics 

.• Low input bias current 

• Low input offset current 

• High slew rate-essentially independent ' 
of temperature and supply voltage 

• High voltage gain-virtually independent 
of resistive loading, temperature, and 
supply voltage 

• Internally compensated for unity gain 

• Output short circuit protection 

8.0 nA 

1.0 nA 

·2.5V//ls 

lOOk min 

• Pin compatible with general purpose op amps 

Ne 

Ne 

OFFSET NULL 

INVERTING INPUT 

NON.INVERTING 5 
INPUT 

v-

Ne 

TOP vIEW 

14 Ne 

13 Ne 

OFFSET NULL 

Ne 

Order Number LM143D 
or LM343D 

See NS Packaga D14E 
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r-
Absolute Maximum Ratings (Note 11 :s: ..... 

LM143 LM343 ~ 

Supply Voltage ±40V ±34V 
~ 
r-

Power Dissipation (Note 11 6BOmW 6BOmW s: Differential Input Voltage (Note 21 BOV 6BV W 
Input Voltage (Note 21 ±40V ±34V ~ 
Operating Temperature Range -55°C to +125°C O°C to +70°C W 
Storage Temperature Range --i>5°C to +150°C --i>5°C to +150°C 
Output Short Circuit Duration 5 seconds 5 seconds 
Lead Temperature (Soldering, 10 secondsl 300°C 300°C 

Electrical Characteristics (Note 31 

LM143 LM343 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C 2.0 5.0 2.0 8.0 mV 

Input Offset Current TA = 25°C 1.0 3.0 1.0 10 nA 

Input Bias Current TA = 25°C 8.0 20 8.0 40 nA 

Supply Voltage TA = 25°C 10 100 10 200 INIV 
Rejection Ratio 

Output Voltage Swing TA = 25°C, RL ;:: 5 kl1 22 25 20 25 V 

Large Signal Voltage TA = 25°C, VOUT = ±10V. lOOk 180k 70k 180k VIV 
Gain RL ;:: 100 kl1 

Cammon-Mode TA = 25°C 80 90 70 90 dB 
Rejection Ratio 

Input Voltage Range TA = 25°C 24 26 22 26 V 

Supply Current (Note 4) TA = 25°C 2.0 4.0 2.0 5.0 mA 

Short Circuit Current TA = 25°C 20 20 mA 

Slew Rate T A = 25° C, Av = 1 2.5 2.5 VI/ls 

Power Bandwidth TA = 25°C, VOUT = 40 Vp . p , 20k 20k Hz 
RL =5kl1,THD::;1% 

Unity Gain Frequency TA = 25°C 1.0M 1.0M Hz 

Input Offset Voltage TA = Max 6.0 10 mV 
TA = Min 6.0 10 mV 

Input Offset Current TA = Max 0.8 4.5 0.8 14 nA 
TA = Min 1.8 7.0 1.8 14 nA 

Input Bias Current TA = Max 5.0 35 5.0 55 nA 
TA = Min 16 35 16 55 nA 

Large Signal Voltage RL ;:: 100 kl1, TA = Max 50k 150k 50k 150k VIV 
Gain RL ;:: 100 kl1, TA = Min 50k 220k 50k 220k VIV 

Output Voltage Swing RL ;:: 5.0 k.l1, T A = Max 22 26 20 26 V 
RL > 5.0 kl1, T A = Min 22 25 20 25 V 

Note 1: Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed -the maximum junction temperature of 
the LM143 (150°C) or the LM343 (100°CL For operating at elevated temperatures, devices in the TO·5 package must be derated based on a 
thermal resistance of 150°CIW, junction to ambient. or 45°C{W, junction to case. The thermal resistance of the dual-in-Iine package is 100°CIW, 
junction to ambient. 

Note 2: For supply voltage less than ±40V for the LM143 and less than ±34V for the LM343, the absolute maximum input voltage is equal to the 
supply Voltage. 

Note 3: These specifications apply for Vs = ±2BV. For LM143, TA = max = 125°C and TA = min = -55°C. For LM343, T A = max = 700 e and 
T A ""-min = O°C. 
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Schematic Diagram 
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Typical Performance Characteristics (Continued) 
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Application Hints (See AN-l27l 

The LM143 is designed for trouble free operation at any 
supply voltage up to and including the guaranteed maxi­
mum of ±40V _ Input overvoltage protection, both 
common-mode and differential; is 100% tested and 
guaranteed at the maximum supply voltage.' Further­
.more, all possible high voltage destructive modes during 
supply voltage turn-on have been eliminated by design. 
As. with most IC op amps, however, certain precautions 
should be observed to insure that the LM143 remains 
virtually blow-out proof. 

Although output short circuits to ground or either 
. supply <;an' be sustained indefinitely at lower supply 
voltages, these short circuits should be of limited dura­
tion when operating at higher supply voltages. Units can 
be destroyed by any combination of high ambient 
temperature, high supply voltages, and high· power 
dissipation which results in excessive die temperature. 
This is also true when driving low impedance or reactive 
loads or loads that can revert to low impedance; for 
example, the LM143 can drive most general purpose 
op amps outside of the maximum input voltage range, 
causing heavy current .to flow a'nd possibly destroying 
both devices. 

Precautions should be taken to insure that the power 
supplies never become revers,ed in polarity-even u'nder 
transient conditions. With reverse voltage, the IC will 

, conduct excessive cl,lrrent, fusing the internal aluminum 
interconnects. Voltage reversal between the power sup­
plies will almost always result in a destroyed unit. 

OFFSET NUll .• \ 

v-/' 

NC 

/ OFFSET NUll 

, 

BOTTOM VIEW 

FIGURE 1. Printed Circuit Lavout for Input Guarding 
with TO-S Package 

., .Z 

v' 

GUARD 

'O .. TO' . ....,.,....,...--~~~ 

A3 + :; ::22 '" RSOUACE V-

'FIGURE 3. Guarded Non-Inverting Amplifier 

In high voltage applications which are sensitive to very 
low input currents, special precautions should be exer­
cised. For example, with high source resistances, care 
should be taken to prevent the magnitude of the PC 
board' leakage currents, although ,quite small, from 
apilroaching those of the op, amp input currents. These 
leakage currents become larger at 125°C and are made 
worse by high supply voltages. To prevent this, PC 
bQards should be properly cleaned and coated to prevent 
contamination and to provide protection from condensed 
water' vapor when operating below O°C. A guard ring is 
also recommended to significantly reduce leakage cur­
rents' from the op amp input pins to the adjacent high 
voltage pins in the standard op amp pin connection as 
shown in Figure 1. Figures 2, 3 and 4 show how the 
guard ring is connected tor the three most cornmon op 
amp configurations. 

Finally, caution should be exercised' in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case, users may 
inadvertantly contact voltages equal to those across the 
power suppl ies. 

The LM143 can be used as a plug-in replacement in most 
general purpose op amp applications. The circuits pre­
sented in the' following section emphasize those applica­
tions which take advantage of the unique high voltage 

-capabilities of the LM143. ' 
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Typical Applications :j: (For more detail see AN-127) 

C1 

vt "+38V C~~~~IC 

v-· -38V O--t_-----+ 

Vt-"+38V 

R1 
tOOk 

~ 

RJ 
lOOk 

R' 
lOOk 

V, 

v+" J8V 

v" 

v" 
V-"-l8V 

AV=(l+~)~ 
RZ R4 

+R2 may be adjustable to trim the gain. 

WHERE; R4'" R6 

RS" R7 

VOUT 

**R7 may be adjusted to compensate for the resistance tolerance of R4 - R7 for best eMR. 

Cl + 
10",F~ 
sov..L 

130 Vp_p Drive Across a Floating Load ±34V Common-Mode Instrumentation Amplifier 

.-----.... -------~>--C-7~>-----<~--t--o ~~5~EGULATED 
+ C3 

Rl 
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RJ 
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R' 
tOOk 

lDJJF ""' 
25V..L 

01 
2N4014 

R1 
3.6k 
2.nW 

D. 
lN5230 

±OUTPUTVOlTAGE 
ADJUSTMENT 

R' 
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O.lpf r10llF 
CERAM'CT toov 

07 
lN3938 

R7 
lOOk 

1% 

R. 
lOOk 

1% 

10k 
:!;65V +-------+--+--- REGULATED 
OUTPUT 

Rn':' 
10k 

RIG v+ I 
~------e-Mf~----~--~----4-o~ 

D. 
lN914 

0' 
lN914 

Rl1 
3.2k 

tPut on common heat sink. 
All resistors are 1/2 watt, 5%, except as noted. 

....-C-.--------.. - ... -C-.-o ~~5R~GULATED 
O.lJ.Jf ....-=lDJ.lF T CERAMIC -:#!" IOOV 

Tracking ±65V. 1 Amp Power Supply with Short Circuit Protection 

:t:The 38V supplies allow for a 5% voltage tolerance. All resistors are 1/2 watt, except as noted. 
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Typical Applications (Continued) (For more detail see AN-127) 
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90W Audio Power Amplifier with Safe Aria Protection 
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All Diodes .re 1 N31 93. 
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1 Amp Power Amplifier with Short Circuit Protection 

iThe 38V supplies allow for a 5% voltage tolerance. All resistors are 112 watt, except as noted. 
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~National Operational Amplifiers/Buffers 
~ Semiconductor 

LM1441LM344 High Voltage, High Slew Rate Operational 
Amplifier 
General Description 

The LM144 is a general purpose high voltage, uncom­
pensated operational amplifier featuring operation to 
±36V, complete input overvoltage protection up to the 
supply voltages and input currents comparable to those 
of other super-Il op amps. Increased slew rate, together 
with high common·mode and supply rejection, insure 
excellent performance at high supply voltages. Operating 
characteristics, in particular supply current, slew rate 
and gain, are virtually independent of supply voltage 
and temperature. Furthermore, due to thermal symmetry 
on the die, gain is unaffected by output loading' at 
high supply voltages. 

With the unique advantages of low input current, high 
gain, and high slew rate, the LM144 can increase accu­
racy and useful frequency range in many existing applica­
tions. For example, the LM144 is a plug·in replacement 
for the LM 1 01 A, as well as other general purpose 
op amps. 

The LM144 can be compensated with a single capacitor, 
thus giving the user the ability-to optimize ac parameters 
to suit the application. For example, in applications 
such as audio power amplifiers, the LM144 with a gain 
of 10 can provide a ±30V output swing, a slew rate of 
approximately 30V//J.s, and a 120 kHz full power 

Typical Application 

bandwidth. In applications where capacitive loads or 
cables must be driven, the LM144 can be overcompen­
sated for increased stability. 

The LM344 is similar to the LM144 for applications in 
less severe supply voltage and temperature environments. 

Features 
• External compensation provides 

large power bandwidth (Av 2': 10) 120 kHz 

• Wide operating voltage range ±4.0V to ±;36V 

• Large output voltage swing ±30V 

• Wide input common·mode range 

• Input overvoltage protection 

• Electrical characteristics independent of supply 
voltage and temperature 

Unique Characteristics 
• Low input bias cu rrent 

• Low input offset current 

• High slew rate (Av 2': 10) 

• High voltage gain 

• Offset voltage null capability 

8.0nA 

1.0nA 

30V//J.s 

lOOk min 

Large Power Bandwidth, Current Boosted Audio Line Driv,er 

...--.... --00 .36V 

10k 

lOOk 

15 

t---+--oVOUT 

15 300 

-36V -::-

'--"'_-0 -36V 
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Absolute Maximum Ratings (These ratings are not concurrent) 

LMl44 LM344 

Supply Voltage ±40V ±34V 
Power Dissipation (Note 1) 680mW 680mW 
Differential Inllut Voltage (Note 2) 80V 68V 
Input Voltage (Note 2) ±40V ±34V 
Operating Temperature Range -55°C to +125°C O°Cto +70°C 
Storage Temperature Range -65°C to +150°C -65°C to +150°C 
Output Short Circuit Duration 5 seconds 5 seconds -
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 

Electrical Characteristics (Note 3) 

LM144 LM344 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C 2.0. S.O 2.0 8.0 mV 

Input Offset Current TA = 2SoC 1.0 3.0 1.0 10 nA 

Inp~t Bias Current TA = 25°C 800 20 8.0 40 nil 

Supply Voltage TA = 2SoC 10 100 10 200 pV/V 
Rejection Ratio 

Output Voltage Swing TA = 2SoC, RL ;:: 5 kf! 22 2S 20 25 V 

large Signal Voltage Gain TA = 2SoC, VOUT = ±10V, lOOk lBOk 70k lBOk V/V 

RL ;:: 100kf! 

Common·Mode Rejection - TA = 2SoC BO 90 70 90 dB 

Ratio 

Input Voltage Range TA = 25°C 24 26 22 26 V 

Supply Current TA =2SoC 2.0 4.0 2.0· 5.0 mA 

Short Circuit Current TA = 2SoC 20 20 mA 

Slew Rate T A = 2SoC, Av ·=·l 2.5 2.5 Vips 

TA = 25°C, Av = 10, Cl = 3 pF 30 30 Vips 

Power' Bandwidth TA = 2SoC, VOUT = 40 Vp -p , 20k 20k Hz 

RL = 5 kf!, THO:O; 1%, Av = 1 

Unity Gain Frequency TA = 25°C 1.0M 1.0M Hz 

Input Offset Voltage TA = Max· 6.0 10 mV 

TA =-Min 6.0 10 mV 

Input Offset Current TA = Max O.B 4.S O.B 14 nA 

TA ::Min loB 7.0 loB 14 nA 

Input Bias Current TA :: Max S.O 35 S.O 55 nA 

TA = Min 16 35 16 55 nA 

Large Signal Voltage Gain RL ;:: 100 kf!, T A = Max 50k 150k 50k lS0k VIV 

R L ;:: 100 kf!, T A = Min SDk 220k 50k 220k V/V 

Output Voltage Swing R L ;:: 5.0 kf!, T A = Ma~ 22 26 20 26 V 

R L ;:: 5.0 kf!, T A = Min 22 25 20 25 V 

Note 1: The maximum junction temperature of the LM144 is 150°C. while that of the LM344 is 10ctC. For operating at elevated temperatures, 
devices in the TO~5 package must be derated based on a thermal resistance of 150°CIW, junction to ambient, or 4FtclW. junction to case. The 
thermal resistance of the dual·in·line package is 1 00° C/W, junction to ambient. 

Noto 2: For supply voltage less than ±40V for the LM144 and less than ±34V for the LM344, the absolute maximum input voltage is equal to the 
supply voltage. ' 

Nato 3: These specifications apply for Vs = ±28V. For the LM144, T A = max = 125" C and T A = min = -55° C. For the LM344, T A = max = 70° C 
and T A = min = O°C. ' 
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Schematic Diagram 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Application Hints (See Also AN·127) 

The LM144 is designed for trouble·free operation at any 
supply voltage up to a maximum of ±40V. I nput over· 
voltage protection, both common·mode and differen· 
tial, is 100% tested and guaranteed at the maximum 
supply voltage. Furthermore, all possible high voltage 
destructive modes during supply voltage turn·on have 
been eliminated by design. As with most IC op amps, 
however, certain precautions should be observed to 
insure that the LM144 rema.ins virtually blow·out 
proof. 

Although output short circuits to ground or either 
supply can be sustained indefinitely for supply voltages, 
below ±18V, these short circuits should be of limited 
duration when operating at higher supply voltages. 
Units can be destroyed by any combination of high 
ambient temperature, high supply voltages, and high 
power dissipation which results in excessive die tempera· 
ture. This is also true when driving low impedance or 
reactive loads or loads that can revert to low impedance; 
for example, the LM144 can drive most general purpose 
op amps outside of their maximum input voltage range, 
causing heavy current to flow and possibly destroying 
both devices. 

Precautions should be taken to insure that the power 
supplies never become reversed in polarity-even under 
transient conditions. With reverse voltage, the IC will 
conduct excessive current, fusing the internal aluminum 
interconnects. Voltage reversal between the power 
supplies will almost always result in a destroyed unit. 

In high voltage applications which are sensitive to very 
low input currents, special precautions should be exer· 

BOTTOM VIEW 

FIGURE 1. Printed Circuit Layout for Input Guarding 
with TO·S Package 

R1 R2 

.3 

GUARD 

INPUT O------T'T--I 

FIGURE 3. Guarded Non·lnverting Amplifier 
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cised. For example, with high source resistances, care 
shOllid be taken to prevent the magnitude of the PC 
board leakage currents, although quite small, from 
approaching those of the op amp input currents. These 
leakage currents become larger at 125°C and are made 
worse by high supply voltages. To prevent this, PC 
boards should be properly cleaned and coated to prevent 
contamination and to provide protection from con· 
densed water vapor when operation below ODC. A guard 
ring is also recommended to significantly 'reduce leakage 
currents from the op amp input pins to the adjacent high 
voltage pins in the standard op amp pin connection as 
shown in Figure 1. Figures 2, 3 and 4 show how the 
guard ring is connected for the three most common op 
amp configurations. 

The minimum values given for the frequency compensa­
tion capacitor are stable only for source resistances less 
than 10 kn, stray capacitances on the summing junction 
less than 5 pF and capacitive loads smaller than 100 pF. 
If any of these conditions are not met, it becomes 
necessary to overcompensate the amplifier with a 
larger compensation capacitor. Alternately, lead capaci· 
tors can be used in the feedback network to negate the 
effect of stray capacitance and large feedback resistors 
or an RC network can be added to isolate capacitive 
loads. See Figures 5, 6 and 7. 

Finally, caution should be exercised in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case, users may 
inadvertantly contact voltages equal to those across the 
power supplies. 

GUARD 

FIGURE 2. Guarded Voltage Follower 

'" ., 
INPIJTo-.J\II/'y ...... ~---'VI.IV---., 

RI X R2 
R3 Ri"-:R2 

FIGURE 4. Guarded Inverting Amplifier 
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FIGURE 5. Single Pole Compensation FIGURE 6. Isolating Large Capacitive Loads FIGURE 7. Compensating For Stray Input 
Capacitances or large Feedback Resistor 
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FIGURE 8. Protecting Against Gross 
Fault Conditions 

Connection Diagrams 

Dual-In-Line Package 

" 
" 

BALANCE/ 
COMPENSATION 12 COMPENSATION 

INVERTING INPUT 

NON.INVERTING 5 
INPUT OUTPUT 

v- BALANCE 

Note' Ptn 6 connected to boltoRl bf package. 

TOPVIEW 

Order Number LM144D 
or LM344D 

See NS Package D14E 
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t---"iV'v- v-.J 
2 .. 

FIGURE 9. Balancing Circuit 

Metal Can Package 

NOTE: Pin 4 connected 10 Clse. 

TOP VIEW 

Order Number LM144H 
or LM344H 

See NS Package HOSC 



~National - Operational Amplifiers/Buffers 
~ Semiconductor 
LM146/LM246/LM346 Programmable Quad Operational 
Amplifiers . 
General Description 
The LM146 series of quad op amps consists of four 
independent, high gain, internally compensated, low 
power, programmable amplifiers. Two external resistors 
(RSET) allow the user to program the gain bandwidth 
product, slew rate, s~pplY current, input bias current, 
input offset current and input noise. For example, the 
user can trade·off supply current for bandwidth or 
optimize noise figure for a given source resistance. In a 
similar way, other amplifier characteristics can be 
tailored to the application. Except for the two program· . 
ming pins at the end of the package, the LM146 pin·out 
is the same as the LM 1 24 and LM 148. 

Features (lSET = 10 !LA) 
• Programmable electrical characteristics 

• Battery·powered operation 

• Low supply current 
• Guaranteed gain bandwidth product 

• Large DC voltage gain 

• Low noise voltage 
• Wide power supply range 

350 jJ.A amplifier 

0.8 MHz min 

120 dB 

28 nV/y'HZ 

±1.5V to ±22V 

• Class AB output stage-no crossover distortion 

• Ideal pin out for Biquad active filters 
• Input bias currents are temperature compensated 

Connection Diagrams (Dual·ln·Line Packages, Top Views) 

v' v-

SETe 

LM14& 

Order Number LM146J, LM246J or LM346J 
See NS Package J16A 

Order Number LM246N ," LM346N 
See NS Package N16A 

Schematic Diagram 

PROGRAMMING EQUATIONS 

Total Supply Cuirent = 1.4 rnA IiSET/10 "AI 
Gain Bandwidth Product = 1 MHz (lSET/10 I'AI 
Slew Rate = 0.4V/l's (lSET/10 "AI 
Input Bias Current ~ 50 nA (lSET/10 I'AI 
ISET = CUrrent into pin 8, pin 9 (see schematic­
diagram) 

V+ - V- - 0.6V 
ISET = --:R=-S-E-T--

r-------------1~-----..... ------oV·141 

+----1---1---<> OUT 

ISET 

SET A,B,D, 
181 

3·135 
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Absolute Maximum Ratings (Note 1) 

LM146 LM246 LM346 

Supply Voltage ±22V ±18V ±18V 
Differential Input Voltage (Note I) ±30V ±30V ±30V 

CM I nput Voltage (Note I) ±15V, ±15V ±15V 
Power Dissipation (Note 2) 900mW 500mW 500rriW 
Output Short·Circuit Duration (Note 3) Indefinite Indefinite Indefinite 
Operating Temperature Range -55°C to +125°C -25°C to +85°C O°C to +70°C 
Maximum Junction Temperature 150°C 110°C 100°C 
Storage Temperature Range -65°C to +150°C -65°C to +1 50°C -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C 
Thermal Resis,tance (8 jA). (Note 2) 

Cavity DIP ('D) (J) Pd 900mW 900mW 900mW 

8jA 90°CIW 90°CIW 9rfcIW 
Molded DIP (N) Pd 500mW 

8jA 140°CIW 

I 

DC Electrical Characteristics (Vs = ± 15V, ISET = 10 /lA, Note 4) 

LM146 LM246/LM346 
PARAMETER CONDiTIONS 

MIN TYP MAX 
UNITS 

MIN TYP MAX 

Input Offset Voltage VCM = avo Rs ~ so n, TA = 2SoC O.S S O.S 6 mV \ 

Input Offset Current VCM = OV. TA = 2SoC 2 20 2 100 nA 

Input Bias Current VCM = OV, TA = 2SoC' SO '100 SO 2S0 nA .. 
Supply Current (4 Op Amps) TA = 2SoC 1.4 2.0 1.4 2.5 mA 

Large Signal Voltage Gain RL = 10 kn, AVOUT.= ±10V, 100 lOad so 1000 V/mV 

TA = 25°C , 
Input CM Range TA = 25°C ±13.5 ±14 . ±,13.S ±14 V 

CM Rejection Ratio RS~ 10 kn. TA = 25°C 80 100 70 100 dB 

Power Supply Rejection RS~ 10kn, TA=25°C 80 100 ]4 100 dB 

Ratio 

Output Voltage Swing RL:::: 10 kn. TA = 25°C ±12 ±14 ±12 ±14 V 

Short·Circuit Current TA=25°C S 20 30 S 20 30 mA 

Gain Bandwidth Product TA = 25°C 0.8 1.2 0.5 1.2 MHz 

Phase Margin TA = 25°C 60 60 Deg 

Slew Rate TA=25°C 0.4 0.4 Vips 

Input Noise Voltage f= 1 kHz, TA = 2SoC 28 28 nV/",;Hz 

Channel Separation RL = 10 kn. AVOUT = OV to 120 120 dB 

±12V.TA=25°C 

Input Resistance TA=25°C 1.0 1.0 Mn 

I nput Capacitance TA=25°C 2.0 2.0 pF 

Input Offset Voltage VCM = OV, Rs~ son 0.5 6 O.S 7.5 mV 

Input Offset Current VCM = OV 2 2S 2 100 nA 

I nput Bias Current VCM '; OV 50 ,100 50 2S0 nA 

Supply Current (4 Op Amps) 1.S 2.0 1.5 2.5 mA 

Large Signal Voltage Gain RL = 10 kn. AVOUT = ±10V SO 1000 25 1000 V/mV 

Input CM 'Range ±l3.5 ±14 ±13.S ±14 V 

CM Rejection Ratio RS~SOn 70 100 70 100 dB 

Power Supply Rejection RS~SOn 76 100 74 100 dB 

Ratio 

Output Voltage Swing RL::::l0kn / ±12 ±14 ±12 ±14 V 
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OC Electrical Characteristics (VS ~ ±15V, ISET ~ lilA) 

PARAMETER CONDITIONS 
LM146 LM246/LM346 

UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage VCM~OV,RS$50n, 0.5 5 0.5 7 mV 

TA~ 25°C 

Input Bias Current VCM ~ OV, T A ~ 25°C 7.5 20 7.5 100 nA 

Supply Current (4 Op TA~25°C 140 250 140 300 j1A 

Amps) 

Gain Bandwidth Product TA~25°C 80 100 50 100 kHz 

DC. Electrical Characteristics (VS~±1.5V,ISET~·IOJ.lA) 

PARAMETER CONDITIONS 
LM146 LM246/LM346 

UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage VCM ~ OV, RS$ 50 n, 0.5 5 0.5 7 mV 
TA ~ 25°C 

Input CM Range TA~ 25°C ±0.7 ±0.7 V 

CM Rejection Ratio RS$50n,TA~25°C 80 80 dB 

Output Voltage Swing RL?: 10 kn, TA ~ 25°C ±0.6 ±0.6 V 
, 

Note 1: For supply voltages less than ±15V~ the absolute maximum input voltage is equal to the supply voltage. 
Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX. 6jA, and the 
ambient temperature, T A. The maximum available power dissipation at any temperature is Pd = (TiMAX - TAI/8iA or the 25"C PdMAX, which-
ever is less. • 

Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however. more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continuedl 
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Common-Mode Rejection 
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Power Supply Rejection 
Ratio vs ISET 
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Typical Performance Characteristics (Continued) 
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Application Hints 
Avoid reversing the power supply polarity, the device 
will fail. 

Common-Mode Input ,Voltage: The negative common- , 
mode voltage I,imit'is one diode drop above the negative 

, supply voltage. 'Exceeding this limit on either input will 
result in an output phase reversal. The positive common­
mode limit is typically lV below the positive supply 
voltage. No output phase reversal will occur if this'limit 

, is exceeded by either input.' 

Output Voltag~ ,Swing vs is'ET: For a desired output 
. voltage swing the value of the minimum load depen'ds on , 

the' positive and negative output curent capability of the ' 
op amp. The 'maximum available positive output current, ' 
(lCL.t) , of the 'device increases with ISET whereas the 
negative output current (lCL-) is independent of ISET. 
Figure 1 illustrates the above. 

, 28 

< 2' 
f- -CURRENT LIMIT UCL-'- f-

.s 
!: %0 
!!i H~'-~" -.~ '~f-

i 
16 

12 
+CURRENT LIMIT (lCL+) p..f-

... 
~ VS"'±15V 

TA"2S'C 

• • 1 • 

FIGURE 1. Output Current Limit vs ISET 

Input Capacitance: The input capacitance, CIN, of the 
LM146 is approximately 2 pF; any stray capacitance, 
CS, (due to external circuit circuit layout) will add to 
CIN. When resistive or active feed~ack is applied, an 
additional pole is added to the open loop frequency 
response of the device. For instance with resistive feed­
back (Figure 2), this pole occurs at 1/271' (RlI1R2) 
(CIN + CS). Make sure that this pole occurs at least 
2 octaves beyond the expected -3 dB frequency corner 
of the closed loop gain of the amplifier; if not, place a 
lead capacitor in the feedback such that the time con· 
stant of this capacitor and the resistance it parallels is 
equal to the RI(CS + CIN). where RI is the input resis· 
tance of the circuit. 

RI R2 

FIGURE 2 

Temperature Effect on the GBW: The GBW (gain 
bandwidth product), of the LM 146 is directly propor­
tional to ISET' and inversely proportional to the abo 
solute temperature. When, using resistors to set the 
bias current, ISET, of the device, the GBW product will 
decrease with increasing temperature: Compensation 
can be provided by creating an ISET current directly 
proportional to temperature (see typical applications). 

Isolation Between Amplifiers: The LM146 die is iso­
thermally layed out such that crosstalk' between all 4 
amplifiers is in excess of -105 dB (DC), Optimum 
isolation (I~etter than -110 dB) occurs between ampli­
'fiers A and 0, Band C; thin is, if amplifier A dissipates 
power on its output stage, amplifier 0 is the one which 
will be affected the least, and vice versa. Same argument 
holds for amplifiers Band C. 

LM146 Typil1al Performance Summary: The LM146 
typical behavior is shown in Figure 3. The device is fully 
predictable. As the set current, ISET, increases, the 
speed,' the bias current, and the supply current increase 
while the noise power decreases proportionally and the 
Vos remains constant. The'usable GBW range of the op 
amp is 10 kHz to 3.5-4 MHz. 
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1 ' ,. lG11 
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I If 1111111 I 11111111 
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(15)2 (ull {as]2 

T 1m 

FIGURE 3. LM146 Typical Characteristics 

Low Power Supply Operation: The quad op amp oper-' 
ates down to ±1.3V supply. Also, since the internal 
circuitry is biased through programmable current sources, 
no degradation of the device speed will occur. 

Speed vs Power Consumption: LM146 vs LM4250 
(single programmable). Through Figure 4, we observe 
that the LM 146's power consumption has been op~i· 
mized for GBW products above 200 kHz, whereas the 
LM4250 will reach a GBW of no more than 300 kHz, for 
GBW products below 200 kHz, the LM4250 will con· 
sume less. 

g 1M 

~ 
; lDOk 

,. , .. 
SUPPLY CURRENT {PAl 

FIGURE 4. LM146 vs LM4250 

3-140 



Typical Applications 

Dual Supply or Negative Supply Biasing 

v+ 

RSET SET SET 9 RSET 

LM346 

Current Source Biasing 
with Temperature Compensation 

v+ 

ISET -
LM346 

67.7 mV 
'SET= --­

RSET 

v-

SET 

• The LM334 provides an ISET directly proportional to 
absolute temperature. This cancels the slight GBW product 
temperature coefficient of the LM346. 

3·141 

Single (Positive) Supply Biasing 

V+ -O.6V 
'SET ~ -cR=-S-E-T--

Biasing all 4 Amplifiers 
with Single Current Source 

':' 

LM334Z 

v+ 

RSET 

RI 

R2 

'SEn' R2 67.7mV 
--- = -. 'SEn + 'SET2 = ---
'SET2 RI RSET 

v-

SET 

• For ISETI ~ 'SET2 resistors Rl and R2 are not required 
if a slight error between the 2 set currents can be tolerated. 
If not, then use R 1 = R2 to create a 100 mV drop across 
these resistors. 



Active Filters Applications 
Basic (Non-Inverting "State Variable'" Active Filter Building Block 

lOOk 

10k 

• The LM146 quad programmable op amp is especially suited for active filters because of their adequate GBW product and low power 
consumption. 

Circuit synthesis equations Ifor circuit analysis equations, consult with the AF100 and LMI48 data sheet). 

Need to know desired: fa = center frequency measured at the BP outPUt 
00 = quality factor measured at the BP output 
Ho ~ gain at the output of interest IBP or HP 'or LP or all of them) 

.. Relation between different gains: HoIBP) = 0.316 x Qo x HoILP); HoILP) = 10 x HoIHP) 
5.033 x 10-2 

.. R xC = fo Isec) 

.. For BP output: RQ = (3.478 00 - HoIBP) 
105 

-1 (_3._47_8_00 __ 1) 
HoIBP) ) . R _ HoIElP) 

105 x 3.478 x 00 ,I N - -'---=1=+c..:1-0-_-5-,-

1.1 
---1 

1.1 x 105 
.. For HP output: RQ = -:-:=-::--7',..,.:.:..:.;,;..:..:...-,.----

3.47800 11.1 - HoIHP)) - HoIHP) 
RIN = HoIHP) 

....!..+ 10-5 
RQ 

11 
11 x 105 HoILP) - 1 

.. For LP output: RQ = 3.47800 III _ HoILP)) _ HoILP) ; RIN = 
_1_+ 10-5 
RQ 

RQ 

Note. All resistor values are given in ohms. 

.. For BR Inotch) output: Use the 4th amplifier of the LMI46 to sum the LP and HP outputs of the basic filter. 

LP OO-"IV' ......... 

HPC>-....I\M,-.' 

RF RF 
Determln~ RF according to the desired gains: HoIBR) If« fnotch = RL HoILP), HoIBR) If» fnotch = RH HoIHP) 

• Where to use amplifier C: Examine the above gain relations and determine the dynamics of the filter. Do not allow slew rate limiting 
in any output IVHP, VBP, VLP), that is: 

VINlpeak) < 63.66 x 103 x ISET x __ 1_ IVolts) 
10 p.A. fo x Ho 

If necessary, use amplifier C, biased at higher ISET, where you get the largest output swing. 

Deviation from Theoretical Predictions: Due to the finite GBW products of the op amps the fo, 00 will be slightly different from the 
theoretical predictions. 

fo 00 
freal ~ ~o ' Qreal.r::rt. 

1 +__ 1 _ 3.2 fo x 00 
GBW GBW 

3-142 



Active Filters Applications (Continued) 

A Simple-to-Design BP, LP Filter Building Block 

l.9k 

l.9k 

Rn 

R 

• If resistive biasing is used to set the LM346 performance, the Co of this filter building block is nearly insensitive to the op amp's GBW 
product-temperature drift; it has also better noise performance than the state variable filter. . 

Circuit Synthesis Equations 

Ho(BP) = OoHo(LP); R x C = 0.159 ; RO = 0 0 x R; RIN = ~= _R_ 
. fo Ho(BP) Ho(LP) 

• For the eventual use of amplifier C. see comments on the previous page. 

A 3-Amplifier Notch Filter (or Elliptic Filter Building Block) 

l.9k 

3.lIk 

>:..... ... OVOUT(BR) 

Circuit Synth.is Equations 

0:159 0.159 x fo 
RxC= -- ;RO=OoxR;RIN=, 2 

fo C x f notch 

R ~ 

Ho(BR) If« fnotch . RIN Ho(BR) If» fnotch C 

• For nothing but a notch output: RIN = R, C· = C. 
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Active Filters Applications (Continued) 

Capacitoriess Active Filters (Basic Circuitl 

R3 
VS· ±15V 

R2 

RID 

R9 

DR 

RS 

R7 

• This is a BP, LP, BA filter. The filter characteristics are created by using the tunable frequency response of the LM346. 

63.66 x 103 'SET liLA) (V) 
• Limitations: 0 0 < 10, fo x 0 0 < 1.S MHz, output voltage should not exceed Vpeak(out) ~ fo x ~ 

A6+AS A2 A3 • A7 'Ala fb 
• Design equations: a == AS * b ="'R1+Fi2' c == ~. d = RS + R7 ' e = ~' fo(BP) = fu J -;-' Ho(BP) = a x Cr 

Ho( LP) = ~ , 00 = ..r.;:b 

( C). . . Ala 
fo(BA) = fo(BP) 1 -- ~ fo(BP) (e« 1) provided that d = Ho(BP) x e, HolBA) = - .• 

b.· ~ 

• . Ad~ntage: fa. 00, Ho can be independently adjusted; that is, the filter is extremely easy to tune. 

• Tuning procedure (ex. BP tuning) 

1. Pick up a convenient value lor b; (b < 1) 

2. Adjust 00 through AS 

3. Adjust Ho(BP) through A4 

4. Adjust fo through ASET 

R3 
51 

R2 
51 

A 4th Order Butterworth Low Pass Capacitorless Filter 

Ex: fc = 20 kHz, Ho (gain of the filter) = 1, 001 = 0.541, 002 = 1.306. 

>1::.0 "'-()VOUT 

• Since for this filter the GBW product of all 4 amplifiers has been designed to be' the same ( .... 1 MHz) only one curre~t source can 
be used,to bias the circuit. Fine tuning can be further accomplished through Rb. ' 

3-144 



Miscellaneous Applications 

A Unity Gain Follower 
with Bias Current Reduction 

YIN <>-+-----/ 

>-.--oVOUT 

• For better performance, use a matched 
NPN pair. 

Circuit Shutdown 

2Dk 

5VD'Nl 

~OY 

• .By pulling the SET pin!s) to V- the op amp!s) shuts down and its 
output goes to a high impedance state. According to this property. 
the LM346 can be used as a very low speed anaiog switch. 

Voice Activated Switch and Amplifier 

v· 

0.1 pF 

MICIN.?-1 ~t--~i 

10111< 

100PF*" 

v· v· 
15V 

~-.,..-~ AUDIO OUT 
0.5M 

3·145 

RSET • 
1.3M 

CONTROL 



Miscellaneous Applications. (Continued) 

X10 Micropower Instrumentation Amplifier with Buffered Input Guarding 

v+= 1.SV 

AI 
5.55k A2 

25k 

3-146 

R3 R4 
25k Z5k 

A 
2&k 

A 
Z5k 

A3 
Z5k A3 

2&> 

• CMRR: 100 dB Ityp) 
• Power dissipation: 0.4 mW 

• All resi~tors part of RA201 array 



~National 'Operational Amplifiers/Buffers 
~ Semiconductor 

LM148, LM149 Series Quad 741 Op Amps 
LM148/LM248/LM348 quad .141 op amps 
LM149/LM249/LM349 wide band decompensated (AV(MIN) = 5) 

General Description . 
The LM148 series is a true quad 741. It consists of four 
independent, high gain, internally compensated, low 
power operational amplifiers which have been designed 
to provide functional characteristics identical to those of 
the familiar 741 operational amplifier. In addition the 
total supply current for all four amplifi~rs is comparable 
to the supply current of a single 741 type op amp. 
Other features include input offset currents and input 
bias current which are much less than those of a standard 
741. Also, excellent isolation between amplifiers has 
been achieved by independently biasing each amplifier 
and using layout techniques which minimize thermal 
coupling. The LM149 series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a 
gain of 5 or greater. 

The LM148 can be used anywhere multiple 741 or 1558 
type amplifiers are being used and in applications where 
amplifier matching or high packing density is required. 

Schematic and Connection Diagrams 

Features 
• 741 op amp operating characteristics 

• Low supply current drain 0.6 mA/Amplifier 

• Class AB output stage-no crossover distortion 

• Pin 'compatible with the LM 124 

• Low input offset voltage 

• Low input offset current 

• Low input bias current 

• Gain bandwidth product 
LM148 (unity gain) 
LM 149 (Av ~ 5) 

1 mV 

4nA 

30nA 

1.0MH~ 
4MHz 

• High degree of isolation between 120 dB 
amplifiers 

• Overload.protection for inputs and ol!tputs 

.-----..... ---------.... -o+vcc Dual-I n·line Package 

OUT 

lOOk 

15k 

'40 
L-_ ..... _ ...... >-..... ____ ...................... ___ ..... _~-VEE 

·'pFDntIleLMI49 

3·147 

OUT4 IN4 IN4' v- IN3' IN' OUTl, 

OUTI IN 1 IN" v+ INZ' IN2 DUll 
TOP VIEW 

Order Number LM148J, LM248J, LM348J, 
LM149J, LM249J or LM349J 

See NS Package J14A 
Order Number LM348N or LM349N 

See NS Package N14A 

r-
s: ..... 
~ 
en 
CD ... 
iir o 



Absolute Maximum Ratings 
LM148/LM149 LM248/LM249 LM348/LM349 

Supply Voltage ±22V ,±18V ±18V 

Differential Input Voltage ±44V ±36V ±36V' 

Input Voltage ±22V ±18V ±18V 

Output Short Circuit Duration (Note I) Continuous Continu,?us Continuous 

Power Dissipation (P d at 25°C) and 
Thermal Resistance (8 jA ), (Note 2) 

Molded DIP (N) Pd - - 500mW 

OjA - - 150'C/W 

Cavity DIP (J) Pd 900mW 900mW 900mW 

°jA 100'C/W 100'C/W 100'C/W 

Maximum Junction Temperature (TjMAX ) 150'C 110'C 100'C 

Operating Temperature Range -55'C:<:;TA :<:;+125'C -25~C :<:; T A :<:; +85'c O'C:<:;TA :<:;+70'C 

~torage Temperature ~ange -£5'C to +150'C -£5'C to +150°C -£5'C to +150°C 

Lead Temperature (Soldering, 60 seconds) 300°C 300°C 300'C' 

, 

Electrical Characteristics (Note3) 

LM148/LM149 LM248/LM249 LM348/LM349 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage T A = 25°C, Rs :; 10 kr! 1.0 5.0 ':0 6.0 1.0 6.0 mV 

Input Offset Current TA = 25°C 4 25 4 50 4 50 nA 
-

Input Bias C~rrent TA = 25°C 30 100 30 200 30 200 nA 

Input Resistance TA = 25°C 0.8 2.5 0.8 2.5 0.8 2.5 Mr! 

Supply Current All Amplifiers TA = 2SoC, Vs = ±15V 2.4 3.6 2A 4.5 2.4 4.5 rnA 

Large Signal Voltage Gain TA= 2SoC, Vs =±15V 50 160 25 160 25 160 Vim V 

V OUT"" ± 1 OV. R L ~ 2 kn 

Amplifier to Amplifier T A = 2SoC, f = 1 Hz to 20 kHz -120 -120 -120 dB 

Coupling (Input Referred) See Crosstalk Test 

Circuit 

Small Signal Bandwidth ° LM148serles 1.0 1.0 1.0 MHz 
TA = 25 C 

4.0 4.0 4.0 MHz LM149 series 

Phase Margin TA "" 25°C LM148 series (Av == 1) 60 60 60 degrees 

LM 149 series (Av = 5) 60 60 60 degrees 

Slew Rate ° LM148 series (Av = 1) 0.5 0.5 M V/lls 
TA = 25 C 

2.0 2.0 2.0 VIlls LM 149 series (Av "'" 5) 

Output Short Circuit Current T A := 25°C 25 25 25 mA 

Input Offset Voltage Rs :; 10 kr! 6.0 7.5 7.5 mV 

Input Offset Current 75 125 100 nA 

Input Bias Current 325 500 400 nA 

Large Signal Voltage Gain Vs = ±15V. VOUT = ±10V. 25 . 15 15 V/mV 

RL > 2 kr! 

Output Voltage Swing Vs =±15V, RL = IOkr!, ±12 ±13 ±12 ±13 ±12 ±13 V 

RL = 2 kr! ±10 ±12 ±10 ±12 ±10 t12 V 

Input Voltage Range Vs = ±15V ±12 ±12 ±12 V 

Common· Mode Rejection Rs:; 10 kr! 70 90 70 90 70 .90 dB 

Ratio 

Supply Voltage Rejection Rs:; 10 kr! 77 96 77 96 77 96 dB 

Note 1; Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by T~MAX' 8jA.and the 
ambient temperature. TA. The maximum available power dissipation at any. temperature is Pd = (TjMAX - TA)/8jA or the 25 C PdMAX. which-
ever is less. 

Note 3: These specifications apply for Vs = ±15V and over the absolute maximum operating temperature range (TL:$. TA:5. TH) unless otherwise 
noted. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Application Hints 
The LM148 series are quad low power 741 op amps. 
In the proliferation of quad op amps, these are the first 
to offer the convenience of familiar, easy to use operating 
characteristics of the 741 op amp. In those applications 
where 741 op amps have been employed, t/le LM148 
series op amps can be employed directly with no change 
in circuit performance. 

The LM149 series has the same characteristics as the 
LM148 except it has been decompensated to provide a 
wider bandwidth. As a result the part requires a mini· 
mum gain of 5. 

The package pin·outs are such that the inv,erting input 
of each amplifier is adjacent to its output. In addition, 
the ampiifier outputs are located in the corners of the 
package which simplifies PC board layout and minimizes 
package related capacitive coupling between amplifiers. 

The input characteristics of these amplifiers allow 
differential input voltages which can exceed the supply 
voltages. In addition, if either of the input voltages is 
within the operating common·mode range, the phase of 
the output remains correct. If the negative limit of the 
operating common·mode range is exceeded at both 
inputs, the output voltage will be positive. For input 
voltages which greatly exceed the maximum supply 
voltages, either differentially or common·mode, resistors 
should be placed in series with the inputs to limit 
the current. 

Like the LM741, these amplifiers can easily drive a 
100 pF capacitive load throughout the entire dynamic 
output voltage and current range. However, if very large 
capacitive loads must be driven by a non·inverting 
unity gain amplifier, a resistor should be placed between 

Typical Applications -, LM148 

R4 RS 

One Decade Low Distortion Sinewave Generator 
,R3 

I R4R5 

the output (and feedback connection) and the capaci­
tance to reduce the phase shift resulting from the capa­
citive loading. 

The output current of each amplifier in the package is 
limited. Short circuits from an output to either ground 
or the power supplies will not destroy the unit. However, 
if multiple output shorts occur simultaneously, the time 
duration should be short to prevent the unit from being 
destroyed as a result of excessive power dissipation in 
the IC chip. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be 'placed with the body close 
to the input to minimize "pickup" and maximize the 
frequency of the feedback pole which capacitance from 
the input to ground creates. 

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

Low Cost Instrumentation Amplifier 

R2 

VOUT=2(~ +1) ,V'S .,.3VS:VINCMS:V~-3V, 
, RI 

f='--- x.JK ,K=--
2"RICI R3 

(
I I 1\ RON 

ros + R4 + R~)' ros '" (I _ vv:S) 1/2 
Vs = ±15V 

A = R2, trim R2 to boost CMRA 

fMAX = 5 kHz, THO s: 0.03% 
RI = lOOk pot., CI = 0.00471'F, C2 = O.OII'F, C3 = O.II'F, R2 = AS = R7 = 1M, 
R3 = 5.lk, R4 = 12n, R5 = 240n, 0 = NS5102, 01 = IN914, 02 = 3.SV avalanche 
diode (ex. LMI03), Vs = ±15V 
A simpler version with some distortion degradation at high frequencies can be 
made by using A 1 as a simple inverting amplifier. and by putting back, to back 
zene,. in the feedback loop of A3. 
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Typical Applications - LM148 (Continued) 

Low D~'ift Peak Detector with Bias CUrrent ~ompansation 

v" 

Adjust R for minimum drift 

03 low leakage diode 

of added" to impr~ve speed 

Vs = ±15V • 1M 

!lit 
3 

Universal State-Space Filter 

•• 
RJ 

v,.O--.W ...... H 

RO 

.4 

Tune Q through RO, 

For predictable results: fO Q:S; 4 x 104 

Use Band Pass output to tune for a 

Nls) 

Dis) 
'Dls) = S2 + SWo + Wo 2 

Q 

, -SwOHOBP 
NHPls) = S2 HOHP, NBPls) = ---­

Q 

AS 
lOOk 

C1 
0001 

VI'EAK 

1 
fo= -

2" 

fR6 
jRs 

o t. = R'C' Q = (1 + R41R3 + R4IRO) 
j~' 1 1 I- 1+R61R5 

1/2 

fNOTCH = ( RH) 1/2 

2" RLt1l2 
, HOHP = 

1 + R51R6 
HOlP= ------

1 + R31RO + R31R4 

1 + R61R5' 

,I + R31RO + R31R4 
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1'+ R41R3 + R41RO 
HOBP= -~----

1 + R31RO + R31R4 



Typical Applications - LM148 (Continued) 

A 1 kHz 4 Pola Buttarwo'rth 

, 
Use general equations, and tune each section separately 

0lstSECTION = 0.541, Q2ndSECTION = 1.'306 
The response should have 0 dB peaking 

A 3 Amplifier Bi·auad Notch Filtar 

A, 
AI 

AZ 

AS 

V~WO-.. ----------------------~--------------------... 

~B R1Cl 
a... - x , fo= 

R7 ,j R3C2R2Cl 

Necessary condition for n~tch: R6 

,jR2R3C1C2 

R4R7 

1 
fNOTCH=-

2" 

AI 

R6 

R3R5R7C1C2 

Ex: fNOTCH = 3 kHz, a = 5, Rl = 270k, R2 = R3 = 20k, R4 = 27k, R5 = 20k, R6 = RB = 10k, R7 = lOOk, Cl. = C2 = O.OOII'F 

Better noise performance than the state-space approach 
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Typical Applications - LM148 (Continued) 

A 4th Order 1 kHz Elliptic Filter (4 Pole., 4 Zeros} 

Lowpass Response 

-to 

-2D 

-30 

-4' 
-so 
.... 
-7D ,,, 1k ,. '''' 

fREOUENCY (HE) . 

R'O 

Vo 

fC = 1 kHz, fS = 2 kHz, fp = 0.S43, fZ = 2.14, Q = 0.841, f'p = 0.987, f'Z = 4.92, Q' = 4.403, normalized to ripple BW 

1 fRs 1 1 ~ 1 ( 1 +.R4IR3 + R4IRO) fAG fW6 1 + R'41R'O 

fp = ;; j As x -;' fZ =;; j R;:' x -;' Q = 1 + R61RS x j As ,Q' = j Ws ; + R'61R'S +R'61Rp 

Use the BP outputs to tune Q, Qf, tune the 2 sections separately 

Al = R2 = 92.6k, R3 = R4 = RS = lOOk, RS = 10k, RO = 107.8k, RL = lOOk, RH = lSS.1k, 

R'l = R'2 = SO.9k, R'4 = R'S = lOOk, R'S = 10k, R'O = S.78k, R'L = lOOk, R'H = 24B.12k, R'f = lOOk. All capacitors are O.oolI'F. 

,Typical Applications - LM149 

Minimum Gain to Insure LM149 Stability 

VOUT 
ACL(S}= -­

VIN 

Vo I ",.S VOS 
VIN =0 

Power 8W = 40 kHz 

Small Signal BW = G BW/S 

-4 
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Tho LM149 as • Unity Gain Inverter 

'R 

VW-"""''''R'''' -~-t 

VOI.JT ( . 
ACL(s)= -- = 

VIN 
1 + 

Q! -1 

Vo I '" ±S VOS 
VIN =0 

Small signal BW = G BW/S 



Typical Applications - ,LM149 (Continued) 

lDOh 

Non·inverting-Integrator Bandpass Filter , 
.. 

R5 

(fO(MAX), 0MAX) = 20 kHz, 10 

Better a sensitivity with respect to Dp'en loop gain variations than the 
state variable filter. 
R7. Cc added for compensation 

Active Tone Control with Full Output Swing (No Slew Limiting at 20 kHz) 

Kx V,N 

"' 'Ok 

BOOST 

'1 
11k 

" 0OO5 .. f 

"' 50 .. 
TREBLE 

CUT 

R1 
11k 

CI 
1J.05~F 

"' ." 
Triangular. Squarewave Generator 
CI 

Dtllll"F 

IVV\ 

2V, 

'" 10k 

"' '" 

Vs = ±15V, VOUT(MAX) =9,1 VRMS, 
fMAX = 20 kHz, THO:5. 1% 
Duplicate the above circuit for stereo 

1 
fL = --- , fLB = 

2nR2Cl 2nRl Cl 

1 1 
fH = -- , fHB = ------

2nR5C3 2n(R1 + 2R7) C3 

Max Bass Gain" (Rl + R2)/R 1 

Max Treble Gain", (R 1 + 2R7)/R5 

as shown: fL " 32 Hz, fLB '" 320 Hz 

fH" 11 kHz, fHB" 1.1 Hz 

f=--- K = R2/R'2,-- :5. 25V, V+ = V-, Vs = ±15V 
K 8V+C1 R1 

Use LM125 for ±15V supply 

The circuit can be used as a low frequency V IF for process control. 

01,03: KE4393, 02, 04: Pl087E, 01-04 = 1N914 
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Typical Simulation 

RC1 
s,n 

RCZ 
5.3k 

LMI48, LM149, LM741 Ma.romodel for Comput~r Simulation 

CZ' 
3D,F R" 

" 

1 
",="UD:JV 

OJ 

+o----+--------~~~ 
....---+--...... -., t-.... ---.----1t---............. ,.,..+--ov. 

I" 
20.26pA 

Pol = 112 

Po2 = 144 

IS = 8, 10-16 

V. 
G. 
241.SI'llU 

'C2 = 6 pF for LM149 

Ro, 
42.ln 

-For more details, see IEEE Journal of Solid·State 
Circuits, Vol. SC·9, No.6, December 1974 
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'?A National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LM158/LM258/LM358, LM158A1LM258A1LM358A, LM2904 
Low Power Dual Operational Amplifiers 
General Description 
The LM 158 series consists of two independent, high 
gain, internally frequency compensated operational am· 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the' 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM 158 series can be 
directly operated off of the standard +5 V oc power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 Voc power supplies. 

Unique Characteristics 
• In the linear mode the input common-mode voltage 

range includes ground and the output voltage can also 
swing .to ground, even though operated from only. a 
single power supply voltage. 

• The unity gain cross frequency is temperature 
compensated. 

• The input bias current is also temperature 
compensated. 

Advantages 
• Eliminates need for dual supplies 

• Two internally compensated op amps in a single 
package 

• Allows directly sensing near GND and VOUT also 
goes to GND 

• Compatible with all forms of logic 

• Power drain suitable for battery operation 

• Pin·out same as LM 1558/LM 1458 dual operational 
amplifier 

Features 
• Internally frequency compensated for unity gain 

• Large dc voltage gain 100 dB 

• Wide bandwidth (unity gain) 1 MHz 
(temperature compensated) 

• Wide'power supply range: 
Single supply 3 V OC to 30 V oc 
or dual supplies ±1.5 Voc to ±15 Voc 

• Very low supply current drain (500J.(A) - essentially 
independent of supply voltage (1 mW/op amp at 
+5 Voe! 

• Low input biasing current 
(temperature compensated) 

• Low input offset voltage 
and offset current 

45 nAoc 

2 mVoc 
5nAoc 

• I nput common-mode voltage range includes ground 

• Differential input voltage range equal to the power 
supply voltage 

• Large output voltage 
swing 

o Voc to V+ -- 1.5 Voc 

Connection Diagrams (Top Views) Schematic Diagram (Each Amplifier) 

Metal ~an Package 
V' 

GND 

Ordar Number LM158AH, LM158H, LM258AH, 
LM258H, LM358AH or LM358H 

Saa NS Package H08C . 

OUTPUT A v' 

INVERTING INPUT A "--,,,--,,---,-- OUTPUT B 

NON.INVERTING 3 
INPUT A 

G.D....;.t----' 

Ordar Number LM358AN 
LM358N or LM2904N 
Sea NS Package NOBB 

INVERTING INPUT B 

NON-INVERTING 
INPUTD 

v' -

OUTPUT 
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Absolute Maximum Ratings 
LM158/LM258/LM358 

LM158A1LM258A1LM358A 
Supply Voltage, V+ 32 VOC or ±16 VOC 
Differential Input Voltage 32 VOC 
Input Voltage -0.3 VOC to +32 VOC 
Power Dissipation (Note 1) 

Molded OIP (LM358N) 570 mW 
Metal Can (LM158H/LM258H/LM358H) 830mW 

Output Short-Circuit to GND (One Amplifier) (Note 2) Continuous 

V+::; 15 VOC and TA = 25°C 
Input Current (V,N < -0.3 VOC) (Note 3) 50 mA 
Operating Temperature Range 

LM358 O°C to +70°C 
LM258 -2SoC to +8SoC 

LM158 -5SoC to +12SoC 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (~oldering. 10 seconds) 300°C 

Electrical Characteristics (v+ = +5.0 VOC, Note 4) 

LM158A 
PARAMETER CONDITIONS 

MIN TYP MAX 

Input Offset Voltage TA = 25°C, (Note 5) 1 2 

1 "put Bias Current I'N(+) or "N(-), TA = 25°C, (Note 6) 20 50 

Input Offset Current I'N(+)- i'N(-), TA = 25°C 2 10 

Input Common-Mode V+ = 30 VOC, T A = 25°C (Note 7) 0 V+-1.5 

Voltage Range 

Supply Current RL =~. VCC = 30V (LM2904 VCC = 26V) 1 2 

RL =~On All OpAmps 0.7 1.2 

Over Full ~emperature Rarlge 

Large Signal Voltage V+ = 15 VOC (For Large Va. Swing) 50 100 

Gain RL > 2 kn; T A = 25°C 

Output Voltage Swing RL = 2 kn, TA = 25°C (LM2904 RL ~ 10 kn) 0 V+-1.5 

Common-Mode DC, TA = 25°C 70 85 

Rejection Ratio 

Power Supply DC, TA = 25°C 65 100 

Rejection Ratio 

Amplifier-ta-Amplifier 1=1 kHz to 20 kHz, TA = 25°C -120 

Couplil)9 (Input Relerred!. (Note 8) 

Output Current 

Source VIN+ = 1 VOC, Y,N - = 0 VOC, 20 40 

v+ = 15 Voc. TA = 25°C 

LM2904 

26 VOC or ±13 VOC 
26VOC 

-0.3 VOC to +26 VOC 

570 mW 

Continuous 

50mA 

-40°C to +85°C 

-65°C to +150°C 
300°C 

LM258A 

MIN TYP MAX 

1 3 

40 80 

2 15 

0 V+-l.5 

1 2 

0.7 1.2 

50 100 

0 V+-1.5 

70 85 

65 100 

-120 

20 40 

MIN 

0 

25 

0 

65 

65 

20 

LM158/LM2581LM358, 
LM158A1LM258A1LM358A, LM2904 

-

LM358A LM158/LM258 LM358 LM2904 

TYP MAX MIN TYP MAX MIN 
UNITS 

TYPI MAX MIN TYP MAX 

2 3 ±2 ±5 ±2 ±7 ±2 ±7 mVOC 

45 100 45 150 45 250 45 250 nAOC 

5 30 ±3 ±30 ±5 ±50 ±5 ±50 nAOC 

V+-1.5 0 V+-1.5 0 V+-1.5 0 V+-1.5 VOC 

1 2 1 2 1 2 1 2' mAoc 
0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 mAoc 

100 50 100 25 100 100 V/mV 

V+-1.5 0 V+-l.5 0 V+-l.5 0 V+-1.5 VOC 

85 70 85 65 70 50 70 dB 

100 65 100 65 100 50 100 dB 

-120 -120 -120 -120 dB 

40 20 40 20 40 20 40 mAOe 

- -
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Electrical Characteristics (Continued) (V+ = +5.0 Voc, Note 4) 

, LM158A LM258A LM358A LM158/LM258 LM358 LM2904 
PARAMETER CONOITIONS UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Sink VIN- = 1 Voc, VIN+ = 0 Voc, 10 20 10 20 10 20 10 20 1Ii 20 10 20 mAoc 
v+ = 15 VOC, TA =25'C 

VIN- = 1 VOC, VIN+ = 0 Voc 12 50 12 50 12 50 12 50 12 50 pAOC 
TA = 25'e, Vo = 200 mVOC 

Short Circuit to Ground TA '= 25'C, INote 2) 40 60 40 60 40 60 40 60 40 60 40 60 mAoc 

Input Offset Voltage (Note 5) 4 4 5 ±7 ±9 il0 mVoe 

Input Offset Voltage RS= on 7 15 7 15 7 20 7 7 7 p.v/oC 

Dnft 

Input Offset Current IIN(+) -IIN(-) 30 30 75 :tlDD ±150 45 f200 nAOC 

Input Offset Current 10 200 10 200 10 300 10 10 10 pAoci'e 
Drift 

I 

Input Bias Current IINI+) or IINI-) 40 100 40 100 40 200 40 300 40 500 40 500 nAOC 

Input Common·Mode V+ = 30 VOC, (Note 7) 0 V+-2 0 V+-2 0 V+-2 0 V+-2 0 V+-2 0 V+-2 VOC 
Voltage Range 

, Large Signal Voltage V+::::: +15 VOC (For Large Vo Swing) 25 25 15 25 15 15 VlmV 

Gain RL <: 2 kn 

Outpu.t Voltage SWi.ng 

V+ = +30 Voe, RL = 2 kn VOH 26 26 26 26 26 22 VOC 
RL<:10kn 27 28 27 28 27 28 27 28 27 28 23 24 VOC 

VOL V+ = 5 VOC, RL 510 kn 5 20 5 20 5 20 5 20 5 20 5 100 mVOC 

Output Current 
Source VIN + = +1 VOC, VIN - = 0 VOC, V+ =,15 Voe 10 20 10 20 10 20 10 20 10 20 ;0 20 mAoe 

Sink VIN - = +1 VOC, VIN + = 0 VOC, V+ = 15 VOC 10 15 5 8 5 8 5 8 5 8 5 8 mAoc 

Differential Input V+ V+ V+ V+ V+ V+ VOC 
Voltage (Note 7) 

Note 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +12SoC maximum junction temperature and a thermal resistance of 1)SoC/W which applies for the device 
soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all 
four amplifiers-use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 
Note 2: Shortcircuitsfrorn the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 40 rnA independent of the magnitude -of V+. At values of supply 
voltage in excess of +15 VOC, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers, 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action qn the Ie chip. This transistor action can cause the output voltages of the op amps to go to theV+ 
voltage level (or ta graund far a large overdrive) for the time duration th~t an input is driven negative. This is nat destructive and normal output states will re-establish when the input voltage. which was negative. 
again returns to a value greater than -0.3 VOC- . 
Note 4: These specifications apply for V+=+S VOC and -5SoC :s T~:S +12SoC, unless otherwise stated. With the LM258/LM258A, all temperature specifications are limited to -25°C:S TA:S +85°C, the LM3581 ' 
LM358A temperature specifications are limited to O°C :s TA:S +70 C, and the LM2904 specifications are limited to -40°C:S TA:S +85°C. 

Note 5: VO" 1.4 VOC, RS = on with V+ from 5 VOC to 30 VOC; and over the full input common·mode range (0 VOC to V+ -1.5 VOCl. 

Note 6: The direction of the input current is o~t of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 
Note 7: Ttle input common-mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of the common-mode voltage range is V+ -1.5V, but either or both 
inputs can go to +32 VOC without damage (+26 VOC for LM2904l. 

Note B: Due to proximity of external components. insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitive increases at 
higher frequencies. 

------------ -- -

t06~V\ll '''9SEll\ll'''9S~lI\Il'''9S~lI\Il 
. '9SEII\I1/9S~1I\I1/9S~lI\Il 



Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) (LM2902 only) 

Input CUrrent 

100 

Ii 
1 75 ... 

i 50 

~ 
25 , 

v 
..- foo"""'TA '" +25c C 

2 

10 20 3D 

v+ -SUPPLY VOLTAGE (Vee! 

Application Hints 
The LM158 series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 Vee. These amplifiers 
operate over a wide range of power supply voltage with 
little change in performance characteristics. At 25°C 
arpplifier operation is possible down to a minimum 
supply voltage of 2.3 Voe. 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimit~d current surge 
through the resulting forward diode within the IC could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Large differential input voltages can be easily accom­
modated and, as input differential voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The differential 
input voltage may be larger than V+ without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -{).3 Vee 
(at 25°C). An input clamp diode with a resistor to the 
IC input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier, a resistor should 
be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 
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Voltage Gain 
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R L =20k!! 
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v+ - SUPPLY VOL rAGE (Vocl 

distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst-case non· 
inverting unity gain connection. Large closed loop gains 
or reSistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM158 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 Vee to 
30 Vee. 

Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in IC chip dissipation which will cause eventual 
failure due to excessive junction temperatures. Putting 
direct short-circuits on more than one amplifier at a time 
will increase the total IC power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur­
rent capability at elevated temperatures (see typical 
performance characteristics) than a standard IC op amp. 

The circuits presented in the section on typical applica­
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V+/2) will allow operation above and below 
this value in single power supply systems. Many applica­
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes 
ground. In most cases. input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 



Typical Single-Supply Applications {v+ = .5.0 vocl 

Non·lnverting DC Gain (OV Input = OV Output! 

+5V ------." 

RI 
10k 

*R not needed due to 
temperature independent 1l1li 

DC Summing Amplifier 

(VIN·S.~ G VDC AND Vo 2: 0 VDC) 

R 
lOOk 

w,o-...... IVI,...., 

'",o-...... IVI,....., 
R 

tOOk 
R3 
91k 

Power Amplifier 

RI 
Dl0k 

+VIN o-...... ""',....-j R· 

+V~o-...... 'O"O"k ,...., 

'v. 0-...... ""',....., 
R 

100k 

Where: VO:..V1+V2-V3-V4 

RJ 
,lOOk 

' 0 " 1 kHz 
0"'50 
Av= 100 140 dB) 

(VI + V2t ~ IV,. V41 to keep Vo > DVDc 

"BI·QUAD" RC Active Bandpass Filter 

RI 
lOOk 

CI 
13~pF 

CI 
330,F 

R' 
416k 

~~""'~~------------~----~~Vo 

R1. 
tOOk 

~------~------------~ ...... "",,....ov· 
C3 IMJ 
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IV 

Vo'" 0 Voe for VIN " 0 VDe 

Av "lD 

Fixed Current Sources 



Typical Single·Supply Applications (Continued) (V+ = 5.0 Vocl 

Lamp Driver LED Driver 

Driving TTL 

Current M~nitor 

RI· 
0.1 

v'o-~~~~~-----------, 

R2 
100 

R' 
" -(Increase RI lorll,. small) 

Pulse Generator 

Voltage Follower 

Squarewave Oscillator 

RI 
lOOk 

v. 

:Ul..fl.. 
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R' 
lOOk 

R' 

RI 
1M 

RI 

'Ok 

lOOk RS 
lOOk 

IN914 

rN914 

Pulse Gen'::'.8tor 

IN914 

R, 



Typical Single-Supply Applications (Continued) (V+ = 5.0 Voe! 

Low Drift Peak Detector 

I. -

+ . C 
'1'1.uF 

(PDl:YCARBDNATE DR ..J... 
POLYETHYLENE) ~ 2N929* 

HIGH liN 
LOWZoUT 

+\le" 

R 
100k 

R 
1M 

51k 

HI2 
50> 

-I. 

-lOUT 

INPUT CURRENT 
COMPENSATION 

Voltage Controlled Oscillator IVCO) 

o.05IJ.F 

'High Compliance Current Sink 

10"'1 amp/voltV 1N 

{Increase RE fot 10 small I 

H, 
I 

Comparator with Hysteresis 

+VIN 0--,.----1 

RI 
10k 

L----------+_O OUTPUT2 
10k 

·WlDE CONTROL VOLTAGE RANGE: 0 Voc:::: Vc :SZ(V+ -1.5 VDCJ 

vo 

AC Coupled Inverting Amplifier Ground Referencing A Differential Input Signal 

R3 
+ lOOk 

CI l(JpF1' 

R, 
lOOk 

C10 v: 
H, 

"::" 10k 

Av '" ~ (As shown. Ali" 10) 

vo 
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Typical Single·SupplyApplications (Continued) (V+ = 5.0 Vod 

Rl 
lOOk 

AC Coupled Non-Inverting Amplifier 

R3 
1M 

R2 
1M 

R4 
100k 

... - .... --\"""-0 V' 

R5 
lOOk 

R2 
Av: 1 t R1 

Av" 11 (As shown) 

1 
A f\ 3V" 

"T 

Bandpass Active Filter 

Cl 
O.OIJ.'F 

Cl R2 
Rl O.OI/.1F 390k 

390k 
YiN 

R4 
620 

':" 

R3 
620k 

High Input Z. DC Differential Amplifier 

.. ,o-----i 

R2 
lOOk 

.. ,0----------------1 
Rl R. (CMRR depends on this For-
R2 RJ resistorrallomatch) 

R' Vo: 1'- {V2 - vIi 
R3 

Vo 
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R8 
tOOk 

R5 
39' 

DC Coupled Low-Pass RC Active Filter 

(CEll HAS OV 
ACROSS IT) 

R6 
110k 

fo=lkHz 
0=25 

Photo Voltaic-Cell Amplifier 

R, 
1M 

10 

Vo 



Typical Single-Supply Applications (Continued) (V+ = 5.0 Vocl 

+V, 

+V, 

., 
lOOk 

High Input Z Adjustable-Gain 
DC Instrumentation Amplifier 

If R1 '" Hi & R3" R4.= R6'" R1 (eMRR depends OR matchl 

Vo "' I+~ IV2 -v,1 

Asshown Vo"'101(V2-V,1 

Vo 

Bridge Current Amplifier 
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Using Symmetrical Amplifiers to 
Reduce Input Current tGeneral Concept) 

INPUT CURRENT 
COMPENSATION 



~National Operational Amplifiers/Buffers 
~ Semiconductor 

LM159/LM359 Dual, High Speed, Programmable, 
Current Mode (Norton) Amplifiers 

General Description 
The LM159/LM359 consists of two current differencing 
(Norton) input amplifiers. Design emphasis has been 
placed on obtaining high frequency performance and 
providing user programmable amplifier operating' 
characteristics. Each amplifier Is broad banded to provide 
a high gain bandwidth product, fast slew rate and stable 
operation for an inverting closed loop gain of 10 or 
greater. Pins for additional external frequency compensa­
tion are provided. The amplifiers are designed to operate 
from a single supply and can accommodate input 
common-mode voltages greater than the supply. 

Applications 
• General purpose video amplifiers 
• High frequency, high a active filters 
• Photo-diode amplifiers 
• Wide frequency range waveform generation circuits 
• All LM3900 AC applications work to much higher 

freCjuencies 

-Typical Application 

D.5pF 

12Vo--'VItIY-.... 

• A~=20 dB 
• -3 dB bandwldlh=2.5 Hz to 25 MHz 

• Differential phase orror<l· at 3.58 MHz 

• Differential gain error <0.5% at 3.58 MHz 

Features 
• User programmable gain bandwidth product, slew 

rate, input bias current, output stage biasing current 
and total device power dissipation 

• High gain bandwidth product (I SET = 0.5 mAl 
400 MHz for Av=10 to 100 
30 MHz for Av=1 

• High slew rate (ISET = 0.5 mAl 
. 60 VII'S for Av = 10 to 100 

30 VII's for Av = 1 

• Current differencing inputs allow high common-mode 
input voltages 

• Operates from a single 5V to 22V supply 

• Large inverting amplifier output swing, 2 mV to 
Vcc- 2V 

• Low spot noise, 6 nV/v'"RZ; for 1>1 kHz 

Connection Diagram 

Dual-in-Line Package 

VOUTA COMPB 

COMPA 

GNO A -,r==......c"""".:..:.-~ GND B 

NC 

IIN!+)B 

L--_~_ISET(lN) 

TOP VIEW 

Order Number LM159J or LM359J 
See NS Package J14A 
Order Number LM359N 
See NS Package N14A 
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Absolute Maximum Ra~irigs 
Supply Voltage 22VOC Input Currents,IIN( +) or IIN( -) tOmAoc 

±IIVOC Set Currents,ISET(IN) or iSET(OUl] 2mAoc 
Power Oissipation (Note I) . Operating Temperature Range 

J Package IW 
N Package 750mW LMI59 -55·Cto +125·C 

LM359 O·Ct070·C 
Maximum Tj 

Storage Temperature Range -65·Cto +150·C J Package 150·C 
N Package 125·C Lead Temperature (Soldering. 10 seconds) 300·C 

6jA 
J Package IOO·C/w 
N Package 160·C/W 

Electrical Characteristics ISET(IN) = ISET(OUl] = 0.5 mA, V supply = 12V, TA = 25·C unless otherwise noted. 

Parameter Conditions 
LM15i1 LM359 

Units 
Min Typ Max Min Typ Max 

Open Loop Voltage Gain Vsupply=12V, RL=1k, 1=100 Hz 66 72 62 72 dB 
TA=125·C 62 68 68 ·dB 

Bandwidth 
Unity Gain RIN = 1 kD, Ccomp = 10 pF 20 30' 15 30 MHz 

Gain Bandwidth Product RIN = 50D to 200D 300 400 200 400 MHz 
Gain 01 10 to 100 

Slew Rate . 
Unity Gain RIN = 1 kD, Ccomp = 10 pF 30 30 V/,..s 
Gain 01 10 to 100 'RIN<200D 60 60 V/,..s 

Amplifier to Amplilier 
1= 100 Hz to 100 kHz. RL= 1k -80 -80 dB 

Coupling 

Mirror Gain (Note 2) @2 mA IIN( +), ISET = 5 ,..A, TA = 25·C 0.95 1.0 1.05 0.9 1.0 1.1 ,..AJ,..A 

@0.2 mA 'IN( +), ISET = 5 ,..A 0.95 1,0' 1.05 0.9 1.0 1.1 ,..A/,..A 
Over Temp 
@20,..A IIN(+),lsET =5,..A 0.95 1.0 1.05 0.9 1,0 1.1 ,..A1,..A .. 
Over Temp 

AMirror Gain (Note 2) @20,..A to 0.2 mA 'IN( +) 1 5 3 5 % 
Over Temp, ISET = 5 ,..A 

Input Bias Current Inverting Input, TA=25°C 8 15 8 15 ,..A 
Over Temp 30 30 ,..A 

Input Resistance (pre) Inverting Input 2.5 2.5 kD 

Output Resistance IOUT=15 mA rms,-I=1 MHz 3.5 3.5 D 

Output Voltage Swing RL=600D 

VOUT High 'IN( -) & IIN( + ) Grounded 9.5 10.3 9.5 10.3 V 

VOUT Low 'IN(-)=100,..A,IIN(+)=0 2 50 2 50 mV 

Output Currents . 
Source IIN( -) & 'IN( +) Grounded, RL = 100D 20 40 16 40 mA 
Sink (Linear Region) Vcomp -0.5V = VOUT= 1V, IIN( +) =0 4.7 4.7 mA 
Sink (Overdriven) IIN(-)=100 ,..A,IIN(+)=O, 2 3 1.5 3 mA 

VOUT Force = 1V 

Supply Current Non·lnverting Input 18.5 20 18.5 22 mA 

Grounded, RL':' co 

Power Supply Rejection 
1 = 120 Hz, IIN( +) Grounded 40 50 40 50 dB 

(Note 3) 

Nole I: See Maximum Power Dissipation graph. 
( IINH) Note 2: Mirror gain is the current gain of the current mirror which Is used as the non-inverting input. AI=-- AMlrror 

Gain is the % change In AI for two different mirror currents at any given temperature. ,IIN(+) 
Nole 3: See Supply Rejection graphs .. 
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Typical Performance Charactefistics 
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100 
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0.01 
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SET CURRENT (rnA). 
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Typical Performance Characteristics (Continued) 
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The LM159/LM359 consists of two wide bandwidth, 
decompensated current differencing (Norton) amplifiers_ 
Although Similar in operation to the original LM3900, 
design emphasis for these amplifiers has been placed on 
obtaining much higher frequency performance as il­
lustrated in Figure 1_ 

This significant improvement in frequency response is 
the result of using a common-emilter/common-base 
(cascade) gain stage which is typical in many discrete 
and integrated video and RF circuit designs. Another ver­
satile aspect of these amplifiers is the ability to external­
ly program many internal amplifier parameters to suit the 
requirements of a wide variety of applications in which 
this type of amplifier can be used . 
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LMJ900 \. ,\ \. 
~'\ ~ 
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10 100 Ik 10k lOOk 1M 10M 100M IG 

FREQUENCY (Hz) 

FIGURE 1 
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DC BIASING 

The LM359 is intended for single supply voltage opera­
tion which requires DC biasing of the output The current 
mirror circuitry which provides the non-inverting input for 
the ampHfier also facilitates DC biasing the output The 
basic operation of this current mirror is that the purrent 
(both AC and DC) flowing into the non-inverting irfput will 
force an equal amount of current to flow into the invert­
ing input. The mirror gain' (AI) specification is the 
measure of how closely these two currents match. For 
more details see National Application Note AN-72. 



Application Hints (Continued) 

DC biasing of the output is accomplished by establishing 
a reference DC current into the (+) input, IIN( +), and re­
quiring the output to provide the ( -) input current. This 
forces the output DC· level to be whatever value 
necessary (within the· output voltage swing of the 
amplifier) to provide this DC reference current, Figure 2. 

-

RI 
IFB -

.--~~~vo 

VO(oC) = VBE( -)+ IFB Rt 
IFB= IIN(+ )·AI + Ib(-) 

V+'-VBE(+) 
IIN(+) 

Ib( -} is the inverting input bias current 

FIGURE 2 

The DC input voltage at each input is a transistor VBE 
(=0.6. Voc) and mu·st be considered for DC biasing. For 
most applications, the supply voltage, V +, is suitable and 
convenient for establisl)ing IIN( +). The inverting input 
bias current, It>! -), is a direct function of the program­
mable input stage current (see current programmability 
section) and to obtain predictable output DC biasing set 
IIN( + )",10Ib( -). 

The following figures illustrate typical biasing schemes 
for AC amplifiers using the LM359: 

RI 

'IN 0-1 1-"'11,..,.-.... 

Rt 
AV(AC) = --

Rs [v+ -VeE(+) ] 
vo(OC)=VBE(-)+Rt +Ib(-) 

Rb ' 

FIGURE 3. Biasing an Inverting AC Amplifier 

y+ 

>-4~OVO 

Rt 
AV(AC)=+--

RsHe [v+ -VBE(+) . 1 
Vo(OC);,VeE(-)+Rt Rb. +lbI-)J 

FIGURE 4. Biasing a Non·lnverting AC Amplifier 
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Rt 
AV(AC) = --

'IN o-i l-"'IIIY-... --1 

Rs ":' 

VO(O,C)=VBE(-) (1 +~) +Ib(-)Rt 

RI 

y+ 

>-4~OVo 

FIGURE 5. nVeE Biasing 

The nVeE biasing configuration Is most useful for low 
noise applications where a reduced Input Impedance can 
be accommodated (see typical applications section). 

OPERATING CURRENT PROGRAMMABILITY (ISET) 

The input bias current, slew rate, gain bandwidth product, 
output drive capability and total device power consump­
tion of,both amplifiers can be simultaneously controlled 
and optimized via the two programming pins ISET(ou1) and 
ISET(IN~ . 

ISET(OU1) 

The output set current (ISET(ounl is equal to the amount of 
current sourced from pin 1 and establishes the class A 
biasing current for the Darlington emitter follower output 
stage. Using a single resistor from pin 1 to ground, as 
shown in Figure 6, this current is equal to: 

v+ 

ISET(OU1) 
RSET(OU1) + 500D 

FIGURE 6. Establishing the Output Set Current 

The output set current can be adjusted to optimize the 
amount of current the output of the amplifier can sink to 
drive load capacitance and for loads connected to V+. 
The maximum output sinking current is approximately 10 
times ISET(oUT). This set current is best used to reduce the 
total device supply current if the amplifiers are not re­
quired to drive small load impedances. 

ISET(IN) 

The input set currentlsET(IN) is equalto'the current flow­
ing into pin 8. A resistor from pin 8 to V + sets this cur­
rent to be: 

V+ -VeE 
ISET(lN)= 

RSET(IN) + 5000 

FIGURE 7. Establishing the Input Set Current 



Application Hints (Continued) 

ISET(IN) is most significant in controlling the AC 
characteristics of the LM359 as it directly sets the total 
input stage current of the amplifiers which determines 
the maximum slew rate, the frequency of the open loop 
dominant pole, the input resistance of the (-) input and' 
the biasing current Ib( -). All of these parameters are 
significant in wide band amplifier design. The input 
stage current is approximately 3 times ISET(IN) and by us­
ing this relationship the following first order approxima· 
tions for these AC parameters are: 

. 31sET(INjI10 - 6) 
Sr(MAX) = max slew rate- (V/I-'s) 

Ccomp 

f f 3ISET(IN) requency 0 - (H ) 
dominant pole 2n Ccomp AVOL (0.026 V) z 

150 (0.026 V) 
Input resistance = (Jre- (Il) 

3ISET(IN) 

where Ccomp is the total capacitance from the compen­
sation pin (pin 3 or pin 13) to ground, AVOL is the low fre­
quency open loop' voltage gain In V,IV and an ambient 
temperature of 25·C is assumed (KT/q = 26 mV and 
(Jtyp = 150). ISET(IN) also controls the DC input bias cur­
rent by the expression: 

31sET ISET 
Ib(-)=--:l!-for NPN {J=150 

{J 50 

which is important for DC biasing considerations. 

The total device supply current (for both amplifiers) is 
also a direct function of the set currents and can be ap­
proximated by: 

Isuppl~27 x ISET(OUT) + 11 x ISET(IN) 

with each set current programmed by individual 
resistors. 

PROGRAMMING WITH A SINGLE,RESISTOR 

Operating current programming may also be ac­
complished using only one resistor by letting ISET(IN) 
equaIISET(OUT). The programming current is now referred 
to as ISET and it is created by connecting a resistor from 
pin 1 to pin 8 (Figure 8) .. 

V+ -2VBE 
ISET = where V BE:l!0.6V 

RSET + 1 kll 

v, 

ISET(IN)= ISET(OUT)= ISET 

FIGURE 8. Single Resistor Programming of ISET 
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This configuration does not affect any of the internal 
set current dependent parameters differently than 
previously discussed except the total supply current 

. which is now equal to: 

ISupPI~37 X ISET 

Care must be taken when using resistors to program the 
set current to prevent significantly increasing the sup­
ply voltage above the value used to determine the set 
current. This would cause an increase in total supply 
current due to the resulting increase in set current and 

. the maximum device power dissipation could be ex­
ceeded. The set resistor value(s) should be adjusted for 
the new supply voltage. 

One method to avoid this is to use an adjustable current 
source which has voltage compliance to generate the 
set current as shown in Figure 9. 

v' 

67.7 mV 
ISET=--@25'C 

RSET 

FIGURE 9. Current Source Programming of ISET 

This circuit allows ISET to remain constant over the en­
tire supply voltage range of the LM359 which also im­
proves power supply ripple rejection as Illustrated in the 
Typical Performance Characteristics. It should be noted, 
however, that the current through the LM334 as' shown 
will change linearly with temperature but this can be 
compensated for (see LM334 data sheet). 

Pin 1 must never be shorted to ground or pin 8 never 
shorted to V+ without limiting t!'le current to 2 mA or 
less to prevent catastrophic device failure. 

CONSIDERATIONS FOR HIGH FREQUENCY 
OPERATION 

The LM359 is intended for use In relatively high frequen· 
cy applications and many factors external to the 
amplifier itself must be considered. Minimization of 
stray capacitances and their effect on circuit operation 
are the primary requirements. The following IIst'con­
tains some general guidelines to help accomplish this 
end: 
1. Keep the leads of all external components as short 

as possible. 
2. Place components conducting signal current from 

the output of an amplifier away from that a,mpllfier's 
non·inverting Input. 

3. Use reasonably low value reSistances for gain set­
ting and biasing. 

4. Use of a ground plane is helpful In providing a 
shielding effect between the inputs and from input to 
output. Avoid using vector boards. 

5. Use a slngle'point ground and single-point supply 
distribution to minimize crosstalk. Always connect 
the two grounds (one from each amplifier) together. 
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Application Hints (Continued) 

6. Avoid use of long wires (> 2") but if necessary, use 
.shielded wire. 

7. Bypass the supply close to the device with a low in­
ductance, low value capacitor (typically a .01 "F 

. ceramic) to create a good high frequency ground. If 
long supply leads are unavoidable, a small resistor 
("'100)' in series with the bypass capacitor may be 
needed and using shielded wire for the supply leads 
is also recommended. 

COMPENSATION 

The LM359 is internally compensated for stability with 
closed loop inverting gains of 10 or more. For an invert­
ing gain of less than 10 and all non-inverting amplifiers 
(the amplifier always .has 100% negative current feed­
back regardless of the gain In the non-inverting con­
figuration) some external frequency compensation is re­
quired because the stray capaCitance to ground from 
the (-) input and the feedback resistor add additional 
lagging phase within the feedback loop. The value of the 
input capacitance will typically be in the range of 6 pF 
to 10 pF for a reasonably' constructed circuit· board. 
When using a feedback resistance of 30 kll or less, the 
best method of compensation, without sacrificing slew 
rate, is to add a lead capacitor in parallel with the feed­
back resistor with a value o'n the order of 1 pF to 5 pF as 
shown in Figure 10. . 

'OUT 

RSET 
'SET = 0.5 mA 

v+ Cf = 1 pF 10 5 pF for stability 

FIGURE 10. Best Method 01 Compensation 

Another method of compensation is to increase'the ef­
fective value of the internal compensation capacitor by 
adding capacitance from the COMP pin of an amplifier 
to ground. An external 20 pF capacitor will generally 
compensate for all gain settings but will also reduce the 
gail) bandwidth product and the slew rate. These same 
results c!ln also be obtained by reducing ISEl(IN) if ·the 
full capabilities of the amplifier are not required. This 
method Is termed over-compensation. 

Another area of concern from a stability standpoint is 
that of capacitive loading. The amplifier will generally 
drive capacitive loads up to 100 pF without oscillation 
problems. Any larger C loads can be isolated from the 
output as shown in Figure 11. Over-compensation 01 the 
amplifier can also be used if.the corresponding reduc­
tion of the GBW product can be afforded. 
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Rt 

10pF 

100 
>-4~MM~O'OUT. 

. . CLOAO 

~ .. 

FIGURE 11. Isolating Large Capacitive Loads· 

In most applications using the LM359, the input signal 
will be AC coupled so as not to affect the DC biasing of 
the amplifier. Ttlis gives rise to another subtlety of high 
frequency circuits which Is the effective series induc­
tance (ESL) of the coupling capaCitor which creates an 
increase in the impedance of the capacitor at high fre­
quencies and can cause an unexpected gain reduction. 
Low ESL capacitors like solid tantalum for large values 
of C and cer.amic for smaller values are recommended. 
A parallel combination of the two types Is even better 
for gain accuracy over a wide frequency range. 

AMPLIFIER DESIGN EXAMPLES . . 
The ability of the LM359 to provide gain at frequencies 
higher than most monolithic amplitiers can provide 
makes it most useful·as a basic broadband amplifica­
tion stage. The design of standard inverting and non­
inverting amplifiers, though different than standard op 
amp design due to the current differencing inputs, also 
entail subtle design differences between tlie two types 
of amplifiers. These differences will be best illustrated 
by design examples. For these examples, a practical 
video amplifier with a passband of 8 Hz to 10 MHz and a 
gain of 20 dB wi'" be used. It will be assumed that the in­
put wiil come from a 750 source and proper signal ter­
mination will be considered. The supply voltage is 12 
Voe and single resistor programming of the operating 
current, Isn will be used for simplicity. ' 

AN INVERTING VIDEO AMPLIFIER 

1. Basic circuit configuration: 

Rt 

IZV 

Cj 0.01 ~F 

>....,.. ...... O·OUT 

RSET 

2. Determine the required ISET from the characteristic 
curves for gain bandwidth product. 

GBWMIN =10x10 MHz=100 MHz 

For a flat response to 10 MHz a closed loop response 
to two octaves above 10 MHz (40 /iAHz) will be suffi­
cient. 



Application Hints (Continued) 

Actual GBW=10,x40 MHz=400 MHz 

ISET required = 0.5 mA 

V+ -2VBE 10.BV 
RSET = 1 kll= -- -1 kO=20.6kll 

ISET 0.5 mA, 

3. Determine maximum value for Rt to provide stable 
DC biasing 

::. 31sET _ 100 "A minimum DC 
It(MIN)?10 x - feedback current 

fJ 
Optimum output DC level for maximum symmetrical 
swing without clipping is: 

VO(MAX) - VO(MIN) 
VODC(Opt) + V o(MIN) 

2 

(V+ -3VBEl-2 mV 

2 

12 -1.BV 10.2V 
VODC(OPt)e!---=--=5.1 VDC 

2 2 

Rt(MAX) can now be found: 
, V oDC(opt) - V BE( - ) 5.1V - 0.6 
Rt(MAX) = 45 kG 

It(MIN) 100 "A 

This value should not' be exceeded for predictable 
DC biasing. 

4. Select Rs to be large enough so as not to appreciably 
load the ,input termination resistance: 

Rs~7501l Let Rs=7501l 

5. Select Rt for appropriate gain: 

Rt 
Av = - - so; Rt = 10Rs= 7.5 kll 

Rs 

7.5 kll is less than the calculated Rf(MAX) so DC 
predictability is insured. 

6. Since Rt = 7.5k, for the output to be biased to 5.1 VDC' 
the reference current IIN( +) must be: 

5.1V - VBE( -) 5.1V - .6V 
IIN(+)=-----

Rt 7.5 kll 

Now Rb can be found by: 

V+-VBE(+) 12-0.6 
Rb ---=19kll 

IIN( +) 600 "A 

7. Select Cj to provide the proper gain for the B Hz 
minimum input frequency: 

Ci~ 26"F 
2n Rs (flOW) 2n (75011) (8 Hz) 
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A larger value of Ci will allow a flat frequency 
response down to 8 Hz and a 0.01 "F ceramic 
capacitor, in parallel with CI will maintain high fre­
quency gain accuracy. 

8. Test for peaking of the frequency response and add a 
feedback "lead" capacitor to compensate if 
necessary. 

'IN 

Final Circuit Using Standard 5% 
Tolerance Resistor Values: 

0.5pF 

>-"0 'OUT 

Circuit Performance: 

30 

25 II IIIII WIIT~W 
CF 

'" 20 

WITH CF =iMr< 
z 
;;: .. 
w .. 
" !:; .. 
> 

t5 

10 

1M 

VO(DC) = 5.W 

~;~H;). 

10M 

FREQUENCY 1Hz) 

100M 

Differential phase error<1' lor 3.58 MHz tiN 

Dlfterential gain orror<0.5% tor 3.58 MHz tiN 

I -3 dB low=2,5 Hz 

A NON·INVERTING VIDEO AMPLIFIER 

For this case several design considerations must be 
dealt with. 
o The' output voltage (AC and DC) is strictly a function 

of the size of the feedback resistor and the sum of AC 
and DC "mirror current" flowing into the (+) input. 

o The amplifier always has 100% current feedback 
so external compensation is required. Add a small 
(1 pF-5 pF) feedback capacitance to leave the 
amplifier's open loop response and slew rate 
unaffected. ' 

o To prevent saturating the mirror stage the total AC 
and DC current flowing into the amplifier's (+) input 
should be less than 2 mA. 

o The output's maximum negative swing is one diode 
above ground due to the VBE diode clamp at the (-) 
input. 



Application Hints (Continued) 

DESIGN EXAMPLE: 

elN = 50 mV (MAX), fiN = 10 MHz (MAX), desired circuit 
BW=20 MHz,'Av =20 dB, driving source impe­
dance = 7511, V + = 12V. 
f Basic circuit configuration: 

Cf 

12V 

>~""O'OUT 

12V 

2. Select ISET to provide adequate amplifier bandwidth 
so that the ciosed'ioop bandwidth will be deter­
mined by RI and C~ To do this, the set current should 
program an amplifier open loop gain,of at least 20 
dB at the desired closed loop bandl(l!idth of the cir­
cuit. For this example, an,ISET of 0.5mA will provide 
26 dB of open loop gain at 20 MHz which will be suf­
ficient. Using single resistor programming for ISET: 

1 kll = 20.6 kll 

ISET 

3. Since the closed loop bandwidth will be determined 

by RI andC/L 3 de=--1-)to obtain a 20 MHz 
\ 2 .. RICI 

bandwidth, both RI and CI should be kept small. It 
can be assumed that CI can be in the range of 1 pF 
to 5 'pF for carefully constructed circuit boards to in­
sure stability and allow a flat frequency response. 

,This will limit the value of RI to be within the range 
of: 

-----E;RIE;-:-, -----
2tt 5 pF 20 MHz 2 .. 1 pF 20 MHz 

or 1.6 kllE;Rf"7.96 kll 

Also, for a closed loop gain of + 10, RI must be 10 
times Rs + re where re is the mirror diode resistance. 

4. So as not to appreciably load the 751l input termina­
tion resistance the value of (Rs + reI is set to 7501l. 

5. For Ay = 10; RI is set to 7.5 kll. 
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6. The optimum output DC level for symmetrical AC 
swing is: 

V o(M~ - V o(MIN) 
VooC(oPt) = + V o(MIN) 

2 

(12 :"1.8)V - 0.6V . 
------ + 0.6V = 5.4Voc 

2 

7. The DC feedback current must be: 

VooC(oPt)- VeE( -) 5.4V - 0.6V 
IFB=------

7.5k 

DC biasing predictability will be insured because 
'640 IJ-A is greater than the minimum of ISET/5 or 
100~. 

For gain accuracy the total AC and DC mirror cur­
rent should be less than 2 mA For this example the' 
maximum AC mirror current will be; 

± ejn peak ± 50 mV 
---,-,=--, -= ±661J-A 

Rs iJe 75011 

therefore the total mirror current range' will be 574 
~ to 706 ~ which will insure gain accuracy. 

8. Rb can now be found: 

V+ -Vee(+) 12-0.6 
R~ --= 17.8 kll 

IIN( +), '640 IJ-A 

9. Since Rs + r. will be 75011 and re is fixed by the DC 
mirror current to be: 

KT 26 mV 
re= = --S!401l at 25°C 

q IIN(+) 640 IJ-A 

Rs must' be 7501l-401l or 7101l which can be a 6801l 
resistor in series with a 3011 resistor which are 

\ standard 5% tolerance resistor values. 
10. As a final design step, CI must be selected to pass 

the lower passband frequency corner of 8 Hz for 
, this example. ' 

CI= 26.51J-F 
2 .. (Rs + r e) flow' 2tt (7501l) (8 Hz) 

A larger value may be uS,ed and a 0.01 IJ-F ceramic 
capacitor In parallel with Cj will maintain high fre-
quency gain accuracy. ' 



Application Hints (Cominued) 

Final Circuit Using Standard 5% Tolerance Resistor Values: Circuit Performance: 

lpF 

30 

Z5 

IZV .. 
:!< zo 
z 
~ 15 
~ 

100,uf 
.. 
~ 10 co 
> 

>"-+-0 'OUT 

680 30 
'IN 

IZV 

GENERAL PRECAUTIONS 

The LM359 is designed primarily for single supply 
operation but split supplies may be used if the negative 
supply voltage is well regulated as the amplifiers have 
no negative supply rejection. 

The total device power dissipation must always be kept 
in mind when selecting an operating supply voltage, th~ 
programming current, ISET' and the load resistance, par­
ticularly, when DC coupling the output to a succeeding 
stage. To prevent damaging the current mirror input 
diode, the mirror current should always be limited to 10 

Typical Applications 

0 
1M 10M 

FREQUENCY 1Hz) 

Vo(DC)= 5.4V 

100M 

Differential p~ase error <0.5' 
Differential gain error <2% 

'-3 dB low = 2.5 Hz 

mA, or less, which is important if the input is suscepti­
ble to high voltage transients. The voltage at any of the 
inputs must not be forced more negative than -0.7V 
without limiting the current to 10 mAo 

The supply voltage must never be reversed to the 
device; however, plugging the device into a socket 
backwards would then connect the positive supply 
voltage to the pin that has no internal connection (pin 5) 
which may prevent Inadvertent device failure! 

DC Coupled Inputs 

Inverting Non-Inverting 

RI 

;>1:;:.4 .... -oVoUT 

(VIN(DC) - VaE( + ))AI 
Vo(DC) = VaE( -) + --'--'---­

As 

AI 
AV(AC) = + -_.-

As+<e(+) 

• Eliminates the need for an input coupling capacitor' 

• Inpul DC level must be stable and can exceed the supply voltage 01 
the LM359 provided ,that maximum Input currents are not exceeded. 
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Applica~ion Hints (Continued) 

N~ise Reduction using nVBE Biasing 

1.5k 

typical Input Referred Noise Performance 

r----4I'"""--t--4I'"""-o12V 

-r-,:, 0.01 pF 
RSETIIN) ....L 

C 

•INo-1 .... ""'fV-+-::f 
>~_ ..... OVO 

RSET(oun 

nVIE 81asing with a Negative Supply 
10k 

21k 
(-) 

32 

21 .VIE BIASING-

24 

~ 20 ISET IN)" 2 mA 

:s 16 
z 

12 
ISElIIN)' 0.5 mA-

l" 'SElIIN) • 0.05 mA 

o 
10 100 lk 10k lOOk 1M 

FREQUENCY (Hz) 

Adding a JFET Input Stage 
y+ 

q{ 
(+)0---1---+--....1 

"" --,--VOUT 

RSETIIN) . 
5.1k 

21k 

o RI and C2 provide addllional fillerlng of the negative 
biasing supply 

"OUT 

o FET Input voltage mode op amp 

o For AV= + 1; BW=40 MHz, Sr=60 Vips; Cc =51 pF 

o For AV= + 11; BW=24 MHz, Sr= 130 VIps; Cc =5 pF 

o For AV= +100; BW=4.5 MHz, Sr=150 Vips; Cc =2 pF 
o Vos Is lyplcally<25 mY; 10011 potentlomeler allows a Vos adjust 

range of'" ± 200 mV 
o Inpuls must be DC biased for sl~gle supply operation 

Photo Diode Amplifier 
9Vo-~--------------~-~-,---, 

. I~IIN)~ 
01 

2.3k 

GNOo---~~---6---------------6---~ 

01NRCA N·Type SIlicon P·I.N. Pholodiode 
o Frequency response of greater than 10 MHz 

o If slow rise and fall times can be tolerated lhe gate on the output can be removed. In 
this case the rise and the fall time of the LM359 Is 40 ns. 

o T POL = 45 ns, T POH = 50 ns-T2L output 
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Typical Applications (Continued) 

v+ 

Cl 
R2 

Balanced Line Driver 

v+ 

R5 

~ Rl "N....--. t-'II\I"""" .... ---+I 

R6 

Va 

R4 

14 VOl 

V+ 
For Vol =V02=-

2 

R3(RS ) AV=- -+1 
RI R4 

R3 v+ -2+ 

R2 = 2(V+ -+) 

RS v+ -2+ 

R5 
where +'" O.SV 

• I MHz-3 dB bandwidth with gain 01 10 and 0 dbm into 6000 

• 0.3% distortion at full bandwidth; reduced to 0.05% with bandwidth 01 10 kHz 

• Will drive CL '" 1500 pF with no additional compensation, ± 0.01 ~F with Ccomp = 180 pF 
• 10 dB signal to noise ratio at 0 dbm into SOOIl, 10 kHz bandwidth 

Difference Amplifier 
RB* 

v+o-...... - ..... --. 

R4 
Vo(DC)=-(V+ -+) where + ",0.6V 

R3 

R4 
AV=­

.RI· 
lor RI =R2 

R4 

*Cr.'IRR Is adjusted lor max at expected CM Input signal 
R5 

R6"'-, lor R5 = 100 kII 
5 

• Wide bandwidth 
• 10 dB CMRR typ 
• Wide eM input voltage range 
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Voltage Controlled Oscillator 
c 

VIN-+ 
10 =---

4CAV Rl 

20pF 

where: A2 = 2R1 \ 

+=ampllfier Input voltage=O.SV 
AV = DM1414 hysteresis, typ IV 

• 5 MHz operation 

• r2L ouput 

fa 



Typical Applications (Continued) 

Phase Locked Loop 

5Vo-----~t-------------_, ~t-------.... ---t---O 10V 

Vee 
Q~--------~~I-~~I*~ 

lIZ OM1414 

ClK iil-.I---4t-.. -I 
PS ClR 

PS ClR 100pF 

o Q~---+------~~~-I~~--__ ~ ~----. 
lIZ DM1414 

ClK 

25kHz 
lDWPASS 

FilTER 

20pF 

Squarewave Generator 

140k 

RI 
2> 

5V 

&Vo-.I\I\IV~----.I\I~----"" 

1=1 MHz 

Output is TIL compatible 
Frequency is adjusted by RI & C (Rl«R2) 

10V 

lOOk • 

Ik 
Ii 
ADJUST 

lOOk 
GAIN 
ADJUST 

". Up"to 5 MHz operation 
• r2L compatible Input 

All dlodes=IN914 



Typical Applications 

Type VOl V02 

I BP LP 

II HP BP 

III 
Notchl 

BR -

High Performance 2 Amplifier Biquad Filter(s) 

lei 
II 

'rle~ 
RO 

v+ 

fl." 
10 

Rl 0~1";-L v+ 

10r"-12 T R 
-

Ril (~ 112 LMJ59 14 
V02 

VOl 

4 56pF 

_ ~ Cj r4~ - - II Rb +;1 T 10PF 

I 
II I Ri2 

v+ 

• The high speed of the LM359 allows the center frequency 0 0 product of the filter to 
be: fax 0 0 .. 5 MHz 

• The above filter(s) maintains performance over wide temperature range 

• One half of LM359 acls as a true non·lnvertlng Integrator so only 2 amplifiers (Instead 
of 3 or 4) are needed for the blquad filter structure 

DC BIASING EQUATIONS FOR V01(DC)!l!V02(DC)!!!V+/2 

2 VIN(DC) 1 1 2 
Type I ---+ - +~=- ; R1 =2R 

'. V+(RI21 R Ro Rb 

1 1 2 
Type II - +-=- ; R1 =2R 

R RO Rb 

1 1 2 1 VIN(DC) 1 
Type III - +-=- ; -=---+-

R RO Rb R1 V+(R i1 ) 2R 

ANALYSIS AND DESIGN EQUATIONS 

C, Ri2 RI1 fo Qo 'z (notch) Ho(LP) Ho(BP) 

0 Ri2 co V.llRC RdR - R/Ri2 Ro/RI2 

Ci co co V.llRC Ro/R - - RoCilRC 

Ci co Ril V'llRC Ro/R 'lzlIv'RRiCC i - -
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Ho(HP) HO(BRi 

- -
Ci/C -

Hal =CjlC -
I-co 

Hoi =R/R, 
1-0 



Typical Applications (Continued) 

Pulse Generator 

Crystal Controlled Sinewave Oscillator 
5pf 

c 
300 PFT 

11k 

Rt 
220 

5V Output Is TTL compatible 

Duty cycle Is adjusted by Rt 

Frequency is adjusted by C 

32V-JUL VO· . 

OV 

I=t MHz 

Duty cycle = 2Q% 

27k 
t2Vo-..... M~ ...... 

Vo=SOO mVp·p 
1=9.1 MHz 

THD<2.S% 

cTriangle Waveform Generator 

~:f-l 
Rt 
Uk 

5Vo--,\M~~ 

R2 
2.2k 

B 2 A. " ">=-..... -----<lVt , V 

R3 
2.2k 

~~1-4.,...""VV2 3.2V-,..., r 
Ov.J L..J 
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1=1 MHz 

V2 output Is TTL compatible 

R2 adjusts lor symmetry 01 the triangle wavelorm 

Frequency Is adjusted with RS and C 



~National Operational Amplifiers/ Buffers 
~. Semiconductor 

LM1921LM2921LM392, LM2924 Low Power Operational 
AmplifierNoltage Comparator . 
General Description 
The LM192 series consists of 2 independent building 
block circuits. One is a high gain, internally frequency 
compensated operational amplifier, and the other is a 
precision voltage comparator. Both the operational 

· amplifier and the voltage comparator have been specifi· 
cally designed to operate from a single power supply 
over a wide range of voltages. Both circuits have input 
stages which will common·mode input down to ground 
when operating from a single power supply. Operation 
from split power ~upplies is also possible and the low 
power supply current is independent of the magnitude 

· of the supply voltage. 

Application areas include transducer amplifier with 
pulse shaper, DC gain block with level detector, VCO, 
as well as all conventional operational amplifier or 

· voltage comparator circuits. Both circuits can be operated 
directly from the standard 5 VDC power supply voltage 
used in digital systems, and the output of the compar· 
ator will interface directly with either TTL or CMOS 
logic. In addition, the low power drain makes the LM192 
extremely useful in the design of portable equipment. 

Advantages 
• Eliminates need for dual power supplies 

• An internally compensated op amp and ~ precision 
comparator in the same package 

• Allows sensing at or near ground 

• Power drain suitable for battery operation 

• Pin-out is the same as both the 'LM 158 dualop amp 
and the LM 193 dual comparator. 

Connection Diagrams (Top Views) 

Features 
• Wide power supply voltage range 

Single supply 
Dual supply 

3V to 32V 
±1.5V to ±16V 

• Low supply current drain-essentially independent of 
supply voltage 600llA 

• Lo~ input biasing current 

• Low input offset voltage 

• Low input offset current 

50nA 

2mV 
5nA 

• Input common·mode voltage range includes ground 

• Differential input voltage range equal to the power 
supply voltage . 

ADDITIONAL OP AMP FEATURES 

• Internally frequency compensated for unity gain 

• Large DC voltage gain 100 dB 
• Wide bandwidth (unity gain) 1 MHz 

• Large output vqltage swing OV to V+ - 1.5V 

ADDITIONAL COMPARATOR FEATURES 

• Low output saturation volt~ge 250 mV at 4 mA 

• Output voltage compatible with all types of logic 
systems 

(Amplifier A = Comparator) 
(Amplifier 8 = Operational Amplifier) 

Metal Can Package 

V+ 

6 INVERTING 
INPUT B . 

GND 

Order Number LM192H, LM292H or LM392H 
See NS Package HOSC 

OUTPUT A 

INVERTING INPUT A 
(COMPARATOR) 

Dual-In-Line Package 

4 
GND-of-----' 

INVERTING INPUT B 

Order Number LM192J, LM292J, LM392J or LM2924J 
See NS Package JOSA 
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Order· Number LM392N or LM2924N 
Se. NS Package NOBS 



Absolut,eMa~imum Ratings 
LM192/LM292/LM392 LM2924 

Supply Voltage, v+ 32V or ±16V 26V or ±13V 
Differential Input Voltage 32V 26V 
Input Voltage -O,3V to +32V -{),3V to +26V 
Power Dissipation (Note'1; 

Molded OIP ILM392N. LM2924N) 570mW 570mW 
Metal Can I LM 192H/LM292H/LM392H) 830mW 

Output Short-Circuit to Ground (Note 2) Continuous Continuous 
Input Current (V,N < -{),3 VOC) INote 3), 50mA 50mA 
Operating Temperature Range 

LM392 O°C to +70°C -400 C to +85Q C 
LM292 -2S\)C to +85°C 

LM192 ' -55°C to +125°C 
Storage Temperature Range -6SoC to +150oC --6So C to +150°C 
Lea~ T~mperature (S,old~~in9. 10 seconds) 300°C 300°C 

'", 

Electrical Characteristics (v+ = 5'VOC; specifications apply to both amplifiers unless otherwise stated) (Note 4) . . . . . 

PARAMETER CONDITIONS 
LM192 ' 'LM292/LM392 LM2924 

:UNITS 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Input Offset Voltage T A ~ 25°C. INote 5) ±2 ±5 ±2 ±5 ±2, ±7 mV 

Input'Sias Current INI+) or INH. TA,= 25~C. 50 150 50 250 50, 250 nA 

{Note 6) 

Input Offset Current IN'I+) -INH. TA~ 25°C ±3 ±25 ±s' ±50 ±S' ±50' nA 

Input Co~mon.Mode V~ltage v+ = 30 VOC. TA = 25°C. 0 V+-1.5 0 .,;+.:.1.5 0 VL
'
,5 V 

Range '(r~o;e 7) 

Supply Current R,L = .~.VCC = 30V, 

ILM2924. VCC = 26V) 
I 

1 2 1 2 1 2 mA 

Supply Current RL =~. VCC= 5V 0,5 ' 1 0,5 1 0,5 1 mA 

Amplifier·to·Ampl,ifier Coup,ling ,f = 1 kHz to,20 kHz, -100 ",100 "-100 dB 

'T'A ;"'25°C, Input Refer~ed: 
INote B), 

Input Offset Voltage INote 5)" ±7 ±7 ;, !10 mV 

Input Bias Current INI+) or INI-) 300 400 500 nA 

Input Offset Current INI+)-INI-) 100 150 200 nA 

Input Common-Mode Voltage V+ = 30 VOC, INote 7) 0 V+-2 0 V+-2 ' '0 V+-2 V 

Range 

Differential Input Voltage Keep All Y,N'S <': 0 VOC V+ " 'V+ V+ V 

lor V-. if Used). INote 9) 

OP AMP ON LV' 

Large Signal Voltage Gain V+ = 15 VOC (For Large 50 100 25 100, 100 V/mV 

Va Swing). RL = 2 kll, 

TA = 25°C 

Output Voltage Swing RL = 2,kll, TA =,25°C, 0 V+-1.5 0 V+-l,5 0 V+-1.5 V 

ILM2924, RL<': 10 kn) 

Common-Mode Rejection Ratto DC, TA = '25°C 70 85 65 70 50 70 ,dB 

Power Supply Rejection Ratio DC, TA = 25°(: 65 100 65 100 50 100 dB 

Output Current Source V'N(+) = 1 VOC, 20 40 20 40 20 40 mA 

V'NH=OVOC, 
V+= 15VOC, " 

TA = 25°C 

Output Cuffent Sink VIIIIH = 1 VOC. 10 20 10 20 10 20 mA 

V'NI+) = 0 VOC, 

.. V+~ 15 VOC, 

V~~ 1 VOC, 
,TA = 25"C 

V,NH = 1 VOC, 12 50 12 50 12 50 "A 
V'NI+) = 0 VOC, 
V+ = 15 VOC, Va = 200 mY, 

TA = 25°C 
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Electrical Characteristics (Continued) 

PARAMETER CONOITIONS 
LM192 LM292/LM392 LM2924 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Drift RS= on' 7 7 7 fJ.VfC 

Input Offset Current Drift RS~ on 10 10 10 pAocl"c 

COMPARATOR ONLY 

Voltage Gain R L ;::: 15 kn. V+ = 15 VOC. 50 200 50 200 25 100 V/fJ.V 

TA=25'C 

Large Signal Response Time VIN = TTL Logic Swing, 300 300 300 ns 

VREF = 1.4 Vac 
VRL" 5 Vac. RL = 5.1 kn. 
TA = 2S'C 

Response Time VRL = 5 Vac. RL = 5. I kn. 1.3 1.3 1.5 fJ.S 

TA" 25'C.INo.te 101 

Output Sink Current VINI-I = I Vac. 6 16 6 16 6 16 mA 

VINI+I = 0 Vac. 
Vo '5 l.S Vac. TA = 25'C 

Saturation Voltage VINH;::: 1 Vac. 250 400 250 400 400 mV 

VINI+I = O. 

ISINK '5 4 mAo 
TA = 2S'C 

VINI-I'2 I Vac. 700 700 700 mV 

VINI+I = O. 

ISINK '54 mA 

Output Leakage Current VINI-I = O. 0.1 .0.1 0.1 nA 

VINI+I;::: I VriC. 

Vo" 5Vac. 
TA=2S'C 

VINH =0. 1.0 1.0 1.0 fJ.A 

VINI+I;::: I Vac. 

Vo=30Vac 

Note 1: For operating at temperatures above 25°C. the LM392N and the LM2924N must be derated based on a 125°C maximum junction tem­
perature and a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The 
LM192H/LM292H/LM392H must be derated based on a 150·C maximum junction temperature and a thermal resistance of 150'C/W. The dissi­
pation is the total of both amplifiers-use external resistors. where possible, to allow the amplifier to saturate or to reduce the power which is 
dissipated in the integrated circuit. 
Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 
40 rnA for the op a,mp and 30 rnA for the comparator independent of the magnitude of V+. At values of supply voltage in excess of 15V, cantin· 
uous short circuits can exceed the power dissipation ratings and cause eventual destruction. ' 
Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector·base junction of 
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the Ie chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ voltage level (or 
to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will 
re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V. 
Note 4: These specifications apply for V+ = 5V and -55°C $. TA ~ +125°C, unless otherwise stated. For the LM292, all temperature specifica­
tions are limited to -25° C :::; T A :5. +85° C, the LM392 temperature specifications are limi!ed to 0° e .s; T A$.+ 7<f e and the LM2924 temperature 
specifications are limited to -400 e:5. TA 5. +8SoC. 
Note 5: At output switch point. Va'" 1.4V. RS = on with V+ from !?V to 30V; and over the full input common-mode range (OV to V+ - 1.5V)' 
Note 6: The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially constant, independent of the 
state of the output so no loading change exists on the input lines. ' 
Note 7: The input common· mode voltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of 
the common-mode voltage range is V+ - 1.5V. but either or both inputs can go to 32V without damage (26V for LM29241. 
Nota 8: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. 
This typic;ally can be detected as this type of capacitive increases at higher frequencies. 
Note 9: Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common­
mode range, the comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The 
input voltage state must not be less than -O.3V (or O.3V below the magnitude of the negative power supply, if used) on either amplifier. 
Note 10: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 
Note 11: For input signals that exceed Vee. only the overdrive amplifier,is affected. With a SV supply, VIN should be limited to 2SV max, and a 
limiting resistor should be used on all inputs that might exceed the positive supply. 
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Schematic Diagram 

Comparator A Amplifier B 

Application Hints 

Please refer to the application hints section of the LM193 and the LM158 data sheets. 
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~ National Operational Amplifiers/Buff~rs 
~ Semiconductor 
LM216/LM316, LM216A1LM316A Operational Amplifiers 
General Description 
These devices are precision, high input impedance 
operational amplifiers designed for applications 
requiring extremely low input-current errors_ They 
use supergain transistors in a Darlington input 
stage to get input bias currents that are equal to 
high-quality FET amplifiers-even in limited tem­
perature range operation_ The low input current is, 
however, obtained with some sacrifice to offset 
voltage, offset voltage drift and noise wheri com­
pared to' the non-Darlington LM 112 series, Note-
worthy specifications include: ' 

• Guaranteed bias currents as low as 50 pA 

• Maximum offseLcurrents down to 15 pA 

• Operates from supplies of ±3V to ±20V 

• Supply current only 300 IlA at ±20V 

,These operational amplifiers are internally fre­
quency compensated and have provisions for offset 
balancing with a single external potentiometer. 

Schematic Di~gram * * 

·*Pin connections shown are for metal can. 

Connection Diagrams 
Metal Can Package 

BALANCE 

.-
Note: P.n 4 connected IOCfSR. 

Order Number LM216H or 
LM216AH or LM316H or 

LM316AH 
Se. NS Package Hbac 

3·187 

Further, unlike most other internally compensated 
amplifiers, the MOS compensation capacitor is 
protected to prevent catastrophic failure from 
overvoltage spikes on the supplies. 

The low current error of these amplifiers make 
possible many designs that were previously, im­
practical with monolithic amplifiers. They will 
operate from 100 M.I1 source resistances, intro­
ducing less error than general purpose amplifiers 
with 10 k.l1 sources, Integrators with worst case 
drifts less than 10llV/sec and analog time delays in 
excess of one day can also' be made using capa­
citors no larger than 1 IlF. 

The LM216A and LM316A,are high performance 
versions of the LM216 and LM316. The LM216 
and LM216A are specified for operation from 
_25°C to 85°C, while the LM316 and LM316A 
are specified from 0° C to 55° C. 

Auxiliary Circuits * * 
Overcompensation for Greater 

S~bility Margin 

" .. 
CI 

lID"" 

Offset Balancing 

II v' 

11 GptPUl 

Note: Pin 1 connected ta bottom of pIIckaga. 

Orde,Number LM216D, 
or LM216AD or LM316D 

or LM316AD 
See NS Package 014E 

., 
'OOK 

V' 



Absolute Maximum Ratings 

Supply Voltage ±20V 
Power Dissipation (Note 1) 500mW 
Differential I nput Current (Note 2) ±10mA 
Input Voltage (Note 3) ±15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range LM216/LM216A _25°C to 85°C 

LM316/LM316A O°C to 70°C 
Storage Temperature Range _65°C to 150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 4) 

PARAMETER CONDITIONS LM216A LM216 LM316A LM316 UNITS 

Input Offset Voltage T A = 25°C, Max 3 10 3 10 mV 

I nput Offset Current T A = 2SoC, Max 15 'so lS SO pA 

Input Bias Current TA = 2SoC, Max 50 150 50 lS0 pA 

I nput Resistance T A = 25°C, Min 5 1 "5 1 GO 

Supply Current T A = 2SoC, Max 0.6 0.8 0.6 0,8 rriA 

" 

Large Signal Voltage Gain T A = 25°C, Vs = ±lSV, 
VOUT = ±10V, RL <:: 10 kg, 
Min 40 20 40 20 V/mV -

Input Offset Voltage Max 6 15 6 15 mV 

I nput Offset Current Max 30 100 30 100 pA 

In'put Bias'Current Max 100 250 100 250 pA 

Supply Current T A = T MAX, Max, O.S 0.5 mA 

Large Signal Voltage Gain Vs = ±lSV, VOUT = ±10V, 
RL > 10 kO, Min 20 10 30 15 V/mV 

Output Voltage Swing , Vs = ±15V, RL = 10 kg, 
Min ±13 ±13 ±13 ±13 V 

Input Voltage Rang~ Vs = ±15V, Min ±13 ±13 ±13 ±13 V 

Common-Mode Rejection Ratio Min 80 80 80 80 dB 

Supply Voltage Rejection Ratio Min 80, 80 80 80 dB 

Noto 1: The maximum junction temperature of the LM2l6 and LM216A is 100oe, while that of the 
LM3l6 and LM3l6A is 70°C. For operating at elevated temperatures, devices in the TO-5 package 
must be derated based on s'thermal resistance of 150oC/W. junction to ambient, or 45°C/W. junction 
to case. For the flat package, the derating is based on a thermal resistance of 18SoC/W when mounted 
on a 1/16·inch-thick epoxy glass board with ten, O.OJ-inch-wide, 2-ounce copper conductors .. The 
thermal resistance of the dusl-in-line package is 100oCIW, junction to ambient. 
Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of 1 V is applied between the inputs 
unless some limiting resistance is used. \ . 
Note 3: For supply voltages less than ±15V, the absolute maximum input vol tag. is equal to the 
supply voltage. 
Note 4: These specifications apply for ±5Y < Vs <±2ov and -25°e <T A <S5°C, unloss otherwise 
specified. With the LM3l6 and LM3l6A however, "iii I temperature specificatiOns are limited to oOe< 
TA~55°e. -
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LM709/LM709A1LM709C Operational Amplifier 
General Description 
The LM709 series ,are a monolithic operational 
amplifier intended for general-purpose appl ications_ 
Operation is compl~tely specified over the ra'nge of 
voltages commonly used for these devices_ The 
design, in addition to providing high gain, mini­
mizes both offset voltage and bias cur.rents. Further, 
the class-B output stage gives a large output 
capability with minimum power drain. 

External components are used to frequency com­
pensate the amplifier. Although the unity-gain 
compensation network specified will make the 
amplifier unconditionally. stable in all feedback 

Schematic Diagram * * 

* ·Pin connections shown are for metal can package. 

Connection Diagrams 

configurations, compensation can be tailored to 
optimize high-frequency perforniance for any gain 
setting. I 

The fact that the amplifier is built on a single 
sili90n chip provides low offset and temperature 
drift at minimum cost. It also ensures negligible 
drift due to temperature 'gradients in the vicinity 
of the amplifier. 

The LM709C is commercial-industrial version of 
the LM709. It is identical to the LM709/LM709A 
except that it is specified for'operation from O°C 
to +70°C. 

Typical Applications * * 
UnilV Gain Inverting Amplifier 

R4 
ZOK 

r---::J\M-..... --OUTPUT 

R3 ' 
ZOK 

INPUT-'W\r-...... 

·Y 0 b. IrSIId with any 
Clp.citivelnding an output. 

A5 
10K 

... 

RZ" 
51 

FET Oparalional Amplifier 

CI r---.-v· 5000pF 

RZ" 
51 

,,:>"::'~P-""'~-OUT'UT 

-Tobe used Wllh ilnV c'paclllYr 
lo.ding on output. 

Metal Can Package Dual~ln·Line Package Dual-In-Line Package 

INf'UT' 
fRlQUllft'f 

COMPENSATION -..,, ___ ~-v, 

'" 

,-
Note: PJn 4 connected to ca5e. 

Order Number LM70SH or LM709CH 
See NS Package H08C 

~:~~::I~~N~~ I 
'..,UT C 

'"'UT' 
.-, 

.. 
'MPUYJRIOU!liICY 

IZ COMnIlSATlOIIII, 

11 v· 

DUTPUTFIIEOUflln 
CDM'USATlOIii 

Order Number LM709CN 
See NS Package N14A 
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Absolute Maximum Ratings 
LM709/LM709A LM709C 

Supply Voltage ±18V ±18V 

Power Dissipation (Note 1)- 300 mW 250 mW 

Differential Input Voltage . ±5V ±5V 

Input Voltage ±10V ±10V 

Output Short-Circuit Duration (T A = 25°C) 5 seconds 5 seconds 

TMIN TMAX TMIN TMAX 
Storage Temperature Range -65°C to +150°C -65°C to +150°C 

Operating Temperature Range -55°C to +125°C O°C to +70°C 

Lead Temperature (Soldering, 10 seconds) 300°C 300°C 
, 

Electrical Characteristics (Note 2) 

LM709A LM709 LM709C 
PARAMETER CONDITIONS UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Input Offset Voltage TA = 25°C, RS $ 10 kn 0.6 2.0 1.0 5.0 2.0 7.5 mV 

Input Bias Current TA = 25°C 100 200 200 500 300 1500 nA 

Input Offset Current TA = 25°C 10 50 50 200 100 500 nA 

Input Resistance TA = 25°C 350 700 150 400 50 250 kn 

Output Resistance TA = 25°C 150 150 150 n 

Supply Current TA = 25°C. Vs = ±15V 2.5 3.6 2.6 5.5 2.6 6.6 mA 

Transient Response VIN = 20 mV. CL $ 100 pF 

Risetime TA = 25°C 1.5 0.3 1.0 0.3 1.0 ,..S 
Overshoot 30 10 30 10 30 % 

Slew Rate TA = 25°C 0.25 0.25 0.25 V/,..s 

Input Offset Voltage RS$10kn 3.0 6.0 10 mV 

Average Temperature Coefficient 
RS = 50n 

TA= 25°C to TMAX 1.S 10 3.0 6.0 ,..vl"c 
of Input Offset Voltage TA=25°CtoTMIN 1.S 10 6.0 12 ,..vfc 

RS=10kn 
TA = 25°C to TMAX 2.0 15 

TA=25°CtoTMIN 4.S 25 

Large Signal Voltage Gain VS=±15V. RL~2kn 25 70 25 45 70 15 45 V/mV 

VOUT=±10V 

Output Voltage Swing Vs = ±15V. RL = 10 kn ±12 ±14 ±12 ±14 ±12 ±14 V 

Vs = ±15V. RL = 2 kn ±10 ±13 - ±10 ±13 ±10 ±13 V 

Input Voltage Range Vs = ±15V ±S.O ±S.O ±10.0 ±S.O ±10· V 

Common-Mode Rejection Ratio RS<10kn SO 110 70 . 90 65 90 dS 

Supply Voltage Rejection Ratio RS$10 kn 40 100 25 150 25 200 ,..V/v 

Input Offset Current TA=TMAX 3.5 50 20 200 75 400 nA 

TA=TMIN 40 250 100 500 125 750 nA 

Input Bias Current TA=TMIN 0.3 0.6 0.5 1.5 0.36 2.0 ,..A 

Input Resistance TA=TMIN 85 170 40 100 50 250 kn 

Note 1: For operating at elevated temperatures. the device must be derated based on a 150° C maximum iunction temperature for LM709/LM709A 
and 100°C maximum for LM709C and a thermal resistance of 150°C/W junction to ambient or 45°CIW. junction to case for the metal can package. 
For the flat package, the derating is based on a thermal resistance of 18SoC/W when mounted on a 1/16-inch-thick, epoxy glass board with ten, 
0.03-inch-thick, 2-ounce coppar conductors (see curvel. 

NOte 2: These specifications apply for -5SoC S TA S +12SoC for LM709/LM709A and O°C S TA S +70°C for LM709C with the following 
conditions: ±9V S Vs :5 ,15V, Cl = 5000 pF, Rl = 1.5k, C2 = 200 pF and R2 = 51 n. 
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Typical Applications (ConUnued) 
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TypiCal Performance Characteristics 
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~ National Operational Amplifiersl Buffers 
~ Semiconductor 
LM725/LM725A1LM725C (Instrumentation) Operational 
Amplifier . 

General Description 
Th~ LM725/LM725A/LM725C are operational am­
plifiers featuring superior performance in applica­
tions where low noise, low drift, and accurate 
closed-loop gain are required. With high common 
mode rejection imd offset null capabi lity, it is 
especially suited for low leyel instrumentation 
applications over a wide supply voltage range;. 

The LM 725A has tightened electrical performance 
with higher input accuracy and like the LM725, is 
guaranteed over a _55°C to +125°C temperature 
range. The LM725C has slightly relaxed specifica· 
tions and has its performance guaranteed over a 
O°C to 70°C temperature range. 

Features 
• High open loop gain 

• Low input voltage drift 

• High common mode rejection 

• Low input noise current 

• Low input offset current 

3,008,000 

O,6p.VtC 

120dB 

O.15pN$z 

2nA 

• High input voltage range ±14V 

• Wide power supply range ±3V to ±22V 

• Offset null capability 

• Output short circuit protection 

Schematic and ·Connection Diagrams Metal Can Pack_ 

Auxiliary Circuits· 
Voltage Offset Null Circuit 

Compensation Component Values 

RI CI R2 C2 
AVCl 1m IpFI 1m IpFI 

10.000 10K 50 pF -
1,000 410 .001 - -

100 47 01 - -
10 27 05 270 0015 
1 10 05 39 02 

Frequency Compensation Circuit 

I ".r ·Use R3 '" 51 n when the 
amplifier is opente1lwith 
capacitivelold. 
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Order Number LM725H or 
LM725AH ·or LM725CH 
See NS Package HOse 

Dual·ln-Line Package ,,::::,o·::::n 
INVl~~~, JY' 

NON INVERTI"~ l I OUTPUT 
.WtlT 

V- 4 5 tOMP. 

Order Number LM725CN 
See NS Package NOaB 



Absolute Maximum Ratings 

Supply Voltage '" ±22V Operating Temperature Range TA(MINI TA(MAXI 
I nternal Power Dissipation (Note 11 500mV LM725 '-55°e to +125°e 
Differential Input Voltage , ±5V LM725A -55°e to +125°e 
Input Voltage (Note 2) ±22V LM725C oOe to +70o e 
Storage Temperature Range -65°e to +150oe 
Lead Temperature (Soldering, 10 sec) 3000 e 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 
LM725A LM725 LM725C 

UNITS 
MIN TVP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (Without TA = 25°C, RS $10 k!l 0,5 0.5 1.0 0.5 2.5 mV 

External Trim) 

Input Offset Current TA = 25°C .2.0 5.0 2.0 20 2.0 35 nA 

'"put Sias Current TA = 25°C 42 80 42 100 42 125 nA 

Input Noise Voltage TA = 25°C 

fa = 10 Hz 15 15 15 nV/.JHz 
fo=l00Hz 9.0 9.0 9.0 nV/.JHz 
fa = 1 kHz B.O B.O B.O nV/.JHz 

Input NOise Current TA = 25°C 

fo= 10 Hz 1.0 1.0 1.0 pA/.JHz 

fo= 100 Hz 0.3 0.3 0.3 pA/VHz 

fo = 1 kHz 0.15 0.15 0.15 pA/VHz 

Input Resistance TA = 25°C 1.5 1.5 1.5 Mn 

Input Voltage Range TA = 25°C ±13.5 ±14 ±13.5 ±14 ±13.5 ±14 V 

Large Signal Voltage Gain TA = 25°C,RL<::2 kn, 10do 3000 1000 3000 250 3000 VlmV 

VOUT = ±10V 

Common-Mode Rejection Ratio TA = 25°C, RS<10 kn 120 110 120 '94 120 dB 

Power Supply Rejection Ratio TA = 25°C, RS$10 k!l 2.0 5.0 2.0 10' 2.0 35 ~VIV 

Output Voltage Swing TA = 25°C, 

RL<::10k!l ±12.5 ±13.S ±12 ±13.5 ±12 ±13.5 V 

RL <:: 2 k!l !12.0 ±13.5 ±lO ±13.5 ±lO ±13.5 V 

Power Consumption TA = 25°C BO 105 BO 105 BO 150 mW 

Input Offse~ Voltage (Without RS:'> 10 k!l 0.7 1.5 3.5 mV 

External Trim) 

Average Input Offset Voltage Drift RS= son 2.0 2.0 5.0 2.0 /lvl"c 
(Without External Trim) 

Average Input Offset Voltage Drift RS= 50!l 0.6 1.0 0.6 0.6 /lvfe 
(With External Trim) 

Input Offset Current TA = TMAX 1.2 4.0 1.2 20 1.2 35 nA 

TA=TMIN 7.5 lB.O 7.5 40 4.0' 50 nA 

Average Input Offset Current Drift 35 90 35 150 10 pA!"c 

Input Bias Current TA=TMAX 20 70 20 100 125 nA 

TA=TMIN 80 180 80 200 250 nA 

~large Signal Voltage Gain RL<::2 k!l 
, TA = TMAX 1,000,000 1,000,000 125,000 VIV 

RL<::2 k!l 

TA=TMIN 500,000 250,000 125,000 VIV 

Common·Mode Rejection Ratio RS$10 kn 110 100 115 dB 

Power SupplV Rejection Ratio RS:'> 10 k!l . B.O 20 20 I'VIV 

Output Voltage Swing RL<::2 k!l ±12 ±10 ±lO V 

Not.' : Derate at 150°CIW for operation ~t ambient temperatures above .75° C. 
Not.Z: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the supply voltage. 
Not. 3: The .. specifications ~PPIY for Vs = ±15V unless I1therwise specified. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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~ National Operational Amplifiersl Buffers 
~ Semiconductor 
LM7331LM733C Differential Video Amp 
General Description 
The LM733{LM733C is 11 two-stage, differential 
input, differential output, wide-band video ampli­
fier_ The use of internal series-shu nt feedback giiles 
wide bandwidth with low phase .distortion and high 
gain stability_ Emitter-follower outputs provide a 
high· current drive, low impedance capability. It's 
120 MHz bandwidth and selectable gains of 10, 
100, and 400, without need for frequency compen­
sation, make it a very useful circuit for memory 
elemenf drivers, pulse am'plifiers, and wide band 
linear gain stages. 

The LM733 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM733C is spacified for operation Over the O°C 
to + 70°C tempe~ature range. 

Features 
• 120 MHz bandwidth 
• 250 kn input resistance 
• Selectable gains of ·10, 100, 400 
• No frequency compensation 
• High· common mode rejection ratio at high 

frequencies, 

Applications 
• Magnetic tape systems 
• Disk file memories 
• Thin and thick film memories 
= Woven and plated wire memories 

• Wide band video amplifiers. 

Schematic and Connection Diagrams. 

Test Circuits 
Test Circuit 1 

'. 

'" ... 
;;1 Humbers in panntheses show DIP connections. . 

Tost Circuit 2 

::~ 
if~~ 

':"":" ":' ":' 

3-198 , 

"'" , 
Dual-In-Line Package .... 

-!!!~ 
CIA G •• 

Order Number LM733CN 
Sea NS Package N14A 

Metal Can Packago 

,. 
NOle: PJn 5 connecml ta ClSI. 

OUTPUt , 

Ordor Number LM733H or LM733CH 
See NS Packago HIDD 

Voltage Gain Adjust Circuit 

Vs '" IV. T" "ZSOC 
(Pin nllmltllrllpply to TO-5 ""'It) 



Absolute Maximum Ratings 
Differential Input Voltage ±5V 
Common Mode Input Voltage ±6V 
Vee ±8V 
Output Current 10mA 
Power Dissipation (Note 1) 500mW 
Junction Temperature +1 50°C 
Storage Temperature Range -65°C to +150°C 
Operating Temperature Range LM733 _55°C to +125°C 

LM733C O°Cto +70°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (T A = 25°C, unless otherwise specified, see test circuits, Vs = ±6.0V) 

TEST LM733 LM733C 
CHARACTERISTICS 

CIRCUIT 
TEST CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Differential Voltage Gain 
Gain 1 (Note 2) 300 400 500 250 400 600 
Gain 2 (Note 31 1 RL = 2 kn ~OUT = 3 Vp-p 90 100 110 BO lOa 120 
Gain 3 (Note 41 9.0 10 11 B.O 10 12 

Bandwidth 
Gain 1 40 40 MHz 
Gain 2 2 90 90 MHz 
Gain 3 120 120 MHz 

Rise Time . 
Gain 1 VOUT :::: 1 Vp-p 10.5' 10.5 n, 
Gain 2 2 4.5 10 4.5 12 n' 
Gain 3 2.5 2.5 n, 

Propagation Delay VOUT '" 1 Vp .p 

Gain 1 7.5 7.5 n, 
Gain 2 2 6.0 10 6.0 10 n, 
G8m3 3.6 3.6 n, 

Input Resistance 
Gain 1 4.0 4.0 kn 
Gain 2 20 30 10 30 kn 
Gain 3 250 250 kn 

Input Capacitance Gain 2 2.0 2.0 pF 

Input Offset Current 0.4 3.0 0.4 5.0 ~A' 

J~put Bias Cur~ent 9.0 20 9.0 30 ~A 

Input Noise Voltage BW = 1 kHz to 10 MHz 12 " 12 IlVrms 

Input Voltage Range 1 ±1.0' ±l.O V 

Common Mode Rejection Ratio 
Gain 2 1 VCM = ±lV f ~ 100 kHz 60 B6 . 60 86 dB 
Gain 2 VCM = ±lV f = 5 MHz 60 60 dB 

:Supply Voltage'Rejection Ratio 
Gain 2 1 {Ws =±0.5V 50' 70 50 70 dB 

Output Offset Voltage 
..... Gain 1 1 RL = 00 0.6 1.5 0.6 1.5 V 

Gain 2 and 3 0.35 1.0 0.35 1.5 V 

Output Common Mode Voltage 1 RL '" 00 2.4 2.9 3.4 2.4 2.9 3.4 V 
, . 

Output Voltage Swing 1 RL = 2k 3.0 4,0 3.0 4.0 

Output Sink Current 2.5 3.6 2.5 3.6 mA 

Ou~put Resistance 20 20 n 

Power Supply Current 1 RL "'" 00 18 24 18 24 mA 

, 
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Electrical Ctlaracteristics (Continued) 
(The following specifications apply for -55"C < T A < 125"C for the LM733 and O"C < TA < 70"C for the LM733C. Vs.= ±6.0V) 

TEST LM733 LM733C 
UNITS CHARACTERISTICS 

CIRCUIT 
TEST CONDITIONS MIN TYP MAX MIN TYP MAX 

Diff~rential Voltage Gain 

Gain 1 200 600 250 600 

Gain 2 1 RL =,2 kn, VOUT "'; 3 Vp-p 80 120 80 120 

Gain 3 8.0 12.0 8.0 12.0 

Input Resistance Gain 2 8 8 kG 

Input Offset Current • 5 6 ~A 

Input Bias Current 40 40 ~A 

Input V'Oltage Range 1 ±1 ±1 V 

Common Mode Rejection Ratio' 

Gain 2 1 . V CM ::: ±lV, fS 100 kHz., 50 50 dB 

Supyly Voltage Reiecti~n Ratio 

Gain 2 1 6V~ '" ±O.5V 50 50 dB 

Output Offset Voltage 

GaIn 1 1 AL"'oo 1.5 1.5 V 

Gain 2 and 3 1.2 1.5 V 

Output Voltage Swing 1 RL ~ 2k 2.5 .2.8 Vpp 
/ 

Output Sink Current 2.2 2.5 rnA 

Power Supply'Current 1 RL,:: "" 27 27 rnA 

Not81: The maximum junction temperature of the LM733 is 150°C. while that of the LM733C is 100°C. For operation 
at elevated temperatures. devices in the TO-100 package' must be derated based on a thermal resistance of 150° C/W junction 
to ambient, or 4?oC/W junction to case. Thermal resistance of the dual~in·line package is 100°C/W. 
Note 2: :Pins GIA and GIB connected together. 
Note 3: 'Pins G2A and G2B connected together. 
Note 4: Gain select pins open. 

Typical Performance Characteristics 

Pulse Response vs Pulse Response vs 
Pulse Response Temperature Supply Voltage 
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lI?JI National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LM741/LM741A1LM741C/LM741 E Operational Amplifier 
General Description 
The LM741 series are general purpose operational 
amplifiers which feature improved performance 
over industry standards like the LM709, They are 
direct, plug-in replacements for the 709C, LM201, 
MC1439 and 748 in most applications. 

The amplifiers offer many features which" make 
their application nearly foolproof: overload pro-

'tection on the input and output, no latch-up when 
the common mode range is exceeded, as well as 
freedom from oscillations, 

The LM741C/LM741E are identical to the 
LM741/LM741A except that the LM741CI 
'LM741E have their per.forniance guaranteed over 
a O°C to +70°C tempe'rature range, instead of 
-55°C to +125°C. 

Schematic and Connection Diagrams (Top Views) 

r-~----------~f-----~'-----------------~~--------~f-~'V' 

NOH.INVERtING 3 
, INPUT 

1 
OFFSET NULL 

•• 1K •• ... ., 
" 

5 OFFSET 
NULL 

." 50. .n 
50 

"' 25 

& OUTP~T 

... .. 

". 

L-----~----6-------6-----~~--~~--~------.. --------~~. r" 
Metal Can Package 

NC, 

v-
Nate: Pin 4 connetted to case. 

Order Number LM741H, LM741AH, 
LM741CH or LM741EH 
See NS Packag. HOSC 

""",,:uO:I_ln_Line paCk~g:c 

IIrfUlTtll&11IPUT 2 J y' 

NOIil-IIII'i'!IITIIIIG 1 8 c;JIITI'UT ,.,0T 

y- 4 ~ OFFSETNUl~ 

Order Number LM741CN or LM741EN 
Sa. NS Packaga NOSB 

Order Number LM741CJ 
See NS Package J08A 
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Dual-In-Line Package 

" OffSU 3 
NULL 

14NC 

IJ IiIC 

1!NC 

OfFnTNULL . " 
Order Number LM741CN-14 

See NS Package N14A 
Ordor Number LM741J-14, LM741AJ-14 

or LM741CJ-14 
Sea NS Package J14A 



Absolute Maximum Ratings 
LM741A LM741E LM741 LM741C 

Supply Voltage ±22V ±22V ±22V ±18V 
Power Dissipation (Note 1) SOOmW SOOmW SOOmW SOOmW 
Differential Input Voltage ±30V ±30V ±30V ±30V 
Input Voltage (Note 2) ±1SV ±1SV ±1SV ±lSV 
Output Short Circuit Duration Indefinite Indefinite Indefinite Indefinite 
Operating Temperature Range -5SoC to +12SoC 0°Cto+70°C -SSoC to +12SoC O°C to +70°C 
Storage Temperature Range -6SoC to +1S0°C --6SoC to +1S0°C -6SoC to +150°C -65°C to +1S0°C 
Lead Temperature 300°C 300°C 300°C 300°C 

(Soldering, 10 seconds) 

-

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 
LM741A1LM741E LM741 LM741C 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25'e 

I'ISSlO kil 1.0 5.0, 2.0 6.0 mV 

RSS50fl O.B 3.0 mV 

TAMIN STA STAMAX 
RSS50n 4.0 mV 

RSS10 kil 6.0 7.5 mV 

Average Input Offset 15 ~vte 
Voltage Drift 

Input Offset Voltage T A = 2S'e, Vs = ±20V ±10 ±15 
.' 

±15 mV 
Adjustment Range 

Input Offset Current TA = 25'e 3.0 30 20 200 20 200 nA 

TAMINSTASTAMAX 70 85 SOD 300 nA 

Average Input Offset 0.5 nAte 
Current Drift 

Input Bias Current TA = 25'e . 30 80 80 500 80 SOO nA 

TAMINSTASTAMAX 0.210 1.5 0.8 ~A 

Input Resistance 'T A = 25'C, Vs = ±20V' 1.0' 6.0 0.3 2.0 0.3 2.0 Mil 

TAMIN S TA STAMAX, 0.5 • Mfl 

Vs = ±20V 

Input Voltage Range TA" 2SoC ±12 ±13 V 

TAMINSTASTAMAX ±12 ±13 V 

L~rge Signal Voltage Gain TA = 25'C, RL~ 2 kfl 

Vs = ±20V, Va = ±15V 50 VlmV 

Vs = ±15V, Va = ±10V SO 200 20 200 V/mV 

TAMIN STA $TAMAX, , 
RL~ 2 kil, 
Vs = ±20V, Va = ±15V 32 V/mV 
VS=±15V,VO=±10V 25 15 V/mV 

Vs = ±5V, Va = ±2V , 10 Vim V 

Output Voltage Swing Vs = ±20V 

RL~ 10 kil ±16 V 

RL~2 kfl ±15 V 

Vs -±15V 

RL~ 10 kil ±12 ±14 ±12 ±14 V 

RL~2 kn ±10 ±13 ±10 ±13 V 

Output Short Circuit TA = 25'C 10 25 35 25 25 mA 

Current TAMIN <:TA STAMAX 10 40 mA 

Common·Mode TAMINSTASTAMAX 
Rejection Ratio RSS10kn,vCM=±12V 70 90 70 90 dB 

RSS50kfl, VCM= '12V 80 95 dB 
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Electrical Characteristics (Continued) 

.. LM741A1LM741E LM741 LM741C 
, ,UNITS PARAMETER CONDITIONS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Supply Voltage Rejection TAMIN~TA <;TAMAX, 
Ratio VS· ±20V to Vs = ±5V 

RS~50n 86 96 dB 

RS~ 10 kn 77 96 77 96 dB 

Transient Response TA =.25°C, Unity Gain 

Rise Time 0.25 0.8 0.3 0.3 fl' 
Overshoot 6.0 20 5 5, % 

Bandwidth (Note 4l TA = 25°(; 0.437 1.5 MHz 

Slew Rate TA = 25°C, Unity Gain 0.3 0.7 0.5 0.5 VIp.. 

Supply Current TA = 25°C' 1.7 2.8 1.7 2.8 mA 

Power Consumption TA=25°C 

VS= ±20V 80 150 mW 

Vs = ±15V 50 85 50 85 mW 

LM741A VS= ±20V 

TA = TAMIN 165 '!'W 
TA = TAMAX ' 135 mW 

LM741E VS=±20V ,,. ·150 mW 

TA=TAMIN 150 mW 

'TA = TAMAX 150 mW 

LM741 Vs = ±15V 

TA=TAMIN 60 100 mW 

TA=:TAMAX 45 75 mW 

Note 1: The maximum junction temperature of the LM741 ILM741 A is 150°C, while that of the LM741C/LM741E is 100·C. For operation at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°CIW junction to ambient, or 4SoCIW 
junction to case. The thermal r~sistance of the dual~in~line package is 1 poo CIW junction to ambient. 
Nota 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Unless otherwise specified, these specifications apply for Vs = ±,16V, ~5°C ~ TA ~ +125°C (LM741/LM741A}. For the LM741CI 
LM741 E, these specifications are limited to O"c ~ TA ~ +70°C.' , , ' , '. " 
Note 4: Calculated value from: BW (MHz} = O.35/AiSe Time(p.s}. , 

3-204 



~ National Operational' Amplifiers/Buffers 
~ Semiconductor 

LM747/LM747A1LM747C/LM747E Dual Operational 
Amplifiers 

General Description 

The LM747 series are general purpose dual 
operational amplifiers_ The two ampl ifiers share 
a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. 

Features 
• No frequency compensation required 

• ' Short-circuit protection 

.' Wide common-mode and differential voltage 
ranges 

Schematic Diagram (each amplifier) 

3151 . , 
IK 

., 
50. 

14(8) 

RZ 
IK •• 'K 

• Low-power consumption 

• No latch-up 

• Balanced offset null 

Additional features of the LM747 and LM747C 
are: no latch-up when input commpn mode range 
is exceeded, freedom from osCillations, and pack­
age flexibility. 

The LM747C/LM747E is identical to the LM747 I 
LM747A except that the LM747C/LM747E has it~ 
specifications guaranteed over the temperature 
range from O°C to +70°C instead of -55°C to 
+125°C. 

13(9) v+ 

O. 
25 

12(10) ,---f--t ... -f'.---f-- OUTPUT 

0" 
SOK 

0" so 

0,. 
50 

L---~--~---.. ---.. ---e~-~---~-~~--~--v-
Note: Numbers in parentheses are pin numbers for amplifier B~ DIP only. 
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Absolut4i' l\iIaximum Ratin.gs 
" 

Supply Voltage LM747/LM747A ±22V 
LM747C/LM747E ±lBV 

: 

Power Dissipation (Note 1) BOOmW 
'Differential Input Voltage ±30V 
Input Voltage (Note 2) ±15V 
Output Short-CircLiit Duration Indefinite 
Operating Temperature Range 

LM747/LM747A -55°C to +125°C 
LM747C/LM747E O°C to +70°C 

Storage Temperature Range -fi5°C to +150·C 
Lead Temperature (Soldering, l~seconds) 300·C 

Electrical Characteristics (N~'te 3)' 

, 
LM747A1LM747E , LM747 LM747C 

PARAMETER .C!)NDITIONS UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offs~t.,!oltage . TA= ?5°C 

RS $ 10 kU 1.0 5.0 2.0 6.0' mV 

RS $ SOU 0.8 3.0 mV 

TAMIN$TA$TAMAX 
RS $ SOU 4.0 mV 

RS $ 10 kU 6.0 7.5 mV 

Average Input Offset 15 p.vtc 

Voltage Drift 

Input Offset Voltage T A = 25°C. Vs = ±20V _10 ±15 ±15 mV 

Adjustment Range, 

Input Offset Current TA = 25~C 3.0 30 20 200 20 200 nA 

TAMIN$TA$TAMAX 70 ·85 500 300 nA 

Average Input Offset _ 0.5 nAtC 

Current Drift 

Input Bias Current TA = 25°C 30 80 80 500 80 500 nA 

TAMIN $TA $TAMAX 0.210 1.5 0.8 p.A 

Input Resistance TA = 25°C. Vs = ±20V 1.0 6.0 0.3 2.0 0'.3 2.0 MU 

TAMIN$TA$TAMAX. 0.5 MU 

VS= ±20V 

Input Voltage Range TA = 25°C ±12 ±13 V 

TAMIN $TA $TAMAX ±12 ±13 V 

large Signal Voltage Gain TA = ;!SoC. RL~ 2 kU 

Vs = ±20V. Vo = ±15V 50 V/mV 

. Vs = ±15V. Vo = ±IOV 50 200 20 200 V/mV 

TAMIN $TA $TAMAX. 
. ' . RL~2kU • 

Vs = ±20V. Va' ±15V 32 V/mV 

Vs = ±1.5V. Va = ±10V 25 15 V/mV 

Vs = ±5V. Va = ±2V. 10 V/mV 

Output Voltage Swing VS= ±20V 

RL~ 10 kn ±16 V 

RL~2kn +15 V 

Vs = ±15V 

RL~ 10 kU ±12 ±14 ±12 ±14 V 

RL~2 kn ±10 ±13 ±10 ±13 V 

Output Short Circuit TA = 25°C 10 25 35 25 25 mA 

Current TAMIN:<:TA$TAMAX 10 40 mA 

Common-Mode TAMIN$TA$TAMAX 
Rejection Ratio RS $ 10 kU. VCM = ±12V 70 90 70 90 dB 

RS:5 50 kU. VCM = ±12V 80 95 dB 
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Electrical Characteristics (Continued) 

LM747A/LM747E LM747 LM747C 
UNITS PARAMETER CONDITIONS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Supply Voltage Rejection TAMIN $TA $TAMAX, 
Ratio Vs = ±20V to Vs = ±5V 

RS$50n 86 96 dB 

RS$10kfl 77 96 77 96 dB 

Transient Response T A = 25Q C, Unity Gain 

Rise Time 0.25 0.8 0.3 0.3 ~S 

Overshoot 6.0 20 5 5 % 

Bandwidth (Note 4) TA= 2SoC 0.437 1.5 MHz. 

Slew Rate T A = 25°C, Unity Gain 0.3 0.7 0.5 0.5 VI/ls 

Supply Current TA = 25°C 1.7 2.8 1.7 2.8 mA 

Power Consumption TA= 2SoC 

VS= ±20V 80 150 mW 
Vs = ±15V 50 85 .' 50 85 mW 

LM747A VS=±20V 

TA=TAMIN 165 mW 

TA=TAMAX 135 mW 

LM747E VS= ±20V 150 mW 

TA=TAMIN 150 mW 

TA = TAMAX 150 mW 

LM747 VS= ±lSV 

TA = TAMIN 60 100 mW 

TA=TAMAX 45 75 mW 

Not.': The maximum junction temperature of the LM747/LM747A is lS0·C, while that of the LM747C/LM747E is 100·C. For operating at 
elevated temperatures, devices in the TO·S package must be derated based on a thermal resistance of 1 SO· C/W. junction to ambient, or 45" C/W. 
junction to case. The t~ermal resistance of the dual-in-line package is 1Q(tc/W, junction to ambient. 

Note 2: For supply voltages less than ±15V. the absolute maximum input voltage is equal to the supply voltage. 
Note 3: These specifications apply for ±5V $ Vs ::; ±20V and -£5"c ::; TA ::; l2S·C for the LM747A and O·C ::; TA $ 7a"C for the LM747E 
unless otherwise specified. The LM741 and LM741C are specified for Vs = ±lSV and -£S·C ::; TA::; l25"Cand O·C::; TA::; 7a"C, respectively, 
unless otherwise specified. 
Note 4: Calculated value from: O.3S/Ri,e Time (/l'). 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Order Number LM747 AJ. LM747J. 
LM747EJ or LM747CJ 
See NS Package J14A 

Order Number LM747EN or LM747CN 
See NS Package N14A 

**V+ A and V+B are internally connected for LM747AJ. LM747CJ etc. 
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~ National Operational' Amplifiers/Buffers 
~ Semiconductor ,. , 
LM7481LM748C Operational Amplifier 
G~neral Description 
The LM748/LM748C is a general purpose opera· 
tional amplifier built on a single silicon chip. The 
resulting close match and tight thermal coupling 
gives low offsets and temperature drift as well as 
fast recovery from thermal transients. In addition, 
the device features: ' 

• Frequency compensation with 
capacitor 

a single 30 pF 

• Operation from ±5V to ±20V 

• Low current drain: 1.8 mA at ±20V 

• Continuous short·circuit protection 

• Operation as a c\>mparator with differential in· 
puts as high as ±30V 

Connection Diagrams 
Metal Can Package 

V· 

• No latch·up, when common mode range is 
exceeded. 

• Same pin configuration as the LM10l. 
The unity·gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency 
performance at any gain. As a comparator, the 
output can be clamped at any desired level to make 
it compatible with logic circuits. 

The LM748 is specified for operation over the 
_55°C to +125°C military temperature range. The 
LM748C is specified for operation over the O°C 
to + 70'C temperature range. 

Dual·ln·Line Package 

CO,.; C~MP 

INPur+ 

BALANCE 

TO' VIEW 

TOP VIEW Notl: Pin 4 connemd to em. Order Number LM74SCN 
See NS Package NOSB Order Number LM74SH or LM748CH 

See NS Package HOSC 

Typical Applications 
Inverting Amplifier with Balancing Circuit ., .2 

INPUT O--IV..,.. .... _--'\I""'.---.., 

fMlybezlloorhjullto 
parilieicombinitionof 
81 Ind R2 for minimum .-

>~ ... -<l OUTPUT 

........... Wrl~M-Ov· 

Low Drift Sample and Hold 

INPut 

" lDpF *Polycarbomne-dielectJicctplN:itor. 

v' 

3·210 

Order Number LM74SJ or LM748CJ 
See NS Package JOSA 

Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 

Voltage Comparator for Driving 
RTL Logic or H,igh Current Driver 

INPUTS 

OUTPUT 



Absolute Maximum Ratings 

Supply Voltage ±22V 
Power Dissipation (Note 1) 500mW 
Differential Input Voltage ±30V 
Input Voltage (Note 2) ±15V 
Output Short-Circuit Duration (Note 3) Indefinite 
Operating Temperature Range: LM748 -55°C to +125°C 

LM748C O°C to +70°C 
Storage Temperature Range _65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 4) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage TA;25°C,Rs~10kS? 1.0 5.0 mV 

Input Offset Current TA ; 25°C 40 200 nA 

Input Bias Current TA; 25°C 120 500 nA 

Input Resistance TA ; 25°C 300 800 kS? 

Supply Current T A ; 25~C, Vs; ±15V 1.8 2.8 rnA 

Large Signal Voltage Gain TA; 25°C, Vs; ±15V 
VOUT; ±10V, RL 2: 2 kS? 50 160 V/mV 

Input Offset Voltage Rs~ 10kS? 6.0 mV 

Average Temperature Rs~50S? 3_0 J1.VfC 
Coefficient of Input Offset 
Voltage. Rs~ 10kS? 6_0 J1.VfC 

Input Offset Current T A; O°C to 70°C 300 nA 
TA ; _55°C to 125°C 500 nA 

Input Bias Current -fA; O°C to 70°C 0.8 J1.A 
TA ; _55°C to 125°C 1.5 J1.A 

Supply Current T A ; +125°C, Vs ; ±15V 1.2 2.25 rnA 
TA ; -55°C to 125°C 1.9 3.3 rnA 

Large Signal Voltage Gain Vs; ±15V, VOUT; ±10V 

RL2: 2Ks?' 25 V/mV 

Output Voltage Swing Vs; ±15V, At.:; lOS? ±12 ±14 V 
RL ; 2 kS? ±10 ±13 V 

Input Voltage Range Vs; ±15V ±12 V 

Common Mode Rejection Ratio Rs~ 10 kS? 70 90 dB 

Supply Voltage Reje.;tion Ratio Rs< 10kS? 77 90 dB 

Note 1:· For operating at elevated temperatures the devices must be derated based on a maximum junction to case thermal 
resistance of 45° C per watt, or 1500 C per watt junction to ambient. (See Curves). 

Nota 2: For supply voltages less than ±lSV. the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Continuous short circuit is allowed for cas~ temperatures to +12So C and ambient temperatures to +70°C. 
Note 4: These specifications apply for ±5V s: Vs :5. +15V and -5SoC ~ TA :S. 12SoC, unless otherwise specified. With the 
LM748C, however, all temperature specifications are limited to aoc:$. T A:$. 7rfC. 
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Guaranteed Performance Characteristics (Note4) 

Input Voltage Range 
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~ National '. Operational Amplifiers/Buffers 
~ Semiconductor 

LM1558/LM1458 Dual Operational Amplifier 

General Description 

The LM1558 and the LM1458 are general purpose 
dual operational amplifiers. The two amplifiers 
share a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. Features include: 

• No frequency compensation required 

• Short-circuit protection 

• Wide common-mode and differential voltage 
ranges 

• Low-power consumption 

• 8-lead TO·5 and 8-lead mini DIP 

• No latch up when input common mode range is 
exceeded 

The LM 1458 is identical to the LM 1558 except 
that the LM 1458 has its specification~ guarante;d 
over the temperature range from 0 C to 70 C 
instead of -55°C to +125°C. . 

Schematic and Connection Diagrams 
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Note: Numbers In parentheses ilft pin numbers for amphf.er B. 

Metal Can Package 

,. 

Order Number LM155SH 
or LM1458H 

See NS Package HOSe 

Dual-tn-Line Package 

" 
"--.L.or--r-- amUT • ~ 

IiIDIIIIIVIIITlIiIU l 
'",UTA 

Order Number LM1558J 
or LM1458J 

See NS Package JOSA 
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'Order Number LM145SN 
See NS Package NOSB 



Absolute Maximum Ratings 

Supply Voltage LM 1558 ±22V Output Short-Circuit Duration Indefj~ite 
LM1458 ±18V Operating Temperature Range LM1558 _55°C to 125°C 

.Power Dissipation (Note 11 LMI558H/LMI458H 500mW LM1458 O°Cto 70°C 
LM1458N 400mW Storage Temperature Range _65°C to 150°C 

Differential Input Voltage ±30V Lead Temperature (Soldering, 10 secl 300°C 
Input Voltage (Note 21 ±15V 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS 
LMl558 LM1458 

UNITS 
MIN TYP MAX MIN TYP MAX , 

Input Offset Voltage T" = 2SoC, Rs~ 10kr! 1.0 5.0 1.0 6.0 mV 

Input Offset Current TA = 2SoC 80 200 80 200 nA 
" 

Input Bias Current TA = 25°C 200 SOO 200 500 nA 

Input Resistance TA = 25°C 0.3 1.0 0.3 1.0 MQ 

-Supply Current Both ' T A = 25°C, Vs = ±lSV 3·9 5.0 3.0 5.6 mA 
Amplifiers 

Large Signal Voltage Gain TA = 25°C, Vs = ±15V 
VOUT - ±10V"R L 2: 2 kr! 50 160 20 160 V/mV 

Input Offset Voltage Rs~10kr! 6.0 7.5 mV 

Input Offset Current - SOO 300 nA 

Input Bias Current 1.5 0.8 ~A 

Large Signal Voltage Gain Vs = ±15V. V OUT = ±10V 
RL2:2 kr! 25 15 V/mV' 

Output Voltage Swing Vs = ±15V. RL = 10 kr! ±12 ±14 ±12 ±14 V 
RL = 2 kr! ±l,o ±13 ±10 ±13 V 

Input Voltage Range Vs = ±15V ,. ±12 ±12 V 

Common Mode 
Rs~ 10,kr! 70 90 70 ' 90 dB 

Rejection Ratio 

Supply Voltage 
Rs~ 10 kr! 77 96 77 96 dB 

Rejection Ratio .. 
Note 1: The maximum junction temperature of the LM1558 is 150°C. while that of the LM1458 is 10CtC. For operating at 
elevated temperatures, devices in the TO·5 package must be derated based on a thermal resistance of 150g C/W, junction to 
ambient or 45°C/W, Junction to case, For the DIP the device must be derated based on a thermal resistance of 18~C/W, 
junction to ambient. 

Note 2: For supplV voltages less than t 15V, the absolute 'maximum 'input voltage is equal to the supply voltage. 

Note 3: These specifications apply for V;;; '" f15V and -5SoC '$. T A$. 125"C, unless otherwise specified. With the LM1458. 
however, all specifications are limited to 0 C ~ TA, $ 70°C and Vs = ±lSV. 

" 

.' 
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II?'A National 
~ Semiconductor 

Operational Amplifiersl Buffers 

LM2900/LM3900, LM3301, LM3401 Quad Amplifier~ 
General Description 
The LM2900 series consists of four independent, dual 
input, internally compensated amplifiers which were de­
signed specifically to operate off of a single power supply 
voltage and to provide a large output voltage swing_ 
These amplifiers make use of a current mirror to achieve 
the non-inverting input function. Application areas in­
clude: ac amplifiers, RC active filters, low frequency 
triangle, squarewave and pulse waveform generation 
circuits, tachometers and low speed, high voltage digital 
logic gates. 

Schematic and Connection Diagrams 
y' 

Features 
• Wide single supply voltage 

range or dual supplies 
4 Voc to 36 Voc 

±2Voc to±18Voc 
• Supply current drain independent of supply voltage 
• Low input biasing current 30 nA 
• High open-loop gain 70 dB 
• Wide bandwidth 2.5 MHz (Unity Gain) 
• Large output voltage swing (V+ ,1) Vp-p 
• Internally frequency compensated for unity gain 

• Output short-circuit protection 

Dual-In-Line and Flat Package 

Order Number LM2900J 
See NS Package J14A 

Order Number LM2900N. 

CURRENT 
MIRROR 

OUTPUT LM3900N. LM3301 N 
or LM3401N 

See NS Package'N14A 

Typical Applications (v+ = 15 V oel 

y' 

Inverting Amplifier 

y' 
Vocc'z 

R2 
All' - iii 

Triangle/Square Generator 

~----""-",,,--oV()~Vl·VI( 

Low VIN - VOUT Voltage Regulator Non-Inverting Amplifier 
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Absolute Maximum Ratings 
LM2900/LM3900 LM3301 LM3401 

-
Supply Voltage 32VDC 28VDC 18VDC 

±16 VDC ±14 VDC ±9VDC 
Power Dissipation (TA == 25°C) (Note 1) 

Cavity DIP 900 mW 
Flat Pack 800 mW 
Molded DIP 570 mW 570 mW 570 mW 

Input Currents. IIN+ or IIN- 20 mADC 20 mADC 20 mADC 
Output Short:Circuit Duration - One Amplifier Continuous Continuous Continuous 

T A = 25·C (See Application Hints) 
Operating Temperature Range -40° C to +850 C o°cto +75°C 

LM2900 -40° C to +850 C 
LM3900 O°C to +70°C 

Storage Temperature Range -6S0Cto+150°C' -6S0Cto+150°C "-6S0Cto+150°C. 
Lead Temperature (Soldering, 10 secondsl 300·C 300·C 300·C 

Electrical Characteristics (Note 6) , 

PARAMETER CONOn'IONS 
MIN 

( 

Open Loop 

Voltage Gain 

Voltage Gain TA = 25°C, f = 100 Hz 1.2 

Input Resistance TA = 25°C, Inverting Input 

Output Resistance 

Unity Gain Bandwidth TA = 25°C, Inverting Input 

Input Bias Current TA = 25°C, Inverting Input 

Inverting Input 

Slew Rate T A = 25°C, Positive Output Swing 

T A = 25°C, Negative dutput Swing 

Supply Current TA = 25°C, RL = 00 On All Amplifiers 

Output Voltage Swing TA = 25°C, RL = 2k, VCC = 15.0 VOC 

VOUT High IIN-=O,IIN+=O 13.5 

VOUTLow IIN- = 101lA, IIN+ = 0 

VOUT High IIN-=O, liN + =0 RL=oo, VCC=30VOC 

Output Current Capability TA = 25°C 

Source ,. 6 

Sink (Note 2) 0.5 

ISINK VOL = lV, liN = 51lk 
L-______ 

LM2900/LM3900, LM3301, LM3401 

-

-

.. '" 

LM2900 LM3900 LM3301 LM3401 
UNITS 

TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

800 VIm V 

2.8 1.2 2.8 1.2 2.8 1.2 2.8 V/mV 

1 1 ' 1 0.1 1 , Mn 
8 8 8 8 kn 

2.5 2.5 2,5 2.5 MHz 

30 200 30 200 30 300 30 300 nA 

500 nA 

0.5 0.5 0.5 0.5 V/lls 

20 20 20 20 V/lls 

6.2 10 6.2 10 6.2 10 6.2 10 mAoc 

13.5 13.5 13.5 ' VOC 
0.09 0.2 0.09 0,2 0.09 0.2 0.09 0.2 VOC 
29.5 29.5 29.5 29.5 VOC 

18 6 10 5 18 5 10 mAoc 

1.3 0.5 1.3 0.5 1.3 0.5 1.3 mAoc 

5 5 5 5 mAoc 
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Electrical Characteristics (Continued) (Note 6) 

LM2900 LM3900 LM3301 LM3401 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Power Supply Rejection TA = 25°C, f= 100 Hz 70 70 70 70 dB 

Mirror Gain @ 20/lA (Note 3) 0.90 1.0 1.1 0.90 1.0 1.1 0.90 1 1.10 0.90 1 1.10 /lA//lA 

@ 200/lA (Note 3) 0.90 1.0 1.1 0.90 1.0 1.1 0.90 1 1.10 0.90 1 1.10 /lA//lA 

AMirror Gain @20/lA To 200/lA (Note 3) 2 5 2 5 2 5 2 5 % 

Mirror Current (Note 4) 10 500 10 500 10 500 10 500 /lADC 

Negative I nput Current T A = 25°C (Note 5) 1.0 1.0 1.0 1.0 mADC 

Voltage Gain f=100Hz VlmV 

I nput" Bias Current Inverting Input nA 

Note 1: For operating at high temperatures, the device must be der~ted based on a 12SoC maximum junction temperature and a therrpal resi~tance of 17SoC/W which applies for the device solder~d in a printed 
circuit board, operating in a still air ambient. 

Note 2: The output current sink papability can be increased for large signal conditions by overdriving the inverting input. This is shown in the section on Typical Characteristics. 

Note 3; This spec indicates the current gain of the current mirror which is .used as the non-inverting input. 

Note 4: Input VBe match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting input curret:1t) of approximately 10pA. This is therefore a typical deSign center for many of 
the application circuits. 

Note 5: Clamp transistors are included on the IC to prevent the input voltages from swinging -below ground more than approximately -0.3 VOS. The negative input currents which may result from large signal 
overdrive with capacitance input coupling need to be externally limited to values Qf approximately 1 rnA: Negative input currents in excess of 4 rnA will cause the output voltage to drop to a low voltage. This 
maximum current applies to anyone of the input terminals. If more than one of the input terminals are simultaneously drh/Qn negative smaller maximum currents are allowed. Common-mode current biaSing can 
be used to prevent negative input-voltages; see for example. the "Differentiator Circuit" in the applications section. 

Note 6: These specs apply for -SSoC ~ TA :5: +12SoC. unless otherwise stated. 

, 
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Typical Performance Characteristics 
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Application Hints 

When driving either input from a low-impedance source, 
a limiting resistor should be placed in series with the' 
input lead to limit the peak input current. Currents as 
large as 20 mA will not damage the device, but the 
current mirror on the non-inverting input will saturate 
and cause a loss of mirror gain at mA current levels­
especially at high operating temperatures_ 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the IC could 
cause fuzing of the internal conductors and result in a 
destroyed unit_ 

Output short circuits either to ground or to the positive 
power supply should be of short time duration_ Units 
can be destroyed, not as a result of the short circuit 
current causing metal fuzing, but rather due to the large 
increase in It chip dissipation which will cause eventual 
failure due to excessive junction, temperatures. For 
example, when operating from a well-regulated +5 V DC 

power supply at T A = 25°C with a 100 kS2 shunt­
feedback resistor (from the output to the inverting 
input) a short directly to the power supply will not cause 
catastrophic failure but the current magnitude will be 
'approximately 50 mA and the junction temperature will 
be above T J max. Larger feedback resistors will reduce 
the current, 11 MS2 provides approximately 30 mA, an 
open circuit provides 1.3 mA, and a direct connection 
from the output to the non-inverting input will result in 
catastrophic failure when the output is shorted to V+ 
as this then places the base-emitter junction of the input 
transistor directly across the power supply_ Short-circuits 
to ground will have magnitudes of approximately 30 mA 
and will not cause catastrophic failure at T A = 25°C. 

Typical Applications (Continued) 

RAMP DOWN 

n , ... 
RAN/PUP 

n , ... 

Low-Drift Ramp and Hold Circuit 

Unintentional signal coupling from the output to the 
non·inverting input can cause oscillations. This is likely 
only 'in breadboard hook-ups with long component leads 
and can be prevented by a more careful lead dress or by 
locating the non-inverting input biasing resistor close to 
the IC. A quick check of this condition is to bypass the 
non-inverting input to ground with a capacitor. High 
impedance biasing resistors used in the non-inverting 
input circuit make this input lead highly susceptible to 
unintentional ac signal pickup. 

Operation of this amplifier can be best understood by 
noticing that input currents are differenced at the 
inverting-input terminal and this difference current then 
flows through the external feedback resistor to produce 
the output voltage. Common-mode current biasing is 
generally useful to allow operating with signal levels near 
ground or even negative as this maintains the inputs 
biased at +V BE' Internal clamp transistors (see note 5) 
catch negative input voltages at approximately -0.3 V DC 

but the magnitude of current flow has to be limited by 
the external input network. For operation at high 
temperature, this limit should be approximately 1001lA. 

This new'''Norton'' current-differencing amplifier can be 
used in most of the' applications of a standard IC op 
amp. Performance as a dc amplifier using only a single 
supply is not as precise as a standard IC op amp 

, operating with split supplies but is adequate in many 
less critical applications. New functions are made possible 
with this amplifier which are useful, in single power 
supply systems. For example, biasing can be designed 
separately from the ac gain as was shown in the 
"inverting amplifier," the "difference integrator" allows 
controlling'the charging and the discharging of the 
integrating capacitor both with positive voltages, and 
the "frequency doubling tachometer" provides a simple 
circuit which reduces the ripple voltage on a tachometer 
output dc voltage. 

v.o--+-'W~~ "" 1·~1 Vile! 

yo 

Hi-Quad Active Filter 
(2nd Degree Slale-Variable Networkl 
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Typical Applications (Continued) 

v' 

Voltage.controlled Current Source 
(Transconductance Amplifier) 

V,. 

v' 

, .. 

Ground-Referencing a 
Diff.rential I nput Signal 

Voltage-Controlled Current Sink 
(Transconductance Amplifier) 

v' 

Low-Voltage Comparator 

V, 

Schmitt-Trigger 

v, 

,y.o-..... -t--,. ~ 
~--""---<l""-""~""-.otv, 

Hi VIN. Lo (VIN - VOl Self-Regulator 

y' 

v, 
U 111 112 

+VODC 

Voltage Regulator Fixed Current Sources 

'V, 
Vo ~ Villi • lOOk 

Buffer Ampli~ier 

Power Comparator 

Square-Wave Oscillator 
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Tachometer 
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Comparator 
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Pulse Generator 



Typical Applications (Continued) 

1,.JL...I"1. 
V ... 1 '0-,,"'111"'" ~>-I 

I,JI.....f1.S. 
V,"' o--..... Y.--+I 

Frequency Differencing Tachometer 

Y' 

RESET 

.JL 
750k 

750k 

Squaring~ Amplifier (W/Hysteresis) Bi-Stable Multivibrator 

"OR" Gate "AND" Gate 

.V,: ...f1...I1.. 

Low Pass Active Filter Staircase Generator 

Bandpass Active Filter 
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1,..rLJ"l. 
Y., 

Frequency Averaging Tachometer 

V· 

, .. 

Differentiator (Common-Mode 
Biasing Keeps Input at +VBEI 

Difference Integrator 

VpE'05VDC 

VBE Biasing 

Low~Freque~cy Mixer 



Typical Applications (Continued) 

DIFFERENTIAL 
tNTEGRATI)R 

..IL 
Run 
PULSE 

Free-Running Staircase Generator/Pulse Counter 

'" 
'" 

1""" P'l'S'2.IO'C 

'SpetdlrecOYtry 

One-Shot Multivibrator 

lOOk 

or 

l 

" " 

Channel Selection by DC Control (or Audio Mixer} 

3-222 

+VIN 

>V, .. 

Supplying liN with Aux. Amp 
(to Allow Hi·Z Feedback Networksl 

~ DffSETAIlJ 
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Non·1 nverting DC Gain to (0,01 
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"" 

Power Amplifier 
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One-Shot with DC Input Comparator 



Typical Applications (Continued) 
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Sample.Hold and Compare with New +VIN 
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Phase·locked Loop 

Split-Supply Applications (v+ = +15 Voc & V- = -15 Vocl 

·V, 

Non-Inverting DC Gain 
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Boosting to 300 mA Loads 

AC Amplifier 



~ National Operational Amplifiers/Buffers 
~ Semiconductor .'. 

LlVI4250/LM4250C Programmable Operational Amplifier 
General Description 

The LM4250 and LM4250C are extremely versatile 
programmable monolithic ope~ational amplifiers. 
A single external master bias .current setting. resistor 
programs the input bias current. input offset cur· 
rent. quies'cent power consumption. slew rate. 
input noise. and the gain·bandwidth product. 
The device is a truly general purpose operational 
amplifier. 

Features 
• ±lV to ±18V power supply operation 
• 3 nA input offset current 

Schematic Diagrams 

" ,. 

Connection Diagrams 
Metal Ca~ Package 

I aUIUCEItT 
ClJlIRlNTSn 

Order Number LM4250H or LM4250CH 
See NS Package HOBC . 

AI. 
2.111. 

3-224 

• Standby power consumption as low as 500 nW 
• No frequency compensation required 
• Programmable electrical characteristics 
• Offset Voltage nulling capability 
• Can be powered by two flashlight batteries 
• Short circuit protection 

The LM4250C is identical to the LM4250 except 
that the LM4250C has its performance guaranteed 
over a O°C to 70°C temperature range instead of 
the -55°C to +125°C temperature range of the 
LM4250. 

Typical Applications 

.. 
'" '",0-_ ..... -"1 

', •• G-"W ...... " 

X5 Difference Amplifier 

'. 

500 Nano·Watt Xl0 Amplifier 

'Dual·ln·Line Package 

. OF::~~ 181 ~~~~::;~n 
IIiVERTHIItI' ,.,. 

IIII'UT _ 

1II01l1llVEFlTIIIG 3 + IOUTPUf 

''''''' 
V"4 sOFnn 

NULL 

Order Number LM4250CN 
See NS Package NOBB 

Order Number LM4250J 
or LM4250CJ 

See NS Package JOBA 



Absolute ·Maximum Ratings 

Supply Voltage 
Power Dissipation eNote 11 
Differential Input Voltage 
Input Voltage INote 2) 
ISET Current 

±lav· 
SOOmW 

. ±30V 

±15V 
lSO~A 

Output Short·Circuit Duration 
Operating Temperature Aange LM4250 

LM42S0C 
Storage Temperature Range 
Lead Temperature (Soldering.10 sec) 

Indefinite 
-5SoC ~ TA:S: 12SOC 

O°C~TA~70°C 
-6SoC to 150°C 

300°C 

Electrical Characteristics LM4250 (_55°C ~ T A ~ 125°C unless otherwise specified) 

Vos 

los 

' b .. , 

PARAMETERS 

large Signal Voltage Gain 

Supply Current 

Power Consumption 

Vos 

los 

Input Voltage Range 

Large Signal Voltage Gain 

Output Volt~e SWing 

Common Mode Rejection Ratio 

Supply Voltage Rejection Ratio 

Supply Current 

Power Consumption 

Vos 

los 

'b.1 

PARAMETERS 

Large Signal Voltage Gain 

Supply Current 

Power Consumption 

Vos 

los 

lb •• 

Input Voltage Range 

Large Signal Voltage Gain 

Output Voltage Swing 
I 

Common Mode Rejection Ratio 

Supply Voltage Rejection Ratio 

Supply Current 

Power Consumption 

CONOITIONS 

TA '2S0 AsOS:100kfi 

TA "'25° 

TA =25° 

TA "'25° RL "'lOOk{l 

Vo "'" ±O.S, RL ::: 10 k!2 

T A '; 2SoC 

TA "'2SoC 

AsOS:lookn 

~ TA = 125°C 

TA = -SSoC 

Vo = ±0.6V RL = 100 k!2 

RL = 10 kg. 

RL"'lOOkn 

R.=10kn 

RsOS: lOkn 

RsOS:10kn 

CONDITIONS 

TA = 25°C Rs-S;: l00kn 

TA "'25°C 

T~ = 25°C 

TA =2SoC A.=lOOkn 

Vo "'±10V RL = 10kn 

TA " 2SoC 

TA '" 2Soc 

RsOS:l00kn 

TA ~ 125°C 

TA = _55°C 

Vo '" tl0V RL :: 100 ~n 

R. = 10 kn 

R. = lookn 

R.· iOkn 

As os: 10kn 

RsOS: 10kn. 

Vs· ±1.5V 

'SET - lilA 

MIN MAl< 

40k 

±O,7V 

JOk 

±O.6V 

70dB 

76dB 

3mV 

3nA 

7.5 nA 

7.SJJ.A 

23~W 

4mV 

S nA 

3 nA 

7.5 nA 

'SET" 10}J.A 

MIN MAX 

SOk 

±0.7V 

JOk 

±O.6V 

70 dB 

76dB 

SmV 

10 nA 

SO nA 

80~A 

240~W 

6mV 

10 nA 

10 nA 

50 nA 

90IJA 

270~W 

Vs -t15V 

ISET='IJ,A 

MIN MAX 

lOOk 

±13.5V 

SOk 

±12V 

70dB 

J6d8 

3mV 

3nA 

7.5nA 

10 lolA 

3OO~W 

4mV 

2SnA 

3nA 

7.5nA 

11 lolA 

3JO~W 

ISET = 10~A 

MIN MAX 

lOOk 

±13.5V 

SOk 

±12V 

70 d8 

76d8 

5mV 

10nA 

50nA 

'90J.l.A 

2.7mW 

6mV 

25nA 

10 nA 

50 riA ' 

100,uA 

3mW 

Note 1: The maximum junction temperature of the LM4250 is 150°C, while that of the LM4250C is 100°C. For operating 
at elevated temperatures, devices in the TO-S package must be derated based on a thermal resistance of 150Q C/W junction to 
ambient, or 4So C/W junction to case. The thermal resistance of the dual-in-line package is 12Sc CIW. 
Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
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Electrical Characteristics LM4250C (O°C :s;: T A :s;: 70°C unless otherwise specified) 

Vs '"'±1.5V 

PARAMETERS CONDI:rIONS ISET" I ~A ISET =.10~A 

MIN MAX MIN MAX' 

Vos T A = 2SoC Rs.s;: 100 kO 5mV 6mV 

los TA = 25"C GnA· 20nA 

Iboo TA '" 2SoC 10nA 75nA 

Large Sjgnal Voltage Gain TA '" 2SoC Re = 'lOOkl'l 
.. 

2Sk 

Vo '" ±O.6V RL " 10 kn 25k 

Supply Current. fA = 25"C 8~A 9O~A 

Power Consumpti.on -TA '" 25°e 24~W 270~W 

Yo. Rs Sl0kO 6.6mV 7.5,mV 

los S nA 25 nA 

'boas 10nA BOnA 

Input Voltage Range to.6V ±O.6V, 

Large Signal Y0ltage Gain Vo'" ±O.6V RL " 100 kg 25k 

/ 
Re -;10kl'l 25k 

Output Voltage Swing Re = l00kl'l to.6V 

Re '10kl'l ±0.6V 

Common Mode Rejection Ratio RsS 10 kl'l 70dB 70dS 

Supply .voltage Rejection Ratio RsS 10kO 74dB 74 dB 

Supply Current S~A 90uA 

Power Consumption 24~W 270uW 

Vs ·±16V 

PARjI\METERS CONDITIONS ,lsET- l IlA ISET "10~A 

MIN MAX MIN. MAX 

Vos TA = 25°C RsS l00kn SmV. 6mV 

los TA= 2SoC 6nA 20nA 
Ib_ 

TA=25"C 10nA 75nA 

Large Signal Voltage Gain TA ""2SoC RL '" l~kn &Ok 

Vo' ±10V Re = 10 m 60k 

Supply Current TA=2SoC 11"'; 100~A 

Power Consumption TA "'2SoC 330~W 3mW 

Vos Rs Sl0kl'l 6.5mV 7.5mV 

los SnA 25nA 

Ib ... 10nA "BOnA 

Input Voltage Range ±13.5V ±13.5V 

Large Signal Voltage Gain Vo "" ±1OV RL " 100 kg 50k 

Re=10kl'l 50k 

Output Voltage Swing Re -lOOkl'l t12V 

RL "10kO .. ±12V· 

Common Mode Rejection Ratio R.S10kl'l 70dB 70 dB 

SupplV Volt~e Rejection Ratio RsS 10kO 74 dB 74 dB 

SupplV Current 11 uA l00uA 

Power Consumption 300uW 3mW. 

Resistor Biasing 
Set Current Setting Resistor t~ V-

.ISET 

Vs O.luA 0.5~A ·1.0~A 5~A 10~A 

±1.5V 25.6MI'l 5.04MI'l 2.5MI'l 492kl'l 244kl'l 

±3.0V 55.6MI'l 11.0MO 5.5MI'l 1.09MI'l 544 kl'l 

±6.0V 116MI'l 23.0MO 11.5MI'l 2.29MI'l 1.14MI'l 
>9.0V 176MI'l 35.0MI'l 17.5MI'l 3.49MI'l 1.74MI'l 

±12.0V 236MI'l 47.0MI'l 23.~MI'l 4.69MO 2.34MI'l 
±15.0V 296MI'l 59.0MI'l 29.5MI'l 5.89MI'l 2.94MO 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

Phase Margin vs ISET 
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Typical Applications (Continued) 
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V' 

V' 

FREQUENCY IHzl 

v .... 

V' 

OUT 

.. 
RSET Connected to V- RSET Connected to Ground 

v, 

'01 

.. 
Transistor Current Source Biasing 
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V. 

FET Current Source Biasing 

3-228 

RSET vs ISET 
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~ National . Operational Amplifiers/Buffers 
~ Semiconductor 

LH24250/LH24250C Dual Programmable 
Micropower Op Amp " . 

general description 

The LH24250/LH2425OC series of dual program· 
mabie micropower operational amplifiers are two 
LM4250 type op amps in a single hermetic pack· 
age. Featuring all the same performance character· 
istics of the LM4250, the LH24250/LH2425OC 
duals also offer closer thermal tracking, lower 
weight, reduced insertion cost and smaller size 
than two single devices. For additional informa· 
tion, see the LM4250 data sheet and National's 
Linear Application Handbook. 

features 

• ±1V to ±18V power supply operation 

• Standby power consumption as low as 20 ",W 

• Offset current programmable from less than 
0.5 nA to 30 ;,A 

• Programmable slew rate 

• May be shut-down using standard open collector 
TTL 

• Internally compensated and short Circuit proof 

connection diagram and auxiliary circuit 

v' 

: 'ALANt' 

OUTPUT 

L,II 

v' 

: 'ALAHt. 

OUTPUT 

v' 

Ord.r Number LH242500 or LH24250CD 
See Package 'D16C 

typical quiescent current setting resistor 

(Pin 8 10 V-) 

9 
Vs 10J,lA 30pA 100J.lA 300pA !; 

::l:1.S 1.5M!! 470k!! 150kll C> 

'3 3.3 Mil 1.1 Mil 330kll l00kll ... .. 
±6 7.5 Mil 2.7 Mil 750kll 220kll z 

£ 
'9 13 Mil 4M!! 1.3Mn 350kO 

j ,,2 lBMIl 5.6 Mil 1.5 Mil 510kll 
±15 22 Mil 7.5 Mil 2.2 Mil 620kll 
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Offset Null Circuit 
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absolute maximum rati'ngs 
Supply Voltage 
Power DISSipation (Note 1) 

Differential Input Voltage (Note 2) 
Input Voltage (Note 3) 
Output Short CirCUit Duration 

'18V 
SOOmW 

'15V 
'15V ., 

'ContinuoOs ",, . 

Operating Temperature Range 
LH242SO 
LH242SOC 

Stora9~ Temperatur~ Range . 
lead Tem'perature .(Solderlng. 10 sec) 

electrical chara~teristics - each side (Note 4) 

LIMITS 
PARAMETER CONDITIONS 

LH24250 

~nput Offset Voltage T A:= 2S'C. Rs < 100 kl! 3.0 

Input Offset Current TA = 25"C 5 

Input Bias Current TA = 25'C 15 

Input Resistance TA ;25'C 3' - " 
Power Consumption TA = 25'C. Vo = O. RSET = 2.7.Ml"! 480 

Large Signal Voltage Gam TA = 25'C, AL > 10 kl"! 100 

Input Offset Voltage As > ~O.kl"! 4.0 

Input Offset Current 5 

Input Bias Current 15 

Large Signal Voltagp Gain .AL > 10 kl"! 50 

Output Voltage SWtl'9 AL > 10 kl"!. Vs = '15V no 
Input Voltage Range TA ;: 25"'C, Vs? ',15V +12, 

Common Mode Rejection Ratio T A " 25 C. As < 10 k!! 70 

Supply Voltage Rejection Ratio T A " 25 C. As < 10 k!! 76 

Note 1: Derate linearly 2 mWtC case temperature above 25·q. 

LH24250C 

6.0 

10 

30 

3 

600 

75 

7.5 

15 

SO 

SO 

'10 

'12 

70 

76 

-55·C ';0 + 12S·C 
O"Cto+70°C 

_65°C to +1.S0·C 
300·C 

UNITS 

mV Max 

nA fYla,x 

nA Max 

Ml! Moo 

/lWMax 

VlmVMin 

mV Max 

'nA Max 

nA Max 

V/mV Min 

VM,n 

Y Min 

dB M,n 

dB M,n 

Note 2: This rating applies to maximum voltage dIfferential between Input terminals. The 'maximum in"put voltage on either 
input terminal is limited to tVS up to .15V. 
Note 3: This rating "mlted to ! supply voltage to a maximum of ! 15V. 

Note 4: These specifications apply for Vs = !6V. Iq = 30/lA, and -55"C < TA < +125°C unless otherwise specified. W,th the 
LH24250C. however, all temperature specIficatIons are limIted to 0 C < T A < 70·C. 
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~National Operational Amplifiers/ Buffers 
~ Semiconductor 
LM13080 Prograrhmabl$ Power Op Amp 
General Description 
The LM130BO is an internally compensated medium 
power operational amplifier designed for use in those 
applications requiring load currents of several hundred 
milliamperes .. This amplifier has the added advantage 
of having an input stage programmed with an external 
resistor. The user is able to optimize the amplifier 
performance for each individual application with this 
featu;e. Applications include servo amplifiers and 

. drivers, high input impedance audio amplifiers, DC, 
to-DC converters, precision power comparators whicfr 
can- either sink or source current and motor speed 
controls. 

The LM130BO may.be powered from either single or 
dual power supplies, and will operate from as little 
as3V. 

As a power operational amplifier, the LM130BO is 
capable of delivering O.25A to a . load. This feature 
allows the system designer to fulfill his medium power 
circuit requirements without having to add external 

Schematic and Connection Diagrams 

0.2 

H 

(+10:.:::"+---+-..1 

Numbers in parentheses sha'w LM13080P connections 

current boost transistors to the output of a standard 
operational amplifier. . 

By selecting the proper input stage bias resistor it is 
possible to tailor the performance of the input stage 
to meet the needs of any particular system. Trade-offs 
between input offset voltage, input bias current and 
gain bandwidth are easily made . 

An unusual feature of the LM130BO is an electronic 
shut-down capability._ 

Features 
• High output current-250 mA 
• Externally programmable input stage 

• Low power supply operation-3V 
• Electronic shut·down capability 

• Internally compensated for unity gain 
• Low input bias current 

Dual-in-Line Package (LM130BON) 

(111 

-INPUT 

OUTPUT BIAS 2 

GND 4 

TOP VIEW 

NC 

INPUT BIAS 
(RSETI 

. OUTPUT 

Order Number LM13080N 
See NS Package NOSB 

Single-in-Line Package (LM13080P) 

o o 

11 

OUT vi' IN Ne -IN GNU* OUT +IN Ne SIGNAL PWR 
BIAS BIAS GND GND 

(RSETI 
TOP VIEW 

*Pin 6 can be connected to pin 10, if not, pin 6 must 
be, left with no connection. ' 

Order Number LM130S0P 
See NS Package PllA 
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Absolute Maximum Ratings 
Supply Voltage Operatio!l Range 

Power Dissipation, (Note 1) 

3V to 1SV or 
±l.SV to ±7.SV 

Input Voltage Range, (Note 3) .' -o.3V to +1SV 
Input Current (VIN ~ -0.3V),'(Note 4) ':. 20 rnA 
Operating Temperat~re Range O°C to +70°C 

Molded Dual·ln-Line Package (LM130aON) 1000 mIN Storage'Temperature Range, ' .;, -6SoC to +150°C 

Differential Input Voltage, (Note 2) 1SV Lead Temperature (Soldering .. 10 seconds). 300°C 

Electrical Characteristics 
.. ~'. 

, (VS b 12V, RSET = 6aOk, unless otherwise specified) 

PARAMETER CONDITIONS MIN TYP , " MAX UNITS 

Input Offset Voltage, T A = 25°C, (Note 5) ±3, ±l, mV 

Input Bias Current IIN(+') or IIN(-), T A = 25°C . ' 100 400 nA 

Input Offset Current IIN(+) -IIN(-), TA '" 2~C ., ±30 ±75 nA 

RL =?",TA = 25°C, (Mo~e 6) 
" 

inA Supply Current 3 6 

Output Voltage Swing Vs = ±6V, TA = 25°C;(Note 1) 
, 

VOH RL = son 4.S S V 

RL;' an 2 V 

VOL RL = son -5 -4.5 V 

RL = an -2 V 

Large Signal Voltage Gain Vs = ±6V, RL = son, f = 100 Hz,' 3 10 V/mV 

TA = 25°C 

Input Common·Mode Voltage Vs ~ lSV, TA = 2SoC, (Note 3) 1 VS,...l.S V 

Range 
" " " 

Input Offse.t Voltage (Note 5) ±10 mV 

Input Offset Voltage Drift 5 !J.vtc 
Input Bias Current IIN(+) or IIN(-) 600 nA 

Input Offset Current IIN(+) -IINH ±lS0 nA 

Input Offset Current Drift 
, 

50 pAtC 

Supply Current, RL = 00, (Note 6) a rnA 

Output voltage Swing VS=±6V,(Note 1) 

VOH RL = 50n 4 V 

RL = an 1.6 V 

VOL RL = son 
; 

-4 V 
" RL = an -1.6 V 

Large Signal Voltage Gain VS= ±6V, RL = SOn,f= 100 Hz, 1 V/mV 

Input CO,mmon-Mode Voltage Vs ~ 15V, (Note 3) l,2S VS'::'1.7S V 

Range 

Common-Mode Rejection Ratio 63 a5 d,B 
" 

Total Harmonic Distortion RL = an, Vo = 2 Vrms, 0.5 5 % 

f = 1 kHz 

N,ote1: For operation at high temperat~res the LM13080 must be derated based on a maximum junction tempe~ature of 160D C and a thermal 
resistance of 120°C/W. The thermal resistance value is for a package soldered into a printed circuit board and operating in 8 still air ambient. 

Note 2: Differential input voltages up to the mag~itude of the power supply voltage will not damage the input circuitry. H~wever. input voltages 
outside the input common·mode voltage range'will not be able to properly control the output of the amplifier. 
Nota 3: The input voltage applied to either input should not be allowed to go more than O.3V below the potential applied to pin 4; however, 
either input can be taken as high as 15V without causing damage to the circuit. Input voltages below the minimum common-mode voltage range 
may cause a phase reversal in the outpu,t. 
Not. 4: This input current will exist only when the voltage at either input lead is driven negative. It is due to the base-isolation junction of the 
PNP transistor tub becoming forward biased and thereby acting as an input diode clamp. In addition to this diode action, there is also lateral NPN 
parasitic action on the Ie chip. This transistor action can cause the output to take an undefined state for the time duration that an input is driven 
negative. 
Nota 5: Vo = 6V, RS = on, and over the full input common-mode voltage range. 
Note 6: Supply· current is measured with the amplifier connected in a unity gain follower configuration and the positive input set to one-half 
of the supplV voltage. 
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Typical Performance Characteristics 

Offset Voltage 

S 12 
.s 
w .. .. 
~ 
" .... 

~ 
I 

I 
'" , 
~ .. 
" 

o 
10k lOOk 1M 10M 

iii 110 

'" 2 

~ 100 
w .. 
~ 
'" " ~ 
'" ~ 
z 
w 
~ .. , 
~ 

'" 

90 

BO 

70 

~ 60 

iii 120 

'" ! laD .. 
w .. 
~ 
'" " g; 
~ 
z 
~ 

'" , .. 

Bo 

60 

40 

20 

~ -20 

Ss 50 

I=..§ 25 
"'w .... , .. 
S~ -25 
~~ -50 

.... S 
~..s 50 
Zw - .. 
';! 
~~ -50 

RSET - SET RESISTANCE (!!I 

Voltage Gain as a Function 

of RSET 

Rl .~ 
f· DC -

"" 
10k lOOk 1M 10M 

RSET - SET RESISTANCE (n) 

Open Loop Frequency 
, Response 

RlL 
RSET' 680k 

~ 
Vs' !6V 

~Rl~~ 
RL =50n 

"" '" I' 
I 10 100 Ik 10k lOOk 1M 10M 

f - FREQUENCY 1Hz) 

Voltage' Follower Pulse 
Response (Small Signal) 

VS"'±6V 

1t1 
RSET" BBOk 

- RL' 50n 

- ~I.~: : 11 -
- z y .. so ,. 

UI.F 

;-:-
-n ~ T 

I 1,1 I I 
I II I L 

,I I 1,1 

t - TIME (,.0) 

5, 

10 .. 
.3 

~ .. .. 
G 
~ .. 
;;; 

~ 0,1 
;;! , 
.!!' 

1 BOD 

~ 700 

~ &00 
lil ffi 500 

~ 400 

~ 300 

~'" 200 , 

Input Bias Current 

RSET - SET RESISTANCE (n) 

Output Current 'Sourcing 

MAINTAIN 
TJ;; 150°C 

~ --
E 100 

-25 25 50 75 100 

i?- 12 

'" 10 

~ 
w .. 
~ 
" ... 
'" ~ 
'" , 
1; 
co 

" 0 

TA - AMBIENT TEMPERATURE ("C) 

Large Signal Frequency 
Response 

Vs= ±6V I 
~ I 
~ SET' lOOk 

RSET', ~,~~k i\ ;\ 
R;~~' 1M ,",i 
WI~ LI 

Ik 10k lOOk 

f - FREQUENCY (Hz) 

- Voltage Follower Pillse 
Response (Large Signal) 

.... "'-~2. 
"'w ",,,, 

,;! 
.... ~ 

-':2 "' .. .. " " -4 

Vs= ±6V 
RSET" 6BOk 

\RL • son 

J 
1/ !\ 

sz 
~w 
~ .. 
,;! 
z~ -4 -'" "" 

20 40 60 BO 100-

t-TlMEI,us) 

3-233 

Offset Current 
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Typical Performance Characteristics (Continued) 
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Application" Hints 
The LM 13080 is a power op amp capable of sourcing or 
sinking more than 250 rnA which does not include 
internal current limit or thermal shut·down. Therefore, 
the user must make sure that his application will not 
exceed the power dissipation ratings of the package. 
The LM13080 iS,rated at a maximum power dissipation 
of 1000 !l1W, but this rating is for an ambient tempera­
ture of 25°C. For operation at temperatures above 
25°C, the maximum ~issipation must be derated using 
the equation: 

TJ-TA 
PD= (1) 

0JA 

where PD is the maximum allowable power dissipation, 
TJ is the maximum junction temperature ,(150°Cl. TA 
is the ambient temperature and 0JA is the thermal 
resistance of the package operated in a still air environ­
ment (120°CIW). If, the LM13080 is to be used in a 
70°C ambient then the maximum power that can be 
dissipated is: 

.PD = 
150°C - io°c 
120~CIW 

665 mW. 

The LM13080 derives its ability to sink current through 
the use of, a composite NPN/PNP output configura~ion. 
This local loop must be compensated by the. series 
connection of a 0.05 IlF capacitor and a 1051 resistor 
between the output of th'e op amp (pin 5) and the 
negative power supply (pin 4). The RC does n~t just 
filter out the oscillation from the output waveform 
but actually stabilizes the loop. 

If the'inp'uts of the LM13080 are driven below the 'input 
common-mode voltage range, it is possible that the 
output wi!1 experience a phase reversal. This is parti: 
cularly true' for the non-inverting input (VIN(+». 
If either input is 'driven to a voltage level 0.3V below 
the substrate (pin: 4) a parasitic NPN transistor will be 
turned DN. The emitter of this parasitic transistor is 
the normal input transistor' epi (N-type, basel region, 
the base is the substrate (P-type) and the collector is ' 
every other epi region on the die. Circuit operation in 
this mode is unpredictable. If an input is forced below 
the substrate, the current flowing out of that input 
should be limited to 20 mA to insure that the amplifier 
will not be destroyed. 

Programming the LM13080 is accomplished by selecting. 
the value of RSET, the input stage bias resistor, to 
optimize the amplifier for each particular application. 
An example would be an application with low source 
resistance which requires a low offset 'voltage to make a 
precise DC measurement. By selecting an RSET of 
100 k51, the normal offset voltage would be reduced to 
approx imatlily one-fourth the value, it would be if a 
680k resistor was used. By studying the curves, it can be 
seen that' the bias current will increase but an increase 
here has very little effect due to the small source imped­
ance. It should also be noted that with a lOOk input set 
resistor the gain bandwidth product will also increase, 
and in fact, the amplifier must be operated with a closed 
loop voltage gain of 6 to assure stability. 

The effect of RSET on the total quiescent supply current 
will be very small (~IS < 5% IS) as long as RSET is lOOk 
or greater. 

To employ electronic shut·down the output bias pin, 
pin 2, and the negative end of the input bias resistor, 
RSET, are connected to the negative power supply 
(or ground in a single power system) through a sat­
urated NPN transistor (or other electronic switch). When 
the transistor is turned OFF, all of the bias currents 
inside t"e op amp are turned OFF and all input and out· 
put terminals will float. When first turned ON, the out­
put will take about 5 IlS to reach the correct level. To 
insure that the LM13Q80 is OFF, leakage in the control 
device must be below the level that will allow pins 2 and 
7 to rise to within 0.4V of V+.. ' 

Power supply rejection is a function of the change 
in voltage across the input: bias resistor, RSET.' To 
improve the PSR R of ~he LM 13080, the user must 

,be careful to bypass pin 7 to pin 6 or to establi,sh 'a 
floating voltage referenced to the positive power sup­
ply to serve as a connec,tion point forRSET. In applica' 
tions where PSR R is important. it is imperative that a 
supply bypass capacitor(s) be used. 

Because the LM13080 is a power op amp, some amount 
of die heating should be expected. The curve of open 
loop frequency response shows the effect of thermal 
feedback on low frequency signals as the output load 
is increased. 
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Typical Applications 

LINE DRIVER 

The line driver circuit in Figure 1 is able to accept an 
unbalanced, high impedance input and convert it to a 
balanced output suitable for driving a low impedance 
line. This is particularly useful in an environment where 
magnetically induced hum or noise pickup is a problem. 
The outputs of the 2 LM13080's are of opposite polarity; 
therefore, terminating the line with a balanced load 
(Le., a differential amplifier or a transformer) will cause 
common·mode interference pickup to be cancelled. 

This circuit will drive a 20 Vp·p signal into a son load 
for frequencies 'up to 10kHz. Above 10kHz the output 
signal is slew rate limited, but the line driver will still 
supply a 13 Vp·p signal at 20 kHz. The voltage gain of 
the network is 2, and the low frequency roll·off is 
determined by: 

1 
fL= --. 

2rrRC 

It can be seen that if the load is connected directly 
between the outputs of the amplifiers, the line driver 

6V 

becomes a simple bridge amplifier capable of delivering 
2W into a 16n load. 

PIEZOELECTRIC ALARM 

The piezoelectric alarm shown in Figure 2 uses a 3· 
terminal transducer (Gulton 101 FB or equivalent) to 
produce an 80 dB SP L alarm. 

The transducer has a feedback terminal which is con­
nected to the non-inverting input of the LM13080, 
causing oscillation at the resonant frequency of the 
piezoelectric crystal. The alarm can be controlled 
through the use of the electronic shl!t-down feature of 

. the amplifier. The lOOk resistor and 0.1 /IF capacitor 
are used to provide a reference voltage at the inverting 
input and to keep' the duty cycle of the crystal oscilla­
tion close to 50%. The RC time constant of this feed­
back network should be much greater than the time 
constant of the transducer. 

9V 

20k 

lOOk 

9V 

XTAL 
FREQ 

OUTPUT (TO 
TWISTED PAIR) 

20k 

6V ON 

ovl. 
9V OFF 

~Dt---~ 
FIGURE 2. Piezoelectric Alarm 

·g"T:·"" 
-6V -6V 

FIGURE 1. Line Driver - Unbalancedlriput to Balanced Output· 
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Typical Applications (Continued) _ 

SIRENS 

Two separate ,circuits for sirens are shown. The first, 
Figure 3, is a 2-state or ON-OFF type siren where the 
LM13080 oscillates at an audio frequency and drives an 
an speaker and the LM339 acts as a switch which 
controls the audio burst rate. The second siren, Figure 4, 
provides a constant audio output but alternates between 
2 separate tones. The LM 13080 is set to oscillate at one 
basic frequency and this frequency is changed by adding 
a 200 kn charging resistor in parallel with the feedback 
resistor, R2. 

lOY 

, 1 
IAUDIO = 1.4 RIC' 

= 190 Hz 

10k 

Cl 

:E05• F 

-= 3 

Rl 
75k 

10V, 

15k 

LAMP FLASHER - RELAY DRIVER 

The LM 13080 is easily adaptable to such applications 
as low frequency warning devices. The output of the 
oscillator is ,a squarewave that is used to drive lamps or 
small relays. As shown in Figure 5, the circuit alter­
nately flashes 2 incande~cent lamps. 

10V 
R2 
75k 

lOY 

15k 

lOY 

10k 

10k 

, 
ISWITCH = ,.4 R2C2 

= 1.9 Hz 

FIGURE 3. 2·State Siren 

1 
ISWITCH = 1.4 R1Cl lOY 

= 1.9 Hz 

10k 

10k 

RI 
75k 

r---..J\,M,,---., 10V 

lOY 

10V 

15k 

5.1k 

200k 

10k 

10k' 

FIGURE 4. 2·Tone Siren 

R 
75k 

5V 

-5V 

lOOk 

5V 

-5V 

1 
1=---

lOY 

10k 

10k 

r-JllIIY-.... --NIf--...... 0.36 RC 

al Split Supplies 

R2 
75k 

10V 

15k 

R' 
75k 

.15k, 

'.~ 
Basic tone = 190 Hz 
Switched tone = 260 Hz 

10V 

1=_'_ 
1.4 RC 

bl Single Supply 

FIGURE 5. Low Frequency Lamp Flasher/Relay Driver 
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Typical Applications (Continued) 

MOTOR SPEED CONTROL 

The LM 13080 can be used to construct a very simple 
speed control for small motors requiring less than 0.5A 
start current. This circuit operates by impressing the 
multiple of a reference voltage across the motor, and 
then varying the reference by means of quasi· positive 
feedback to change the voltage across the motor any 
time the load on the motor changes. 

To understand the circuit operation, it is easiest to let 
the voltage at the cathode of diode 01, Figure 6, be the 
input voltage, VIN, to the system. Diode 01 is actually 
a level shift diode to bring V I N into the common-mode 
range of the amplifier. A reference voltage is established 
by the combined voltage drop through the Ion poten­
tiometer, R3 and the reference diode, 02 and is applied 
to the non-inverting input of the LM13080. Resistor 
R4 is a bias resistor Lised to keep 02 active. The 10k 
speed adjust pqtentiometer is 2 resistors in I, where 
section R1 is the input resistance and section R2 is',the 
negative feedback resistance. It can be seen that the 
voltage impressed across the motor is equal to: , 

(V8E2 + 13R3) R2 
VMOTOR = R1 + V8E 

The positive feedback is developed as a change in the 
voltage across R3 due to the change in the motor current 
caused by a variation in the motor's load. Resistor R3 
is shown as a potentiometer so that the amount of posi­
tive feedback can be adjusted for smooth operation of 
the motor. Capacitor Cl and resistor R5 serve as a filter 
for the reference voltage at the non-inverting input of 
the ampl,if!er. 

VOLTAGE REGULATORS 

In normal, positive or negative regulator application 
such as ,those shown in Figure 7 and Figure 8, the 
LM 13080 has 2 major advantages over standard opera­
tional amplifiers. The LM13080 has its own on-chip pass' 
device and in addition can either sink or source 250 rnA 
of load current. 

10k 

6V 

MOTOR 

FIGURE 6_ Motor Speed CQntrol 

10k 10k 10k 

> .... ~OVOUT 

2V:$. vOUT:$. (VIN - 2VI 

FIGURE 7. Positive Variable Voltage Regulator FIGURE 8_ Negative Va~iable Voltage R~gulator 
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~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LHOOO2lLHOOO2C Current Amplifier 

general descril>,tion 
The LH0002/LH0002C is a general purpose thick 
film hybrid current amplifier. that is built on a 
single substrate. The fircuit features: 

• High Input Impedance 4.00 kn 

• Low Output Impedance an 
• High Power Efficiency 

• Low Harmonic Distortion 

• DC to 30 MHz Bandwidth 

• Output Voltage Swing that Approaches Supply 
Voltage 

• 400 mA Pulsed Output Current 

• Slew rate is typically 200V Ip.s 

• Operation from ±5V to ±20V 

These features make it ideal to integrate with an 
operational amplifier inside a closed loop configu­
ration to increaSe current output_ The symmet~ical 

output portion of the circuit also provides a low 
outpui impedance' for both the positive and nega­
tive slopes of 'output pu'lses_ . 

The LHOOO2 is available in an' 8-lead low-profile 
TO-5 header; the LHOOO2C is also available in an 
8-lead TO-5, and a· 10-pin molded dual-in-line 
package_ 

The LH0002 is specified' for operation over the' 
-55°C to +125°C military temperature range_ The 
LH0002C is specified for operation over the 0° C 
to +85°C temperature range_ . 

applications 
• Line driver 
• 30 MHz buffer 
• High speed DIA conversion 
• Instrumentation buffer 
• Precision current source 

schematic and connection diagrams 
,,. 

I, u'J-~~--+-r 

I, {It-~~+---f 

v,- Vi 

Pin fMlm.m ill pI"nllll'" denote ,in 
CI?U~iD"'tOf .ull.jn"~ prc\Ip. 

typical applicatio.1"!s 
High Current Dp~r.tion.1 Amplifier 

. , 
IN.UT -~""'" .. ~ ....... 

'Previously called.NHOO02/NHOOO2C 

JllJh 

R' 

Dual-In-Line Package 

,,-
,,. E, 

ounUT, 

' .. E, 

'i E, 

tOlYlt. 

Order Number LHOOO2CN 
See Packege N10B 

Line Driver 

OUTPUT v. 
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Metal Can Package 

Drder Number LHOOO2H or LHO002CH 
See Packege HOBA 

SELECT CAPACITOR TO ADJUST 
nME RES1'OIlSE OF 'ULSE . 
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absolute maximum ratings 

Supply Voltage ±22V 
Power Dissipation Ambient 600mW 
Input Voltage (Equal to Power Supply Voltage) 
Storage Temperature Range -6SoC to +lS0°C 
Operating Temperature Range LHOOO2 -SSoC to +12SoC 

LHOO02C O°C to +8SOC 
Steady State Output Current ±100 mA 
Pulsed Output Current (SO ms Onll sec Off) ±400mA 

electrical characteristics (Note 1) 

PARAMETERS CONDITIONS MIN TVP 

Voltage Gain Rs = 10 kn, RL = 1.0 kn .9S .97 

V IN = 3.0 Vpp, f = 1.0 kHz 

T A = -SSoC to 12SoC 

AC Current Gain V1N = 1.0 V,ms 40 

f= 1.0kHz 

Input Impedance Rs = 200 kn, V IN = 1.0 V,".nl' 180 400 

f = 1.0 kHz, RL = 1.0 kn 

Output Impedal)ce V IN .= 1.0. Vrml, f = 1.0 kHz - 6 

RL = son, Rs = 10 kn 

Output Voltage Swing RL = 1.0 kn, f= 1.0 kHz ±10 ±11 

Output Voltage Swing Vs = ±lSV, V 1N = ±10V, Rs" son ±9.SV 

RL = loon , T A = 2SoC 

DC Output Offset Voltage Rs = 300n, RL = 1.0 kn - ±10 

T A = -SS"c to 12SoC 

DC Input Offset Current Rs c 10kn, RL = 1.0 kn - ±6.0 

T A = -SSOC to 12SoC 

Harmonic Distortion V IN = S.O Vrm .. f = 1.0 kHz - . 0.1 
RL = lk 

Rise Time Rl = son, .:lVIN = 100mV ·7 

Positive Supply Current Rs = 10 kn, RL =1 kn - +6.0 

Negative Supply Current Rs = 10 kn, RL = 1 kn - -6.0 

Note 1: Specificalion applies for TA = 25°C with +12V on Pins 1 and 2; -12V on Pins 6 and 7 for Ihe, 
metal can package and + 12V on Pins 1 and 2; -12V on Pins 4 and 5 for the dual·in·line package unless 
otherwise specified. The parameter guarantees for LHOOO2C apply over the temperature range of OoC 
to t85°C. while parameters for the LH0002 are guaranteed over the temperature range ,-5SoC 
1012SoC. 
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typical performance 
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~ National Operational Amplifiers/Buffers 
~ Semiconductor " 

LHOO21/LHOO21 C 1.0 Amp Power Operational Amplifier 
LHOO41/LH0041C 0.2 Amp Power Operational Amplifier 

general description 
The LH0021/LH0021C and LH0041/LH0041C are 
general purpose operational amplifiers capable of 
delivering large output currents not usually asso· 
ciated with conventional IC Op Amps. The LH0021 
will provide output currents in excess of one 
ampere at voltage levels of ± 12V; the LHOO41 
delivers currents of 200 mA at voltage levels 
closely approaching the available power supplies. 
In addition, both the inputs and outputs are pro· 
tected against.overload. The devices are campen· 
sated with a single external capacitor a"nd are free 
of any unusual oscillation or latch·up problems. 

features 

• Output current 1.0 Amp (LH0021) 
0.2 Amp (LH0041) 

• Output voltage swi ng ± 12V into Ion (LH0021) 
±14V into lOOn (LH0041) 

• Wide full power bandwidth 15 kHz 
• Low standby power 100"mWat i15V 

• Low input offset 
voltage and current 1 mV and 20 nA 

• "H igh slew rate 
• High open loop gain 

3.0VIlls 
100 dB 

The excellent input characteristics and high out· 
put capability of the LH0021 make it an ideal 
choice for power applications such as DC servos, 
capstan drivers, deflection yo!<e drivers, and pro· 
grammable power supplies. 

The LH0041 is particularly suited for applications 
such as torque driver for inertial guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, and programmable power supplies 
for automatic test equipment. 

The LH0021 is supplied in a 8 pin TO·3 package 
rated at 20 watts with suitable heatsink. The 
LH0041 is supplied in both 12 pin TO-8 (2.5 
watts with clip on heatsink) and a power 8 pin 
ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the 
temperature raoge of -55°C to +125°C while the 
LH0021 C and LH0041C are guaranteed from _25°C 
to +85v C 

schematic and connection diagrams 

V+ ISC+ 

...------+-u COMP 

'''lI'll_, I 
Order Number 

LHOO21K or LHOO21CK 
See Pack.g. KO~A 

C (EXT) 3000 pF 

~-----t----~~--~--{JUUT 

v- GNU ISC-

·RSC exlernal on "G" and "K" packages. RSC internal 
an "J" pacugt. Offset Null connections avail.hJe 
anlyan "G"p.cklgl. 
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OrdorNumbe, 
LHOO4;G or LH0041CG 

See Package H12B -0· .. ·' .. V .... , 

.t l J :::Ul 
GfillD I , DUTPU' 

If' • t CD .. 

TOP VI'. 

OrdarNumber 
LH0041CJ 

See Package HY08A 
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absolute maximum ratings 

Supply Voltage 
Power Dissipation 
Differential Input Voltage 
Input Voltage (Note 1) 
Peak Output Current (Note 2) LH0021/LH0021C 

LH0041/LH0041C 
Output Sl>ort Circuit Duration (Note 3) 
Operating Temperature Range LH0021/LH0041 

LH0021C/LH0041C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

±1SV 
See curves 

±30V 
±15V 

2.0 Amps 
0.5 Amps 

Continuous 
-55°C to +125°C 
-25°C to +·S5°C 

_65°C to +150°C 
300°C' 

de ele~trical characteristics for LH0021/LH0021C (Note 4), 

PARAMETER 

Input OffsO?t Voltag~ 

Voltage I?nft With Temperature 

Offset Voltage Onft With Time 

Offset Voltage Change With Output Power 

Input Offset Current 

Offset Current Qnft wrth'Temperature 

Offset Curre'nt Drift with Time 

Input B.as Current 

Input Resistance 

In'put CapaCitance 

Common Mode Rejection RatiO 

lnpu', Voltage Range 

Power Supp1v RejectIon RatiO 

Voluge Gain 

Output VOltage SWlllg: 

Output Short Clfellit Cunent 

Power Supplv Curre~t 

Power Consumption 1 • 

CONDITIONS 

As < lOOn. T c .: 25°C 
Rs< lOon 
Rs< 100n 

Te '" 2S"C 

Tc -= 2S"C 

MIN 

0.3 

LHOO21 
TVP 

1.0 

·3 

5 

5 

30 

01 

2 

100 

1.0 

3 

Rs <l00Sl.tNcu "'!lOV 10 90 

'Vs =!1SV !12 
.. 

Rs < 100fl, tNs = ! 10V 80 96 

vs'" !lSV. vo" !10V 
RL .. 1 kU. Tc '" 25~C. 100 200 
Vs'" !lSV. Vo '" 110V 
RL = loon. 25 

Vs '" :t15V, RL = toon !:13.5 14 
Vs=:t15V.R L "',0n.Tc"2SoC tl10 :12 
Vs = !:15V. Tc '" 25"C,Rsc s 0.50 0.8 1.2 

Vs=:t.15V.VOUT=0 2.5 

Vs" 115V, VOUT = 0 75 

LIMITS 

MAX 
3.0 
5.0 

25 

15 

100 
300 

11.0 

300 
1.0 

1.6 

3.5 

105 

MIN 

0.3 

70 

±12 

70 

100 

20 

~13 
±10 

0,8 

LHOO71C 
TVP 

30 

5 

5 

5 

50 

0.2 

2 

200 

1.0 

3 

90 

90 

200 

±14 

112 

1.2 

3.0 

90 

MAX 
6.0 
7.5 

30 

20 

200 
500 

UNITS 

mV 
mV 

.Vi"C 
IN/week 

p.V/watt 

nA 
nA 

1.0 nAJ"C 

nA/week 

500 nA 
1.0 JJ.A 

1.6 

4.0 

120 

Ml! 

pF 

dB 

V 

dB 

VlmV 

V/mV 

V 
V 

Amps 

mA 
mW 

~c electrical characteristics for LH0021/LH0021C (TA = 25°C, Vs = ±15V, Ce '= 3000 pF) 

Slew Rate Ay " +1. RL " loon .0.8 3.0 1.0 3.0 VlJJ.s 

Power BandWidth RL" tOOn 20 20 kHz 

Small Signal TranSient Response 0.3 1.0 0.3 1.5 .' Small Signal O~ersh,?~! 5 20 10 30 % 

Settling Time 10.1.%) llVIN " 10V, Av " +, 4 4 .' Overload Recovery Time 3 3 .' HarmoniC Distortion I " , kHz. Po " 0.5W 0.2 0.2 % 

Input Noise Voltage Rs = SOU, B.W. '" 10 Hz to 10 kHz 5 5 JJ.V rm, 

Inpul Noise C.urrent B.W. '" 10Hz to 10kHz 0.05 0.05 nArm, 

". 
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r-
dc electrical characteristics for LHOO41/LHOO41C (Note 4) 

:r:: 
0 
0 
I\) 

LIMITS .... 
PARAMETER CONOITIONS H , LH0041C UNITS -MIN TVP MAX MII'i TV' MAX r-

Inpul Offset Voltage As< lOOn. TA " 2S C 10 30 30 60 mV :r:: 
As <;; loon 5.0 75 mV 0 

Voltage Dnft With Temperature Rs "< lOOn 3 5 ",vrc 0 
Offset Voltage Duft With rime 5 5 ",V/week I\) 
Offset Vollage Change wuh Output Power 15 15 ",V/Will 

.... 
Offset Voltage Adjustment Range INote 5) 20 20 mV s> 
Input Offset Current TA :: 25 C 30 100 50 200 nA r-300 500 nA 

Offset Current Duft With Temperature 0.1 1.0 02 1.0 nAl'C :r:: 
Offset Current Drift With Time 2 2 nA/week 0 
Input Bias Current TA :: 25~C 

.-
100 300 200 500 nA 0 

10 1.0 .A .I=ao 
Input ReSistance TA '" 2S"C 0.3 1.0 0.3 1.0 Mn .... -Input Capacitance 3 3 pF r-
Common Mode Rejection RatiO Rs <: lOOn, .lVeM • .tlDV 70 90 70 90 dB :r:: 
Input Voltage Range Vs'" !:15V "2 !12 V 0 
Power Supply Rejection RatiO Rs:5: lOOn, .l.Vs '" ±10V eo 96 70 90 dB 0 
Voltage Gam Vs"'.tlSV,Vo=!10V .I=ao 

RI.. = 1 kf!. T A = 2S(,C 100 200 100 200 V/mV .... 
Vs'" .!lSV. Vo = .tIDV C') 
RI.. '" lOOn 25 20 V/mV 

Output Voltage SWU'l9 Vs = :!::lSV. RI.. '" lOOn 1130 14.0 "3.0 1140 V 

Output Short Circuit Current Vs" !lSV. TA · 2S"C 200 300 200 300 mA 
INote 6) 

Power Supply Current Vs'" :!:lSV. VOUT '" 0 • 2.5 3.5 3.0 4.0 mA 

Power Consumptaon Vs" :!:lSV. VOUT '" 0 75 105 90 '20 mW .. 
ac electrical characteristics for LH0041/LH0041C (T;" = 25°C, Vs = ±15V, Cc = 3000 pF) 

Slew Rare All '" +1, RL '" lOOn 1.5 3.0 1.0 30 V/,.,.s 

Power BandWidth RL ", lOOn 20 20 kHz 

Small Signal Transient Response 0.3 1.0 0.3 1.5 .' Small Signal Overshoot 5 20 10 30 % 

Settling Time (0.1%1 llV1f1j '" 10V. Av '" +1 4 • P' 
Overload Recovery Time 3 3 P' 
Harmonic Distortion f,. 1 kHz. Po '" O.5W 02 0.2 % 

Input Noise Voltage Rs" son. B.W. '" 10 Hz 1010 kHz 5 5 pV/rms 

Input NOise Current B.W. '" 10 Hz to 10 kHz 0.05 005 nA/rms 

Note 1: Rating applies for supply voltages above ±15V. For supplies less than:!: 15V, rating IS equal to supply voltage. 

Note 2: Rating applies for LH0041 G and LHOO21 K with RSC = on. 
Note 3: Rating applies as long as package power rating is not exceeded. 
Note 4: Specifications apply for .SV ~ Vs .1BV, and -SSoC ~ TC = ~ 12SoC for LH0021 K and LH0041G, and ":2SoC ~ 
TC!> +SSoC for LH0021CK, LH0041CG and LH0041CJ unless otherwise speCIfIed. Typical values are for 2S"C only. 

Note 5: TO-S "G" packages onlv. 

No," 6: Rating applies for "J" DIP package and for TO·S "G" package WIth RSC = 3.3 ohms. 
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typical applications (con't) 
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auxiliary circuits 

, . 
LH0021 Unity Gain Circuit with 

Short Circuit limiting 

OUTPUT 

LH0041/LHOO21 Offset Voltage Null Circuit 
(LH0041CJ Pin Connections Shown'* 

POSITIVI 

lOY: • 

LH0041G Unity Gain with 
Short Circuit Limiting 

LH0041G Offset Voltage Null'Circuit" 

IllliATIVi 

-tlV<.V"<;...JIIV 

Operation from Single Supplies 

,'''>Yo { • -
',",IV 

V"<-IV 

Operation from Non-Symmetricel Supplies 

"For additional offset null circuit techniques see National Unear Applications Handbook. 
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~ National Operational Amplifiers/Buffers 
~ Semiconductor . 
LHOO22lLHOO22C High Performance FET Op Amp 
LHOO421LH0042C Low Cost FET Op Amp 
LHOO521LHOO52C. Precision FET Op Amp . 
general description 
The LH0022!LH~42!LHOOS2 are a family of 
FET input operational amplifiers with very closely 
matched input characteristics, very high input 
impedance, and ultra·low input currents with no 
compromise in noi.se,.,common mode rejection 
ratio, open loop gain, or slew rate. The internally 
laser nulled LHOOS2 offers SOO microvolts maxi· 
mum offset and SjJ.vtc offset drift. Input offset 
current is less than SOO femtoamps at room tem· 
perature and 100 pA maximum at 12S'C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable matching characteristics. All de­
\/ices in the family are internally compensated and 
are free of latch·up and unusual oscillation prob­
lems. The devices may be' offset nulled with a 
single 10k trimpot with neglible effect in CMRR, 

The LH0022, LH0042 and LHOOS2 are specified 
for operation over the -SS'C to +12S'C military 
temperature range. The LH0022C, LH0042C and 
LHOOS2C are specified for operation over the 
-.2S'C to +8S'C temperature range. 

features 
• Low input offset current-soO femtoamps max. 

(LHOOS2} 

schematic and connection diagrams 

.'.!!:: 0--___ -+--. 

'flSU 
_. 

0llR1 
IIYIL 

'Previousl Called NHOO22/NHOO22C 
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• Low input offset drift"':SjJ.Vtc max (LHOOS2} 

• Low input offset voltage .- 100 microvolts-typ. 
• High open loop gain - 100 dB typo 
• Excellent slew rate - 3.0 V!jJ.s typo 
• Internal 6 da/oct~ve frequency compensation 
• Pin compatible with standard IC op amps (TO·S 

package I 

The LH0022!LH0042!LHOOS2 family of IC op 
amps are intended to fulfill a wide variety of appli· 
cations for process control, medical instrumenta­
tion, and other systems 'requiring very low input 
currents and tightly matched input ·offsets. The 
LHOOS2 is particularly suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer amplifiers. The LH0022 and 
·LH0042 provide low cost high performance for 
such applications as electrometer and photocell 
amplification, pico·ammeters, and high input im· 
pedallce buffers. 

Special electrical' paranlllter selection and custom 
built circuits are available on special request. 

For additional application information and infor· 
mation on other National operational amplifiers, 
see Available Linear Applications Literature. 

" .. 

Dual·ln·Line Package 

." 1 •• C 

In 131' 

1'1I~:J S tz :'~~11VIR' ... nle 
v_ • "1&ttET 

o'lft! ' 
." • OUTPUT 

TO'VI£1i 

Order Number LHOO22D, 
LHOO22CD, LH0042D, LH0042CD, 

LH0052D or LH0052CD 
See Package D14E 

Metal Can Package 
.e 

,or VIEW 

Ord .. Number LHOO22H, LH0022CH, 
LH0042H,LH0042CH, 
LHOO52H or LHOO52CH 

See Package HOBA 



absolute maximum ratings 

Supply Voltage ±22V 
Power Dissipation (see graph) 500mW 
Input Voltage (Note I) ±15V 
Differential Input Voltage (Note 2) ±30V 
Voltage Between Offset Null and V- ±O.5V 
Short Circuit Duration Continuous 
Operating Temperature Range 

LH0022. LH0042. LH0052 _55°C to +125°C 
LH0022C. LH0042C. LH0052C _25°C to +85°C , 

Storage Temperature Range _65°C to +150°C 
Lead Temperature (S.oldering. 10 sec) 300°C 

de electrical characteristics For LH0022/LH0022C (Note 3) 

LIMITS 

PARAMETER CONDITIONS LHOO22 LHOO22C UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Rs";; 100 kU; T A = 25°C. 2.0 4.0 3.5 6.0 mV 
Vs:: :t15V 

Rs'; 100 kU. Vs' ±15V 5.0 7.0 mV 

Temperature CoeffiCient of Rs';; lookU 5 10 5 15 ~V/oC 

Input Offset Voltage 

Offset Voltage Doh with Time 3 4 J,lV/week 

Input Offset Current (Note 4) 0.2 2.0 1.0 5.0 pA 

2.0 0.5 nA 

Temperature CoeffiCient of Doubles every lOoe Doubles every 10°C 
Input Offset Cunent 

Offset Current Dnft with Time 0.1 0.1 pA/week 

Input Bias Current (Note 4) 5 10 10 25 pA ., 
10 2.5 nA 

Temperature CoeffiCient of Doubles every lOoC Doubles every lOoe 
Input 81as Current 

Differential Input Resistance 10'2 10'2 U 

Common Mode Input ResIstance 10'2 1012 U 

Input Capacitance 4.0 4.0 pF 

Input Voltage Range Vs=±15V ±12 ±13.5 :!:12 ±13.5 V 

Common Mode ReJection Ratio Rs ~ 10 kU. Y,N = ±10V 80 90 70 90 dB 

Supply Voltage Rejection ~atlo Rs ~ 10 kH. ±5V";; Vs.";; ±15V 80 90 70 90 dB 

Large Signal Voltage Gain RL'" 2 kn. V OUT '" ±10V. 100 200 75 160 V/mV 
T A ", 2SQ C. Vs '" ±lSV 

RL = 2 kn. VOUT = ±10V. 50 50 V/mV 

Vs = ±15V 

Output Voltage SWing Re= 1 kU. TA = 25'C. :tl0 ±12.5 ±10 :t12 Ii 
Vs'" :!:15V 

RL=2kU.Vs=±15V ±10 ±10 V 

Output Current Swing V~UT = :!:10V. T A :: 25°C :!:10 ±15 :tl0 ±15 mA 

Output Resistance 75 75 U 

Output Short Circuli Current 25 25 mA 

Supply Current Vs = ±15V 2.0 2.5 2.4 2.8 mA -

Power Consumption Vs = ±15V 75 85 mW 
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dc electrical characteristics for LH0042/LH0042C (Note 3) 
(Vs = ±15V, unless otherwise specified) 

LIMITS 

PARAMETER CONDITIONS LH0042 LHOO42C 

MIN TV' MAX MIN TV' MAX 

Input Offset Volt. RsS l00kfl: SO 20 60 20 

Temperature CoeffiCient of Rs'S: 100kfl: 10 
Input Offset Voltage 

Offset Voltage Drift With rime 10 

Input Offset Current (Note 41 2 10 

Temperature Coefficient of Doubles'every 10'C Doubles every 'O~C 
Input Offset Current 

I I I I Offset Current Drift With Time 0,1 01 

Input Bias CUI"rent fNote41 10 2S 15 SO 

Temperature CoeffiCient of Doubles every 10~C Doubles everv 10~C 
Input Bias Current 

Dlfferentl,l Input Resistance 1012 10'2 

Common Mode Input Resistance 10'2 10'2 

Input Capacitance 40 40 

Input Voltage Range :12 !135 :12 :!:135 

Common Mode Relectlon Ratio Rs~ 10kn. V IN " :!:10V 70 86 70 80 

Supply Voltage ~ejectlon Ratio As~ IOkf/:, :!:5V"5:VsO;: :!:15V 70 86 70 80 

large Signal VOltage Gam Rl • 1 k!2, VOUT " !10V 50 150 2S 100 

Output Voltage Swing A~ = I k!2 -10 !12.5 "0 ~12 

Output Current Swing VOUT "" ±10V !10 ~15 !10 !15 

Output Resrstance 10 7' 

Output Sh~t Circuit Current 20 20 

Supply Current 2,S 3.5 2B 40 

Power ConSumption lOS 120 

dc electrical characteristics For LH0052/LH0052C (Note,3) 

LIMITS 

PARAMETER CONDITIONS LHOO52 LHOO52C 

MIN TV. MAX MIN TV' MAX 

lriput Ofhet Voltage RsS; 100k!2. Vs" !15V. 01 OS 02 10 
T A = 25~C 

Rs< l00kn. Vs = ~15V 10 1 S 

Temperature Coefflc.ent of Rs" 100 k!2. Vs = !15V 10 
Input Offset Voltage 

Offset Voltage Drrft With Trme 

Input Offset Currell! (Note 41 001 O,S 002 10 

100 100 

Temperature CoeffrClent of Doubles every 10DC Doubles every 10°C 
Input Offset Current· I ~:I Ofhet Curnmt Dnft'wlth Time <01 

In~t Bras Current tNote41 2,S 10 SO 

2,S o.S 

Temper.ature Coetfrr,lent of Doubtesevery 10°C Doubles every 10°C 

I nput Bras Current 

Differential Input ReSistance 1012 10'2 

Common Mode Input Reslstilnce 1012 1012 

Input CapaCitance 40 40 

Input Voltage Range Vs " !15V 't12 ·,35 !12 !135 

Common Mode ReJl!ctlon RatiO Rs <; 10 kn. VII" = !10V 74 90 70 90 

Supply Voltage Rejection Ratro Rs < 10 k!2. ~5V s: Vs -:;: !15V 74 90 70 90 

l~ge Signal Voltag~. Gam RL = 2 kH. VOUT" !IOV. 100, 200 7S 160 
Vs = !15V, TA = 25"C 

Rl - 2kn.VOUT= !10V. 50 50 
Vs" !~5V 

OutPUt Voltage SWing 'RL'" 1 k!2. T A = 2S'C '10 +'25 ~'O !12 

Vs ~ !15V 

RL = 2kn. Vs= !lSV -10 'tID 

Output Current SWing VOUT = !1OV, TA " 25"C -10 !15 'tID '15 

Output ReSistance 7S 7S 

Output Short CirCUit Current 2S 2S 

Supply Current Vs= !ISV 3,0 3,S 3,0 3,8 

Power Consumption Vs= !15V lOS ll4 
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ac electrical characteristics For all amplifiers ITA = 25°C. Vs = ±15V) 

LIMITS 

PARAMETER CONDITIONS LHOD22/42/52 lHOO22C/42C/52C 

MIN TVP MAX MIN TVP 

Slew Rate Voltage Follower 1.5 3.0 1.0 3.0 

Large Signal Bandwidth. Voltage Follower 40 40 

Small Signal Bandwidth 1.0 1.0 

RrseTime 0.3 1.5 0.3 

Overshoot 10 30 15 

Settling Time (O."%J L)V rN '" lOV 45 4.5 

Overload Recovery 40 4.0 

Input Noise Voltage Rs': 10 kn. fa '" 10 Hz lSO 150 

Input Noise Voltage Rs'" 10k~.fo'" 100Hz 55 55 

Input Noise Voltage Rs = 10kn, fa'" kHz 35 35 

Input Noise Voltage Rs'" 10kn,fo "" 10kHz 30 30 

Input Noise Voltage BW;; 10 Hz to 10 kHz. Rs:;; 10 kn 12 12 

Input Noise Current BW'" lQHzto 10kHz <.1 < 1 

Note1: For supplV voltages less than :t15V. the absolute maximum input voltage is eQual to the supply voltage. 
Note 2: Rating applies for minimum source resistance of 10 kn. for source resistances less than 10 kn. maximum dlfferent,al 
input voltage ;5 ±5V. . 
Note 3: Unless otherwise specified, these specifications apply for :!:5V';;;; Vs c.;; :!:20V and -55" C ~ TA 0;;; :!:125"C for the 
LH0022 and LHOOS2 and ·2S"C" TA 0;; +8S"C for the LH0022 and LHOOS2C TYPical values are given for T A = 25°C, 
Note 4: Input currenu are a strong function of temperature. Due to high speed test,"g~they are specified a Junction temperature 
T; = 25" C. self heating will cause an increase in current i~ manual tests. 

auxiliary circuits (shown for TO-5 pin out) ,. 

V' 

100K 

OUTPUT 

·-lo--'VV1DDK~ 
V-

Nole Alld,Ddnill\tlullowl!lug! v' 

MAX 

15 

40 

UNITS 

VIps 

kHz 

MHz .' % . ' .' nV/.JHi 

nV/.JHZ 

nVlvHZ 

nV/..;Hz 

IlVrms. 

pArms 

OUTPUT 

Offset Null Protecting I nputs From! 150V Transients 

typical applications 

.. ,=0--+-----, 
nt ..... c::.:~O-<H--........ ""' 

OUTPUT 

"""---"'-"'--0 v-

Boosting Output Drive to ± 100 mA 

Low .Drift Sample and Hold 
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typical applications (con't) 

Pico .... p Amplifi.r fpr pH Meters 
and Radiation Detectors 

Sensitl •• Low Cost "VTVM" 

-
Tru.lnstrumentation Amplifier 

1 I -= + I: I 
-. ... ,,. ___ ,J I f 

!t_~~_J 
Precision S .... pl. and Hold 

r---., 
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IUntlT 

II·»., 
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Automatic Teit 0 •• , 

"Ml1J 
Vz'lUV 

lW.I .... 

""".~ 

Ultra Low Level Currant Source 
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typical performance characteristics 
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Input Bias Current vs 
Temperature 
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~Nalional Operational Amplifiers/Buffers 
~ Semiconductor 
LHOO241LHOO24C High Slew Rate Operational 
Amplifier 

general description 

The LH00241LH0024C is a very wide bandwidth, 
high slew rate operational amplifier intended to 
fulfill a wide var.iety of high speed. applications 
such as buffers to A to 0 and 0 to A converters 
and high speed comparators: The device -exhibits 
useful gain i~ excess of 50 MHz making it possible 
to use in video applications requiring higher gain 
accuracy than is us~ally associated with such 
amplifiers. 

features 
• Very high slew rate - 500 V/J.I~ at Av ; +1 
• Wide small signal bandwidth - 70 MHz 
• Wide large signal bandwidth - 15 MHz 
• High output swing.- ±12V into 1K 

• Offset null with single pot 
• Low input offset ~ 2 m V 
• p,jn compatible with standard IC op amps 

The LH0024/LH0024C's combination of wide 
bandwidth and high slew rate make it an ideal 
choice for a variety of high speed applications 
including active filters, oscillators, and· compara· 
tors as well as many h.igh speed general purpose 
appl ications. 

The LH0024 is guaranteed over the temperature 
range _55°C to +125°C, whereas the LH0024C 
is guaranteed _25°C to +85°C. 

schematic and connection diagrams 
towlNun . 

typical applications 

TTL Compatible Comparator . 

" vlII .. _-'lii'·I\.-<..,.:p.. 

, . •• - __ -'1 
" " 

Offset Null 

3-255 

Metal Can Package 

NOli: Fllr hill link lISt 
"".rI'llIlIDy:!ZJI-Sunes. 

Order Number LH0024H or LH0024CH 
See Package HOSS 

" ... 

Video Amplifier 
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absolute maximum ratings 
8 
l:' Supply Voltage ±18V 

...I Input Voltage ,Equal to Supply 

.~ 
Differential Input Voltage ±SV 
Power Dissipation SOOmW 
Operating Temperature Range lH0024 -SSoC to +12SoC 

lH0024C - 2SoC to +8S·C 
Storage Temperature Range -SSoC to +lS0°C 

l: lead Temperature (Soldering, 10 sec) 300°C 

...I 
dc electrical characteristics (Note 1) 

CONDITIONS 
lH0024 lH0024C 

PARAMETER UNITS 
MIN TYP MAX MIN TYP MAX' 

Input Offset Voltage Rs = son, T A = 25°C 2.0 4.0 S.O 8.0 mV 
Rs = 50n ,s.o " 10.0 mV 

Average Temperature Vs = ±lSV, Rs = 50n -20 -25 pvl"c 
Coefficient of Input . -S5°C to 12SoC 
Offset VOltags 

; .. 
Input Offset Current T A" 2SoC 2.0 S.O 4.0 15.0 p.A 

10.0 20.0 p.A 

Input Bias Current TA = 2SoC IS 30 II! 40 
" 

pA 
40 SQ ,pA 

Supply Current 12.S 15 12.S 15 m~ 
.'n, 

large Signal Voltage Vs = ±lSV, RL = lk, TA = 2SoC 4 5 3 4 V/mV 
Gain Vs = ±lSV, RL = lk 3 2.S "V/mV 

Input Voltage Range Vs= ±15V ±12 ±13 ±12 ±13 V 

Output Voltage Vs = ±ISV, RL = lk, TA = 2SoC ±12 ±13 ±10 ±13 V 
Swing Vs = ±lSV; RL = lk ±10 ±10 V 

Slew Rate Vs = ±lSV, RL = lk, 400 SOD 2S0 4QO VIps 
C, = C; =30pF - ., 

Av='+I,TA= 2SoC 

Common Mode Vs = ±ISV, A.vON = ±10V SO SO dB 
Rejection Ratio 'Rs= son 

Power Supply ±SV ~ Vs ~ ±18V SO SO dB 
Rejection Ratio Rs = son 

Note I: These specifications apply forVS = .15V and -55·C to +125·C for the lH0024 and -25·C to +85·C for the lHOO24C. 

frequency compensation 

TABLE I Frequency Compensation Circuit 

CLOSED 
C,· C2 C3 LOO'GAIN 

100 0 0 0 

20 0 0 0 

'0 0 20 of loF , 300F 30 of 3 of 

out,.,T 
, .. 
~ 1110112 III 

'I~' ':' 
-ltV 
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typical performance ch a racte ristics 
Large Signal Frequencv Open Loop Frequency 

Maximum Power Dissipation Response Response 

800 25 80 

I'\.. Vs= !15 
700 -. Rl '" til 

" 
190'CIW ~20 T ... '" 25 C z 600 \ 60 

f'... " '" ! '\ .. CASE z i 500 
AMBIENT~ :'\ ~ 15 z 

~ 400 
~ ~ 40 '" c; 1""-

,., .. 
'" ffi JOO ~ 10 ~ 

;0: 250'CIW ~ > 
Vs " !15V .. 

2200 ... > 20 " CI' C2'30" 

~ 
5 

100 RL = lK 

I Av ';;.11 II 
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Voltage Follower Pulse Input Voltage vs Supply 
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Supply Current vs Supply 
Voltage Input Bias Current vs Voltage 

14 
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"25 

j--T~'-5l C r-- j--
13 r--r ~ 20 'c i---'" 1- 1 I • ./ ~"25'C ... 

;:u . 
IA 1 

t-- r- ~ 1,5 L"~5C t-- j--
~ e ~ 11 

fi125'r 

~ 1- , ~ I r-> ;; 10 TA=+125 C-
~ 

10 
V' r-

~ 1/ ... 
9 ~ 5 

I I 
8 I 0 I I 

4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18 
-

SUPPLY VDLTAGE (,VI SUPPLY VOLTAGE I,VI 

applications, information 
1. layout Considerations -1, C3 may require adjustment in order to per· 

The LH0024/LH0024C,like most high speed cir· 
fectly cancel the input capacitance of the device. 

cu itry, is sensitive to lay'out arid stray capacitance. When operating the LH0024/LH0024C at a gain 
Power supplies should be by·passed as near the of +1, the value of R1 should be at least 1K ohm. 
device as is practicable with at least .01 JlF disc The case ofthe LH0024 is electrically isolated from 
type capacitors. Compensating capacitors should the circuit; hence, it may be advantage04s to drive 
also be placed as close to device as possible. the case in order to minimize stray capacitances. 

2. Compensation Recommendations 3. Heat Sinking 

Compensation schemes recommended in Table 1 The LH0024/LHOO24C is specified for operation 
work well under typical conditions. However, poor without the use of an explicit heat sink. However, 
layout and long lead lengths can degrade the per· internal power dissipation does cause a significant 
formance of the LH0024 or cause the device to temperature rise. Improved offset voltage drift 
oscillate. Slight adjustments in the values for can be obtained by limiting the temperature rise 
C1, Cl, and C3 may be necessary for a given with a clip·on heat sink such as the Thermalloy 
layout. In particular, when operating at a gain of 22288 or equivalent. 
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~National Operational Amplifiers/Buffers 
~ Semiconductor. 

LHOO321LHOO32C Ultra. Fast FEr Operational 
Amplifier 

general description 
The LHOO32/LH0032C is a high slew rate, high 
input impedance differential operational amplifier 
suitable for diverse application in fast signal handl­
ing. The high 'allowable differential input voltage, 
ease of 'output clamping, and high output drive 
capllbility particularly suit it for comparator appli­
cations. It may be used in applications normally 
reserved for video amplifiers allowing the use of 
operational gain setting and frequency response 
sliaping into the megahertz .region. 

features 

• High slew rate 
• High bandwidth 
• High input impedance 

500 V//J.s 
70 MHz 

10,1212 

schematic and ·connection diagrams 
• u 

"..::~':.'~Io!:'---+-+-+....!!!r 

... 

High Speed Current Mod. MUX 

1 1 
I I 

.1 "2 
" <>-"'I,--'1111 ....... --i-'''-+-6-..... ..., 

I 
,I 
1 
I 

,I 14 
~~~I-~~-r~~.-, 

3-258 

• Low input bias current 20pA max " 

• Offset null with single pot 

• Low input offset voltage 2mVmax 

• No compensation for gains above 50 

The LHOO32's wide bandwidth, high input imped­
ance and high output capacity make it an ideal 
choice for applications such· as summing amplifiers 

, in, high speed D,to A-5, tJi.Jffers in data acquisition 
systems, and sample and hold circu its. Additional 
applications include high speed integrators and 
VIdeo amplifiers. The LH0032 is guaranteed over 
the temperature range _55°C to +125°C and the 
LH0032C is guaranteed from -25°C to +85°C. 

Metal Can Package 

" DIImI' 
COMIU.tiOll 

",vo, 
... : ,.-. ....... 1tItnMIIoy 
Z24t III'~ " WlbfillIIII ItS-XX ...... 

Order Number LH0036G or LHOO36CG 
See NS Pack .... H12B 
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absolute maximum ratings 

Supply Voltage 
Input Voltage 
Differential I nput Voltage 
Power Dissipation 
Operating Temperature Range LH0032 

LH0032C 
Storage Temperatu re Range 

±18V 
±Vs 

±30V 
See curve 

-55°C to +125c C 
-25°C to +85°C 

Lead Temperature (Soldering, 10 sec) 
_65°C to +150°C 

300°C 

dc electrical characteristics (Note 1) 

PARAMETER CONDITIONS 
MIN 

Input Offset Voltage TJ = 2S'C INot.3) 

Average Offset Voltage Drift 

Input Bias Current TJ = 25°C INot.3) 

Input Offset Current TJ = 2S'C INote3) 

Large Signal Voltage Gain VOUT = ±10V, f = 1 kHz. Ri. =' 1 kn. 60 
TJ.= 25'C 

VOUT = ±10V, f = 1 kHz. RL = 1 kn 57 

Input Voltage, Range ±10 

Output Voltage Swing. RL = 1 k!l ±10 

Power Supply Rejection Ratio INs = ±10V 50 

Common Mode Rejection Ratio llV'N = 10V 50 

Supply Current TJ = 2S'C 

ac electrical characteristics (Note 2) 

PARAMETER' 

Slew Rate 

Settling Time to 1 % of Final Value 

Settling Time to 0.1% of Final Value 

Small Signal Rise Time 

Small Signal Delay Time 

CONDITIONS 

Av = +1, tN'N = 20V 

Av = -1, tN'N = 20V 

Av = -1, /:;V'N = 20V 

Av = +1, /:;V'N = 1V 

Av = +1, /:;V'N = 1V 

LHOO32 
TVP 

2 

25 

10 

5 

70 

±12 

±13.5 

60 

.60 

18 

MIN 

350 

MAX 

5 

10 

100 

50 

25 

25 

20 

MIN 

60 

57 

±10 

±10 

50 

50 

TYP 

500 

100 

300. 

8 

10 

LHOO32C 
TVP MAX 

S 15 

20 

25 

25 200 

15.0 

10 50 

5 

'70 

±12 

±13 

60 

60 

20 22 

MAX 

20 

25 

UNITS 

mV 

mV 

IlV/'C 

pA 

nA 

pA 

nA 

dB 

dB 

V 

V 

dB 

dB 

mA 

UNITS 

V//ls 

ns 

ns 

ns 

ns 

N~te1: These specifications apply at Vs = ± 15V and over -55°C to +125°(: for the LH0032 and _25°C to +8SoC for the 
LHOO32C, unless otherwise specified. 
Note 2: These specifications apply for Vs = ± 15V, A L = 1 k!l and T J = 25' C 
Nota 3: Due to high speed automatic testing, these parameters are correlated to junction temperature. 
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typical performance characteristics, (con't) 
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Large Signal Pulse Response 
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auxiliary circuits 

Offse,Null 

r--.--- V• 

10PUTS { au"UT 

typical applications (con't) 

Unity Gain Amplifier 

V' 

INPUT -JV'.(Vo-"j 
11 

OUTPUT 

V· 

lINIn 

100X Buffer Amplifier 

V· 

INPUT 

... 
10' 
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Output Short Circuit Protection 

V' 

V· 

10X Buffer .Amplifier 

V· 

INPUT 

OUTPUT 

.. 
.. V· 

Non-Compensatad Unity Gain Inverter 

V. 

OUTPUT 

r­
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typical applications (con't) 

High Speed Sample and Hold 

OUT'UJ 

,IIPUT 

, ·Ustllolptyrl ... dielectric 101 minimum drift. 

Current Mode Mu!tip!e:=er 

applications information 

Power Supply Decolipling 

The LH0032/LH0032C like most high speed cir· 
cuits is sensitiv~ to layout and stray capacitance. 
Power supplies should be by·passed as near to 
Pins 10 and 12 as practicable with low inductance 
capacitors such as 0.01 IlF disc ceramics. Compen· 
sation components should also be located close to 
the ap'propriate pins to minill"!,ize stray reactances. 

Input Capacitance' 

The input capacitance to the LH0032/LH0032C is 
typically 5 pF and thus may form a significant 
time constant with high value resistors. For opti· 
mum performance, the input capacitance to the 
inverting input should be compensated by a small 
capacitor across the feedback resistor. The value 
is strongly dependent on layout and closed loop 
gain, but will typically be in the neighborhood of 
several picofarads. 

").!J4-<> DUTPUT., 

" VOUT "I 

In the non·inverting configu',ation, .it may be 
advantageous to bootstrap the case and/or a guard 
conductor to the inverting input. This serves both 
to divert leakage currents away from the non· 
inverting input and to reduce the effective input 
capacitance. A unity gain follower so treated will 
have an input capacitance under a picofarad. 

Heat Sinking 

While the LH0032/LH0032C is specified for opera· 
tion without any explicit head sink, internal power 
dissipation does cause a significant temperature 
rise. Improved bias current performance can thus 
be obtained by limiting this temperature rise with 
a small head sink such as the Thermalloy No. 2241 
or equivalent. The case of the device has no inter· 
nal connection, so it may be electrically connected 
to the sink if this is advantageous. Be aware, how· 
ever, that this will affect the stray capacitances 
to all pins and may thus requ ire adjustment of 
circuit compensation values. 
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~National 
~ Semiconductor 

Operational AmplifierS/B.uffers 

LH00331LH0033C, LH0063/LH0063C Fast and' Damn Fast 
Buffer Amplifiers 

general description 
The LH0033/LH0033C and LH0063/LH0063C are 
high speed, FET input, voltage follower/buffers 
designed to provide high current drive at fre· 
quencies from DC to over 100 MHz. The LH0033/ 

. LH0033C will provide ±10 mA into 1 kn loads 
(±100 mA peak) at slew rates of ,1500V/lls. The 
LH0063/LH0063C will provide ±250 mA into 
50n loads (±500 mA peak) at slew rates of up to 
6000V /Ils. In addition, both exhibit excellent 
phase linearity up to 20 MHi. 

Both are intended to fulfill a wide fange of buffer 
applications such as high speed line drivers, video 
impedance transformation, nuclear instrumentation 
amplifiers, op amp isolation buffer for driving 
reactive loads and high impedance input buffers 
fqr high speed A to D's and comparators. -In 
addition, the LHOO6-3/LH0063C can continuously 
drive 50n coaxial cables or be used as a diddle 
yoke driver for high resolution CRT displays. For 
additional applications information, see AN-48. 

advantages 
• Onl'y +10V supply needed for 5 Vp .p video out 

• Speed does not degrade system performance 

• Wide data rate range for phase encoded systems 

connection diagrams 

• Output dril/il adequate for most loads 

• Single pre·calibrated package 

features 
• Damn fast (LH0063)· 6000V/lls 

• Wide range single or dual supply operation 

• Wide power bandwidth DC to 100 MHz 

• High output drive ±10V with 50n I,oad 

• Low phase non·linearity 2 degrees 

.' Fast rise ,times 2 ns 

.' High current gain 1,20 dB 

• High input resistance 10,o n 

These devices ,are constructed using specially 
selected junction FET's and active laser trimming 
to achieve guaranteed performance specifications. 
The LH0033 and LH0063 are specified for opera· 
tion from -55°C to +125°C; whereas, the LH0033C 
and LH0063C are specified from -25° C to +85° C. 
The LH0033/LH0033C is available in a 1.5W 
metal TO·8 package and a special 1/2 x 1 inch 8 
pin ceramic dual·in·line package while the LHOO63/ 
LH0063C is available in a 5W 8-pin TO·3 package.' 

, Metal Can Package . Dual·ln-Line Package Metal Can Package 

INPUT 

.e 

Ne 

TO' VIEW 

CASE ISElf.CTRICALl Y 
ISOLATED ' 

OUTPUT 

Ordor Numbor LHOO33G or LH0033CG 
See Package H 128 

IN'UT-"'---, 
OFFSET 
'RESET 
OFFSET 
ADJUST 

OUTPU,-*------J 

JOrVIEW 

v' , 

Ordar Number LH0033J or LH0033CJ 
S .. Packago HY08A' 
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absolute maximum ratings 
Supply Vollage IV t V-I 40V Peak Output Curre.nt 
Maximum Power D.\SlpaIiOn (See Curvesl LH0063/LH0063C ±500mA 

LH0063/lH0063C SW LH0033/LH0033C ±250mA 
LH0033/LH0033C 1.5W Operating Temperature Range . 

-5SoC t~ +125°C~' Maximum Junction Temperature 17S·C LH0033 and LH0063 
In,Jut Voltage Equal to Supplies LHOO.33C and LH0063C -2So/C to "+85°C , 
Continuous Output Current Storage TemPerature Range -iiSoC to +150°C 

LH0063/LH0063C '250 rnA lead Temperature (Soldering. 10 sec) 300°C 
LH0033/LH0033C ±100rnA 

dc electrical cha racte ristics LH0033/LH0033C: (Note 11 ' 

LIMITS 

PARAMETER CONDITIONS LHOO33 LHOO33C UNITS 

MIN TVP MAX MIN TVP MAX 

Output Offset Voltage 
R. -100kO. Te = 2SoC 5' 10 12 20 rnV 
R. = l00kn 15 25 rnV 

Average Temperature Coefficient R. = 100 kn. " 
~vioc 

01 Offset Voltage -55°C $ Te "5125'C 
50 50 

Input Bias Current Te = 25'C 
.05 .1 .05' .15 nA 

10 5 nA 

Voltage Gain 
VIN = lVrms. f;: 1 kHz.' 

.97 .98 1 .96 .98 l' VIV 
RL = 1 kn. R,:; = 100kH 

Input Impedance RL - 1 kn 10'0 10'1 10'0 1011 n 

Output Impedance 
VIN = lVrms. f = 1 kHz. 

6 10 6 10 n 
Rs = 100 k!1. RL = 1 k!1 , 
RL=lkn. 112 ±13 l t12 t13 'iI 

Output Voltage Swing RL = lOOn. T e • 25°C ±9 ±9 V 
Vs = 1SV. RL = 1 kll 6 6 Vpp 

Supply Current V'N = OV. VS = ±15V 20 22 21 24 rnA 

Vs'" ±5V 18 18 rnA 

Power Consumption 
V'N = OV. Vs = 11SV 600 660 630 720 rnW 
Vs = tSV 180 180 rnW 

ae electrical characteristics 
LHOO33/LHOO33C IT C = 25°C, Vs = ±15V, Rs = 5On, RL = 1 knl 

LIMITS 

PARAMETER CONDITIONS LHOO33 LHOO33C UNITS ; 

MIN TVP MAX MIN TVP MAX 

Slew Rite V'N =t10V 1000 1500 1000 1400 VII'S 

Bandwidth V1N -lVrms 100 100 MHz 

Phlse Non-linearity BW = 1 to 20MHz 2 2 degrees 

RiHTime AV'N = 0.5V 2,9 3.2 ns 

Propllllation Delav AV'N = O.SV 1.2 1.5 ns 

Harmonic Distortion f> 1kHz <D. 1 <D.l " 
. Not. 1: Unl .. otherwia specitied, thea specttitations apply 'tor +15\1 applied to pins 1 ,nd 12, -15V applied to pins9 and 

10, and pin 6 shorted to pin 7 tor the LHOO33/LHOO33C. For the LH0063/LHOO63C"specitications apply tor +.15V applied 
to pins 1 and 2, -16V applied to pins 7 and 8. and pin 6 shorted to pin 6. Unless otherwise noted,lPeclfications apply over a 
temperature range of _56°C ~ TC ~ +125°C tor the ,LHOO33 and LHOO63: and -25"C S. TC s: +85°C for the LHOO33C and 
LHOO63C. Typical values shown are tor T C = 25°C. 

-
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dc electrical characteristics LH0063/LH0063C (Note 1) 

LIMITS 

PARAMETER CONDITIONS LH0063 LHOO63C UNITS 

MIN TYP MAX MIN TYP MAX 

As" 100 kU. T c = 25"C 10 25 10 50 mV 
Output Offset Voltage 

As" 100 kU 100 100 mV 

Av,rage Temperature Coefficient 
As" 100kU 

of Output Offset Voltage 
300 :ioo ~V/"C 

TJ = 2SOC .1 -5 .1 -5 nA 
Input Bias Current 

10 5 nA 

Voltage Gain 
v lN =.i lOV, Rs ~ 100 kn. 

.94 .96 
A, " 1 kl! 

1 .94 .96 1 V/V 

Voltage Gain 
VIN " ! lOV, Rs ::;: 100 kn. 

.92 .93 .98 .91 .93 .98 V/V 
RL = Sal!, Te" 2SoC 

Input Resistance 10'0 1011 10'0 10'1 U 

Input Capacitance Case Shorted to Output 8 8 pF 

Output Impedance 
VOUT " j lOV, As = 100 kf2 
Rl. =- 50n 

l' 4 1 4 U 

Output Current Swing VIN '0. ; lOV. Rs '5 10"kn .2 .25 .2 .25 Amps 

Output Voltage Swing A, = 50l! ±10 ±13 ilO ±13 V 

Output Voltage Swing 
Vs = ±5V. A, = son. 

5 7 5 7. Vp •P 
Tc = 25"C 

Supply Current 
Te = 25°C, Rl. = 00, 

35 65 35 65 mA 
Vs = ±15V 

Supply Current Vs :: ±5V 50 50 mA 

Power Consumption 
Tc = 2SoC, RL = 00, 

1.05 
Vs = ±15V 

1.95 1.05 1.95 W 

Power Consumption Vs = ±5V 500 500 mW 

ac elel;:trical characteristics 
LH0063I.LH0063C: (Tc = 25°C, Vs = ±~5V, Rs = son, RL = son) 

LIMITS 

PARAMETER CONDITIONS LH0063 LHOO63C UNITS 

MIN TYP MAX MIN TYP MAX 

Slew Rate RL = 1 kIl, V IN ;:;: ±10V 6000 . 6000 V/~ • 

Slew Rate 
RL = son, V 1N ... ±lOV 

2000 2400 2000 2400 V/~. 
Tc;; 2SQC 

Band~idtli V 1N = 1 Vrms 200 200 MHz 

Phase Non-Linearity BW= 1 to 20 MHz 2 2 degrees 

Rise Time aV'N = .5V 1.6 1.9 n. 

Propagation Delay aV1N = .5V 1.9 2.1 n. 

Harmonic Distortion <0.1 <0.1 % 

Note 1: UnleSs otherwise specified, these specdications apply for +15V apphed to pins 1 iI,nd 12, :""15V applied to pins 9 and 
10, and pin 6 shorted to pin 7 for the LHOO33/lHOO33C For the LHOO63/LH0063C. specifications apply' for +15V. applied 
10 pins 1 and 2. -15V applied to pins 1 ~nd 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a 
temperature range of -5S"C $. TC ~ +12S"C for the LHOO33 and LHOO63; and -2!?"C ~ TC ~ +85"C for the LH0033C and 
LHOO63C.Tvpicalvalues shown are forTC= 2S"C, " _ ' 

.. 
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typical performance ,characteristics 
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typical performance characteristics (con't) 
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application hints 
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printed circuit board layout rules should be fol· 
lowed when using the LH0033 and LH0063 since 
they will provide power gain to frequencies over 
100 MHz. Ground planes are recommended and 
power supplies should be decoupled at each device 
with Ibw inductance capacitors. In addition, ground 
plane shielding may be extended to the metal case 
of the device since it is electrically isolated from 
internal circuitry. Alternatively the case should be 
connected to the output to minimize input capaci· 
tance. 

FIGURE 1. Offset Zero Adjust for LHOO33 IPin nos. 
shown for TO·SI 

Offset Voltage Adjustment: Both the LH0033's 
and LH0063's offset voltages have been actively 
trimmed by laser to meet· guaranteed specifications 
when the offset preset pin is shorted to the offset 
adjust pin. This pre·calibration allows the devices 
to be used in most Dc or AC applications without 
individually offset nulling each device. If offset 
null is desirable, it is simply obtained by leaving 
the offset preset pin open and connecting a trim 
pot of lOOn for the LH0033 or 1 kn for the 
LHOO63 between the offset adjust pin and V­
as illustrated in Figures 1 and 2. 
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application hints (con't) 
.operation from Single or Asymmetrical Power 
Supplies: Both device types may be readily used 
in applications where symmetrical supplies are 
unavailable or not desirable. A typical application 
might be an interface to a MOS shift register 
where V+ = +5V and'V- = -12V. In this case, 
an apparent output offset occurs due to the de­
vice's voltage gain of less than unity. This additional 
output offset error may be predicted by: 

(V+ -V-) _, 
AVo =0 (1 - Av) --- = .005 (V+ - V ) 

2 ' 

where: 
Av = No load voltage gain, typically .99 

V+ = Positive supply voltage 

V = Negative supply voltage 

For the above example, AVo would be -35 mV. 
This ,may be adjusted to zero as described in 
Section 2. For AC coupled applications, no addi' 
tiona I offset occurs if the DC input is properly 
biased as illustrated in the "typical applications" 
section. 

Short Circuit Protection: In order to optimize 
transient response and output swing, output cur­
rent limit has been omitted from the LH0033 
and LH0063. Short circuit protection may be 
added by inserting appropriate value resistors' 
between V+ and Vc + pins and V- and Vc - pins 

v' 

INPUT 

R,~ 

'" 

FIGURE 3. LHOO33 Using ResistDr Current Limiting 
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as illustrated in Figures 3 and 4. Resistor values 
may be predicted by: 

where: 

V+ V 
RLiM =0-

Isc Isc 

Isc ~1 00 mA for LH0033 

Isc ~ 250 mA for LH0063 

The inclusion of limiting resistors in the collectors 
of the output transistors reduces output voltage 
swing. Decoupling Vc + and Vc - pins with ca­
pacitors to ground will retain full output swing 
for transient pulses_ Alternate active current limit 
techniques that retain full DC output swing are 
shown in figures 5, 6 and 7. In Figures 5 and 6, 
the current sources are saturated during normal 
operation thus apply full supply voltage to the 
V c . pins. Under fault conditions, the voltage de­
creases as required by the overload. For Figure 5: 

VSE .6V 
RLiM = - - 10n 

Isc 60 rnA 

In Figure 6, quad transistor arrays are used to 
minimize can count and: 

RLiM = ~ = .6V = B.2n 
. 1/3 (lscl ,1/3 (200 rnA) 

v' 

INPUT 

R, .. ..... 

,FIGURE 4_ LH0063 Using Resistor Current Limiting 



application hints (con't) 

INPUT >:':""-11---0 OUTPUT 

FIGURE,S. LH0033 Current Limiting Using Current 
Sources 

INPUT 

'--... -< ..... ~I--... -o 15V 

FIGURE 6. lH0063 Current Limiting Using Current 
Sources 

Capacitive loading: Both the LH0033 and LH0063 
'are designed to drive capacitive loads such as co­
axial cables,in excess of several thousand picofarads 
without susceptibility to oscillation. However, 
peak current resulting from Ie x dv Id t ) should be 
limited below absolute maximum peak current 
ratings for the devices. 

Thus for the LH0033: 

t.l~~N) X CL <:: lOUT <:: ±250 rnA 

and for the LH0063: 

e~:N) 
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application hints (con't) 

In addition, power dissipation resulting from 
driving capacitative loads plus standby power 
should be kept below total package power rating: 

Pdlss ~ Poc + PAC 
pkg 

Pdiss ~ (V+ -V-) X Is + PAC 
pkg 

PAC ~ (Vp.p )2 X f X CL 

where Vp .p = Peak-to-peak output voltage swing: 

f = frequency 

CL = Load Capacitance 

Operation Within an Op Amp Loop: Botn devices 
may be used as a current booster or. isolation 
buffer within a closed loop with op amps such 
as LH0032, LH0062. or LMl18. An isolation 

schematic diagrams 

'Nf'UT 
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.... IUMIERS SIIOWN FOf! TO" '"'''' PACKAGE. 

INPUT 
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resistor of 47n should be used between the op 
amp output and the input of LHOO33. The wide 
bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the charac­
teristics of the op amp and that additional rolloff 
is not required. . 

Hardware: In order to utilize the full drive 
capabilities of both devices, each should be 
mounted with a heat sink particularly for ex­
tended temperature operation. The cases of both 
are isolated. from the circuit and may be con­
nected to system chassis. 

ACHTUNGI 

Power supply bypassing is necessary to prevent 
oscillation with both the LH0033 and LH0063 in 
all circuits. Low inductance ceramic disc capacitors 
with the shortest practical lead lengths must be 
connected from each supply lead (within < '4 to 
W' of' the device package) to a ground plane. 
Capacitors should be one or two O.lpF in parallel 
for the LHOO33; adding a 4.71lF solid tantalum 
capacitor will help in troublesome instances. For 
the LH0063, two O.lpF ceramic and one 4.71lF 
solid tantalum capacitors in parallel will be neces­
sary on each supply lead. 

LH0063ILH0063C 

' .... ;../ 
NORMAllY 
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06 
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typical applications 
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typical applications (con't) 

Nuclear Particle Detector High Input Impedance AC Coupled Amplifier 
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typical applications (con't) 

High Input Impedance Comparator 
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~National Operational AlllplifierslBuffers 
~ Semiconductor 

LH0044 S$ries PreciSion Low Noise 
Operational Amplifiers -

General Description 

The LH0044 Series is a low noise, ultra-stable, high gain, 
precision operational amplifier fam'ilyintended-to replace, 
either chopper-stabilized monolithic or modular ampli­
fiers. The devices are particuiarly suited for differential 
mode, inverting, and non-inverting mode applications 
requiring very low initial offset, low offset drift, very 
high gain, high CMRR, and high PSRR. In addition, 
the LH0044 Series' low initial offset and offset drift 
eliminate costly and time consuming null adjustments 
at the systems level. The superior performance afforded 
by the LH0044 Series is made possible by advanced 
processing and testing techniques, as well as active 
laser trim of critical metal' film r~sistors to minimize 
offset voltage and drift. Unique construction eliminates 
thermal feedback effects. , 

The LH0044 Series is an excellent choice for a wide 
range of precision 'applications including strain gauge 
bridges, thermocouple amplifiers, and ultrastable refer­
ence amplifiers. The LH0044 and LH0044A are 

guaranteed over the temperatur/l' range of -550 C to 
+125°C, and the LH0044AC, LH0044B, and LH0044C 
are guaranteed from -250 C tb +850 C. The device is 
available', in standard' TO-5 01> 'amp pin out and, is 
compatible with LM108A, LM725, and LM741 type 
amplifiers. 

Features 

;; Low input offset voltage 

• Excellent long-term stability 
• Low offset drift 

2511V max 
±lIlV/month ma~ 

0.51lVtC max 
• Very low noise 0.7IlVp-p max 0.1 Hz to 10 Hz 
• Hgh CMRR and PSRR 120 dB min 
• High open loop gain 
• Wide common-mode range 
• Wide supply voltage range 

120 dB min, 
,±13V min 

±2V to±20V 

Equivalent Circuit and Connection Diagram 
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Metal Can Package 

COMP 

y-

TOP VIEW 
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NDIt: COfIIjIIIIUllon is not nCII'm.lly ItIIUiI'H. HOWftIf, fo, m.x.mlll'll. 
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dIrict ....... IIe1ow dDRd loop p.n, 0110. 

Order Number LH0044H, 
LH0044AH,LHOO44CH.LHOO44ACH. 

LH0044BH 
See Package HOSB 



Absolute Maximum Ratings 
Supply Voltage t20V Operating Temperature Range 
Power Dissipation 600mW LH0044, LH0044A -5S'C to +12S'C 
Differential Input Voltage (II/ote 4) !:lV LH0044AC,LH0044B,LH0044C -2S'C to +BS'C 
Input Voltage (Note 5) t15V Storage Temperature Range -55'C to +IS0'C 
Output Short~Cjrcuit Duration Continuous Lead Temperature (Soldering, 10 seconds) 300'C 

DC Electrical Characteristics (Note 1) 

LIMITS 

PARAMETER CONDITIONS LH0044A/LH0044AC LHOO44/LH0044B/LH0044C UNITS 

MIN TYP MAX 

Input Offset Voltage TA = 25'C, Rs = 5On, VCM = OV B 25 
LH0044C Only 

Input Offset Voltage Rs = son, VCM = OV 50 
LH0044A and LH0044B Only 75 

Average Input Offset Voltage Drift TMIN :5TA ~TMAX 0.1 0.5 
LH0044B Only 

Long-Term Stability (Note 2) 0.2 1 

Input Noise Voltage (Note 3) BW = 0.1 Hz to 10 Hz, Rs = 50'n 0.35 0.7 
Rs = 10 kn Imbalance 0.50' 0.9 

Thermal Feedback Coefficient 0.005 

Open Loop Voltage Gain RL =10kn 120 145 

Common-Mode Rejection Ratio -10V:S; VCM :s; + 10V 120 145 

Power Supply Rejection Ratio ±3V:S; Vs :s; t18V 120 145 

Input Voltage Range ±13 ±13.8 

Output Voltage Swing RL = 10 kn ±13 ±13.7 

Input Offset Current 25'C:S; TA :s; T MAX 1.0 2.5 
TM'N :S;TA < 25'C 5.0 

Average Input Offset Current Drift 5 40 

Input Bias Current 25'C:S;TA :S;TMAX B.5 15 
TM'N :S;TA < 25'C 50 

Average Input Bias Current 'Drif~ 50 300 

Differe:ntial Input Impedance 5 10 

Common-Mode Input Impedance 2 x 10" 

Supply Current IL = 0 0.9 3.0 

Power'Oissipation 27 90 

At, Electrical Characteristics T A = 25Q C, Vs = ±15V 

PARAMETER 

Input Noise Voltage 

Slew Rate 

Large Signal Bandwidth 

Overload Recovery Time 

Small Signal Bandwidth 

Small Signal Rise Time 

Overshoot 

CONDITIONS 

Rs = 1 kn, fo = 10 Hz 
Rs = 1 kn, fa = 1 kHz 

Av = +1, RL ~ 10 kn, V'N = ±10V 

Av = +1, RL = 10 kn, V'N = ±10V 

Av = +100, V'N = -100 mV, AV'N = 200 mV 

'Av =+1, RL = 10kn 

Av =+1, RL = 10kn, V'N = 10mV 

Av = +1, RL = 10 kn, V'N = 10 mV, CL = 100 pF 

MIN TYP MAX 

12 50 /J.V 
100 /J.V 

150 /J.V 
75 /J.V 

0.2 1.3 /J.vtc 
0.5 /J.vtc 

0.3 2 /J.V/month 

0.35 O.B /J.Vp-p 
0.50 1.0 /J.Vp·p 

0.005 /J.V/mW 

114 140 dB 

114 140 dB 

114 140 dB 

±12 ±13.5 V 

i12 ±13.5 V 

1.5 5.0 nA 
10.0 , nA 

.15 SO pAtC 

10 30 nA 
100 nA 

100 600. pAtC 

2.5 B Mn 

2 X 10" n 
1.0 4.0 mA 

30 120 mW 

TYP UNITS 

11 .nVlVHz 
9 nV/VHz 

0.06 V//J.s 

1 kHz 

5 IJ5 

400 kHz 

2.5 /J.S 

10 % 

Noto': All specifications apply for all device grades, at Vs = ±lSV, and from TMIN to TMAX unless otherwise specified. TMIN is-SS'Cand 
TMAX is +12SoC for the LH0044A and LH0044. TMIN is -25'C and TMAX is +85'C for the LH0044AC, LH0044B and LH0044C,. Typical •• re 
given for T A = 25°C., 
Nota 2: This parameter is not 100% tested; however, 90% of~he devices ,are guaranteed to meet this specification ~fter one month 9f operation 
and after initial turn-on stabilization. . . 

Note 3: Noise is 100% tested on the LH0044A, LH0044AC and LH0044B only. 90% of the LH0044 and LH0044C devices are guaranteed to meet 
this specification. ' 

Note 4: The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow for differential input voltages in 
excess of tV. Input current'should be limited to less than t rnA. ' 

Note 5: For supply voltages less than ±t5V, the absolute maximum input voltage is equal to the supply voltage. 

3·275 

.-
:I: 
0 
0 

t 
tn 
CD 
:::So 
CD en 



Typical Performance Characteristics 
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Applications Information 

LOW DRIFT CONSIDERATIONS 

Achieving ultra-low drift in practical applications 
requires strict attention to board layout, thermocouple 
effects, and input guarding. For specific recommendations 
. refer to AN·63 and AN-79. 

A point worth stressing with regard to low drift specifica­
tions is testing' of the LH0044. Simply stated-it is 
virtually impossible to test the device using a thermo· 
probe or other form. of local heating. A one degree 
centigrade. temperature gradient can account for· tens 
of microvolts of virtual offset (or drift). The test circuit 
of Figure 1 is recommended for use in a stabilized oven 
or continuously stirred oil bath with the entire circuit 
inside the oven or bath. Isothermal layout of the resistors 
is advised in order to minimize thermocouple induced 
EMF's. 

I 
.----_--_~~."v 

r-=-----~--_r.~ 

O.ljjFI 

ISOTHERMAL 

I 
>,'-~+-~:>--VOUT . 

I lOOOVos 

I 
+----+--4~-"v 

I 
I 

Lov-'N-.-_5-5'-C<-T-,-s-'12-r-c-~~---~-~~ 
"'_ndcansrruc:tlonlTen~IDppprCI EDGE -

CONNECTOR 

FIGURE 1. LH0044 Temperature Test Circuit 

OVER COMPENSATION 

The LH0044 may be overcompensated in order to 
minimize noise bandwidth by paralleling the internal 
100 pF capacitor with an external capacitor connected 
between pins 1 and 6. Unity gain frequency may be 
predicted by: 

4 X 10-5 

f = (Hz) 
100 pF + Cext pF 

Typical Applications 

n, 

Buffered Output for Heavy Loads 
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COMPENSATION 

For closed loop gains in excess of 1 0, no external com· 
ponents are required for frequency stability. However, 
for gains of 10 or less, a O.Ol~F disc capacitor is 
recommended between pin 7 (V+) and pin 8 (Comp) . 
An improvement in ac PSRR will also be realized by 
use of the O.Ol~F capacitor. 

OFFSET NULL 

. In general, further nulling of LH0044 is neither necessary 
nor recommended. For most applications the specified 
initial offset is sufficient, 

However, for those applications requiring additional 
null, an obvious ,temptation might be to place a pot 
between pins 1 and 8 with the wiper returned to V+. 
This technique will -usually, result in reduced gain and 
increased offset drift due'to mismatch in the TCR of 
the pot and Rl and R2. The technique is, therefore, not 
generally recommended. 

The recommended technique. for offset nulling the 
LH0044 is shown in Figure 2. Null is accomplished in 
A2 and all errors are divided by the closed loop gain of 
the LH0044. Additional offset and drift incurred due 
to use of A2 is less than l~V IV for V+ and V- changes 
and O.Ol~V fc drift for the values shown in Figure 2. 

1M 

v"o-_~ ...... 

" 
-ISV 

FIGURE 2. LH0044 Null Technique 

';' G.ln: ~ ~~a 3 (R1 + H2) lor VI'" :$ 10 mV 

-W".1MIulldmistors 

X1000 Instrumentation Amp 



Typical Applications (Continued) 

II. 
MIN :;...--.:....--.... ----..... ---0 +I5YOUTPUT 

v Yz (R2+Rl) 
OUT---R,-

lOUT SlDDmA 

IOllTS·DUmA 

-~~o-~------~-~ -"---.....l!6----0-I&VOUTPIIT 

"Wlll-WOImIItlH'lIItIIiRnnn'nft. 
l .... lIdlClltl' ..... tio·SD.OD5% 

Precision Dual Tracking Regulator 

RZ R3 
22.777k Z6k 

Rl 
252.5 

INVE~~~~~ 0----'""1 

NON'INVE~~~:~o-___ =-! 

RI 
1. 252.5 

R' 
1S um 

14 

R10 

'" 
13 

R11 , .. 
" 

R13 
USk 

II 10 

+lIiV HZ ... 
L'% 

10V Reference Supply 

OUTPUT 

All resistors are part of National's RA201 resistor array. 

OVERALL INPUT STAGE OUTPUT STAGE JUMPER PINS 
GAIN GAIN GAIN ON RA201 

XI XI Xl -
X2 Xl X2 5t07.12t010· 
X5 Xl X5 6 to 7. 11 to 10 
X10 X10 Xl 2 to 15 
X20 X10 X2 2t015.5t07.12t010 
X50 X10 X5 2to 15,6 to 7. 11 to TO 
X100 X100 Xl 1 to 16 
X200 X100 X2 1 to 16. 5 to 7. 12 to 10 
XSOO X100 X5 1 to 16,6t07.11 to 10 
X995 X199 X5 1 to 14,6 to 7, 11 to 10 

Precision Instrumentation Amplifier 
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Noise Test ·Circuit 

0.1 Hi HIGH 'ASS fiLTER 

.. 
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10 Hz LOW PASS fiLTER 

VERT: 200 nV/DIV 
HORIZ. 5 SEC/DIV 



~National 
~ Semiconductor 

Operational Amplifiers/Buffers 

LHOO451LHOO45CTwo Wire Transmitter 

general description 

The LH0045/LH0045C Two Wire Transmitters 
are linear integrated circuits'designed to convert 
the voltage from a sensor to a current, and send 
it through to a receiver, utilizing the same simple 
twisted pair as the supply voltage. 

The LH0045 and LH0045C ,contain an; internal " 
reference designed to power the sensor bridge, 
a sensitive input amplifier, and an output current 
source. The output current scale can be adjusted 
to match the industry standards of 4.0 mA to 
20 rnA or 10 mA to 50 mAo 

Designed for use with various sensors, 'the LH0045/ 
LH0045C will interface with thermocouples, strain 
gauges, or thermistors. The ,use of 'the p6wer 
supply leads as the signal output elimi!lates two 
or three extra wires in remote signal applications. 
Also, current output minimizes susceptibility to 
voltage noise spikes and eliminates line drop 
problems. 

features 

• High sensitivity 

• Low i!:lput offset voltage 

• Low input bias current 

• Single supply operation 

• Programmable bridge reference 
(LH0045G) 

>' 10/lA//lV 

1.OmV 

2.0 nA 

10V to 50V 

5.0V t030V 

• Non-interactiv~ span and null adjust 

• Over ~ompensati.on capabil ity 

• .. Supply reversal, protection 

The LHQ045/LHOQ4..5C is intended to fulfill a wide 
variety of process control, instrumentation, and 
data acquisition applications. The LH0045 is 

. guaranteed over th~ temperature range of -55°C to 
+125°C; whereas the LH0045C is guaranteed from 
-25°C to +85°C. 

equivalent schematic and connection diagrams 

D2 

.----t"-------""'1rl4'''':'Ou 

.. 
NOII.I~:~~~ o"'1D'--_'II'y'''~_-t .. 

1,,. 

M U 

::~=o!.' __ 'li'Y·"~_J--+_..:...o~"'--<~"'''I/\1D',.,.:.·'Ou 
.... 

COMPblAno. 
-.OTE: PlIS SHOWN ARE FOR THE 
12'111 TO-lI"''1 'ACKAGE.. 

COMMON 
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IRIDliE 
RETU". 

.v ... \-

ADJUST \ 

INV£RTlNG 
IIPUTI-1 

co":::nolii 
10' VIE" 

ION •• VERTlI' 
INPUT!t) 

"NOTE .111 SIS SHORTED TO PlNlTD OBTAIII A 
'OMINAL t5.JV, "flIF. un OPEN vlIEF • tllY 

THE CASE IS ISOLAno FROM THE'ORCUIT 
fOR BOTH TO·:I AND TO·, 

Order Number LH0045G or LH0045CG 
See Package H 128 

T()'3 

TO'VIEW • 

Order Number LH0045K or LHOO45CK 
See Peckage KOBA 



absolute maximum ratings 
Supply Voltage (L 1 to common) +50V 
Input Current ±20 rnA 
Input Voltage (Either I nput to Common) OV to VREF 

Differential Input Voltage ±20 V 
Output Current (Either L 1 or L2) 50mA 
Reference Output Current 5.0 rnA 
Power Dissipation 

LH0045G 1.5W 
LH0045K ·3.0W 

Operating Temperature Range 
LH0045 '""55°C to +125°C 
LH0045C -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

electrical ch a racteri stics (Note 1) -
LIMITS 

PARAMETER CONOITIONS LH0045 LHOO45C UNITS 

MIN TVP MAX MIN TVP MAX 

Input Offset Voltage (Vos! I, = 4.0' mAo T A = 25°C 0.7 2.0 2.0 7.5 mV 
I, = 4.0mA 3.0 10 mV 

Offset Voltage Temperature I, =4.0mA 3.0 6.0 /lvtc 
Coefficient (AVos/AT! 

Input Bias Current (lal TA = 25°C 0.8 2.0 1.5 7.0 nA 

3.0 10. nA 

Input Offset Current (los) TA = 2SOC 0.05 0.2 0.2 1.0 nA 
0.4 1.5 nA 

Open Loop AI, = 4.0 mA to 20 mA 10" la' 10· la' /JU 
Transconductance (OMOLI AI, = 10 mA to 50 mA 2xlo" 2.,0' 2xlo" 2xl0' /lU 

Supply Voltage Range (V,! 9.0 50 9.0 50 V . LHOO45G pins 5 and 6 open 15 50 15 50 V 

Input Voltage Range (V ,N ) 1.0 3.3 1.0 3.3 V 
LHOO45G pins 5 and 6 open 1.0 7.6 1.0 7.6 V 

Open Loop Output V, = 10V to 45V.I, = 4.0 mA, 1.0 1.0 Mn 
Impedance (ROUT) TAu 2SoC 

Common Mode Rejection AV IN = 1.0V to 3.3V. 0.1 0.05 0.1 0.05· mVN 
Ratio (CMRR! Is = 12mA 

Power Supply Rejection AV, = 10V to 45V, I, = 12 rnA 0.1 0.Q1 0.1 0.01 mVN 
Ratio (PSRRI 

Open Loop Supply Current V, = 50V 2.0 3.0 2.0 3.0 mA 
UsoLi 

Reference Voltage Load .6.IREF = 0 rnA to 2.0 rnA, 0.05 0.2 0.05 0.2 % 
Regulation {.6VREF/AIREFI TA - 25°C 

Reference Voltage Line AVs = 10V to 45V, 0.3 0.5 0.3 0.7 mVN 
Regulation (.6VREF/AVsI TA = 25°C 

Reference Voltage Temperature 'REF = 2.0mA 0.004 0.004 %fc 
Coefficient (AVA.F/ATI 

Referenc~ Voltage (VREF ) IREf '" 2.0 rnA. TA = 25°C 4.3 5.1 5.9 4.3 5.1 5.9 V 
IREF = 2.0 rnA. TA = 25°C. B.6 10.3 12 B.6 10.3 12 V 
LH0045G pins 5 and 6 open 

Resistor R9 I, = 12mA, TA = 25°C 95 100 105 95 100 105 n 

Ave~age Temperature 1,=12mA 50 JOO 50 300 PPMtC 
Coefficient of R9 (TCR.I 

Resistor R5 Is"" 1.0 rnA. TA = 2SoC 950 1000 1050 950 1000 1050 n 

Average Temperature Is *1.0mA 50 JOO 50 300 PPMfc 
Coefficient of R5 (TCRsl 

Input Resistance (R 1N ) TA - 25°C 50 50 Mn 

Not. 1: Uniessotherwise'specified, these specifications apply for +10V ~ Vs ~ +50V, pin 5 shorted to pin 6 on the LH0045G, 
over the temperatura range -55°C to +125°C for the LH0045 and -25°C to +85"c for the LH0045C •. 
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typical applications· 

FOR h'"' FULL SCAlf, R ... ~ 'III"II",A ~SOURCE IMPEDANCE. PIN II 
f". VIP.IFUllSCALEI~I'raV.R'N -10k 
IRIDIliE IMPEDANCE * '.It. R' It1Ic -11111- I.n 

Thermocouple Input Transmitter 
(5.1VI 

--~ ... 
;"'-_~.A! r 

Av· 12.~:~~2aJ -1600 

.... ..lR4·lzFULLSCAL£ 

Resistance Bridge Input Transmitter 

r-------- ,UYl 
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I 
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I 
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I 
I L ___ ..!:!5I~ ___ ..I 

Electronic Temperature Sensor 
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. ~ll"' 
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L_ 
COLD JUNC1l0N 
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, .. 
--~ R, .. 

+ -

DVM 

1- a.2sv-we 
1.25Y-12S·C 

Remote Sensing Digital Thermometer 

·Pin numbers refer to 'G' package. All voltages indicated by ( ) are measured with respect to common, pin 3. 
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typical applications· (con 't) 
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·Pin numbers refer to 'G' package. All voltages indicated by ( ) are measured with' respect to common, pin 3. 

Instrumentation Amplifier Transmitter 

applications information' 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045/LH0045C 
is shown in Figure 1. Differential amplifier, A2 
converts very low level signals to an output current 
via transistor 01. Reference voltage ~liode 01 is 
used to supply voltage for operation of A2 and 
to bias an external bridge. Current source I, 
minimizes fluctuation in the .bridge reference 
voltage due to changes in V s. 

In normal operation, the LH0045/LH0045C is 
used in conjunction with an external bridge 
comprised of RB, through RB4 . The bridge 
resistors in conjunction with bridge return resistor, 
R5, bias A2 in its linear region and sense the input 
signal; e.g. RB4 might be a 'strain sensitive resistor 
in a strain gauge bridge. RT is adjusted to purposely 
unbalance the 'bridge for 4.0 mA output (nUll) 
for zero signal input. This is accomplished by 
forcing 2.5/IA more through RB3 than RS4 .. 

The 2.5/IA imbalance causes a voltage rise of 
(2.5/IA) x (lOOn) or' 250/IV at the top of RS3 ' 
Terminal L2 may be. viewed as the output of an 
op amp whose closed loop gain is approximately 
RF/Rs3 = 1600. 

The 250/IV rise at the top of RS3 causes a 
voltage drop of (1600) x (250/IV) or -O.4V across 
R9. An output current, Is, equal to 0.4V/R9 or 
4.0 mA is thus established in 01. If RS4 is now 
decreased by 1.0n (due to application of a strain 
forcel. a -1.0 mV change in input voltage will 
result. This causesL2 to drop to -2.0V. The 
output current would then be 2.0V/l00n or 20 mA 
(Full Scale). If RS3 is a resistor of the same 
material as RB4 but not subjected to the strain, 
temperature drift effects will be equar in the two 
legs and will cancel. 

In actual practice the loading effects of RB2 on 
the gain (span) and RF 'on output current must be 
taken into account. 

Is =4.0mAINUtL.D%' 
Is'" 2amA (100% FULL SCALE) 

Vu = -G.4V (NULL) 
Vu = -2.0V (FULL SCALE) 

FIGURE 1. LH0045 Simplified Schematic 
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THERMAL CONSIDERATIONS 

The power output transistor 'Of the LH0045 is 
thermally isolated from the signal amplifier, A2 . 

Nevertheless, a change in the power dissipation 
will cause a change in the temperature of the 
package and thus may cause amplifier drift. These 
temperature excursions may be minimized by 
careful heat sinking to hold the case temperature 
equal to the ambient. With the TO·8 (G) package 
this is best accomplished by a clip·on heat sink 
such as the Thermalloy #2240A or the Wakefieid 
#215·CB. The 8 lead TO·3 is particularly convenient 
for heat sinking, in that it may be bolted directly 
to many commercial aluminum heat sink extru· 
sions, or to the chassis. In both packages the case 
is electrically isolated from the circuit. 

In addition, the power change can be minimized 
by operating the device from relatively high supply 
voltages in series with a relatively high load resist~ 
ance. When the signal forces the supply current 
higher, the voltage across the device will be 
reduced and the' Internal power dissipation kept 
ne'arly equal to 'the low current, high voltage 
condition. 

For example, take the case of a 4.0 mA to 20 mA 
transmitter with a 24V supply and a lOOn load 
resistance. The power at 4.0 mA is (23.6V) x (4.0 
mAl ~ 94.4 mW while at full scale the power is 
(22V) x (20 mAl ~ 440 mW. The net change in 
power is 345 mW. This change in power will cause 
a change in temperature and .thus a change in 
offset voltage of A2 • 

If the optimum load resistance of 800n (from 
Figure 2) is used, the power at null is [24V -
(4.0 mAl x (800n)] (4.0 mAl ~ 83 mW. The 
power at full scale is [24V - (20 mAl x (800n)] 
(20 mAl ~ 160 mW. The net change is 77 mW. 
This change is significantly less lhan without the 
resistor. 

If the supply voltage is increased to 48V and the 
load resistance chosen to be the optimum value 
from Figure 2 (1.95k), then the power at null ·is 
[48V - (4.0:mA) x (1.95kl] (4.0 mAl = 160.8 

3.0 

g 2.5 
r! .. 
~ 

2.0 

a: 1.5 
co 
c 
9 1.0 
!i 
'" 0.5 IE co 

/ 
Is =4-2Dmy 

/ 
V .... V .... 

~ r/ws = 10,- 50 mA 

10 20 3D 40 50 60 

SUPPLY VOLTAGE (VI 

FIGURE 2. Optimum Load Resistance VI SuPPly Voltage 
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mW and the power at full scale is [48 - (20) x 
(1.95k)] (20 mAl ;= 180 mW for a net change of 
19.2mW. 

Note that the optimized load resistance is actually 
the sum of the line resistance, receiver resistances 
and added external load resistance. However, in 
many applications the line resistance and receiver 
resistances are negligible compared to the added 
external load resistance and thus may be omitted 
in calculations. 

AUXI LIARY .PINS 

The LH0045' has several auxiliary pins designed to 
provide the user with enhanced flexibility and 
performance. The following is a discussion of pos· 
sible uses for ·these pins. 

Programmable VREF - Pins 5 and 6 (LH0045G 
Only) 

The LH0045G provides pins 5 and 6 to allow the 
user to program the value of the reference voltage. 
The factory trimmed 10V value is obtained by 
leaving 5 and 6 open. A short between 5 and 6 
will program the reference to a nominal 5.1V 
(equivalent to the fixed value used in the 
LI:i0045K). 

A resistor or pot may be placed between pin. 5 
and common (pin 3) to obtain reference voltages 
between 10V and 30V or between pin 5 and pin 7 
for reference voltages below 10V. Increased ref· 
erence voltage might be useful to extend the 
positive common mode range or to accommodate 
transducers requiring higher supply voltage. A plot 
of resistance between pin 5 and pin 3 versus 
VREF is given in the typical electrical characteristics 
section. V REF may be adjusted about"its nominal 
vaiue by arranging a pot from V REF to common 
and feeding a resistor from the wiper into pin 5 
so that it may either inject or extract current. 
Lastly, pin 5 may be used as a nominal 1. 7V 
reference point, if care is taken not to unduly 
load it with . either' dc current or capacitance. 
Obviously, higher supply voltages must be used 
to obtain the higher reference values. The minimum 
supply voltage to reference voltage differential is 
about :(OV. ' . 

Bridge. Return 

An appiications resistor is provided in the LH0045 
with a' nominal value of 1.0 kn. The primary 
application for the resistor is to maintain the 
minimum common mode input voltage (1.0V) 
required by the. signal amplifier; A2 • A typical 
input applicatiQn might utiiize a strain gauge or 
thermistor bridge where' the resistance of the 
sensor is lOOn. Since only 1.0 mA may be c;lrawn 
from VREF , the 1.0 kG I?ridge re.turn resistor is 
used tQ bias A2 in its Iin'ear repion as' shown in 
Figure 3. . 
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UmA 

O.5mA 

• 00 

FIGURE 3. U. of Bridge Return 

Over Compensation - Pin 8 (LH0045G), 
Pin 6 ILH0045K) 

Over compensation of the signal amplifier, A2 may 
be desirable in de applications where the noise­
bandwidth must be minimized. A capacitor, should 
be placed between pin 8 (pin 6 on'the LH0045K) 
and pin 3, common.' 

Typically, 

where: 

R =4ooM!l 

Cl = Internal Compensation Capacitor = Hio pF 

CexT = External (over·compensation) , 
. ,Capaci~or 

Input Guard - Pins 9 and 12 ILH0045G) 

Pins 9 and 12, ,have no internal connection what­
ever and thus need not be used. In some critical 
low currentapplications there may be an advantage 
to running a guard conductor between ,the inputs 
and the adjacent pins to intercept stray leakage 
currents. Pins 9 and 12 may be connected to this 
guard to simplify, the PC board layout and allow 
the guard to continue under the device. (See AN-63 
for further discussion of guarding techniques.) 

NULL AND SPAN ADJUSTMENTS 

Most, applications of, the LH0045 will require 
potentiometers to trim the initial tolerances of the 
sensor, the external resistors and the LH0045 itself. 
The preferred adjustment procedure is to Stimulate 
the sensor, alternating between two known values, 
such as zero and full scale. The span and null are 
adjusted by monitoring the output current on a 
chart recorder, meter, or oscilloscope: A full'Scale 
stimulus 'is applied to' the sensor and the spa" 
potentiometer adjusted for the desired full scale. 
Then, to adjust the null, apply a zero percent 
signai to the sensor ,and adjust the null potentio­
meter' for the desired zero . percent current 
indication. 

If it is impractical 'to cycle the sensor during the 
calibration procedure, the signal may be simulated 
electrically with two cautions: 1) the calibration 

3-286 

signal must be floating and, 2) the calibration thus 
achieved does not account for sensor inaccuracies 
andlor errors in the signal generator. 

SENSOR SELECTION 

Generally it is easiest to use an inSulated sensOr • 
If it is necessary to usa a grounded sensor, the 
power'supply must be isolated from chassis ground 
to avoid extraneous circulating currents. ' 

DESIGN EXAMPLE, 

There are numerous, circuit configurations that 
may be utilized with the LH0045. The following 
is intended as a genllral design example which 
may be extended ,to specific cases. 

Circuit Requirements 

Output C':!aracteristics 

a. 0% = 4.0 mA (NULL) 

b. 100% = 20 mA (SPAN = ,16 mAl 

c. Supply Voltage = 24V 

Input (Sensor) Characteristics 

a. VIN = '100 mV (Full Scale) 

b. VIN = 0 mV(Zero Scale) 

c. Source Impedance :s; 1.on 

General Characteristics 

a. O°C:S; TA :s; +75°C 

b. Overall Accuracy :s; 0.5% 

Yflff "i.1V 

RBI Ros 
4.0.. 4:'M 

Ai 
~ 1.0 

lup."."'·IIp" 

"NULL • ... JlpA 

FIGURE 4. Desltin EXllmple Circuit 

Selection of RF 

Input bias current to the LH0045C is guaranteed 
less than 10 nA. Furthermore, the change in la 
over the temperature range of interest is typically 
under 1.0 nA. If 12 SPAN is selected to be .1.OpA 
(1000 A la) errors due to A la/A T will be less 
than 0.1%. For SPAN = 16 mAo 

VSPAN =AV., =-(16mA)(R9)=-1.6V 
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where R9 = Internal Current Sei Resistor = lOOn' 
For 12 SPAN = 1.0/!A, 

VSPAN -1.6V 
RF = --= -- = 1.6M 

12 SPAN 1.0/!A 

RF = 1.6Mn 

Seh!ction of RSt and RS2 

The minimum input common mode voltage, VMIN 

required at the pin 10 input of A2 is 1.0V. 
Furthermore, the maximum open loop supply 
current Used drawn by the LH0045 is 3.0 mAo 
That leaves IMIN = 4.0 mA - 3.0 mA = 1.0 mA 
left to bias the bridge at null. Hence: 

VMIN 1.0V 
RB2'~ 1.0kn 

IMIN 1.0mA 

And, 

1.0V 

VREF -1.0V 
RB2 1.0V 

= 1.0k (5.1 - 1.0) 

RB, ~ 4.0kn 

Alternatively, an I"Ml13, 1.22V reference diode, 
or an op amp such as the LM 1 08 may be used to 
bias the signal amplifier, A2 as shown in Figure 5. 
These techniques have the advantage of lowering 
the impedance seen at pin 10. 

Selection of Ros 

Res is selticted to provide the null current of 
4.0 mA, V, NULL = 4.0 mA x lOOn = O.4V. 
From,previous calculations we know that VM1N = 
1 ,OV. The voltage pin 11, V 2 is: 

V2 = VM1N + Ves ~ VM1N 

for V1N = OV 

5.1V 

40k 

"'---4----"Ok 

'.OV 

Hence, the current required to generate the null 
voltage, 12 NULL is: 

VMIN - V, NULL 
12 NULL = --"----­

RF 

1.0V- (-O.4V) 
= = 0.875/!A 

, 1.6 Mn 

This current must ~ provided by Ros from 
VREF ; hence: 

VREF - VM1N 
Res = " 

12 NULL 

The nominal value for V REF is 5.1 V, therefore 
the nominal value for Res is: 

5.1V - 1.0V 

0.8751!A 

Res = 4.6Mn 

or 

, " 

It should be noted however, that the variation of 
VREF may be as high as 5.9V or as low:as 4.3V. 
Furthermore, the tolerances of R9 (lOOn), RBI' 
RB2 , and the input Ves of A2 would predict values 
for Res as low as 3.98M and as high as 5.43M. The 
implication is that in the specific case, Res should 
be implemented with a pot, of appropriate value, 
in order to accommodate the tolerances of V REF, 
R9, Ves, RBI' RB2 , etc. 

Selection of R 

SPAN is required to be 16 mA. From feedback 
theory and the gain equation we know: 

where: 

R 

1 , 
x -

R9 

total impedance in signal path between 
pin 10 and pin 11 

R9' = Current setting resistor = lOOn 

V1N =' Full scale input voltage = 100 mV 

v,. 

FIGURE 5. Alternate Biasing Techniqu .. 
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(VIN ) (RF ) 

:.R = 
(lsPAN) (R9) 

(100 mV) (1.6 Mn) 
R 

R 
1t6 mAl (lOOn) 

100kn 

As before, uncertainties in device parameters might 
dictate that R F . be made a pot of appropriate 
value. ' 

, Summary of the Steps to Determine 
External Resistor Values 

1. Select IFULL SCALE = INULL + ISPAN for the 
desired application. (IN'ULL is frequently 
4.0 mA and IFULL SCALE is frequently 
2OmA.) , 

2. Select 12 SPAN so that it is large compared to 
~IB' 1000 ~IB is a good value. 

3. Determine VSPAN =, ~V2 = (lSPAN lIR9). 

4. Determine RF = (VsPAN/12 ~PAN) 

'5. ,Select 

1 VOLT 
'RB2 ~ --------~ 

INULL -ISO'L 

Where: 

ISOL 

6. Determine 

minimum common mode input 
voltage 

mini':;"u"; ~vailable bridge current 

maximum open 'Ioop"supply 
current 

7. Determine V2 NULL = IN,ULL R9 

8'. Determine 

VMIN - V2 NULL 
12 NULL = ----_:_----­

RF 

9. Determine 

VREF ':'VMIN 
Ros=-----

12NULL 

10. Determine 

R= 
(V IN ) (R F ) 

(lSPAN) (R9) 
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Where: 

VIN = Sensor full scale output voltage 

ERROR BUDGET AlIIAL VSIS. 

Errors Due to Change in VREF (~VREF) 

There are several factors which could cause' a 
change in V REF. First, as the ambient temperature 
changes, a VREF drift of ±0.2 mVfC might 
be expected. Secondly, supply voltage variations 
could cause a 0.5 mV!V change in VREF . Lastly, 
self·heating due to power dissipation variations 
can cause drift of the reference. 

An overall expression for change in VREF is: 

t. V REF 
t.VREF = [(O}(t.Po1ssl +t.TAI ---

I. Y t.T) 

Where: 

Thermal E Ifects 

+ t.VREF (t.Vs ) 

~ 
SupplV Voltage Effects 

8 =. Thermal resistance, either 
junction-ta-ambient to junction 
to case 

~PDISS Change in avg. power dissipation 

~T 

Change in ambient temperature 

Reference voltage drift 
(in mVfC) 

~VREF = Line regulation of VREF 
~VS 

Several steps may be taken to minimize the 
bracketed terms in the, equation 'above~ For 
example, operating'the LH004!iG with a heat-sink 
reduces the thermal resistance from () JA = 83°C/W 
to liJC = 60oC/W. For the LH0045K (TO-3) 
liJA = 40°C/W may be reduced to liJC = 25°C/W 
by using a heat sink. The ~PDISS term may be 
significantly reduced using the power minimiza­
tion technique described under "Thermal Con­
siderations." For the design example, ~PDISS is 
reduced from 384 mW to 77 mW (R L = 800n.) 
Evaluating the LH0045G with a heat-sink and 
RL = 800n yields: ' 

(600 e , 0 )(0.2 mv) 
AV REF = W (O.077W) +75 e oc-- ' 

O.5mV 
+ --' (16VI 

V 

t.VREF = 24 mV 

The LH0045K .. (TO-3) 'under the same operating 
conditions would exhibit Ii AVREF ~ 23 mV. 
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An expression for error in the output current 
due to 6VREF is: 

Where: 

(%) = 100(K) (ROS)(~VREF) - (l-K)(~VREF)(RF) 

(R9)(Ros)USPAN) 

K 

R9 

ISPAN 

Total change in V REF 

RS2 

Current set resistor 

Change in output current from 
0% to 100% 

For example, 6VREF = 24 mY, K = 0.2, R9 = 
lOOn, ISPAN = 16mA. Hence, a 0.12% worst case 

, error might be expected in output currents due to 
6VREF effects. 

Error Due to Vas Drift 

One of the primary causes of error in Is is caused 
by Vas drift. Drift may be induced either by 
self heating of the device or ambient temperature 
changes. The input offset voltage drift, 6 Vas/ 6 T, 
is nominally 3.3IlV/oCper millivolt of initial offset. 
An expression for the total temperature dependent 
drift is: 

Where: 

9 

6POIsS 

Thermal resistance either junction­
to-ambient or junction-to-case 

Change in average power dissipation 

6T A Change in ambient temperature 

The bracketed term may be minimized by 
heat sinking and using the power minimiza­
tion technique described under "Thermal 
Considerations." For the' LH0045G design 
example, 6Vas = 0_352 mV under ambient 
conditions and 0.263 mV using a heat-sink 
and- RL = 800n. Comparable Vas for the 
LH0045K would be 0.254 mY. 

The error in output current due to 6 Vas is: 

,61s 6V __ ._ (in %) = 100x as 
ISPAN ' _ VIN (FUL~SCALE) 

RF 
=100x-----­

(R)(R9)(lsPAN I 
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For'the design example, 6Vas = 0.263 mY, YiN 
(Full Scale) = 100 mY. Hence, 0.26 mV';' 100 mV 
or 0.26% worst case error could be expected in 
output current effects. 

Errors Due to Changes in R9 

The temperature coefficient of R9 (TCR) will 
produce errors in the output current. Changes in 
R9 may be caused by self·heating of the device or 
by ambient temperature changes. 

61s 6R9 
-- (in %) = 100 -- (9 Palss + 6TA) 
ISPAN 6T 

Where: 

9 

6PoiSS 

Thermal resistance either from 
jUnction· to-ambient orr junction-to­
case 

Change in average power dissipation 

Change in ambien't temperature 

TCR of R9 

Using the LH0045G design example, 6R9/6T = 
0.03%tC, hence 'a 3.2% worst case error in output 
current might be expected for operation without 
a heat sink over the temperature range. 

Heat sinking the device and using R L = 800n, 
reduces 61s /iSPAN to 2.3%. Comparable error for 
the LH0045K would also be about 2.3%. 

The error analysis indicates that the, internal 
current set, resistor, R9 is inadequate to satisfy 
high accuracy design criterion. In these instances, 
an external lOOn resistor should be substituted 
for R9. 

Obviously, the TCR of the resistor should be low. 
Metal film or wire-wound resistors are the best 
choice offering TCR's less, than 10 ppmtC versus 
50 ppm/DC typical drift for R9. 

,External Causes of Error 

The components external to the LH0045 are also 
critical in determining ~rrors. Specifically, the 
composition of resistors Rs" Ras , ,RF, R, etc. 
in the design example will influ~nce both drift 
and long term stability. 

In particular, resistors and potentiometers of wire 
wound construction are recommended. Also, metal­
film resistors with low TCR (~ 10 ppm/oCI may 
be used for fixed resistor applications. 
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Error Analysis Summary 

The overall errors attributable to the LHOO45 
may be minimized using heat 'sinking, and utiliza­
tion of an external load resistor. Although RL 
reduces the compliance of the ,circuit, its, use is 
generally advisable in precision applications. Ex­
ternal ,components should be selected for low 
TeR and long-t~rm stllbilitV. 

The design example errors, using an external 
lOOn wire wound resistor for R9 equal: 

Als . = 0.12% + 0.26% + 0.08% 0.46% 
ISPAN -- -- --AV REF AVos AR9 

definition of termS 

Input Offset Voltage, Vos: The voltage which 
must be applied between the input terminals 
through equal resistances to obtain 4.0 mA of 
supply (output) current. 

Input Bias Current, 18: The average of the two 
input currents. 

Input Offset Current, los: The 'difference in the 
current into the two input terminals when the 
supply (output) current is 4.0 mAo 

Input Resistance. RIN: The ratio of the change 
in input voltage to the change in input current at 
either input with the other input connected to 
1.0 Vdc. ' 

Open Loop Transconductance. gMOL: The ratio 
of the supply (output) current SPAN to the input 
voltage required to produce that'SPAN. 

Open, Loop Output Resistance. ROUT: The ratio 
of a specified supply (output) voltage change to 
the resulting change fn supply (output) current at 
the'specified current level. 
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SOCKETS AND HEAT SINKS 

Mounting sockets, test sockets, and heat sinks 
are available for the G package and K package. 

The following or their equivalents are 
recommended: 

Sockets: 

G - 12 lead TO-8: Barnes Corp. #MGX-12 
Textool #212-100·323 

K - Slead TO·3: Keystone Elec. (N.Y.) #4626 
or #4627 

Heat Sinks 

G - 12 lead TO·8: Thermalloy #2240A 
Wakefield #215-CB 

K - 8 lead TO·3: IERC #LAIC 3B4V 

Common Mode Rejection Ratio, CMRR: Tne ratio 
of the change in input offset voltage to the peak­
to-peak input voltage range; 

Power, Supply Rejection Ratio, PSRR: The ratio 
of the change in input offset voltage to the change 
in supply (output) voltage producing it. 

Input Voltage Range, VIN: The range of voltages 
on the input terminals for which the device 
operates within specifications: 

Open Loop Supply Current, Is: The supply current 
required with the signal amplifier A2 biased off 
(inverting input positive, non· inverting input nega· 
tive) and no load on the VREF terminal. 

This represents a measure of the minimum, low 
end signal current. 

Reference Voltage Line Regulation, AVREF/AVs: 
The ratio of the change in'VREF to the peak· to· 
peak change in supply (output) voltage producing 
it. 

Reference Voltage Load Regulation. AVREFI 
AIREF: The change in VREF for a stipulated 
change in IREF . 



~National Operational Amplifier:slBuffers 
~ Semiconductor 

LH0061/LH0061 C 0.5 Amp Wide Band 
Operational Amplifier 

general description 
The LH0061/LH0061C is a wide band, high speed, 
operational amplifier capable of supplying currents 
in excess of 0,5 ampere at voltage levels of ±12V, 
Output short circuit protection is set by external 
resistors, and compensation is accomplished with a" 
single external c~pacitor, With a suitable heat sink 
the device is rated at 20 Watts, 

LH0061 is guaranteed over the temperature range 
_55°C to +125°C; whereas, the LH0061C is guar­
anteed from _25°C to +85°C, . 

features 

• Output current 
• Wide large signal bandwidth 
• High slew rate 
• Low standby power 

0,5 Amp 
1 MHz 

70V//ls 
240mW 

The wide bandwidth and high output power capa­
bilities of the LH0061/LH0061C make it ideal for 
such applications as AC servos, deflection yoke 
drivers, capstan drivers, and audio amplifiers, The • Low input current 300 nA Max 

schematic and connection diagrams 

(f'V.INPUT (i'!)--~P-f 

•• 

•• ... • 2 ... •• • • 

NOII.INV.INlUT(!.i}---.... ----+----..J 

.7 7. 
., 
uv 

TO-3Package 

TO' VIEW 

Order Numbers: 

v-
NON INY 
INPUT 

LH0061K (_55°C to +125°CI 
LH0061CK (_25°C to +85°CI 

Se. Package K08A " 
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- ., 
absolute maximum ratings : 

Supply Voltage ±18V' 
Power Dissipation See Curve 
Differential Input Current (Note 21 ±10mA 
Input Voltage (Note 31 ±15V 
Peak Output Current 2A 
Output Short Circuit Duration (Note 41 Continuous 
Operating Temperature Ranlle LH0061 _55°C to +125°C 

LH0061C _25°C to +85°C 
Storage Temperature Range -6SoC to +150°C 
.Lead Temperature (Solder,i.ng, 10 secl 300°C 

" , \ \ . " .. 
. " 

~.c electrical characteristics (Note 11 
, . 

LIMITS 

PARAMETER CONDITIONS LH0061 ' LH0061C UNITS 

MIN TVP MAX MIN TVP MAX 

Input Offset Voltage Rs~ 'OkD, Tc =2SoC. Vs= ±15V 1.0 4.0 3.0 10 mV 
As ~ 10 kn. Vs = ~15V 6.0 15 mV 

Voltage Drift with Temperature RsS: 10kn 5 5· pVl'c 

Offset Voltage Change with Output Power 5 5 pV/watt 

Input Offset Current Tc= 2SoC 30 100 50 200 nA 

300 500 nA 

Offset Current Drift with Temperature 1 I nAt'C 

Input Bias Current Tc:c 2SoC 100 300 200 500 nA 

1.0 1.0 pA 

Input ReSistance Tc· 2S"C 0.3 1.0 0.3 1.0 Mn 

Input Capacitance 3 3 pF 

Common Mode Rejection Ratio Rs ~ 10 kS2. 6VCM '" tl0V 10 90 60 BO dB 

Input Voltage Range Vs = 115\1 t1l !11 V 

Power Supply Rejection RatiO Rs -< 10 kU, tNs '" :!'lOV 10 80 50 70 dB 

Voltage Gain Vs'" :!:lSV. Vo '" :!:1DV 

RL '" 1 kU. T c '" 2S"C 50 100 25 50 V/mV 

Vs'" :!15V. Vo '" :!"lOV 
Ri-::: 20U 5 2.5 V/mV 

OutPUt Voltage SWtng Vs"" :! tSV. RL = 20n 110, :!l2 ±lO tt2 V 

Output ShOtt Circuit Current Vs"" :t15V. Tc:: 25"C. Rsc:: LOn 600 600 mA 

Power SupplV Current Vs::: :t15V. VOUT ': 0 7 10 10 15 mA 

Power Consumption . Vs"" ±15V.VouT '"0 210 300 300 450 mW 

ac electrical characteristics (Te= 25"C.Vs= ±15V.Ce = 3000 pFI 

Slew Rate Av '" +1. RL ::: loon 2. 70 2. 70 V/lJ,s 

Power Bandwidth RL ::: lOOn 1 1 MHz 

Small Signal Transient Response 30 30 n. 

Small Signal Overshoot : 
5 20 10 30 % 

Settling Time (0.1%) 6V1N ::: 10V.Av::: +1 0.8 0.8 p. 

Overload Recoverv Time 1 1 p. 

Harmonic Distortion fo; 1 kHz. Po '" O.5W: 0.2 0.2 % 

Notel: Specifications apply for ±5V~VS~±18V.,CC,:,3000pF. and -55°C~TC~+125°C for the LH0061K and 
_25°C ~ TC ~ +85°C for the LH0061CK. TVpical values are forTe c 25°C. 
Note 2: The inputs are shunted with back-ta-back diodes for overvoltage protection. Excessive current will flow if a differ .. 
ential voltage in excess of 1 V is applied between the inputs without limiting resistors. ' 
Note 3: For supplV voltages less than ±15V. the absolute ma"imum input voltage is equal to the supplV voltage. 
Note 4: Rating applies as long as package power rating is not e"ceeded. 
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typical performance characteristics 
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typical applications 
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~National ' 
~ Semiconductor 

Operational Amplifiers/Buffers 

LHOO621LHOO62C High Speed FET Operational 
, Amplifier . , 
general: descriptio'n 
The LH0062iLHOO62C is a precision; high speed 
FET input' operational amplifier with more than 
an order of magnitude improvement in slew rate 

,and bandwidlh over co~ventional FET IC· op 
amps. In addition it features very closely matched 
inpu,t characteristics, very high input impedanCe" 
and ultra low input currents with no compromise 
in noise, common mode rejection ratio or open 
loop gain. The device has internal unity gain fre­
quency compensation, thus assuring stability in all 
normal applications. This considerably simplifies 
its application,. since no external components are 
necessary for operation. However, unlike most 
internally compensated amplifiers, external fre· 
quency compensation may be added for optimum 
performance. For inverting applications, feed· 
forward compensation will boost the slew rate to 
over 120 V I#s and almost double the bandwidth. 
(See LB·2, I.B·14, and LB·17 for discussions of 
the application of feed· forward techniques). Over­
compensation can be used with the amplifier for 
greater stability when maximum band"",idth is not 
needed. Further, a single capacitor can be added to 
reduce the 0.1% settling time to under 1 #s. In 
addition it is free of latch-up and may be simply 
offset nulled with negligible effect on offset drift 
or CMRR. 

The LHOO62 is designed for applications requiring 
'wide bandwidth; high slew rate and fast settling 
time while at the same time dem/mding the high 
input impedance and low input currents character­
istic of FET inputs. Thus it is particularly suited 
for such applications as video amplifiers, samplel 
hold circuits, high speed integrators, and buffers 
for AID conversion" and multiplex system. The 
LH0062 is specified for the fuil military tempera' 
ture range of _550 to +125°C while the Li-10062C 
is specified to operate over a _25°C to +85°C 
temperature range. 

features 
• High slew rate 

• Wide bandwidth 

• Settling time (0.1%) 

• Low input offset voltage 

• Low input offset current 

• Wide supply range, 

70 V/#s 

15 MH2 

1#s 

2mV 

1 pA 

±5V to ±20V 

• internal 6 'dBloctave frequency compensation 

• Pin compatible with std IC op amps (TO·5 pkg) 

schematic and connection diagrams· 

·Pin Numbers Shown for TO·5 Package 

Metal Can Package 

r-..!!!~_~-4-'1ii"-1...::DUT:.ftlT Order Number 
LH0062H ~r LHOO62CH 

Sae Package HOBA 
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Dual·ln·Line P.ck .... 

13 NC 

12 "ONINVIRT 
III'UT 

Order Number 
LH0062D or LHOO62CD 

See Pack.ge D14E 



absolute maximum ratings 
SupplV Voltage 
Power Dissipation (see graph) 
Input Voltage (Note 11 
Differential Input Voltage INote 21 
Short Circuit Duration 

±20V 
500mW 

±5V 
'30V 

Continuous 

dc electrical characteristics (Note 31 

PARAMETER 

Input Offset Vallage 

Temperature Coefficient of 
Input Offset Voltage 

Offset Voltage Drift with Time 

Input Offset Current 

CONOITIONS 

Rs~ l00kS1;TA '" 25D C 

Rs ';;l00kn 

Rs';; 100kn 

MIN 

Operating Temperature 
LH0062, 
LH0062C, 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

LIMITS 

LH0062 LH0062C 

TVP MAX MIN TVP 

2 5 10 

7 

5 25 10 

4 5 

0.2 2 I 

2 

MAX 

15 

20 

35 

5 

0.2 

Temperature CoeffiCient of 

Input Offset Current 
Doubles every lODC Doubles every lODe 

Offset Current Drift wnh Time 

I.put e'8S Current 

Temperature Coeffu:'lent of 
Input Bias Current 

O,fferenllallnput ReSistance 

Common Mode Input Resistance 

Input Capacitance 

, Input Voltage Range 

Common Mode Rejection Ratio 

_SupplV Voltage Rejecllon Ratio 

Large Signal Voltage Gain 

O,utput Voltage Swing 

Output Current Swing 

Output Resistance 

Output Short Circuit Current· 

. Supply Current 

Power Cons~mption 

Vs'" ±15V 

Rs~ 10~n, VIN '" ±lOV 

Rs ~ lOU''!, ±5V ~ Vs ~ ±15V 

RL '" 2 kn. VOUT = ±lDV. 
TA '" 25°C. Vs '" ±15V 

RL '" 2 kn, VOUT '" ±lDV. 
Vs= 115V 

RL '" 2 kn. T A '" 25°C. 
Vs '" ±l5V 

RL ""2k!l,Vs =±15V 

VOUT '" tl0V. T A .. 25°C 

TA =2SDC 

Vs"'t15V 

Vs '" ±l5V 

0.1 

5 10 

10 

Doubles every lODe 

10'2 

10'2 

4 

±10 H2 

80 90 

. 80 90 

50 200 

25 

tl2 tl3 

tlO 

±10 tl5 

75 

25 

5 8 

240 

ac electrica I characteristics (T A = 25°C, Vs = ±15VI 

0.1 

10 65 

2 

Doubles every 10DC 

1012 

10'2 

4 

ilO H2 

70 90 

70 90 

25 160 

25 

±12 ±l3 

t10 

tlO t15 

75 

25 

7 12 

360 

LIMITS 

PARAMETER 

Slew Rate 

Large Signal Bandwidth 

Small Signal BandWidth 

'R,seTime 

Overshoot 

Settling Time (0.1%) 

Overload Recoverv 

Input Noise Voltage 

Input Noise Voltage 

Input Noise Voltage 

Input Noise Voltage 

Input ~oise Voltage 

Input Noise Current 

CONOITIONS 

Voltage Follower 

Voltage Follower 

AV1N '" lOV 

Rs '" 10 k!l. fo '" '.0 Hz 

Rs = 10k!l, fo '" 100Hz 

Rs'" 10kO. fo '" 1 kHz 

Rs'" 10 kn. fo '" 10 kHz 

BW .. 10 Hz to 10 kHz. Rs = 10 kn 

BW'" 'OHzto 10kth 

LH0062 

MIN TVP 

50 70 

2 

15 

25 

10 

I 

·09 

150 

55 

35 

30 

12 

<.1 

Note 1: For supply voltages less than! 1 SV. the ab$Glute maximum Input VOltage IS eqlUll to the supply VOltage 

MAX 

Note 2: Inputs are protected from exceuive voltages by back-to·back diodes. Input currents should be limited to 1 mAo 
Note 3: Unless otherWise specified. these speCifications apply for !SV < Vs < !20V and _55°C < T A < +12SoC for the 
LH0062 and _25°C ~ TA 5. +8Soc for LHCJ962C. TYPIC81 value, are9lven-for TA" 25°C. Power supplies shoold be bypassed 
with O.1IlF ceramic capacltO,.,. 
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LHOO62C 

MIN TVP MAX 

50 70 

2 

15 

25 

15 

1 

0.9 

150 

55 . 

35 

30 

12 

<.1 

_55°C to +12SoC 
-2SoC to +8SoC 

-6So C to +l50°C 
300'C 

UNITS 

mV 

mV 

ovl"c 

IlV/week 

pA 

nA 

pA/week 

pA 

nA 

n 

n 

pF 

V 

dB 

dB 

V/mV 

V/mV 

V 

V 

mA 

n 

mA 

mA 

mW 

UNITS 

VllJ,s 

MHz 

MHz 

ns 

%. 

os 

OS 

. nW/Hi 

nVI$. 

nVl$. 

nVl$. 

IlVrms 

pArms 
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typical performance characteristics 
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Maximum Power Dissipation 

TO·5ANO DIP 

.1\. \ WITH HEAT· 
INK -

FREE AIR 

1\ 

o 50 100 150 

TEMPERATURE rC) 

Large Signal Frequency 
Response 

T.; zJ,c' 

zoo 

\ VI= ±15'1, , 
1\ 

0.5M 1M ZM SM 10M ZOM 10M 

14 

12 

10 

FREQUENCY 1Hz) 

Large Signal Frequency 
R~onse 

I-- T.-Z5·C 
Vs= 'I5V 

FEEDFORWARD 

o 
1M 3M 

i'.. J 1IIIi 
10M 311M 1011M 

FREQUENCY 1Hz) 

Inverter Settling Time 
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10 
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I 
loot 
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T,. ... Z5~C 

n.-5kU 
R,. 5 kU l00jV 

Ct ",10pF l,omY 
Co", O.I.F 'j'- i 

-11 
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TIME (p~ 
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1,000 

100 

10 

0.1 

15 

lZ 

9 

-3 

-6 

-9 

-IZ 
-15 

ZO 

16 

lZ 

-JI 

-8 

-12 
-16 

-ZO 

Input Offset 
Currant VI Temperature 

./ 

./ 

Z5 45 65 85 105 125 

T - TEMPERATURE I"C) 

Voltage Follower 
Pulse Response 

-i-
!\ 

II \ 

- -
I 

V-QUTPUT - ~ '/ 
_ljPU, 

1\ I 
I , I 

Vs "' ~15V - .... I-' 
TA " 25"C 

a zoo 4110 600 800 

TIME (us) 

Inverter Pulse Response 

-t"' .- -- I--~ 

f--I'N~UT ,i OUTPUT 

I 
\ 

-f- FEEDFDRWARD ~=-=--
T.· Z5"C 

I I Vs = :!.15V 

-0,1 0.1 0.3 0.5 0.7 0.9. 

TIME(P~ 

Unity Gain Bandwidth 

Z4 

ZZ 

ZO 

11 

16 

14 

::::: ~s' ,ZOV JS'!'5~H-........... t":R I _ 
Vs"±l~_ 

:--.~r--- ~t::~ ,.... 
....... i""' :"'t::::; 

Vs=tSV ...... ,.. 
lZ 'r-.. 
10 

I 
-55 -35 -15 5 Z5 45 65 85 105 lZ5 

TEMPERATURE rCI 
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typical performance characteristics (con't) 

loaa 

~ ... 
ill 
II: 

100 
II: 

i'l 

i ... 10 

~ 

Input Bias Current 
vs Input Voltage 

Vs "I5V 

TA=+125'C -

"-
T ... =25·~ ~ 

I I I 
-10 -6 -z 10 

n5 

i no 

! 
~ lOS .. 
~ 
~ 100 

95 

5,5 

C 
.! 5,' 

~ 
II: 
II: .. .. 
> .: 4,5 

iil 

4.0 

COMMON MODE INPUT VOLTAGE IVI 

Voltage Gain 
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SUPPLY VOLTAGE I-VI 

SupplV Current 
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Faedforward Compansation for Greater 
Inverting Slaw Rate t 

'S1IWJJtetvo,ically 1511V/~ 
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500 

400 

lOO 

ZOO 

100 

IZO 

100 

80 

60 

40 

20 

o 

Total Input Noise 
Voltage'" vs Frequency 

11111111 Vs' ,I5V 

Rs" 10M TA=25°C 

IHllll 
111111111 
111111111 

~~!Il~ 

""'" ""'" As ='DOH 
""H<.IIIIIL 

10 100 Ik 10k 

FREQUENCV 1Hz! 

Common Mode Reiection 

Rs=2ItU 

lOOk-

T.=25C_ -""-
\. 

'\ 
r'\. 

100 Ik 10k lOOk 1M 10M 

FREOUENCV 1Hz! 

Current Limiting 

10 15 zo 25 

OUTPUT CURRENT ImA) 

~ 400 

>: 350 
.!O 
..... 300 .. 
~ 2SO 

~ 200 

i 150 

~ 100 

50 

o 

Total Input Noise Voltage" 
VI Source Resistance 

Vs ~ ';;'SV 
TA " Z5'C 

~ 
' 0 " 10Hz 

Iii 
10·' KHz ~ 

mrnr II 
Ik 10k lOOk 1M 10M 

! 
z .. 
fi 
~ 
~ 
II: 
ill 

SOURCE RESISTANCE 1m 

Powet' SupplV Rejection 

100 ,--;,--;--,.---r---, 

80 

60 

40 

20 

-20 I.....--,'----'_-'-_...J._-' 

10' 

10' 

10-' 

100 Ik 10k lOOk, 1M 10M 

FREOUENCV 1Hz! 

Closed Loop Output 
Impedance 

. vs .. !,sv 
T. = 25'C 

V 
'Avy 

I--r-/' 
10 100 Ik 10k lOOk 1M 

FREOUENCV 1Hz! 

·Noise Voltage Includes Contribution from Source Resistance 

Offset Balancing 
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Compensation for Minimum SeuUngt Time 

tSlew Ind settling time 
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auxiliary circuits (con't) 

Isolating Large Capacitive Loads Overcompensation 

" 

" 

typical applications· 

Fast Voltage Follower Fast Summing Amplifier 

High Speed Subtractor 

I 

I : 
I I 1'4 4---
c;---....!"~ 
·If ........ 

Fast Precision Voltage Comparator 

.. 
1111" 

>:....,.iiiI.--<......,~~\"" 
,01 
111114 

Video DC Restoring Am"'ifi.r 

r­
I 
I I 

lOClCtllllllOlo-+-D-[:>-.J 

L_I!!M~_-1 

'Pin numbers shown for TO-5 package 

" '" 

OUTPUT 
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Boasting Output Driv:e to + 100 mA 

",,, { I 

Differential Amplifier 

.. ' 

OU"IIT 

110,1 

Wide Range AC Voltmeter 

High Speed Positive Peak Detector 



typical applications· (con't) 

Precision Integrator 

""""'''':::1E"r -- - - " .. ;;- -- - -:- i COII1AOI' - - .. - - -1 I 
• I 

I ' I I 

. L - - -~lf-~,,::"I ~ 'I I r I hi' 
':" . Rt 

'" 

·Pin numbers shown'for TO-5 package 

Precision ~ide Range Current to Period Con~.rt.' 

10' r-;-,--.-,--r--r-.---, 

10' 1----"< 'rl-t---'I-t-+-+-; 
10~~'~1-1-1-1-1-~ 

! 1 1--1--+'~rl-t-----1f-1---I 
g 10.1 1--+--+-1--1'-4,,<:-+-+---1'---1 
~ 10-2 1--+--+-1---1-'k+---1--1 

"-1~3 1--+-+-4-~-+~,~~ 

1~' I---+-+-f--+--tl---+-~~, 

10-;' 10-J 1It-5 

INPUT CURRENT lAMPS) 

~l1n -I lit 

>-l 
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~National Operational Amplifiers/Buffers 
~ Semiconductor 
LH21101LH22101LH2310 Dual Voltage Follower 

general description 

Thl1 LH2110 Series of dual voltage followers are 
two LMll0 type followers in a single hermetic 
package. Featuring all the same performance char· 
acteristics of the single, these duals offer in addi· 
tion closer thermal tracking, lower weight, redlJced 
insertion cost and smaller size than two singles. 
For additional information, see the LMll0 data 
sheet and National's Linear Application Not,ebook. 

The LH2110 is specified for operation over the 
_55°C to +125°e military temperature range. The 
LH2210 is specified for operation over the -25°C' 
to +85°e temperature range. The LH2310 is speci· 

connection diagram 

INPUT 

,..------...:..0 'v+ 

r---.:.o I BAL~NCE 

Order Number LH2110D or 
LH2210D or LH2310D 

See Package D16C 

OUTPUT 

BOOSTER 

V' 

I ~ALANCE 
OUTPUT 

BOOSTER, 

v+ 

3-300 

fied for operation over the oOe to +70o e temper' 
atu re range. 

features 

• Low input current 

• High input resistance 

• High slew rate 

• Wide bandwidth 

• Wide operating supply range 

• Output short circuit proof 

auxiliary circuits 

1 nA 

1010 ohms 

3OV/p.s 

20 MHz 

±5V to ±18V 

~16.:.;' ... _ OUTPUT 

INPUT RZ· 
UK 

RI>I. ·Mlyu ...... tondltCl 
iatefMldillipltion. 

Incrusing Negative Swing Unci .. Load 

INPUT 

HI 
IK 

.... -+-V· 

~ .... ~-oumrr 

Offset Ballncinl Circuit 



absolute maximum ratings 
Supply Voltage 
Power Dissipation (Note 1) 
Input Voltage INote 2) 
Output Short Circuit Duration (Note 3l 

±18V 
500mW 

±15V 
Continuous 

electrical characteristics Each side (Note 4) 

PARAMETER CONDITIONS 

Input Offset Voltage lA" 25·C 

Input Bias Current TA " 25·C 

Input Resistance TA " 25·C 

Input Capacitance 

large Signal Voltage Gain T A" 25·C. Vs" ±15V 

VOUT " ±10V. RL" 8 kl1 

Output Resistance TA " 25·C 

Supply Current (Each Amplifier) TA " 25·C 

Input Ollset Voltage 

Offset Voltage -55·C ~ T A ~ 85·C 
Temperature Drift TA " 125·C 

Input Bias Current 

Large Signal Voltage Gain Vs" ±15V. VOUT " ±10V 
RL" 10 kl1 

Output Voltage Swing INote 5) Vs" ±15V. RL" 10 kl1 

Supply Current lEach Amplifier} TA :125°C 

Supply Voltage Rejection Ratio ±5V ~ Vs ~ ±18V 

Operating Temperature Range LH2110 
LH2210 
LH2310 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

LIMITS 

LH2110 LH2210 LH2310 

4.0 4.0 7.5 

3.0 3.0 7.0 

10'0 10'0 10'0 

1.5 1.5 1.5 

.999 .999. .999 

2.5 2.5 2.5 

5.5 5.5 5.5 

6.0 6.0 10 

6 6 10 
12 12 -
10 10 10 

.999 .999 .999 

110 ±10 ±10 

4.0 4.0 -
70 70 70 

-55°C to 125·C 
-25'C to 85·C 

O·C to 70·C 
-65·C to 150·C 

3OO·C 

UNITS 

mVMax 

nA Ma. 

OMi" 

pF Typ 

VIV Min 

11M •• 

mAMax 

mVMax 

IJ,Vt'C Typ 
IJ,Vt'C Typ 

nAMax 

VIV Min 

VMin 

mAMax 

dBMin 

Note 1: The maximum junction temperature of the LH2110 is 150°C. while that of thl! LH2210 is 100°C and that of the LH2310 is 8SoC. For 
operating devices in the flat package at elevated temperatures. the derating is based on a thermal resistance of 185°C/W when mounted on a 
1/16~inch~thick epoxy glass board with O.03~inch-wide. 2-ounce copper conductors. The thermal resistance of the.dual-in-line package is 10(fC/W. 
junction to am~ient. 
Note 2: For supply voltages less than ±15V. the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Continuous short circuit is allowed for case temperatures to 12~C and ambient temperatures to ?O°C. It is necessary to insert a resistor 
greater than 2 kO in series with the input when the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

Nota 4: These specifications apply for ±5V <: Vs <: ±18V and -55°C";;: TA '" 12~t. unless otherwise specified. With the LM210. however, all 
temperature specifications are limited to _25°C < TA" 8SoC, and for the LH2310, all temperature specifications are limited to O°C r;;,;; TA r;;,;; 70°C. 

Note 6: Increased output swing under load can be obtained bV connecting an external resistor between the booster and V- terminals. 
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Instrumentation Amplifiers 

Section Contents 

Special Function Instrumentation Amplifier Guide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4·jjj 
Definition of Terms ................... -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-lv 
LF1521LF352 FET Input Instrumentation Amplifier ........................ ;................. 4-1 
LM121/LM221/LM321, LM121A1LM221A1LM321A Precision Preamplifiers..................... 4·11 

Note. For additional Information on Instrumentation amplifiers, see National Semiconductor's Special Functions 
DatabOOk. 
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All of the amplifiers In this guide are true differential Input Instrumentation amplifiers with very high common mode rejection and 
adjustable gain. 

Characteristics Part Number .. .. ' 
VOS/n AVOS Gain Gain Gain -25°C to -55°C to Page 

Faatures IBMax Max """"AI Lin. Tempco Error B5°C 125°C Number 

90~W dissipation, wide 125nA 2mV 1O~VI'C 0.03% 3% max LH0036C 3·4 
supply range, one 100nA lmV 10~VI'C 0,03% 1% max LHOO36 
external gain set 
resistor 

Low cost, one external 2mV 10~VI'C 0.03% . 1% LHD037C 3·12 
gain set resistor 500nA lmV 10~VI'C 0.03% . 0.3% LH0037 

Ultra low drift, all gain sel IDOnA 150~V I~VI'C max 1 ppm 7ppml'C 0.1% LH0038C 3·15 
resistors internal, very 100~V 0.25~VI'C lppm 7ppm/'C 0,1% LH0038 
low noise, very linear, max 
guaid drive amplifier 
included 

• Dependent upon external resistors . 

•• Refers to Special Functions Databook, 1979 edition 

.. , 
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Definition of Terms 
Bandwidth: That frequency at which the voltage gain' 
is reduced to 1/../2 times the low frequency value. 

Common-Mode Rejection Ratio': The ratio of the input 
common-mode, voltage range to the peak-to-peak·change 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic 
distortion being defined as one-hundred times the ratio 
of the root-mean-square (rms) sum of the harmonics to 
the fundamental. % harmonic distortion,= 

(V22 + V32 + V42 + .. . )1/2 (100%) 

V1 
where V1 is the rms amplitude of the fundamental and 
V2, V3, V4, ... are the rms amplitudes of the individual 
harmonics. 

Input Bias Current: The average of the 'two input 
currents. 

Input Common-Mode Voltage Range: The range of 
voltages on the input terminals for which the amplifier 
is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. ' 

Input Impedance: The ratio of input voltage to input 
current under the stated conditions for source resistance, 
(RS) and load resistance (RLI. 

Input Offset Current: The difference in the currents 
into the tW? input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be 
a'pplied between the input terminals through two equal 
resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 

4·lv 

Instrumentation Amplifiers 

Large-5ignal Voltage' Gain: The ratio' of' the output 
voltage swing to the change in input voltage required 
to drive the output from zero to this v~ltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for source 
resistimce (RS) and load resistance (RLI. 

Output Resistance: The small signal resistance seen at 
the output with the output voltage near zero. ' 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that ,can be obtained without clipphig. 

Offset Voltage Temperature Drift: The average drift .. 
rate of offset voltage for a thermal variation from room 
temperature to the indicated temperature' extreme. ' 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Settling Time: The time between the initiation of the 
input step function and the time when the output 
voltage has settled to within a specified error band of 
the final output voltage. 

Slew Rate: The internally-limited rate of change in 
output voltage- with a large·amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output midway between the supplies. 

Transient Response: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to 
the frequency where the amplifier open loop gain rolls 
off to one. 

Voltage Gain: The ratio of output voltage to input 
voltage under the stated conditions for source resis­
tance (RS) and load resistance (R L). 



~National 
~ Semiconductor 

Instrumentation Amplifiers 

BI·FET Technology 

LF1521LF352 FET Input Instrumentation Amplif·ier 
General Description 
The LF152 series is the first monolithic JFET input 
instrumentation amplifier. The well-matched high voltage 
JFET input devices provide very high input impedance 
and extremely low bias cLJrrents, making the LF 152 
ideal in applications where high source impedances 
are encountered. 

The ·LF152 very accurately amplifies a differential 
input signal and rejects common-mode signal and noise. 
It is not an op amp, but operates with an internal 
closed loop gain connection which allows good linearity 
with no external feedback. The LF 152 eliminates the 
need for extremely precise resistor matching to obtain 
high common·mode rejection (eMR) and provides high 
input impedance as compared to the use of conventional 
op amps connected as a difference amplifier. 

The LF 152 utilizes internal differential current feedback 
eliminating the need for precision external feedback 
components. The amplifier gain can be easily adjusted 
from 1 to 1000 by changing the value of a single resis, 
tor. The transfer function for the LF 152 is highly 

accurate because it has a very low initial.gain error and 
non·linearity. The bandwidth and slew rate are externally 
controlled and the sense input and device output are 
pinned out separately for added versatility. 

Features 

• JF ET inputs 
• High input impedance 
• Low bias currents· 

• Low noise currents 
• Low ga in nonlinearity 
• High common-mode reje~tion ratio 

(G = 100) 

• Single resistor gain adjust 

2 x 1012n 
3 pA 

0.01 pA rms 
0.02% 

110dB min 

• External compensation for extended gain and 
frequency ranges 

• Both input and output offset adjust capability to 
allow a change of gain without rezeroing 

• Low supply current 1 mA 

Connection Diagram Dual-I n-Line Package 
OUTPUT 
DfFSfT 
NULL -VIN Ra SENSE RS COMP -VEE +Vcc 

" 

Vous OUTPUT +VIN RG REF RS Vo 
8IAS OFFSET 

NULL 

Order Number LF152D 
or LF352D 

See NS Package D16e 

Simplified Schematic Typical Circuit 

FIGURE 1 FIGURE 2 
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Absolute Maximum Ratings 
-

LF152 " LF352 
Supply Voltage ±22V ±18V 
Differential Input Voltage ±44V ±36V 
Input Voltage Range ±22V ±18V 
Output Short Circuit Duration Continuous Continuous " 
Power Dissipation and Thermal Resistance 

(Note 1) 
Cavity DIP (D) PQ (25°C) gOOmW 900mW 

IIjA 100°C/W l00°C/W 
Maximum Junction Temperature +150°C +100°C 
Operating Temperature Range -55°C~TA~+125°C O°C$TA~+70°C 

. Storage Temperature Range -65°C~TA ~+l50°C -65°C~TA~+150°C 
Lead TemperatiJre (Soldering, 60 seconds) , 300°C 300°C 

DC Electrical Characteristics (Notes 2 and 3) 

LF152 LF352 
PARAMETER CONDITIONS UNITS , MIN TYP MAX MIN TYP MAX 

GR Gain Range Re= 160n, ee = 0.002"F 1 1000 1 1000 

G Gain Equation G = RS/RG 

GE Error From Gain Equation TA = 25°C, G = 1'-100, RL = 10k 0.05 0.1 0.05 0.2 % 

GNL Gairt f':l0nlinearlty TA = 25"e, G = 1-100, RL = 10k 0.02 0.05 0.02 0.1 % 

e.G/liT Gain Temperature Coefficient 3 3 ppmfe 

Vo Output Voltage Range RL = 2k ±9 ±9 V 

RO Output Resistance TA = 25°C, G = 1 1.2 1.5 n 

VIN Input Voltage Range ±10 ±12 ±10 ±12 V 

IB Input Bias Current 'TA = 25°C 3 20 3 40 pA 

3 20 0.2 3 nA 

110 Input Offset Current TA = 25°C 0.5 10 0.5 20 pA 

0.3 2.0 0.05 C).a nA 

RIN Input Resistance TA ~ 25°C 
Differential 2xl012 2.1012 n 
Common-Mode 2.1012 2.1012 n 

CIN Input Capacitance TA = 25°C 

Differential 2.5 2.5 pF 

Common-Mode 5.0 5.0 pF 

CMRR Common-Mode Rejection G = 1 75 85 65 80 dB 
-(RTI) (Note 4) G = 10 95 105 85 100 dB 

G = 100 110 125 100 120 dB 

G = 1000 115 125 105 120 dB 

VIOS Input Offset Voltage TA = 25°C 8 15 15' 30 mV 

lIVIOS/lIT Temperature Coefficient 10 10 "vfe 

lIVIOS/lIVS Supply Sensitivity .100 200 "VIV 

VOOS Output Offset Voltage TA=25"C 200 400 mV 

lIVOOS/lIT Temperature Coefficient 600 600 "vfe 

lIVOOS/lIVS Supply Sensitivity' 400 800 "VIV 

IREF Reference Cur,rent 15 20 "A 

RREF Reference Input Resistance 500 250 Mn 

IS Supply Current TA = 25°C 0.7 2.2 1.2 2.2 mA 
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AC Electrical Characteristics (Notes 2 and 3) 

LF152 LF352 
PARAMETER CONDITIONS UNITS 

MIN 'TYP MAX MIN TYP MAX 

en Noise Voltage (RTII (Note 5) TA = 25"C 

0.1 Hz - 10 Hz 1.3' 670/G 1.3f670/G . !,Vp-p 

10 Hz - 10 kHz 8'450/G 8f450/G pVrms 

in Noise Current (RTI) (Note 5) TA = 25"C. 10 Hz - 10 kHz 0.01 0.01 pArms 

GBW Small Signal Bandwidth T A = 25" C. ±3 dB 

G = 1 140 140 kHz 

G = 10 50 50 kHz 

G = 100 30 30 kHz 

G = 1000 7 7 kHz 

TA = 25<)C. ± 1% Flatness 

G=1 5 5 kHz 

G = 10 4 4 kHz 

G = 100 2 2 kHz 

G = 1000 1.5 1.5 kHz 

paw Full·Power Bandwidth 25 25 kHz 

SA Slew Rate 1 1 V/!'s 

!s Settling Time 0.1 % TA = 25"C 

G=1 15 15 I'S 

G = 10 15 15 1" 

G = 100 40 40 1" 
G = 1000 200 200 1" 

Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tj MAX, 9jA, and the 
ambient temperature, TA' The maximum available power dissipation at any temperature is Po = (TJ MAX - TA)J8jA or the 2Soe Po MAX, 
whichever'is less. . 

Nota 2: These specifications apply for Vs = ±15V and over the absolute maximum operating temperature range (TL ~ T A ~ TH) unless otherwise 
noted. Parameters are specified for Ae =. 160n, ee = 0.002i'F, and a proper layout such as the pe board in Figure 7, which is laid out for 
Figure 2 and Figure 4. 

Note 3: If VOOS adjust is not used, pins 1,2 and 16 MUST be shorted to Vee. 

Note 4: Aeferred to input (ATI). May be raferred to' output by subtracting gain in dB. 

Note 5: Aeferred to input (ATI)' May be referred to output by multiplying by gain G: 

Typical Performance Characteristics 
Input Bias Currant Supply, Current Gain Nonlinearity 

10k 2.0 10 
VS=±15V 

~ 
TA' 25"C 

i lk :< 
.!i > 

1 Ill" I I LJ ... 
1:5 '= 

I 
... 0: 
ill 

~ I- ~ 0: 

100 ±1SV "VS ,,±lOV. 0: 

~ ~ 
z 
;:; 

i:l -- z 
~ ~ il ~ G -1000 ;;; 

~ 
1.0 +125",-r-- .. 0.1 

~ 10 M P- ~ G = 10 
;! G -100 

±5Y ~ VF T '11 or G =1 'i..1 I 1 0.5 0.01 
-25 25 75 125 5 10 15 20 0 4 8 12 16 20 24 28 

TEMPERATURE I'C) SUPPLY VOLTAGE I'VI LOAD RESISTANCE (kll) 

Positive Co~mon'Mode Input Negative Common· Mode Input 
Voltage Limit Voltage Limit Positive Current Limit 

... ~ Vs= '15V '" ~ .. ~ 
20 15 z 

:~;~---
-20 z 

"""'" F:;;;; ~~ --- ~ ;! 
+!~~:~- AfJ ~ :::--.. 

!i 18 r--- +125"~ -- r-. g~ -16 - w 

'\ " "--55"C ......... .. 
----~ ~ "''= r:::---~ 

rY ~ ,,~ .. '" 10 

\ ",w 12 ,,- -12 .. 
"," 

~ 
"'~ ~ 

> .. 0< ",w 

~ 
... u!:; ....sI ~~ ~ w .. 8 -8 2:> P' ..4~ Iii .~ > .. .. 5 

+1~5 C 1=> w -55 C 
2 4 0< -4 > III ",. E +251 C '" 2 0 0 

5 10 15 20 -5 -10 -15 -20 0 5 10 15 20 25 30 35 

.f 
POSITIVE SUPPLY VOLTS (VI NEGATIVE SUPPLY VOLTS (V) OUTPUT SOURCE CURRENT (mAl 
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Typical Performance Characteristics (Continued) 

a .. 
~ 
w .. 
~ 
> .... 
~ 
'" ~ 
!:: 
;:: 

'" :li z 

s: 
Ei 

.> 
E 

~ .. 

-15 

-10 

-5 

Negative Current Limit 

YS"'±15V 

~ -~ 
\" 

1\ 
c- c- +25"C -, t- \ 

+125"C \-55"C 

10 15 20 25 3D 35 

OUTPUT SINK CURRENT (mAl 

Frequency Respon~ 

FREQUENCY (Hz) 

Small Signal Pulse Response 
(G = 1) 

I-t--+--t-++-I-~!: ~~~~ 
I-I-t--+--t-+-+- G = 1 
t-t-/-If~-+-l-'f-~~: ~;:;F 

~ 
w ovl-t--t--+--t-+++-+-+-+ .. 
~ 
!; 
5 
~ .. 

,E 
~ 
E 
Ii: 
:: .. 
~ 
w 

~ .. 
> .... 
'" ~ .. 

DV 

1\ 

TIME (Sps/DlVI 

Small Signal Pulse Rasponse 
(G = 1000) 

Vs'= ±16V 
TA-25"C 
G = 1000 
Cc - 0.01l2pF 
RC= 160n 

il 
\ , 

TIME (10o.s!OIVI 

Common-Mode Rejection 
. Ratio (RT" 

i;i 
160 

'" 140 .. 
;:: 

'" 120 '" z .. ioo 
ti 
~ 80 

1ll 80 .. .. 40 .. .. 
20 .. 

" fl 0 

i;i 160 

'" CI 140 

!i a: 120 
z 
.. 100 

~ 
~ 80 

'" > 

~ 
60 

'" 20 

1 knSOURCE 
UNBALANCE 
VS=:!:15V 
TA=25"C 

G -1000 

G =100 

~~I,~ 
i-H=1 

10 100 It 10k lOOk 

FREQUENCY (Hz) 

Positive Power Supply Rejection 
Ratio (RT" . 

~ 
f:: 

G = 1000 l- f:: c-
G =100 r= k G -10 

G -I 

I o 
10 100 lk 10k 

s: 
~ 
e 
g 
::, .. 
z 
1il 
w .. 
'" !:; .. 
> 
5 

~ 

s: 

~ 
'" z 

1il 

ov 

FREQUENCY (Hz) 

Small Signal Pulse Response 
(G = 10) 

VS=±15V 
TA = 25"C 
G =10 

Cc = 0,01l2pF 
RC= 160n 

I 1\ 
\ 
i'. 

TIME (5"sJ01VI 

Large Signal Pulse Rasponsa 
(G = 1) 

t-t--I-+-+-++~!: ~~~~ 
I-hrl--t--t--i --+- G = I 
f-hl1H!,.-!--!--!-+ Cc = O.ODl"F 

1-#--1-+-+-++ RC -160n 

.. OVI-lf-t---t--t-++-+-+-+-+ 
~ 
> 
5 
~ .. 

TIME (io"sJOIVI 
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Ratio (RT" 

TA - 25"C 
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f:: 

G -1110 ~ 
G =10 "'" G='1 ~ 

10 100 lk 10k. 

FREQUENCY (Hzl 

Small Signal Pulse Response 
(G = 100) 

VS'±15V 
TA = 25"C 
G =100 
Cc - 0,OD2"F 

I RC = 1600 
, , 

\ 

TIME (ZO"sJOIVI 
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(~= 10) 

VS=±15V 
TA - 25"C 
G =10 

r CC·D.U1I2pF 
,RC -1800 
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Typical Performance Characteristics (Continued) 

> 

~ 

Large Signal Pulse Response 
(G ~ 1001 

Vs = ±15V 
TA =25"C 
G = 100 

" z 1 
Cc = o.oo2pF 

.ij 
~ ov " '" !::; .. 
> 
1O 
S .. 

• ~ lOOk 

~ , 

~ 

C!lI 10k 
~ 
g 
~ 1k .. z ... 
=> 

!! . 100 

~ 
~ 
S 10 

R = 160n 

1\ 
1\ 

. TIME 1211pl/DIVI 

Equivalent Input Noise 
Voltage . 

100 lk 10k 

FREQUENCY IHzI 

Application Hints 
BASIC OPERATION 

lOOk 

The LF152 is a monolithic JFET input differential 
current feedback instrumentation amplifier. The BI­
F ET process used to fabricate. the LF 152 makes it 
possible to take advantage of JFETs throughout the 
design. In the simplified schematic of Figure 1, the 
differential input voltage is impressed across resistor 
RG via the input JFETs, while the difference between 
the sense and reference voltages is impressed across 
the resistor RS. The gain of the amplifier is determined 
by the ratio of resistor RS to resistor RG (G = RS/RG). 
(For clarity let's follow a signal through the amplifier:)' 

In Fig,jre 1, let RG = AS = 1 Mn, the (-) input be 
grounded, and the (+) input be 1 V; ~he output should 
be 1 V. The 1 V signal applied developes lilA through 
RG from right to left and unbalances the current drive 
to the second stage amplifier. The additional current 

. driven into the (+) input of the second stage amplifier 
causes the output to increase. As Vo increases, the 
sense input voltage increases and the left side of RS 
also increases. When the sense input has risell 1 V, lilA 
will flow through RS from left to right and, thus, sl,lb­
tract lilA from 11. An opposite action simultaneously 
occurs in 12 which brings the currents into the second 
stage and thus the system back into balance. 

The LF152 series is designed to optimize key parameters 
in instrumentation amplifiers. The device has very high 
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Large Signal Pulse Response 
(G = 10001 

I-I-I-I-I-t-t-~! : ~!~~ 
I-I-I-l-l-t-t-G = 1000 

I-I-(","++-+-I-Cc = 0.002.F 
I-If-l-l-l-t--I-RC = 160n 

~ ov 1-1f-t-t-t-t-1tll.,-J-.,-J--t-l 

. ~ ·I~ 
§! I"\, 

1O 

~ 

TlMEl1ollpl/DIVI 

. Output Resistanc • 

lk 

~loo~1111 ~ 
~ 

10
10Il_ s .. 

10 100 lk 10k 

FREOUENCY (Hz) 

common-mode rejection, low gain non-linearity, 
extremely low bias currents and very .. high. input 
impedance. 

INPUTS 

The P-channel JFET input devices of the LF152 series 
provide very low bias currents and very high input 
impedances. 

The maximum differential input voltage is independent 
of . the supply Voltages, however, neither of the input 
voltages should be allowed to exceed the negative supply, 
as this will cause large currents to flow, which can result 
in a destroyed unit. 

Exceeding the' negative voltage range on either input 
will cause a reversal of phase to the output and force 
the amplifier output to the corresponding high or 
low state. Exceeding the negative input voltage range 
on both inputs will force the amplifier output to a high 
state. Exceeding the positive input voltage range on a 
single input will not change the phase of the output; 
however, gain linearity will degrade. If both inputs 
exceed the positive input ·voltage range, the output of 
the amplifier will be forced to a high state. 

The. common-mode slew rate of the inputs should be 
limited to 5V IllS to insure low input bias currents. 



Application' Hints (Continued) 

USING THE SENSE, REFERENCE, AND OUTPUT 
PINS 

The sense input and the output of the device are pinned 
out separately to allow increased flexibility in system 
designs (see applications). The reference input allows 
biasing of the output voltage, from +lOV to -lOV. 
The ac input resistance of both the sense and reference 
inputs is unusually high because their input currents are 
forced to be constant with voltage (typically 20jlA). 

The maximum linear output swing is determined by 
the magnitude of resistor RS: 

1VOMAXI= 10/lA (RS) 

If the output of the amplifier is to be abruptly changed 
more than 6V, a PNP transistor should be connected, 
as shown in Figure 3, to prevent the slew rate of the 
output from exceeding the slew rate of the sense stage. 
If this precaution, is not taken, the base-ilmitter junction 
of the input transistor in the sense stage will transiently 
break down and its ~ will degrade, resulting in a per­
manent negative shift in output offset voltage. 

2':...--..... -0 OUTPUT 

FIGURE 3. Large Signal Transient Suppression 

OFFSET VOLTAGE 

Because of the two stage design of the instrumentation 
'amplifier, there are two independent contributors to 
offset voltage (Vas). The ?utput. offset (VOOS) is 

+lSY 

2001t 

JOOk 

'" 
I'" 

I 
L 

, 1 

FIGURE 4. Input Offset Adjust 
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independent of gain while the input offset (Vias) .is 
multipl ied by the gain ·of th,e amplifier to the output. 

Vas = Vias (G) + VOOS 

The output offset of the LF 152. can be adjusted as 
shown in Figure 2. In addition, the LF152 features 
input offset adjust· which is not common to monolithic 
instrumentation amplifiers and is normally available 
only on expensive modules. The simple adjust scheme 
shown in Figure 5 has only a slight increase in non-lin­
earity compared to that of Figure 4 and is recommended 
for most applications. Nulling both 'input and output 
offset makes the overall offset zero, independent of gain. 

The output offset is affected by adjustment Gf the 
input offset. For every mV of input offset adjust, the 
output offset will change by approximately 32 mV. 
Adjustment of the output offset has no effect on the 
input offset, so it should always 'be done last. 

Offset adjustment changes the temperature coefficient 
of the Vas drift. The typical input offset drift of the 
unadjusted device is -1 O/lV fc. If the input offset is 
adjusted, the ViaS' drift increases by approximately 

Vias drif~'" -lO/lVtc + 2/lVtC/(mV of adjustment) 

The Vaos drift will be improved by output offset 
adjust because the magnitudes of the current sources 
adjusted become less sensitive to VBE variations. If 
Vaos adjuSt is not used, pins I, 2 and 16 must be 
shorted to the positive supply for circuit operation. 

OFFSET VOLTAGE ADJUSTMENT PROCEDURE 

For gains less than 100, only output offset adjustment is 
needed. For gains greater than 100, input offset adjust is 
'usually necessary since the input offset voltage amplified 
to the output may be out of the range of the output 
offset adjust. Input offset adjust is also needed if zero 
overall offset is desired while varying the amplifier gain. 

... lSM 

'Ok 10. 

-15V 

FIGURE 5. Simple Input Offset Adjust 



Application Hints (Continued) 

To adjust the input offsei:, the following procedure 
should be used: 

The effective input offset voltage appears directly 
across RG when both inputs are connected to ground, 
and can be measured by a voltmeter referenced to 
ground. This offset error across RG can be zeroed by 
the input offset adjustment circuit shown in Figure 4 
or 5. The remaining error at the output is strictly due 
to. the output offset voltage which can then be nulled' 
out with the circuit shown in Figure 2. The amplifier 
is now offset nulled independent of gain. 

COMPENSATION 

The variable bandwidth and slew rate of the LF152 are 
controlled by an RC network between the compensa­
tion pins of the amplifier as shown'in Figure 2. RC and 
Cc may be varied for optimum operating characteristics 
in a particular application. 

Layout of accompanying circuitry may influence the 
value of this RC network. The lead lengths to resistors 

RS and RG should be minimized and the capacitance 
from these nodes should also be minimized for optimum 
frequency response. If RC = 160n and Cc = 0.002/lF in 
the printed circuit board of Figure 7, the amplifier will 
be compensated for all gains from 1 to 1000. Gains 
from 0.1 to 10,000 m.ay be obtained with different 
compensation. 

GAIN ERROR AND NONLINEARITY 

Gain error of the LF152 is the error between the average 
slope of the transfer function compared to the slope of 
RS/RG. In the LF 152, the small gain error is essentially 
constant with gain and may be nulled out by trim­
ming RS. 

Of the existing monolithic instrumentation amplifiers, 
the LF152 is among the lowest in. gain nonlinearity 
error. Gain nonlinearity is the curvature of the transfer 
function from the theoretically perfect function as shown 
in Figure 6. 

G (VINI - VOUT 
50mV 

0.1% NONLINEAR 
..... ~- ~..,,,,,,,,,,, 
t-t-r,::r-,.-ot-"":;':;'+-+-i V,N 

-IOV ! +IOV 

IDEAL 
TRANSFER 
FUNCTION 

-50 mV 

FIGURE 6. Gain Error and Nonlinearity 

LF152 

FIGURE 7. PC Layout IBottom View) 
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~ Detailed Schematic 

.... 
&J 
it .... 

Typical Applications 
/ 

Automatic VIas Adjust (G ~ 1001 

200. '''''' 
-------, 

Va 14 

.,O--'---.. --r---......, 

.n... 
ZERO 
PULSE 

NC = Normally Closed 

NO = Normally Open 

Minimum pulse width to drive Va to zero is 400.us. 

I 

General Purpose Instrumentation Amplifier 

LOAD 

RS 
For - = 1. 

RG 

Va = Va + VREF - Vb 

10· SOURCE ORSINK $,.5 mA 

Isolated Sensor 

OUT 
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Typical Applications (Continued) 

Automatic Voas Adjusf (For G S; 1001 

+Vee 

v~ 14 " 
~~----------------------~----~-;~--'---OvO 

v.o---+---..... -li----'''I 

1f4Lf11JJJ NC 

" 

J'l..:'v ZERO o---.... ----__ ..... ----------____________________ ,..,... ______ ..... __________ ..J 

PULSE 

Minimum pulse width to .drive Va to zero is 450lls 

AC Active Guard Drive 

v,o---------t---t---------------t-i 
_____ ~I 

v.o---~--~--------------------t-i 

This circuit reduces capacitive 
loading of the input signals 
while maintaining a high CMRR 

Active Guard Drive 

.vcc 

SHIELD 

--~--7/~--'~------------~ V.~ 

v.o-JI------f-------------+----...!.i!j 

(This circuit reduces the degradation of CMRR caused by the capaci~ 
tance of shielded cable'! 

4·9 

Vo 

tVee 

NC = Normally Closed 

NO = Normally Open 

Typical Circuit with Full Offset Adjust 

t-------"""M-+ ...... MI'-O+15V 

lOV 

-15V O-..... --~i------' 

.Output Current Boost 

RS 
VO=(Va-Vbl"R 

G 

'0' 

Vo -'0 

LOAD 

10 SOURCE OR SINK S; 95 rnA 



Typical Applications (Continued) 

Temperature Control Circuit 

+Vee' '12V 

r------
I~~~t==t--------~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 

HEATER 

LC'2!!!R~l~ E~IR~M~T J 

Under balanced conditions, VSENSE - VREF appears across RS. Va - Vb 
appears across RG and IRG := IRS. 

VSENSE is fixed by the temperature control resistor and RG/RS is con· 
stant. The LF152 is used as a comparator with a feedback loop closed 
through the heater and the temperature dependen~ resistor. If Va - Vb ;:,. 
VSENSE RG/RS' The output goes high turning "ON" the heater. If 
Va - Vb < VSENSE RG/RS. The output goes low turning "OFF" the 
heater.'· 

Alternate Input Offset (VIOS) Adjust Scheme 

Definition of Terms 
Closed loop gain. G = RS/RG 

Gain error. A rotational error of the transfer 
function about the origin. 

.Vee 

Vas 

4-10 

Gain nonlinearity. Curvature of the transfer 
function. 
Offset voltage. Voltage offset of the transfer 
function at the origin Vas = Vlas(G) + Vaas 



~National 
~ Semiconductor 

Instrumentation Amplifiers 

LM121/LM221/LM321, 
LM121A1LM221A1LM321A Precision Preamplifiers 

General Description 

The LM121 series are precision preamplifiers designed 
to operate with general purpose operational amplifiers to 
drastically decrease dc errors. Drift, bias current, common 
mode and supply rejection are more than a factor of 50 
better than standard op amps alone. Further, the added 
dc gain of the LM121 decreases the closed loop gain 
error. 

The LM121 series operates with supply voltages from 
±3V to ±20V and has sufficient supply rejection to 
operate from unregulated supplies. The operating 
current is programmable from 5JlA to 200JlA so bias 
current. offset current, gain and noise can be optimized 
for the particular application while still realizing very 
low drift. Super·gain transistors are used for the input 
stage so input error currents are lower than conventional 
amplifiers at the same operating current. Further, the 
initial offset voltage is easily nulled to zero. 

Features 
• Guaranteed drift of LM121A series - 0.2JlVfC 
• Guaranteed drift of LM121 series -'lJlVfC 

Typical Applications 

+15V 

RI1 
10k 

• Offset voltage less than 0.4 mV 
• Bias current less than 10 nA at 10JlA operating current 
• CMRR 126 dB minimum 
• 120 dB supply rejection 
• Easily nulled offset voltage 

The extremely low drift of the LM121 will improve 
, accuracy on almost any precision dc circuit. For example, 

instrumentation amplifier, strain gauge amplifiers and 
thermocouple amplifiers now using chopper amplifiers 
can be made with the LM121. The full differential in· 
put and high common·mode rejection are another 
advantage over choppers. For applications where low bias 
current is more important than drift, the operating cur· 
rent can be reduced to low values. High operating cur· 
rents can be used for low voltage noise with low source 
resistance. The programmable operating current of the 
LM121 allows tailoring the input characteristics to 
match those of specialized op amps. 

The LM121 is specified over a -55°C to +125°C tem· 
perature range, the LM221 over a -25°C to +8SoC range 
and the LM321 over a O°C to +70°C temperature range . 

~ R5 

lMl13 

CHROMEl 
ALUMEL 

300k 996k 

~:~~~~~'--------------JVV~-----------; 

RIO 
10k 

R6 
J.75k 

R4 
1k 

LM121A 
OUTPUT 
I1DmVrC) 

50pF 100pF 

T T ·SetfoI2.9BValautputwith 
- ":' lMl13shomd.Outputihould 

'-----_--15V 

equalilmb,enttempefatureat 
lDmVI"K. 

tAdjllslfor OUlpulleildinglR~C. 

Thermocouple Amplifier with Cold Junction Compensation 
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Absolute. Maximum Ratings 
Supply Voltage ±20V 
Power Dissipation (Note 1) 500mW 
Differential Input Voltage (Notes 2 and 3) ±15V 
Input Voltage (Note 3) ±15V , 
Operating Temperature Range 

LM121 -55°e to +125°e 

LM221 -25°C to +85°e 

LM321 oOe to +70oe 

Storage Temperature Range -65°e to +150oe 
, 

Lead Temperature (Soldering, 10 seconds) 3000e 

Electrical Characteristics (Note 4) LM121, LM221, LM321 

PARAMETER CONDITIONS 
LM121 LM221 LM321 

UNITS 
MIN TXP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C, 

6.4k :::; RSET:::; 70k 0.7 1.5 mV 

Input Offset Current TA = 25°C, 

.RSET= 70k 1 2 nA 

RSET = 6.4k 10 20 nA 

Input Bias Current TA = 25°C, 

RSET = 70k 10 . 18 nA 
RSET= 6.4k 100 180 nA 

J 
TA = 25°C, Inpllt Resistance 

RSET = 70k 4 2 . Mn 

RSET = 6.4k 0.4 0.2 Mn 

Supply Current TA = 25°C, RSET = 70k 1.5 . 2:2 rnA 

Input Offset Volt~e 6.4k:::; RSET :::; 70k 1.0 2.5 mV 

Input Bias Current RSET = 70k 30 28 nA 

RSET = 6.4k 300 280 nA 

Input Offset Current RSET= 70k . 3 4 nA 

RSET= 6.4k 30 40 nA 

Input Offset Current Drift RSET= 70k 3 3 pAtC 

Average Temperature RS:::; 200n, 6.4k :::; RSET:::; 70k 
Coefficient of Input Offset Offset Voltage Nulled 
Voltage 1 1 p.vtc 

Long Term Stability 5 5 p.V/vr 

Supply Current 2.5 3.5 rnA 

Input Voltage Range Vs = ±15V, (Note 5) 

RSET = 70k ±13 ±13 V 
RSET= 6.4k +7,-13 +7,-13 V 

Common-Mode Rejection RSET = 70k 120 114 dB 
Ratio RSET = 6.4k 114 114 dB 

SupplV Voltage Rejectio~ RSET= 70k 120 114 dB 
Ratio RSET= 6.4k 114 114 dB 

Voltage Gain . TA = 25°C, RSET = 70~, 

RL>3Mn 16 12 VIV 

Noise RSET = 70k, RSOURCE = 0 B 8 nVA/Hi 

Note 1: The maximum junction temperature of the LM121 is 150°C, while that of the LM221 is 100°". The maximum junction temperature 
of the LM321 is 85°C. For operating at elevated temperature, device. in the TO·5 package must be dereted based on a thermal resistance· of 
150°CIW, junction to embient, or 45°CIW, junction to case; For the flat package, the derating is based on a thermal resistance of 185°CIW when 
mounted on a 1/6 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line 
package is 100°C/W junction to ambient. 
Note 2: The inputs are shunted with back-to-back diodes in series with a soon resistor for overvoltage protection. Therefore. excessiw current 
will flow if a differential input voltage in excess of 1 V is applied between the inputs. . 
Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 4: These specifications applv for ±5 s: VS'S: ±2OV and -55°C s: T A s: +125°C, unless otherwise specified. With the ·LM221, however, all 
temperature specifications are limited to -25°C s: TA s: +85°C, and for the LM321 the specifications apply over e O°C to +7rJ'C temperature 
range. 
Note 5: External precision resistor - 0.1 % - can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 
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Absolute Maximum Ratings 
Supply Voltage ±20V 
Power Dissipation (Note 1) 500mW 
Diff~rential Input Voltage (Notes 2 and 3) ±15V 
input Voltage (Note 3) ±15V 
Operating Temperat~re Range 

LM121A -55°C to +125°C 

LM221A -25°C to +85°C 

LM321A O°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 4) LM121A,LM221A,LM321A 

PARAMETER CONDITIONS 
LM121A, LM221A LM321A 

UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage TA = 25°C, 

6Ak:<=:; RSET:<=:; 70k 0.2 004 0.2 0.4 mV 

Input Offset Current TA = 25°C, 

RSET = 70k 0.3 0.5 0.3 0,5 nA 

RSET = 6.4k 5 5 nA 

Input Bias Current TA = 25°C, 

RSET = 70k 5 10 5 15 nA 

RSET = 6Ak 50 10Q 50 150 nA 

Input Resistance, TA = 25°C, 

RSET = 70k 4 8 2 8 Mn 

RSET = 6.4k 004 0.2 Mn 

Supply Current T A = 25°C, RSET = 70k 0.8 1.5 0.8 2.2 rnA 

Input Offset Voltage 6.4k:<=:; RSET:<=:; 70k 0.5 0.65 0.5 0.65 mV 

Input Bias Current RSET = 70k 15 30 15 25 nA 

RSET = 6.4k 150 300 150 250 nA' 

l,nput Offset Current RSET = 70k 0.5 1 0.5 1 nA 

RSET= 6.4k 5 10 5 10 nA 

Input Offset Current Drift RSET= 70k 3 3 pAfc 

Average Temperature RS:<=:; 200n, 6.4k:<=:; RSET:<=:; 70k 
Coefficient of Input Offset Offset Voltage Nulled 

Voltage 0.07 0.2 0.07 0.2 /lVfC 

Long Term Stability 3 3 pV/yr 

Supply Current 1 2.5 1 3.5 rnA 

Input Voltage Range Vs = ±15V, (Note 5) 

RSET = 70k ±13 ±13 V 

RSET = 6Ak +7,-13 +7,-13 V 

Common-Mode Rejectio,n RSET = 70k 126 140 126 140 dB 
Ratio RSET = 6Ak 120 130 120 130 dB 

Supply Voltage Rejection RSET= 70k 120 126 118 126 dB 

Ratio RSET = 6.4k 114 120 114 120 dB 

Voltage Gain T A = 25°C, RSET = 70k, 

RL>3Mn 16 20 12 20 VIV 

Noise RSET = 70k, RSOURCE = 0 8 8 nV/VHz 

Note 1: The maximum junction temperature of the LM121A i. 150°C, while that of the LM221A is 100"C. The maximum junction temperature 
of the LM321A is 85°C. For operating at elevatad temperature, devices in the TO-5 package must be deratad basad on a thermal re.istance of 
150°C/W, junction to ambient, or 45°C/W junction to case. For the flat package, the derating i. ba.ad on a thermal resistance of 185°CIW when 
mounted on a 1/6 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line 
package i. 100°CIW junction to ambient. 
Note 2: The inputs are shunted with back-ta-back diodes in series with a 500n resistor for overvoltage protection. Therefore,. excessive current 
will flow if a differential input voltage in excess of 1V is applied between the inputs. 
Note 3: For supply voltages less than! 15V. the absolute maximum input voltage is equal to the supply voltage. .. 

Note 4: These specifications apply for ±5 S; Vs S; ±20V and -55°C S; TA S; +125°C, unle .. otherwise .pecified. With the LM221A, however, all 
temperature specifications are limited to -25"C S; TA S; +85°C, and for the LM321 A the specifications applV over a O°C to +70°C temperature 
renge. ' 
Note 5: External precision resistor - 0.1% - can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 
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Frequency Compensation 

UNIVERSAL COMPENSATION 

The additional gain of the LM121 preamplifier when 
used with an operational amplifier usually necessitates 
additional frequency compensation. When the closed 
loop gain of the op amp with the LM121 is less than 
the gain of the LM121 alone, more compensation is 
needed. The worst case, situation is when there is 100% 
feedback-such as a voltage follower or integrator-and 
the gain of the LM121 is high. When high closed loop 
gains are used-for example Av ~ 1000-and only an 
addition gain of 200 is inserted by the LM121, the fre· 
quency compensation of the op amp will usually suffice. \ 

The freque~cy compensation shown here is designed to 
operate with any unity·gain stable op amp. Figure 1 
shows the basic configuration of frequency stabilizing 
network. In operation the output of the LM121 is 
rendered single ended by a O.Ol,uF bypass capacitor to 
ground. Overall frequency compensation then is achieved 
by an integrating capacitor, around the op amp. 

12 
Bandwidth at unitY'gain '=" 

21TRsET C 

,4 
for 0.5 MHz bandwi.;lth C ~ 

106 RsET 

For use" with higher frequency" op amps such as the 
LM 118 the bandwidth may be increased to about 2 MHz. 

If the closed loop gain is greater than unity, "c" may be 
d~creased to: 

4 

Typical Applications 

INPUT ..... :;,R,:..... .... ..2.r-.:..L.--, 

*Offsetad,ust. 

tS~tableforfrequencvcompenSltjon. 

LM121A 

'--...... ---+--v· 

C1 
3GpF 

FIGURE 1. Low Drift Op Amp USing the LM121A as a Preamp 

OUTPUT 
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ALTERNATE COMPENSATION 

The two compensation capacitors can be made equal for 
improved power supply rejection. In this case the for· 
mula for the compensation capacitor is: 

8 

Table I shows typical values for the two compensating 
capacitors for various gains and operating currents. 

TABLE I 

CLOSED CURRENT SET RESISTOR 
LOOP 
GAIN 120kU 60 kU 30kU 12 kU 6kU 

Av - 1 68 130 270 680 1300 

Av == 5 15 27 56 130 270 

Av = 10 10 15 27 68 130 

Av '" 50 1 3 5 15 27 

Av = 100 - 1 3 5 10 

Av = 500 - - 1 1 3 

Av = 1000 - - - - -

This table applies for the LM108, LM101A, LM741, 
LMl18. Capacitance is in pF. 

DESIGN EQUATIONS FOR THE LM121 SERIES. 

1.2 X 106 

Gain Av ~ 
RSET 

Null Pot Value should be 10% of RSET 

2 X 0.65V 

INPUT 

Operating Current ~ 
RSET 

Positive Common· ~ 
Mode Limit ~ 

+ [ 0.65V X 50k ] 
V - 0.6-

RSET 

V' 

"Offset adjust 

R6 
3M 

0.1% 

OUTPUT 

, tGainlrim 
tBetterthanl%linearityforinputsignBlsupto 

:tID mV glin stability typical ±2% from -55 to 
125°C 

Match of RS and R6 effect power supply rejection 

Gain of 1000 Instrumentation Amplifier:!: 



Typical Applications (Continued) 

220 

IN'UT--4~..:.j 

LM121A 

v-

LM103·1.I 

250pF 

l,F 

.>.;;..-....... ~OUTPUT 

-Bandwidth'" 111MHI 
Slew Rail" 40 Vll/s 

High Speed' In.~rting Amplifier with Low Drift 

INPUTSC 

,"pun[ 

v· 

v-

v· 

OUTPUT 

*lIIndwidth"3.5MHz 
Slew Rille '"'.1 VI~s 

Medium Speed' General Purpose Amplifier 

V' 

25.· 

LMIZIA 

" 

25." 

V' 

OUTPUT 

*MildiltaO.I% 
t01pmdsonclDltIooPPID 

Increased Common-Mode Ranga at High Oparating Currents 
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Connection Diagrams 

Dual-tn-Line Package 

Ie 14 NC 

OUTPUT Z 

OUARO 

INPUT I 

IN'UT2~1-----....I 

GUARD BALANCE 

v- • NC' 

NOTE. PIn 7 cDnnec1ed to bauam of pIC". 
TOP VIEW 

Order Number LM121D. 
LM221D. LM221AD 

or LM321AD 
Sea NS Package D14E 

Schematic Diagram * 

Metal Can Package 

OUTPUT I 

y-

N01t: Pin 4 CORMcted 10 else. 

TOP VIEW 

Order Number LM121H. 
LM221H. LM321H. LM121AH. 

LM221AH or LM321AH 
See NS Package HOse 

Note: Outputs are inverting from 
the input of the same number. 

Flat Package 

OUTPUT 2 OUTPUT I 

v' 

INPUT 1 BALANCE 

INPUT 2 BALANCE 

GUARD V· 

NOTE: Pill connected to fIonam of ....... 

TOP VIEW 

Order Number LM221F. 
LM321F. LM221AF 

or LM321AF 
Se. NS Package F10A 

y'.----~~----------------------------~----e_----------~------------e_------~ 

R3 
Ii01c 

onpUT~----------------~----------" 

OUTPUT ------------------... 

Rl 

INPUT 2 500 

R2 

R4 
50. 

l~n ~3~SOO~-----4~------~~----~~--~ 

lis..- ..:&'--_______ ..Jr' 

~T ..:&~ ______________________ --J 

y-
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Typical Performa~ce Characteristics 
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-,..... 
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, 
Typical Performance Characteristics (Continued) 

Common-Mode Limits Output Common·Mode Voltage Differential Voltage Gain 
or 

W. I J 11~l~"c_ 
v+ 

111111 
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-2 

I~I 
~ ....... 111111 ~ 
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E co 1.3 

~ -2 
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~National . 
~ Semiconductor 

I nstrumentation Amplifiers 

LHOO361LH0036C Instromentation Amplifier 

general· description 

The LH0036/LH0036C is a true micro power 
instrumentation amplifier designed for precision 
differential signal processing. Extremely high accu· 
racy· can be obtained due to the 300 Mn input 
impedance and excellent 100 dB common mode 
rejection ratio. It is packaged in a hermetic TO·8 
package. Gain is programmable with one external 
resistor from 1 to 1000. Power supply operating 
range is between ±1V and ±18V. Input bias current 
and output bandwidth are both externally ad· 
justable or' can be set by internally set values. 
The LH0036 is specified for operation over the 
-55°C to +125°C temperature range and the 

LH0036C is specified for operation over the 
-25°C to +85°C temperature range. 

features 
• High input impedance 

• High CMRR 
• Single resistor gain adjust 

• Low power 
• Wide supply range 
• Adjustable input bias current 
• Adjustable output bandwidth 
• Guard drive output 

equivalent circuit and connection diagrams 

,.V 
INPUT 

GAIN 

'" 

GAIN 

'" 

NDNINV 
INPUT 

INPUT GUARD 
BIAS DRIVE BANDWIDTH 

ADJUST OUTPUT CONTROL v+ v-

r'l-- ' -- ..!L __ 1, __ J" 

• J •• 

.s 

•• 
•• •• 

., 

I 
I 
I 
I 
I 

I, 
L ______________ -' 

CMRR 
TRIM 

TO' VIEW 

Order Number LHOO36G or LHOO36CG 
S •• NS P.ck_ .. H12B 
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OUTPUT 

CMAR 
PRESET 

tMRA 
TRIM 

300 Mn 

100 dB 
1 to 1000 

90/JW 
±1V to ±18V 



absolute maximum ratings 
Supply Voltage ±laV Short Circuit Duration Continuous 
Differential lop,:,t Voltage ±30V Operating Temperature Range 
Input Voltage Range ±Vs LH0036 -5SoC to +12SoC 
Shield Drive Voltage ±Vs LHOO36C -2SoC to +85°C 
CMRA Preset Voltage . !Vs Storage Temperature Range -65°C to +150"C 
CMRR Trim Voltage ±Vs Lead Temperature, Soldering 10 seconds 300·C 
Power Dissipation (Note 3) 1.5W 

electrical characteristics (Notes 1 and 2) 

LIMITS 

PARAMETER CONDITIONS LH0036 lH0036C UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Rs = LOkI!, T A = 25°C 0.5 1.0 1.0 2.0 mV 
(Vlasl Rs = 1.0kl! 2.0 3.0 mV 

Output Offset Voltage Rs = LOkI!, T A = 25°C 2.0 5.0 5.0 10 mV 
(Veas ) Rs = 1.0kll 6.0 12 mV 

Input Offset Voltage Rs S 1.0klZ 10 10 "vtc 
Tempco (.6.V,os/.u.T) 

Output Offset Voltage 15 15 "vtc 
Tempco (6Voos/.6.T) 

Overall Offset Referred Av '" 1.0 2.5 6.0 mV 
to Input (Vos) Av '" 10 0.7 1.5 mV 

Av = 100 0.52 1.05 mV 
Av = 1000 0.502 1.005 mV 

Input BIas Current T A = 25°C 40 100 50 125 nA 
IIBi ISO 200 nA 

Input Offset Current TA =25°C 10 40 20 50 nA 
oos) 80 lOa nA 

Small Signal Bandwidth Av = 1.0, AL = Wid! 350 350 kHz 
Av :. 10, RL '" 10kn 35 35 kHz 
Av '" 100, RL =- lOk!2 3.5 3.5 kHz 
Av = 1000, RL '" 10k12 350 350 Hz 

Full Power Bandwidth V 1N '" ±JOV, RL '" 10k, 5.0 5.0 kHz 
Av '" 1 

Input Voltage Range Differential ±1O ±12 ±10 ±t2 V 
Common Mode flO 112 110 ±12 V 

Gain Nonlinearity 0.03 0.03 0:, 

Deviation From Gain Av = 1 to 1000 ±0.3 11.0 tl.0 t3.0 or, 
Equation Formula 

PSRR ±5.0V 5,Vs ~ ±15V, 1.0 2.5 1.0 5.0 mV/V 
Av ·I.0 
±5.0V $ Vs -::; ±15V, 0.05 0.25 0.10 0.50 mV/V 
Av = 100 

CMRR Av = 1.0 DC to 1.0 2.5 2.5 5.0 mVIV 
Av '" 10 100Hz 0.1 0.25 0.25 0.50 mV/v 
Av "" 100 ~Rs = 1.0k 50 100 50 100 /J.VIV 

Output Voltage Vs :: ±15V RL '" lOkU, ±to 113.5 ±1O t13.5 V 
Vs '" ±1.5V, RL '" 100k12 :to.6 :to.a :to.6 to.S V 

Output Resistance 0.5 0.5 n 

~upply Current 300 400 400 600 "A 

Equivalent Input Noise 0.lHz<f<10kHz, 20 20 IJ-V/p,p 
Voltage Rs<50n 

Slew Rate ~VIN '" ±lOV, 0.3 0.3 V/p.s 
RL = 10kn, Av • 1.0 

Settling Time To ±10 mV, RL = tOkH, 
.l.VOUT = 1.0V 

Av = 1.0 3.8 3.8 "' Av = 100 180 180 "' 
Note 1: Unless otherwise specified, all specifications apply for Vs = :t15V, Pins 1,3, and 9 grounded, -2S"C to +85"C for the 
LHOO36C and -SSoC to +12SoC for the LHOO36. 

Note 2: All typical values are for T A = 2SoC. 

Note 3: The maximum junction temperature is lS0°C. For operation a1.elevated temperature derate the G package on a 
thermal resistance of 9O°C/W. above 2SoC. 

4·20 



typical performance characteristics 

no 
310 

C 300 
.3 210 ... 
ill 210 .. .. .. 
" .. 40 

t 30 
~ 

20 

10 

a 

31 

34 .. 32 

a 28 
~ 

2~ <0 

~ 20 .. ,. 
5; 
:: .. .. 

.000 

~ 
z 100 
C 
<0 

~ 
.. .0 
!1l 
;:j 

50 

1 40 

5 '30 .. .. 
1:: 
i 28 

... 
i • 0 

a 

Supply Current VI Temperature Supply Current vs Supply Voltage 

- r- ~.'. "~V 
IODo 

T. - 25"C = I=::: I=::: PINS 1. 3.' 9 GROUNOED ~ F b 
~ ... 

- r-- Vs II ±l.SV 

ill .. .. 100 
1:: .. 

. ~ 

V-

,1. .l 
PIN 1" 3& 19 GR~UND~D 

10 
-55 -25 25 50 75 100 125 lo 4.0 &.0 8.0 10 12 14 1& 18 

SUPPLY VOLTAGE I. V, TEMPERATURE rCI 

Peak 10 Peak Output 
Voltage Swing.s RL 

11111111 I 
!I.IIIIII.I 

Vs'" t15V 

11111111 I 
V~I~I;'.5V 

11111111 
IUIIIII 

TA '"' ZS~C 
PINS I. 3. & 9 GROUN~,D 

Uk .ok 'Ook 

LOAD RESISTANCE lel' 

Closed Loop Voltage Gain 

~ 300 

>: 270 

g. ;: 240 

~ ~ 210 

Total Input Noise Voltago" 
vs Frequency 

1\ 
\ 

~~ ~ ~ :: 
1.6 ~ I 120 1-\~+l'IHtI~+-t+tttltt--++tttHti 
1.2 .:= 5 90 titlMtt1~Rsm=~,o~Ok~;mM 
0.8 !.. ~ &0 ....... 111111 I 

:.4 ~ 30 - 0iI1il~++If:j I 1-11111 ""1F1:tHllll 

'.OM .0 .00 Uk 10k 

FREDUENCY 1Hz) 

CMRR vs Frequency 

.00 Uk .Ok lDDk .0 .00 '.Ok 10k lOOk 

Ro - GAIN SET RESISTOR I!I) 

Input Bias ClIrrent 

PINS 1. 3.' 9 GROUNOED 
22 

10 

Vs" !15V r--~ 
l- .8 

~ 
.& 

~ 
14 

~ '2 .. .0 ,. ... 8.0 .. 
:: &.0 

Vs" tl.5V 
.. 

'.0 co 
2.0 

FREDUENCY IHzl 

Output Voltage Swing .s 
Frequency 

IlIlll II III II 
111111 \ Ave\. '" 1.0 
111111 

- I~::;'L -'00 

1111 \ 
UII 

V," 11SV 
Rt. ·,all 
TA -ZS"C 
PINS. 3 69 GROUNDED 

-55 -25 25 . 50 75 '00 125 
o 
.00 Uk 10k 

FREDUENCY 1Hz) 

lOOk 

TEMPERATURE I C) 

4·21 

50 

40 

a 
~ 

30 <0 
C 

.!;; .. ,. 
20 ... .. s .. 10 

&0 

50 

; 
z 40 
;;C 
<0 
~ 
<0 

30 

~ 20 
~ 

.0 

40 

+10 

~ 
~ 
<0 

~ .. ,. 
~ .. .. 

-10 

Output Voltage Swing vs 
Supply Voltogo 

Rt. -10k 
T. = 25'C 1---PIN 1. 3 69 GROUNDED 

1/ 
V 

V-

i .... 

!Z.O i6.0 ~10 t.14 ttl 

SUPPLY VOLTAGE IV' 

Closed Loop· Voltage 
Gain vs Frequency. 

~,~,,~1! Vs =.t15V 
RL -10k 

R~~I~\} 
T. = 25'C 
PINS 1 & 3 GROUNDED 

1111111 
RGI~~~~ 

1111111 
1111111 

R"~~ . 
1111111 

.00 I.ok 11k lOOk 1.11M 

FREQUENCY IHzI 

Common Mode Voltage vs 
Supply Voltage 

RL ::: 10k 
f= 14Hz 
TA ::: 25°C 
PINS •• 3. 69 GROUNDED 

/ 
/ 

/ 
/ 

.5.0 •• 0 .15 

SUPPLY VOLTAGE I.V) 

V 

Largo Signal Pulse R __ 

II 

I Vs = ~15Y 1\ 
RL " 1D1e 
Ava. '" t.G 
PINS 1. 3. & 9 GROUNDED 

.20 

40 10 120 .&0 Z11II 240 210 

TIME"'" 



o 
~. 
8 
:::t: 
..J 

i 
8 
:::t: 
..J 

typical applications 

,>,"---+---oOUTfUT 

E""IU 

"----------0 y •• -IQ'ITO-UV 

-R.w "If ° R. ARE OPTIONAL IAIIDWIOTH AND .N'ur liAS CURRUT 
COlnROlllIIG REStSTDRS 

Instrumentation Amplifier with Logic Con1rolled 
Shut·Down 

Ourl'IIT 

Isolation Amplifier for Medical Telemetry 

I , 
, .I 

DIODEI'"HEI'MAL 
CORTACT_"" MIIIEIiT ' 

.TMIItMDCGUPUoIU .. mOtll 

••• 

Thermocouple Amplifier with Cold Junction Compensation 

v· 

v. 

-15'1 

.......... Control I ntortl •• 

.4·22 

'AIN J _. . 
CZl 

f~ F .. 
I 

Fl ' I·Rete 

F .. A fUNCTION Of SlLlCTEO "vel R, AID ft .. 

High Pass Filter 



applications information 
THEORY OF OPERATION 

r-------------, 
I 
I 
I 
I 

L ____________ .J 

FIGURE 1. Simplified LH0036 

The .lHo036 is a 2 stage amplifier with a high 
input impedance ga"in stage comprised of A, and 
A2 and a differential to single·ended unity ga,in 
stage, A3 . Operational amplifier, A" receives 
differential input signal, e" and amplifies it by a 
factor equal to (Rl + RG)/R G. 

A, also receives input e2 via A2 and R2. e2 is seen 
as an inverting signal with a gain of R 1 IR G . A, 
also receives the common mode signal eCM and 
processes it with a gain of +1. 
Hence: 

Rl + RG 
V,; --- e, 

RG 

Rl 

RG 

By similar analvsis V 2 is seen to be: 

R2 + RG 
V2 ; ---e2 

RG 

For Rl ; R2: 

R2 

V2-V, ;[C:J+l](e2 -e,) 

(1) 

(2) 

(3) 

Also, for R3 ; R5 ; R4 ; R6, the gain of A3 ; 1, 
and: 

eo; (1)(V2 - V,) ; (e2 - e,) [ 1 + (:RG1 ) ] (4) 

As can be seen for identically matched resistors, 
eCM is cancelled out, and the differential gain is 
dictated by equation (4). 

For the lHo036, equation (4) reduces to: 

eo 50k 
AvcL ; --- ; 1 + --

e2 - e, 'RG 
(5a) 

The closed loop gain mav be set to anv value from 
1 (RG ; 00) to 1000 (RG = 5on), Equation (5a) 
re·arranged in more convenient form may be used 
to select RG for a desired gain: 

50k 
RG ; 

AVCL - 1 

USE OF BANDWIDTH CONTROL (pin 1)· 

(5b) 

In the standard configuration, pin 1 of the lH0036 
is simply grounded. The amplifier's slew rate in 
this configuration is typically O.3V IllS and small 

4·23 

signal bandwidth 350 k Hz for AvcL ; 1. I n some 
applications, particularlv at low frequencv, it mav, 
be desirable to limit bandwidth in order to mini· 
mize the overall noise bandwidth ohhe device. A 
resistor Raw mav be placed between pin 1 and 
ground to accomplish this purpose. Figure 2 shows 
tvpieal small signal bandwidth versus Raw. 

IM_~ 

loOk 
lUM 1.OM 10M 100M tDOOM 

Row - RESIST~NCE FROM PIN 1 TO GROUND lu) 

FI GURE 2. Bandwidth vs RBW 

It also should be noted that large signal bandwidth 
and slew rate mav be adjusted down bV use of 
Raw. Figure 3 is plot of slew rate versus Raw. 

1.0 

0.1 

~ 
: 0.01 

~ 
0001 

10k 100k 100M 10M 100M 

Raw - RESISTANCE FROM PIN 1 TO GROUND (H) 

FIGURE 3. Output Slew Rate vs RBW 

CMRR CONSIDERATIONS 

Use of Pin 9, CMRR Preset 

Pin 9 should be grounded for nominal operation. 
An internal factory trimmed resistor, R6, will 
yield a CMRR in excess olBO dB (for AvcL ; 100). 
Should a higher CMRR be desired, pin 9 should 
be left open and the procedure" in this section 
followed. 

DC Off'set Voltage and Common Mode 
Rejection Adjustments 

Off· set may be nulled using the circl1it shown 'in 
Figure 4. 

" 

" ". 

FIGURE 4. VOS Adjustment Circuit 

Pin 8 is also used to improve the common mode 
rejection ratio as shown in Figure 5. Null is 

r­
::t 
g 
~ -r-
::t 
c c 
(,.) 
en o 
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achi,e~ed by a,!ternately applying ±10Y (for y+ & 
Y- = 15Yl to the inputs and adjusting R 1 for 
minimum change at the output. 

QUTPUT 

FIGURE' 5. CMRR Adjustment Circuit 

The circuits (;f Figure 4 ,and' 5 may be combined 
as shown in Figure 6, to accomplish both Yes 
and CMRR null. However. the Yos and CMRR 
adjustment are interactive' and several iterations 
are required . .The procedure for null should start 
with the inputs grounded. 

oUy 

FIGURE 6. Combined CMRR. Vos Adjustm.nt Circuit 

R2 is adjusted for Yos null. An input of +10Y 
is then applied and Rl is adjusted for CMRR null. 
The procedure is then repeated until the optimum 
is achieved.' , , 

A circuit which overcomes adjustment interaction 
is shown in Figure 7. In this c'ase. R2 is adjusted 
first for output null of the LH0036. R 1 is then 
adjusted' for output null with +10Y input. It is 
always a good idea to check CMRR 'null,with a 
-10V input. The optimum null achievable will 
yield the' highest CM R R over the amplifiers com·, 
mon mode range. 

·nv 

.v,,,!::VY o-t--~ 
-1IV 

.---.... -0 .... 

"' .... 

'--"'t==~Lo-nv 
• lion MOMIIIA\. VALUi: RI TO ACHIEVl onlllllUM CM.R IS 3' .~l 

FIGURE 7. ImP':oved Vas, CMRR Nulling Circuit 

AC CMRR Considerations 

The ac CMRR may be' improved using the circuit 
of'Figure 8. 

""'It 

FIGURE a.lmproved AC CMRR Circuit 

After adjusting Rl for best dc CMRR as before, 
R2 should be adjusted for minimum peak-to-peak 
voltage ,at the output while applying an 'ac 
common mode signal of 'the maximum amplitude 
and freque(lCV of interest. , . " 

INPUT BIAS CURRENT CONTROL 

Under nominal operating conditi.ons (pin 3 ground­
ed), the LH0036 requires input currents of 40 nA. 
The input ~urrent may' be reduced by inserting a 
resistor (RB) between 3, and ground or; alter­
natively, between 3 and V-. For RB returned to 
ground, the input bias current may, be predicted 
by: 

y+ - 0.5 
IBIAS == ---,-----

4 X lOS + 800 RB 

or 

V+ - 05- (4 X lOs) (ISlAS) 
RB=-------------~~~ 

800 ISlAS 

Where: 

IBIAS = Input 8ias Current (nA) 

(6a) 

(6b) 

Rs = External Resistor connected between 
pin 3 and 'ground (Ohms) 

y+ ="Positive Supply Yoltage (Yolts) 

Figure 9 is a plot of input bias 'current versus RB. 

i 
j 

'II 

,. 

', ... -
.,' 

lOll IDllIl 100M 10M tllM 

R.£..! RESISTANCE fROMPlN3TD GROUND In) 

FIGURE 9. Input Bias Curr.~;.~. FunctiOn of ~B 

As indicated above, Rs may be returned to the 
negative' supply voltage. Inl,lut bias current may 
then be predicted ,by: 

(v+ ~.v-) - 0.5 

I~,IAS== 4 ')(10s +' 800 Rs 
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or 

(81 

Where: 

ISlAS = Input Bias Current (nAI 

Rs = External resistor connected between' 
pin 3 and V- (Ohmsl 

V+ = Positive Supply Voltage (Voltsl 

V- = Negative Supply Voltage (Voltsl 

IDO 

10 

~ 
j 

1.0 

lOOk 10M 10M 100M 

Re - RESISTANCE FROM PIN 1 V- h~l 

FIGURE 10. Input Bias Current as a Function of RS 

Figure lOis a plot of input bias' current versus 
Rs returned to V- it should be noted that band· 
width is affected by changes in Rs. Figure 11 is a 
plot of bandwidth versus Rs. 

lDOIl 1.OM 10M 100M 

R. - RESISTANCE FROM PIN 3 TO GROUND (~!I 

FIGURE 11. Unity Gain Bandwidth as a Function of RB 

BIAS CURRENT RETURN 
PATH CONSIDERATIONS 

The LH0036 exhibits input bias currents typically 
in the 40 nA region in each input. This current 
must flow through R ISO as shown in Figure 12. 

OUtpUT 

FIGURE 12. Bil. Currlnt Return Path 
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In a typical application, Vs = ±15V, lSI == IS2 == 
40 nA, the total current, IT, would flow through 
Rlso causing a voltage rise at point A. For values 
of R ISO ~ 150 Mn, the voltage at point A exceeds 
the + 12V common range of the device. Clearly, 
for Rlso = "", the LH0036 would be driven to 
positive saturation. 

The implication is that a finite impedance must 
be supplied between the input and power supply 
ground. The value of the resistor is dictated by 
the maximum input bias current, and the common 
mode voltage. Under \(\Iorst case conditions: 

VCMA - VCM 
Rlso ::;----­

IT 

Where: 

(91 

VCMA Common Mode Range (1 OV for 
the LH00361 

VCM = Common Mode Vo.ltage 

IT = lSI + IS2 

In applications in which the signal source is float· 
ing, such as a thermocouple. one end of the source 
may be grounded directly or through a resistor. 

GUARD OUTPUT 

Pin 2 of the LH0036 is provided as a guard drive 
pin in those stringent applications which require 
very low leakage and minimum input capacitance. 
Pin 2 will always be biased at the input common 
mode voltage. The source impedance I~oking into 
pin 2 is approximately 15 kn. Proper use of the 
guard/shield pin is shown in Figure 13. 

OUTPUT 

FIGURE 13. Use of Guard 

For applications requ iring a lower source impedance 
than 15 kn, a unity gain buffer, such as the 
LH0002 may be inserted between pin 2 and the 
input shields as shown in Figure 14. 

OUTPUT 

FIGURE 14. Guard Pin With Buff.r 
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definition of terms 

Bandwidth: The frequency at which the voltage 
gain is reduced to 0.707 of ~he, low frequency 
(dc) value. 

Closed Loop Gain, AVCL: The ratio of the output 
voltage swing to the input voltage swing deter· 
mined by AVCL = 1 + (50k/RG). Where: RG = 
Gain Set Resistor. 

Common Mode Rejection Ratio: The ratio of 
input voltage range to the peak-to-peak change in 
offset ~oltage over this range. ' 

Gain Equation Accuracy: The deviation of the 
actual closed loop gain from the predicted closed 
loop gain, AVCL = 1 + (50k/RG) for the specified 
closed loop gain. 

Input Bias Current: The current flowing at pin 5 
and 6 under the specified operating conditions. 

Input Offset Current: The difference between the 
input bias current at pins 5 and 6; i.e. los = 
115 -16 1. 

Input Stage Offset Voltage, VIOS: The voltage 
which must be applied to the input pins to force 
the output to zero volts for AVCL = 100. 

Output Stage Offset Voltage, Voas: The voltage 
which must be applied to the input of the output 
stage to produce zero output voltage. It can be 
measured by measuring the overall offset at unity 
gain and subtracting VIOS' 

4-26 

VOOS=[Vos\ )-[VOS\ ] AVCL = 1 AVCL = 1000 

Overall Offset Voltage: 

Voos 
Vos = VIOS + --­

AVCL 

Power Supply Rejection Ratio: The ratio of the 
change in offset voltage, Vos. to the change in 
supply voltage producing it. 

Resistor. RB: An optio'nal re~istor placed between 
pin 3 of' the LH0036 and ground (or V-I to 
reduce the input bias current. 

Resistor, RBW: An optional resistor placed be· 
tween pin 1 of the LH0036 and ground (or V-I 
'to reduce the bandwidth of the output stage. 

Resistor, RG: A gain setting resistor connected 
between' pins 4 and,] of the LH0036 in order, to 
program the gain from 1 to '1000. 

Settling Time: The time between the initiation 
of an input step function ,and the time when the 
output voltage has' settled to within a specified 
error band of the' final output voltage. 
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Instrumentation Amplifiers 

LH0038/LH0038C True Instrumentation Amplifier 
General Description 
The LH0038/LH0038C is a precision true instrumenta· 
tion amplifier (TlA) capable of amplifying very low level 
signals, such as thermocouple and low impedance strain 
guage outputs. Precision thin film gain setting resistors 
are included in the package to allow the user to set the 
closed·loop gain from 100 to 2000. Since the resistors 
are of a homogeneous single chip construction, they 
track almost perfectly so that temperature variations of 
closed loop gain are virtually eliminated. 

LH0038 ex~ibits excellent CMRR, PSRR, gai~ linearity, 
as well as extrel!1.ely low input offset voltage, offset 
voltage drift and input noise voltage. 

Simplified Schematic. ·Diagram 

The devices are provided in a hermetically sealed 16·lead 
DIP. The LH0038" is guaranteed from -55°C to +125°C; 
whereas the LH9038C is guar~nteed from -25°C to 
+85°C. 

Features 
• Ultralow offset voitage 

• Ultralow offset drift 0.25 J1.V IC max 
• UI.tralow input noise :.0.2 J1.yp.p 
• Pin strap gain options 100, 200, 400, 500, 1 k, 2k 

• Excellent PSRR and CMRR 120 dB 

" r-~---------.------~----t---~---------------1~--~-Ov· 

•• 3.l33k 
.3 

'.889k 

:Connection Diagram. 

., 
Ik 

., 
lOOk 

. R9 RIO 
'526311 S.263k 

., 
585 

., 
526 

.,. 
20k, 

." lOOk 

.'0 
'OOk 15 OUTPUT 

SENSE 

, 
OUTPUT 

." lOOk 16 GROUND 
SENSE 

,. 
L-__ ~--------~--------~-----Ov-

Dual·ln·Line Package 

Vour 

v' 

OFFSET ADJUST! 

R175 

R200 

Rl000 

R200D 

16 GROUND SENSE 

L.. ____ f-!':..J INV.INPUT· 

L.. ___ +"::.2 NON.INV.INPUT 

TOP VIEW 

11 GUARD, CASE-

10 E-

E+ Order Number 
LH00380 or LHOO38CO 
Sea NS Package 0160 

* G~ard output is connected to the case. 
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Absolute Ml1Iximum Ratings 
Supply Voltage ±18V 
Differential Input Voltage (Note 1) ±lV 
Input Voltage ±VS 
Power Dissipation (See Curve) 500mW 
Short Circuit Duration Continuous 
Operating Temperature Range 

LH0038 -55°C to +125°C 
LH003BC -25°C to +8SoC 

Storage Temperature ..:v5°C to +150oC 
Lead Temperature (Soldering, 20 seconds) 300°C 

DC Electrical Characteristics (Note 2) 

PARAMETER " CONDITIONS 

VIOS Input Offset Voltage . TA = 25°C 

~VIOS/~T Input Offset Voltage 

Tempeo RS= 50n 

VOOS. Output Offset Voltage VCM = OV TA = 25°C 

~VOOS/~T Output Offset Voltage 

Tempeo 

IB Input Bias Current TA = 25°C 

lOS Input Offset Current TA = 25°C 

~IB/~T Input Bias Current 
VCM = OV 

Tempeo 

AVCL' Closed Loop Gain Gain Pins Jumpered 

None 

6-10 

6-9,10-5 

6-10,5-9 

7-10 

8-10 

Closed Loop Gain AVCL = 100,200 

Error AVCL = 400, 500 

AVCL = 1000 

AVCL.: = 2000 

Gain Temperature AVCL =. lk . 

Coefficient 

Gain Nonlinearity 100 $ AVCL $.2k 

VINCM Common·M.ode Input 

Voltage Range 

Vo Output Voltage RL~10kn 

Vs Supply Voltage Range 

Guard Voltage Error -IOV < VCM < +IOV 

4-28 

MIN 

±10 

'±10 

±5 

: 

. 

LH0038 LH0038C 
UNITS 

TYP MAX MIN TYP MAX 

25 100 30 150 

125 220 
IJ,V 

0.1 0.25 0.2 1.0 IJ,vtc 

3 10 5 25 
mV 

15 30 

25 25 IJ,vtc 

50 100 50 100 

200 200 
nA 

2 5 7 10 

·8 15 

500 500 pAtC 

100 100 

200 200 

400 400 VN 

500 500 

1000 1000 

2000 2000 

0.1 0.3 0.1 0.4 . 
0.2 0.3 0.2 0.6 

% 
0.3 0.5 0.5 1.0 

1.0 2.0 1.5 3.0 

7 7 ppmtc 

1 1 ppm 

±12 ±10 ±12 

±12 ±10 ±12 V \ 

±18 ±5 
I 

±18 

±10 ±100 ±1O ±loo mV 



DC Electrical Characteristics (Note 2) (Continued) 

LHO~38 LH0038C 
PARAMETER CONDITIONS UNITS 

MIN TVP MAX MIN TVP MAX 

CMRR Common·Mode VIN'; ±10V AVCL; 100 94 110 86 110 

Rejection Ratio AVCL; 1000 114 120 106 110 
, dB 

PSRR Power Supply ±5VS6VSS±15V AVCL; 100 94 110 94 110 

Rejection Ratio AVC,L; 1000 110 120 100 110 

IOSC Output Short TA; 25°C ±2 ±5 ±10 ±2 ±5 ±10 

Circuit Current 
mA 

IS Supply Current TA = 25"C 1.6 . 2.0 1.6 3.0 

RIN DIFF Input Resistance AVCL = 1000. T A; 25°C 5 5 Mil 

RINCM Common·Mode Input 1 1 Gil 

Resistance 

ROUT Output Resistance 1 1 mil 

AC Electrical Characteristics Vs = ±15V, TA = 25°C 

PARAMETER COMMENT CONDITIONS TVP UNITS 

en Equivalent Input Noise Voltage Figure 1 RS=O,f=O.l to 10Hz 0.2 /Np·p 

en Equivalent Input Spot Noise Figure 1 Rs= lOOn f = 10 Hz 6.5 
Voltage f= 100Hz 6.0 

nV/-/Hz 
f; 1 kHz 6.0 

f = 10 kHz 6.0 

BW Large Signal Bandwidth VOUT = ±10V 1.6 kHz 

Sr Slew Rate VOUT; ±10V 0.3 . VIps 

ts Settling Time to 0.01% Figure 13 20V Step 120 

-10V Step 80 ps 

+10V Step 60 

tr Rise Time 6VOUT = 100 mV AVCL = 100 6 

AVCL; 1000 13 
ps 

in Equivalent Input Spot RS= lOOMS! f; 10 Hz 0.1 pA/VHz 
Noise Current 

Note 1: The inputs are protected by diodes for o"eryoltage protection. Excessive currents will flow for differential volt~ges in excess of f lV. 
Input current should be limited 10 less than 10 rnA. , 
Note 2: Unless other~!se noted. these specifications apply for Vs = ! 15.0V. pin 15 connected to pin 1, pin 16 connected t<? ground, over the. 
temperature range -55 C to +125 'c for the LH0038 and - 25"C to +85"C for LH0038C, . 

I , 
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Typical Performance Characteristics 
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Pulse Response 
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Noise Test Circu.it 

X lk X 10 . . 
15V lOOk 

RS 

RS COAX 

TEKTRONIX 7623 

D 
7A22 

0.1 TO 10 Hz 

QUAN·TECH 
MODEL 2181 

FIGURE 1. 

Typical Application 

> ....... -o·OUT 

-15V -

FIGURE 2. X1000 Bridge Amplifier 

Applications Information 

THEORY OF OPERATION 

The LH0038 is a 3-stage, true instrumentation amplifier 
composed of a well matched transistor differential pair, 
01 and 02, a common-mode loop amplifier, A2 and A3, 
and a differential to single ended amplifier, A4. A simpli­
fied schematic is shown in Figure 3. 

Current source, lA, establishes a voltage across R 14 of 
approximately 2V, which results in a 2V drop across R8 
and R 12. This constant voltage forces the, first stage 

4-31 

current to be 20 /lA per side. The action of A2 and A3 
is such that 20 IJA is maintained constant despite the 
presence of common-mode signals. The differential out­
puts of A2 and A3 are applied to differential amplifier, 
A4, which converts the signal to a single-ended output 
and provides a gain of 5. The total gain of the amplifier 
is, therefore, the fixed gain of 5 multiplied by the gain 
of the composite input stage. 



Applications Information (Continuedl 

R8 
lOOk 

Rl2 
lOOk 

I IARI4 
2=1ii'2 

RI4 
,20k 

R11 
lOOk 

VI 

V2 

~8 
20k 

Rl9 
20k 

R20 
lOOk 

>-4-0'OUT 

FIGURE 3. LH0038 Simplified SchematiC;, 

The closed loop gain of the composite amplifier may be 
better understood by referring to Figure 3. The Ql-A2 
loop may be viewed as differential amplifier with the 
inverting input at the base and non-inverting input at 
the emitter. Combining small signal AC and I~rge signal 
DC analysis = 

( R17 + RE~ (R17) vl=e1 --- -e2 -
RE RE 

(11 

By similar analysis: " 

( RIG + RE) (RIG) v2= e2 -el -
RE RE 

(21 

+ ECM' VBE2 - 12R1G 

4-32 

Fo~ 11 == 12. R17 == R1G. VBEl == VBE2. subtracting 
equation (11 from (21 results in: 

, (R1G+RE) v2-vl = (e2-ell ---
,RE 

IR1G) 
+ (e2-ell \ RE 

v2-~1 2 RIG 
--+ 

e2-el RE 

(31 

(41 



Applications Information (Continued) 

The differential input voltage (v2 - vI) is amplified by 
the closed loop gain of A4: 

All other closed loop gain configurations place a precision 
resistor in parallel with Re(R9 + RIO). For example, for 
a gain of 200, pin 6 is connected to pin 10 and the gain 
is predicted by: eOUT = (AVCL4) (e2 - el) 

where: 

R20 
AVCL4=­

. f'!8 

= 5.00 

(
2R16 

AVCL =5 -­
Re 

. (5) 

(6) . 

A = 5.00 + 1 [ 
(2) (lOOk) ] 

VCL (l0.526k) II (10.000k) 

= (5.00) (40) = 200 

CLOSED LOOP GAIN CONSIDERATIONS 
USING INTERNAL RESISTORS 

(8) 

As an example, with all gain pins open, ~e = 10.526 kn, 

Table I summarizes the primary gain configurations 
available with .the LH0038. Obviously, other gains. are 
possible .. Using the internally supplied resistors has the 
advantage that Ri6, R17, and Re all track thermally, 
minimizing the device's gain error as a .function of 
temperature. and: . 

(
(2) (lOOk) ) 

AVCL=5 --- + 1 
10.526k 

= 100.0 

x 1000 
15V 

(7) 
G'ain .ldiustment by paralleling or series padding inter· 
naily 'supplied 'resistors is' generally discouraged since 
external resistors will generally not thermally track. It 
is recommended that the gain adjustment be done in a 
subsequent stage as shown in Figure 4. 

>--.... -OVOUT 

!!.!. = I iO.05% 
R2 

FIGURE 4. Recommended Gain Adjust Circuit 

TABLE I. l.:H0038 INTERNAL GAIN CONFIGURATIONS 

OVERALL FIRST STAGE 
PIN CONNECTIONS 

EFFECTIVE 
GAIN GAIN RE 

100 20 All Gain Pins Open 10.5260 kH 

200 40 Pin 6 to Pin 10 5.128Ikl! 

400 80 Pin 6 to Pin 9, Pin 10 to Pin 5 2.5316 kl! 

500 100 Pin 6 to Pin 10, Pin 9 to Pin 5 2.0202 kl! 

1000 200 Pin 7 taPin 10 1.0050 kl! 

2000 400 Pin 8 to Pin 10 0.5013 kl! 
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Applications Information (Continued) 

GUARD DRIVE 

The LH003B is provided with a guard drive output, 
which will always be at the input common·mode voltage. 
The guard drive amplifier is short·circuit proof and is 
capable of driving sever,al thousand pF without danger 
of latch·up or oscillation, 

The guard drive tied to a shielded input cable will greatly 
reduce noise pick·up, and also improve AC CMRR by 
maintaining the shield at the common·mode voltage. 
Figure 5 illustrates, the proper use of the gu~rd drive. 

SIGNAL 
SOURCE 

The guard drive output is also connected to the case to 
provide eJectrostatic shielding to the system. 

REMOTE OUTPUT SENSE 

The feedback network of the LH003B may be closed 
directly at the load in order to eliminate errors due to 
lead resistance. Also, a unity gain buffer; e.g. LHOOO2, 
may be included within the feedback loop to increase 
output current capability as shown in Figure 7. 

>-04 .... 0 VOUT 
r 

-15V 

FIGURE 5. Guard Drive Application 

15V 

t VOUT 

--
FIGURE 6. Remote Sense Connection 

15V 

Vout 

IOUT~100m~ 

FIGURE 7. Output Buffer Connection 
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Applications Information (Continued) 

OFFSET NULL 

Offset of the LH0038 is trimmed by the factory to a 
very low value. The offset may be further trimmed using 
a 10 kO, 10 turn, 100 ppmfC potentiometer as shown 
in Figure 8. However, a drift increase of 0.3 /-IV fc will 
be caused for each 100 /-IV of offset adjusted. The 
recommended offset null is shown in Figure 4 and is 
accomplished in the following stage. 

BIAS CURRENT CONSIDERATIONS 

The LH0038 exhibits bias current of approximately 50 
nA per side, and requires a path to ground or supply. 
:rile practical limitation to the maximum resistance 
between the inputs and ground is dictated by negative 
common·mode range as shown in Figure 9. For example, 
for VCM =.-10V, RCM ~ 20 MO. . 

,5V 

FIGURE 8. Offset Adjust Circuit 
(See also Figure 4) 

"601lA 

LM114 
CURRENT 

SOURCE 

'os 

lOOk' 

'5V 

The LH0038 input stage bias was optimized for minimum 
voltage noise 50 the input bias currents are higher than 
might otherwise ·be expected. Note, however." that the 
input currents are very well matched, resulting in an 
offset current value much lower than one might infer 
from the bias current. In order to take advantage of this 
low offset current, the: source impedances at both 
inputs should be matched to minimize DC drift. Further, 
bias current is relatively constant with temperature (as 
opposed to an FET st8ge), 50 one can consider bias 
current compensation schemes such as shown in Figure 
10. The danger with such techniques is that the offset 
current and noise contributed by the bias current com· 
pensator will dominate the system noise. 

-'B2 

'5V 

RCM .-'5V 

6.Bk 

10k 

10k 

'B'AS 

15V 

where: 
. VCMR = Common.Mode Range = ±12V 

VCM = ~mmon·Mode Input Voltage 
IS1 + 182 = Bias Current"" 100 nA 

FIGURE 9. Bias Current Return 

>~ .... o VOUT 

-15V 

FIGURE 10. Bias Current Compensation 
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Applications Information (Continued) 

SETTLING TIME 

The LH0038 has been, purposely over·compensated, and 
is therefore remarkably free from any undesirable tran· 
sient response, $mall signal settling time is governed'by 
gain·bandwidth product; large. signal settling time is 
dominated by slew rate. 

Figure 11 shows an input voltage step,of +10V to -10V 
applied, through a 1000 to 1 voltage divider, to the 
device configured for an inverting gain of 1000. The 
output, of the device will therefore be equal to the 
negative of the input after the device is c.ompletely 
settled. By resistively subtracting the input before the 
divider from the device output, a pseudo summing node 
is generated. The voltage at this pseudo summing junco 
tion goes "off screen" on the photos, since in the first 
small time increment the input goes instantaneously to 
-10 mV and the output is still at +10V. About 130 IJS 
after the input has gone negative, the output slews back 
in range and begins an exponential approach to the 
final value. Figure 12 is the same set·up ,for a -10V 
to +10V input pulse. Note that there is rio overShoot 
in either case. The test ,circuit is ,shown in Figure t3. 

HIGH FREQUENCY CMRR 

The LH0038 resistor ratios are carefully trimmed for 
optimum CMRR' at DC through 60 Hz. Inevitably."this 
rejection will degrade at higher frequencies due, to 2 
separate effects:' stray capacitance mismatch' arid' slew 
rate' limiting ,in the input stage. In most discrete iristru· 

ts, AV = 100.,VIN = 20V 

FIGURE 11. Settling Time 

ll1k 
0.1% 

Ik 
lOT 

101 
0.11\ 

mentation amplifier realizations, the, stray capacitance 
mismatch dominates simply because the stray capac· 
itances are relatively ,Iarg~ (this can be trimmed out in a 
discrete amplifier). In., a hybrid circuit sitch as the 
LH0038, stray capacitance is minimized, sQ the effects 
of mismatch are also "minimized. 

The response to a pulse or noise spike applied as a 
common·mode signal may bedciminated by the slew 
characteristics of the input stage. Whenever the common· 
mode input slew rate exceeds 0.2 V Ip.s, the 2 input 
amplifiers will" apply identical ramp signals to the final 
stage and cause its, output to go to near OV'. Note that 
the amplifier is not really active under these 'conditions 
a:s normal mode signal variations will not be coupled to 
the output. Some time may be required for the amplifier 
to settle after a transient of this kind before the output 
can be considered representative of the input. Slew rate 
limiting will not normally be the limiting factor for sine 
wave common·mode signals as 0.2 V Ip.s corresponds to 
about 2 kHz (20 Vp·p). 

POWER SUPPLY DECQUPLING 

Although the' LH0038 exhibits in excess of 120 dB 
PSRR at DC, the figllre degrades to 100 dB at 120 Hz. 
It is recommended that· both" V+ and V-:.leads be by· 
passed with 1 p.F electrolytic in shunt with 0.01 p.F 
ceramic disc no further than l' inch from the device. 

ts. Av = 100. VIN = 20V 

FIGURE 12. Settling Time 

10 

OV 

PSEUDO 

JUNCTION 

PSEUDO 
~------1I--f<) SUMMING JUNCTION 

- Vo·o 
=TO 10V 

·v~.+\ov 
, TO 10V 

OUTPUT 

0.1 

-'Vo·O vO' .OV 
=TOIOV- TO +10V 

vS· ·.5V 
100c, AVCL 

\I I ' ... k 
0.01 

o 20 40 60 80 .00 120 140 160 

-15V TIME,,., 

FIGURE 13. Settling'Time Test Circuit , FIGURE 14. Settling Time 
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Definition of Terms 

Bandwidth: That frequency at which the voltage gain is 
reduced to 3 dB below the low frequency value. 

Common-Mode Rejection Ratio, CMRR: The ratio of 
the input common-mode voltage range to the peak-to­
peak change in input offset voltage over this range. 

Input Offset Voltage, Vias: The voltage which must be 
applied to the inputs to force the outputs of the input 
stage to OV. Vias can be calculated by measuring Vas 
at closed loop gains of 100 and 2000 and using the 
following equation: 

(Vas) 2k - (Vas) 100 
Vias: 1900 

'Where: 

(Vas)2k : overall offset voltage for AVCL : 2k. 

(Vas)100 : overall offset voltage for AVCL : 100. 

Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end points expressed as 
a percent of full-scale (1 OV for operations on ± 15V 
supply). Note that this is a more stringen-t specification 
than deviation from the best straight line and is double 
the number that would be specified if the percentage 
were based on a 20V (±10V) range. 

Guard Voltage Error: The voltage difference between 
the guard drive output and the average of the 2 input 
voltages. 

Input Bias Current, IB: The average of the 2 input 
currents. 

Input Common-Mode Voltage Range, VINCM: The range 
of voltages on the input terminals for which the ampli­
fier is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Offset Current,loS: The differenceJn the currents 
into the 2 input terminals when the output is at zero. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Overall Offset Voltage, Vas: The output voltage when 
both inputs are connected to OV. Vas is composed of 
input amplifier offset voltage effects, ViaS, and output 
amplifier effects, Vaas. It is given by: 

Vas = (AVCL) (Vias) - Vaas 

Where: 

AVCL = closed loop gain = 100 to 2k 

Vias = input stage offset voltage 

Vaas = output stage offset voltage 

4--37 

Output Offset Voltage, Vaos: The output voltage when' 
the outputs of the input stage are forced to OV. Vaas 
may be calculated by measuring Vas at closed loop gains 
of 100 and 2000 and using the following equation: 

Vaas: (20) (Vas) 100 - (Vas) 2k 

19 

Where: 

(Vas) 100: overall offset_voltage for AVCL : 100 

(Vas) 2k : overall offset ~oltage for AVCL 

Output Voltage, Va: The peak output voltage swing, 
referred to zero. 

Offset Voltage Temperature Drift, ~VIOS/~T: The 
average drift rate of offset voltage for a thermal variation 
from room temperature to the indicated temperature 
extreme. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
change in input offset voltage to the change in power 
supply voltages producing it. 

Settling Times, ts: The time between the initiation of the 
input step fUllction and the time when the output voltage 
has settled to within a specified error band of the final 
output voltage. 

Slew Rate, Sr: The internally·limited rate of change in 
output voltage with a large-amplitude step function ap· 
plied to the input. 

Supply Current, ±Is: The current required from the 
power supply to operate the amplifier with no load and 
the output midway between the supplies. 

Supply Voltage Range: The range of voltages on the 
supply terminals for which the device is operational. 
Note that the specifications are not guaranteed over the 
full supply voltage range unless specifically stated. 

Transient Response, tr: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from DC 
to the frequency where the -amplifier open loop gain 
rolls off to 1. 

Closed Loop Gain, AVCL: The ratio of output voltage to 
input voltage under the stated conditions of source 
resistance (RS) and load resistance (RL). 

Voltage Gain Error: The deviation in percent between 
the ideal voltage gain and -the value obtained when the 
device is configured for that gain. 

r­
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Instrumentation Amplifiers 
PRELIMINARY 

LH0084/LHOO84C Digitally Programmable 
Gain Instrumentation Amplifier 

General Description 
The LH0084/LH0084C is a self-contained, high pseed, 
high accuracy, digitally programmable gain instrumen­
tation amplifier_ It consists of a FET input, variable gain 
voltage follower input stage followed by a differential 
output stage. The input stage is programmable to 
accurate gain steps of 1, 2, 5, or 10 controlled by the 
logic levels of a 2-bit TTL-compatible digital input word. 
For additional flexibility, the output .stage is pin­
strappable to fixed gains of 1,4, or 10 for an overall gain 
range of 1 to 100. 

Applications include increased dynamic range· A-to-D 
converters, test systems, and post multiplexer amplifier 
for data acquisition systems wh~re its short settling time 
speeds channel ~ampling. 

The device exhibits high input impedance, low offset 
Voltage, high CMRR· and PSRR, high speed, and excel­
lent gain accuracy and gain non-linearily. 

Simplified· Schematic 
I 

VIN-o----I 

v+ 

The LH0084 is guaranteed for operation from _55°C to 
+125°C, whereas the LH0084C is guaranteed from 
_25°C to +85°C. Both devices are provided in a hermeti­
cally sealed 16-lead dual-in-line metal package. 

Features 
• Excellent gain accuracy and 

gain non-linearity 

• Extremely lo~ gain drift 

• High input impedance 

• HighCMRR·and~SRR 

• TTL-compatible digital inputs 

• H·igh speed, settling to 0.1 % 

0.002% typ 

1 ppmfC 

10!hyp 

76dB min 

5lts max 
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Device 

LM100 

LM206 

LM306 

Lfl1t 

Lf211 

LF311 

LMll1 

Temperaw,e 
Range-

Military 

Industrial 

COmmercial 

Mrlitary 

Industrial 

Cornmercie. 

DTL/TTL 
fanout 

I. 
I. 
I. 

SupplV 
VoJbge T,. 

tVI 

v+ .. 12 

V-"-3 

To-12 

3. 

3. 

3. 
:t15 

InputBla1 
Current 
(25°C) 

Mox 
,"AI 

Input Offsat 
Current 
(2S0 CI 
M .. 
,"AI 

Input Offset 
Voltage 
(25DCI 

Mox 
(mV) 

Respon58 
Timet T,. 

(nsl 

20 401 .., 
Voltage 

""'" T,. Package Type 

20 40 max 40k TO-5 f.P. 

25 40 m;x 40k TO·5 F.P. 

0.05 0.000025 200 200k TO'S DIP f.P. 

0.05 0.000025 200 200k TO·5 DIP F P. 

0.15 0.000075 10 200 200k TO·5 DIP F P. 

0.1 0.04 0.7 200 20Ok'" TO'5 DIP F.P. Military 

Military tary ±IS 01 0.04 0.7 200 200k TO·5 DIP F.P. 

tM211 Industml To 5 01 0.04 0.7 200 lOOk To-5 DJP F.P. 

LH2211 Dual (Note 11 Industrial To 5 0.1 0.04 0.7 200 200k TO·5 Dip F.P. 

LM311 Commercial And GND 0.25 0.06 200 ZOOk TO'5 DIP F.P. 

LH2311 Dual (Notel) Commerciel And OND 0.25 0.06 200 200k TO-5 DIP F.P. 

LMl19 Mrlrtary 2 (Each Srdel ±15 0.5 0.075 80 40k TO·5 DIP F.P. 

LM2t9 Industrial 2 {Eech Side! To 5 0.5 0.075 80 -'10k TO·S DIP F.P. 

LM319 Commereiel 2 (Each Side) And GND 0.2 80 40k' TO·5 DIP 

Comments 

Smgle comparator with strobe, hrv. speed 
and semlwmy, large fanout 

FET front-end inputs 

Single, With strobe, win work from smgle 
5upply, low bias current 

High speed dual comparator 

lM139 Quad Militarv ~1 0.1 0.025 1.3)Js 200k DIP F P. Quad comparator de51gned for Single 

LM2390uad Industrial I TO±18] 0.25 0.050 I.3J.!s 200k DIP supply operation. rnput common mode 

LM339 Quad Commercial Or From 025 0.050 1.3/J5 200k DIP range includes ground 

LM139A Quad Military 0.1 0.025 1.3,u5 20(Jc DIP F P. 

LM239A Quad Industrial To 36 0.25 0.050 1.3ps 200k DIP ~~: ~~;.;;~al:~~::e~somparator 
lM339A Quad Commercial And GND 0.25 0.050 1.:lps 200k DIP 

LM160 Military ±4.5 10 16 3k TO·5 DIP F P. 

LM260 Industrial To 10 16 3k TO-5 DIP 

LM360 Commercial ±6.5 15 16 3k TO·5 DIP 

LM161 (LM529) Military ±5 10 12 3k TO·5 DIP F.P. 

LM261 Industrial To ±1S 10 12 3k TO-5 DIP 

LM361 (LM529C) Commercial And 5 15 4 . 12 3k TO·5 DIP 

LM193 Military tl 0.1 0.025 1.3$lS 200k T0-5 

LM293 Industrral I To ±lS] 0.25 0050 1.3,us 200k TO·5 

LM393 Commercral Or From 0.25 0.050 1.:lps lOOk TO-5, DIP 

LM193A Mihtary 0.1 0.Q25 1.3$-!s 200k TO·5 

LM293A Industrial To 36 0.25 0.050 -~,_ 1.3J,rs 200k TO-5 

LM393A Commercial And Gnd 0.25 0.050 1.3,.n; 200k T0-5, DIP 

LM710 MJlrtary V+- .. 12 20 40 1750 TO·5 

LM7tOC Commercial' 1 V- = -6 25 40 1500 TO·5 DIP 

LM711 Dual Military \"1"-;-,-2'---- -75 10 3.5 40 -----·-,500--- TO-5 

LM711C Dual Commercial V-" -6 100 15 40 1500 TO·5 DIP 

LM1514 Dual 

LM1414 Dual 

LM290t Quad 

LM2903 

Mititarv V+- ... 14 20 30 1250 DIP 

Commercial ..,,-=-7 25 30 1000 DIP_ 

Industrial ±1 (2V) to 0.25 0.05 1.3 200k DIP 

Automotive 

±18 (36) 

±1 (2V) to 

±18 (J6J 
0.25 O.osa l.3J,rs 200k DIP 

Note 1: Dual version of device. tResponse time is specified for 100 mV step input with 5 mV overdrive. 

"MilItary: -s5"c to +125D C; Industrial: -2SD C to +8SD C; Commercial: O"c to +70D C; Automotive: -40"c to +86D C 

Very hIgh speed, outputs compatIble 
with OTLITTL logic levels 

Very high 5peed, With mdlllrdual strobes, 
DTLmL compatible 

Dual comparator deSigned for Single supply 
operation; input common·mode range 
iocludesground 

Low offset voltage dual comparator WIth 
DTLmL logiC levels 

Single. differential in, SIngle output 

Dual differentIal, common output, 
mdrvidualstrobes 

DuallM710 with seParate strobes, 
individual outputs 

Quad comparator designed for smgle supply 
operation. Input commo"..mcde range includes 
ground 

Dual comparator deSigned for single supply 
operation; input common-mode range 
includes ground 

sPIno JOleJedwoo s6elloh 
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. Definition of Terms 
Input Bias Current: The average of the two input 
currents. 

Input Offset Current: The absolute value of the differ· 
ence between the two input currents for which the 
output will be driven higher than or lower than specified 
voltages. . 

Input Offset Voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified Voltages. 

Input Voltage Range: The range of voltage on the 
input terminals (common-mode) over which the offset 
specifications apply. . 

Logic Threshold' Voltage: The voltage at the output 
of the comparator at which the loading logic circuitry 
changes its digital state. 

Negative Output Level: The negative dc output voltage 
with the comparator saturated by a differential input 
equal to or greater than a specified voltage. 

Output Leakage Current: The current into the output 
terminal with the output voltage within a given range 
and the input drive equal to or greater than a given value. 

Output Resistance: The resistance seen looking into the 
output terminal with the dc output level at the logic 
threshold voltage. 

Output Sink Current: The maximum negative current 
that can be delivered by the comparator. 

Positive Output Level: The high output voltage level 
with a given load and the input drive equal to or greater 
than a specified value. 

Power Consumption: The power required to operate 
the comparator with no output load. The power will 
vary with signal level, but is specified as a maximum 
for the entire range of input signal c,onditions. 

Voltage Comparators 

• Response Time: T!1e interval between the application .of 
an input step function and the time when the output 
crosses'the logic threshold voltage. The input step drives 

'the comparator from some initial, saturated input 
voltage to an input level 'just barely in excess of that 
required to bring the output from, saturation to the 
logic threshold voltage. This excess is referred to as the 
voltage overdrive. 

Saturation Voltage: The low·output voltage level with 
the input drive equal to or greater than a specified value. 

Strobe Current: The current out of the strobe terminal . 
when it is at the zero logic level. 

Strobed Output Level: The dc output voltage, inde· 
pendent of input conditions, with the voltage on the 
strobe terminal equal to or less· than the specified 
low state. 

Strobe "ON" Voltage: The maximum voltage on either 
strobe terminal requited to force the output to the 
specified high state independent of the input voltage. 

. Strobe "OFF" Voltage: T!1e minimu,m voltage on the 
strobe terminal that will guarantee that it does not 
interfere with the operation of the comparator. 

5·iv 

Strobe' Release Time: The time required for.the output 
to rise to' the logic threshold voltage after the strobe 
terminal has been driven from zero to the one logic 
level. 

Supply Current: The current required froin the positive 
or negative supply to operate the comparator' with no 
output load. The power will vary with input voltage, but 
is specified as a maximum for the entire range of input 
voltage conditions. 

Voltage Gain: The ratio of the change in output voltage 
to the change in voltage between the input terminals 
producing it. . 
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Voltage Comparators . 

LF111/LF211/LF311 Voltage Comparators 
General Description 
The LF111, LF211 and LF311 are FET input voltage 
comparators that virtually eliminate input current errors. 
Designed to operate over a 5.0V to ±15V range the 
LF111 ca~ be used in the most critical applications. 

Further, the LF111 can be used in place of the LM111 
eliminating errors due to input currents. See the "appli­
cation hints" of the LM311 for application help. 

Advantages The extremely low input currents of the LF 111 allows 
the use of a simple comparator in ,applications usually 
requiring input current buffering. Leakage testing, long 
time delay circuits, charge measurements, and high 
source impedance voltage comparisons are easily done. 

• Eliminates input current errors 
• Interchangeable with LM111 
• No need for input current buffering 

Connection Diagram * 
Metal Can Package 

" 

NOTE: Pln 4 connetred to cast' 
TOP VIEW 

Order Number LF111H, LF211H 
Dr LF311H 

See NS Package HOSe 

Schematic Diagram and Auxiliary Circuits 
IAlANCEISTROIE IALANCE 
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Absolute Maximum Ratings 
'\ 

LF111/LF211 LF311 

Total Supply Voltage (VS4) 36V 36V 
Output to Negative Supply Voltage (V74 ) 50V 40V 
Ground to Negative Supply Voltage (V 14) 30V 30V 
Differential Input Voltage ±30V ±30V 
Input Voltage (Note 1) ±15V ±15V 
Power Dissipation (Note 2) 500mW 500mW 
Output Short Circuit Duration 10 seconds 10 seconds 
Operating Temperature Range 

LF111 -55°C to +125°C 
LF211 -25°C to +B5°C 
LF311 O°C to +70oC 

Storage Temperature Range' -65°C to +150°C -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (LFll1iLF211) (Note 3) 

PARAMETER 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Voltage Gain 

Response Time (Note 5) 

Saturation Voltage 

Strobe On Current 

Output Leakage Current 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Input Voltage Range 

Saturation Voltage 

Output Leakage Current 

Positive Supply Current 

Negative Supply Current 

CONDITIONS 

TA = 25°C, Rs 

TA = 25°C, VCM = 0 (Note 6) 

TA = 25°C,'VCM = 0 (Note 6) 

TA = 25°C, 

TA = 25°C 

VIN $ -5.0 mV, lOUT = 50 mA, T A = 25°C 

TA = 25°C 

VIN ~5.0 mV, VOUT = 35V, TA = 25°C 

Vs' = ±15V, VCM = 0 (Note 6) 

Vs = ±15V, VCM = 0 (Note 6) 

V· ~4.5V, V-=O 
VIN $ -6.0 mV, ISINK $ B.O mA 

VIN ~ 5.0 mV, VOUT = 35V 

TA = 25°C 

tA = 25°C 

300°C 

MIN 

40 

-13.5 

. 

TYP 

0.7 

5.0 

20 

200 

200 

0.75 

3.0 

0.2 

2.0 

5.0 

±14 

0.23 

0.1 

5.1 

4.1 

MAX 

4.0 

25 

50 

1.5 

10 

6.0 

3.0 

7.0 

13.0 

0.4 

0.5 

6.0 

5.0 

UNITS 

mV 

pA 

pA 

V/mV 

ns 

V 

mA 

nA 

mV 

nA 

nA 

V 

V 

/LA 

mA 

mA 

Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 
Not. 2: The maximum iunction temperature of the LFlll is +150·C, the LF211 is +llo-C and the, LF311 is +sSOC. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of' +150o C/W, junction to ambient. or +4SOCIW. junction 
to case. 
Note 3: These specifications apply for Vs = ±15V, and the Ground pin at ground, and -55°C :5 T A :5 +12SOC for the LF111, unle .. otherwise 
stated. With the LF211, however, all temperature specifications are limited to -2SOC:5 TA:5 +sSOC and for the LF3l1 o-C:5 TA:5 +70·C. The 
offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5.0V supply up to ± 15V supplies. 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 
1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of ,voltage gain and input impedance. 
Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 
Note 6: For input voltages greater than 15\1 above ~he n~tive supply the bias and offset currents will increase-see typical performance curves. 
Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mAo 

5·2 



Electrical Characteristics (LF311) (Note 3) 

PARAMETER CONDITIONS 

I.nput Offset Voltage (Note 4) T A = 25°C, Rs S 50k 

Input Offset Current (Note 4) T A = 25°C, VCM = 0 (Note 6) 

Input Bias Current T A = 25°C, VCM = 0 (Note 6) 

Voltage Gain TA = 25°C 

Response Time (Note 5) T A = 25°C 

Saturation Voltage VIN S -10 mV, lOUT = 50 mA, TA = 25°C 

Strobe On Current T A = 25°C 

Output Leakage Current VIN ~ 10 mV, VOUT = 35V, TA = 25°C 

Input Offset Voltage (Note 4) Rs S 50k 

Input Offset Current (Note 4) Vs = ±15V, VCM = 0 (Note.G) 

Input Bias Current Vs = ±15V, VCM = 0 (Note 6) 

Inp'ut Voltage Range 

Saturation Voltage V+ ~ 4.5V, V- = 0 

VIN S -10 mV, ISINK S 8.0 mA 

Positive Supply Current TA = 25°C 

Negative Supply Current TA = 25°C 

MIN TYP 

2.0 

5.0 

25 

200 

200 

0.75 

3.0 

0.2 

i.o 
3.0 

+14 
-i3.5 

0.23 

5.1 

4.1 

MAX 

10 

75 

150 

1.5 

10 

15 

0.4 

7.5 

5.0 

UNITS 

mV 

pA 

pA 

V/mV 

ns 

V 

mA 

nA 

mV 

nA 

nA. 

V 
V 

V 

mA 

mA 

Note 1: This rating applies for ±15V supplie's. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit ~ 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Nota 2: The maximum junction temperature of the LF111 is +150°C, the LF211 is +110°C and the LF311 is +8So C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of +150°C/W, junction to ambient, or +45°C/W, junction 
to case. 
Note 3: These specifications apply for Vs = ±lSV and -SS"C :::: T A:::: +12S"C for the LF1", unless otiierwise stated. With the LF211, however, 
all temperature specifications are limited to-2SoC < TA < +8SoC and for the LF311 O°C < TA < +70°C. The offset VOltage, offset current and bias 
current ~ifications apply for any supply voltage-from a single 5.0 mV supply up to ± 15\1 supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either ~upply with a 
1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impeda,nce. . 
Nota 5: The response time specifieQ (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 
Note '6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase-see typical performance ~urves. 
Nota 7: Do not shor1; the strobe pin to ground; it should be current driven at 3 to 5 rnA. 

Typical Applications 

R1 ... v+ ~ 5011 R5 , .. 
R3 , .. 

'~H ;t---
.r1~~-' SQUARE ":" LFIII J ~~AV£ 

[
' +, ' ... UrPU," 

" . .. ... 
*TTl or DTL fanout 01 two. 

100 kHz Free Running Multivibrator 
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Typical Performance 
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Typical Applications (Continued) 
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Typical Applications (Continued) 
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Voltage Comparators 

LH2111/LH2211/LH2311 Dual Voltage Comparator 
general description 
The LH2111 series of dual voltage comparators are 
two LM 111 type comparators in a single hermetic 
package. Featuring all the same performance char· 
acteristics of the single, these duals offer in addi· 
tion closer thermal" tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information see the LM 111 data 
sheet and National's Linear Application Handbook. 

The LH2111 is specified for operation over the 
-SSoC to +12SoC military temperature range. The 
LH2211 is specified for operation over the -2SoC 
to +BSoC temperature range. The LH2311 is sped-

fied for operation over the 0° C to 70° C tempera· 
ture range. 

features 

• Wide operating supply range 

• Low input currents 

• High sensitivity 

• Wide differential in'put range 

• High output drive 

±lSV to a 
single +SV 

,'6nA 

10~V 

±30V 

SOmA, SOV 

connection diagram au xi liary'c ircuits 

Order Number LH2111 D or 
or LH2211D or LH2311D 

See Package D16C 

·Inc,. .. ,typlu! ca .... on mode 
dew from UVJIII to IIVI,.. 

Increasing Input Stage Current· 

" 1IM"1 

"1I'lOCi 
''''UT 

" .• fI(. 

Offset Balancing 

" 

Driving .Ground·Referred Load 

In 
SllUll1 

-'yplI:.llnpulcllfrentl$ 
50,Awlthlnputilhobtdoll 

Comparator end Solenoid Dri".r Strobing off Both Input­
and Output Stagas 
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absolute maximum ratings 
Total Supply Voltage (v+ - v-) 
Output to Negative Supply Voltage (VOUT - V-) 
Ground to Negative Supply Voltage (GNO - V-) 
Differential Input Voltage 
Input Voltage (Note 1) 
Power Dissipation INote 2) 

36V 
50V 
30V, 

±30V 
:±15V 

500mW 

Output'Short Circuit Duration 
Operating Temperature Range lH2111 

LH2211 
'LH2311 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sed 

electrical characteristics - each side (Note 3) 

LIMITS 
PARAMETER CONDITIONS 

LH2111 LH2211 LH2311 

Input Offset Voltage (Note 4) TA : 2S'C, Rs"; 50k 3,0 3,0 7,S 

Input Offset Current (Note 4. TA = 2S°C )0 10 50· 

Input Bias Current TA = 2SOC 100 100 : 250 

Voltage Gain TA = 2SOC 200 200 200 

Re~ponse Time (Note 5) TA : 2S'C 2QO 200 200 

Saturation Voltage V1N ~ -SmV, lOUT = SOmA 1,S 1.5 1,5 
TA: 2S'C 

Strobe On Current TA : ~5'C 3,0 3,0, 3,0 

Output Leakage Current VIN :?5mV, VOUT= 35V 10 10 50 
TA = 25¢C 

Input Offset Voltage (Note 4) As ~ 50k 4,0 4.0 ,10 

Input Offset Current (Note 4) 20 20 70 

Input Bias Cunent I 150 150 300 

InpUt Voltage Range :!:14 ±14 :!:14 

Saturation Voltage V~ >- 4.5V, V- '" 0 0.4 0,4 0,4 
V1N ~ -5 mV, ISINK < 8 rnA 

POSitive Supply Current TA ::: 25°C 6,0 6,0 7,5 

Negative Supply Current TA : 25"C 5,0 5,0 S,O 

',10 sec 
-5SoC to 125°C 
-2S"C to 8S'C 

O°C to 70°C 
-6SoC to 150°C 

3OO'C 

UNITS 

. mVMax 

nAMax 

nAMax 

V/mV Typ 

nsTyp 

VMax 

mATyp 

nAMax 

mV Max 

nAMa.( 

nAMax 

VTyp 

V Max 

mAMax 

~AMax 

Note 1: ThIS rallng applies for !ISV supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supplV voltage or 30V below the positive supplV. whichever is less. 
Note 2: The maximum junction temperature IS 1SO'·C. For 'operating at elevated temperatures. deVices in the flat package. the 
deraling is based on a thermal resislance of 18S"CfW when moun led on a 1I16·inch·thick epoxy glass board with O.03·inch· 
wide, 2 ounce copper conductor. The thermal resistance of the dual·in-line package is 100t)C/W, junction to ambient. ' 

Note 3: These specificalionsapply for Vs = !lSVand -5S"C ~ TA" 125"C for lhe LH2111,-2S'C<;;TA<;;8SoCforthe 
LH2211, and O°C .; T A < 70·C for lhe LH2311, unless otherwise slaled, The offset voltage, offsel current and bias current 
speCifications apply for any supply voltage from a single SV supply up to !lSV supplies. For the,LH~311, VIN=ilOmV. 
Note 4: The offset 'voltages and offset currents given are the maximum values required to drive the output within 8 volt of 
either supply with a 1 rnA toad. Thus, these parameters define an error band and take Into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV Input step with 5 mV overdnve. 
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Voltage Comparators 

LM106/LM206/LM306 Voltage Comparator 
General Oescription 
The LM106 series are high-speed voltage com­
parators designed to accurately detect low-level 
analog signals and drive a digital load. They are 
equivalent to an LM710, combined with a two 
input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated 
circuits directly. Furthermore, their outputs can 
switch voltages up to 24 V at curren~s as high as 
l00mA. . 

Features 
• Improved accuracy 
• Fan-out of 10 with DTL or TTL 
• Added logic or strobe capability 
• Useful as a relay or lamp driver 
• Plug-in replacement for the LM7l0 
• 40 ns maximum response time 

The devices have short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts to the positive 
supply. The speed is equivalent to that of an 

. LM7l0. However, they are even faster where buf· 
fers and additional logic circuitry can ·be eliminated 
by the increased flexibility of the LM106 series. 
They can also be. operated from any. negative 
supply voltage between -3V and -12V with little 
effect on performance. . 

The LM106 is specified for operation over the 
-SSoC to +125°C military temperature range. The 
LM206 is specified for operation over the -2SoC 
to +8SoC temperature range. The LM306 is speci­
fied for operation over O°C to +70°C temperature 
range. 

Schematic and Connection O·iagrams * • 
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Typical Applications .* 
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See NS Package HOSC 
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A~solute Maximum Ratings 
Positive Supply Voltage 15V Power Dissipation (Note 1) 600mW 
Negative Supply Voltage -15V Output Short Circuit 'Curation 10 seconds 

Output Voltage 24V Operating Temperature Range TMIN TMAX 

Output to Negative Supply Voltage 30V LM106 -55'C to +125"C 

Differential Input Voltage ±5V LM206 -25'C to +85'C 
LM306 o°cto +70°C 

Input Voltage ±7V Storage Temperature Range. -65'C to +150'C 
Lead Temperature (Soldering, 10 seconds) 3OQ'C 

Electrical Characteristics (Note 2) 

LMl06/LM206 , LM306 
PARAMETER . CONDITIONS UNITS 

MIN TVP MAX MIN. .TVP MAX 

Input Offset Voltage (Note 31 0.5 2.0 1.6 5.0 mV 

Input Offset Current (No,e31 0.7 3.0 1.8 .5.0 "A 

Input Bias Current 10 20 16 25 "A 

Response Time .R L = 3~0f! to 5V' .. 2B 40 28 40 ns 

CL = 15 pF. (Note 41 

,Saturation Voltage VIN ::; '-5·mV.' lOUT = 100 mA 1.0 I.S V 

VIN::; -7 mV, IOUT.= 100 mA O.B 2.0 V 

Output Leakage Current VIN <: 5 mV, 8V::; VOUT::; 24V 0.02 .1.0 "A 
VIN <: 7 mV, 8V::; VOUT::; 24V 0.02 2.0 "A 

The following specifications apply for TMIN ::; TA ::; TMAx(Note 5) 

Input Offset Voltage (Note 31 ,. 3.0 6.S mV 

Average Temperature Coefficient of 3.0 10 S 20 "Vt"C 
Input Offset Voltage 

Input Offset Current TL::; T A::; 2S·C, (Note 31 1.B 7.0 2.4 7.S "A 
25'C::; TA ::;TH 0.25 3.0 5.0 "A 

Average Temperature Coefficient of 25'C::;TA::;TH 5.0 25 15 SO nAtC 

Input Offset Current TL ~TA ~2S·C 15 75 
, 

24 100 nAloe 

Input Bias Current' TL::;TA~25·C 45 25 40 I'A 

25°C~TA~TH 20 25 "A 

Input Voltage Range -7V <: V - <: -12V ±S.O ±S.O V 

Differential Input Voltage Range ±S.O ±S.O V 

Saturation Voltage VIN 5-S mV, lOUT = 50 mA 1.0 1.0 V 

VIN :'> -8 mV For LM306 

Saturation Voltage VIN:'> -5 mV, lOUT = 16 mA 0.4 0.4 V 

VIN:'> -8 mV For LM306 

Positive.Output Level VIN <: 5 mV, lOUT = -4oo"A 2.S 5.S 2.5 S.5 V 

VIN <: a mV For LM306 

Output Leakage Current VIN <: S mV, BV:,> VOUT::; 24V 1.0 2.0 "A 
VIN <: B mV For LM306 

TL:,>TA:'> 25°C 
25'C<TA:,>TH 100 100 "A 

Strobe Current VSTROaE = 0.4V -1.7 -3.2 -1.7 -3.2 mA 

Strobe "ON" Voltage 0.9 1.4 0.9 1.4 V 

Strobe "OFF" Voltage ISINK:'> 16mA 1.4 2.2 1.4 2.2 V 

Positive Supply Current VIN =-5 mV 5.S 10 5.5 10 mA 

VIN =-B mV For LM306 

Negative Supply Current -1.5 -3.6 -1.S -3.6 mA 

Note 1: The maximum Junction temperature of LM106 is lSO·C, LM206 is 110·C, LM306 is a5·C. For operating at elevated temperatures, 
devices in the TO-5 packege must be derated based on a thermal resistance of 150·CIW, junction to ambient, or 45·CIW, junction to case. For the 
flat package, the dereting is based on a thermal resistance of laS·elW when mounted on a 1/16-inch-thick epoxy gla .. board with ten, 0.03-inch· 
wide, 2-ounce copper conductors. 
Note 2: These specifications apply for -av .~ V- ~ -12V, V+ = 12V and T A = 25·C unle .. otherwise specified. All currents into device pins are 
considered positive. 
Note 3: The offset, voltages and offset currents givan are the maximum val u.s required to drive the output down to O.5V or up to 4.4V (O.5V or 
up to 4.8V for the' LM306). Thus, the.e parameter. actuallY define an error band and take into account the worst.., ... effects of voltage gein, 
specified supply voliago' variations, and common mode voltage variation •. 
Note 4: The response time spaclfied (s .. definitions) is for a 100 mV input step with 5 mV overdrive. 
Note 5: All currents into device pins are considered positive. 
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Typical Performance Characteristics 
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~ National Voltage Comp~rators 
~ Semiconductor 
LM111/LM211 Voltage Comparatort 

General Description ' 
The LMlll arid LM211 are voltage comparators 
that have input currents nearly a thousand times 
lower than devices like the LM106 or LM710. 
They are also designed to operate over a wider 
range of supply voltages: from standard ±15V op 
amp supplies down to the single 5V supply used 
for IC logic. Their output is compatible with RTL, 
DTL and TTL as well as MOS circuits. Further, 
they can drive lamps or relays, switching voltages 
up'to 50V at currents as high as 50 mAo Out· 
standing characteristics include: 

• Operates from single 5V supply 

... Input .curr~nt: 150 nA max. over temperature 

• Offset current: 20 nA max. over temperature 

tS.e application hints LM311 

Auxiliary Circuits·· 

v' 

Offset Balancil)9 

Typical Applications •• 
.-----.. ----11...,- y+·s.Oy 

01 ... 
02 
tok 

MAGNETIC 
PICKUP 

O • ... , 
m 
OUTPUT 

Detector for Magnetic Transducer 

01 
Uk 

• TTL 
STROBE 

·.orbslnduClrvekicfllNK:k 
of n"y Ind prabCISlC frolll 
ItmIiroItIptrllllilllU on 
v++1i ... 

Nott. 00 NOI Ground'StrDII.PiII. 

Relay Drlv.~ with Strobe* 

• Differential input voltage range: ±30V 

• Power consumption: 135 mW at ±15V 

Both the inputs and the outputs of the LM 111 or·' 
the LM211 can be isolated from system ground, 
and' the output can drive loads referred to ground, 
the positive supply or the negative supply. Offset 
balancing and strobe capability are provided and 
outputs can be wire OR'ed. Although slower. than 
the LM106 and LM710 (200 ns response time vs 
40 nsl the devices are also much less prone to 
spurious oscillations. The LM 111 !las the same pin 

, configuration as the LM 1 06 and LM71 O. 

The LM211 is identical to the LM III, except that 
its performance is specified over a -25~C to 85°C 

. temperature range instead of _'55°C to '125°C. 

Strobing 

**Note: Pin connections shown on schematic diagram 

m 
STROBE 

ANALOG 
INPUT 

. and typical applications are for TO-S package. 

-'ncnlsestypical common 
mode sltw frGm lJJV//JI 
to 18V1/4 

IncreaSing Input Stage Current-

Digital Transmission Isolator 

FROM D/A N£TWORK 

m 
OUTPUT 

.. TTL 
STROBE" 

-TypuinpulC1lrrentis 
50'AwithinputlltrD .... off. 

Rab. Do Not Gr.nd serllh Pin. 

Strobing off Both Input­
and Output Stages 
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Absolute Maximum Ratings 

Total Supply Voltage (VB 4) 
Output to Negative Supply Voltage (V 74) 

Groun!l to N~gative Supply Voltage (V 14) 

Differential I.nput Voltage 
Input Voltage (Note 1) 
Power Dissipation (Note 2r 
Outpu't Short Circuit Duration 
Operati~g Temperature Range LM 111 

LM211 
Storage Temperature Range 
Lead. Temperature (soldering, 10 sec) 
Voltage at Strobe Pin 

Electrical Characteristics (Note 3) 

PARAMETER 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Voltage Gain 

CONDITIONS 

T A = 25°C, 'Rs ::; SOk 

TA.= 2SoC 

T A = 25°C 

TA = 25°C 

TA = 2SoC 

36V 
50V 
30V 

±30V 
±15V 

500mW 
10 sec 

_55°C to 125°C 
_25°C to 85°C 

-65°C to 150°C 
300°C 

V+-5V 

MIN 

40 

Response Time (Note 5) 

Saturation Voltage V IN ::; -S mV, lOUT = SO mA 

T A = 2SoC 

Strobe ON Current (Note 6)· 

Output Leakage Current 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Input Voltage Range 

'Saturation Voltage 

Output Leakage Current 

Positive Supply Current 

Negative Suppl~ Current 

TA = 2SoC 

V IN ~5 mV, VOUT = 3SV 

T A = 2SoC, ISTROBE = 3 m~. 

Rs ::; SOk 

V+ = lSV, V- =' -lSV, Pin 7 

Pull'Up May Go To SV 

V+~4.SV, V-=O 

VIN ::; -6 mV, ISINK ::; 8 mA 

V IN ~ 5 mV, VOUT = 3SV 

TA = 25°C 

TA = 2SoC 

-14.5 

TYP 

0.7 

4.0 

60 

200 

200 

0.75 

3.0 

0.2 

13.8,-14.7 

0.23 

0.1 

5.1 

4.1 

MAX 

3.0 

10 

100 

1.S 

10 

4.0 

20 

150 

13.0 

0.4 

O.S 

6.0 

S.O 

UNITS 

mV 

nA 

nA 

V/mV 

ns 

V 

mA 

nA 

mV 

nA 

nA 

V 

V 

J1A 

mA­

mA 

Nota 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply_ The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply. whichever is less. 

Nota 2: The ';'aximum junction temperature of the LMlll is 150·C, while that of the LM211 is 110·C. For operating at ele· 
vated temperatures, devices in the TO~5 p"ackage must be derated based on a thermal-resistance of 150°CIW,junction to ambient, 
or 4SoC/W, junction to case. The'thermal resistance of the dual-in-line package is 1 OO°C/W, junction to ambient. 

Nota 3: These specifications. apply for Vs = ±15V and Ground pin at ground, and -55'C::;: TA::;: +125'C, unless otherwise 
stated. With the LM211, however, all temperature specifications are limited to -25'C ::;: T A ::;: +85'C. The offset voltage, offset 

. cU.rrent and bias current specifications apply for any supply voltage from a single 5V supply up to ± 15V supplies. . 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either 
supply with a 1 rnA load. Thus, these' parameters define an error band and take into account the worst-case effects. of voltage gain 
and input impedance. . 

Note 5: The response time specifie? (see definitions) isio.r a 100 mV input step with 5 mV ove~drive. 
Nota 6: Do not short the strobe pin to ground; it should be current driven at 3 t.o 5 rnA. 
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'TYpical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Typical Applications (Continued) 
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Schematic Diagram 

BALANCE/STROBE BALANCE 
B 5 

R3 R4 
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Connection Diagrams * 

Metal Can Package 

6 BALANCE! 
STROBE 

NOTE: PU14 connected to case. 

TQPVIEW 

Order Number LM111H or LM211H 
, Se. NS Packag. H08C 

"Pin connect tons shown are for metal can. 
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~National 
~ Semiconductor 

Voltage Comparators 

LM119/LM219/LM319 High Speed Dual Comparator 
General Description 
The ~LM119 series are precision high speed dual 
comparators fabricated on a single' monolithic 
chip. They are designed to operate over a wide 
range of supply voltages down to a single 5V logic 
supply and ground. Further, they have higher 
gain and lower, input currents than devices like 
the LM710. The uncommitted collector of the 
output stage makes the LM 119 compatible with 
RTL, DTL a,nd TTL as well as capable of driving 
lamps and relays at currents up to 25 mAo Out­
standing featu~es include: 

Features 
• Two independent compa~ators 
• Operates from a single 5V supply 
• Typically 80 ns response time at ±15V 
• ,Minimum fan-out of 2 each side' 

• Maximum input current of 1 p.A over tempera-
ture 

• I nput~ and outputs can be i~lated from system 
ground ' 

• High common mode slew rate 

Although designed primarily for applications re­
quiring operation from digital logic supplies, the 

, LM 119 series are fully specified for power supplies 
'up to ±15V. It features faster response than the 
LM 111 at the expense Of higher ,power dissipation. 
However, the high speed, wide operating voltage, 

'range and low package count make the LM 119 
much more versatile than older devices like the 
LM711. 

The LM119 is specified from -55°C to +125°C, 
the LM219 is specified from -25°C to +85°C:and 
the LM319 is specified from O°C to +70°C. 

Schematic and, Connection Diagrams 
" '" 

, .. ,n I ~ 

Typical Applications 
'1 ZIV 

Relay Driver 

, .. 

Window Detector 
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'" , 

• Dual-In-Line-Package 

GN~1 3 

V-,I 

Order Number LM319N 
See NS Package N14A 

Ord .... Number LM119J, LM219J 
, or LM319J 

See NS Package J14A 

Metal Can Pack_ 

Order Number LM119H, LM219H 
or LM319H 

S .. NS Package H10C 
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Absolute Maximum Ratings LMl19/LM219 
Total Supply Voltage 
Output to Negative Supply Voltage 
Ground to Negative Supply Voltage 
Ground to Positive Supply Voltage 
Differential Input Voltage 
Input Voltage (Note 1) 

36V Power Dissipation (Note 2) 
36V Output Short Circuit Duration 
25V Operating Temperature Range LM 119 
18V LM219 
±5V Storage Temperature Range 

±15V Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics (Note 3) 

PARAMETER 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Voltage Gain 

Response Time (Note 5) 

Saturation Voltage 

Output Leakage Current 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Current 

Input Voltage Range 

Sa~uration Voltage 

Output Leakage Current 

Differential Input Voltage 

Positive Supply Current 

Positive Supply Current 

Negative Supply Current 

CONDITIONS 

TA ' 25·C, Rs";;5k 

TA ' 25·C 

TA ' 25·C 

TA ' 25·C 

T A • 25·C V S • ±15V 

V ,N ,,;; -5 mV, lOUT' 25 mA 
TA ' 25·C 

Y'N ~ 5 mV, VOUT ' 35V 
TA • 25·C 

Rs";; 5k 

Vs' ±15V 
V'· 5V, V-· 0 

V·~4.5V, V-·O 
Y'N ";;-6 mV, ISINK ";; 3.2 mA 
TA ~O·C 
TA";;O·C 

Y'N ~ 5 mV, VOUT ' 35V 

TA • 25·C, V'· 5V, V-. 0 

TA ' 25·C Vs' ±15V 

T A • 25·C Vs' ±15V 

.MIN 

I 
I 10 

TYP 

0.7 

30 

150 

40 

80 

0.75 

0.2 

±13 

0.23 

4.3 

8 

3 

MAX 

4.0 

75 

500 

1.5 

2 

7 

100 

1000 

3 

0.4 
0.6 

10 

±5 

11.5 

4.5 

Note1: For supply voltages less than ±15V the absolute maximum input voltage is equal to the suppiV voltage. 

500mW 
10 see 

_55°C to 125°C 
-25·(; to 85·C 

-6SoC to 150°C 
300·C 

UNITS 

mV 

nA 

nA 

V/mV 

ns 

V 

/lA 

mV 

nA 

nA 

v 
V 

v 
V 

/lA 

V 

mA 

mA 

mA 

Note 2: The maximum junction temperature of the LM119 is 150·C, while that of the LM219 is 1!O·C. For operating at 
elevated temperatures, devices in the TO·5 package must be derated based on a thermal resistance of 150°C!W, junction to 
ambient, or 45°C/W, junction to case. The thermal resistance of the dual·in-line package is 100°C/W, junction to ambient. 
Note 3: These specifications apply for Vs • ±15V, and the Ground pin at ground, and -55°C:S; T A:S; .+125·C, unless other· 
wise stated. With the LM219, however, all temperature opacifications are limited to _25°C :s; T A :s; +85· C. The offset Voltage, 
offset current and bias current specifications apply for any supply voltage from a single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of ei· 
ther supply with a 1 rnA load. Thus, these parameters define an. error band and take into account the worst case effects of 
voltage gain and input impedance. 
Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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Absolute Maximum Ratings LM319 
Total Supply Voltage 36V Power Dissipation INote 2) 500rnW 
Output to Negative Supply Voltage 36V Output Short Circuit Duration 10 sec 
Ground to Negative Supplv Voltage 2SV Operating Temperature Range lM319 O"C to 70QC 
Ground to Positive Supply Voltage lBV Storage Temperature Range -6S"C to 150"C 
Differential Input Voltage ±5V Lead Temperature (Soldering, 10 sec) 300"C 
Input Voltage (Note 1) ±15V 

Electrical Characteristics (Note 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage INoie 4) T A = 2SoC, Rs":: Sk 2.0 8.q rnV 

Input Offset Current INote 4) TA = 2SoC 80 200 nA 

Input Bias Current TA = 2SoC 2S0 1000 nA 

Voltage Gain TA = 2SoC 8 40 V/rnV 

Response ,Time (Note 5) TA = 2SoC Vs =±lSV 80 ns 

Saturation Voltage V,N ":: -10 rnV, lOUT = 2S rnA 
TA.= 2SoC 0.75 I.S V 

Output Leakage Current VIN ~ 10 mY. VOUT ::: 35V. 

V- = VGNO = OV, T A::: 2SOC 0.2 10 JlA 

Input Offset Voltage INote 4) Rs":: Sk 10 rnV 

Input Offset Current (Note 4) 300 nA 

Input Bias Current 1200 nA 

Input Voltage Range Vs = ±ISV ±13 V 
V· = SV. V- = 0 1 3 V 

Saturation Voltage V· ~ 4.SV, V- = 0 0.3 0.4 V 

V,N "::-10 rnV, ISINK ":: 3.2 rnA 

Differential Input Voltage ±S V 

Positive Supply Current TA = 2SoC, V· = SV, V- = 0 4.3 rnA 

Positive Supply Current TA = 2SoC Vs ='±ISV 8 12.S rnA 

Negative Supply Current TA ': 25"C :Vs::: ±15V 3 S mA 

Note 1: For supply voltages'less than ±15V the absolute maximum input voltage is equal to the supply voltage. 
Note 2: The maximum junction temperature of the LM319 is·8SoC. For operating at elevated temperatures, devices in the 
TO·5 package must be derated based on a thermal resistance of 150°C/W, jun~tion to ambient, or 45°C/W, junction to case. 
The thermal resistance 'of the dual:in·line package is 100°C/W, junction to ambient. 
Note 3: These specifications apply for Vs : ±15V and O°C ~ TA ~'70°C, unless otherwise stated. The offset voltage, offset 
current and bias current specifications apply for any supply. voltage from a single 5V supply up to ±~5V supplies. 
Note 4: The offset voltages and offset currents given are t~e maximum values required to drive the output within a volt of 
either supply with a 1 rnA load. Thus, these parameters define an ·error band and take into account the worst case effects of 
voltage gain and input impedance. 
Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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Typical Performance Characteristics ,L'YI119/LM219 
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Typical Performance Characteri~tics LM319 

Input Currents 

300 
Vs" :t15\1 

260 
r-I-

~ BIAS -.... 200 ill 
::! 
il 150 .... 
~ 100 i-- OFFSET 

1 50 
010203040506070 

. 6.0 

5.0 

~ ~ 4.0 
a. ~ 3.0 
~:: 
CI'" 2.0 

!i! 
1.0 

,. 
.... .! ,0 

f ~ -50 
~:! 

6 -100 
> 

TEMPERATURE rC) 

Response Time for Various 
Input Overdrives 

Vs -S.aV 

1\. RL" SOD!! 

\ \ "\ V' •• 5.0V 

r- 20I"V 
\ "\.TA .2i C 

S.BmV 2.0mV 

Supply Currents 

c 10 r-~-+--+--r-1--t--1 

.s i 8.0 

e 6.0 r-+-r-+-r---t--t--1 
>- POSITIVE SUPPL Y. Vs + " S.OV, Vs - "0 

it; 4.0 
~ ~~ __ ~~ __ ~-+--+--1 

2.0 

, 6.0 

5.0 

.... ~ 4.0 
,,~ 

==:i 3.0 " .... 
CI c: 2.0 

> 
1.0 

_ a 
> 
..5.100 

~ ~ 50 
~~ 

!i! 

10 

TEMPERATURE roC) 

Response Time for Various 
I nput Overdrives 

1 ~r r 
ztlmV ~ -5.0mV 

/ '/ 
/, i.DmV 

lJI Vs = :t15V 
RL " SOOU 
V'. = 5.0V 
TA = 25~C 

70 

48 

~ 35 

~ 38 

= ~ Z5 

~20 
~ 15 
5 
~ 10 ., 

5.0 

o 

Transfer Function 

Vs· t15V 
R( .. tAkO 
T.-WC 

/ 
ii, 
I 

I 
-I-. oJ; 

V++-36V 

V'" 1i.0V 

8.0 

7.0 ., 
&.0 ~ 

c: 
5.0 ~ ., 
4.0 ~ ., 
3.0 m 

2.0 i 
1.0 S 

-1.0 ..... -1.2' 1.2 0.& 
G 

1.0 

DIFFERENTIAL INPUT VOLTAGE (mV) 

I "put Characteristics 

400 
~ 

Vs = ,'5V I 
r TA =25"C -H'" 

I I 
I I 

I I 
I I 

~300 
.... 
ill .. zoo 
~ 
~100 

~ 
!i 0 

I-~MAX~::T ~:~~:~~TIAl r-f-+-
-100 

a SO 100 150 200 250 300 3S0 

TIME'(n" 

o 60 100 160 ZOO 250 300 360 -10 -'1.0 -Z.O '. 2.0 6.0 10 

,. 
.... -,,~ 
~! 
.,~ ., ,. 

~ 

6.0 

5.0 

4.1 

3.0 

2.0 

1.0 

o 

Response Time for Various 
Input Overd!ives 

Vs "':!:15V 
Y ,\Z.amV RL " soon 

ztlmv\l\ Y<+-s.av 

t' i""\:S.OmV 
T.' 2S'C 

\ 

E ~ -so 
!i .... 
~ -100 

c .s 

a 50 100 150 ztlO 250 300 350 

TlME( .. ) 

Supply Current 

12r-~-r~~r-~'-~-' 

10 1-+-+-1I--+--+---l-+--::I 

Ii; 8.0 

~ B 6.01-+-+-+->lf-1-+--+--I 
> t 4.0 f-+-:>I"'-+--
~ L.J...-+-r, 

2.0 I-t...t--F-+-+---l-+--I 

10 15 ztI 

SUPPLY VOLTAGE (·V) 

6.0 

5.0 

~ 2 4.0 
,,~ 

e ~ 3.0 
" .... c .... 2.0 

!i! 
1.0 

_ a 
> 
.s100 

~ ~ 5D 
!:~ 

> 

TIME(nsl 

Response Time for Various 
I nput Overdrives 

·1 
I I '"/ 

20mV I 2.0mV 

/I 1 
I '1 5.0mV 

-- .J.J 
Vs = 5.GV 
RL " 500n 
V'. - s.av 
TA "25~C 

a 50 100 ISO ZOO 250 300 360 

TIME (n.) 

Common Mode Limits 

-0.4 t:;;l:1::t~~~~~:J ~-O.B ~ 
i-1.2 

~ -1.6 I--+----,+,,--:+=+---+.,-+---; .. 
Ii! -Z.O I--!--+--+-+--+-,.+-I 
~ 1.2 I--!--+--+-+--+-+---; 
~ 8 0.8 

OA I--t----lr-+---l--+-+--, 

10 ZO 30 40 

TEMPERATURE rC) 

5022 

60 70 

25 

i 20 

5 15 .. 
~ 
!; 10 

~ 
c 5.0 

DIFFERENTIAL INPUT VOLTAGE (V) 

Output Saturation Voltage 

I/T.=Z50 C 

I 

/ 
I 

/VS "'15V 
INPUT OVERDRIVE" 5.0 mV 

0.2 DA 0.6 0.8 1.0 

OUTPUT VOLTAGE (V) 

Output Limiting Characteristics 

rn 1~ 

1'00 
.... 
ill ao .. .. 
il 
t: &0 

il .. 40 U .... .. ., 
ztI iii 

f---ffic-+---t-+--+-I 1.0 

.. 
0.6 ! 

1-1--+-"",,"'-+-+--+---1'" = 
~ 1I-:.A--+--+--t--1---1 O.Z 

6.0 10 

OUTPUT VOLTAGE (V) 



~National 
~ Semiconductor 

Voltage Comparators 

LM139/239/339, LM139A1239A1339A, LM2901,LM3302 
Low Power Low Offset Voltage Quad Comparators 
General Description 
The LM139 series consists of four independent 
precision voltage comparators with an offset volt­
age specification as low as 2 mV max for all four 
comparators_ These were designed specifically to 
operate from a single power supply over a wide 
range of voltages_ Operation from split power 
supplies is also possible and the low power supply 
current drain is independent of the magnitude of 
the power supply voltage_ These comparators also 
have a unique characteristic in that the input 
common-mode voltage range includes ground, 
even though operated from a single power supply 
voltage_ 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and 
time delay generators; wide range VCO; MaS clock 
timers; multivibrators and high voltage digital logic 
gates. The LM139 series was designed to directly 
interface with TTL and CMOS. When operated 
from both plus and minus power supplies, they 
will directly interface with MaS logic- where the 
low power drain of the LM339 is a distinct advan­
tage over standard comparators. 

Advantages 
• High precision comparators 

• Reduced Vas drift over temperature 

Schematic and Connection Diagrams 
v' 

OUTPUT 

Typical Applications (V+ ~ 5.0 Voel 

+50Voc 

V' 

v, 

Basic Comparator Driving CMOS 

5-23 

• Eliminates need for dual supplies 

• Allows sensing near gnd 

• Compatible with all forms of logic 

• Power drain suitable for battery operation 

Features 
• Wide single supply voltage range or dual sup­

plies 
LM139 series, 
LM139A series, LM2901 

2 VDC to 36 VDC or 
±1 VDC to ±18 VDC 

LM3302 2 VDC to 28 VDC 
or ±1 VDC to ±14 VDC 

• Very low supply current drain (0.8' mAl -
independent of supply voltage (2 mW/compara­
tor at +5 V oel 

• Low input biasing current 

• Low input offset current 
and offset voltage 

25 nA 

±5nA 
±3mV 

• Input common-mode voltage range includes gnd 

• Differential input voltage range equal to the 
power supply voltage 

• Low output 
saturation voltage 

250 mV at 4 mA 

• Output voltage compatible with TTL, DTL, 
ECL, MaS and CMOS logic systems 

Dual-In-Line and Flat Package 
DUTPUTJOUTPUT4 INPUT]. INPUT]. 

OUTI'UTZ OUTPUTI V' INPUT l' INPUT 2· INPUTZ' 

Order Number LM139J, LM139AJ, 
LM239J, LM239AJ, LM339J, 

LM339AJ, LM2901J or LM3302J 
See NS Package J14A 

Order Number LM339N, LM339AN, 
LM2901N or LM3302N 
See NS Package N14A 

+5Voc 

Driving TTL 
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Absolute Maximum Ratings 
LM139/LM239/LM339 

LMI39A/LM239A/LM339A LM3302, 
LM2901 

Supply Voltage; V+ 36 VOC or ±18 VOC '28VOC or ±14 VOC 
Differential Input Voltage 36VOC 28.VOC 
Input Voltage ·-il.3 Vocto +36 VOC , -il.3 VOC to +28 VOC 
Power Dissipation (Note 1) 

Molded OIP 570 mW S70 mW 
Cavity OIP 900 mW ' 

Flat Pack 800 mW 
Output Short·Circuit io GNO. (Note 2) Continuous Continuous 
Input Current (VIN < -il.3 VOCI. (Note 3) SOmA 50mA 
Operating Temperature Range 

,O'C to !"70'C -40'C to +SS'C LM339A 
LM239A -25'C to +S5'C 

LM2901 . -40' C to +S5' C 

LMI39A -55'C to +125'C 
Storage Temperature Range -6S'C to +IS0'C -65'C to +150'C 
Lead Temperature (Soldering. 10 seconds) 300'C .. 3OO'C 

Electrical Characteristics (v+ = 5 Voc. N~te 4) 
-

LM139A LM239A. LM339A 
PARAMETER CONOITIONS 

~ 
MIN TYP MAX MIN TYP MAX 

Input Offset \loltage' TA = 25'C. (Note 9) ±1.0 ±2.0 ±1.0 ±2.0 

Input Bias Current IIN(+) or IIN(-) with Output in 25 100 25 250 

Linear Range. T A = 25°C. (Note 5) 

Input Offset Current IIN(+) -IIN(-). TA = 25'(: ±3.0 ±25 ±5.0 ±50 

Input Common-Mode Voltage TA = 25'C. (Note 6) . 0 V+-1.5 0 V+-l.5 

Range 

RL = 00 on all Comparators. T A = 25°C 
" 

Supply Current O.S 2.0 O.S 2.0 

'RL=~.V+=30V.TA=:i5'C ' 

Voltage Gain RL <: 15 k!l. V+ = 15 VOC (To 50 200 SO 200 

Support Large Vo Swing), TA = 25°C 

. Large Signal Response Tima VIN • TTL Logic Swing. VREF = 300 300 

1.4 VOC. VAL = 5 VOC. RL = 5.1 k!l. 

TA = 25'C 

Response Time VRL = 5 VOC. RL = 5.1 k!l. " 1.3 . 1.3 

T A = 25'C. (Note 7) 

Output Sink Current 'VIN(-) <: 1 VOC. VIN(+) = O. 6.0 16 .6.0 16 

Vo ~ 1.5 VOC. T A = 25'C 

Saturation Voltage VIN(-) ~ 1 VOC. VIN(+) • O. 250 400 250 400 

ISINK;5;4 mAo TA = 25'C .. .. 

Output Leakage Current VIN(+) <: 1 VOC. VIN(-) = O. 0.1 0.1 

Vo = 5 VOC. TA = 25'C 

LM139/LM239/LM339,. : ", .. 
LM139A1LM239A1LM339A, .LM2901, LM3302 . . . . ." 

! 

LM139 LM239. LM339 LM2901 LM3302 
UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

±2.0 ±5.0 ±2.0 ±5.0 ±2.0 ±7.0 ±3 ±20 mVOC 

25 100 25 250 ,25 250 25 500 nAOC 

±3.0 ±25 ±5.0 ±50 ±5 ±50 ±3 il00' nAOC 

a iI+-1.5 0 V+-1.5 0 V+-1.5 0 V+-1.5 VOC 

0.8 2.0 ' O.S 2.0 0.8 2.0 O.S 2 mAoc 
1 2.5 mAoc 

200 200 25 ·100 ,2 30 V/mV 

300. 300 300 300 n. 

1.3 1.3 1.3 1.3 p. 
:. 

6.0: 16 6.0 16 6.0 16 6.0 16·, .'mAOC 
.. 

250 400 250 400 400 250 500 mVOC 

... 

0.1 0.1 0.1 0.1 nAOC 
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Electrical Characteristics (Continued) 

LM139A LM239A, LM339A LMl39 LM239, LM339 LM2901 LM3302 
PARAMETER CONDITIONS UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Input Offset Voltage (Not. 9) 4.0 4.0 9.0 9.0 9 15 
40 I mVOC 

Input Offset Current IIN(+) -IINI-) ±100 ±150 ±loo ±150 50 200 300 nAOC 

Input Bias Current IIN(+) or III'!(-) with Output in 300 400 300 400 200 500 1000 nAOC 
Linear ~ange 

Input Common·Mode voltage, 0 V+-2.0 0 V+-2.0 0 V+-2.0 0 V+-2.0 0 V+-2.0 0 V+-2.01 VDC 
Range 

Saturation Voltage VIN(-) ~ 1 VOC, VIN(+) = 0, 700 700 700 700 400 700 700 I mVDC 
ISINK:::;4mA 

Output Leakage Current I VIN(+) ~ 1 VOC. VIN(-) = 0, 1.0 1.0 1.0 1.0 , 1.0 I 1.0 I !lAOC 
Vo = 30VOC 

Differential Input Voltage I Keep all VIN'S~ 0 VOC (or V-. V+ V+ 36 36 0 V+ I VCC I VDC 
if used), (Note 8) 

Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125' C maximum junction temperature and e thermal resistance of 175" CIW which applies for 
the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated based on a 150Q C maximum junction temperature. The low bias dissipation and the "ON· 
OFF" characteristic of the outputs keeps the chip dissipation very small (PO:::' 100 mW), provided the output transistors are allowed to saturate. 
Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA independent of the magnitude of V+. 
Note 3: This input current will only exist when the voltage at any of the input leads ;s driven negative. It is due to the colJector·base junction of the input PNP- transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to ~his diode action, there is also lateral NPN parasitic transistor action on the Ie chip. This transistor action can cause the output voltages of the comparators to go to the 
V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re--establish when the input voltage, which was nega­
tive. again returns to a value greater than -0.3 VOC' 
Note 4: The .. specifications apply for V+ = 5 VOC and -5S'C:::' TA:S: H2S'C, unless otherwise stated. With the LM239/LM239A, all temperature specifications are limited to -25"C:S: TA:S: +85"C, the 
LM339/LM339A temperature specifications .relimited to O'C:S: TA:S: +70'C, and the LM2901, LM3302 temperature range is-40'C:S: TA:::; +8S'C. 
Note 5: The direction of the input current is out of the Ie due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or 
input lines. 
Note 6: The input common~mode vo"ltage or either input signal voltage should not be allowed to go negative by more than O.3V. The upper end of the common·mode voltage range is V+ -1.SV, but either or both 
inputs can go to +30 VOC without damage. 
Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. see typical performance characteristics section. 
Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low 
input voltege state must not be less than -0.3 VOC (or 0.3 VOC below the magnitude of the negative power supply, if used). 
Note 9: At output switch point, Vo '" 1.4 VOC, RS = Of/. with V+ from 5 VOC; and over the full input common·mOde range (0 VOC to V+ -1.5 VOC). 
Note 10: For input Signals that exceed Vee. only the overdriven comparator is affected. With a 5V supply, VIN should be limited to 25V max, and a limiting resistor should be used on all inputs that might 
exceed the positive supply. 

~OEEWl '1.06~Wl 'V6EEW1"'6E~W''''6E~Wl 
'6£EWl/6E~Wl/6E~Wl 



Typical Performance Characterjstics .LM139/LM239/LM339, LM139A/LM239A!LM339A, LM3302 
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Application Hints 
The LM139 series are high gain, wide bandwidth 
devices which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed 
to capacitively couple to the inputs via stray 
capacitance. This shows up only during the output 
voltage transition intervals as the comparator chan· 
ges states. Power supply bypassing is not required 
to solve this problem. Standard PC board layout 
is helpful as it reduces stray input·output coupling. 
Reducing the input resistors to < 10 kn reduees 
the feedback signal levels and finally. adding even 
a small amount (1 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that 
oscillations due to stray feedback are not possible. 
Simply socketing the IC and attaching resistors to 
the pins will cause input·output oscillations during 
the small transition intervals unless hysteresis is 
used. If the input signal is a pulse waveform. with 
relatively fast rise and fall times, hysteresis is not 
required. 

All pins of any unuseq comparators should be 
grounded. 

The bias network of the LM 139 series establishes a 
drain current which is independent of the magni· 
tude' of the power supply voltage over the range 
of from 2 Vee to 30 Vee. 

It is usually unnecessary to use a bypass capacitor 
across the power supply line. 

Typical Applications (v+ = 15 Vee! 
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The differential input voltage may be larger than 
V+ without damaging the device. Protection should 
be provided to prevent the input voltages from 
going negative more than -0.3 Vee (at 25°C). An 
input clamp diode can be used as shown in the 
applications section. 

Theoutputofthe LMl39 series is the uncommitted 
collector of a grounded·emitter NPN output tran· 
sistor. Many collectors can be tied together to 
provide an output OR'ing function. An output 
pull·up resistor can be connected to any available 
power supply voltage within the Permitted supply 
voltage range and there is no restriction on this 
voltage due to the magnitude of the voltage which 
is applied. to the ,v+ terminal of the LM139A 
package. The output can also be used as a simple 
SPST switch to ground (when a pull·up resistor is 
not used). The amount of current which the 
output device can· sink is limited by the drive 
available (which is independent of V+) and the fl 
of this device. When the maximum current limit 
is reached (approximately 16 mA). the output 
transistor will come out of saturation and the 
output voltage will rise very rapidly. The output 
saturation voltage is limited by the approximately 
60n r sat of the output transistor. The low offset 
voltage of the output transistor (1 mV) allows 
the output to clamp essentially to ground level 
for small load currents. 
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Typical Applications (Continued) (V+ = 5 Voe) 
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Typical Applications (Continued) (V+ = 5 Ved 
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~National 
~ Semiconductor 

Voltage Comparators 

LM160/LM260/LM360 High Speed Differential 
Comparator . 
General Description 
The LM 160/LM260/LM360 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the p.A7601p.A760C, for which it is a pin-for­
pin replacement_ The device has been optimized 
for greater speed, input impedance and fan-out, 
and lower input offset voltage_ Typically delay 
varies only 3 ns for overdrive variations of 5 mV 
to 500 mV_ 

Compleme·ntary outputs having mrnlmum skew 
are provided_ Applications involve high speed 
analog to digital convertors and zero-crossing 
detectors in disc file systems_ 

Features 
• Guaranteed high speed 20 ns max 

• Tight delay matching on both outputs 

• Complemeritary ·TTL outputs 

• High input fmpedance 

• Low speed variation with overdrive variation 

• Fan-out of 4 

• Low input offset voltage 

, • Series 74· TTL compatible 

Schematic and Connection Diagrams Metal Can Package . 

5-3.1 

" 

Order Number LM160H, LM260H or LM360H 
See NS Package HOSe 

Dual-In-Line Package 
v· OUTI oun CliO 

tttl 
~ 

Order Nu;"ber LM360N 
See NS Package NOS8 

Dual-In-Line Packago 

Order Number LM360N-14 
See NS Package N14A 

Ordor Number LMl60J.14, LM26DJ.14 
Soo NS Package J14A 



Absolute Maximum Ratings 

PoSitive'Supply Voltage 
Negative SuPPly Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 

Electrical Characteristics 

PARAMETER 

Operating Conditions 

Supply Voltage V cc + 

Supply Voltage V cc -
Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Output Resistance (Either Output) 

Response Time 

Response Time Difference Between Outputs 

It". OI+V,N,)-ltpd Of-V,N2 ) 

,It,.. ~I +V,N2 ) - Ilpd of-V IN' ) 

It .. Of+V,N,) - Itp. 01 +V,N2) 

Itpd of-V IN,) - (Ip. 01 -V,N2 ) 

Input Resistance 

Input Capacitance 

Average Temperature coeliiclent 01 Input 
Offset Voltage 

Average Temperature Coefficient of Input 
Oflset Current 

Common Mode Input Voltage Range 

Differential Input Voltage Range 

Output High Voltage IEither Output) 

Output Low Voltage IEither Output) 

Positive Supply Current 

Ne!jative Supply Current 

+8V 
~V 

20mA 
±5V 

V+?VIN~V-

Operating Temperature Range 
lMI60 
LM260 
lM360 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

IT MIN :$TA :$ T MAX) 

CONDITIONS MIN TVP 
, 

4.5 5 

-4.5 -5 

Rs:5 200Sl 2 

.5 

5 

VOUT = VOH 100 

T A = 25°C.Vs = ±5V (Note 1) 13 

TA = 25°C. Vs = ±5V (Note 2) 12 

T A = 25°C. Vs = ±5V INote 3) 14 

TA = 25°C. INotel) 2 

T A = '25°C. INote 1) 2 

T A = 25°C. INote I) 2 

T A = 25°C. (Note 1) 2 

f= 1 MHl ' 11 

1= 1 MHz 3 

Rs = 50!1 8 

7 

Vs = ±6.5V ±4 ±4.5 

±5 

lOUT = -320jlA. Vs = ±4.5V 2.4 3 

ISINK = 6.4 rnA .25 

Vs =±6.5V 18. 

Vo = ±6.5V -ll 

\ 

.:...ssQc to +12SoC 
-2SoC to +85°C 

CtCto+70oC 
-66°C to +l50°C 

300·C 

MAX UNITS 

6.5 V 

-6.5 V 

5 mV 

3 jlA 

20 jlA 

!1 

25 ns 

20 ns 

ns 

ns 

ns 

ns 

ns 

k!1 

pF 

jlV/oC 

nA/oC 

V 

V 

V 

.4 V 

32 rnA 

-16 rnA 

Note 1: ,Response time measured from the 50% pOint of a 30 mVp-p 10 MHz sinusc:ddal input to the 50% pOint of the output. 
Note 2: Response time measured from the 50% point 01 e 2 Vp-p 10 MHz sinusold.l Inpuno the 50% point of the output. 

Note 3: Response time 'measured from the start of. 100 mV input stap with 5 mV overdrive to the time when,the output 
crosses the logic threshold. 
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Typical Performance Characteristics 
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~'National ,. Voltage Comparators· 
~ Semiconductor 
LM161/LM261/LM361 High Speed Differential 
Comparators 
General Description Features 

• Independent strobes 

• Guaranteed high speed 20 ns max 

• Tight delay matching on both outputs 

• Complementary TTL oufputs 

The LM161/LM261/LM361 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the SE529/NE529 for which it is a pin-for-pin 
replacement. The device has been optimized for 
greater speed performance and lower input offset 
voltage. Typically delay varies only 3 ns for 
over-drive variations of 5 mV to 500 mV. It may 
b~ operated f~om op amp supplies (±15V). 

• Operates from op amp supplies ±15V 

Complementary outputs having minImum skew 
are provided. Applications involve high speed 
analog to digital convertors and zero-crossing 
detectors in disc file systems. 

• Low speed variation with overdrive variation 

• Low input offset voltage 

• Versatile supply voltage range 

Schematic and Connection Dblgrams 
Dual-In-Lina Package 

... o--___ ~ 

+-+-+--oOUTPUTI 

Logic Diagram STfICIU1 Va: 
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Order Number LM161J, LM261J 
or LM361J . 

See NS PaCkage J14A 

Order Number LM361N 
Sea NS Pack_ N14A 

Metal Can PackaQ8 .. 

TDI'VIEW 

Order Number LM161H, LM261H 
.or LM361H 

Sea·I\ISPack_H1OC 

" 



Absolute Maximum Ratings Operating Conditions' 
MIN TYP MAX 

Positive Supply Voltage, V+ +16V Supply Voltage V+ 
Negative Supply Voltage, V- -16V LM1611LM261 SV lSV 
Gate Supply Voltage, Vee +7V LM361 SV lSV 
Output Voltage +7V Supply Voltage V-

o Differential Input Voltage ±SV LM161/LM261 -iiV -15V 

Input Common Mode Voltage ±6V LM361 -BV -15V 

Power Dissipation 600mW Supply Voltage Vee 
Storage Temperature Range -ii5°C to +150°C LMIB1/LM261 4.5V SV S.5V 

Operating Temperature Range TMIN TMAX LM361 4.75V SV S.25V 

LM161 --55°C to .12SoC 

LM261 -2SoC to +8SoC 

LM361 OoC to +70°C 
Lead Temperature (Soldering. 10 sec) 300°C 

Electrical Characteristics (V+ ... +10V. Vee = +5V. V-= -lOV, TMIN -S::TA S:TMAX • un'less noted I 

LIMITS 

PARAMETER CONDITIONS , LM161/LM261 LM361 UNITS 

MIN TVP MAX MIN TvP MAX 

Input Offset Voltage 1 3 1 5 mV 

Input Bias Current TA = 25°C 5 10 pA 
20 30' pA 

Input Offset Current TA :::: 2SOC 2 2 pA 
3 5 pA 

Voltage Gain TA = 25°C 3 3 V/mV 

Input Resistance TA = 25°C. f = 1 kHz 20 20 kG 

Logical "1" Output Voltage Vee = 4.7SV, 
2.4 3.3 2.4 3.3 V 

'SOURCE = -.5 mA 

Logical "0" Output Voltage Vee = 4.7SV, 
.4 .4 V 

ISINK = 6.4 mA 

Strob~ Input "1" Current Vee" S.2SV. 
200 200 pA 

VSTROBE '" 2.4V 

Strobe Input "0" Current 
Vee = S.2SV, 

-1.6 -1.6 mA 
VSTROBE :0 .4V 

Strobe Input "0" Voltage Vec '" 4.7SV .8 .8 V 

Strobe Input "1" Voltage Vee" 4.7SV 2 2 V 

OUlPut Short Circuit Current Vce '" 5.25V. VOUT .., OV -18 5S -18 -5S mA 

V· = 10V. V- = -10V. 
Supply Current 1+ Vee =' S.2SV, 4.S mA 

-55°C:S TA ~ 12SOC 

Supply Current 1+ 
v+ = 10V. V- = -10V~ 

-. Vee = S.2SV, 5 mA 
O"C~TA ~70°C 

V·. 10V. V- = -IOV, 
Supply Current ,- Vee· S.2SV• 10 mA 

··SS"C"; T A $ 12Soc 

V· = IOV, V- = -lOY. 
Supply Current 1- Vee = 6.2SV. 10 mA 

OOCSTA ~70oC 

V· = 10V, V- = -IOV. 
Supply Current Ice Vce = 5.25V, 18 mA 

--55"C $ TA $ 12SoC 

V· = 10V, V- = -IOV, 
Supply Current Icc Vee'" S.2SV. 20 mA 

O°C~TA ~70oC 

TRANSIENT RESPONSE V IN = SO mV Overdrive 

Propagation Delay Time (tpelIOI) TA = 2S"C 14 20 14 20 n. 

Propagation Delay Time Itpdll)) TA'= 2SOC 14 20 14 20 ns 

Delay Between Output A and B TA '2SoC 2 S 2 5 ns 

Strobe Delay Time (",.,.,1 TA ' 2SOC 8 8 ns 

Strobe Delay Time (",.,,,1 TA = 25°C 8 8 n. 
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Typical Performance Cha(ac~eristics 
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~Nal1onal ' 
~ Semiconductor' 

Voltage Comparators 

'LM1931LM2931LM393, LM193A1LM293A1LM393A, LM2903 
Low Power Low Offset Voltage Dual Comparators 
General Description 
The LM193 series consists of two independent precision 
voltage comparators with an offset voltage specification 
as low as 2,0 mV max for two comparators which were 
designed specifically to operate from 'a single power 
supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power 
supply current drain is independent of the magnitude 
of the power supply voltage. These comparators also 
have a u~ique characteristic in that the input common­
mode voltage range includes ground, even though 
operated from a single power supply voltage. 

Application areas include limit, comparators, simple 
analog to digital converters; pulse, squarewave and time 
delay generators; wide range veo; MOS clock timers; 
multivibrators and high voltage 'digital logic gates. The 
LM193 series 'was' designed to directly interface with 
TTL and CMOS. When operated from both plus and 
minus power supplies, the lM193 series will difectly 
interface with MOS logic, -where their low power drain 
is a distinct advantage over standard comparators. 

Advantages 
• High precision comparators 
• Reduced Vos drift over temperature 

Schematic and Connection Diagrams 
v' 

• Eliminates need for dual supplies 
• Allows sensing near ground 
• Compatible with all forms of logic 
• Power drain suitable for battery operation 

Features 
• Wide single supply 

Voltage range 
or dual supplies, 

• Very low supply current 
dent of supply voltage 
5.0 Vee! 

2.0 Vee to 36 Vee 
±1.0 Vee to ±18 Vee 

drain (0.8 mAI-indepen· 
(1.0 mW/comparator at 

• low input biasing current 
• low input offset current 

and maximum offset voltage 

25nA 
±5nA 
±3mV 

• Input common·mode voltage range 'includes ground 
• Differential input voltage range equal to the power 

supply voltage 

• low output 250 mV at 4 mA 
saturation voltage 

• Output voltage compatible with TTL, DTl, ECl, 
MOS and CMOS logic systems 

Metal Can Package 
Dual-In-Line Package 

v' ounurA y' 

INVERTING IN'UT" A-A-J';-'--- OUTPUT. 

IIniuTIIIGIIIPUTI NON.INVERTUC; :J 
tRTA 

-IIIIPUT GND GND 
ri NOlfUIVERTllG 

IIIII'UTI 

TO' VIEW 
lor VIEW 

Order Number LM193H, LM193AH, LM293H, Order Number LM393N, LM393AN 
LM293AH, LM393H or LM393AH or LM2903N 

Sea NS Package H09C SH NS Package Noaa 

Typical Applications (v+ '" 5.0 Vee! 

tSDVr:c +5Voc: 

,v_:t;>l:, v· 'Ok 

lM3Ill Vo 

·V"'IP -

Basic ComParator Driving CMOS Driving TTL 
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LM193/LM293JLM393; ',' .. ... 
LM193A1LM293A1LM393A; bM2903 

Absolute Maximum Ratings , 
Supply Voltage, V+ 36 VOC or ±18 VOC 
Differential Input Voltage 36VOC 
Input Voltage -0.3 VOC.to +36 VOC c 
Power Dissipation (Note 1) '" .. 

Molded DIP 570mW ' . 
Metal Can ... 830mW 

Output Short-Circuit to Ground. (Note 2) Continuous 
Input Current WIN < -0.3 VOC), (Note 3) 50 rnA .. 
Operating Temperature Range I 

... 
LM393/LM393A O°C to +10°C 
LM293/LM293A -25"<:" to +85"C ." 
LM193/LM·193A --55"C to +125"C 

. '. 
LM2903 --40" C to +85" C 

Storage Temperature Range -65"C to +150"C " .. 
.,' 

Lead Temperature (Soldering. 10 seconds) 300"C 

Electrical 'Characteristics (v+ = 5 VDcl (Note 4) -: 

~ 
: 'LM193A LM293A, LM393A LM193 LM293, LM393 LM2903 

PARAMETER CONDITIONS UNITS 
MIN TYP MAX MIN TVP MAX MIN TYP MAX' MIN; TYP MAX MIN 'TYP. MAX 

Input qffs~t, :Voltage TA = 25"C, (Note 9) ±1.0 ±2.0 ·±1.0 ±2.0 ±1.0 ±5.0 ±1.0 ±5.0 ±2.0 ±7.0 mVOC 

Input Bias Current 'IN+ or IIN- with Output In Linear '25 100 25 250 
--

25 100 25. 250 '. 25 250 nAOC 

.. Rang~, T A = 25°C, (Note 5) 

Input Offset Current IIN+ -IIN-, TA = 25°C ±3.0 ±25 ±5.0 ±50 ±3.0 ±25. ±5.0 ±50 ±5.0 ±50 nAOC 

Input Common-Mode Voltage Range TA = 25"C, (Note 6) 0 V+-1.5 0 V+-1.5 0 V+-1.5 .0 V+-1.5 0 V+-1.5 VOC 

Supply Current RL == DI3 on AU Comparators, TA = 25°C 0.4 1 0.4 1 0.4 1 0.4 1 O.~ 1.0 mAoc 

RL = 00 on All Amps~ v+ = 30 VOC 1 2.5 1 .2.5 2.5 2.5 1. 2.5 mAoc 

Voltage Gain RL~ 15 kG, TA = 25"C, V+ = 15 VOC 50 200 50 200 50 200 50 200 ·25 100 V/IlV 

(To Support. Large Vo Swing) 

Large Signal Response Time VIN = TTL Logic Swing, VREF = 1.4 VOC 300 .300 300 300 300 ns 

VRL =.5 VOC, RL = 5.1 kG, TA = 25"C 

Response Time VRL = 5 VOC, RL-= 5.1 kG, TA = 25"C, 1.3 1.3 1.3 1.3 1.5 IlS 

(Note 7) 

Output Sink Current VIN-~ 1 VOC, VIN+ = 0, Vo -:> 1.5 VOC, 6.0 16 6.0 16 6.0 16 6.0 16 '6 16 mADC 

TA = 25"C 

Saturation Voltage VIN-~ 1 VOC, VIN+=0,.ISINK-:>4 rnA, . 250 400 250 400 250 400 250 400 400 mVOC 
TA = 25"C. 

Output Leakage Current VIN- = 0, VIN+ ~ 1 VOC, Vo = 5 VOC. 0.1 0.1 0.1 0.1 0.1 nAOC 

TA = 25"C 
-----
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Electrical Characteristics (Continued) 

PARAMETER 

Input Offset Voltage 

Input OffsU ~ur.rent 

Input Bias Current 

Input Common-Mode Voltage Range 

Saturation Voltage 

Output leakage Current 

Differential Input Voltage 

(Note g) 

IIN+-'IIN-

CONOITIONS 

·:'IN+ or IIN-,with Output in linear Range 

VIN_.;:>: 1 VOC. YIN+ = O • .ISINK <:::: 4 rnA. 

VIN_ = O. VIN+;:>: 1 Voe; Vo = 30 VOC. 

Keep All V IN's;:>: 0 Voe (or V-. if Used). 
(No,e 8') 

MIN 

o 

lM193A LM293A. LM393A 

TVP.' MAX I MIN 

4.0 

±100 

300 

V+-2.0\ 0 

700 

1.0 

V+ 

TVP MAX 

4.0 

±150· 

400 

'V+-2,0 

700 

1.0 

V+ 

MIN 

o 

LM193 LM293 .... M393 

TVP MAX I MIN 

9 

±100 

300 

V+-2,0 \ 0 

700 

. 1.0 

V+ 

TVP MAX 

±150 

400 

V+-2,0 

700 

1.0 

V+ 

MIN 

0 

LM2903' , 
I UNITS 

TVP.: MAX 

9 15 mVOC 

,50 200 nAOC. 

200 500 nAOC 

V+-20 VOC 

400 700 mVOC 

1.0 !lAOC 

v+ Voc 

Note 1: For operating at high temperatures. the LM393/LM393A and LM2903 must be derated based on a 125°C maximum junction temperat~re and a thermal resistance of 175°e/W which applies for the 
device soldered in a printed circuit board, operating in a still air ambient. The LM193/LM193A/LM293/LM293A must be derated based on a 150°C m'aximum junction temperature. The low bias dissipation and 
the "ON-OFF" characteristic of-the outputs keeps the chip.dissipatiCin very small (PO 5. 100 mW), provided the output transistors are allowed to saturate. - . 

Note 2: Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 20 rnA independent of the magnitude of V+. 

Note 3: This input cu~rent will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base Junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the Ie chip. This transistor action can cause the output voltages of the comparators to go to the 
V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative. 
again returns to a value greater than -0.3 Voe. . . . 
Note 4: These specifications apply for V+ = 5 Voe and -55°C S TA S +125°e. unless otherwise stated. With the LM293/LM293A all temperature specifications are limited to -25°C S TA S +85°e and th'e 
LM393/LM393A temperature specifications are limited to oOe S TA S +70o e. The LM2903 is.limited to -40o e S TA S +85°e. . 

Note 5: The direction of the input current is out of the Ie due to the PNP input stage. This current js essentially constant, independent of the state of the output so no loading change exists on the reference or 
input lines. -
Note 6: The input common-mode voltage or either input Signal voltage should not be allowed to go negative by more than O.3V. The upper end of ~he common-mode voltage range is V+ -1.5V, but either or both 
inputs can go to 30 VOC without damage. . • 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained: see typical performance characteristics section. 
Note 8: Posilive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low 
input voltage state must not be less than·-0.3 VOC (or 0.3 Voe below the magnitude of the negative power supply. if used). . 

Note 9: At output switch point. Vo '" 1.4 VOC. RS = on with V+ from 5 VOC to 30 Voe; and over:.the full input common-mode range (0 Voe to V+ -1.5 Voel. 
Note 10: For input signals that exceed Vee. only the overdriven comparator is affected. With a 5V supply, VIN should be limited to 25V max. and a limiting resistor should be used on all inputs that might exceed 
the positive supply. 

&06~1I\I' '''&6&1I\I''''&6~1I\I''''&6~1I\I' 
. '&6&lI\Il/&~1I\I'1&6~1I\I' 
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Typical Performance Characteristics LM193/LM293/LM3g3.1..M193A/LM293A/LM393A 
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Application Hints 

The LM193 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the 
output lead is inadvertently allowed to capacitively 
couple to the inputs via stray capacitance.T~!s shows up 
only during the output voltage transition intervals as the 
comparator changes states. Power supply bypassing is 
not required to solve this problem. Standard' PC board 
layout is' helpful as it reduces stray input-output 
coupling. Reducing the input resistors to < 10 kn 
reduces the feedback signal levels and finally, adding 
even a small amount (1.0 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that oscilla· 
tions due ~o stray feedback are, not possible. Simply 
socketing the IC and attaching resistors to the pins will 
cause input·output oscillations during the small transi· 
tion intervals unless hysteresis is used. If the input signal 
is a pulse waveform, with relatively fast rise and fall 
times, hysteresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of. the LM 193 series establ ishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range -of from 2.0 V oc to 
30Voc · 

It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

The differential input voltage may be larger than V+ 
without damaging the device' (see Note 8). Protection 
should be provided to prevent the input voltages from 
going negative more than -0.3 Voc (at 25°C). An input 
clamp diode can be used as shown in the applications 
section. 

The output of the LM193 series is the uncommitted col­
lector of a grounded·emitter NPN output transistor. Many 
collectors can be tied together to provide an output 
OR'ing function. An output pull·up resistor can be 
connected to any available power supply voltage within. 
the permitted supply, voltage range and there is no 
restriction on this voltage due to the magnitude of the 
voltage which. is applied to the V+ terminal of the 
LM 193 package. The output can also be used as a 
simple SPST switch to ground (when a pull-up resistor 
is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V+) and the f3 of this device. When the 
maximum current limit is reached (approximately 
1G rnA), the output' transistor will come out of satura· 
tion and the output voltag~, will rise very rapidly. The 

,output saturation voltage is limited by the approxi· 
mately 60n rSAT of the output transistor. The low 
offset voltage of the output transistor (1.0 m'V) allows 

'the output -to' clamp essentially to ground level for 
small load currents. -

Typical Applications (Continued) (V+ ~ 15 Vocl 
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Typical Applications (Continued) (V+ = 15 Vocl 
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Typical Applic,ations (Continued) (V' = 15 VDcl 
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Time Dela'y Generator 

10d PFT 

One-Shot Multivibrator with Input Lock Out 

Split-Supply Applications (v+ = +15 V DC and V- = -15 V DC) 

MOS Clock Driver 
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Bi-Stable M""ltivibrator 

Zero Crossing Detector 

Comparator With a Negative Reference 



~National 
~ SemiconductOr 
LM311 Voltage Comparator 
General Description 
The LM311 is a voltage comparator that has input 
currents more than a hundred times lower than de· 
vices like the LM306 or LM710C. It is also de· 
signed to operate over a wider range of supply 
voltages: from standard ±15V op amp supplies 
down to the single 5V supply used for IC logic. Its 
output is compatible with RTL, DTL and TTL as 
well as MOS circuits. Further, it can drive lamps or 
relays, switching voltages up to 40V at currents as 
high as 50 mA'. 

Features 
• Operates from single 5V supply 
• Maximum input current: 250 nA 
• Maximum offset current:·50 nA 

Auxiliary Circuits * * 

v' 

Voltage Compar~tors 

• Differential input voltage range: ±30V 

• Power ~onsumption: 135 mW at ±15V 

Both the input and the output of the LM311 can 
be isolated from system ground, and. the output 
can drive loads referred to ground, the positive 
supply or the negative supply. Offset balancing 
and strobe capability are provided and outputs can 
be wire OR'ed. Although slower than the LM306 
and LM710C (200 ns response time vs 40 nsl the 
device is also much less p"rone to spurious oscilla· 
tions. The LM311 has the same pin configuration 
as the LM306 and LM710C. See the "application 
hints" of the LM311 for application help. 

TTL 
STROBE 

**Note: Pin connections shown on schematic diagram 
and typical applications are for TO·S package. 

Offset Bala'ncing Strobing Increasing Input Stage Current· 

Typical Applications * * 
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Absolute Maximum Ratings 
<;;~.> 

Total Supply Voltage (V •• ) 36V 
Output to Negative Supply Voltage (V 7.) 40V 
Ground to Negative Supply Voltage (V 14) 30V 
Differential Input Voltage ±30V 
I nput Voltage (Note 1) . ±15V 
Pow~r Dissipation (Note 2) . 500mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range O°C to 70°C 
Storage Temperature Range -65°C to 150°C 
Lead Temperature (soldering, 10 sec) 300°C 
Voltage at Strobe Pin .' V+-5V 

Electrical Characteristics (Note 3) 

PARAMETER' CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage (Note 4) T A = 25° C, Rs ::; 50k 2.0 7.5 mV 

Input Offset Current (Note 4) T A.= 25°C 6.0 50 nA 

Input Bias Current T A = 25°C 100 250 nA 

Voltage Gain T A = 25°C 40 200 V/mV 

Response Time (Note 5) TA = 25°C 200 ns 

Saturation Voltage V ,N ::; -10 mV, lOUT = 50 mA 0.75 1.5 V 

TA = 25°C 

. Strobe ON Current TA = 25°C 3.0 mA 

Output Leakage Current V ,N :::: 10 mV, VOUT = 35V 0.2 50 nA 

T A = 25°C, ISTROBE = 3 mA 

Input Offset Voltage (Note 4) Rs ::; 5Dk 10 mV 

Input Offset Current (Note 4) 70 nA 

Input Bias Cu rrent 300 nA 

Input Voltage Range -. -14.5 13.B,-14.7 13.0 .V 

Saturation Voltage V+::::4.5V, V-=O 0.23 0.4 V 

V ,N ::;:-10 mV, 'SINK::; B mA 

Positive Supply .Current T A = 25°C 5.1 7.5 mA 

Negative Supply Current ·TA = 25°C 4.1 5.0 mA 

Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply. whichever is less .. 

Note 2: The maximum junction temperature of the LM311 is 11 aGe. For operating a1 elevated temperatures. devices- in the TO~5 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°CIW. junction to case. The thermal 
resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note'3: -These specifications applv for Vs = ±15V and the Ground pin at ground, and rfc < TA < +70°C, unless otherwise 
specified. The offset voltage, offs8t current and bias current specifications apply for any supply voltage from a single 5V supply 
up to ±15V supplies. . 
Nota,4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either 
supply with 1 mA load. Thus, tHese parameters define an error band and take into account the worst'i:ase effects of voltage gain 
and input impedance. . . 

Note 6: The response time specified (see definitionsf is for a 100 mV inpu,t steP with 5 rryV overdrive. 

'. Note 6: Do not short the strobe pin to ground; it should be current driven at 3 tq 5 rnA . 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Typical Applications (Contin~ed) 
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Schematic Diagram 
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Connection Diagrams * 

Order Number LM311N 
See NS Package NOBB 

Order Number LM311J-8 
So. NS Package JOBA 

GROUND 1 

Order Number LM311 H 
S.e NS Package HOSe 

Dual-In-Line Package 

,NPUTZ --t-...... .f.l' ...... 

,NPUT 3 -+-1;;>" 

TOP VIEW 

, ·Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 
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Application Hints 

CIR'CUIT TECHNIQUES FOR AVOIDING 
OSCILLATIONS IN COMPARATOR APPLICATIONS 

When a high-speed comparator such as the LMlll is 
used with fast input signals and low source impedances, 
the output response will normally be fast, and stable, 
assuming that the power supplies have been bypassed 
(with 0.1 J.l.F disc capacitors). and that the- output signal 

. is routed well away from the inputs (pins 2 and 3) and 
also away from pins 5' and 6. , 

However, when the input signal is a voltage ramp or a 
slow sine wave, or if the signal source impedance is high 
(1 kil to 100 kil). the comparator ,may burst into 
oscillation near the crossing-point. This is due to the 
high gain, and wide bandwidth of comparators like the 
LM 111. To avoid oscillation or instability in such a 
usage, several precautions are recommended, as shown 
in Figure f below. 

1. The trim pins (pins 5 and 6) act as unwanted auxil­
iary inputs. If these pins are not connected to a trim· 
pot, they should be shorted together. If they are 
connected to a trim-pot, a 0.01 J.l.A capacitor C1 
between pins 5 and 6 will minimize the susceptibility 
to AC coupling. A smaller capacitor is used if pin '5 is 
used for positive feedback as in Figure ,f. 

2. Certain sources will produce a cleaner comparator 
output waveform if a 100 pF to 1000 pF capacitor 
C2 is connected directly across the input pins. 

3. When the signal source is applied through a resistive 
network, Rs, it is usually advantageous to choose an 

, Rs' of substantially the same value, both for DC and 
for dynamic (AC) considerations. Carbon, tin-oxide, 
and metal-film resistors have all been used successfully 
in comparator input circuitry. Inductive wirewourid 
resistors are not suitable. 

4. When comparator circuits use input resistors (eg. 
summing, resi~tors), their value and placement are 
particularly important. In, all cases the body of the 
resistor should, be close to the device or socket. In 
other words there should be very little lead length or 
printed-circuit foil run between comparator and 
resistor to radiate or pick up signals. The ~ame applies 
to capacitors, pots, etc. For example, if Rs = 10 kil, as 
little as 5 inches of lead between the resistors and the 
input pins can result in oscillations that are very hard 
to damp. Twisting these input' leads tightly is the 
only (second best) alternative to placing resistors 
close to the comparator. 

,5. Since feedback 'to almost any pin of a comparator 
can result in oscillation, the printed-circuit layout 
should be engineered thoughtfully. Preferably there 
should be a ground plane under the L.M 111 circuitry, 
for example, one side of a double·layer circuit card. 
Ground foil (o~, pos,itive supply or negative supply 
foi\) should extend between the output and the 
inputs, to act as a guard. The foil connections for the 
inputs should be as small and compact as possible, 
and should be essentially surrounded by ground foil 
on all sides, to guard against capacitive coupling from 
any high-level signals (such as the output). If pins 5 
and 6 are not used, they should be shorted together. 
If they are connected to a trim-pot, the trim·pot 

, I should be located, at most, a few inches away from the 
LM 111, and the 0.01 f.lF capacitor shollid be installed. 
If this capacitor cannot be used, a shielding printed­
circuit foil may be advisable between pins 6 and 7.' 
The power supply bypass capacitors should be located 
within a couple inches of the LM 111. (Some other 
comparators require the power-supply bypass to be 

, located immediately adjacent to the comparator.) 

.--... ----_ .... -o15V 

, ~ 3k 82 

i) ~ .. 5~kVC"'I"'"+.,.-'\,,33V, ~\r-'" 
2 8 ~D2~ 

INPUT o-"""Nv-+-~+ ~ 

T . __ :_'" C2~ LM111 :::5~7---.. -o0UTPUT 

R, 

1 3 1 

,,4 -
Hl~ 

-15V 

Pin connections shown are for LM111 H in a-lead TO-5 hermetic package 

FIGURE 1. Improved Positive Feedback 
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Application Hints (Continued) 

6. It is a standard procedure to use hysteresis (positive 
feedback) around a comparator, to prevent oscillation, 
and to avoid excessive noise on the output because 
the comparator is a good amplifier for its own noise. 
In the circuit of Figure 2, the feedback from the 
output to the positive input will cause about 3 mV of 
hysteresis. However, if Rs is larger than lOOn, such 
as 50 kn, it would not be reasonable to simply 
increase the value of the positive feedback resistor 
above 510 kn. The circuit of Figure 3 could- be used, 
but it is rather awkward. See the notes in paragraph 
7 below. 

7. When both inputs of the LM 111 are connected to 
active signals, or if a high-impedance signal is driving 
the positive input of the LM 111 so that positive feed­
back would be disruptive, the circuit of Figure 1 is 

ideal. The positive feedback is. to pin 5 (one of the. 
offset adjustment pins). It is sufficient to cause 1 to 
2 mV hysteresis and sharp transitions with inPut 
triangle waves from a few Hz to hundreds of kHz. 
The positive-feedback signal across the 82n resistor 
swings 240 mV below the positive supply. This signal 
is centered around the nominal voltage at pin 5, so 
this feedback does not add to the Vos of the com­
parator. As much as 8 mV of Vos can be trimmed 
out, using the 5 kn pot and 3 kn resistor as shown. 

8. These appl ication notes apply .specifically to the 
LM111, LM211, LM311, and LF111 families of 
comparators, and are applicable to all high·speed 
comparators in general, (with the exception :that not 
all comparators have triiTr pins). 

,......~~----.... -o.15V 

3k 

Vk 

>.--~~o OUTPUT 

SIDk 

Pin connections shown are for LM 111 H in a-lead TO-5 hermetic package 

FIGURE 2. Conventional Positive Feedback 

,......-1~----.... -o15V 

3k 

4.7k 

INPUT o-JV"" .... --t 

>,,.....-~ .... o OUTPUT 

10 

lOOk 

FIGURE 3. Positive Feedback With High Source Resistance 
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~National 
~·Semiconductor 

Voltage. Comparators" 

LM710/LM710C Voltage Comparator 
General Descriptl'on 
The LM710 series 'are a . high-speed voltage com­
parators intended for'.'use as an accurate, low-level 
digital level'sensor or'as a replacement·for opera­
tional amplifiers in compatator applications where. 
speed is of prime importance. The circuit has a 
differential input and a single-ended output, with 
saturated output ·Ievels compatible with· practically 
all types of integrated logic_ 

The device js·built on a single.silico!l chip whi~h'" 
insures iow offset and thermal drift. The use of 
a minimum number of stages along with minority. 
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifiers' in 
saturating comparator applications. In fact, the low 

stray .and wiring capacitances that can be realized 
with monolithic 'construction 'make the device dif­
ficult to duplicate with discrete components oper­
ating at equivalent power levels. 

) ,", 

The LM710 series are useful as pulse height dis­
cri~inators, vqltag~' comparators in, high-spee~ PJD 
conv~rters or go; no-go detectors in automatic test ,. 
equip.ment, They aiso h,ave ·applications. in digital 
systems as .an adjustable-threshold line receiver or 
an interface between'logi~ types: In addition, the 
low cost of the units suggests it for applications 
replacing relatively simple discrete component 
circuitry. 

Schematic * and Connection Diagrams . 

't 
.NPUTS 

.. 
'" 

GIIDUNO -..:====t-.JL·d 

Typical Applications * 
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Absolute Maximum Ratings 
Positive Supply Voltage +14V 
Negative Supply Voltage -7V 
Peak Output Current 10 rnA 
Output Short Circuit Duration 10 seconds 
Differential Input Voltage ±5V 
I nput Voltage ±7V 
Power Dissipation 

TO·99, (Note 1) 300 mW 
Flat Package, (Note 21 200 mW 

Electrical.Characteristics (Note.3) 

PARAMETER 

Input Offset Voltage 

I nput Off~et Current 

Input Bias Current 

Voltage Gain 

Output Resistance 

Output Sink Current 

Response Time 

Input Offset Voltage 

Average T~mperatl!re Coefficient 

of Input Offset ~oltage 

Input Offset Curre~t 

Average Temperature Coefficient " 

of Input Offset Current 

Input Bias Current 

Input Vol~age Range 

Common-Mode Rejection Ratio 

Differenti,allnput Voltage. Ra~ge 

Voltage Gain 

Positive Output Level 

Negative Qu'tpui Level 

Output Sink Cu~r8nt 

Positive Supply Current 

Negative ~upply Current 

Power Consumption 

. CONDITIONS 

RSS 200n, VCM :OV, TA: 25°C 

VOUT: 1.4V, TA: 25°C: 

TA: 25°C 

TA: 25°C 

TA: 25°C 

VOUT: 0, TA: 25°C 

• tWIN <': 5 mV 

1l,VIf~ ~ 10 mV 

T A: 25°6, (Note 4) 

RS S 200R VCM : OV' 

TMIN S TASTMAX 
RSS50n 

TA: TAMAX 

TA:TAMIN 

25°CSTASTMAX 

TMINSTAS25°C 

TA: TMIN 

V-: -7V 

RSS 200n 

-5 mA SIOUTS 0 

VIN<,:5rriV 

VIN<': jo mV 

VIN<,:5mV 

VIN<': 10 mV 

VIN<,:5mV,VOUT:0. 
. TA: 125°C 

TA :-55°C 

VIN <': 10 mY, VOUT: 0 

0°CSTAS+70°C 

VIN<': 5 mV 
VIN.<,:·lB mV 

VIN<,:5mV, 

VIN<,:WmV 

lOUT: 0 

VIN<,:5my 

VIN<': 10mV 

MIN 

1250 

2.0 

±5.0 

80 

±5.0 

1000 

-1.0 

0.5 

1.0 

Operating Temperature Range 

LM710 
LM710C 

Storage Temperature Range 
Lead Temperature (Soldering, 60 seconds) 

LM710 

TYP 

0.1/ 

0.75 

13 

1700 

200 

2.5 

40 

3.0 

0.25 

1.8 

5.0 

15 

27 

,. 100 

,3.2 

-0.5 

1.7 

2.3 

5.2 

4.6 

90 

.MAX 

2.0 

3.0 

20 

3.0 

10 

3.0 

7.0 

25 

75 

45 

4.0 

o 

9.0 

7.0 

150 

MIN 

1000 

1.6 

±5.0 

70 

±5.0 

800 

-1.0 

0.5 

LM710C 

TYP 

1.6 

1.8 

16 

1500 

200 

2.5 

40 

5.0 

15 

24 

25 

98 

3.2 

-:0.5 

5.2 

4.6 

TMIN TMAX 
-55°C to +125°C 

DoC to+70DC 
-65°C to +150°C 

300°C 

MAX 

5.0 

5.0 

25 

6.5 

20 

4.0 

o 

9.0 

7.0 ...• 

150 

UNITS 

mV 

n 

mA 

mA 

ns 

mV 

JJ.A 
IlA 

nAtC 
nAloe 

/lA 
V 

dB 

V 

VIV 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mW 

mW 

Not. 1: Rating applies for case temperatures to 12SoC for LM710 and to 70°C for LM710C; derate linearly at S.S mWfC for ambient tempera· 
tures above 10SoC. . 

Nota 2: Darate linearly at 4.4 mWfC for ambient temperatures above 100°C. 
Nota 3: :These· spacifications apply for V+: 12V, V-: -SV, -SSoC:S; TA:S; +125"C for.LM710 and O"C:S; TA:S; +700.C'for LM710C unless 
otherwise specified. The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.BV at -5SoC, 
1.4Vat 2SoC, and IV at 12SoC for LM710 and 1.5V at O°C, 1.4V at 2SoC and 1.2V at 70"C for LM710C. . 

Note 4: The response time specified (see definitions) is a 100 mV input step with 5 mV overdrive (LM710) or a 10 mV overdrive (LM710C)' 
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

Voltage Comparators' 

LM711/LM711C Dual Comparator 
General Description 
The LM711 series contains two voltage comparators 
with separate differential inputs, a common out­
put and provision for strobing each side indepen­
dently. Similar to the LM710, the device features 
I~w offset and thermal drift, a large input voltage 
range, low power consumption, fast recovery from 
large overloads and compatibility with most inte· 
grated logic circuits. 

With the addition of an external resistor network, 
the LM711 series can be used as a sense amplifier 
for core memories. The input thresholding, com­
bined with the high gain of the comparator, 
eliminates many of the inaccuracies encountered 

with conventional sense amplifier designs. Further, 
it has the speed and accuracy needed for reliably 
detecting the outputs of cores as small as 20 mils. 

The LM711 series are also useful in other applica· 
tions where a dual comparator with OR'ed outputs 
is required, such as a double-ended lim it detector. 
By using common circuitry for both halves, the 
device can provide high speed with lower power 
dissipation than two single comparators. The 
LM711C is the commercial/industrial version of the 
LM711. With operation specified over a O°C to 
+70°C temperature range. ( 

Schematic * It and Connection Diagrams 
Metal Can Package ,. 
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Order Number LM711H or LM711CH 
See NS Package H 1 DC 

Dual·ln·Line Package 
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0 ,... Absolute Maximum Ratings 
~ Positive Supply Voltage +14V Operating Temperature Range TMIN- TMAX 
:E Negative Supply Voltage -7V LM711 -55°C to +125°C 
..J Peak Output Current 25mA LM711C ·o°c to +70°C - Differential Input Voltage ±5V Storage Temperature Range -65°C to +150°C ,... 
~ 

Input Voltage ±7V Lead Temperature (Soldering, 10 seconds) 300°C 
Strobe Voltage o to +6V 

:E Internal Power Dissipation (Note 1) 300mW 

..J 

Electrical Characteristics (These specifications apply for TA = 25°C. V+ = 12V. V- = -6V) 

LM711 LM711C 
PARAMETER CONDITIONS (Note 2) UNITS 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage RS S 200n, VCM = 0 1.0 3.5 1.0 5.0 mV 

RS S 200n, -5V S VCM S +5V 1.0 5.0. 1.0 7.5 mV 

Input Offset Current 0.5 10_0 0.5 15 p.A 

Input Bias Current 25 75 25 100 p.A 

Voltage Gain 750 1500 700 1500 

Response Time (Note 3) 40 40 ns 

Strobe Release Time 12 12 ns 

-Input Voltage Range V =7V ±5.0 ±5.0 V 

Differential Input Voltage ±5.0 ±5.0 V 

Range 

Output Resistance 200 200 n 

Positive Output Level VIN~ 10mV 4.5 5.0 4.5 5.0 V-

Loaded Positive Output Level VIN ~ 10 mV, lOUT = -5 mA 2.5 3.5 2.5 3.5 V 

Negative Output Level VINS-l0mV -1.0 0 -1.0 -0.5 0 V 

Strobed Output Level· VSTROBE S 0.3V- -1.0 . 0 -1.0 a V 

Output Sink Current VIN S-10 mV, VOUT~O 0.5 0.8 0.5 0.8 mA 

Strobe Current VSTROBE = 100 mV 1.2 2.5 . 1.2 2.5 mA 

Positive Supply Current VINs-l0mV 8.6 B.6 mA 

Negative Supply Current 3.9 3.9 mA 

Power Consumption 130 200 130 230 mW 

The following specifications apply for TMIN S T AS TMAX: 

Input Offset Voltage RS S 200n, VCM = 0 4.5 6.0 mV 

RSS200n 6.0 10 mV 

I nput Offset Current 20 25 p.A 

Input Bias Current 150 150 p.A 

Average Temperature 

Coefficient of Input 

Offset Voltage 5.0' 5.0 p.V/"C 

Voltage Gain 500 500 

Nota 1: Rating applies for case temperatures to 125'C; derate lineerly at 5.6 mWfC for ambient temperatures above 105'C. 
Note 2: The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of I.SV at -ss'C. 1.4Vat 
2S'C, and IV at 12SoC. 
Note 3: The response time specified is for a 100 mV input step with 5 mV overdrive (see definitions). 
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~National 
~ Semiconductor 

Voltage Comparators 

. LM15141LM1414 Dual Differential Voltage Comparator 

General Description 

The LM1514/LM1414 is a dual differential voltage 
comparator intended for applications requiring 
high accuracy and fast response times. The device 
is constructed ~n a single monolithic silicon chip. 

The LM15147LM14·14 is useful as a variable thresh· 
old Schmitt trigger, a pulse height discriminator, 

. a voltage comparator in high-speed A·O·converters, 
a memory sense amplifier or a high noise immunity 
line receiver.' The output of the comparator is 
compatible with ail integrated logic forms. The 
LM1514/LM1414 meet or exceed the specifications 
for the MC1514/MC1414 and are pin·for-pin re­
piaoements. The LM1514 is available in the ceramic 
dual-in-line package. The. LM1414 is available in 
either the ceramic or molded dual·in·line package: 

The LM1514 is specified for operation over the 
_55°C to +125°C military temperature range. The 
LM1414 is specified for operation over the O°C 

. to +70°C temperature range .. 

Features 

• Two totally separate comparators per package 
• I ndependent strobe capability 
• High speed 30 ns typ 
• Low input offset voltage and current 
• High '·output sink current over temperature 
• Output compatible with TTLlDTL logic 
• Molded or ceramic dual·in·line package 

Schematic and Connection Diagrams 
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Dual·ln-Line "ackage 

Order Number LM1414J or LM1514J 
Sao NS Package J14A 

Order Number LM1414N 
See NS Package N14A 



Absolute Maximum Ratings (Note 11 

Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current 
Differential Input Voltage 
Input Voltage 
Power Dissipation (Note 21 
Operating Temperature Range LM1514 

LM1414 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds I 

+14.0V 
-7.0V 

10mA 
±5.0V 
±7.0V 

600mW 
-55°C to +125°C 

O°C to +70°C 
-65°C to +150°C 

300°C 

Electrical Characteristics for T A = 25°C, V+ = +12V, V- = -6V, unless otherwise specified 

PARAMETER 
LMI514 LM1414 

CONDITIONS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage Rs:5: 2000, VCM '" av, VOUT '" 1.4V 0.6 2.0 1.0 5.0 

Input Offset Current VCM '" av. VOUT ::: 1.4V 0.8 3.0 1.2 5.0 

Input Bias Current 20 '25 

Voltage Gain 1250 1000 

Output Resistance 200 200 

Differential Input Voltage Range ±5,Q ±S.O 

Input Voltage Range V-· -7.0V ±S.O ±5.0 

Common Mode Rejection Ratio Rs"; 200!l, V-· -7.0V 80 100 70 100 

Positive Output Voltage VIN ~7.0mV.O~loUT 'S-5.0mA 2.5 3.2 4.0 2.5 3.2 4.0 

Negative Output Voltage VIN $-7.0 mV -1.0 -0.5 0 -1.0 -0.5 0 

Strobed Output Voltage VSTAOBE .os;; O.3V -1.0 -0.5 0 -1.0 -0.5 0 

Strobe "0" Current VSTf~OaE ;0. 100 mV -1.2 -2.5 -1.2 -2.5 

Positive ~upply Current VIN 5-7 mV 18 18 

Negative Supply Current V1N 5-7 mV -14 -14 

. Power Consumption 180 300 180 300 

Response Time INo,e31 30 '30 

LM lS14/LM1414: The following apply for T I.. ~ T A < T HINote 4) unless otherwise specified 

Input Offset Voltage' Rs~200n. VOUT "" 1.BV forTA '" TL 3.Q 6.5 
VCM "'OV, VOUT = LOV forTA "'TH 3.0 6.5 

Input Bias Current 45 40 
Temperature Coefficien1 of 3.0 5.0 
Inpu1 Offse1: Voltage 

Inpu1 Offse1 Current VCM "'OV. VOUT ::: 1.eV, TA =TL 7.0 7.5 
VCM ;; OV. VOUT '" 1.0V. TA '" TH 3.0 7.5 

Voltage Gain 1000 800 

Ou1put Sink Current V IN ~-9.0 mV. VOUT ~OV 2.8 4:0 1.6 2.5 

UNITS 

mV 

p.A 

p.A 

Q 

V 

V 

dB 

V 

V 

V 

mA 

mA 

mA 

mW 

ns 

mV 
mV 

"A 
"VI'e 

"A 
"A 

mA 

Note 1: Voltage values are with respect to network ground terminal. Positive current is defined as current into the referenced 
pin. 

Note 2: LM1514 ceramic- package: The maximum junction temperature is +150°C, for operating at elevated temperatures, 
devices must be derated linearly at 12.5 mWfC. LM1414 ceramic package: The maximum junction temperature is +95°C for 
operating at elevated temperatures, devices must be derated linearly at 12.5 mWfC. LM14·14 molded package: The maximum 
junction temperature is +115°C, for operating at elevated temperatures, devices must be derated linearly at 6.7 mWfC. 

Note 3: The response time specified (see definitions) for a 100 mV ir'put step with 5 mVoverdrive. 

Note 4: For LM1514, TL = -55°e, TH = +125°e. For LM1414, TL = ooe, TH = +70oe. 
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Analog Switches 

Section Contents 

Analog Switches/Multiplexers Selection Guide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-iii 
Hybrid Anal9g Switch Selection Guide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·iv 
Definition of Terms ............................................................... ,........ 6-iv 
LF11331/LF13331 4 Normally Open Switches With Disable.................................. 6-1 
LF113321LF133324 Normally Closed Switches With Disable................................ 6·1 
LF11333/LF13333 2 Normally Closed Switches and 2 Normally 

Open Switches With' Disable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1 
LF11201/LF13201 4 Normally Closed Switches............................................. 6·1 
LF11202/LF13202 4 Normally Open Switches. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1 
LF11508lLF13508 a·Channel Analog Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·11 
LF11509/LF13509 4-Channel Differential Analog Multiplexer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6·11 

Note. For additional Information on analog switches, see National Semiconductor's Special Functions Databook 
and FET Databook. 
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RON VA/I PART LOGIC Vs 
toNhoFF RON VA/I PART . LOGIC Vs 

RON VA/I. Vs 
tON/tOFF (VI tON/tOFF PART LOGIC 

(Ill (VI NUMBER INPUT TYP (Ill (VI NUMBER INPUT 
IVI 

TYP 1m IVI NUMBER INPUT 
IVI 

TYP TYP TYP TYP 

Ou.ISPST SPOT " MUl TJPLEXERS 
10 tID AHOI41iDGI41 TTL -IB,12 0.8/1.1ps 10 ita AHOI46/DGI46 TTL -18,12· O.8/t.1~s .. 

30 flO . AHOI33iDGI33 TTL -18,12. 0.5/0.9ps 30 flO AHOI44/DGI44 TTL -18,12 0.5/0.9ps 3·Channel 
80 ±10 AHOI34/DGI34 TTL -lIi,12 0.5/0.9ps 80 ±10 AHOI43/DGI43 TTL -18,12 0.5/0.9ps -100 1SmA AH5013 15V TTL 150/300 ns 
15 17.5 AHOI51iDGI51 JTL ±15 0.8/1.11-15 15 ::':75 AHOI61iDGI61 TTL ±15 O.B/1.1J.1s ~ 150 5mA AH5014 . TTL lSO/300 ns 
60 17.5 AHOI52/DGI52 TTL .t15 O.5/0.9ps 50 ±7.5 ·AHOI62/DGI62 ·TTL itS O.5/0.9ps 

"30 ±7.5 AM181/DG181 TTL ±15,5 180/150 ns 100 ±9 AH2114 ISw. 11 15VTTL ±15 35/600 ns 
"75 ±10 AM182/DG 182 TTL ±15; 5 300/150 ns ISw.21 1.2,us/50ns 4·Channel 

"30 .±7.S AM187/DG187 TTL i15,5 180/150 n5 "100 'SmA AH5009/ AM9709 15V TTL lSO/JOOns 
"75 ±to AM188/DG188 TTL i15.5 3001150 ns "100 lOrnA AM97C09 CMOS 150/300 ns 

Tripl.SPST '150 5mA AH5010/AM9710 TTL 150/300ns 
"100 1SmA· AH6015 15VTTL 150/300 ns DUll SPOT "150 3mA AM97Cl0 CMOS 150/300ns 
"160 5mA AH5016 TTL 150/300 ns "3D ±7.5 AM190/DG190 TTL ±15,5 180/150 ns 

.. "75 :ttO AM191/DG191 TTL ±t5,5 300/150 ns 
4·Channel Differential 

Quad SPST • Triple SPOT 2BO ±7.5 CD4052 CMOS ±7.5 150/150 ns 
2oo·BOO tiD AHOO15 TTL -20,10,5 100/400 ns 280 ±7.5 CD4053 CMOS ±7.5 150/150 ns "350 12,-15 LF11509 . TTL ±15 1/0.2115 

"200 ±to LF11201 TTL tiS 90/500 ns 270 .±7.5 CQ45298 CMOS ±7.5 50/50 ns 

~ "200 ±10 LF11202 TTL ±lS 90/600 ns Dual DPST 
"200 tl0 LF11331 TTL ±15 90/600 ns 10 ±10 AHOI40/DGI40 TTL -18,12 0.8/1.1Ils· 
"200 tl0 LF11332 TTL tiS 90/500 ns 30 ±10 AH0129/DG129 TTL -18,12 0.5/0.91l' 6·Channel • 

"200 ±to LF11333 TTL ±lS 90/500 ns 80 ±10 AHOI26/DGI26 TTL -18,12 0.5/0.9ps 250·1600 50mA AM2009/MM45041 TTL -15,5 

"250 ±to LF13201 TTL ±tS 90/500 hs 15 ±7.5 . AHOI53/DGI53 TTL ±15 0.8/1.1Ils MM5504 
"250 ±10 LF13202 TTL ±15 90/600 ns 50 ±7.5 AHOI5410GI54 TTL ±l5 0.5/0.9Ils 
"250 tID LF13331 TTL ±t5 90/500 ns 200·600 ±10 AHOO19 TTL -20, 10,5 100/400 ns 
"250 ±lO LF13332 TTL ±15 90/500.ns "3~ ±7.5 AM184/DGI84 TTL ±1S.S 180/150 ns ~ a·Channel 

"260 tiD LF13333 TTL ±lS 90/500 ns "75 ±10 AMI B5/DG 185 TTL ±lS.6 300/150 ns 250·400 ,5 AM370S TTL -15,5 300/600 ns 

260 ±7.5 CD4066 CMOS ±7.S *350 12,-15 LF1150B TTL ±15 1/0.2ps 

850 ±7.5 CQ4016 CMOS ±7.5 Dual DPDT 270 :!7 S CD4529B . CMOS ±7.S 50/50 ns 

"100 15mA AH5011/AM9711 15V TTL 150/300 ns 10 ±lO AH0145/DG145 TTL . -lB, 12 0.811.1Ils 280 ±7.5 CD4501 CMOS ±7.5 1501150ns 

"100 10mA AM97Cl1 CMOS 150/300 ns 30 ±lO AHQ139/DG139 TTL -18,12 O.5/0.9,us 
"150 5mA AH5012/AM9712 TTL 150/300 ns BO ±10 AH0142/0G142 TTL -18,12 0.S/O.9ps 
"150 3mA AM97C12 CMOS 150/300 ns 15 ±7.5 AHOI63/DGI63 TTL ±15 0.8/1.1ps 
"3D ±7.5 AM193 TTL it5,5 180/150 ns 50 ±7.5 AH0164/DG164 TTL ±ts o 5/0.9ps 
"75 ±10 AMI94 TTL ±1S.S 300/150 os 200·600 ±lO AHOO14 TTL -20, 10, 5 350/400 ns 

Notes: 

RON max@TA = 2SoC 

.vA/I = maximum v'oltage or current to-be safely switched 
Part number = basic number/alternate number O.e., AM181/DG181l. May be ordered by either number. 

., 

*Preferred devicl!s 
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HYBRID ANALOG SWITCHES 
( 

, Drain·Source Drain·Gate Part Num!>er . 
Function "On" Leakage -55°C to i-25°C to Page 

Type Style Resistance Current tON tOFF 125°C 85°C Number 

PMOS DPDT 200'2 200pA 350ns 600ns AHOO14 AHOO14C 8·7 

PMOS , DPDT 2002 200pA lOOns 600ns AHOO15 AHOO15C 8·7 
PMOS Dual DPST 2002 200pA lOOns 600ns AHoo19 AHOO19C 8·7 
NJFET Dual SPOT 102 10nA LO~s 2,5~s AH0140 ' AH0140C 8·10 
NJFET Dual SPOT 152 10nA I,O~s 2,5~s AH0153 AH0153C 8·10 
NJFET Dual SPOT 302 1 riA O,8~s I,O~s AH0129 AH0129C 8·10 
NJFET Dual SPOT 502 InA O,8~s I,O~s AH0153 AH0153C 8·10 
NJFET Dual SPOT 802 ,InA O,8~s I,O~s AH0126 AH0126C 8·10 
NJFET Dual SPOT 102 10nA l,O~s 2,5~s AH0141 AH0141C 8·10 
NJFET Dual SPST 152 10nA I,O~s 2,5~s AH0151 (>.HO,151C 8·10 
NJFET Dual SPST 302 InA O,8~s l,O~s ' ,AHo',:i3 AHo'133C 8·10 
NJFET DualSPST 502 InA , ,O,8~s l,O~s AH0152 AH015~C 8·10 
NJFET Dual SPST 802 InA O,8~s l,O~s AH0134 AH0134C 8·10 
NJFET DPDT 102 " 10nA l,O~s 2,5~s AH0145 AH0145C 8-10 
NJFET DPDT 152 10nA l,O~s 2,5~s AH0163 AH0163C 8·10 
NJFET DPDT 302 InA O,8~s I,O~s AH0139 AH0139C 8·10 
NJFET DPDT 502 l'nA O,8~s 1.0~s AH01,64 AH0164C 8·10 
NJFET DPDT 802 InA O,8~s i,o~s AH0142 AH0142C 8·10 
NJFET SPOT 102 10nA l,O~s 2,5~s AI:10146 AH0146C 8-10 
NJFET SPOT 152 10nA 'l,O~s , 2,5~s AH0161 AH0161C 8-10 
NJFET SPOT 302 InA O,8~s 1.0'~s AH0144 AH0144C 8·10 
NJFET SPOT 502 InA O.-a~s l,O~s AH0162 ' AH0162C 8·10 
NJFET SPOT 802 InA 0.8~s l,O~s ,AH0143 AH0143C 8·10 
NJFET DualSPST 1002 lnA 1.5~s O,75~s AH2114 AH2114C 8·17 

.. , , 

'Refers to Special Functions Databook, 1979 'edition 

Definition of Terms 
Driver Leakage Current: The sum of the currents into 
the source and drain switch termimils, with both held 
at the same specified voltage. 

Logic '.'1" Input Volta~: The voltage level which is 
guaranteed to be interpreted by the device as a logical 
"true", signal. 

Logic "0" Input Voltage: The voltage level which is 
guaranteed to be interpreted by the device as a logical 
"false" signal. ' 

Logic Input Slew Rate: The voltage difference between 
the logic "I" and logic "a .. states divided by the transi· 
tion time. 

6-iv 

Switch Leakage Current: The current seen when a 
specified voltage is applied between drain and source 
of a channel that is logically turned off. 

SwitCh "ON" Resistance: The equ ivalent resistance 
from source to drain, tested, by forcing a specified 
current and measuring the resultant voltage drop. 

Switch Turn "OFF" Time: The interval between the 
time that the logic input passes through the threshold 
voltage and the time that the output goes to a specified 
voltage level in ,the test 'circuit'-

Switch Turn "ON" Time: The interval between the time 
that the logic input passes through the threshold voltage 
and the time that the output goes to 90% of its final 
,value in the specified te,st circuit. : : ' 

i 

; 

, 



~National Analog Switches 
~ Semiconductor 

~ ~.' ". " .... '. 

Quad SPST J FET Analog Switches 
LF11331/LF13331 4 Normally Open Switches with Disable 
LF113321LF13332 4 Normally Closed Switches with Disable 

BI·FET Technology 

LF11333/LF13333 2 Normally Closed Switches and 2 Normally Open Switches with Disable 
LF11201/LF13201 4 Normally Closed Switches 
LF11202/LF13202 4 Normally Open Switches 

General Description 
• Small signal analog signalS to 50 MHz These devices are a monolithic combination of bipolar; , 

and JFET technology producing the industry's first 
one chip quad JFET switch.' A unique circuit technique 

• Break-before-make action 

• High open switch isolation at 1'.0 MHz, 
to'FF < tON 

-50 dB 

• Low leakage in "OFF" state <1.0nA 

• TTL, DTL, RTL compatib.ility 

is employed to maintain a constant resistance over the 
analog voltage range of ±10V. The input is designed to 
operate from minimum TTL levels, and switch operation 
also ensures a break·before-make action. 

Features 
• Single disable pin opens all switches in package on 

LF11331, LF11332, LF11333 

• Analog signals are not loaded' • LF11201 is pin compatible with D(;201 

• Constant "ON" resistance for signa'is up to ±1 OV and 
100 kHz 

• Pin compatible with CMOS switches with the advan­
tage of blowout free handling 

These devices operate from ±15V supplies and swing a 
±10V analog signal. The JFET switches are designed for 
applications where a dc to medium frequency analog 
signal needs to be controlled. 

Connection Diagrams' (Dual-In-Line Packages) (All Switches Shown are For Logical "0") 

LFl133l/LF1333l 

IN, 01 SI v~ -VEE 52 02 IN2 

TOPVIEW 

LF11201/LF1320l 

LFl1332/LF13332 

top VIEW 

Order Number LF'l1201D, 
LF13201D, LFl1202D, 
LF13202D, LFl1331D, 
LF13331D, LFl1332D, 
LF13332D. LFll333D, 

or LF13333D 
See NS Package D16C 

Order Number LF13201N, 
, LF13202N, LF13331N, LF13332N, 

or LF13333N 
IN, 01 51 -Vu VA S2 02 IN2 See NS Package N16A 

TOPVIEW 

Test Circuit and Schematic Diagram 

I... r-------, 
. ANALOG'~ Is DI _ .~~ 
INP~T(VAI _I . ~~ . m>' -"-- I , ,.I r:L 

lOGIC __ .J~-= 
INPUT" ___ 

(LOGIC "0"·- DB~~ I I IA 

(lOGIC"'" /20V) I I , L..--fV~rl,~'''--J 
. ,. • IH~_15V Icct+15V ' 

LFl1333/LF13333 
53 03 

TOP VIEW 

LFl1202/LF13202 
IN. 04 S4 +Vcc NC, 53 

IN, 01 51 -VEE VA 52 02 IN2 

TOPVIEW 

FIGURE 1. Typical Circuit for One Switch FIGURE 2. Schematic Diagram (Normally Open) 
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Absolute Maximum Ratings 
.Positiv~ Supply - Negative Supply (Vee-Vee) 36V Operating Temperature Range 
Reference Voltage Vee:S: VA:S: Vee LFI1201., 2 and LF11331, 2, 3 -55·e to +125·e 
Logic Input Voltage VA -4.0V:S: V'N:S: VA +6.0V LF13201, 2 and LF1:!331, 2, 3 o·eto +70·e 

.Analog Voltage Vee :S:VA·:S: Vee +6V; V A:S: Vee +36V Storage Temperature -65·e to +150·e 
Analog Current· , IIAI<20mA Lead Temperature (Soldering, 1.0 seconds) 300·e 
Power Dissipation (Note 1) 

Molded DIP (III Suffix) 500mW 
Cavity DIP (0 Suffix) 900mW 

Electrical Characteristics (Notes 2, 7) 

LFI1331/213 LF1333112/3 
SYMBOL PARAMETER CONDITIONS LFI1201/2 LFI3201/~ UNITS . 

MIN TYP MAX MIN iYP MAX 

RON "ON" Resistance VA""O.lo""lmA TA = 25·C 150 200 150 250 11 
200 300 200' 350 11 

RON Match "ON" Resistance Matching 
, 

TA '" 25°C 6 20 .1!! 50 11 

VA Analog Range ±10' ±11 : ±10 ±If,· V 

'SION) + Leakage Current in "ON" Condition Switch "ON," Vs = Vo = ±10V TA :: 25°C 0.3 5 '0.3 10 nA 

'OIONI 3 100 :l. 30 nA 

ISfOFF} Source Current in "OFF" Condition SlNitch "OFF," Vs = +10V, TA "" 2SoC 0.4 5· 0.4, 10 nA 
Vo =-10V 3 lOa '.~ 30 nA 

'OIOFFI Drain Current in "OFF'~ Condition . Switch "OFF," Vs = +10V, lA = 2SoC 0.1 5· Dll. 10' nA 
Vo '= -10V 3 lOa 3. 30 nA 

V 1NH Logica''','' Input Voltage 2.0 2.0 
.-

V 

V1NL Logical "0'"Input Voltage O.B 
,. 

O.B V 

IINH Logic'al "l"l~put CUrrent V IN -:::5V TA = 25°C 3.& 10 3.6 40 
, 

jlA 
25 100 jlA 

IINL ,Logical "0" Input Current V,I; = O.B TA =25°C 0.1 0.1 jlA 
1 I jlA 

tON 'Delay Time "ON" Vs = ± 10V, (Figure 31 T A :: 25°C 600 600 ns 

tOFF Delay Time "OFF" 'Vs =;±10V,(Figure3) TA = 25"C 90 .~ ns 

tON - t~FF Break-Before-Make Vs = ±10V, (Figure 31 TA = 25"C 80 so: n. 

eSIOFF) Source Capacitance Switch "OFF:' Vs - ±10V T A '" 25°C 4.0 A.n pF 

COIOFF) Drain CapaCitance Switch "OFF," Vo ,;. ±10V T A :: 25°C 3,0 3.0 pF 

CsION) + Ac~ive Source and Drain Capacitance Switch "ON," Vs ::: Vo ::: OV TA = 25°C 5.0 '5.D pF 

COlON) 

ISOIOFF,) "OFF" ISolation (Figure 4), (Note 3) . TA = 25°C -60 -60 dB 

CT Crosstalk (Figure 41, (N?te 3) TA = 25"C -65' -6& ' dB 

SR Analog Slew Rate (Note 4) TA = 25°C 50 50 . VljlS 

'DIS Disable Current (Figure 51. (Note 5) T A :: 25°C 0.4 1.0 0.8 1.5 mA 

G.6 1.5 0.9 2.3 mA I __ 

Negative Supply Current All Switches "OFF," Vs = ±10V TA "" 25°C 3.0 5.0 . 4.3 7.0 mA 

4.2 7.5 8.D 10.5 mA 

IR Reference Supply Current All Switches "OFF," Vs ::: ±10V T A ::: 25°C 2.0 4.0. 2.1 5.0 mA 
2.8 6.0 3.8 7.5 mA 

Icc Positive SupplV Current All Switches "OFF," Vs = ±IOV TA = 25·C 4.5 6.0 i.o' 9.0 mA 
8.3, 9.0 &.8 13.5 mA 

Note 1: For operating at high temperatur"the molded DIP products must be derated based on a +100"e inaximum'iunctlon temperature and a 
thermal resistance of +150°C/W. devices:,in the, cavity DIP are based on a +150°C maximum junction temperature and are derated at +l00°CIW. 

Note 2: Unless otherwise. specified, Vee = +16V, VEE = -15V, VR = OV, and limits apply for-55·e:::. TA :::. +125"e for the LF11331, 2; 3 and 
the LFI1202, 2.-25°e S TA:::' +85·C for t~e L,FI3331;2, 3 and the LF13201, 2. 
Note 3: These parameters are limit~ by the pin to pin capacitance of the package. 

Note 4: This is the analog signal slew rate above which the signal is distorted as a result of finite internal slew rates. 

Note 5: All switches in the device are turned "OFF" by seturating a transistor at the disable node as shown In Figure 5, The delay times will be 
approximately equal to the tON·or tOFF.plus.the delay introduced by the external transistor, • 
Note 6: This gr~ph indi"!'tes the ".nalog current at which 1% of the analog current is lost when the drain is positive with rupect to the source, 
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Test Circuit and Typical Performance Curves 
Delay Time. Rise Time, Settling Time. and Switching Transients 

t15V -15V -VA 

I V,I. +l~V V~ '+~V 
Vo 

I 
J'N I--r V1N 

V,. 
\ 
I\.. 

I- J I \Vo- I--

l- t"} J.,.. 
I 

200ns/dlV 200nsldIV 

I J, .Jv I V1·_15V 

Vo Vo Vo 

I I I 
V:N I-- J.. 1\ J - J'N 

V,N f- - f- \ 

200nsldlv 2DOns/div 200nsJdiv 

Additional Test Circuits 

V" 

+15V -15V 'VA 

VD 

T 'OPF 

V" 

lOY 

50% 50% 

OV '-'+-----+>--_ 
VD 

Vp "+10V 

IOV 

B.DV '-+----'--+....;.:;'-+_ 

-B.DV ...-........ :--+--r-----

-IOV 
1,<IOns 
If <IOns 

FIGURE 3. tON, tOFF Test Circuit and Waveforms for a Normally Open Switch 

OFF ISOLATION' 20lDI ~ 
V. 

SID 

"0 

CROSSTALK z 20 IDg !£. 
VA 

FIGURE 4. "OFF" Isolation, Crosstalk, Small Signal Response 
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Typical Performance Characteristics 

"ON" Resistance 

200 
.f.Vcc = l&V 
-VEE "'-15V 

110 IA"D.lmA 

'60 

.4. r-

-10 -6.0 -2.0 2.0 6.0 10 

VA (VOLTS) 

Switching Times 

'200 ,-,.--,--,.---, 

50 50 100 150 

TEMPERATURE ( CI 

Supply Current 

'.0 

4.0 

200 

'60 

.20 
~ 

J 80 

40 

-40 
;;; 
~ 
z 
0 -80 

~ 
'" -80 

"ON" Resistance 

K 
...... V +Vcc = 15V 

I_VEE" -15V 

V IA =O.lmA- ~ 

VA =0 J 

-50 50 100 150 

TEMPERATURE ("C) 

Crosstalk and "OFF" Isolation 
vs Frequency Using Test Circuit 
of Figure 5 

,M 
FREDUENCY (Htl 

Switch Leakage Currants 

10M 

'" .s 

I 
> 
t 
ill 

100.000 r.;--=."--=,---.",,,,,,,,,.,. 
10,000 

240 

200 

160 

.20 

80 

40 

o 

10 

8.0 

6.0 

4.0 

2.0 

o 

1 '000 

. I .~ ~"I'DNI' +!'!DIO!N1' ~;;I;I 
3.0 

2.0 

1.0 

100 

80 

&0 

.. 
20 

o 

o 10 100 Uk 10k tOOl I.OM -100 50 50 100 150 

FREQUENCY (Hz) 

Slaw Rate of Analog Voltage 
Above Which Signal Loading 
Occurs 

Vee J 15V 
VEE" 15V 

....... r--r-.. 

TEMPERATURE ( C) 

Small Signal RespOnse 

Ii 
~ 
z 
0 

~ -3 r: .. 
-6 

-20 

! -16 

!i; I -12 

I-S'o 

c -4.0 

o 

"ON" Resistance 

v 
V 

I-- ---vee" 15V 
VEE" -15V f--
~. <0 , 

6.0 4.0 2.0 2.0 4.0 &.0 

ANALOG CURR~NT (mAl 

Supply Current 

YA "YEE +5.DV 
ALL SWITCHES OFF 

I 
~ 
NEGATIV~ IIE~ 

REFEjENCE ,IRI 

o 5.0 10 15 20 2' 

SUPPLY VOLTAGE ltV) 

Switch Leakage Current 

-&.0 -2.0 2.0 6.0 10 

VA (VOLTS) 

Maximum Accurate AnalOg 
Current vs Temperature 

INOTEJ 

" 
.. 

~ 
........... 

..;,.,,-

-100 50 50 100 150 .M .OM 

FREQUENCY (Hz) 

100M -101 '·50 O. 50 100 150 

TEMPERATURE I C) TEMPERATURE rei 
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Break-Bafore-Make Action 
.. I 

+Vcc = 1!iV, -Vu • -15V 

~ 
TIME MEASURED FROM r..1- ""'NPUT.ULlnD..,. r--. ~ DUT'UTPULSE I 

1' ..... 10. 

:" 

.00 f- lo" 

-.0 -&.0 -2.0 2JI 6.0 .0 

VA CYOlTS) 

Supply Current. 
10 

1 1.0 

; 6.0 1-"":1"-0..::-11---1---1---1 

il 
~ 4.0 I-~k:~t--I-"":!='-I 

~. 
2.0. r--lF""'t--+=;;;t:;=:-i 

a ~~--~--~--~~ 
-100 -50 Sit 100 .58 

TEMPERATURE reI 

Switch Capacitances 

'8 
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CiOFFI I ./ 
2.0 ~DIOFfl t---r Vcc"'IV 

VEE --15V o 
-10 -6 .. 0 -2.0 2.0 6.0 II 

V. (VOLTS' 

Logical "1" Input B •• Current 
10 

Vee" 15V 

8.0 
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VEE 0;-15V 
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VR "8V 
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Application Hints 

GENERAL INFORMATION 

These devices are monolithic quad JFET analog switches 
with "ON" resistances which are essentially independent 
of analog voltage or analog current. The leakage currents 
are typically less than 1 nA at 25°C in both the "OF F" 
and "ON" switch states and introduce negligible errors 
in most applications. Each switch' is controlled by mini· 
mum TTL logic levels at its input and is designed to turn 
"OFF" faster than it will turn "ON." This prevents two 
analog sources from being transiently connected together 
during switching. The switches were designed for appli· 
cations which require break·before·make action, no 
analog current loss, medium speed switching times and, 
moderate analog currents. 

Because these analog switches are JF ET rather than 
CMOS, they do not require special handling. 

LOGIC INPUTS 

The logic input (IN), of each switch, is referenced to two 
forward diode drops (1.4V at 25°C) from the reference 
supply (V R) which makes it compatible with DTL, RTL, 
and TTL logic families. For nQrmal, operation, the logic 
"0" voltage can range from O.BV to -4.0V with respect 
to VR and the lo'gic'''l'' voltage can range from 2.0V to 
6.0V with respect to V R, provided V IN is not greater 
than (V ce - 2.5V). If the input voltage is greater than 
(Vee - 2.5Vl. the input current will increase. If,the 
input voltage exceeds 6.0V or -4.0V with respect, to' 
V R' a resistor in series with the input should be used to 
limit the input current to less than 100llA 

ANALOG VOLTAGE AND CURRENT 

Analog Voltage 

Each switch has a constant "ON" resistance (RON) for 
analog voltages from (VEE + 5V) to (Vee - 5V). For 
analog voltages greater than (Vee - 5Vl. the switch will 
remain ON independent of the logic input voltage. For 
analog voltages less than (V EE + 5Vl. the ON resistance 
of the switch will increase. Although the switch will not 
operate normally when the analog voltage is out of the 
previously mentioned range, the source voltage can go to 
either (VEE + 36V) or (Vee'+ 6V), whichever is more 
positive, and can go as negative as V EE without destruc: 
tion. The drain (D) voltage can also, go to either 
(VEE + 36V) or (Vee + 6Vl. whichever is more posi· 
tive, and can go as negative as (Vee - 36V) without 
destruction. 

Analog Current 

With the source (S) positive with respect to the drain 
(D), the RON is constant for low analog currents, but 
will increase at higher currents (>5 mAl when the FET 
enters the saturation region. However, if the drain is 
positive with respect to the source and a small analog 
current loss at high analog currents (Note 6) is tolerable, 
a low RON can be maintained for analog currents greater 
than 5 mA at 25°C. 

LEAKAGE CURRENTS 

The drain and source leakage currents, in both the ON 
and the OF F states of each switch, are typically less than 
1 nA at 25°C' and less than 100 nA at 125°C. As shown 
in the typical curves, these leakage currents are depend· 
ent on power supply voltages, analog voltage, analog cur· 
rent and the source to drain voltage. ' 

DELAY TIMES 

The delay time OFF (tOFF) is essentially independent of 
both the analog voltage and temperature. The delay time 
ON (tON) will decrease as either (Vee - V A) decreases 
or the temperature decreases. 

POWER SUPPLIES 

The voltage between the positive supply (Ved and 
either the negative supply (VEE) or the reference supply 
(V R ) can be as much as 36V. To accommodate varia· 
tions in input logic reference voltages, V R can range 
from VEE to (Vee - 4.5V). Care should be taken 'to 
ensure that the power supply leads for the device never 
become rev'ersed in polarity or that the device is neve; 
inadvertantly 'installed backwards in a test socket, If one 
of these conditions occurs, the supplies would zener an 
interal diode to an unlimited "current; and result in a 
,destroyed device .. 

SWITCHING TRANSIENTS 

W~en a switch is turned OFF or ON, transients will 
appear at the load due to the internal transient voltage at 
the gate of the switch JFET being coupled to the drain 
and source by the junction capacitances of the JFET, 
The magnitude of these transients is dependent on the 
load. A lower value RL produces a lower transient volt· 
age. A negative transient occurs during 'the delay time 
ON, while a positive transient occurs during the delay 
time OFF. These transients are relatively small when 
compared to faster switch families. 

DISABLE NODE 

This node can be used, as shown in Figure 5, to turn all 
the switches ,in the unit off independent of logic inputs. 
Normally, the node floats freely at an internal diode 
drop ("" 0.7V) above V R' When the external transistor in 
Figure 5 is saturated, the node is pulled very close to V R 

and the unit is disabled. Typically, the current from the 
node will be less than 1 rnA. This feature is not availa· 
ble on the LFl1201 or LF11202 series. 

,-:---­
I 
I 

v,. I 

+Vcc 

I ~ --I---+-~ 
I -4- ' , .... 'VVv-vl vD •• ", ' IV L_-= ___ _ 

FIGURE 5. Disable Function 



Typical Applications 

Pro~rammable Inverting Non-Inverting Operational Amplifier 

rl --~;---., 14. . . IS 10l1li 

J;: I ~ I 
,,1 I 1'0 

I 

VON J: 

NON·INVERTIN.G 

Programmable Gain Operational Amplifier 

r--~;;;"--, 
14 15 18k 

1M 

V,. 
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It-t.tiJ 
GAIN SELECT . 
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Typical Applications (Continued) 
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Multiplexer/Mixer 
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Typical Applications (Continueq) 

Chopper Channel Amplifier 

, I ... F 
10k 11111 I 
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.. rrr!i ~ ir-ft r 
, , ' 5M I, I 
'I I ' 1M , , " 
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Self-Zeroing Operational Amplifier 
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Ty . plcal Application 
5 (Continued) ------:------------
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Typical Applications (Continued) 

DSB Modulator·Demodulator 
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BI·FET Technology 

LF11508lLF1350a a-Channel Analog Multiplexer 
LF11509/LF135094-Channel Differential Analog Multiplexer 
General Description 
The LFl1508/LF13508 is an 8·channel analog multi· 
plexer which connects the output to 1 of the 8 analog 
inputs depending on the state of a ,J·bit binary address. 
An enable control allows disconnecting the output; 
thereby providing a package select function. 

This device is fabricated with National's BI·FET tech· 
nology which provides ion·implanted JFETs for the 
analog switch on the same chip as the bipolar decode 
and switch drive circuitry. This technology makes 
possible low constant "ON" resistance with analog 
input voltage variations. This device does not suffer 
from latch·up problems or static charge blow·out 
problems associated with similar CMOS parts. The 
digital inputs are designed to operate from both TTL 
and CMOS levels. while always providing a definite 
break·before·make action. 

The LF11509/LF13509 is a 4·channel differential analog 
multiplexer. A 2·bit binary address will connect a pair 

Functional Diagrams and Truth Tables 

of independent analog inputs to one of any 4 pairs of 
independent analog outputs. The device has all the 
features of the LFl1508 series and should be used 
whenever differential analog inputs are required. 

Features 
• JFET switches rather than CMOS 
• No static discharge blow·out problem 
• No SCR latch·up problems 
• Analog signal range llV, -15V 
• Constant "ON" resistance for analog signals between 

-11Yam;1 llV 
• "ON" resistance 380 n typ 
• Digital inputs compatible with TTL and CMOS 
• Output enable control 
• Break·before·make action: tOFF = 0.2 jJS; tON 

2 jJS typ 

• Lower leakage devices available 

LFl1508/LFl3508 

EN A2 AI AD 

EN A2 A1 AD 
SWITCH 

ON, 

-VEE H L. L L 51 

H L L.· H 52 

H L H L S3 
GND 

H L H H S4 
H H L L 55 

vee H H L H S6 

H H H L S7 

H H H H S8 

L X X . X· NONE· 
sa S) 56 55 54 S3 52 Sl 

LFl15D9/LFl35D9 

EN Al AD 
SWITCH 

PAIR ON· 

L X X None 
H L L S1 
H L ""H S2 
H H L 53 
H H H 54 
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Absolute; Maximum Ratings 

LFl150B, LF1350B, 
, , LFll5D9 LF13S09 

Positive Supply' - Negative Supply (VCC - VEE) 36V 3SV 

Positive Analog Input Voltage (Note 1) VCC VCC 
Negative Anal.,g input Voltage INote,ll -VEE -VEE 
Positive Digital Input Voltage " '~" Vce Vce 
Negative Digital Input Voltage -5V -SV 

Analog Switch Currerh 
, 

'lIsl<'10mA' IISI< 10mA 
Power Dissipation (PO at 2So C) and Thermal , 

" Resistance (6jA), (Note 2) , 
, Molded DIP (N) Po ;, - 500mW 

'6jA - lS0~CIW 

Cavity DIP (0) PO' ".' 900mW 900mW , , 
6jA 100°CIW ' 100'CIW 

Maximum JunCtion Temperature (TjMAX) \ 150°C 100'C " 
Operating Temperature Range J '" --55"C'S TA::; +12SoC O'C:; TA::; +700 e 

... Storage Temperature Range: ~SOCto+lsi)'c , 
"-6s'e to +lS0°C 

Lead Temperature (Soldering, 60 sec'lOds) ,300°C aooDe: 

' .. ., . ... , 
, , 

" " 
Electrical Characteristics '(N9te ~) 

.. 
" 

" c, " '. , " " ' 
" , 

,,1 ; 

CONDITIONS 
LF11508, LF11509 LF13508, LF13509 

UNITS SYMBOL PARAMETER " 

, MIN TYP MAX MIN TV": MAX 

RON "ON" Resistance VOUT='OV, IS= 100/lA " TA = 25'C 380' 500 380 ' 650 n 
'600 7S0 SOD BSO n 

ARON ~RON with Analog Voltage -10V <::; VOUT <::; +lOY, IS,. 100'/lA r.A~ 2S'C \ 0.Q1 1 0.01 ,'1 % '. 

Swing 

RON Match RON Match Between Switches VOUT = OV, IS ~ 100/lA TA = 2S'e 20 100 20 150 n 
IS(OFFI Source Current· in "OFF"· Switch "OFF", VS= ", Vo = -11, TA= 2Soe 1 5 nA 

Condition INote 4J 10 SO 0.09 50 nA 

IOIOfF) Drain Current in:"OFF" ,Switch "OFF", Vs F 1~, liD = -ii,' TA = 2SOC 10 20 nA 
Condition INote4) 2S SOO 0.6 ,sao nA 

IOION), Leakage Current';n "ON" 'Switch "ON" Vo =;l1V,(Note 4) TA = 2S'C 10 20 nA 
Condition 

, 
. , ' .. 35 500 1 SOO nA 

V,NH Digital ~'1" Input Voltage 2.0 2,0 V 

VINL Digital ;'0" Input Voltage .. ' 0.7 0.7 V 

"NL Digital "0" Inpu~ Cur~ent Y,N = O,7V , TA = 25°C 1.5 20 I.S 30, /lA 
40 40 /lA. 

"NL(EN) Digital "0" Enable Current VEN = 0.7V TA = 25°C 1.2 20 1.2 30 /lA 
40 40 /lA 

ITRAN Switching Time of Multiplexer (Figure 11, (Note SI TA = 2S'e 2.0 3 1.8 /l' 

tOPEN Break-Before-Make (Figure 31 TA = 25'C 1.6 1,6 /l' 

tON(EN) Enable Delay "ON" (Figure 21 , TA = 25°C 1.6 1.6 L /l' 

tOFF(EN) Enable Delay "OFF" (Figure 21 TA = 25'C 0.2 0.2 /l' 

ISO(OFF) "OFF" Isolation (Note 6) . , TA = 2SoC .. -66 -66 dB 

CT Crosstalk' : LFllS09 serie" INote Ii) TA ="2SoC -66 -66 dB 

CSIOFF) Source Capacit~nce ("OFF") Switch "OFF", VOUT = OV, TA = ,25'C 2.2 2.2 pF 
VS=OV 

COIOfF) Drain ~apacita~ce ("O~F'~) Switch "OFF', VOUT ~ OV, , TA = 25'C 11.4 11.4 pF 
VS=OV 

" 
.. 

ICC 
.. 

Positive SUPply"Curre~t All Digital Inputs Grounded . TA=25'C .1,4 10 7:4 12 rnA 
9,2 13 7:9 IS rnA 

lEE' Negative Supply Current All Digit-al Inputs Grounded . , TA = 25'C 2.1 4.5 2,7 5 rnA 

2.9 5.S 2.B 6 rnA 

. , .. 
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Notes 

Note 1: If the analog input voltage exceeds this limit, the input current should be limited to less than 10 rnA. 
Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX. 8jA, and the 
ambient temperature, TA' The maximum available power dissipation at any temperature is PO= (TjMAX - TA}/0jA or the 25°C POMAX. which~ 
ever is, less. ' 
Note 3: These specifications apply for Vs = ±15V and over the absolute maximum operating temperature range (TL:5. TA:5. TH) unless otherwise 
noted. 
Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11V on the analog input may cause an "OFF" channel to 
turn "ON". 

Note 5: Lots are sample tested to this parameter. The measurement conditions of Figure 1 insure worse case transition time. 
Note 6: "OFF" isolation is measured with all switches "OFF" and driving a source. Crosstalk is measured with a pair of switches "ON", driving 
channel A and measuring channel B. RL = 200, CL = 7 pF, Vs = 3 Vrms, f = 500 kHz. 

Connection Diagrams 

LFI1508/LFI350B 
Dual-In-Line Package 

LF11509/LF13509 
Dual·ln-Line Package 

AI A2 GND Vee 55 56 57 S8 AI GND Vee SI8 52B S38 548 

116 
-

1"""" 

I 

AD EN 

15 14 13 12 11 

2 3 4 5 6 

.-VEE SI 52 S3 S4 

TDPVIEW 

Order Number LF1150BD or LF1350BD 
See NS Package D16C 

Order Number LF1350BN 
. S.e NS Package N16A 

10 9 /,6 

- -

7 
18 

I 

AD EN 

AC Test Circuits and Switching Time Waveforms 

LOGIC 
INPUT 

15V 

Vee 
51 

52-S71-0----, 
LF1150B 

-15V 

FIGURE 1. Transition Time 
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AC Test Circuit and Switching Time Waveforms (Continued) 
15V 

Vee 

SI 

S2-S8 
LF11508 VOUT 

ENABLE 
INPUT Ik 

J 'OPF 
-15V 

'::' '::' '::' 

FIGURE 2. Enable Times 

15V 

IOV 

vee 'OPEN 

EN 

A2 S2-S7 VOUT 

AI LF1150B 

AD 

LOGIC INPUT 3V~ INPUT 
DRIVE 

-15V 
OV 

'::' '::' '::' 

fiGURE 3. Break·Sefore·Make 

Transition Times and Transients 
VA=5V 

VIN VIN 

> > e 
i:; ~. 

GNO Vo GNO Vo 

1 "SID IV I "S/DIV 

VA a -5V 

GNO GNO 

VIN 

> 

~ 

1 pS/DIV 1 pS/DlV 

VA=-10V 
Test Circuit 

GNO Vo 15V 

VIN 
vee 

> SI 

~ LFI1508 
SB 

1.uS/DIV 
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Typical Performance Characteristics 
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Application Hints 
The LF11508 series is an 8-channel analog multiplexer 
which allows the connection of a single load to 1 of 8 
different analog inputs. These multiplexers incorporate 
JFETs in a switch configuration which insures a constant 
"ON" resistance over the analog voltage range of the 
device. Four TTL compatible inputs are provided; a 

, 3-bit binary decode to select a particular channel and an 
enable input used as a package select. The switches 
operate with a break-befclre-make action preventing the 
temporary connection of 2 analog inputs during 
switching. Because these multiplexers are fabricated with 
the BI-FET process rather than CMOS, they do not 
require special handling. 

The LF11509 series is a 4-channel differential multi­
plexer which allows two loads to be connected to 1 of 
4 different pairs of analog inputs. The LF11509 series 
also has all the features of the LF11508. 

"ANALOG VOLTAGE AND CURRENT 

The !'ON" resistance, RON,' of the analog switches is 
constant over a wide input range from p,ositive (Vccl 
supply to negative (-VEE) supply. 

The analog input should not exceed either positive or 
negative supply withou't limiting the currerit to less 
'than 10 mA; otherwise ihe m'ultiplexer'may get damaged. 
For proper operation, however, the positive analog 
voltage should be kept equ;ill to or less than VCC - 4V 
as this will increase the switch leakage in both "ON" 
and "OFF" state and it may also cause a false turn "ON" 
of a normally "OFF" switch. This limit applies over the 
full temperature range. 

The maximum allowable switc\:l "ON" voltage (the drop 
. across the switch in the "ON" condition) is ±0.4V over 
temperature., If this number is to exceed the input 
currimt,should be limited to 10 mAo 

'The "ON". resistance of the multiplexing switche~ 

,varies slightly with analog current because they are 
JFETs running at OV gate to source. The JFET charac-

,teristics shown in Figure 4 indicates how RON tends 
, to. vary' with current. A 16wer RON is possible when 
the sourCe voltage is negative with respect to the drain 
voltage because the JFET becomes enhanced. Caution 
should be used when operating in this mode as this 
may forward-bias an internal transistor and cause high 
currents to flow in the switches. Thus, the drain voltage 
should never be greater than O.4V positive with respect 

s 
1 .. 6 

'1.2 

'" 
jP 

~ 0.8 
0 

,-
0.4 

.". 

-2 -1 

vsolvi 

to the source voltage without limiting the drain current 
to less than 1 0 mAo 

LEAKAGE CURRENTS 

Leakage currents' will remain within the specified value 
as long as the drain and source remain within the speci­
fied analog voltage range. As the switch terminals exceed 
the positive analog voltage range "ON" and "OFF" 
leakage currents increase. The "ON" leakage increases 
due to an internal clamp required by the switch struc-

, ture. The "OFF" leakage increases because the gate to 
source reverse bias has been decreased to the point 
where the switch becomes active. Leakage currents vary 
slightly with analog voltage and' will approximately 
double for every 10°C rise in temperature. 

SWITCHING TIMES AND TRANSIENTS 

These multiplexers operate with a break-before-make 
switch action. The turn off time is muc\:1 faster than 
the turn on time to guarantee this feature over'the full 
range of analog input voltage and temperature. Syvitching 
transients are introduced when a switch is turned "OFF". 
'The ampl itude of these transients may be reduced by 
increasing the load capacitance or' decreasing the load· 
resistance. The actual charge transfer in the transient 
may be reduced by operating on reduced power sup­
plies. Examples of switching times and transients are 
shown in the typical ch'aracteristic curves. The enable 
function switching times are specified separately fr!lm , 
switch-to-switch transition times and may be thought 
of as package-to-package transition times. 

LOGIC INPUTS AND ENABLE INPUT 

Switch selection in the LF11508 series is accomplished 
by using a 3-bit binary decode while the LF-11509 series 
uses a 2-bit decode. These binary logic inputs are compa­
tible with both TTL and CMOS logic voltage levels. 
The maximum positive voltage applied to these. inputs 
may exceed VCC but should not exceed -VEE + 36V. ' 
The maximum negative voltage should not be less than 
4V below ground as this will cause an internal device to 
zener and all the switches will turn "ON". 

As shown in the schematic diagram, the logic low bias 
current will flow until the PNP input is raised above the 
3 diode reference ("" 2.1V). Above this voltage the input 
device becomes reverse biased and the input current 
drops to the leakage of the reverse biased junction 
«0.1fJA). ' 

3.6 

1.8 

« 
£ 
.!t' 

-1.8 

-3.6 

,t~ 
VSD 

/ 
'D 

-2 -1 

I 
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o· 
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1/ 

FIGURE 4. JFET Ch.r.ct.ri~tics 
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Typical Applications 
DATA ACQUISITION SYSTEM 

A SIMPLIFIED SYSTEM DISCUSSION 

Analog multiplexers (MUX) are usually used for multi· 
channel Data Acquisition Units (DAU). Figure 5 shows a 
system in which 8 different analog inputs are sampled 
and converted into digital words for further processing. 
The sample and hold circuit is optional, depending on 
input speed requirements and on A/D converter speed. 

Parameters characterizing the system are: 

System Channels: The number of multiplexer channels. 
Accuracy: The conversion accuracy of each individual 
sample with the system operating at the throughput rate. 

Speed or Throughput Rate: Number of samples/second/ 
channel the syst~m can handle. 

For a discussion on system structure, addressing mode 
and processor interfacing, see application note AN·159. 

A. ACCURACY CONSIDERATIONS 

1. Multiplexer's Influence on System Accuracy (Fig, 
ure 6). 

a. The error, (E), caused by the finite "ON" resis· 
tance, RON, of the multiplexing switches 
is given by: 

100 
E(%) ; , where: 

1 + RIN/(RON + RS + ARON) 

R IN;, following stage input impedance 
ARON ; "ON" resistance modulation which is 
negligible for JFET switches like the LF11508 

Example: Let RON; 450 Q, ARON; 0, RS; 0, 
-TA ; 25°C and allowable E ; 0.01% which is 
equivalent to 1/2 LSB in a 12-bit system: 

RIN I . ; RON (lOO-E); 4.5 MQ 
mm E 

Note that if temperature effects are included, 
some gain (or full scale) drift will occur; but 
effects on linearity are small. 

b. Multiplexer settling time (ts): 

ANALOG INPUTS 

ts(ON): is the time required for the MUX output 
to settle within a predetermined accuracy, as 
shown in Table I. 
Cs (Figure 6): MUX output capacitance + fol­
lowing stage input capaci~ance + any stray capaci­
tance at this-node. 

} n BITS WORD 

TABLE I. 

ts(ON) ERROR % BITS 
TO 1/2 LSB 

0.2 8 6.2t 
0.05 10 7.6t 
0.01 12 9t 
0.0008 16 11.8t 

t = Cs ~RON + RslllRIN 

ts(OFF): is the time it takes to discharge Cs 
within a tolerable error. The "OFF" settling time 
should be taken into account for bipolar inputs 
where its effects will appear as a worse case 
doubling of the ts(ON). 

2. Sample and Hold Influence on System Accuracy 

The sample and hold, if used, also introduces 
errors into the system accuracy due to: 

• Offset voltage of sample and hold 
• Droop rate in the Hold mode 
• T A: Aperture time or time delay between the 

time of a digital Hold command and the actual 
Hold occurance 

• Taq: Acquisition time or time it takes to 
acquire an analog input and settle within a pre-
determined error band . 

• Hold 'step: Error created during the Sample to 
Hold mode caused by an undesirable charge 
injected into the Hold capacito'r Ch. 

For more details on sample and hold errors, see 
the LF 198/LF298/LF398 data sheet. 

3. AID Converter Influence on System Accuracy 
The "accuracy" of the A/D _ converter is the best 
possible system accuracy. In most data acquisi­
tion systems, the A/D converter is the most expen­
sive single component, so its error will often 
dominate system error. Care should be taken that' 
MUX, S/H and input source errors do not exceed 
system error requirements when added to A/D 
errors. For instance, if an 8-bit accuracy system 
is desired and an 8-bit A/D converter is used, the 
accuracy of the MUX and S/H should be far 
better than 8 bits. 

For details on A/D converter specifications, see 
AN-156. 

v,. 

PRECONDITIONED [ 

CONVERSION COMPLETE 

FIGURE 5. Random-Addressed, Multiplexed DAU FIGURE 6. B-Channel MUX 
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Typical Applications (Continued) 

B. SPEED CONSIDERATIONS 

In the system of Figure 5 witl;! the S/H omitted, if n·bit 
accuracy is desired, the change of the analog input 
voltage should be less than ±1/2 LSB over the AID con· 
version time TC' In other words, the analog input slew 
rate, (rate of change of input voltage), will cause a slew· 
induced error and its 'magnitude, with respect to the total 
system error, will depend on the particular application. 

LlVIN I 
At < 

max 

±1/2 LSB VFS 
-----

TC 2n x TC 

where VFS is the full scale voltage of the AID. Note that 
slew induced errors are not affected by the MUX switch 
time since we can let the unit settle before starti,ng 
conversion. 

Example:Let TC = 40 p.s (MM4357), VFS = 10V and 
n =B. 

LlVIN I 
Llt < 

max 

1 mV 

p.s 

which is a very small number. A 10 Vp·p sine wave of 
a frequency greater than 32 Hz will have higher slew 
rate than this. The maximUm throughput rate of the 
above 8-channel ,system would be calculated using 
both the AID co";version time and the sum of MUX 
switch "ON" time and settling time, i.e.: 

Th_ RI = = 3k samrles/secl 
max 8 (TC + TMUX) channe 

TMUX = TON + TS(ON) , 

Also notice that Nyquist sall)pling criteria would 
allow each channel to have a signal bandwidth of 
1.5 krllz max, while the slew limit dictates a maxi· 
'mum frequency of 32 Hz. If the input signal has a 
peak-to-peak voltage less than 10V. the allowable 
maximum input frequency can be calculated' by: 

(Slew Rate)max 
fMAX=----­

ozrVp-p 

On the other hand, if the input voltage is not band­
limited a low pass filter with an attenuation of 30 dB or 
better at 1.5 kHz, should be connected in front of 
the MUX. 

1. Improving, System Speed with a Sample and Hold 

The system speed can be improved by using the 
S/H shown in Figure 5; This allows a much greater 
rate of change of VIN. 

AVIN I VFS 
~ < 

max 2n x TA, 

6-18 

where TA is the aperture time of the S/H. This 
represents an input slew rate improvement by a 
factor: TCIT A- Here again, the slew rate error is 
not affected by the acquisition time of the Sample 
and Hold since conversion will start after the S/H 
has settled. An important thing to notice is that 
the sample and hold errors will, add to the total 
system error budget; therefore, the inequality of 
the LlV/N/Llt expression should become more 
stringent. ' 

Example: TC = 40 p.s,T A~.5 p.s, n = 8: TCIT A = 80 

So the use of a S/H allows a speed improvement 
by nearly two orders of magnitude. 

T~e maximum throughput rate can be calculated by: 

Th. RI 
max a (TA + Taq+ Tc) 

Notice th'at TMUX does not affect the AVIN/Llt 
expression nor the throughput rate of the system since 
it may be switched and settled while the Sample and 
Hold is in the Hold mode. This is true, provided that: 
TMUX <TA +TC· 

C. SYSTEM EXAMPLE (Figure 7) 

The LF398 S/H ~ith a 1000 pF hold capacitor, has an 
acquisition time of 4 p.s to 0.1 % (1/4 LSB error for 8 
bits) and an aperture time of less than 200 p.s. On the 
other hand, after the hold command, the output will 
settle to ±0.05 mV in 1 p.s. This, together with the 
acquisition time, introduces approximately a ±1/4 LSB 
error. Allowing another 1/4 LSB error for hold step 
and gain non-linearity, the maximum slew error (Ll VINI 
Llt) should not exceed 114 LSB or: 

LlVIN 1 1 1 
--< -,.-x-x--""5mV/p.s 

Llt - 4 256 TA 

(which is the maximum slew rate of a 5 V peak sine 
wave. Also notice that, due to the above input slew 
restrictions, the analog delay caused by the finite BW of 
the ~/H and the digital. delay caused by the response 
time of the controller will be negligible. The maximum 
throughput rate of the system is: 

Th. R I 
max -----,,= 2800 samples/sec/ 

8 (5 + 40) 10 6 ch. 

If the system speed requirements are relaxed, but the 
AID converter is still too slow, then an inexpensive S/H 
can be built by using just a capacitor and a low cost 
FET input op amp as shown in Figure 8. 



Typical Applications (Continued) 
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Typical Applications (Continued) 

D. DOUBLING THE SYSTEM CHANNEL CAPABILITY 

This is'dane in two different ways. First, we can use 
second level multiplexing with speed benefits, as shown 
in Figure 9. A fast 2·channel multiplexer, made by the 
dual analog switch AM182, accepts the outputs of each 
8·channel MUX, LF13508, and then feeds them sequen. 
tially into an 8·bit successive approximation AID conver· 

,ter. With this technique, the throughput rate, of the 
system can again be made independent of the the 
LF13508 speed. Looking at the timing diagram, when 
the AID conv'erter converts the analog' value of an 
up~r multiplexer channel, we switch channels in the 
lower multiplexer for the next conversion. This can be 
done provided that: ' 

,TMUX:;TC+ 1 CPo 

The LF356 connected as unity gain buffers are used 
because of the low input impedance of the AID; they 
are connected between multiplexers for sp~ed optimi· 
zation: With a maximum clock frequency of 4.5 MHz: 

106 
Th. R = --- = 3,1.25k samples/sec!channel 

16 x 2 

and 

I 10 
<­

max 256 
x--

2 MS 

SAMPLE --, r, 
HOLO---U 

19.5 mVlMs for 10VFS 

,15V -15V 

EN AD AI A2 
I 

CHANNEL SELECT 

An alternate way' to increase the system channel is 
shown in Figure 10, where the enable pins are 'used to 
disable one MUX while the other is sampling. With this 
method, many 8·channel multiplexers can be connected, 
but the parasitic capacitance at the common output 
node will keep increasing and will eventually degrade 
the settling time, ts(ON). Also, the MUX speed will now 
affect the system throughput. If, for instance, this 
method was used instead of second level multiplexing, 
the system of Figure 9 will· lose ha,lf of its speed., If, 
however, speed is not the prime system requirement, 
the approach of Figure 10 is more cost effective. . 

E. DIFFERENTIAL INPUT SYSTEMS 

Systems operating in industrial environments' may 
require an instrumentation amplifier to, separate the' 
desired analog signal from any common·mode signal 
present. The LF11509 was designed to provide 4 pairs of 
differential input signals to the input of an instrumenta· 
tion amplifier for further process. A 4·channel precondi· 
tioning circuit is shown in Figure 11 and a complete 
system is shown in Figure 12. 

- - -'TOA/O 

• The acquisition time, TA, of the Sample and Hold depends upon: RON, lOSS of switches, ZOUT of switches. 

• lOSS" 1.5 mA, ZOUT = 40 kil 
•. VIN = 10V,Ch = 1000pF, TA = 20llsto 0.1% 
• Error created by charge injection during Hold mode: AVe ~ 10 pF (14.5V-VINI/Ch 

FIGURE 8. Inexpensive Sample and Hold 
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Typical Applications (Continued) 
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FIGURE 9a. A Fast 16-Channel DAU with Second Level Multiplexing 
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Typical Applications (Continued) 
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FIGURE 10. A 16·Channel Multiplexer with Sequential Moltiplexing 
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• Differential multiplexer disabled during auto zeroing 

:::1: 0 Vo 
Ch 

"* 11I4LF13333 

L '. 

:~=rL 
ZERO PULSE 

• Minimum zeroing pulse width will depend upon theJntegrator R1C 

22M 

..... -~..-O-15V 

• This scheme provides input offset adjust especially useful with high gain connections. The device, LF352, 
provides pins for output offset adjust. For more details, see LF352 data sheet. 

FIGURE 11. 4·Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier 
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Typical Applications (Continued) 
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• The LF352 instrumentation amplifier is auto zeroed during offset correction cycle of the LF13300 AID 
• The system accuracy will mostly depend on the instrumentation amplifier gain linearity 

FIGURE. 12a. 4-Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier and 12·8it AID Converter 
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FIGURE 12b. System Timing Diagram for Differential MUX 
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Schematic Diagrams (Continued) 
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Each of t.hese circuits includes input and oulpul buffer amplifiers and analog switches for a complete sample and hold function. 

Part Number * 
Accuracy Drllt Rate Acquisition Aperture -55°C to -25°C to Page 

Features (Max) (TA = 25°C) Time Time 125°C 85°C Number 

Monolithic ±0.02% 30mV/s 4~s 25ns LF198 LF298 7·1 
(Note 1) (Note 1) 

20~s 
(Note 2) 

Low Drift ±0.01% 2mV/s 50~s 150ns LH0023G 4·4 
±0.02% (Nole 2) (Nole 2) LH0023CG 

Medium Speed ±O.l% 25mV/s 10~s 20ns LHOO43G 4·4 
±O.3% (Note 1) (Nole I) LH0043CG· 

High Speed ±O.2% 30mV/s 5~s 25ns LH0053G 4·12 
±0.3% (Nole 1) (Nole 1) LH0053CG 

Nole 1: Cs = 1000pF. 

Nole 2: Cs =0.01 ~F. 

• Refers to Special Functions Databook, 1979 edition 
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~National . 
~ Semiconductor 

Definition of Terms 
Acquisition Time: The time required to acquire a new 
analog input voltage with an output step of 10V. Note 
that acquisition time is not just the time required for 
the output to settle, but also includes the time required 
for all internal nodes to settle so that the output assumes 
the proper value when switched to the hold mode. 

Aperture Time: The delay required between "Hold" 
command and an input analog transition, so that the 
transition does not affect the held output. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time 
the hold command is given. ,Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 

Sample and Hold 

Gain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 

Hold Settling Time: The time required for the output 
to settle within 1 mV of final value after the "hold" 
logic command. 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold 
mode with a steady (dc) analog input voltage. Logic 
swing is 5V. 

7·iv. 



~National Sample and Hold 
~ Semiconductor 
LF198JLF298/LF398, LF198A1LF398A 
Monolithic Sample and Hold Circuits 
General· Description 
The LF198/LF298/LF398 are monolithic sample and 
hold circuits which utilize BI-FET technology to obtain 
ultra-high dc accuracy with fast acquisition of signal and 
low droop rate. Operating as a unity gain follower, dc 
gain accuracy is 0.002% typical and acquisition time is 
as low as 6Jls to 0.01 %. A bipolar input stage is used to 
achieve low offset voltage and wide bandwidth. Input 
offset adjust is accomplished with a single pin and does 
not degrade input offset drift. The wide bandwidth 
allows the LF198 to be included inside the feedback 
loop of 1 MHz op amps without having stability 
problems. Input impedance of 1010n allows high 
source impedances to be used without degrading 
accuracy. 

P-channel junction FET's are combined with bipolar 
devices in the output amplifier to give droop rates as 
low as 5 mV/min with a lJlF hold capacitor. The JFET's 
have much lower noise than MOS devices used in pre­
vious designs and do not exhibit high temperature 
instabilities. The overall design guarantees no feed­
through from input to output in the hold mode even 
for input signals equal to the supply voltages. 

Functional Diagram OFFSET 

2 

Features 
• Operates from ±5V to ±18V supplies 

• Less than 10Jls acquisition time 

• TTL, PMOS, CMOS compatible logic input 

• 0.5 mV typical hold step at Ch ~ O.OlJlF 

• Low input offset 

• 0.002% gain accuracy 

• Low output noise in hold mode 

• Input characteristics do not change during hold mode 

• High supply rejection ratio in sample or hold 

• Wide bandwidth 

Logic inputs on the LF198 are fully differential with 
low input current, allowing direct connection to TTL, 
PMOS, and CMOS. Differential threshold is 1.4V. The 
LF198 will operate from ±5V to ±18V supplies. It is 
available ir.l an 8-lead TO-5 package. 

An "A" version is available with tightened electrical 
specifications. 
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Absolute Maximum Ratings 

Supply Voltage ilBV Input Voltage Equal to Supply Voltage 
Power Dissipation (Package Limitation) (Note I) 500mW Logic To Logic .Reference Differential Voltage +7V,-30V 
Operating Ambient Temperature Range (Note 2) 

LFI98/LFI98A -5SoC to +125°C Output Short Circuit Duration Indefinite 
LF298 _25°C to +BSoC Hold Capacitor Short Circuit Duration . 10 sec 

LF398/LF398A oOe to +70aC Lead Temperature (Soldering, 10 seconds) 300°C 

Storage Temperature Range -s5"c to +1 50°C 

Electrical Characteristics (Note 3) 

CONDITIONS ' 
LFI98/LF298 LF398 

UNITS PARAMETER 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage, (Note 6) Tj = 25°C I 3 2 7 mV 

Full Temperature Range 5 10 mV 

Input Bias Current, (Note 6) Tj = 25°C 5 25 / 10 50 nA 

Full Temperature Range 75 100, nA 

Input Impedance Tj = 25°C 1010 1010 n 
Gain Error Tj = 25°C, RL = 10k 0.002 0.005 0.004 0,01 % 

Full Temperature Range 0,02 0.02 % 

Feedthrough Attenuation Ratio Tj = 25°C, Ch = O,01j.tF 86 96 80, 90 dB 

at 1 kHz 

Output Impedance Tj = 25°C, "HOLD" mod. 0.5 2 0.5 .4 / n 
Full Temperature Range 4 6' n 

"HOLD" Step, (Note 4) Tj = 25°C, Ch = O.OIj.tF, vouf= 0 0.5 2.0 1.0 2.5' mV 
.' 

SupplV Current, (Note 6) Tj ~ 25°C 4.5 5.5 4.5 6.5 mA 

Tj = 25°C, 
J 

Logic and Logic Reference Input 2 10 2 10 j.tA 

Current 
: 

Leakage Current into Hold Tj = 25°C. (Note 5) 30 100 30 200 pA 

Capacitor (Note 6) Hold Mode 

Acquisition Time to 0.1% Il.VOUT = 10V, Ch = 1000 pF '4 4 j.ts 

Ch =O.OIj.tF 20 20 j.ts 

Hold Capacitor Charging Current VIN - VOUT = 2V 5 5 mA 

Supply Voltage Rejection Ratio VOUT=O 80 110 80 110 dB 

Differential Logic Threshold Tj = 25°C 0,8 1.4 2.4 0.8 1.4 2.4 V 

.. 

. ' 

\ 
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Electrical Characteristics (Continued) (Note 3) 

LF198A LF398A 
PARAMETER CONDITIONS 

TYP MAX. 
UNITS 

MIN TYP MAX MIN 

Input Offset Voltage, (Note 6) TJ = 25°C mV 

Full Temperature Range 3 mV 

Input Bias Current, (Note 6) TJ = 25°C 25 10 25 nA 

F~JI Temperature Range 75 50 nA 

Input Impedance TJ = 25°C 10 '0 10 '0 n 
Gain Error TJ = 25°C, RL = 10k 0.002 0.005 0.004 O.OOS % 

Full Temperature Range 0.01 0.01 % 

Feedthrough Attenu~tion Ratio Tj = 2SoC, Ch = O.D1I/F 86 96 86 90 dB 

at 1 kHz 

Output Impedance Tj = 2SoC, "HOLD" mode O.S O.S 1 n 
Full Temperature Range 4 6 n 

"HOLD" Step, (Note 4) Tj = 2SoC, Ch = O.OII/F, VOUT = 0 0.5 1.0 mV 

Supply Current, (Note 6) .Tj~2S0C 4.5 5.5 4.5 6.5 mA 

Logic and Logic Reference Input Tj = 2SoC 10 10 I/A 
Current 

Leakage Current into Hold Tj = 2SoC, (Note 5) 30 100 30 100 pA 

Capacitor (Note 6) Hold Mode 

AcQuisition Time to 0.1% AVOUT = 10V, Ch = 1000 pF 4 6 4 6 lIS 

Ch = O.OII/F 20 25 20 25 I/S 

Hold Capacitor Charging C~rrent VIN - VOUT = 2V 5 mA 

Supply Voltage Rejection Ratio VOUT=O 90 110 90 110 dB 

Differential Logic Threshold Tj = 25°C 0.8 1.4 2.4 0.8 1.4 2.4 V 

Note 1: The maximum junction temperature of the LF198/LF198A is lSOoC, for the LF298, 11S"C, and for the LF398/LF398A, 100°C. When 
operating at elevated ambient temperature, the power dissipation must be derated based on a thermal resistance (E>jA) of 150°CIW. 
Note 2: Although the differential voltage may not exceed the limits given, the common~mode voltage on the logic pins may be equal to the 
supply voltages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below 
the po~i,tive supply and 3V above the negative supply. 

Note 3: Unless otherwise specified, the following conditions apply. Unit is in "sample" mode, Vs = ±lSV, Tj = 25°C, -11.5V:s;, VIN :s;, +1'.5V, 
Ch = O.OljLF, and Ri.. = 10 kn. Logic reference voltage = OV and logic voltage = 2.5V. 
Note 4: Hold step is sensitive to stray capacitive coupling 'between input logic signals and the hold capacitor. 1 pF, for instance, wit'l create an 
additional 0.5 mV step' with a 5V logic swing and a O.01~F hold capacitor. Magnitude of the hold step is inversely proportional to hold capaci­
torvafue. 

Note 5: Leakage current is measured at a junction temperature of 2SoC. The effects of junction temperature rise due to power dissiPation or 
elevated ambient can be calculated by doubling the 2SoC value for each 11°C increase in chip temperature. Leakage is guaranteed,over full input 
signal range. ' 

Note 6: These parameters guaranteed over a supply voltage range of ±S to ±18V. 
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Typical Performance Characteristics (Continued) 
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Application Hints 
Hold Capacitor 

Hold step, acquisition time, and droop rate are the 
major trade-offs in the selection of a hold capacitor 
value_ Size and cost may also become important for 
larger values_ Use of 'the curves included with this data 
sheet should be l1elpful in selecting a reasonable value 
of capacitance_ Keep in mind that for fast repetition 
rates or tracking fast signals, the capacitor drive currents 
may cause a ,significant temperature rise in the LF198. 

A significant source of error in an accurate sample and 
hold circuit is dielectric absorption in the hold capacitor. 
A mylar cap, for instance, may "sag back" up to 0.2% 
after a quick change in voltage. A long "soak" time is 
required before the circuit can be put back into the 
hold mode with this type of capacitor. Dielectrics with 
very low hysteresis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and polycarbonate 
are not nearly as good. Ceramic -is unusable with> 1 % 
hysteresis. The advantage of pqlypropylene over poly­
styrene is that it extends the maximum ambient tempera­
ture from 85°C to 100°C. "NPO" or "COG" capacitors 
are now available for 125°C operation and also have low 
dielectric absorption. For more exact data, see the 
curve labeled dielectric' absorption error vs sample time. 
The hysteresis numbers on the curve are final values, 
taken after full relaxation. The hysteresis error can be 
significantly reduced if the output of the LF198 is 
digitized quickly after the hold mode is initiated. The 
hysteresis relaxation time constant in polypropylene, 
for instance, is 10-50 ms. If A-to-D conversion can be 
made within 1 ms, hysteresis error will be reduced by a 
factor of ten. 

DC and AC Zeroing 

DC zeroing is accomplished by connecting the offset 
adjust pin to the wiper of a 1 kn potentiometer which 
has one end tied to V+ and the other end tied through a 
fesistor to ground. The resistor should be selected to 
give ""0.6 mA through the lk potentiometer. 

AC zeroing (hold step zeroing) can be obtained by 
adding an inverter with the adjustment pot tied input 
to output. A 10 pF capacitor from the wiper to the 
hold capacitor will give ±4 mV hold step adjustment 
with a O.Ol/.1F hold capacitor and 5V logic supply. 
For larger logic swings, a smaller capacitor « 10 pF) 
may be used. 

Logic Rise Time 

For proper operation, logic signals into the LF 198 must 
have a minimum dV/dt of 1.0 V//.Is. Slower signals will 
cause excessive hold step. If a RIC network is' used in 
front of the logic input for signal delay, calculate the 
slope of the waveform at the threshold point to ensure 
that it is at least 1.0 V I/.Is. 

Sampling Dynamic Signals 

Sample error due to moving input signals probably 
causes more confusion among sample-and-hold users 
than any other parameter. The primary reason for this 
is that many users make the assumption that the sample 
and hold amplifier is truly locked on to the input signal 
while in t!le sample mode. In actuality, there are finite 
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phase delays through the circuit creating an inpOt-output 
differential for fast moving signals. In addition, although 
the output may have settled, the hold capacitor has an 
additional lag due to the 300n series resistor on the chip. 
This means that at the moment the "hold" command 
arrives, the hold capacitor voltage may be somewhat 
different than the actual analog input. The effect of 
these delays is opposite to the effect created by delays 
in the logic which switches the circuit from sample to 
hold. For example, consider an analog input of 20 Vp-p 
at 10 kHz. Maximum dV Idt is 0.6 V I/.Is. With no analog 
phase delay and 100 ns logiC delay, one could expect 
up to (0.l/.1s)lO.6V I/.Is) = 60 mV error if the "hold" 
signal arrived near maximum dV Idt of the input. A 
positive-going input would give a +60 mV error. Now 
assume a 1 MHz (3 dB) bandwidth for the overall analog 
loop. This generates a phase delay of 160 ns. If the hold 
capacitor sees this exact delay, then error due to analog 
delay will be (0.16/.1s)lO.6'V//.Is) = -96 mY. Total out­
put error is +60 mV (digital) -96 mV (analog) for a 
total of -36 mY. To add to the confusion, analog delay 
is proportional to hold capacitor value while digital 
delay remains constant. A family of curves (dynamic 
sampling error) is included' to help estimate errors. 

A curve labeled Aperture Time has been included for 
sampling conditions where the input is steady during 
the sampling period, but may experience a sudden 
change nearly coincident with the "hold" command. 
This curve is based on a 1 mV error fed into the output. 

A second curve, Hold Settling rime indicates the time 
required for the output to settle to 1 mV after the 
"hold'; command. 

Digital Feedthrough 

Fast rise time logic signals can cause hold errors by 
feeding externally into the analog input at the same 
time the amplifier is put into the hold mode. To mini­
mize this problem, board layout should keep logic lines 
as far as possible from the analog input. Grounded 
guarding traces may also be used around the input 
line, especially if it is driven from a high impedance 
source. ReduCing high amplitude logic Signals to 2.5V 
will also help. 

LOGIC 
REFERENCE 

GUARD TOP AND 
BOTTOM OF BOARD 

Guarding'Technique 
v' 

BOTTOM VIEW 

Use 10-pin layout. Guard around Ch is tied to output. 



Logic Input Configurations 

Threshold ,= 1.4V 

Y' 

. Threshold'; 0.6 (V+I + l.4V 
.' 

m~ D :MPL_~-III·B~.2k~ .. 
- 13J -L HOLD 4.7k 

Threshold "',+4V' 

Typical Applications (Continued) 

Xl000 Semple 81 Hold 

OF~~~ 'f~""",~"'~",""'_-I 
ADJUST! 

-15Y 

TTL 81 CMOS. 
3V:::; VL (HI Statel:::; 7V 

CMOS 

Y' 

. Threshold = 1.4 V 
'Select for 2.8V at pin 8' 

RI* 

2.BY· 

R2 
5.Uk· 

7V:::; VL (Hi Statel:::; 15V 
Y' 

20k 

',nHOLD ' 

.J LSAMPLE 

Threshold = 0.6 (V+I - 1.4V 

OpAmp Drive 

.13Y. D :LO -....,.""I'v--... 

_13yJ,- LSAMPLE 

. Threshqld = -4V 

20k 

30k 

Sample and Difference CirCuit 
(Output Follows Input in Hold M0ci8f . 

Your 

O.OI.F 

YIN ~ 1-""",,+--_...1 

r-1 RESET . 

.J L.rRAcK 

Your 

Your' Ya '~YIN (HOLD MODEl 

·For lower gains. the LM108 must be frequency compensated 
100 

Use - - pF from camp 2 to ground 
AV 

7·6 



Typical Applications (Continued) . 

Ramp Generator with Variable Reset Level 

15V 

-15V 
R1 

82k 

R2* 
01 
LMl13 
1.2V 

RESET 
LEVEL 
INPUT 

:>'::"'--+-"'~OOUTPUT 

RESET 
5V-n 
OV....J L­

RAMP 

·Select for ramp rate 
AV 1.2V 

R ~ 10k AT 

Integrator with Programmable 
Reset Level 

RESET 
LEVEL 
INPUT 

OUTPUT 

RESET-n 

INTEGRATE....J L-

DIFFERENTIAL [ 
INTEGRATING 

INPUT 

R1 
1M 
1% 

o--¥~--4~::.j 
R3 
1M 
1% 

R2 
200k 

1% 

VOUT (Hold Mode) = --- V,Nd t [ lIt . ] 
(Rl)(Ch) ° 

INPUT 

Output Holds at Average of 
Sampled Input 
v+ 

INPUT OUTPUT 

1 
Select (Rh)(Ch) » 

2"flN (Min) 

Reset Stabilized Amplifier (Gain of 1000) 
1k 1M 
1% 1% 

VOS S; 20l'V (No trim) 6 

I-' Z,N"'l MI"l 
AVOS 
-- '" 30l'V/sec 4.1k 

At 

AVOS 
--",O.ll'vfc 

AT 

OUTPUT 

7·7 

Increased Slew Current 

02 

~hT1N451 

Fast AcqUisition, Low Droop Sample & Hold 

15V 

INPUT OUTPUT 

-l 1-10'" SAMPLE 

..IL 
5VTO 15V 

-l 12m. r-
LM3905 --'L-
TIMER 

12M 3.3k 

0.D1"F~ ":" 

":" 



Typical Applications (Continued) 

Synchronous Correlator for Recovering 
Signals Below Noise Level 

~SIG'NAL 
INPUT 

, .. 

R2 
1M 

LM12lH 
TIMER 

84 
500 

5 10 

TO SCOPE SWEEP 
OUTPUT. SCALE R3 

TO OBTAIN ... 0 TO 3V 
AT PlN 6, 

DC & AC Zeroing 

DC 
VOS 

ZERO 15V 

15V 

R5 
12k 

R6 
lOk 

C3 
410pF 

OUTPUT FREQUENCY 
SET BY SWEEP RATE 

>.:.... ..... ..,..",-.... H:>OC'J . 

--j rIO", 
10k JL 

4.7k 

4 ,6 5 10 

NC 

"Select C1 to filter lowest frequency 
component of input noise 

··Select. C2 @ '" 5 x 10-6/f1N 

RESET 
5V-n 
OV...J L... 

CLOCK 
5V-r-1 n 
OV...J L.J L... 

81 
4.7k 

7·8 

20Channel Switch 

"A"INPUT 

"A" SELECT 
5V-n 
OV...J L­

"8" SELECT 

Gain 

ZIN 
BW 

Crosstalk 
@1 kHz 

Offset 

15V 

A 

1 ±0,02% 
1010n 

~1 MHz 

~OdB 

:5.6mV 

Staircase Generator 

15V 

"8" INPUT 

B 

1 ±0,2% 

47 kn 

"'400 kHz 

~OdB 

::;75mV 

~':"-""--~P-OOUTPUT 

88 
Ilk 

D3 
LM113 
I.2V 

85 
11k 

84 
Uk 

... .I\i"" ...... ~O 15V 

"Select for step height 
SOk.,. ~ lV Step 

Ra* 
&Dk 



Typical Applications (Continued) 

INPUT 

LOGIC 

Capacitor Hysteresis Compensation 

>=---.... -0 OUTPUT 

Ch 

R2 
200k 

RI 
200k 

T 
*SeJect for time constant C1 = --

I lOOk 
** Adjust for amplitude 

Definition of Terms 
Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold 
mode with' a steady (dc) analog input voltage. Logic 
SWing is 5V. 

Acquisition Time: The time required to acquire a new 
analog input voltage with an output step of lOV. Note 
that acquisition time is not just the time required for 
the output to settle, but also includes the time required 
for all internal nodes to settle so that the output assumes 
the proper value when switched to the hold mode. r 

Gain Error: The ratioj of output voltage swing to input 
voltage swing in the sample mode expressed as a per cent 
difference. 

Connection Diagrams 

Dual-In-Line Package 

LOGIC 

OFFSET 2 7 lOGIC 
ADJUST REFERENCE 

INPUT CH 

OUTPUT 

TOP VIEW 

Ordor Number LF398N or LF398AN 
See NS Packago N08A 

7·9 

r 
I 
I 

,1., 
I VCM I 

'T." 
~ 

Differential Hold 

~ (Vs + VCMl WHEN IN 
SAMPLE MODE 

Hold Settling Time: The time required for the output 
to settle within 1 mV of final value after the "hold" 
logic command. . 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time 
the' hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 

Aperture Time: The delay required between "Hold" 
command and an input analog transition, so that the 
transition does not affect the held output. 

Metal Can Package 

LOGIC 

TOP VIEW 

Order Number LF198H, LF298H, LF398H, 
LF198AH or LF398AH 
See NS Packago H08C 
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Temperature 

Absolute Conversion Input Output Range 

Part Resolution Accuracy Time Voltage Logic Supplies (Note 1) 

No. (Bits) (Max.) (Typ.) Range Levels (V) M I C Package Comments 

AID Converter· 

ADC0800 8 ±2 LSB 35 fts 10V TTL. Tri-State·· +5, -12 • • 18-Pin DIP 

ADC0801 8 ±Y4 LSB 100 ftS 5V TTL, Tri·State +5 • • • 20·Pin DIP 
Differential 
Input 

ADC0802 8 ±V2 LSB 100 ftS 5V TTL. Tri·State +5 • • • 20-Pin DIP Differential 
Input 

ADCOB03 B ±V2 LSB 100 ftS 5V TTL, Tri-State +5 • • • 20·Pin DIP 
Qifferential 
Input 

ADCOB04 B ±1 LSB 100 fts 5V TTL, Tri-State +5 • • 20-Pin DIP 
Differential • Input 

ADC0808 8 ±V2 LSB 100 ftS 5V TTL, Tri-State +5 • • • 28-Pin DIP 
Includes 
8-Channel MUX 

ADCOB09 8 ±1 LSB 100 ftS 5V TTL. Tri-State +5 • • 2B-Pin DIP 
Includes 
B-Channel MUX 

ADCOB16 8 ±V2 LSB 100 ftS 5V TTL. Tri-State +5 • • • 4O-Pin DIP 
Includes 
16-Channel MUX 

ADCOB17 B ±1 LSB 100 ftS 5V TTL. Tri-State +5 • • 40-Pin DIP 
Includes 
16-Channel MUX 

ADB1200 
12 ±1/2 LSB 36 ms ±11V TTL. Tri-State 

+5. -15 • 2B-Pin DIP 
Dual Slope 

LF13300 ±15 18-Pin DIP 

. ADC1210 12 ±1/2 LSB 100 ftS 10.2V CMOS +5 to ±15 • • 24-Pin DIP 
10-Bit Conversion 
in 30 fts 

·ADC1211 12 (10) ±1 LSB 100 fts 10.2V CMOS +5 to ±15 • • 24-Pin DIP 

.. ADC3511 3'h DigH .05% 200 ms 2V TTL. Tri-State +5 • 24-Pin DIP 
Integrating 
ftP Compatible 

ADC3711 3'14 Digit .05% 400ms 2V TTL. Tri·State +5 • 24-Pin DIP 
Integrating 
ftP Compatible 

Voltage-to-

LM131 V-F .01% NlA Vcc-2V N/A +5 to +40 • • B-Pin DIP or Frequency .. TO-99 Can Converter 
100kHz Max 

Digital Voltmeter 

ADD3501 3'h Digit .05% -200 ms Vcc-2V 
7-Segment 

+5 • 28-Pin DIP 
3'h Digit LED 

LED Drive DPM 

ADD3701 3'14 DigH .05% 400 ms Vcc-2V 
7-Segment 

+5 • 28-Pin DIP 
3'14 Digit LED 

LED Drive DPM 

Note 1:_Temperature ranges are: "M" is -55°C to +125°C ambient; "I" is -40°C to +85°C or -25°C to +85°C; "C" is O°C to 70°C. 

-
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Temperature 

Linearity Output Settling Range 

Par! Resolution @2S'C Intemal Op Time. Supplies (Note 1) 

No. (Bits) (Max) Reference Amp (±1/2 LSB) (V) M I C 

DAC0800 8 .19 135 ns ±5 to ±15 • • 
, 

DACOll01 8 .39 150 ns ±5 to ±15 • • 
DAC0802 8 .1 135 ns ±5 to ±15 • .. 
DAC0806 8 .78 150.typ ±5 to ±15 • 
DAC0807 8 .39 150 typ ±5 to ±15' • 
DAC0808 8 .19 150 typ . ±5 to ±15 • • 
DAC1000 10 .05 500 ns typ 5 to 15 • • • 

DAC1001 10 .1 500 ns typ 5 to 15 • • 
DAC1002 10 .2 500 ns typ 5 to 15 • • 
DAC1006 10 ·.05 500 ns typ 5 to 15 • .. • 
DAC1007 10 .1 , .500 ris typ 5 to 15 • • 

DAC1008 10 .2 500 ns typ 5 to 15 • • 
, 

DAC1020 10 .05 500 ns typ 5 to 15 • • • 
DAC1021 10 .1 500 ns typ 5 to 15 • • • 

DACI022 10 .2 500 ns typ 5 to 15 • • • 
DACI200 12 .012 • • 1.5-2.5ILs ±15,5 • • 
DACI201 12 .049 • • 1.5-2.5ILs otIS,S • • 

DACI202 3 Digit .01 • • 1.5-2.5ILs ±15,5 " • 

DACI203 3 Digit .05 • • 1.5-2.5ILs ±15,5 • • 

DAC1220 12 .05 500 ns typ 5 to IS • • • 
DAC1221 12 .1 500 ns typ 5 to IS • • • 
DACI222 12 .2 500 ns typ 5 to'15 • • • 
DACI280 12 .024 • • 300 ns/2.5 ILs ±15,5 • • 
DAC1285 12 .012 • • 300 ns/2.5 ILs ±15,5 • • 
DACI286 12 .05 • • 300 ns/2.5 ILs ±15, 5 • • 
DACI287 t2 .t • • 300 ns/2.5 ILs ±15,5 • • 
Note 1; Ambient temperature range for "M" is -55'C to +125'C, "I" is -25'C to +85'C, "C" is O'C to +70'C. 
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Package Comments 

16-Pin DIP High-Speed 
Multiplying 

High-Speed 
16-Pin DIP 

Multiplying 

16-Pin DIP 
High-Speed 
Multiplying 

16-Pin DIP Multiplying 

16-P,n DIP Multiplying 

16-Pin DIP Multiplying 

24-Pin DIP 
ILP Compatible 
Double Buffered 

24-Pin DIP ILP Compatible 
Double Buffered 

24-Pin DIP ILP Compatible 
Double Buffered 

20-Pin DIP 
ILP Compatible 
Double Buffered 

20-Pin DIP 
ILP Compatible 
Double Buffered 

20-Pin DIP 
ILP Compatible 
Double Buffered 

4-Quadrant 
16-Pin DIP 

Multiplying 

16-Pin DIP 
4-Quadrant 
Multiplying 

16-Pin DIP 
4-Quadrant 
Multiplying 

24-Pin DIP 
Current or 
Voltage Mode 

24-Pin DIP 
Current or 
Voltage Mode 

24-Pin DIP 
BCD Current or 
Voltage Mode 

24-Pin DIP 
BCD Current or 
Voltage Mode 

18-Pin DIP 
4-Quadrant 
Multiplying 

18-Pin DIP 
4-Quadrant 
Multiplying 

18-Pin DIP 
4-Quadrant 
Multiplying 

24-Pin DIP 
Current or 
Voltage Mode 

24-Pin DIP Current or 
Voltage Mode 

24-Pin DIP 
BCD Current or 
Voltage Mode 

24-Pin DIP 
BCD Current or 
Voltage Mode 



General Data Acquisition System BloCk Diagram 

PRESSURE 
LX __ _ 

TEMPERATURE 
LM334 

, LM335 
LM3911 

OTHERS 
THERMOCOUPLE 
RTo 
AUDIO' 

OTHER DEVICES: 

LHDD441 
+RA2Dl 

LF352 
LHDD36 
LH0037 
LH0052 

Afl00 
AF150 
AF151 

MUX, 

LF1350S 
LF13509 
AM9709 
AM97C09 
LF13201 
LF13333 
AH5009 

LM331 PRECISION VoLTAGE-To-FREQUENCY CONVERTER 
ADSI21616-CHANNEL 12-BIT DATA ACQUISITION SYSTEM WITH MEMORY 

LF356 LF398 

LH0023 
LH0043 
LH0053 

REF 

OURS 
(THEIRSI 

ADC0800 LM3999 
ADCoBOII213/4 LM329 
ADC080Bi9 LM336 
ADCOBI6/17 LM336-5 
ADC1Z10/11 LM385 
ADC3511 LM399 
ADC3711 LHOo70/LH0071 

LF13300 I 
+ADB1200 

oAC1200 l ' 
+oM2504 
DR 74C905 
OAC0800 I 
+oM25021 
DM2503 

Converter Products Part Numbering System 
AD DB DO P C N I IT .~~" .• " .. n .. 

C - COMMERCIAL TEMPERATURE RANGE 

TECHNOLOGY 
P: PMOS N: NMOS 
C: CMOS L: LINEAR 
H: HYBRID I: 12L 
B: BIPOLAR 

L....-------USEri FOR MORE THAN ONE IN THIS FAMILY 

'---------RESOlUTloN 
DB: B BITS 
10: 10 BITS 
12: 128ITS 

..... ---------FORM 
C: COMPLETE 

25: 2 1/2 DIGIT 
35: 3 1/2 DIGIT 
37: 3 1/4 DIGIT 
45: 4 112 DIGIT 

B: BUILDING BLOCK 
0: DIGITAL PANEL METER CHIP 
M: MODULE 
S: CARD SYSTEMS 

L------------FUNCTION 
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AD: ANALoG-TO-OIGITAL 
DA: DIGITAL-To-ANALOG 

oAC0800 
DACOB08 
DAC1000 
oAC1006 
oAC10ZX 
DAC1200 
DAC122X 
DAC12801 
oAC1285 
LM140B 
AD7520 
AD7521 
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Definition of Terms 
Full-Scale Error: Full-scale erro'r is a measure of the 
output error between ~n ideal O/A and the actual device 
output_ Ideally for the DAC1200 full-scale is VREF-
1 LSB. For VREF = 10.240V and unipolar operation, 
VFULLSCALE= ·1O.240V - 2.5 mV = '10.2375V_ 
Departures from this value include internal gain, scaling, 
and reference errors. Full-scale error is adjustable as 
discussed in the Applications section. 

Linearity : Error: Linearity error is the maximum 
deviation from a straight line passing through the end­
points of the D/A transfer· characteristic. It is measured 
after calibrating fpr zero and full-scale_ The linearity 
error of the DAC 1200 series is guaranteed to be less than 
±14 LSB or 0.0122% of F.S. for the DAC1200/DAC1200C 
and ,±0.0488% of, F.S. for the DAC1201/DAC1201C. 
Linearity error is a design parameter intrinsic to the 
device and cannot'Deexter~ally adjusted. 

'Monotonicity: Monotonicity is a characteristic of the 
D/A which requires a non-negative output step for an 
increasing input digital code: Monotonicity, therefore, 
demands no back steps or sign changes of the 0/ A 
transfer characteristic slope. 

Offset Voltage: Offset voltage is an output voltage 
other than zero volts for unipolar operation (and other 
than minus full-scale for bipolar operation) with all 
bits turned "OFF". In the DAC1200 series this error 
resides pri~arily in the output amplifier, A3. Offset 
voltage is adjustable to zero as discussed in the 
applications section. 

8-vi 

A to D, D to A 

Power Supply Sensitivity: Pow~r supply 'sensitivity is 
a measure of the effect of power' supply changes on the 
D/A full-scale output. 

Resolution: Resolution is defined as the reciprocal of 
the number of discrete steps in the 0/ A output (as 
designed)_ It is directly related to the number of switches 
or bits within the D/A. For' example, the DAC1200 has 
212 or 4096 steps. Resolution may therefore be expressed 
variously as 12 bits, as 1 part in 212, as 1 part in 4096, 
or as a percentage (1/4096 x 100 =' 0.0244%). The 
DAC 1202 has 1000 steps and 3 BCD digits. Resolution 
may be expressed as 0.1 % or 3 BCD d,igits. 

Settling Time: Two settling time parameters are 
specified' for the DAC1200 series. Full-scale settling time 
requires a zero to full-scale or fUll-Scale to zero output 
change. One LSB settling time requires one LSB outPlit 
change. In both instances, settling time is the time 
required from a code transition until the D/A output 
reaches within ±14 LSB of final output value. 
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A to D, D to A 

AD7520/AD7530tAD7533 10·Bit ,AD7521/AD7531 12·Bit 
Binary Multiplying D/A Converters 
General Description 
The AD7520 and the AD7521 a're, respectively, 10 and 
f2·bit binary multiplying digital·to·analog converters, 
A deposited thin film R·2R resistor ladder divides 
the reference current and provides the circuit with ex· 
cellent temperature tracking characteristics (typically 
0.0002%/ C linearity error temperature coefficient). The 
circuit uses CMOS current switches and drive circuitry 
to achieve low power consumption (30 mW max) and 
low leakages (200 nA max). The digital inputs are com· 
patible with DTLITTL logic levels as well as full CMOS 
logic level swings. This part, combined with an external 
amplifier and voltage reference, can be used as a standard 
D/A converter; however, it is also very attractive for 
multiplying applications (such as digitally controlled 
gain blocks) since its linearity error is essentially inde· 
pendent of the voltage reference. 

This part is available with la-bit (0.05%), 9·bit (0.10%), 
and 8-bit (0.20%) non·linearity. The AD7520L, 
AD7520K, and AD7520J, are direct replacements for 

the 10·bit resolution AD7520 and AD7530 family, and 
equivalent to AD7533 family. The AD7521 K, AD7521J 
and AD7521 L are direct replacements for the 12·bit 
resolution AD7521 and AD753i family. For more 
information, see DAC1020 data sheet. 

Features 
• Linearity specified with zero and full·scale adjust only 

• Integrated thin film on CMOS structure 

• 10·bit or 12·bit resolution 

• Low power dissipation 10 mW@ 15V typ 

• Accepts ~ariable' or fixed reference -25V ~ VREF ~ 
+25V ' 

• 4·quadrant mUltiplying capability 

• Interfaces directly with DTL, TTL and CMOS 

• Fast settling time-600 ns typ 

• Low feedthrough error-1/2 LSB@ 100 kHz typ 

Connection Diagrams Equivalent Gircuit 

AD75201AD7530 
Dual·ln·Line Packaga 

IOUTI 1 1& RFEEDBACK 

'OUT! 2 ". VREf IN 

GND 
3 14 y+ 

AIIMSB) 13 AtOILSS) 

A2 IZ A9 

A3 11 AI .. 10 Al 

A. • AB 

, TOPVI(W 

AD75211AD7531 
Dual-In-Lina Package 

11 
IOUyl "FEEDBACK 

" 'OUTZ VREf lN 

GND "v' 
15 

AllMSBI A12(LSBI 

14 
A2 All 

13 
A3 AID 

" A. A' 
A' n AI 

AB ID 
A1 

TOP VIEW 

'R 'R 2R 2R 'R 
GND 

+t-..... -t--++-~~+-~o--;---O 'OUT' 

••• + .... --I--+ .... --+ .... ---f--.... OIOUy ' 

I 
I I 

I I I I I 

& & & I & & I 
Al A2 AID LA:' _.:: __ .J "FEEDBACK 

(MSBI (lSI) 

Switches shown in digitt.l high state 

Ordering Information* 
10·BIT DIA CONVERTERS 

TEMPERATURE RANGE O°C to 70°C -40°C to +85°C _55D C to +'2SoC 

0.05% AD7520LN AD7530LN AD7520LD I AD7530LD AD7520UD 

ACCURACY 0.10% A07520KN A07530KN A07520KO -AD7530KD AD7520TD 

0.20% A07520JN AD7530JN AD7520JD I AD7530JD AD7520SD 

PACKAGE OUTLINE N16A D16C 016C 

l2·BIT DIA CONVERTERS 

TEMPERATURE RANGE o°c to 70°C _40°C to +85~C _55°C to +l25°C 

I 0,05% AD7521 LN I AD7531 LN AD7521LD I AD7531LD AD7521UO 

ACCURACY 0.10% AD7521KN A07531KN AD7521KD AD7531KO AD7521TD 

I 0,20% AD7521JN I AD7531JN AD7521JD I A07531JD A07521S0 

PACKAGE OUTLINE N18A 01BA OlBA 

"Note: Devices ordered using these PIN's will be marked with AD7520 series and 
DAC102X 'Berias numbers. 
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Absolute Maximum Ratings Operating T~mperature Range 

V+to Gnd 

VREF to Gnd 
Digital Input Voltage Range 
DC Voltage at Pin 1 or Pin 2 INote 3) 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

17V 
±25V 

V+ to Gnd 
-100 mV to V+ 

-65°C to +150°C 
300°C 

AD7520LN, AD7520KN, AD7520JN 
AD7521 LN, AD75;11 KN, AD7521JN 
AD7530LN, AD7530KN, AD7530JN 
AD7531 LN, .AD7531KN, AD7531JN 
AD7520LD, AD7520KD, AD7520JD 
AD7521 LD, AD7521 KD, AD7521JD 
AD7530LD, AD7530KD, AD7530JD 
AD7531 LD, AD7531KD, AD7531JD 
AD7520UD, AD7520TD, AD7520SD 
AD7521 UD, AD7521TD, AD7521SD 

MIN MAX UNITS 

O. +70 
o +70 
o +70 
a +70 

-.40 +85 
-40 +85 
-40 +85 
..,-40 +85 
-55 +125 
-55 +125 

Electrical Characteristics (v+ = 15V, V~EF = 1 o.oobv, T A = 25°C unless otherwise specified) 

PARAMETER 

Resolution 

Linearity -Error 

lO-bit Parts 

9-bit Parts 

8-bit Parts 

Linearity Error T!!mpco 

Full-Scale Error 

Full·Scale Error Tempeo. 

Output Leakage Current 

loun 
IOUT2 

Power Supply Sensitivity 

VREF Input Resistance 

FUll-Scale Current Settling 

Time 

Output Capacitance 

loun 

IOUT2 

Digital Input 

Low Threshold 

High Threshold 

Digital Input Current 

Supply Current 

Operating Power Supply Range 

TMIN:O:TA:O:TMAX, 

-10V:O: VREF :0: +10V, 

CONDITIONS 

(Note 1) End Point Adjustment Only 

(See Linearity Error in Definition of Terms) 

AD7520L, AD7520U, AD7521 L, A07521U, AD7530L, AD7531 L 

AD7520T, AD7520K, AD7521T, AD7521 K, AD7530K, A07531K 

AD7520S, AD7520J, AD7521S, AD7521J, AD7530J, AD7531~ 

-10V:O: VREF:O: +IOV, 

(Notes 1 and 2) 

-10V:O: VREF:O: +10V, 
(Not'es 1 and 2) 

TMIN < T A < TMAX, 
(Note 2) 

All Digital Inputs Low, TMIN~TA:STMAX 

All Digital Inputs High, TMIN ~ TA:S TMAX 

All Digital Inputs High, 

14V:O:V+:O: 16V 

(Figure 2 of DAC102Q data sheet) 

RL = lOOn from 0 to 99.95% 
FS 

All Digital Inputs Switched 

Simultaneously 

All Digital Inputs Low, 

VREF = 20 Vp-p@ 100 kHz 

o Package (Note 4) 

N.Package 

All Digital Inputs Low 

All Digital Inputs High 

All Digital Inputs Low 

All Digital Inputs High 

(Note 1) 

TMIN<TA<TMAX, 

TMIN<TA<TMAX 

TMIN:O:TA:O:TMAX 
Digital Input High 

Digital Input Low 

All Digital Inputs High 

All Digital Inputs Low 

Notol: VREF = ±10V and VREF = ±lV. 
Note.2: Using internal feedback resistor. 

AD7520L, AD7520K, AD7521 L, AD7521K, 

MIN 

10 

10 

2.4 

AD7520J AD7521J 
UNITS 

TVP MAX MIN 

0.0002 

. 0.3 

0.005 

15 

soO ' 

6 
2 

40 

200 

200 

40 

1 

-50 

0.2 

0.6 

0.05 

0.10 

0.20 

o.oor 

200 

200 

20 

10 

9 
5 

0.8 

100 

-200 

1.6 

2 

15 

12 

10 

2.4 

TVP MAX 

Bits 

0.05 % FSR 

0.10 % FSR 

0.20 % FSR 

0.0002 % Fsfc 

0.3 

0.005 

15 

500 

40 

200 

200 

40 

1 

-SO 

0.2 

0.6 

% FS 

0.001 % Fsfc 

200 

200 

20 

10 

0.8 

100 

-200 

1.6 

2 

15 

nA 
nA 

% FSIV 

mVp·p 

mVp·p 

mVp·p 

pF 

pF 

pF 

pF 

v 
V 

pA 

pA 

mA 
mA 

V 

Note 3: Both IOUT1 and IOUT2 must go to ground or ·the virtual ground of an operational amplifier. For every millivolt offset between IOUT1 
or IOUT2' 0.005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in 0 package, the user must ground the metal lid. 
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~National ' 
~ Semiconductor 

A to 0',0 to A 

ADB1200 (MMS863) 12·Bit Binary AID Building ,Block 

General Description 
The ADS1200 is the digital controller forthe LF13300D* 
analog building block. Together they form an integrating 
12·bit AiD converter. The ADS 1200 provides all the 
necessary control functions, plus features like auto 
zeroing, polarity and overrange indication, as well as 
continuous conversion. The 12·bit plus sign parallel and 
serial oUJ'puts are TRI·STATE@ TTL level compatible. 
The device also includes output latches to simplify 

, data bus interfacing, 

*See LF13300D data sheet for more information 

Circuit Diagram/Typical Applications 

Features 

• 12·bit binary output 
• Parallel or serial output 

• TRI·STATE output 
• Polarity indication 
• Overrange indication 
• Continuous conve(sjon capability 
• 100% overrange capability 
• 5V, -15V power requirements 

• TTL compatible 
• Clock frequency to 1 MHz 

12·Bit AID Converter 

15V 

5V 

POWER 
G~O 

-= 
-15V 

v+ 2 
16 

VR, vR COMP OUT 

17 
Vx Vx RU-

ANALOG 18 
IIG PD/RU+ 

GNO 

-= 1M 15 
OC 

14 
LFIJJDD RR 

0,01 pF 

POLYPROPYlENE { IJ OPAMP 
DG , CAPACITOR OUT 

D.1,uF ~"'M", { COCI MYlARS 
, CAPACITORS 

COCJ 
-= DIGITAL 

GNO 

8·3 

vGG 25 vss 24 
26 

COMP 

22 
RU-

21 
POtRU+ 

20 
OC 

19 
RR AOBI2DO 

18 
GND 

28 
PIS 

SCLK 

250kHz START 
CLOCK CONVERSION 

,INPUT 

12·81T TRI'STATE® 
BINARY DATA OUTPUT 

END OF 
CONVERSION 

-s:: 
s:: 
(II 
CO 
m 
~ 



Absolute Maximum Ratings 

Supply Voltage (VSS) 5.25V 
Supply Voltage (VGG) -16.5V 
Voltage at Any Input 5.25V 
Operating Temperatuni O°C to +70°C 
Storage Temperature -40°C to +150°C 
Lead Temperature (Soldering,10 seconds). 300°C 

-

Electrical Characteristics 

Vss = 5V, VGG = -15V, o°c to +70°C, uriless otherwise specified . 

. PARAMETER CONDITIONS MIN TYP MAX UNITS 

Power Supply Voltage (VSS) 4.75 5.00 5.25 V 

Power Supply Voltage (VGG) -13.5 -15.00 -16.5 V 

Power Supply Current (ISS) 28 mA 

Power Supply Current (lGG) 34 mA 

Logic "1" Input Voltage 3.4 V 

Logic "0" Input Voltage '0.8 V 

Logic "1" Output Voltage VSS = 4.75V, IOH = 100 J.lA 3.8 V 

Logic "0" Output Voltage VSS = 5.25V, IOL = -1,6 mA 0.4 V 

Width of EOC Auto·Cycle 5/f sec 

Prop.' Delay COMP to EOC 4/f 5/f+1 j.IS sec 

Output Enable Time OE to Any Data Output, 1.0 J.ls 

SC = 1, PIS = 0 

Output Disable Time OE to Any Data Output, 2.4 J.ls 

SC=1,P/S=0 

Output Enable Time PIS to Any Data Output 0.9 J.ls 

Except Polarity, SC ,= 1, 

OE=O 

Output Disable Time PIS to Any Data Output 2.2 . J.lS 

Except Polarity, SC = 1, 

OE=O 

Output Enable Time SC to Any Data Output, 1.0 J.ls 

OE =0, PIS = 0 

Output Disable Time SC to Any Data 'Output, 2.4 lIS 
, OE = 0, PIS = 0 

Prop. Delay'Serial Clock SCLK to POL/SDO 0.6 lIS 

Conversion Time Full Scale 8966/f sec 

Conversion Time 100% Overrange 130621f. sec 

Maximum Clock Frequency CLK, Pin 27 500 1000 kHz 

Maximum Serial Clock Frequency 'SCLK, Pin 1 500 1000 kHz 
, 
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Block Diagram 

Digital Control Integrated Circuit 

Vr' I J AOBI200 

lN 
CLOCK 

~C! 
GENERATOR 

OVERRANGE f-+ 
I(CLK} 

DETECTOR 

13·m 
COUNTER ... --y OUTPUT r-

LATCHES r-
SERIAL CLOCK 

TRI·STATE~ BI·FET ANALOG (SCLK) 
INTEGRATED CIRCUIT t BUFFERS 
LF13300 CONTAINING COMPARATOR IN (COMP) 

OP AMP, SWITC~ES, + COMPARATOR AND 
RELATED CIRCUITRY 

POLARITY f-+ ! 
LATCH 

t 
A 

I{ 4 LINES SWITCH CONTROL 
LOGIC .. I 

START CONV. (SC) 

OUTPUT ENABLE (OE) 
TRI·STATE 

ENABLE 
. PARALLEL/SERIAL (PIS) 

Connection Diagram. 

Dual-I n-Line Package 

(SCLK) SERIAL CLOCK 'B !PIS} PARALLELISERIAL 
SELECT 

(SC) START CONVERSION 

lim OUTPUT ENABLE 

(LSB) LEAST 2-:-'2 SIGNIFICANT BIT 

rlt 

2-10 

2-9 

2-8 

PARALLEL DATA ,-I 
OUTPUT LINES 

,-6 

,-5 

2-4 

2-3 

,-, 

4 . 

6 

10 

It 

I, 

t3 

14 

TOP VIEW 

" (CLK) INPUT CLOCK 

,6 (COMP) COMPARATOR 
INPUT 

'5 VGG 

24 Vss 

'3 (EOC) END OF 
CONVERSION 

" (RU-) RAMP NEGATIVE 

'I (POIRU') POLARITY .. 
DETfcTIRAMP ~NiiNOWN 

20 (DC) OFFSET 
CORRECTION 

19 (RR) RAMP REFERENCE 

18 
GNO 

11 (POLISOO) POLARITYISERIAL 
DATA OUTPUT 

16 (OR) QVERRANGE 

15 ,-I (MS8) MOST 
SIGNIFICANT BIT 

Order Number ADB1200PCN 
See NS Package N28A 
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~LINES 
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DVERRANGE 
INDICATION 
(DR) 

"·BIT 
PA~ALLEL 
OUTPUT 
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E'NO OF CONV. (EOC) 



Functional Description 

OPERATION 

The ADB'200 is designed for· use with the LF'3300 
analog front end. Four control signals are supplied to 
the LF'3300 and' control signal'is required from the 
LF '3300. The conversion cycle .is co;"posed of 5 
distinCt phases. They are: Phase I - Offset C.orrect; 
Phase II - Polarity Detect; Phase III - Initialization; 
Phase IV - Ramp Unknown; Phase V - Ramp Reference~ 

Phase I -' Offset, Correct (256 Clock Periods) 

. This phase is initiated by taking the Start Conversion 
(SC) and the Output Enable (OE) lines to a logic "'''. 
At this time, Offset Correct (OC) will be a logic ",". 
The LF'3300 requires this phase to correct any intrinsic 
offset, voltage errors prior to the polarity detect phase. 

Phase II - Polarity Detect (256 Clock Periods) 

This phase is used to' determine polarity of the analog 
input. ·At the midpoint of this phase, COMP from the 
LF'3300 is examined for polarity. If COMP = logic 
",", then the input voltage is positive. If COMP' = 
logic "0", then the input is negative. The Polarity 
Detect signal .(PD/RU+) will be at a,logic "'" during 
this entire phase. The above operation is also necessary 
to determine which integrator input (positiv~ or negative) 
of the LF'3300 should be used for proper AID conver· 
sion (see LF'3300 data sheet). 

. Phase III - Initialization (256 Clock Periods) 

This phase is identical to Phase I and is used by the 
LF'3300 to eliminate any offsets induced as a result of 

'the Polarity Detect Phase. Offset Correct (OC) will be at 
a'logic "'''. 

Phase IV - Ramp Unknown (4096 Clock Periods) 

The unknown input voltage is integrated for a fixed 
time, 4096 clock periods, during this phase. The result 
of the Phase II Polarity Detect Cycle determines whether 
PD/RU+ or RU- will be at logic "'''.If Phase II indicates 
a positive input, the PD/RU+ signal will be a logic ",", 
If phase II indicates a negative input, Ramp Negative 

Truth Table 

INPUT SC OE PIS LSB 

100% Full Scale 

Full Scale 

1 

1 

0 

0 
II 1 

0 1 

1 1 1 

'1 1 1 

1 

1 

Zero 1 0 0 0 0 0 0 0 

Zero 

-Full Scale 

-100% Full Scale 

Any 

Any 

Any 

1 = High 

00; Low 

1 

1 

1 

1 

1 

0 

Z = High Impedance 
X = Don't Care 

0 

0 

0 
1 

0 

X 

0 0 

0 1 

'0 1 

X ~ 
-1 Z 

X Z 

0 .0 0 0 

1 l' 1 1 

1 1 1 1 

Z Z· Z Z 

Z Z Z Z 

Z Z Z Z 
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(RU-) will be a logic ",". These 2 signals will never be 
at logic "'" simultaneously. . 

Phase V - Ramp Reference 

This phase is a variable length phase depending on the 
magnitude of the analog input voltage. During ~his time, 
Ramp Reference (RR) will be in the logic "'" state. 
When COMP goes' to a logic "P" state, or when the 
internal counter reaches '00% of full scale (8'92 clock 
periods), the Ramp Reference (RR) signal goes to'the 
logic "0" state, the counter output is loaded into the 
output register, and the End of Conversion (EOC) 
signal goes to a logic "'''. The Polarity Bit will reflect 
whatever valiJe was determined during Phase II. The 
output register will hold the data until a new conversion 
is completed and new data is loaded into the register. 
The OE line must be low in the logic "0" state and SC 
must be high in the logic "'" state to enable the outputs. 

DATA OUTPUTS 

Both serial and parallel outputs are available. In either 
case, OE must be low arid SC must be high to enable 
the- outputs. For parallel output, the P/S.!ine must be 
low in the logic "0" state. For serial outputs, the PIS 
line must be high. In the serial mode, the data is shifted 
out of the Polarity/Serial Output (POL/SDO) line and all 
other data outputs are in the high impedance state. 
Each Serial Clock (SCLK) will right shift the output 
register one bit. Thus, '3 clock pulses are required to 
fully shift out the data. The data will be shifted out in" 
the following order: Polarity, Overrange, MSB, 2SB, 
3SB, ... , LSB, If OE and PIS are in the logic "0" state' 
and SC in the logic "'" state, all outputs will momen· 
tarily go to the logic "'" state for 1 clock period 
immediately preceding EOC. . 

CONTINUOUS CONVERT MODE 

In this mode, the End of Conversion (EOC) output is 
connected to the OE input. As long as SC is in the­
logiC "'" state, then each EOC will initiate a new con· 
version. The data outputs will be disabled for the first 
5 clock cycles after EOC goes high. 

MSB OVER- POLARITY 
RANGE 

1 1 1 1 1,' 1 1 l' 1 

1 1 1 1 1 1 1 0 1 

0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 0 0 

1 1 ,1 1 1 1 1 1 0 

Z Z Z Z Z Z Z Z· Z 

Z Z Z· Z Z Z Z Z Serial Output 

'. Z Z Z Z Z Z Z Z Z 



Timing Diagrams 

Output Enable/Disable Time 

l!E ORl'lS 

DATA OUTPUT 
TRI-STATE® 

Sorial Clock Delay 

SCLK 

POL/SOD 

Output Enable/Disable Time 

SC 

DATA ---+--<1 4.0 

OA 

FIGURE 1. Parallel Data 

Serial Output 

EOC~I~~ ____________ ~_~ ______________ ~ 

I 
SCLK I 

PDLISOO 

I 

I 
I 
I 
I 

Ir---~--------------------------
PIS .J 

Ir-----------------------------------
SC --.i 

I 

FIGURE 2. Sorial Data 
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Timing Diagrams (Continued) 

ClK 

SC 

DC 

PD/RU+ 

RR 

CDMP 

EOC (liE) 

DUTPUT 
DATA 

De 

PO/RU+ 

RU-

RR 

COMP 

EOC (ifE) 

Positive Input 

I 
PHASE I PHASE II PHASE III 

I 
PHASE IV I PHASE V I OFFSET POLARITY INITIAL· RAMP RAMP 

CORRECT DETECT IZATION UNKNOWN REFERENCE 

I 1/1 I 
n...n..r 

256 X III 256 X 1/1 ~ 
256 X 1/1 4096 X III 

$8192 X.I/I L-

I5iil f5iiL 

>t~"". 
DATA FROM PREVIOUS CONVERSION, >-C 

Negative Input 

256 XI/I 256 X III r--
256 X III 

4096 X 1/1 

I $819ZX 1/1 L-

f5iil f5iiL 
FIGURE 3'. Continuous Conversion MOde 

SCNO.i~!-! ____ .I 

~~~!-----------------
Eoe NO. i 1 .. _______ .... 

TRI·STATE® 
DATABUS--------~~~~--------_< 

FIGURE 4. ith AID Converter Data Retrieval Sequence 
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Typical Applications (Continued) 

Multi AID Converter System on Common Bus 

DATA BUS 
r---~~--~ r---~~--~ 

VXi VXm 

jth AID Converter 

TRI-sTATE'" OUTPUTS TO OATA BUS 

ADBI200 

SC .. 2"'-____ ., 

EOCI"2;;.3 __ ., 

ClK 27 

VGG VSS liE 
25 24 3 

.-~~~----------~~ 

lFI3300 

PG..,I"'---t-. 

v-.. 4:.-_ ... 

VXj 15V -15V GNO 5\1 DE 250.H. EOC** SC** 

. 
CONTROL AND POWER BUS 

*Mav be common or separate. eare should be taken to avoid ground currents 
**Oirect or multiplexed access to the processor 

Note. This application is related to Figure 4 of timing diagrams 
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ADcoaoo (MM4357B/MM5357B) a-Bit AID Converter 
General Description 
The ADC0800 is an 8-bit monolithic AID converter 
using P-channel ion-implanted MOS technology_ It 
contains a high input impedance comparator, 256 
series resistors and analog switches, control logic and 
output latches. Conversion is performed using a succes­
sive approximation technique where the unknown 
analog voltage is compared to the resistor tie points 
using analog switches. When the appropriate tie point· 
voltage matches the unknown voltage, conversion' is' 
complete and the digital outputs contain an 8-bit com­
plementary binary word correspof1ding to the un­
known. The binary output is TRI-STATE® to permit 
bussing on common data lines. 

The ADC0800PD is specified over -55°C to +125°C 
and the ADC0800PCD is specified over O°C to 70°C. 

Block Diagram 

I 

L 

R·NETWORK 
TOP 

15 - --

450 

300 

P·RESISTOR 
N·BOOY 

r- -..., 

...-.....-_+-I ~_ 
I~ I 

..... -+---+-
SWITCHE+ ...J_ 

300 

150 

R·NETWORK 
BOTIOM 

12 

VIN' 
ANALOG 
INPUT 

Features 
• 'Low cost 
• ±5V, 10V input ranges 
• No missing c'odes 
• Ratiometric conversion 
• TRI-STATE outputs 

• Fast 
• Contains output latches 

• TTL compatible 
• Supply voltages 
_. Resolution 

• Linearity. 
• Conversion speed 
• Clock range 

Vss' 
(PMOS 
BODY) 

10 

SELECTION 
AND 

CONTROL 
LOGIC , 

TC=501Ls 

5 VDC and -12 VDC 
8 bits 

±1 LSB 
40 clock periods 

50 to 800 kHz 

END OF 
1--+-0 CONVERSION 

(EOC) 

"-_...&.-O-VGG 

4 

B·BIT 
LATCH 

2 1 17 16 14 13 

MSB LSB 

COMPLEMENTARY 
DIGITAL OUTPUT 

(00000000 = +full-scale) 

-.J DIGITAL GROUND 
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Absolute Maximum Ratings 

Supply Voltage (VDD) 
Supply Voltage (VGG) 
Voltage at Any Input 
Storage Temperature 
Operating Temperature 

ADCOBOOPD 
ADC0800PCD 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

VSS-22V 
VSS-22V 

VSS + 0.3V to VSS-22V 
'lS0°C 

-SSOC to +12SoC 
O°C to +70°C 

300°C 

These specifications apply for VSS = S.O VDC, VGG = -12.0 VDC, VDD = 0 VDC, a reference voltage of 10.000 VDC across 
the on·chip R-network (VR.NETWORK TOP = S.OOO VDC and VR.NETWORK BOTTOM = -5.000 VDC), and a clock fre· 
quency of BOO kHz. For all tests, a 475n resistor is used from pin S to ground. Unless otherwise noted,-these specifications apply 
over an ambient temperature range of -SSoC to +12SoC for the ADC0800PD and O°C to +70°C for the ADCOBOOPCD. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Non-Linearity T A = 2SoC, (Note 1) ±1 LSB 

Over Temperature, (Note 1) ±2 LSB 

Differential Non-Linearity ±112 LSB 

Zero Error ±2 LSB 

Zero Error Temperature Coefficient (Note 2) 0.01 %tc 
Full·Scale Error ±2 LSB 

Ful,I.Scale Error Temperature Coefficient (Note 2) 0.01 %tc 
Input l;eakage 1 p.A 

Logical "1" Input Voltage All Inputs VSS71.0 VSS V 

Logical "0" Input Voltage All Inputs. VGG VSS-4.2 V 

Logical I nput Leakage TA = 2SoC, All Inputs, VIL = 1 p.A 

VSS -10V 

Logical "1" Output Voltage All Outputs, IOH = 100 p.A 2.4 V 

Logical "0" Output Voltage All Outputs, IOL = 1.6 rnA 0.4 V 

Disabled Output Leakage T A = 2SoC, All Outputs, VOL = 2 p.A 

VSS@10V 

Clock Frequency 0°C~TA~+70°C SO 800 kHz 

-55°C ~ TA ~ +125°C 100 500 kHz 

Clock Pulse Duty Cycle 40 60 % 

TR I·STATE Enable/Disable Time 1 p.s 

Start Conversion Pulse (Note 3) 1 31/2. Clock 

Periods 

Power Supply Current TA= 2SoC 15 rnA 

Nota 1: Non·linearity specifications are based on best straight line. 
Note 2: Guaranteed by design only. 
Note 3: Start conversion pulse duration greater than 3 1/2 clock periods will cause conversion errors. 
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Timing Diagram 

CLOCK 
INPUT 

+5VJlJ1JlJ' 

OV 

+5V-n . 
START 

CONVERSION OV~ ~~!------------~--------~-------
.+5V, 

EOC ov '"\-.----40Xnm-----! 
. u . 

+5V 
OUTPUT 
ENABLE 

OV 

+5V 

-"50% • 
, 

1\ 50% . 

! 

90% 
DATA 

1'90% 

-------------~ \',0% 
--(TRI.sTATE) 

OV 
10% 

ENABLE • I~ DISABLE I~ OELAY- OELAY-

Data is complementary binary (full scale is all "O's" output) . 

. Application Hints 

OPERATION 

The ADC0800 contains a network with 256-300n 
resistors in series. Analog switch taps are made at the 
junction of each resistor and at each end of the net­
work. In' operation, a reference (1O.00V) is applied 
across this network of 256 resistors. An analog input 
(V IN) is first compared to the center point of the 
ladder via the appropriate switch. If VIN is larger than 
VREF/2, the internal logic changes the switch points 
and now compares VIN and 3/4 VREF. This process, 
known as successive approximati0l), continues untn the 
best match of VIN and VREF/N is made. N now defines 
a specific tap on the resistor network. When the conver­
sion is complete, the logic loads a binary word corres­
ponding to this tap into the output latch and an end of 
conversion (EOC) logic level appears. The output latches 
hold this data valid until a new conversion is completed 
and new data is loaded into the latches. The data transfer 
occurs in about 200 ns so that valid data is present 
Virtually all the time. Conversion requires 40 clock 
periods. The device may be operated in the free run­
ning mode by connecting the Start Conversion line to 
the End of Conversion line. However, to ensure start·up 
under all possible conditions, an external. Start Conver­
sion pulse is required during power up conditions. 

REFERENCE 

The reference applied across the 256 resistor network 
determines the analog input range. VREF = 10.00V 
with the top of the R-network connected to 5V and the 
bottom connected to -5V gives a ±5V range. The 
reference can be. level shifted between VSS and VGG. 
However, the voltage, which is applied to the top of the 
R-network (pin 15), must not exceed Vss to prevent 
forward biasing the on-chip parasitic silicon diode 
which exists between the P-diffused resistors' (pin 15) 
and the N-type body (pin 10, Vss). Use of a standard' 
logic power supply for VSS can cause problems, both 
due to initial voltage tolerance and changes over tem­
perature. A solution is to power the VSS line (15 rnA 
max drain) from the output of the op amp which is 
used to bias the top of the R-network (pin 15). The 
analog input voltage and the voltage which is applied 
to the bottom of the R-network (pin 5) must be at 

least 7V above· 'the -VDD supply voltage to insure 
adequate voltage drive to the analog switches, . 

Other reference voltages may be used (such as 10.24V). 
If a 5V reference is used, the analog range will be 5V 
and accuracy will be reduced by a factor of 2. Thus, for 
maximum accuracy, it is desirable to operate with at 
least a 10V reference. For TTL logic levels, this requires· 
5V and -5V for the R-network. CMOS can operate at 
the 10 VDC VSS level and a single 10 VDC reference 
can be used. All digital voltage levels for both inputs and 
outputs will be from ground to VSS. 

ANALOG INPUT AND SOURCE RESISTANCE CON­
SIDERATIONS 

The lead to the analog input (pin 12) should be kept as 
short as possible. Both noise and digital clock coupling 
to this input can cause conversion errors. To minimize 
any input errors, the following source resistance consid· 
erations should be no~ed: 

For Rs :::; 5k. No· analog input bypass capacitor 
required, although a 0.1 /.IF input 
bypass capacitor will prevent pick­
up due to unavoidable series lead 
inductance. ' 

For 5k < Rs:::; 20k A '0.1 /.IF·capacitor from the input 
(pin 12) to ground should be used. 

For Rs >20k Input buffering is necessary. 

If the overall converter system requires lowpass filtering 
of the analog input signal, use a 20 kn 'or less series 
resistor for a passive RC section or add an op amp RC 
active lowpass filter (with its inherent low output 
resistance) to insure accur-ate conversions. 

. CLOCK COUPLING 
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The clock lead should be kept aWay from the analog 
inpu~ line to reduce coupling. 

LOGIC INPUTS 

The logical "I" input voltage swing for the Clock, Start 
Conversion and Output Enable should be (VSS - 1.0V). 



Application Hints (Continued) 

CMOS will satisfy this requirement but a pull-up resistor 
should be used for TTL logic inputs. 

RE;STARTAND DATA VALID AFTER EOC 

The EOC line (pin 9) will be in the low state for a maxi­
mum of 40 clock periods to indicate "busy". A START 
pulse which occurs while the A/D is BUSY will reset the 
SAR and start a new conversion with the EOC signal 
remaining in the low state until the end of this new 
conversion. When the conversion is complete, the EOC 
line will go to the high voltage state. An additional 4 
clock periods must be allowed to elapse after EOC goes 
high, before a new conversion cycle is requested. Start 
Conversion pulses which occur during this last 4 clock 
period interval may be ignored (see Figures 1 and 2 for 
high speed operation). This is only a problem for high 
conversion rates and keeping the number of conver­
sio!"s per second less than (1/44) x fCLOCK automati­
cally guarantees proper operation. For example, for an 
800 kHz clock, 18,000 conversions per second are 
allowed. The transfer of the new digital data to the 
_output is ,initiated when EOC goes to the high voltage 
state. 

POWER SUPPLIES 

Standard supplies are VSS = 5V, VGG = -12V and 
VDD. = OV. Device accuracy is dependent on stability 
of the reference voltage and has slight sensitivity to 
VSS - VGG. VDD has no effect on accuracy. Noise 
spikes on the VSS and VGG supplies can cause improper 
conversion; therefore, filtering each supply with a 
4_7 /.IF tantalum capacitor is recommended. 

IL __ ---Ir 
tFROM~~~~-----I 

CONTINUOUS CONVERSIONS AND LOGIC CO,N­
TROL 

Simply tying the EOC output to the Start' Conversion 
input will' allow continuous conversions, but an oscilla­
tion on this line will exist during the first 4 clock perio,ds 
after EOC goes high. Adding a D flip-flop between EOC 
(D input) to Start Conversion (Q output) will prevent 
the oscillation and will allow a stop/continuous control 
via the "clear" input. 

To prevent missing a start pulse which may occur after 
EOC goes high and prior to the required 4 clock 
period time interval, the circuit of Figure 7 can be used. 
The RS latch can be set at any 'time and the 4-stage 
shift register delays the application of the start pulse 
to the A/D by 4 clock periods. The' RS latch is reset 
1 clock period after the AID EOC signal goes to the low 
voltage state. This circuit also provides a Start Conver­
sion pulse to the A/D which is' 1· clock period wide. 

A second control logic application circiJit is shown in 
Figure 2. This allows an asynchronous start pulse of 
arbitrary length less than TC, continuously converts for 
a fixed high level and provides a single clock period 
start pulse to the A/D. The binary counter is loaded with 
a count of 11 when the start pulse to the AID appears. 
Counting is inhibited until the EOC signal from the AID 
goes high. A carry pulse is then generated 4 clock 
periods after EOC goes high and is used to reset the 
input RS latch. This cimy pulse can be, used to indicate 
that the conversion is complete, the data has transferred 
to the output buffers and the system is ready for a n!!W 

conversion cycle. 

Mln.lcns .IL 
START CONVERSION 
(TOAIDI 

JL .~~'~ ~-4"",+-""">----4 ..... --....J 

CDNVE~~:~ .......... .--.... 

FIGURE 1. Delaying an Asynchronous Start Pulse 

JL 
START 

CONVERSION .. --:::r:JiO-r------lr~-...;.::!....!:=.:!:!!,. 

... ----ICARRy MM,.tCl.l 

CLOCK 
IFROU~ ~+----f 

~-:;'-;'--+--I:...I 

READY FOR 
NEXT CGNV1RIION 

ADCOIDD 
CLOCK 

FIGURE 2. AID Control Logic 
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Application Hints (Continued) 

ZERO AND FULL-SCALE ADJUSTMENT 

Zero Adjustment: This is the offset voltage required at 
ttje b"ottom ci the R~netwcirk (pin 5) to make the 
11111'111 tol 1111110 transition when the input 
voltage is'1/2 LSB (20 mV for a:m.24V scaie) .. in most 
qases, .this can b,e a«complished bX tiavi~g a 1 1<:11 pot"o~ 
pin 5. A·resistor of 47511 can be used as a n~m-adjustable 
best approximation from pin' 5 to groun"d. " " 

Typical Applications " 
" General Coimection 

+6V' ... ----. 
OV -f2V CLOCK 

OUTPUT ENABLE 

sc 
£DC 

Hi-Voltage CMOS Output Levels"' 

ADC08DO 

OV to 10V VIN range 
OV to 10V output levels 

Full-Scale Adjustment: This is the offset voltage required 
at the top" of the R:netwCirk (pin 15) to make the 
00000001 to 00000000 transition when the input 
v~ltage is'l 1/2 LS8 from fufl-~cale (60 mV less than 
full-scale for a 10.24V ~cale). This voltage is guaranteed 
to be within ;2 LSB for' the" ADC0800. In most cases, 
this" can, be accompl"ished by "having a 1 "k11 pot on pin 
15:' "T. " " •• '. " 

• j '" 

Ratiomeiric Input Signal with Tracking Reference 
" ,)" .' 

.,v 

" 

ADCOBOD ',", 

-12V 

Level Shifted Zero and Full-Scale for Transducers " 

Level Shifted Input Signal Rang~" 

".-------'---" 

" 
'" 
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tD,OOV 
VnEF 

.2 , .. 

.. v 

., 
14k 

1k FULL SCALE 

15 " 
ADC0800 

Rl and R2 change the effective input range 
-12V by lV/l0 kn 



Typical Applications (Continued) 

VREF = 10 VOC With TTL Logic Levels 

2.1k 

lA' 

'" 

4.99k ,. 

1SYnc 

EOC 

OUTPUT 
ENABLE 

*See application hints 

A I and A2 =' LM358N dual op amp 

VREF = 10 VOC With 10V CMOS Logic Levels 
2.U 6.9YOC 

15 vocO-JVVI<" ..... --, 

Ik 

LM329DZ 

3S.1k ,. 

15. 
ANALOG 

INPUT 

EOC 

ENABLE 
OUTPUT 

4.7"F 

¥ *See application hints 
-7 Vue 

Input Level Shifting 
15. 

-5V TO SV INPUT 
TOADC08OD 

'" ADJUST fOR -sv 
OUT WITH BV INPUT 

MICROPROCESSOR INTERFACE 

Figure 3 and the following sample program are included 
to illustrate both hardware and software requirements to 
allow output data from the AOC0800 to be loaded into 
the memory of a microprocessor system. For this exam· 
pie, National's INS8060, SC/MP II, 'micropro~essor has 
been used. 

8·15 

• Permits TTL compatible outputs with 
OV to IOV input range (OV to -IOV 
input range achieved by reversing 
polarity of zener diodes and returning 
the 6.8k resistor to V-I. 

The sample program, as shown, will start the converter, 
load the converter's output data into the accumulator, 
keep track of the number of data bytes entered, com· 
plement the data and store this data into sequential 
memory locations. After 256 bytes have been entered, 
the control jumps to the user's program where proces· 



Typical Applications (Continued) 

sing of the data entered will be implemented. A more 
practical program whereby each data byte entered wi!1 
be processed before another entry is made can easily be 
done by jumping back to the user's program at'the end 
of the interrupt routine (where the data is loaded into 
the accumulator and stored in memory). The end· of 
the user's program should provide a jump back to the 
INITIALIZE statement to start a new conversion and 
generate a new data entry. 

The following arbitrarily chosen a!ldresses and pointer 
assi~nments are used in this example: 

Pointer 1 - WORD COUNT (ADDR:Ol00) 
, Also used to point to the AID converter at 
address 0500 for this example when data is 
to be entered. 

Pointer 2...:. ENTERED DATA (ADDR's: 0200 .... 02FF) 
Data is stored in 2's complement binary 
form, i.e, 01111111 .... +full-scale and 
10000000 .... - full-scale, 

·Pointer 3 - LOAD DATA SUBROUTINE (starts at 
ADDR:03OO) 
Executed when an EOC signal generates an 
interrupt request via sense A after an lEN 
(interrupt enable) instructio.n. 

The address for the converter (0500) is unique for this 
particular sample program but may not be in a user's 
system so a different converter address must be used. 
N~te that in Figure 3 ADX and ADY for the address 
decode circuitry would be address bits ADB10 and 
ADBB (pins 35 and 33 on the SC/MP II package) for 
converter address 0500. 

SAMPLE PROGRAM TO LOAD DATA INTO MEMORv'W!TH SCIMP II. 

0001 
0002 
0004 
0005 
0007 
0008 
OOOA· 
0008 
0000. 
OOOF 
0010 
0012 
0013 
0014 
0016 
0017 
0019 
001A 
001C 
001E 

0020 
0021 
0022 
0024 

08 
C401 
36 
C400 
31 
C402 
36 
C400 
C900 
32 
C403 
37 
OB 
C4 00 
33 
C401 
07 
Cl00 
F4 FF 
9805 

05 
OB 
90 FE 
OB 

START: NOP 
LDIl,oi 
XPAH 1 
LDIX'OO 
XPAL 1 
LI)IX'02 
XPAH 2 
LDIX'OO 
ST(PH 
XPAL2 
LDIX'03 
XPAH 3 

INITIALIZE: NOP 

LOOP: 

DTAIN: 

LDIX'OO 
XPAL3 
LDIX'Ol 
CAS 
LD(PH 
XRIX'FF 
JZ DTA IN 

lEN 
NOP 
JMP LOOP 
NOP 

:DATA ENTRY SUBROUTINE 
0300 OB DATA IN SR: NOP 
0301 A900 ILD (P1) 
0303 C4 05 LDIX'05 
0305 35 XPAH 1 
0306 Cl 00 LD (PH 

0308 F47F XRIX'7F 
030A CE 01 ST@1(P2) 
030C C400 LDIX'OO 
030E 07. CAS 
030F C401 LDIX'Ol 
.0311 35 XPAH 1 
0312 C413 LDIX'13 
0314 33 XPAL3 
0315 3F XPPC3 
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;Pl = 0100 _: 

; Zero word count (Pll 
; P2 = 0200 

;P3= 0300 

; Starts converter via flag 0 

; Test to see if word count is FF. 
if so, jump' to DTA IN 

; Enables INTERRUPT 

; Loop until EOC 

; User program to process data 

; Increment word count 

; Pl will point to converter· 
; Converter data loaded into 
'accumulator 
; Put data in 2's cOmplement form 
; Store data ..... 

; Resets flag 0 

; Resets Pl to point at word count 

; Return to INITIALIZE to start a 
new-conversion' 



Typical Applications (Continuedj 

ADX*"'-~-­

* ADY ...,...--.._~ 

NADS 

MM74COO 

5Vo--............. , 

D 

I/2MM74C74 

GND 

Q 

XOUT 
(1 MHz) 

• Setting flag 0 (FLGO = 1) with software, starts conv~rsion (FLGO must be cleared before another conversion can be initiated) 
• With interrupt enabled an EOC will force an interrupt. Interrupt subroutine should load converter data into the accumulator. 

• Output data is in complementary offset binary form 

• Numbers in parentheses denote pin numbers of SC/MP chip 

* ADX and ADV can be any of the address lines but they must be high only at the time the converter output data is to be put on the data bus 
(i.e., the converter must have its ow., unique address) 

FIGURE 3, Interfacing to the'SC/MP II Microprocessor 
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Typical Applications (Continued) 

TESTING THE AID CONVERTER 

There are many degrees of complexity associated with 
testing an AID converter. One of the simplest tests is to 
apply a known analog input voltage to the converter 
and use LED's to display the resulting digital output 
code as shown in Figure 4. Note that the LED drivers 
invert the digital output of the AID converter to provide 
a binary display. A lab DVM can be used if a precision 
voltage source is not available. After adjusting the zero 
and full·scale, any number Qf points can be checked, 
as desired. 

For ease of testing, Ii 10.24 VDC reference is recom· 
mended for the AID converter. This provides'an LSB of 
40 mV (10.240/256). To adjust the zero of the AID, an 
analog input voltage of 1/2 LSB or 20 mV should be 

START 

I 
I .. 
~ 

AID 
UNDER TEST 

OUTPUT 
ENABlE 

v' 

applied and the zero adjust potentiometer should be set 
to provide a flicker on the LSB LED readout with all the 
other displa.,. LEOs OFF. 

To adjust the full·scale adjust potentiometer, an analog 
input which is 1112 LSB less than the reference (10.240-
0.060 or 10.180 VDC) should be applied to the analog 
inp4t and the full·scale adjusted for a flicker on the LSB 
LED, but this time with all the other LEDs ON. 

A complete circuit for a simple AID tester is shown in 
Figure 5. Note that the clock input voltage swing and 
the digital output voltage swings are from OV to 10.24V. 
The MM74C901 provides a voltage translation to 5V 
operation and also the logic inversion so the readout 
LEOs are in binary. 

BINARY DISPLAY 

FIGURE 4. Basic AID Tester 

ANALOG 
INPUT 

(PDWE~·~tOp~e~lo----+---",---",,-,+ 

IO.Z4V=rLr 
DV 

'-800kHz 

Ik 
FULL-SCALE 

ADJUST 

11 

15 

OUTEN 

~'D"F 

10 

vss 
MSB 

FIGURE 5. Complete Basic Te~er Circuit 
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Typical Applications (Continued I 

The digital output LED display can be decoded by 
dividing the 8 bits into the 4 most significant bits and 
4 least significant bits. Table I shows the fractional 
binary equivalent of these two 8·bit groups. By adding 
the decoded voltages which are obtained from the col· 
umn: "Input Voltage Value with a 10.240 VREF" of 
both the MS and LS groups, the value of the digital 
display can be determined. For example, for an output 
LED display of "1011 0110" or "B6" (in hexl the 
volta'ge values from the table are 7.04 + 0.24 or 

7.280 VDC. These voltage values represent the center 
values of a perfect A/D converter. The input voltage has 
to change by ±1/2 LSB (±20 mVI, the "quantization 
uncertainty" of an A/D, to obtain an output digital code 
change. The effects of this quantization error have to be 
accounted for in the interpr~tation of the test results. ' 
A plot of this natural error source is shown in Figure 6 
where, for clarity, both the analog input voltage and the 
error voltage are normalized to LSBs. 

TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

HEX 

F 1 
E 1 
0 1 

C 1 
B 1 

A 1 

9 1 

8 1 
7 0 
6 0 
5 0 
4 0 
3 0 
2 0 
1 0 
0 0 

BINARY 

1 1 1 

1 1 0 

1 0 1 

1 0 0 

0 1 1 

0 1 0 

0 0 1 

0 0 0 1/2 

1 1 1 

1 1 0 

1 0 1 

1 0 0 

0 1 1 

0 1 0, 

0 0 1 
0 0 0 

I 

FRACTIONAL BINARY VALUE FOR 

MSGROUP 

7/8 

3/4 

5/8 

3/8 

1/4 

1/8 

"j 1 
~ 

15/16 

13/16 

11/16 

9/16 

7/16 

5/16 

3/16 

1/16 

LS GROUP 

7/128 

3/64 

5/128 

1/32 

3/128 

1/64 , 

1/128 

15/256 

13/256 

11/256 

9/256 

7/256 

5/256 

3/256 

1/256 

~ 1/2 I- - .. - - - .. - - -.--

~o ~.~~J 
i -112~--~--~~-
~ -I ANALOG INPUT VOLTAGE (IN LSB,) 

INPUT VOLTAGE 
VALUE WITH 
10.24 VREF 

MS GROUP LS GROUP 

9.600 0.600 

8.960 0.560 

8.3~0 0.520 

7.680 0.480 

7.040 0.440 

6.400 0.400 -
5.760 0.360 

5.120 0.320 

4.480 0.280 

3.840 0.240 

3.200 0.200 
,2.560 0.160 
1.920 0.120 

1.280 0.080 

0.640 0.040 

0 0 

FIGURE 6. Error Plot of a Perfect A/D Showing Effects of Quantization Error 
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Typical Applications (Continued) 

A low speed ramp generator can also be used to sweep 
the analog input voltage and the LED outputs will . 
provide a binary counting sequence from zero to full­
scale. 

The techniques described' so' far are suitable for an 
'engineering evaluation or a quick check on performance. 
For a higher speed test system, or to obtain plotted 
data, a digital-to-analog converter is needed for the 
test set-up. An accurate 10-bit DAC can serve as the 
precision voltage source for the AID. Errors of the AID· 
under test can be provided as either analog voltages or 
differences in two digital words. 

A basic AID tester which uses a DAC and provides the 
error as an analog output voltage is shown in Figure 7. 
The 2 op amps can be eliminated if a lab DVM with a 
numerical subtraction feature is available to directly 
readout the difference voltage, "A-C". The analog 

AIAtOU INPUT 
VOLTAGE 

"A" 

"B" .. c .. 

1UaxANAlOG 
ERROR VOL lAGE 

All. R'. = 0.05% tolerance 

FIGURE 7. AID Tester with Analog Error Output 

input voltage can be supplied by a low frequency ramp 
generator an~ an X-V plotter can be' used to prov'ide 
analog error (V axis) versus analog input (X axis).. The 
construction details of a tester of this type are provided 
in the NSC application note AN-179, "Analog-to­
Digital Converter Testing". 

For operation 'with a .microprocessor or. a computer­
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of 
Figure 8 where the' output code transitions can be 
detected as the 1 O-bit DAC is incremented. This provides 
1/4 LSB steps for the 8-bit AID under test. If the results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the Y 
axis, a useful transfer function of the AID under test 
results. For acc~ptance testing, the plot is not necessary 
and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 

DIGITAL 
INPUT 

FIGURE 8. Basic "Digital" AID Tester 

DIGITAL 
OUTPUT 

Connection Diagram 
Dual-In-Line Package 

R· 

11 17 

'--

-

I , 
, .... ,-3 

N"· 
WORK LSI 

2-6 TOP 2-7 ~B YIN CLOCK Vss 

" 

3 

,-2 

15 

• 
I-I 
MSB 

I. 

, 
R· 

NET· 
WORK 

BonOM 
TOP VIEW 

Il 

, 

12 II 10 

" 

t-

t-

o 

, B • 
'DC 

Order Number ADC0800PD e-s5"c to +125"C) 
or ADC0800PCD eo·c to +70·C) 

See NS Package D18A 
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~National 
~ Semiconductor 

A to D, D to A 

ADC0801, ADC0802, ADC0803, ADC0804 8·Bit JLP 
Compatible AID Converters 

General Description 
The ADCOB01, ADCOB02, ADCOB03, ADC0804 are 
CMOS B-bit, successive approximation AID converters 
which use a modified potentiometric ladder-similar to 
the 256R products. They are designed to meet the NSC 
MICROBUS™ standard to allow operation with the 
B080A control bus, and TR I-STATE@ output latches 
directly drive the data bus. These AIDs appear like 
memory locations or I/O ports to the microprocessor 
and no interfacing logic is needed. 

A new differential analog voltage input allows increasing 
the common-mode rejection and offsetting the analog 
zero input voltage value. In addition, the voltage refer­
ence input can be adjusted to allow encoding any smaller 
analog voltage span to the full B bits of resolution. 

Features 

• MICROBUS (BOBOA) compatible-no interfacing logic 
needed 

• Easy interface to all microprocessors, or operates 
"stand alone" 

Typical Application 

i!f 
!iii eLK R 
!iii 
IlIfii 

elKIN 

11 
OBI 

12 

.. Differential analog voltage inputs 

• Logic inputs and outputs meet T2L voltage level 
specifications 

• Works with 2.5V (LM336) voltage reference 
II On-chip clock generator 

• OV to 5V analog input voltage range with single 5V 
supply 

• No zero adjust required 
• 0.3" standard width 20-pin DIP package 

Key Specifications. 

• Resolution 
• Total error 
• Conversion ti me 

• Access time 
• Single supply 

B bits 
±1/4 LSB, ±1/2 LSB and ±1 LSB 

lOOps 

135 ns 

5VDC 
• Operates ratiometrically or with 5 VDC, 2.5 VDC, 

or analog span adjusted voltage reference 

Connection Diagram 

ADC080X 
Dual-In-Line Package 

cs 20 
Vee (OR VREF' 

!iii 
I. 

CLKR 

150~ Wii I. 
DBO ILSB) 

eLKIN 
11 

OBI 

IlIfii 
18 

082 
DB. VINI+) 6 13 AID 
DB5 

VINH' I. 
DB4 

[ B·BIT RESOLUTION J DIFF OVER ANV DESIRED 
VIN(+I DB3 

INPUTS e~~::~~~UJGE 
seE SECTION 2.4.1 

'I.I-! 15 
DB3 B 

AGND 
16 

DB2 
VREFI2 9 11 

OBI 
18 

DBD o GND 

DB4 

AGNO DB5 

12 
VREFi2 DBB . 

DGND 10 .... ____ --0" DB' (MSB' 

TDP.,EW 
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Absolute Maximum RatingS(Notes 1 and 2) Operating Ra.tings (Notes 1 and 2) '. 

Supply Voltage (VCC) (Note 3) 
Voltage at Any Input 
Storage Temperature Range 
Package Dissipation at T A = 25° C 

6.5V 
-o.3V to (VCC +O.3V) 

-65·C to +150·C 
875mW 

Lead Temperature (Soldering, 10 seconds) 300·C 

. Electrical Characteristics 
Converter Specifications: I 

Temperature Range (Note 1) 
AOC0801/02/03 LO 
AOCOa01/02/03/04 LCD 
AOCOa01/02/03/04 LCN 

Range of VCC (Note 11 

TMIN S; T AS; TMAX 
-"55"c S; TA S; +12S'C 
-40·C S; T AS; +85"c 

o·C S; TA S; 70·C 
4.5 VOC to 6.3 VOC 

VCC ~ 5 VDC, VREF!2 ~ 2.500 VDC, TMIN ::; T A::; TMAX and fCLK ~ 640 kHz unless otherwise stated. 

PARAMETER CONDITIONS 

ADC0801: 

Total Adjusted Error (Note 8) With Full-Scale Adj. 

ADC0802: 
I 

Total Unadjusted Error Completely Unadjusted 

(Note 8) 

ADC0803: 

Total Adjusted Error (Note 8) With Full-Scale Adj. 

ADC0804: 

Total Unadjusted Error Completely Unadjusted 

(Note 8) 

VREF!2 Input Resistance Input Resistance at Pin 9 

Analog Input Voltage Range , (Note 4) V(+) or V(-) 

DC Common-Mode Rejection Cuer Analog Input Voltage Range 

Power Supply Sensitivity VCC ~ 5 VDC ±10% Over 

Allowed VIN(:t) and VINH 

Voltage Range (Note 4) 

Electrical Characteristics 
Timing Specifications: VCC = 5 VDC and T A = 25°C unless otherwise noted. 

PARAMETER 

fCLK Clock Frequency 

Conversion Time 

CONDITIONS 

VCC ~ 6V, (Note 5) 

VCC = 5V 

(Note 6) 

INTR tied to WR with 

MIN 

1.0 

Gnd-0.05 

CR Conversion Rate In Free-Running 

Mode CS = 0 VDC, fCLK = 640 kHz 

tw(WR)L Width of WR Input (Start Pulse 

Width) 

tACC 

COUT 

Access Time (Delay from 

Falling Edge of RD to Output 

Data Valid) 

TRI-STATE Control (Delay 

from Rising Edge of RD to 

Hi-Z State) 

Delay from Falling Edge 

of WR to Reset of INTR 

Input Capacitance of Logic 

Control Inputs 

TR I-STATE Output 

Capacitance (Data Buffers) 

CS = 0 VDC (Note 7) 

CL =.100 pF 

(Use Bus Driver IC for 

Larger CL) 

CL = 10 pF, RL = 10k 

(See TRI-STATE Test 

Circuits) 
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TYP 

.1.3 

±1!16 

MIN 

100 

100 

66 

100 

±1!16 

TYP 

640 

640 

135 

125 

300 

5 

5 

MAX 

±J!4 

. ±1!2 

±1!2 

±1 

VCC:t0.05 

±1!8. 

±1!8 

MAX 

1280 

80'0 

73 

8770 

200 

250 

450 

7.5 

7.5 

-

UNITS 

LSB 

LSB 

LSB 

LSB 

kQ 

"DC 

LSB 

LSB 

UNITS 

kHz 

kHz 

l/fCLK 

conv!s 

ns 

ns 

ns 

ns 

pF 

pF 



Electrical Characteristics 
Digital levels and DC Specifications: 

Vec = 5 VDC and TMIN ~TA ~TMAX, unless otherwise noted. 

PARAMETER I CONDITIONS I MIN I TYP' I MAX I UNITS 

CONTROL INPUTS [Note: ClK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 

VIN (1) logical "1" Input Voltage VCC = 5.25 VOC 2.0 15 VOC 
(Except Pin 4 ClK IN) 

VIN (0) lo~ical "0" Input Voltage VCC = 4.75 VOC 0.8 VOC 
(Except Pin 4 CLK IN) 

VT+ CLK IN (Pin 4) Positive Going' 2.7 3.1 3.5 VOC 
Threshold Voltage 

V, CLK IN (Pin 4) Negative Going 1.5 1.8 2.1 VOC 
Threshold Voltage 

VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 VOC 

(VT+)-(Vr) 

liN (1), Logical "1" Input Current VIN = 5VOC 0.005 1 J.lAOC 
(All Inputs) 

liN (0) Logical "0" Input Current VIN =OVOC -1 --0.005 J.lAOC 
(All Inputs) 

ICC Supply Current (Includes fCLK = 640 kHz, 1.3 2.5 mA 

Ladder Current) TA = 25°C and CS = "1" 

DATA OUTPUTS AND INTR 

VOUT (0) Logical "0" Output Voltage 10= 1.6mA 0.4 VOC 

VCC = 4.75 VOC 

VOUT (1) Logical "1" Output Voltage 10 =-360J.lA 2.4' VOC 

VCC = 4.75 VOC 

lOUT TRI-STATE Disabled Output VOUT=O VOC -3 J.lAOC 
leakage (All Data Buffers) VOUT= 5 VOC 3 J.lAOC 

~utPut Short Circuit Current TA = 25°C 

ISOURCE VOUT Short to Gnd 4.5 6 mAoc 

ISINK VOUT Short to VCC 9.0 16 mAoc 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 
Note 2: All voltages are measured with respect ,to Gnd. unless otherwise specified. The separate A Gnd point should always be wired to the 0 Gnd. 
Note 3: A zener diode exists, internally.-from Vee to Gnd and has a typical breakdown voltage of 7 Voe. 
Note 4: For VIN(-l ~ VIN(+I the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagraml 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vee supply. Be careful, 
during testing at low Vee levels (4.SVI, as high level analog inputs (SVI can cause this input diode to conduct-especially at elevated temperatures, 
and cause errors for analog inputs near full·scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN 
does not exceed the supplV voltage by more than SO mV, the output code will be correct. To achieve an absolute 0 Voe to S Voe inputvoltage 
range will therefore require a minimum supply voltage of 4.950 VOC over temperature variations, initial tolerance and loading. 

Note 5: With Vee = 6V, the digital logic interfaces are no longer TTL compatible. 
Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the~ conversion 
process. 

Note 7: The CS input is assumed to bracket the WR strobe. input and therefore timing is dependent· on the"WR pulse width. An arbitrarily wide 
pulse width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see 
timing diagrams). 

Note 8: None of ·these A/Os requires a zero adjust. However, if an all zero code is desired for an analog input other than O.OV, or if a narrow 
full-scale span exists (for example: O.SV to 4.0V full-scalel the VIN(-I input can be adjusted to achieve this. See section 2.S and Figure 19. 

8-23 



Typical Performance Characteris~ics 
logic Input Threshold Voltage 
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TRI-STAT.t>Test Circuits and Waveforms 
tDH 

VCC VCC Vcc 

Vcc --t-'-J=:----
ilii 

DATA ::: ~~IH ilii 

OUTPUTS "'-

GND 

~
OH 

, VCC --
DATA 

GND -------= 

Timing Diagrams 
tr = 20 ns 

START 
CONVERSION ____ ~ 

\\.-_ .... /111 __ ---J! 

ACTUAL INTERNAL 
STATUS OFTHE 

CONVERTER 

~f-"",,"-J 
IWI- f--

- IWIWiI)L :--

OUTPUTS 10% 
VOL ' , 

tr = 20 ns 

"BUSY" 

"NOT BUSY" 
rDATA IS VALID IN 
1\ OUTPUT LATCHES 

- ITDBxl/lCLK INTERNAL TC 

(LAST DATA WAS READ) , 
V 

~S!.!!.A!! 'Ii!! Ii,!!! R!!DL ............ 1\ INT ASSERTED 

'VI- f--UZTCLK, 

Output Enable and Reset INTR 

iN'fii RESET 

Jiij' 

DATA 
OUTPUTS"" ........................ - - ............ 

TRI.sTATE@ ---------

Note: All timing is measured from th'e 50% voltage points. 

1.D UNDERSTANDING AID ERROR SPECS 

A perfect AID transfer characteristic (staircase wave­
form) is shown in Figure la. ,The horizontal' scale is 
analog input voltage and the particular poi..nts labeled are 
in steps of 1 LSB (19.53 mV with 2.5V tied to the 
VREF/2 pin). The digital output codes which correspond 
to these inputs are shown as 0-1, 0, and 0+1. For 
the perfect AID, not only will center-value (A-1, A, 
A+1, . . .), analog inputs produce the correct output 
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digital codes, but also each riser (the transitions between 
adjacent output codes) will be located ±1/2 LSB away 
from each center-value. As shown, the risers are ideal and 
have no width., Correct digital output codes will be 
provided fOr a range of analog input voltages which ex­
tend ± 1/2 LSB from the ideal center-values. Each tread 
(the range of analog input voltage which provides the 
same digital output code). is therefore 1 LSB wide. 



Figure lb shows worst case error. plot for ADC0801. 
All center-valued inputs are guaranteed to produce the 
corre,!:t OUtput codes and the adjacent risers are guaran· 
teed to be no closer to the center·value points than 
±1/4 LSB'. In other words, if we apply an analog input 
equal' 'to the center-value ±1/4 LSB, we guar:antee that" 
the AID will produce the correct digital code. The 
maximum range of the position of the code transition is 
indicated by the horizontal arrow and' it is guara~teed to 
be no more than 1/2 LSB. 

The error curve of Figure 1e shows wbrst case error plot 
for ADC0802. ,Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the AID will produce the correct digital code. 
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Next to each transfer'functiop'is shown the correspond­
ing error plot. Many people may be more familiar with ' 
error plots 'than transfer functions. The analog input 
voltage to the AID is provided by either a linea'r ramp or 
by the discrete output steps of a high resolution DAC. 
Notice that the error is continuously displayed., and 
includes the quantiz~tion uncertainty of the AID. For 
example the error at point'l of Figure 1a is +1/2 LSB 
because the digital code appeared 1/2 LSB in advance of 
the center-value of the tread. The error plots always have 
a constant negative slope and the abrupt upside steps 
are always 1 LSB in magnitude. 
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FIGURE 1. Clarifying the Error Specs of lin AID Converter 

8·26 



2.0 FUNCTIONAL DESCRIPTION 

The ADCOSOI series contains a circuit equivalent of 
the 256R network. Analog switches are sequenced 
by successive approximation logic to match the analog 
difference input voltage [VIN(+) - VINH] to a carre· 
sponding' tap on the R network. The most significant 
bit is tested first and after S comparisons (64 clock 
cycles) a"digital S·bit binary code (1111 1111 ~ full· 
scale)' is transferred to an output latch and then an 
interrupt is asserted (I NTR makes a high·to·low tran' 
sition). The device may be ciperated in'the free·running 
mode by connecting INTR to the WR input with CS = 
O. To insure start·up under all possible conditions, 
an external WR pulse is required during the first power· 
up cycle, A conversion in process can be interrupted 
by issuing a second start command. 

On the high-to-Iow transition of the WR' input the 
internal SAR latches and the shift register stages are 
reset. As long asthe CS input and WR input remain low, 
the AID' will remain in a reset state. Conversion will 
start from 1 to iJ clock 'periods after at least one of these 
inputs makes a low-to-high transitiOn. 

9 
VOEFl2o---..... ,;....---+I 

8, 

AGND 

":' Vee 

VINC+lci8~~++c: 

OAC • 
VCOUTI 

LADDER 
AND 

DECODER 

A furictional diagram of the AID converter is shown ,in 
Figure 2. All 'of the package pinouts are shown and the 
major logic control paths are drawn in' heavier weight 
lines. 

The converter is started by having' CS and WR simul­
taneously low. This sets the start flip-flop (F/F) and the 
resulting "1" level resets the 'S-bit shift register, resets 
the Interrupt (lNTR) F/F and inputs a "1" to the D 
flop, F/F1, which is at the input end of the S-bit shift 
register. Internal clock signals then transfer this "1" to 
the Q output of F/FI. The -AND gate" Gl, combines 
this' "1" output with a clock signal to provide a' reset 
signal to the start F/F. If the set signal is n'o longer 
present (either WR or CS is a "1 ") the start F IF is reset 
and the S-bit shift register then can Ilave the "1" clocked 
in, which starts the conversion process. If the set signal 
were to still be present; this reset pulse would have no 
effect (both outputs of the start F/F would momentarily 
be at a "1" level) and the S-bit shift register would con­
tinue to be held in the reset mode. This logic therefore' 
allows for wide CS and WR signals and the converter will 
start after at least one of these signals returns high and 
the internal clocks again provide a reset signal for the 
start F/F. 

"I"· RESET SHIFT REGISTER 
"0" '" BUSY AND RESET STATE . RESET 

INPUT PROTECTION 
FOR ALL LOGIC INPUTS 

INPUT F TO INTERNAL 
CIRCUITS 

BV~3DV 

SAO 
LATCH 

CNOTE21 

elk 

=-+-
~flJfIV.el!MPL.' 

DIGITAL OUTPUTS I I 
TRI-sTATf® CONTROL --I 1--8.1/t, 

HCNOTE "e>J===~=~[JI-______ ':.:!:I':':"!O!!;UlP~U!!!T~E~N'~B~lE!1. _________ iiEsi~ 
iiiiO RESET 

Note 1: CS shown tvyice-for clarity. 

Nota 2: SAR ~ Succ~ssive Approximation Register. 

FIGURE 2. Block Diagram 
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After the "1" is clocked'through the S-bit shift register 
(which completes the SAR search) it appears as the 
input to the D flop, F/F 2. AS,soon as this "1" is,output 
from the shift register, the AND gate, G2, causes the 
new digital word to transfer to the TR I-STATE output 
latches. When F/F 2 is subsequently clocked, the Q out­
put makes a high-to-Iow transition which causes the 
INTR F/F to set. An, inverting buffer, then supplies 
the INTR output signal. 

When data is to be, read, the combination of both 
CS and RD being low will,.,cause the INTR F/F to be 
reset and the TR l-STA TE output latches will be enabled 
to provide the S-bit digital outputs. ' 

2.1 "Digital Control Inputs 
" ' 

The digita~ control inputs (CS, RD, 'and WR) meet 
standard T L logic voltage levels, These signals have been 
renamed when compared to the standard AID Start and 
Output Enable hibels. In addition, these inputs are active 
low to allow an easy interface to microprocessor control 
busses., For non-microprocessor based applications, the 
CS input (pin 1) can be grounded and the standard AID 
Start f~tion is obtained by an active low pulse applied 

, at the WR input (pin 3) and the Output Enable function 
is caused by an active low pulse at the RD input (pin 2), 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This AID has additional applications flexibility due to 
the analog differential voltage input. The VIN(-) input 
(pin 7) can be used to aut0tnatically subtract a fixed 
voltage value from the input reading (tare correction). 
This is also useful in 4 mA-20 mA current loop conver­
sion. In addition, common-mode noise can be reduced 
by use of the differential input. 

The time interval ,between sampling VIN(+) and VIN(-) 
is 4·1/2 clock periods. The maximum error voltage due 
to this slight time di,fference between the input voltage 
samples is given by; : 

. ( 4.5 ) 6Ve(MAX) = (Vp.) (21Tfcm ) f-- , 
, ' CLK 

Where: 

6 Ve is tile error voltage due to sampling delay 

Vp is the peak vahle of the common-mode voltage 

fcm is the .common·mode frequency 

As an example, to keep this error to 1/4 LSB (-5 mY) 
when operating with a 60 Hz common-mode frequency, 
fcrn, and ,using a 640 kHz AID clock, fCLK, would 
allow a peak 'value of the common-mode voltage, Vp, 
which is given by: ' 

or 

Vp = [6Ve(MAX) (fCLK)] 
(21TfcmH4.5) 

(5 x 10-3) (640 x 103) 
Vp'=-------

(6.28) (60) (4.5) 

which gives 

Vp~ 1.9V. 

The allowed range of analog input voltages usually places 
more, severe restrictions on input common-mode noise 
revels. 

An analog 'input· voltage with a reduced span and a 
relatively large zero offset can be easily. handled by, 
making use of the diff!!rential, input (see section 2.4, 
Reference Voltage Flexibility). 

2.3 Analoillnputs 

2.3.1 Input Current 

Due to the internal switching action; displacement 
currents will flow at the a.nalog inputs. This is due to on­
chip stray capacitance to grqund. The voltage on this 
capacitance is switched and will result in currents' enter­
ing the VIN(+) 'input and leaving the, VIN("-) input 
which will depend on, the analog differential input 
voltage levels. These, current transients occur at the 
leading edge of the internal clocks. They nipidly decay 
and do not cause errol1l as the on-chip comparator 
is strobed at the end of the clock period. 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
'and cause a DC current to flow through the output 
resistances of th~ analog signal sources. This charge 
pumping action is worse for continuous conversions 
with the VIN(+) 'input voltage at full-scale:· For con­
tinuous conversions with a 640 kHz clock frequency 
with the VIN(+) input 'at 5V, this DC current is at iI 
maximum of approximately 5 p.A. Therefore, bypass 

, capacitol1l should not be used at the analog inputs or 
the, VREFI2 pin for high resistance sources (> 1 kO). 
If input bypass capacitors are necessary for noise fil­
tering and high source resistance is desirable to minimize 
capacitor size, the, detrimental effects of the voltage 
drop across this input resistance, which is due to the 
average value of the input current, can be eliminated 
with a full-Scale adjustment while the given source re­
sistor and input bypass capacitor are both in place. This 
is possible because the average value of the input,current 
is a precise linear function of the differential input 
voltage. 

8-28 

2.3,3 Input Source Resistance 

Large values of source resistance where an input bypas~ 
capacitor is not used, will not cause errol1l as the input 
currents settle out prior to the comparison time. If a 
low pass filter is required in the system, use a low 
valued series resistor (5 1. kO) for a passive RC section 
or add an op amp RC active low pass filter. For low 
source resistance, applications, (5'1 kO), a 0.1 p.F bypass 
capacitor at the inputs will prevent pickup due to series 
lead inductance of a long wire. A 1000 series resistor 
can be used to isolate this capacitor-both the Rand C 
are placed 'outside the feedback loop-from the output 
of an op amp, if used. 



2.3.4 Noise 

The leads to the analog inputs (pins 6 and 7) should be 
kept as short as possible to minimize input noise 
coupling. Both noise and undesired digital clock coupling 
to these inputs can cause system errors. The source 
resistance for these inputs should, in general, be kept 
below 5 kn., Larger values of source resistance can cause 
undesired system noise pi'ckup. Input bypass capacitors, 
placed from the analog inputs to ground, will eliminate 
system noise pickup but can create analog scale errors as 
these capacitors will average the transient input switching 
currents of the AID (see section 2.3.3). This scale error 
depends on both a large source resistance and the use of 
an input bypass capacitor. This error can be eliminated 
by doing a full·scale adjustment of the AID (adjust 
VREF/2 for.a proper full·scale reading...,see section 2.5.2 
on Full·Scale Adjustment) with the source resistance 
ancj input. bypass capacitor in place. 

2.4 Reference Voltage 

2.4.1 Span Adjust 

For maximum applications flexibility, these AIDs have 
been designed to accommodate a 5 VDC, 2.5 VDC or an 
adjusted voltage reference. This has been achieved in the 
deSign of the It as shown in Figure 3. 

Notice that the reference voltage for the IC is either 1/2 
of the voltage which is applied to the VCC supply pin, 
or is equal to the voltage which is externally forced at 
the VREF/2 pin: This allows for a ratiometric voltage 
reference using the VCC 'supply, a 5 VDC reference 
voltage can be used for the VCC supply or a voltage less 
than 2.5 VDC can be applied to the VREF/2 input for 
increased application flexibility. The internal gain to the 
VREF/2 input is 2 to allow this factor of 2 reduction in 
the VREF/2 voltage. 

An example of the use of an adjusted reference voltage is 
to accommodate a reduced span-or dynamic voltage 
range 'of the analog input voltage. If the analog input 
voltage were to range from 0.5 VDC to 3.5 VDC, instead 
of OV to 5 VDC, the span would be 3V. With 0.5 VDC 
applied to the Y,N (-) pin to absorb the 'offset, the 
reference voltage can be made equal to 1/2 of the 3V 
span or 1.5 VDC' The AID now will encode the Y,N (+) 
signal from 0.5V to 3.5V with the 0.5V input cor· 

'responding to zero and the 3.5 VDC input corresponding 
to full·scale. The full 8 bits of resolution are therefore 
applied over this reduced analog input ~oltage range. 

2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or 
an absolute mode. In ratiometric converter applications, 
the magnitude of the reference voltage is a factor in both 
the output of the source transducer and the output of 
the AID converter and therefore cancels out in the final 
digital output code. In absolute conversion applications, 
both the initial value and the, temperature stability of the 
reference voltage are important accuracy factors in the 
operation of the AID converter. For VREF/2 voltages of 
2.5 VDC nominal value, initial errors of ±10 mVDC will 
cause conversion errors of ±1 LSB due to the gain of 2' 
of the VREF/2 input. In reduced span applications, the 
initial value and the stability of the VR,EF/2 input 

8·29 

20 

R 

9 I DIGITAL I 
~}-

CIRCUITS 

R : DECODE' H ANALOG I 
CIRCUITS 

}-
'l'-}-

AGND 8 DGND 10 

1:- /l7 
FIGURE 3. The VREFERENCE Design on the IC 

voltage become even more important. For example, if 
the span is reduced to 2.5V, the analog input LSB 
voltage value is correspondingly reduced from 20 mV 
(5V span) to 10 mV and 1 LSB at the VREF/2 input 
becomes 5 mY. As can be seen, this reduces the allowed 
initial tolerance of the reference voltage' and requires 
correspondingly less absolute change with temperature 
variations. Note that spans smaller than 2.5V place even 
tighter requirements on the initial accuracy and stability 
of the reference source. 

In general, the magnitude of the reference voltage will 
require an initial adjustment., Errors due to an improper 
value of reference voltage appear as full·scale errors in 
the AID transfer function. IC voltage regulators may be 
used for references if the ambient temperature changes 
are not excessive. The LM336B 2.5V IC reference diode 
(from National Semiconductor) is available which oper· 
ates with a 5V input voltage and has a temperature 
stability of 1.8 mV typ (6 mV max) over O°C ~ T A ~ 
+70°C. Other temperature range 'parts are also available. 

2.5, Errors 

2.5.1 Zero Error 

The zero of the AID does not requi re adjustment. If the 
minimum analog input voltage, value, V'N(M'N), is 
not ground, a zero offset can be done. The converter 
can be made to 0LJtput 0000 0000 digital code for this 
minimum input voltage by biasing the AID Y,N (-) input 
at this V'N(M'N) value (see Applications section). This 
utilizes the differential mode operati?n of the AID. 

The zero error of the AID converter relates to the 
location of the first riser of the transfer function and 
can be measured by grounding the V (-) input and 
applying a small magnitude positive voltage to the V (+) 
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input.' Zero error is the difference between the actual 
DC input voltage which is necessary to just cause an 
output digital code transition from 0000 0000 to 0000 
0001 and the ideal 1/2 'LSB value (1/2 LSB = 9.8 mV 
for VREF/2 = 2.500 VDC). 

2.5.2 Full-Scale 

The full-scale adjustment can be made by applying a 
differential input voltage which is 1-1/2 LSB down from 
the desired analog full-scale voltage range and then ad­
justing the magnitude of the VREFI2 input (pin 9) for 
a digital output code which is just changing from 
1111 1110 ,to 1111 1111. When offsetting the zero 
and using a span adjusted VREF/2 voltage, the full-scale 
adjustment is made by inputting V'MIN to the VIN (-) 
input of the AID and applying'a voltage to the VIN (+) 
input which is given by: 

VIN (+) fsadj = VMAX_1.5 [ 
(VMAX-VMIN) ] , 

256 

where: 

VMAX = The high end of the analog input range 

and 

VMIN = the low end (the offset zero) of the analog 
range. (Both are ground referenced.) 

2.6 Clocking Option 

The clock for the AID can be'derived 'from the CPU 
clock or an external RC can be added t~ provide self­
clocking. The CLK'IN (pin 4) 'makes Lise of 'a Schmitt 
trigger as shown in Figure 4." , , 

CLKR 
19 

.C::;L;:.K::I:I>-_-f.LT·~O-6-i~'CLK 

ADCOIOI. ADC0802. ADCOI03. ADCOB04 

, 1 
fClKe--

1.1RC 

R'" 10kn 

FIGURE 4. Self-Clocking the AID, 

Heavy capacitive or DC loading of the clock R pin 
should be avoided as this will disturb normal converter 
operation. Loads less than 50 pF, such as driving up to 7 
AID converter clock inputs from a single clock R pin'of 
1 converter, are allowed. For larger clock line loading, a 
CMOS or low power T2L buffer or PNP input'logic 
should be used to minimize the loading on the clock 
R pin (do not use a standard T2L, buffer). 

2.7 Restart During a Conversion 

If the' AID is restarted (CS and WR go low and return 
high) during a conversion, the converter is reset and a 
new' conversion is started. The output data latch is not 

updated if the conversion in process is not allowed to 
be completed, therefore the data of the previous con­

, version remains in. this latch. 
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2.8 Continuous Conversions 

For operation in the free-running mode an initializing 
pulse should be used, following power-up" to insure 
circuit operation. In this application, the CS input is 
grounded and the WR input is tied to the INTR output. 
This WR and INTR n'ode should be momentarily forced 
to logic low following a power-up cycle to guarantee 
operation. 

2.9 D~iving the Data Bus 

This MOS AID, like MOS microprocessors and mem­
ories, will require 'a bus driver when the total capacitance 
of the data bus gets large. Other circuitry, which is tied 
to the data bus, will add to the total capacitive loading, 
evim in TRI-STATE (high impedance mode). Backplane 
bussing also greatly adds to the stray capacitance of the 
data bus. ' 

There are some alternatives available to the designer to 
handle, t~is problem. Basically, the capacitive loadihg of 
the data bus slows down the response time, even though 
DC specifications are still met. For systems operating 
with a relatively slow CPU clock frequency, more time is 
available in which to establish proper logic levels on the 
bus and therefore higher capacitive loads can be driven 
(see typical characteristics curves). 

At higher 'CPU clock frequencies time can be extended 
for 1/0 reads (and/or writes) by inserting wait states 
(B080) or using clock extending circuits (6800). 

Finally, if time is short and capacitive loading is high, 
external bus drivers must be used. These can be TR I­
STATE buffers (low power Schottky is recommended 
such as the DM74 LS240' series) or special higher drive 
current products, which are designed as bus drivers. 
High current bipolar bus drivers with PNP inputs a're 
recommended. 

2_10 Power Supplies 

Noise spikes on th'e VCC supply line can cause conversion 
errors as the comparator will respond to this noise. A 
low inductance tantalum filter capacitor should be used 
close to the converter V CC pin and values of 1 /IF or 
greater are recommended. If an unregulated voltage is 
available in the system, a separate LM340LAZ-5.0, 
TO-92, 5V voltage regulator for the converter (and 
other analog circuitry) will greatly reduce digital noise 
on,the VCC'supply. 

2.11 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory 
for breadboarding this AID converter. Sockets on PC 
boards can be used and, all logic signal wires and leads 
should be grouped' and kept as far away as possible from 
the analog signal leads. Exposed leads to the analog 
inputs clIO cause undesired digital noise and hum pickup, 
therefore shielded leads may be necessary in many, ap­
plications. 



A single point analog ground should be used which is 
separate, from the logic ground points. The power supply 
bypass capacitor and the self-clocking capacitor (if used) 
should both be returned to digital ground. Any VREF/2 
bypass capacitors, analog input filter capacitors, or input 
signal shielding should be returned to the analog ground 
point. A test for proper grounding is to measure the 
zero error of the AID converter. Zero errors in excess of 
114 LSB can usually be traced to improper board layout 
and wiring (see section 2.5.1 for measuring' the zero 
error!". 

3_0 TESTING THE AID CONVERTER 

, There are many degrees of complexity associated with 
testing an AID converter. One of the simplest tests is to 
apply a known analog input voltage to the converter and 
use LEDs to display the resulting digital output code as 
shown in Figure 5_ 

For ease of testing, the VREF/2 (pin 9) should be 
supplied with 2.560 VDC and a VCC supply voltage of 
5.12 VDC should be used_ This provides an LSB value 
of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 VDC (5_120 - 1 1/2 LSB) should be 
applied to the VIN(+) pin with the VINH pin grounded. 
The value of the VR EF/2 input voltage should then 
be adjusted until the digital output code is just changing-

. from 1111 1110 to 1111 1111. Th,s value of VREF/2' 
should then be used for all the tests. 

The digital output LED display can be decoded by 
dividing the B bits into 2 hex characters, the 4 most 
significant (MS) and the 4 least significant (LS). Table I 
shows the fractional binary equivalent of these two 4-bit 
groups. By adding the decoded voltages which are ob· 
tained from the column: Input voltage value for a 2.560 
VREFI2 of both the MS and the LS groups, the value of 

10k' 

or-''7-''l~-'''<l5.120 Voc 

the digital display can be determined. For example, for 
an output LED display of 1011 0110 or B6 (in hex), the 
voltage values from the table are 3.520 + 0.120 or 
3.640 VDC. These voltage values represent the center· 
values of a perfect AID converter. The effects of quanti­
zation error have to be accounted for in the interpreta­
tion of the test results. 

For a higher speed test sy~tem, or to obtain plotted 
data, a digital-to-analog converter is needed for the test 
set·up. An accurate 10-bit DAC can serve as the precision 
voltage source for the AID. Errors of the AID under test 
can be provided as either analog voltages or differences 
in 2 digital words. 

A basic AID tester which uses a DAC and provides the. 
error as an analog output voltage is shown in Figure 6. 
The 2 op am'ps can be eliminated if a lab DVM with a 
numerical subtraction feature is available to 'directly 
readout the difference voltage, "A-C". The analog 
input voltage can be supplied by a low frequency ramp 
generator and an X· V plotter can be used to provide 
analog error (V axis) versus analog input (X axis). The 
construction details of a tester of this type are provided 
in the NSC application note AN-179, "Analog-to-Digital 
Converter Testing". 

For operation with a microprocessor or a computer­
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of 
Figure 7, where the output code transitions can be 
detected as the 10-bit DAC is incremented. This provides 
114 LSB steps for the 8·bit AID under test. Ifthe results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the V 
axis, a useful transfer function of the AID under test 
results. For acceptance testing, the plot is not necessary 
and the testing speed can be increased by' establishing 
internal limits on the allowed error for each code. 

8·BIT 
AID 

UNDER TEST 

N.D. 
ANALOG 

INPUT 
VOLTAGE 

"B" 
"C" 

VIN (+, ()o .... -~=-t 

0.1"" 

AGNO 

2.&60 VDC 0-+---==-4 
VREF/Z 

11 

I.3k 
(8' 

FIGURE 5. Basic AID Tester 

SYOC 
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FIGURE 6. AID Tester with Analog Er,ror Output 
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FIGURE 7. Basic "Digital" AID Tester 

DIGITAL 
OUTPUT 



~ 
0 
CO 
0 
0 
C 

i « 
"' ('I) 

0 
CO 
0 
0 
C « 

"' C'I 
0 
CO 
0 
0 
C « 
0 
CO 
0 
0 
C « 

TABLE I. DECODING THE DIGITAL OUTPUT LEOs 
", OUTPUT VOLTAGE 

CENTER VALUES 

HEX BINARY 
FRACTIONAL BINARY VALUE FOR WITH 

MS GROUP 

F 1 1 1 1 15/16 

E l' 1 .1 0 7/8 
D 1 1 0 1 13/16 

C 1 1 0 0 3/4 

B 1 0 1 1 . 11/16 
A 1 0 1 0 5/8 

.9 1 0 0 1 9/16 

8 1 0 0 0 1/2 

7 0 1 1 1 7/16 

6 0 1 1 0 3/8 
5 0 1 0 1 5/16 

4 0 1 0 0 1/4 

3 0 0 1 1 3/16 

2 0 0 1 0 1/8 

1 0 0 0 1 1/16 

0 0 0 0 0 

'V Display Output = VMS Group + VLS Group 

4.0 MICROPROCESSOR 'INTERFACING 

To discuss the interface with 8080A, 6800 and SC/MP-II 
microprocessors, a common sample subroutine structure 
is used. The microprocessor starts the A/D, reads and 
stores the results of 16 successive conversions, then reo 
turns to the user's program. The 16 data bytes are stored 
at location 0200 t6 020F. All Daia and Addresses 
will be given in hexadecimal form. Software and hard· 
ware details' are provided separately for each type of 
microprocessor. 

4.1 Interfacing 8080 Microprocessor Derivatives 
(8048, 8085) ': 

This converter has been designed to directly interface 
'with an 8080A·2 microprocessor (MICROBUS class 2). 
The A/D can be mapped into memory space (using 
standard memory address decoding for CS and the 
MEMR and MEMW strobes) or it can be controlled as an 
I/O device by using the I/O Rand I/O W strobes and 
decoding the address bits AO -+ A7 (or address bits· 
A8 -+ A 15 as they will contain the same 8-bit address 
information) to obtain the CS input. Using the I/O 
space provides 256 additional addresses and may allow 
a simpler 8-bit address decoder but the data can only 
be input to the accumulator. To make use of the ad­
ditional memory reference instructions, the A/D should 
be mapped into memory space~ An example of an A/D 
in I/O space in shown in figure 8. -

1/32 

8·32 

, VREF/2 = 2.560 VOC 

LS GROUP VMSGROUP* VLSGROUP* 

15/256 4.800 0.300 
. 7/128 4.480 0.280 

13/256 4.160 0.260 

3/64 3.840 0.240 
11/256 3.520 0.220 

5/128 3.200 0.200 

9/256 2.880 0.180 

2.560 0.160 

7/256 2.240 0.140 

3/128 1.920 0.120 

5/256 1.600 0.100 

1/64 1.280 0.080 

3/256 0.960 0.060 

1/128 0.640 0.040· 

1/256 0.320 0.020 

0 0 

The standard control bus signals. of the 8080 (CS, RD 
and WR) can be directly wired to the digital 'control in­
puts of the A/D and the bus timing requirements are met 
to allow both starting the converter and outputting the 
data onto the data bus. A bus driver shoUld be used for 
larger .microprocessor systems where·the data bus leaves 
the PC board and/or must drive capacitive loads larger 
than 100 pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
. Program, .\ 

The following sample program and associated hardware 
may be used to input' data from the converter to the 
lNSS080A CPU chip set (comprised of the INSS080A 
microprocessor, the INS8228 system controller and the 
INS8224 clock generator). For simplicity, the A/D is 
controlled as an I/O device, specifically an 8·bit bi­
directional port located at an arbitrarily chosen port· 
address, EO. The TRI-STATE output capability of the 
A/D eliminates the need for a peripheral interface device, 
however address decoding is still required to generate the 
appropriate CS for the converter. 

It is important to note that in systems where the A/D 
converteris l-of-8 or less I/O mapped devices,. no address 
decoding circuitry is necessary. Each of the 8 address 
bits (AO to A7) can be directly used as CS inputs-one 
for ·each .1/0 device. 



ANALOG 
INPUTS 

1 
CS 

~ iiii Wii 
ClK IN 

5 
iNf 

6 
VIN(+) 

7 
VIN(-) ,-,!!!IPJ""t AGND 

T ":' <:t- VREF . 

~ DGND 

~ T5 

~ T4 

'--TJ 

r-- T2 

~T1 
~TD 

0 ~ 

10k 

\J ~5V 
$'0" 

VCC 
19 

ClK R 
18 

080 
11 

ADCOI01, 
OBI 

16 
ADCOI02, DB2 
ADCDID3, 15 

DB3 
ADC0804 14 

DB4 

DB5 
13 

DB6 
12 

11 
D87 

L j 
OUT VCC 

85 

B4 
OM8131 B3 

8US 
COMPARATOR B2 

81 

BO 

1 1 

J, 
Note 1: 'Pin number. for the INS8228 system controller, others are INS8080A. 

INTU4) 

i70Wii (27)* 

i7ifiiii (25)* 

08UU3)* 

081 (16)* 

DB2(1I)* 

DB3(9)* 

D84(5)* 

DB6 UI)* 

DB8 (20)* 

D87(7)* 

AD15 (36) 

AD14 (39) 

AD13 (31) 

AD12 (371 

ADlI (40) 

ADlD (1) 

Note 2: Pin 23 of the INS8228 must be tied to +12V through a 1 k!"1 resistor to generate the RST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE S, ADCOS01-INSSOSOA CPU Interface 

SAMPLE PROGRAM FOR FIGURE 8 ADCOS01-INSSOSOA CPU INTERFACE 

0038 

0100 

0103 
0106 
0107 
0109 
010C 
010E 
010F 
0110 
0113 

0300 
0302, 
0303 
0304 

C3 00 03 

210002 

31'0004 
70 
FE OF 
CA 1301 
03 EO 
FB 
00 
C3 OF 01 

DB EO 
77 
23 
C3 03 01 

RST 7: 

START: 

RETURN: 

LOOP: 

CONT: 

(User program to 
process data) 

LD DATA: 

JMP LD DATA 

LXI, H 0200H 

LXI SP 0400H 
MOV A, L 
CPI OF H 
JZ CONT 
OUT EO H 
EI 
NOP 
JMP LOOP 

IN EO H 
MOV M, A 
INX H 
JMP RETURN 

HL pair will point to 
data storage locations 
Initialize stack pointer (Note 1) 
Test # of bytes entered 
If # = 16. JMP to 
user program 
Start AID 

. Enable interrupt 
Loop until end of 
conversion 

Load data into accumulator 
Store data 
Increment storage pointer 

Nota 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 
Nota 2: All addresses used were arbitr~rily chosen. 
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4.2 Interfacing the Z-80 

The Z·80 control bus is slightly different from that of 
the 8080. General RD and WR strobes are provided and 
separate memory request, MREO, anti I/O request, 
10RO, signals are used which have to be combined with 
the 'generalized strobes to provide the equivalent 8080 
signals. An advantage of operating the A/D in I/O space 
with the Z·80 is that the CPU will automatically insert 
one wait state (the RD arid WR strobes are extended one 
Clock period) to allow more time for the I/O devices to 
respond. Logic to map the A/D in I/O space is shownin 
Figure 9. 

iili .... -.,-.-..... 

FIGURE 9. Mapping the A/D as an I/O device 
for use with the Z·80 CPU 

Additional I/O advantages exist as software DMA rou· 
tines are available and use can be made of the output 
data transfer which exists on the upper 8 address lines 
(A8 to A 15) during I/O input instructions. For example, 
MUX channel selection for the A/D can be accomplished 
with this operating mode. 

4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus for the 6800 microprocessor derivatives 
does not use the RD and WR strobe signals. Instead it 
employs a single RtW line and additional timing, if 
needed, ca~ be derived from the 1/>2 clock. All I/O 
devices are memory mapped in the 6800 system, and a 
special signal, VMA, indicates that the ,current address is 
val id. Figure 10 shows an interface schematic where the 
AID is memory mapped in the 6800 system. For sim· 

.plicity, the CS decoding is shown· using 1/2 DM8092. 
Note that in many 6800 systems, an already decoded 
4/5 line is brought out to the common bus at pin 21. 
This can be tied directly to the CS pin of the AID, pro· 
vided that no other' devices are addressed at HEX 
ADDR: 4XXX or 5XXX. 

The following subroutine essentially performs the same 
function as in the case of the 8080A interface and it can 
be called from anywhere in the user's program. 

In Figure 11 the ADC0801 series is interfaced to the 
M6800 microprocessor through (the arbitrarily chosen) 
Port B of the MC6820 or MC6821 Peripheral Interface 
Adapter, (PIA). Here the CS pin of the AID is grounded 
since the PIA is already memory mapped in the M6800 
system and no CS decoding is necessary. Also notice 
that the AID output data lines are connected to the 
mil=roprocessor bus under program control through 
the PIA and therefore the AID R 0 pin can be grounded. 

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-MC6800 CPU INTERFACE 

0010 
0012 
0015 
0018 
001B 
001C 
0010 
001F 
0022 
0024 
0027 
0028 
002A 
002C 
oo2E 
0031 
0033 
0034 

0036 
0038 
003B 
0030 
003F 

OF 36 
CE 00 2C 
FF FF F8 
B7 50 00 
OE 
3E 
DE 34 
8C 02 OF 
2714 
B7 50 00 
08 
OF 34 
20 FO 
OE 34 
B6 50 00 
A700 
3B 
0200 

0000 
CE 02 00, 
OF 34 
OE 36 
39 

DATAIN 

CONVRT 

INTRPT 

TEMPI 

TEMP2 
ENOP 

STX 
LOX 
STX 
STAA 
CLI 
WAI 
LOX 
CPX 
BEO 
STAA 
INX 
STX 
BRA 
LOX 
LOAA 
STAA 
RTI 
FOB 

FOB 
LOX 
STX 

. LOX 
RTS 

T~MP2 
#$002C 
$FFF8 
$5000 

TEMPl 
.#$020F 
ENOP 
$5000 

TEMPl 
CONVRT 
TEMP1 
$5000 
X 

$0200 

$0000 
#$0200 
TEMPl 
TEMP2 

; Save contents of X 
; Upon I RO low CPU 
; jumps to 002C 
; Starts AOC0801 

; Wait for interrupt 

; Is final data stored? 

; Restarts ADC0801 

; Read data 
; Store it at X 

; Starting address for 
; data storage 

; Reinitialize TEMPl 

; Return from subroutine 
; To user's program 

~ote1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be 
dimensioned in the user's program. 
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ANALOG 
INPUTS 

10k 

~lD~ 
1 '\...../ 

V ~!-I CS CC 19 '::' 

~ Rii ClKR~ 
Wii DBD 

4 17 
Cll( IN DBl 

5 
INTR 

ADCD8Dl, DB2 16 
G ADCDBD2, 15 

VIN(+) ADCDBD3, DB3 
7 ADCDBD4 14 

VIN(-) DB4 _ .... ~ 13 
AGND DB5 

15D';F~ 0-~ 12 
VREF DB6 

10 11 
DGND DB7 

/"'7,--:: 

1 

2 

6.,r-3 

1/2-D~ ~ 5 

Note 1: Numbers in parentheses refer to MCSSOO CPU pin out. 

IRD (4)*[D]** 

RJI'I (34) [6] 

5V (B) [A B C] 
123 

DO (33) [31] 

01 (32) (29] 

02 (31] [K] 

03 (30) (H] 

04 (29) [32] 

D5 (28) [3D] 

06 (27) [Ll 
D7 (26) [:I] 

A12 (22) [34] 

A13 (23] [iii] 

A14 (24) (M] 

A 15 (25) [33] 

VMA (5) [F] 

Note 2: Numbers or letters in brackets refer to standard M6S00 system common bus code. 
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J, 

PFT 
J,~ 
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~ 4 

5 

6 
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8 
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FIGURE 10. ADC0801 - MC6800 CPU Interface 

18 
CBl 

19 
C82 

.1~k 

CS '\...../ 
VCC ~5V 

Rii ClK R 
19 

Wii oBO 18 10 
P80 PIA 

oBl 17 
11 

PBl ClKIN 

INTR 
ADCD8Dl, 

oB2 16 12 
PB2 AoCD8D2, 

VIN(+) AoCD8D3, DB3 15 13 
PB3 

AoCD8D4 
DB414 14 

VIN(-) PB4 

AGNO DB5 13 15 
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12 16 
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D GND oB7 11 17 
PB7 

FIGURE 11, ADC0801-MC6820 PIA Interface 
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IIII:t' 
0 A'sample interface program equivalent to the previous 4.4 Interfacing the INS8060-SC/MP·1I 
CO one, is shown below. The PIA Data and Control Registers 
0 of Port B are located at HEX addresses 8006 and 8007, The SC/MP,II interface technique with the ADC0801 
0 respectively. series Figure 12, is similar to the 8080A CPU interface. 
C 
<t ... 

SAMPLE PROGRAM FOR FIGURE. 11 AOC0801-MC6820 PIA INTERFACE C") 
0 

0010 CE 00 38 OATAIN LOX #$0038 ; URon :IRQ low CPU CO 
0 0013 FF FF F8 STX $FFF8 ; jumps to 0038 

() 0016 B6 80 06 LOAA PIAORB ; Clear possible I RQ flags 
0019 4F CLRA 

C 001A B7 80 07 STAA PIACRB 

<t 0010 B7 80 06 STAA PIAORB ; Set Port B as input 
0020 OE C~I 

N 0021 C634 LOAB #$34 

i 0023 8630 LOAA #$30 
0025 F7 80 07 CONVRT STAB PIACRB ; Starts AOC0801 

0 0028 B7 80 07 STAA PIACRB 

0 002B 3E WAI ; Wait for interrupt 

C 002C DE 40 LOX TEMPl 
002E 8C 02 OF CPX #$020F ; Is final data stored? 

<t 0031 27 OF BEQ ENOp 

... 0033 08 INX 

2- 0034 OF 40 STX TEMP1 
0036 20 ED BRA CONVRT 
0038 DE 40 INTRPT LOX TEMP1 

0 003A B6 80 06 LOAA PIAORB ; Read data in 

0 0030 A700 STAA X ; Store it at X 

C 003F . 3B RTI 

<t 0040 0200 TEMPl FOB $0200 ; Starting address for 
; data storage 

0042 CE 02 00 ENOP LOX #$0200 ; Reinitialize TEMP1 
0045 OF 40 STX TEMPl 
0047 39 RTS ; Return from subroutine 

PIAORB EQU $8006 ; To user's program 
PIACRB EQU $8007 

'" SENSE A(7)1I-

" NWDsnl 

NRDS(21 
10k 

1 
I:f '-' Vee ~5V l~tD"F 

-* RD ClKR " 
DBO 

11 MSI 
WII DBa (161 
elKIN 

17 
OBI DBl (15) 

"----+: i/jfj[ 
ADCDB01, 

DB2 
1& 

082(14) ADC08D2, 

ANALOG 7 VINI.) ADCD8D3. DB3 15 DB3113) 
INPUTS ADtD8M OM 14 VINH D84(12) 

~P~AGND DBS 13 D85I11) 

L_"" a;, V.., 
DBB 12 ORBital 
DB7 

11 LSS 
087(9) J., OGHD 

I Y . 

t OUT Vee, 
B5 ADl1(361 .. AD11(35) 

DM8131 B3 AD9134) 
BUS ,.- COMPARATOR 82 AD8133) 

r- Bl AD713Z) 

r- STB GND B' AD8(311 

*Pin numbers in parentheses are for the SC/MP CPU. 

FIGURE' 12. ADC0801 - S9/MP-1I Microprocessor Interface 
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The AID is treated as a peripheral and it is mapped into 
the' memory space of the SC/MP-II system. An address, 
0000, is 'assigned to the AID and the CS signal is shown 
to be decoded by a bus comparator, DMB131. The RD 
and WR ,pins of the AID are tied directly to the Write 
Data Strobe, NWRS, and Read Data Strobe, NRDS, pins 
of the SC/MP·II CPU. Notice that the I NTR signal 
should be inverted before being tied to the SENSE A 
pin of the SC/MP-II. A sample interface program is 
shown below. 

5.0 GENERAL APPLICATIONS 

The following applications show some interesting uses 
for the AID. The fact that one particular microprocessor 
is used is not meant to be restrictive. Each of these appli· 

cation circuits would, have its counterpart using any 
microprocessor which is desired. 

5.1 Multiple ADCOBOl Series to MC6S00 CPU 
Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme 
presents several advantages <;lver the conventional multi· 
plexer single·converter approach. With the ADCOBOl 
series, the differential inputs allow individual span 
adjustment for- each channel. Furthermore, all analog 
input channels are sensed simultaneously, which essen· 
tially divides the microprocessor's total system servicing 
time by the number of channels, since all conversions 
occur simultaneously. This scheme is shown in Figure 13. 

SAMPLE PROGRAM FOR FIGURE 12 ADCOS01-SC/MP-1I MICROPROCESSOR INTERFACE 

0100 OB NOP 
0101 C4 02 LDI02 
0103 35 XPAH(Pl) 
0104 C4 00 LDIOD 
0106 36 XPAH(P2) 
0107 C4 03 LDI03 
0109 37 XPAH(P3) 
010A C4 00 LDIOO 
010C 31 XPAL(Pl) ; Pl=0200, Pl points to 1st byte address 
0100 C4 00 LDIOO 
010F C9 11 ST(P1+11) ; Zero the byte count in address 0211 
0112 32 XPAL(P2) ; P2=ODOO, P2 points to AID, 
0113 CA 00 START: ST(P2) ; START the AID 
0115 C4 00 LDIOO 
0117 33 XPAL(P3) ; P3=0300, P3 points to DATA in sub. 
011B 05 lEN ; starting address 
0119 OB LOOP: NOP 
011A 90 FE JMP(LOOP) 

User's, Program 
011C USER NOP 
0110 NOP 

0300 C2 00 DATA IN: LD(P2) ; load AlD'data into accumula~or 
0302 CD 01 ST@l(Pl) ; Store AID data and increment byte 

; address 
0304 A911 ,1 lo(P1+11) ; Increment byte count 
0306 C4 OF lDIOF 
0308 03 SCl 
0309 F9 11 CAo(P1+11) ; OF-(P1+11): Is byte count = 167 
0308 98 03 ' JZ(USER) ; If byte count = 16 jump to user's 

; program 
0300 C4 13 LDI13 
030F 33 XPAl(P3) ; P3=0113 
0310 3F XPPC(P3) ; Go to START and do another conversion 
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The following schematic and 'sample sUbroutine (DAT-A 
IN) may be used to interface (up to) 8 ADC0801 's 
directly to the MC6800 CPU. This scheme can easily be 
extended. fo allow' the interface of, more converters. 'In 
this configuration the converters are (arbitrarily).located 
at HEX address 5000 in the MC6800 memory space. To 
save components', the clock signal is derived· from just 
one·RC pair ,on the first converter. This output drives the 
other AIDs. 

All the· converters are started simultaneouslY with. 'a 
STORE-instruction at HEX address 5000, Note that a.ny 
other> HEX address of the form 5XXX will be decoded 
by;·the circuit, pulling all the CS inputs low. ,This can 
easily"be avoided by using a more definitive address de· 
coding ·scheme . .A1I the interrupts are ORed·together to 
insure that all AIDs have completed their conversion 
before the microprocessor is interrupted. 

The subroutine, DATA IN, may be called from anywhere 
in the user's program. Once called, this routine initializes 

.1k 

the CPU, -starts all the .converters', simultaneously and 
waits for· the interrupt signal. 'l:Ipon reeeiving the in· 
terrupt, it reads the converters (from HEX addresses'5000 
through 5007) and stores the data successively at (arbi· 
trarily chosen) H EX -addresses 0200 to 0207 i befoni 
returning to the user's program. All. CPI:), registers ·then 
recover the original data they· had before servicing-DATA 
IN. 

, .... \ 

5.2 Auto·Zeroed Differential Transducer Amplifier 
and AID Converter 

The differential inputs of ,the ,/\DCOIlOl ser.ies elJ!11inate 
the need to perform a differllntial to single ended 
conversion for a differential transducer. Thus, one op 
amp can be eliminated since the differential to single 
ended conversion is provided by the differential input 
of the ADC0801 series. In general, a transducer preamp 
is required to take advantage of the full AID converter 
input dynamic range. 

RRiI34rI.J"~ 
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Nota 1: Numbers in parentheses refer to MC6800 CPU pin out. 

Note 2: Numbers or letters in brackets refer to standard M6800 system common bus code. 

FIGURE 13. ,Interfacing Multiple AIDs in a MC6800 System 
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PROGRAM FOR FIGURE 13 INTERFACING MULTIPLE A/Ds IN AN MCG800 SYSTEM 

ADDRESS HEX CODE . MNEMONICS COMMENTS 

0010 DF 44 DATAIN STX TEMP ; Save Contents of X 
0012 CE 00 2A LOX #$002A ; Upon I RQ LOW CPU 
0015 FF FF F8 STX $FFF8 ; Jumps to 002A 
0018 B7 5000 STAA $5000 ; Starts all A/D's 
001B OE CLI 
001C 3E WAI ; Wait for interrupt 
0010 CEo 50 00 LOX. #$5000 
0020 OF 40 STX INDEX1 ; Reset both INDEX 
0022 CE 02 00 LOX #$0200 ; 1 and 2 to starting 
0025 OF 42 STX INDEX2 ; addresses 
0027 DE 44 LOX TEMP 
0029 39 RTS ; Return from subroutine' 
002A DE 40 INTRPT LOX INDEX1 ; INDEX1 -> X 
002C AG 00 LDAA X ; Read data in from A/D at X 
002E 08 INX ; Increment X by one 
002F OF 40 STX INDEX1 ;X -> INDEX1 
0031 DE 42 LOX INDEX2 ; INDEX2 -> X 
0033 A7 00 STAA X ; Store data at X 
0035 8C 02 07 CPX #$0207 ; Have all A/D's been read? 
0038 27 05 BEQ RETURN ;Yes: branch to RETURN 
003A 08 INX ;No: increment X by one 
003B OF 42 STX INDEX2 ;X -> INDEX2 
0030 20 E8 BRA INTRPT ; Branch to 002A 
003F 38 RETURN RTI 
0040 50 00 INDEX1 FOB $5000 ;Starting address for AiD 
0042 02 00 INDEX2 FDB $0200 ;Starting address for data storage 
0044 00 00 TEMP FOB $0000 

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in 
the user's program. 

For amplification of DC input signals, a major system 
error is the input offset voltage of the amplifiers used 
for the preamp. Figure 14 is a gain of 100 differential 
preamp whose offset voltage errors will be cancelled by a 
zeroing subroutine which is performed by the INS8080A 
microprocessor system. The total allowable input offset 
voltage error for this preamp is only '50 IlV for 1/4 LSB 
error. This would obviously require very precise ampli­
fiers. The expression for the differential output voltage 
of the preamp is: 

Va = [VIN(+) - VINH] [1 + :~2) + 
. ~ 

SIGNAL GAIN 

( 2R2) 1+-
R1 

---------DC ERROR TERM GAIN 

where Ix is the current tnrough resistor Rx. All of the 
offset error terms can be cancelled by making ±lxRx = 
Vos1 + Vos3 - Vos2. This is the principle of this 
auto-zeroing scheme. 

The INS8080A uses the 3 I/O ports of an INS8255 Pro­
grammable Peripheral Interface (PPI) to control the'auto 
zeroing and input data from the ADC0801 as shown in 
Figure 15_ The PPI is programmed for basic I/O opera­
tion (mode 0) with Port A being an input port and Ports 
Band C being output ports_ Two bits of Port C are used 
to alternately open or close the 2 switches at the input 
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of the preamp. Switch SW1 is closed to force the pre­
amp's differential input to be zero during the zeroing 
subroutine and then opened and SW2 is then closed for 
conversion of the actual differential input signal. Using 
2, switches in this manner eliminates concern for the ON 
resistance of the switches as they must conduct only the 
input bias current of the input amplifiers. 

Output Port B is used as a successive approximation 
register by the 8080 and the binary scaled resistors in 
series with each output bit create a D/A converter. 
During the zeroing subroutine, the voltage at V x in­
creases or decreases as required to make the differential 
output voltage 'equal to zero. This is accomplished by 
insuring that the voltage at the output of A 1 is approxi­
mately 2.5V so that a logic "1" (5V) on any output of 
Port B will source current into node Vx thus raising the 
voltage at Vx and making the output differential more 
negative. Conversely, a logic "0" (OV) will pull current 
out of node Vx and decrease the voltage, causing the 
differential output to become more positive. For the 
resistor values shown, Vx can move ±12 mV with a 
resolution of 50 IlV which will null the offset error 
term to 1/4 LSB of full-scale for the ADC0801. It is 
important that the voltage levels which drive the auto­
zero resistors be constant. Also, for symmetry, a logic 
swing of OV to 5V is convenient. To achieve this, a 
CMOS buffer is used for 'the logic output signals of Port 
B and this CMOS package is powered with a stable 5V 
source. Buffer amplifier A 1 is necessary so that it can 
source or sink the D/A output current. 
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(FIGURE 15) 

-12V 

VC2 

SWI 

VC1 

ii7 

B6 

tOOk 
B6 

200k 
ii4 

J!JDk 
iiJ 

793k 
t--...... M--...... .,. 

1.!i6M +--...... M_--4Bf 

J.16M 
'---...... M--...... i1f 

'---....::~vIN(+1 
r---....:.~VINH 

5Voc 

FROM OUTPUT " PORTBBUFfER 
(FIGURE 15) 

20 

sw. 'RO!.! OUTPUT (CD 

IT'-~--------------------------~~-~ 

Note 1: R2 = 49.5 R1 
Note 2: Switches are CD4066BC CMOS analog switches. 
Note 3: The 9 resistors used in the auto-zero section can be ±5% tolerance. 

FIGURE 14. Gain of 100 Differential Transducer Preamp 

BD80A ADDRESS BUS 

AURD AD 

ADR1 At 

INVERTING 
ADDRESS 
BUFfERS 
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AC .. 
Ai Bl 

AA 82 

AI 81 

AT .. 

AID OUTPUT DATA 

10k 

'SO""]; 

OMBI31 

OUTPUT 

5V 

5V 

cs 

0: 
00 

RIC 

I!' } TO "SAR" 
• RESISTORS ill (FIGURE 14) 

C1TOSWI 

COTOSW2 

FIGURE 15. Microprocessor Interface Circuitry for Differential Preamp 
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A flow chart for the zeroing subroutine is shown in 
Figure 16. It must be noted that the ADC0801 series 
wi II output an all zero code when it converts a negative 
input [VINH ~ VIN(+)]. Also, a logic inversion exists 
as all of the I/O ports are buffered with inverting gates. 

Basically, if the data read is zero, the differential output 
voltage is negative, so a bit in Port B is cleared to pull 
Vx more negative which will make the output more 
positive for the next conversion. If the data read is not 
zero, the output voltage is positive so a bit in Port B 
is set to make Vx more positive and the output more 
negativ~. This continues for 8 approximations and the 
differential output eventually converges to within 5 mV 
of zero. 

The actual program is given in Figure 17. All addresses 
used are compatible with the BlC 80/10 microcomputer 
system. In particular: . 

Port A and the ADC0801 are at port address E4 
Port B is at port address E5 
Port C is at port address E6 
PPI control word port is at port address E7 
Program Counter automatically goes to ADDR:3C3D 
upon acknowledgement of an interrupt from the 
ADC0801 

5·3 MUltiple AID Converters in a Z·BO 
Interrupt Driven Mode 

In data acquisition systems where more than one A/D 
converter (or other peripheral device) will be interrupting 
program execution of a microprocessor, there is ob· 
viously a need for the CPU to determine which device 
requires servicing. Figure 18 and the accompanying 
software is a method of determining which of 7 
Abc0801 converters has completed a conversion (INTR 
asserted) and is requesting an interrupt. This circuit 
allows starting the A/D converters in any sequence, 
but will input and store valid data from the converters 
with a 'priority sequence of A/D 1 being read first, 
A/D 2 second, etc., through AID 7 which would have 
the lowest priority for data being read. Only the con· 
verters whose INT is asserted will be read. 

The key to decoding circuitry is the MM74lS373, 
. 8-bit D type flip-flop. When the Z-80 acknowledges 

the interrupt, the program is vectored to a data input 
Z-80 subroutine. This subroutine will read a peripheral 
status word from the MM74LS373 which contains 
the logic state of the INTR outputs of all the con­
verters. Each converter which initiates an interrupt 

.. will place a logic "0" in a unique bit position in the 
status word and the subroutine will determine the 
identity of the converter and execute a data read. An 
identifier word (which indicates which A/D the data 
came from) is stored in the next sequential memory 
location above the location of the data so the program 

_ can keep track of the identity of the data entered. 
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"EXCLUSIVE-OR" 
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FIGURE 16. Flow Chart for Auto-Zero Routine 
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3000 3E90 
3002 03E7 
3004 2601 
3006 7C 
3007 03E6 
3009 0680 
3008 3E7F 
3000 4F 
300E 03E5 
3010 31AA30 
3013 03E4 
3015 FB 
3016 00 
3017 C31630 
301A 7A 

_ 301B C600 
3010 CA2030 
3020 78 
3021 F600 
3023 IF 
3024 FEOO 
3026 CA3730 
3029 47 
302A C33330 
3020 79 
302E BO 
302F 4F 
3030 C32030 
3033 A9 
3034 C30030 
3037 47 
,3038 7C 
3039 EE03 
303B 03E6 
3030 

3C30 OBE4 
3C3F EEFF 
3C41 57 
3C42 78 
3C43 E6FF 
3C45 C21A30 
3C48 C33030 

MVI90 
Out Control Port 
MVI H 01 
MOV A,H 
OUT C 
MVI B 80 
MVI A 7F 
MOV C,A 
OUT B 
LXI SP 30AA 
OUT A 
IE 
NOP 
JMP Loop 
MOV A,O 
AOIOO 
JZ Set C 
MOV A,B 
ORIOO 
RAR 
CPI 00 
JZ Oone 
MOV BA 
JMP New C 
MOV A,C 

-ORA B 
MOV C,A 
JMP Shift B 
XRA C_ 
JMP Return 
MOV B,A 
MOV A,H 
XRI03 
OUTC 

Program for processing 
proper data values 
IN A 
XRI FF 
MOV O,A 
MOV A,B 
ANI FF 
JNZ Auto-Zero 
JMP Normal 

Auto·Zero Subroutine 

Return 

Start 

Loop 

Auto·Zero 

Shift B 

Set C' 

New C 

Done 

Normal 

Read A/O Subroutine 

; Program PP I 

; Close SW1, open SW2 
; Initialize SAR bit pointer 
; Initialize SAR code 

; Port B = SAR code 
; Dimension stack pointer 
; Start A/O 

; Loop until INT asserted 

; Test A/O output data for zero 

; Clear carry 
; Shift "'" in B right one place 
; Is B zero? If yes last 
; approximation has been made 

; Set bit in C that is in same 
; position as "1" in B 

; Clear bit in C that is in 
; same position as "1" In B 
; then output new SAR code. 
;-Open ,SW" close SW2 then' 
; proceed, with program. Pr~amp 
; is now zeroed. 

, ; Read A/O data 
; In~ert data 

; Is B Reg = 07 If not stay 
; in auto zero subroutine 

Note: All numerical values are hexadecimal representations. 

FIGURE 17. Software for Auto-Zeroed Differential AID 

5-3 Multiple AID Converters in a Z-SO 
Interrupt Driven Mode (Continued) 

The following notes apply: 

1 ) It is assumed that the CPU automatically performs 
a RST 7 instruction when a valid interrupt is ac· 

,knowledged (CPU is in interrupt mode 1). Hence, 
the subroutine starting address of X003S. 

2) The address bus from the Z-80 and the data bus to 
the Z-80 are assumed to be inverted by bus drivers. 

3) ,AID data and identifying words will be stored in 
sequential memory' locations starting at the,arbitrarily 
chosen address X 3EOO. 

4) The stack pointer must:be dimensioned in the main 
program as the RST 7 instruction automatically 
pushes the -PC onto the stack and the subroutine 
uses an additional 6 stack addresses. 
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5) The, peripherals of concern' are mapped into 1/0 
space with the following port' assignments: 

HEX PORT ADDRESS 

00 
01 
02 
03 
04 
05 
06 
07 

PERIPHERAL 

MM74C374 8-bit flip-flop 
AID 1 
AID 2 
AID 3 
AID 4 
AID 5 
AID 6 
AID 7 

This port address also serves as the AID identifying word 
in the program. 
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FIGURE 18. Multiple AID's with Z-80 Type Microprocessor 

INTERRUPT SE~VICING SUBROUTINE 

LOC OBJ CODE 

0038 E5 
0039 C5 
oo3A F5 
0038 21 003E 
003E OE 01 
0040 0300 
0042 0800 

, 0044 47 
0045 79 TEST 
0046 FE 08 
0048 CA1l0 00 
oo4B 7B 
OO4C IF 
0040 47 
OO4E DA 5500 
0051 OC NEXT 
0052 C34500 
0055 ED 78 LOAD 
0057 EE FF 
0059 77 
005A 2C 
oo5B 71 
005C 2C 
0050 C3 5100 
0060 Fl DONE 
0061 Cl 
0062 El 
0063 C9 

SOURCE 
STATEMENT 

PUSH HL 
PUSH BC 
PUSH AF 
LD IHLI,~3EOO 
LD C,XOI 
OUT XOO,A 
IN A, XOO 
LD B,A 
LD A,C 
CP, X08 
JPZ, DONE 
LD A,B 
RRA 
LD B,A 
JPC, LOAD 
INC C 
JP,TEST 
IN A,ICI 
XOR FF 
LD IHLI.A 
INC L 
LD IHLI,C 
INC L 
JP,NEXT 
POPAF 
POP BC 
POP HL 
RET 
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COMMENT 

; Save contents of all registers affected bV 
; this subroutine. 
; Assumed INT mode 1 earlier set. 
; Initialize memory pOinter where data will be stored, 
; C register will be POft ADDR of AID converters. 
; Load peripheral status word into a·bit latch. 
; Load status word into accumulator. 
; Save the status word. 
; Test to see If the status of all A/D's have 
; been checked. If so, exit subroutine. 

; Test a single bit in status word by looking for 

; a "'" to be rotated into the CARRY (an INT 
; IS loaded as a "1"). If CARRY is set then load 
; contents of AID at port ADD A In C register. 
; If CAR RY is not set, Increment C register to point 
; to next AID, then test next bit in status word. 
; Read data from interrupting AID and invert 
,the data. 
; Store the data. 

; Store AID identifier (AID port ADOR). 

; Test next bit in status word. 
; Re-establish all registers as they were 
; before the interrupt. 

; Return to original program. 
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Typical Applications (Continued) 
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FIGURE 19. Offsetting the Zero of the ADC0801 and 
Performing an Input Range (Span) Adjustment 

Z. 
ADCGB01, 
ADCDl02, 
ADC0803, 
ADCD804 

VINI-> 

FiGURE 21. Handling ±10V Analog Input Range 

Ordering Information 

TEMPERATURE RANGE o°c TO+70°C 

±1/4 Bit Adjusted ADCOB01LCN 

ERROR 
±1/2 Bit Unadjusted ADCQB02LCN 

±1/2 Bit Adjusted ADC0803LCN 

±1 Bit Unadjusted ADCOB04LCN 

PACKAGE OUTLINE N20A-MOLDED DIP 
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ADC080l. 
ADen_oz. 
ADtOS03, 
ADC0804 

VINH 

FIGURE 20. Handling ±5V Analog Input Range 

10' 

ADC080( 
AOC0802. 
AQCDBDl. 
ADCD8D4 

FIGURE 22. Free Running Connection 

-40°C TO +85°C -55"C TO +125°C 

ADC0801LCD ADC0801LD 

ADC0802LCD ADCOB02LD 

ADC0803LCD ADCOB03LD 

ADC0804LCD 

D20A-CAVITY DIP D20A-CAVITY DIP 



~National 
~ Semiconductor 

A to D, D to A 

ADC0808, ADC0809 8·Bit j-tP Compatible AID Converters 
With 8·Channel Multiplexer 
General Description 
The ADCOaOa, ADCOa09 data acquisition component is a 
monolithic CMOS device with an a·bit analog·to·digital 
converter, a·channel multiplexer and microprocessor 
compatible control logic. The a·bit AID converter uses suc· 
cesslve approximation as the conversion technique. The 
converter features a high Impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. The a·channel 
multiplexer can directly access any of a·single·ended ana· 
log signals. 

The device eliminates the need for external zero and full· 
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad· 
dress inputs and latched TTL TRI·STATE@ outputs. 

The design of the ADCOaOa, ADC0809 has been optimized. 
by incorporating the most desirable aspects of several 
AID conversion techniques. The ADC0808, ADC0809 of· 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long·term accuracy and repeatabi· 
lity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica· 
tions. For 16·channel multiplexer with common output 
(sample/hold port) see ADC0816 data sheet. 

Block Diagram 

Features 
• Resolution - 8·bits 
• Total unadjusted error - ± 1/2 LSB and ± 1 LSB 

• No missing codes 
• Conversion time - 100 JlS 

• Single supply - 5 VDC 

• Operates ratio metrically or with 5 V DC or analog span 
adjusted voltage reference 

• a·channel multiplexer with latched control logic 
• Easy interfacE'! to all microprocessors, or operates 

"stand alone" 
• Outputs meet T2L voltage level specifications 
• OV to 5V analog input voltage range with single 5V 

supply 

• No zero or full·scale adjust required 
• Standard hermetic or molded 2a'pin DIP package 
• Temperature range -40'C to +85'C or -55'C to 

+125'C 
• Low power consumption - 15 mW 
• Latched TRI·STATE@ output 

START CLOCK 

ro.';; No - - -..---_-'-__ .L-_, 
: 1--1i-------o ~:~ED:R~~~~ERSIDN 
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DECODER 

1 1 
VCC GND 

8·45 

TRI· 
STATE@ 
OUTPUT 
LATCH 
BUFFER 

:t=­
O 
o o 

J 
:t=­
O o 

~ 



; 
o 
c 
<C 

I o 
c 
<C 

Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

SupplyVollage(Vcc)(Nole3) 6.5V Temperalure Range,(Nole 1) TMIN:5TASTMAX 
VollagealAnyPln -O.3Vlo(VCC+O.3V) ADC0606CJ -55"CsTAs+125"C 

Excepl Conlrollnpuls ADC0608CCJ, ADC0808CCN, 
Vollageal Conlrollnpuls -0.3Vlo +15V ADC0808CCN -40"C:5TA:5 +85"C 

(STAAT, OE, CLOCK, ALE, ADD A, ADD B, ADD C) Range 01 Vcc(Nole1) 4.5VDC'o6.0VDC 
Slorage Temperalure Range -65"Clo +ISO"C 
Package Dissipation alTA = 25"C 875mW 
Lead Temperalure(Solderlng, 10 seconds) 3OQ"C 

, 

, Electrical Characteristics 
Converter Specifications: Vcc= 5 VOC= VREF(H VREF(-)= GND, T MiNSTAsT MAX and fCLK =640 kHz 

unless otherwise stated. 

Parameter Conditions Min Typ Max Units 

ADC0808 
Total Unadjusted Error 25·C ±112 LSB 
(Note 5) TMINto TMAX ±314' LSB 

ADC0809 
Total Unadjusted Error O·C to 70·C ±1 LSB , 
(Note 5) TMINto TMAX ±1114 LSB 

Input Resistance From Ref( + ) to Ref( -: ) , 1~0 2.5 kO 

Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.10 Vcc+0.10 VDC 

VREF(+) Voltage, Top of Ladder Measured at Ref( +) Vcc Vcc+0.1 V 

VREF(+)+VREFH 
2 

Voltage, Center of Ladder VccI2-0.1 Vcc12 VccI2+ O.1 V 

VREF(-) Voltage, Bottom of Ladder Measured at Ref( - ) -0.1 0 V 

Comparator Input Current, fc=640 kHz, (Note 6) -2 _ ±0.5 2 p.A 

Electrical Characteristics 
Digital Levels and DC Specifications: ADC0808Cj 4.5V sVcc s5.5V, - 55·CsTAs + 125·C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, and ADC0809CCN 4.75sVccs5.25V, -40·CsTAs +85·C unless otherwise noted 

Parameter I Conditions I Min I Typ I Max I Units 

ANALOG MULTIPLEXER 
, 

10FF(+) OFF Channel Leakage Current Vcc =5V, VIN =5V, ~, 

TA=25·C ' 10 200 nA 

TMINto TMAX 1.0 ,.A 

10FF(-) OFF Channel Leakage Current Vcc =5V, VIN=O, 
TA=25°C -200 -10 nA 

TMINtoTMAX -1.0 ,.A 

CONTROL INPUTS 

VIN(I) , Logical "1" Input Voltage Vcc-1.5 V 

VIN(O) Logical "0" Input Voltage 1.5 V 

IIN(I) Logical "1" Input Current VIN =15V 1.0 p.A 
(The Control Inputs) 

IIN(O) Logical "0" Input Current VIN=O -1.0 ,.A 
(The Control Inputs) 

Icc Supply Current iCLK = 640 kHz 0.3 3.0 mA 
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Electrical Characteristics (Continued) 

Digital Levels and.DC Specifications: ADC0808CJ 4.5V :sVee :s5.5V, - 55°C:sTA:S + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, and ADC0809CCN 4.75 :sVee :s5.25V, - 40°C:sTA:s + 85°C unless otherwise noted 

Parameter Conditions 

DATA OUTPUTS AND EOC (INTERRUPT) 

VOUT(1) 

VOUT(O) 

VOUT(O) 

lOUT 

. Logical "1" Outpul Vollage 10 ~ - 360 p.A 

Logical "0" Outpul Voltage 10= 1.6 mA 

Logical "0" Output Voltage EOC 10 = 1.2 mA 

TRI·STATE Outpul Current 

Electrical Characteristics 

Vo =5V' 
Vo=O 

Min 

Vee-0.4 

-3 

Typ Max 

0.45 

0.45 

3 

Timing Specifications: Vee = VREF(+)=5V, VREF(-)= GNO, Ir= If=20 ns and TA= 25°C unless otherwise noted. 

Symbol. Parameter Conditions Min Typ Max 

tws Minimum Start Pulse Width (Figure 5) 100 200 

tWAlE Minimum ALE Pulse Width (Figure 5) 100 200 

ts Minimum Address Set-Up Time (Figure 5) 25 50 

tH Minimum Address Hold T·ime (Figure 5) 25 50 

to Analog MUX Delay Time Rs = on (Figure. 5) 1 2.5 
From ALE 

tH1, tHO OE Control to Q Logic State Cl = 50 pF, Rl = 10k (Figure 8) 125 250 

ttH, tOH OE Control to Hi-Z CL = 10 pF, Rl = 10k (Figure 8) 125 250 

tc Conversion Time Ic= 640 kHz, (Figure 5) (Note 7) 90 100 116 

Ic Clock Frequency 10 640 1280 

tEoe EOC Delay Time (Figure 5) 0 8+2p.s 

Units 

V 

V 

V 

p.A 
p.A 

Units 

ns 

ns 

ns 

ns 

p.s. 

ns 

ns 

p.s 

kHz 

CJock 
Periods 

CIN Input Capacitance At Control Inputs 

COUT TRJ-STATE"' Output At TRJ-STATE"' Outputs, (Note 12) 
Capacitance 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be Impaired. 
Note 2: All voltages are measured with respect 10 GNO, unless olherwlse specified. 
Note 3: A zener diode exists, Inlernally, from Vee 10 GNO and has a typical breakdown voltage of 7 Voe. 

10 15 pF 

10 15 pF 

Note 4: Two on-chip diodes are tied 10 each analog Input which will forward conducl for analog Input voltages one diode drop below ground or one diode drop 
gre.ler Ihan the Vee supply. The spec allows 100 mV forward bias of ellher diode. This means Ihal as long as Ihe analog VIN does nol exceed Ihe supply 
vollage by morelhan 100 mV,the outpul code will be correct. To achieve an absolute 0 Voe 10 5 Voe Inpul vollage range will therefore require a minimum sup­
ply voltage of 4.900 Voe over temperature varlalions, Initial tolerance and loading. 
NoteS: Total unadlusted error Includes offsel, full-scale,lInearlty, and muiliplexererrors. See Figure 3. None oflhese AlOs requires azero or full-scale adJust. 
However,lf an all zero code Is desired for an analog Input olherthan O.OV, or If a narrow full-scale span exists (for example: 0.5V t04.5V full·scale) Ihe reference 
voltages can be adjusted to achlevelhls. See Figure 13. 

Note 8: Comparator Input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has lillie temperature dependence (Figure 6). See paragraph 4.0. 
Note 7: The oulputs of the dala reglsler are updated one clock cycle before the rising edge of EOe. 
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Functional Description 
Multiplexer: The d~vlce contains an 8-channel single­
ended analog signal multiplexer. A particular input chan­
nel Is selected by using the address decoder. Table I 
shows the lriput states for the"address lines to select any 
channel. The address Is latched into the decoder on the 
low-ta-hlgh transition of the address latch enable signal. 

TABLE "I 

SELECTED ADDRESS LINE 
ANALOG CHANNEL C B A 

INO L L L 

IN1 L L H 

IN2 L H L 

IN3 L H H 

IN4 H L L 

IN5 H L H 

IN6 H H L 

IN7 H H H 

CONVERTER CHARACTERISTICS 

The Converter 

The heart of this single chip data acquisition system Is Its 
8-blt analog-ta-digltal converter. The converter is designed 

to give fast, accurate, and repeatable converslons.over a 
wide range of temperatures. The converter is partitioned 
Into 3 major sections: the 256R ladder network, the suc­
cessive approximation register, and the comparator. The 
converter's digital outputs are positive true. ." 

The 256R ladder network approach' (Figure 1) was' chosen 
over the conventional R12R ladder because of its Inherent 
monotoniclty, which guarantees no missing digital codes. 
Monotonlcity Is particularly important In closed loop feed­
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause' 
load variations on the reference voltage. 

Tbe bottom resistor and the top reSistor of the ladder 
network In Figure 1 are not the same value as the 
remainder of the network. The difference in these 
resistor,S causes the output characteristic to be sym· 
metrical with the zero and full-scale points of the transfer 
curve. The first output transition occurs when the analog 
"signal has reached + 1/2 LSB and succeeding"output 
transitions occur every 1 LSB later up to full-scale. 

The s~ccesslve approximation register (SAR) performs 8 
iterations to approximate the Input voltage. For any SAR 
type converter, n-iteratlons are required for an n-blt con­
verter. Figure 2 shows a typical example of a 3-blt con­
verter. In the ADC0808, ADC0809, the approximation 
technique Is extended to 8 bits using the 256R network. 

CONTROLS FROM S.A.R. 
I 

REF(+) 

,j 

R :J-~ 
R 

• • TO 
256R : , .. • COMPARATOR 

INPUT 

R 

R 

}lR :J-~ 
REF(-) 

FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The AID converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end·of·conversion (EOC) output to the SC input. If used in 
this mode, an external start conversion pulse shouid be 
applied after power up. End·of·conversion wlil go low be­
tween 0 and 8 ciock pulses after the rising edge of start 
conversion. 

The most important section of the AID converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 

.. 
Q 
Q ... ... 
::> ... ... 
::> 
co 
Q 

;0 

111 

110 
101 
180 
011 
010 

!-FULL-SCALE 
-" ERROR -112 LSB 

UL-II8-21-8-318--4/-B -S-I8-6-/B-11-B- VIN 
VIN AS FRACTION OF FULL·SCALE 

FIGURE 2. 3-Blt AID Transfer Curve 

comparator drift which has the greatest influence on the 
repeatability of the device. A chopper·stabilized com· 
parator provides the most effective method of satisfying 
ali the converter requirements. 

The chopper·stabllized comparator converts the DC input 
signal Into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire AID converter extremely 
Insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined in AN-179. 

.. 
Q 
Q ... ... 
~ ... 
::> 
Q 

Q 

;0 

INFINITE RESOLUTION 
111 PERFECT CONVERTER 

110 
I 
I 101 _J 

100 L -ILSB ABSOLUTE 
011 ACCURACY 

·010 ~ -1/2.LSB QUANTIZATION 001 ERROR 
ODD 1<.L----------VIN 

0/8 1/8 2/8 318 4/B S/8 6/B 1/B 

VIN AS FRACTION OF FULL-SCALE 

FIGURE 3. 3-BIt AID Absolute Accuracy Curve 

-"'"'''' ""' QUAN:~Z~:={1I11111111111111111111111111111111111111111IIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1111111111111 
INPUT OV FULL 

VOLTAGE SCALE 

FIGURE 4. Typical Error Curve 
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Connection Diagram 

Timing Diagram 
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1--.... -

ALE ,,",r-~ 
~ -'WALE I 
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COMPARATOR 
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...J\ 

'0% 

- '. 
\1f._ 
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Dual·ln·Llne Packagil 

IN3 . IN2 

IN4 
.2 

IN. 
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. IN7 
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REFI+) 
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GND 
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1 

I 
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1 

, 
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EOC 

X 
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Typical Performance Characteristics 

1.5 .--'---,----,.--"-.... -" 

~ 
..... ·0 I---I-~-J'\.F---'T---i 
c ... 
A: 1= -0.5 1-~4--.p----1--+----l 

-1 

1.25 2.5 

VIN (V) 

3.15. .5 

FIGURE 6. Comparator liN VS VIN 
(Vee=VREF=5V) . 

TRI·STATE® Test Circuits and Timing Diagrams' 
" ' . 

Vee 
OUTPUT 
ENABLE 

~ 
:2 
o 
a: 
;;! ... 
A: 
> .... 

oL--...L.----J,--J....,---' 
o 1.25 2.5 

VIN (V) 

3.15 . 5 

FIGURE 7. Multiplexer RON vs VI~ 
(Vee = VREF = 5V) 
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Applications Information 
OPERATION 

1.0 Ratlometrlc Conversion 

The ADCoaoa, ADC0809 Is designed as a complete Data 
Acquisition System (DAS) for ratlometrlc conversion 
systems. In ratlometrlc systems, the physical variable 
being measured Is'expressed as a percentage of full·scale 
which Is not necessarily related to an absolute standard. 
The voltage Inputto the,AOC0808 is expressed by the 
equation 

VIN Ox' 
Vis - Vz DMAX - OMIN 

VIN = Input voltage Into the ADC0808 
V Is = Full-scale voltage 
Vz=Zero voltage 
Dx= Data point being measured 
DMAX = Maximum data limit 
DMIN = Minimum data limit 

(1) 

A good example of a ratlometrlc transducer Is a poten­
tiometer !lsed as a position sensor. The position of the 
wiper Is directly proportional to the output voltage which 
is a ratio of the full-scale voltage across It. Since the data 
Is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0808, ADC0809 is that the Input 
voltage range Is ,equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly Into the multiplexer 
Inputs, (Figure 9). 

Ratlometrlc transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are sultBcble for measuring proportional relationships; 
however, mal'lY types of measurements must be referred 
to an absolute standard such as voltage or current. This 
means a system reference must be used which relates 
the full-scale voltage to the standard volt. For example,lf 

, Vee = VREF =5.12V, then the full-scale range is divided In­
to 256 standard steps. The smallest standard step Is 1 
LSB which Is then 20 mY. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected Input 8 times In a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
Is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 

, proper operation. 

The top of the ladder, Ref( +), should not be more positive 
than the supply, and the bottom of the ladder, Ref( - ), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N·channel switches to P-channel switches. These limita­
tions are automatically satisfied In"ratlometric systems 
and can be easily met In ground referenced systems. 

Figure 10 shows a ground referenced system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For In­
stance,lf a 5.12V Is used, the supply should be adjusted to 
the same voltage within O.W. 

r---_ ..... --_ ..... --.. --Ivcc" 
REFI+I 

~r----+----+-----Iln7 
• 

~--+----~: 

• 
~-.....;.-tlnO 

DoUT 

REFH 

L---~t---~t----t~GND 

ADCOB08 

FIGURE 9. Ratlometrlc ConversIon System 
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Applications Information (Continued) 

The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference Is readily 
accomplished. In Figure 11 a ground referenced system Is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if a capacitive bus is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 Is overcompensated to insure 
stability when loaded by the 10 I'F output capacitor. 

t---------I vcc 

The top and bottom ladder voltages cannot exceed Vec 
and ground, respectively, but they can be symmetrically 
less than Vee and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(i.e., size of the LSB steps decreased) by using a sym· 
metrical reference system. In Figure 13,'a 2.5V reference 
is symmetrically centered about Ver:J2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB bit to be half the size of a 
5V reference system. 

1-----1 REF(+) DIGITAL 
OUTPUT 
REFERENCED, 
TO In7 · · · InO 

REF(:-) 

ADCOBOB 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 

>--411--1 VCC 

ADCOBOB 

FIGURE 11. Ground Referenced Conversion System with 
Reference Generating Vce Supply 
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Applications Information (Continued) 10-15 VOC 

lk 

Rl 1000 pF 

LMJ298 
R2 
lOT 

RJ 

-= 

Vec 

>~~"";""REF(+) 

REF(-) 

FIGURE 12. Typical Referenca and Supply Circuit 

2.5V 
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RA 

R8· 

5V 

J.75V 

1.25V 

-= 

vec 

REF(+) 

In7 

InO 

REFf-) 

GNO 

nOUT 
DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25VSVINS3.75V 

RA=RB 
* Ratlometrlc transducers 

FIGURE 13. Symmetrically Centered Reference 

3.0 Converter Equations 

The transition between adjacent codes Nand N +1 is 
give.n by: 

VIN={ (VR,EF(+)- VREF(-»~~6 +'5~2J± VTUE}+ VREFH (2) 

The center of an output code'N Is given by: 

VIN={(VREF(+)-VREF;~» ~~~±VTUE}+VREFH (3) . 

The output code N for an arbitrary input are the integers 
within the range: 

N = V IN - V REF( -) x 256 ± Absolute Accuracy (4) 
VREF(+)- VREF(-) 

where: V IN = Voltage at comparator input 

VREF(+)= Voltage at Hef( +) 
VREF(-)= Voltage at Ref( -) 
VTUE = Total unadjusted error voltage (typically 

VREF(+) ... 512) 
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4.0 Analog Comparator Inputs 

The dynamic comparator input current is caused by the 
periodic switching of on·chlp stray capacitances. These 
are connected alternately to the output of the resistor 
ladder/switch tree network and to the comparator input as 
part of the operation of the chopperstabllized comparator. 

The average value of the comparator Input current varies 
directly with clock frequency and with VIN as shown in 
Figure 6. 

If no filter capacitors are used at the analog Inputs and the 
signal source Impedances are low, t.he comparator Input 
current should not Introduce converter errors, as the tran· 
sient created by the capacitance discharge will die out 
before the comparator output Is' strobed. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It will then take on the 
characteristics of a DC bias current whose effect can be 
predicted conventionally. 



Typical Application 

READ 

500 kHz 

ADDRESS 5.000V 
DECODE 

(AD4-ADI51* O.OOOV 

WRITE 

AD2 

CLK 

VREF(+I 

VREFH 

START 

ALE 

A 
ADCOBOB 
'ADCOB09 

C 

VCC 

GND 

In7 

InO 

!--+----+INTERRUPT 

VINB }' 

VINI 

0-5V 
ANALOG 
INPUT RANGE 

• Addre.slatches needed lor 8085 and SC/MP Interlacing the ADC0808 to a microprocessor 

MICROPROCESSOR INTERFACE TABLE 

PROCESSOR READ WRITE INTERRUPT (COMMENT) 

8080 MEMR MEMW INTR (Thru RST'Clrcultl 

8085 AD WR INTR (Thru RST Circuit) 

Z-80 RD WR INT (Thru RST Circuit. Mode 01 

SC/MP NRDS NWDS SA (Thru Sense AI 

6800 VMA·.2·R/W VMA·.2·RIW ffiQA o~ iRCiB (Thru PIAl 

Ordering Information 

TEMPERATURE RANGE -40·C to +8S·C -SS·C to +12S·C 

Error 
I :t 1/2 Bit Unadjusted ADC0808CCN A DC0808CCJ ADC0808CJ 

1 :t 1 Bit Unadjusted, ADC0809CCN 

Package Outline N28A Molded DIP J28A Hermetic DIP J28A Hermetic DIP 
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A to 0, 0 to A ~ , ~ National . 

g. ~ Semiconductor' . 
<t ADC0816, ADC0817 B-Bit /LP Compatible AID Converters 
~ with 16-Channel Multiplexer 

O~ General Description 
The ADC0816, ADC0817 data acquisition component Is a 

C monolithic CMOS device with an 8·blt analog·to·dlgltal <t converter, 16·channel multiplexer and microprocessor 
compatible control logic. The 8·bit AID converter uses suc· 
cessive approximation as the conversion technique. The 
converter features a high Impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. The 16·channel 
multiplexer can directly access anyone of 16·slngle­
ended analog signals, and provides the logic, for addi· 
tional channel expansion. Signal conditioning of any 
analog input signal is eased by direct access to the 
multiplexer output, and to'the input of the 8·bit AID 
converter. ' 

The device eliminates the need for external zero and fu'lI· 
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad· 
dress inputs and latched TTL TRI·STATE® outPUts. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several 
AID conversion techniques. The ADC0816, ADC0817 of· 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long·term accuracy and repeatabil· 
ity. and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica; 
tlons. For similar performance In an 8-channel, 28·pln, 

Block Diagram 
COMPARATOR IN 0----------, 

MULTIPLEXER 
OUT 

8:bit AID converter, see the ADC0808, ADC0809 data 
sheet. 

Features 
• Resolution - 8·bits 
• Total unadjusted error - ± 112 LSB and ± 1 LSB 

• No missing codes 
• Conversion time - 100 /LS 

• Single supply - 5 Voe 
• Operates ratiometrically or with 5 Voe or analog span 

adjusted voltage reference 
• 16·channel multiplexer with latched control logic 
• Easy interface to all microprocessors, or operates 

"stand alone" 
• Outputs meet T2L voltage level specifications 
• OV to 5V analog input voltage range with single 5V 

supply 
• No zero or full·scale adjust required 
• Standard hermetic or molded 40·pin DIP package' 
• Temperature range -40·C to +85·C or -55·C to 

+125·C 

• Low power consumption - 15 mW 
• Latched TRI·STATE® output 
• Direct access to "comparator in" and "multiplexer out" 

for signal conditioning 

START CLOi:K 

re.;';: AiD -- -r---'--'--..... --, 

.: I-i-------o ~,:~::R~~~ERS,ON 

16 ANALOG INPUTS 

4·BIT ADDRESS { 

ADDRESS LATCH ENABLE 

EXPANSION CONTROL 

16 CHANNELS 
MULTIPLEXING 

ANALOG 
SWITCHES 

AOORESS 
LATCH 

AND 
OECOOER 

I 
I 
I 
I 

1 1 
VCC GNO 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Voltage(VCC) (Note 3) 6.5V Temperature Range (Note 1) TMIN"TA"TMAX 
Voltage at Any Pin -0.3Vto(VCC+ 0.3V) ADC0816CJ .. -55"C"TA" +125"C 

Except Control Inputs ADC0816CCJ, ADC0816CCN, -40"C"TA" +85"C 
Voltage at Control inputs -0.3VtoI5V ADC0817CCN 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, Range olVCC (Note 1) 4.5VDCt06.0VDC 
ADD A, ADD B, ADD C, ADD D) Voltage at Any Pin OVtoVCC 

Storage Temperature Range -65"C to + 150"C Except Control Inputs 

Package Dissipation at TA = 25"C 875mW Voltage at Control Inputs OVto15V 
lead Temperature(Soldering, 10 seconds) 300"C (START, OE, c:LOCK, ALE, EXPANSION CONTROL, 

ADD A, ADD B, ADD C, ADD D) 

Electrical Characteristics 
Converter Specifications: Vcc= 5 V DC = V REF(+), V REF(-)= GND, VIN= VCOMPARATOR IN;TMINSTAsT MAX and 
f ClK = 640 kHz unless otherwise stated. 

Parameter Conditions Min Typ Max Units 

ADC0816 
Total Unadjusted Error 25"C ± 1/2 LSB 
(Note 5) T MIN to TMAX ±3/4 LSB 

ADC0817 
Total Unadjusted Error O·C t070·C ±1 LSB 

(Note 5) TMIN to TMAX ± 1114 LSB 

Input Resistance From Ref(+) to Ref(-) 1.0 4.5 kll 

Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.l0 Vee+0.l0 Voe 

VREF(+) Voltage, Top of Ladder Measured at Ref( +) Vee Vee+ 0.1 V 

V REFI +)+ V REF( -) Voltage, Center of Ladder Vec/2-0.1 Vee/2' Vcc:/2+0.1 V 
2 

VREF(-) Voltage, Boltom of Ladder Measured at Ref( - ) -0.1 0 V 

Comparator Input Current f c = 640 kHz, (Note 6) -2 ±0.5 2 p.A 

Electrical Characteristics 
Digital Levels a.,d DCspeclllcations: ADC0816CJ 4.5V sVccs5.5V, - 55·CsTAs + 125·C unless otherwise noted. 

ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75V sVccs5.25V, - 40·C sTAs + 85·C unless otherwise noted. 

Parameter Conditions Min Typ Max Units 

ANALOG MULTIPLEXER 

RON Analog Multiplexer ON (Any Selected Channel) 
Resistance TA=25·C, Rl =10k 1.5 3 kll 

TA=85·C 6 kll 
TA7 125"C 9 kO 

ARoN A ON Re'sistance Between Any (Any Selected Channel) 75 Il 
2 Channels RL=10k 

IOFF(+) OFF Channe.! Leakage Curren! Vcc=5V, VIN =5V, -
TA=25·C. 10 200 nA 

TMIN to TMAX 
.' 

1.0 p.A 

IOFFI-) OFF Channel Leakage Current Vcc =5V, VIN=O, 
TA=25·C -200 nA 

TMIN to TMAX -1.0 p.A 

CONTROL INPUTS 

VIN(1) Logical "1" Input Voltage Vcc-1.5 .V 

VIN(O) Logical "0" Input Voltage 1.5 V 

'IN(1) Logical "1" Input Current VIN =15V 1.0 p.A 
(The Control Inputs) 

/IN(O) Logical "0" Input Current VIN=O -1.0 p.A 
(The Contro/lnputs) 

Icc Supply Current 'CLK=640 kHz 0.3 3.0 mA 
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Electrical Characteristics (Continued) 

Dlgllal Lavals and DC Specifications: ADC0816CJ 4.5V s V cc s 5.5V, - 55·C S TA S + 125·C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75V S V ccs 5.25V, - 40·C S TA S + 85·C unless otherwise noted. 

Parameter 

DATA OUTPUTS AND EOC (INTERRUPT) 

VOUT(1) 

VOUT(O) 

VOUT(O) 

lOUT 

Logical "1'; Output Voltage 

Logical "0" Output Voltage 

Logical "0" Output Voltage EOC 

TRI·STATE Output Current 

Electrical Characteristics 

. Conditions 

10= -360,.,11. 

10= 1.6 mA 

10= 1.2 mA 

Vo=Vcc 
Vo=O 

Min Typ Max 
.. 

Vcc-0.4 

0.45 

0.45 

3 
-3 

Timing Specifications: Vcc= VREF(+I= 5Y, VREF(-I= GND, tr= tf.= 20 ns and TA= 25·C unless otherwise noted. 

Symbol Parameter Conditions 

tws Minimum Start Pulse Width (Figure 5) 

tWALE Minimum ALE Pulse Width (Figure 5) 

t. Minimum Address Set·Up Time (Figure 5) 

tH Minimum Address Hold Time (Figure 5) 

to Analog MUX Delay Time Rs = 00 (Figure 5) 
From ALE 

t H1 , tHO OE Control to Q Logic State CL = 50.p'F, RL = 10k (Figure 8) 

t'H, tOH OE Control to Hi·Z CL = 10 pF, RL = 10k (Figure 8) 

te Conversion Time Ie = 640 kHz, iFigure 5) (Note 7) 

Ie Clock Frequency 

teoc EOC Delay Time' (Figure 5) 

CIN Input Capacitance At Control Inputs 

COUT TRI·STATE Output At TRI·STATE Out~ut$, (Note 7) 
Capacitance 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be Impaired. 

Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 

Note 3: A ze~r diode exists, Internally, fromVCC to GNO and has a typical breakdown voltage of 7 VOC. 

Min 

90· 

10 

o 

Typ 

100 

100 

25 

25 

1 

125 

125 

100 

640 

10 

10 

Max 

200 

200 

50 

50 

2.5 

250 

250 

116 

1280 

8+2.,.5 

15 

15 

Urils 

V 

V 

V 

p.A 
,.,11. 

Units 

ns I 

ns 

ns 

ns 

,.$ 

ns 

ns 

,.5 
kHz 

.Clock 
Periods 

pF 

pF 

Note 4: Two on,chlpdlodes are tied to each analog input which will forward conduct for analog Input voltages one diode drop below ground or one diode drop 
greater than the VCC supply. The spec allows 100 mV forward bias of either diode. This l1)eans that as long as the analog VIN does not exceed the supply 
voltage by more than 100 mV, the output code will be correct. To achieve an absoluteO VOC t05 VOC Input voltage range will therefore require a minimum sup· 
ply voltage of 4.900 VOC over temperature variations, Initial tolerance and loading. 

Note 5: Total unadjusted error Includes offset, full·scale, and linearity errors. See Figure 3. None of these AIDs requires a zero or full-scale adjust. However, if 
an all zero code Is desired for an analog Input other than O.OV, or If a narrow full·scale span exlsts(for example: 0.5V to 4.5V full·scale) the reference voltages 
can be adjusted to achieve this. See Figure 13 .. 

Note 8: Comparator Input current Is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated oDe clock cycle before the rising edge of EOC. 
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Functional Description 
Multiplexer: The device contains a 16-channel single­
ended analog signal multiplexer. A particular input chan­
nel is selected by using the address decoder. Table I 
shows the Input states for the address line and the expan­
sion control line to select any channel. The address is 
latched i'nto the decoder on the low-to-high transition of 
the address latch enable signal. 

SELECTED 
ANALOG CHANNEL 

INO 

IN1 

IN2 

IN3 

IN4 

IN5 

IN6 

IN7 

INS 

IN9 

IN10 

IN11 

IN12 

IN13 

IN14 

IN15 

All Channels OFF 

x = don't care 

TABLE I 

f-_A:..,D...;.D_R:.:.Ei-S-,-S..:L.,IN-"E~ EXPANSION 
C'ONTROL o 

L 

L 

L 

L 

L 

,L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

X 

c 
L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

X 

B 

l:. 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

X 

A 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

Additional single-ended analog signals can be multi­
plexed to the AID converter by disabling all the multiplexer 
inputs using the expansion control. The additional exter­
nal signals are connected to the comparator input and the 
device ground. Additional signal conditioning (i.e., 
prescaling, sample and hold, instrumentation amplifica­
tion, etc.) may also be added between the analog input 
signal and the comparator input. 

CONVERTER CHARACTERISTICS 

The Converter 

The heart of this single chip data acquisition system is its 
8-bit analog-to-digital converter. The converter is designed 
to give fast, accurate, and repeatable conversions over a 
wide'range of temperatures. The (lonverter is partitioned 
into 3 major sections: the 256R ladder network, the suc­
cessive approximation register, and the comparator. The 
converter's digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed­
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 

The bottom resistor' and the top resistor of the ladder 
network in Figure 1 are not the same value as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym­
metrical with the zero and full-scale points of the transfer 
curve. The first output transition occurs when the analog 
signal has reached + 1/2 LSB and succeeding output 
transitions occur every 1 LSB later up to full-scale. 

CONTAOLS FADM S.',A, 
I 

REF(+) 0-

A .. · · 
256R : · · . 

A · · 
.• 'J- TO . +- COMPARATOR 

INPUT . 
· · 

A · · 

AEF(-Io--

FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The successive approximation register (SAR) performs 8 
iterations to approximate the input voltage. For any SAR 
type converter, n·iterations are required for an n·bit 
converter. Figure .2 shows a typical example of a 3·bit 
converter. In,the ADC0816, ADC0817, the approximation 
technique is extended to 8 bits using tl:le 256R network. 

The AID converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end·of·converslon (EOC) o'utput to the SC Input. If used in 
this mode, an external start conversion pulse should be 
applied after power up_ End-ot·conversion will go low be­
tween 0 and 8 clock pulses after the rising edge of start 
conv,ersion_ 

111 

110 

~ 101 

'" :: 100 
= 
~ 011 

'" ~ 010 

:-FULL.SCALE -" ERROR = 1/2LS8 

L.J.L-1I-8 -2-/8-311-4-1-8 -5-/8-6-/8"-'-7/-8- VIN 
. VIN AS FRACTION OF FULL-SCALE 

FIGURE 2. 3-Blt AID Transfer Curve 

The most important section of the AID converter is the 
comparator_ It Is this section which is responsible for the 
ultimate accuracy of the entire converter, It Is also the 
comparator drift which has the greatest influence on the 
repeatability of the device_ A chopper-stabilized com­
parator provides the most effective method of satisfying 
all the converter requirements_ 

The chopper·stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique iimits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire AID converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-179_ 

... 
'" co .. ... = := 
= 
'" 
~ 

INFINITE RESOLUTION 
111 PERFECT CONVERTER 
110 

I 
I 

101 _J 

100 L -1 LSB A8S0LUTE 
011 ACCURACY 
010 ~ -1/2 LS8 nUANTIZATION 
001 ERROR 
ODD IU-----------VIN 

0/8 118 2/8 3/8 4/8 5/8 6/8 '7/1 

VIN AS FRACTION OF FULL,SCALE 

FIGURE 3. 3·Bit AID Absolute Accuracy Curve 

+112 LS8 TOTAL UNADJUSTED ERROR ~ REFERENCE LINE 
---------------~-------------------------nUAN~~~~={1111111111111111111111111111111111111111111IIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~tllll ' INPUT OV . FULL- AL 

-II2LS:~~~:~~:;;;U;E~E~R~J7--------:-----------------------

FIGURE 4. Typical Error Curve 
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Connection Diagram 

Timing Diagram, 

CLOCK 

START 

ALE 

ADDRESS 

ANALOG 
INPUT 

MULTIPLEXER 
OUT 

OUTPUT 
ENABLE 

~ 
50% "0% 

I-tws 

50% ,rr.:\-
-:-' -twALE 

~ l::= STABLE ADDRESS 

50% 50% 

" '. 
\I~-

I-- '0--

Dual·ln·Llne Package 

IN3 • 
IN4 

INS 

IN6 

IN1 

INB 

IN9 

INIO 

IN11 

INI2 ADCOBI6, 
ADcom 

IN13 

INI4 

EDC 
INIS 

MULTIPLEXER 
OUT 

START 
VCC 

COMPARATOR IN 
19 

REFI+) 
20 

GND 

TOP VIEW 

, 

I 

I 

I 

STABLE ; 

: 

40 
IN2 

39 INI 
38 
, INO 

31 EXPANSION CONTROL 
36 

ADD C 

ADD 0 

ALE 

2-I MSB 

2-2 

2-3 

2-4 

2-S 

2-6 

2-1 

2-B LSB 

REFI-) 

CLOCK 
21 

OUTPUT 
ENABLE 

X 

J 50% 

---tEot I 

EOC 

I------'c---'---~f 

X 
I L 

OUTPUTS • _______________ .!!!!.T~E _____ ~----~--------_{\. ______ ..J>_ 

FIGURES 
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Typical Performance Characteristics 

1.5 ~----.,--------. 

~ 0.5 f---+--+----d+,4~ 

~ 

5 
0: 
~ -0.5 f-"7>I'''-f--P---,-+--~-+----l 

-I 

-1.5 L.._-'-__ "--_-'-_--' 

1.25 2.5 

VIN(VI 

3.75 

FIGURE 6. Comparator liN vs VIN 
(Vee= VREF = 5V) 

TRI·STATE® Test Circuits and Timing Diagrams 

OUTPUT 
ENABLE 

Vee 

·2 

'" a: 
~ 

5 
0: 
> .... 

1.25 2.5 

VIN (VI 

3.75 

FIGURE 7. Multiplexer RON vs VIN 
(Vee=VREF=5V) 
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FIGURE 8 
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Applications Information 
OPERATION 

, 1.0 Ratlometrlc Conversion 

The ADC0816, ADCOB17 Is designed as a complete Data 
Acquisition System (DAS) for ratiometrlc conversion 
systems. In rallometric systems, the physical variable 
being measured is expressed as a percentage of full·scale 
which is not necessarily related to an absolute standard. 
The voltage input to the ADCOB16 Is expressed by the 
equation 

VIN Ox 
V,. - Vz DMAX - DMIN 

V IN = Input voltage Into the ADCOB16 
V,. = Full·scale voltage 
Vz = Zero voltage 
Ox = Data point being measured 
DMAX = Maximum data limit 
DMIN = Minimum data limit 

(1) 

A good example of a ratiometric transducer is a poten· 
tiometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full·scale voltage across it. Since the data 
is represented as a proportion of full·scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADCOB16, ADC0817 Is that the input 
voltage range is equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
Inputs, (Figure 9). 

Ratiometric transducers such as potentiometers', strain 
gauges, thermistor bridges, pressure transducers; etc., 
are suitable for measuring proportional relationship~; 
however, many types of measurements must be referred 
to an absolute standard such as vOlt'age or current. This 
means a system reference mUst be used which relates 
the full·scale voltage to the standard volt. For example, if 
Vee = VREF = 5.l2V, then thefull·scale range is divided in· 
to 256 standard steps. The smallest standard step is 1 
LSB which is then 20 mV. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input B times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( +), should not be more positive 
than the supply, and ttiililOttom of the ladder, Ref( -), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N-channel switches to P-channel switches. These limita­
tions are automatically satisfied in ratiometric systems 
,and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced system with a 
~eparate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in­
stance, if a 5.12V reference is used, the supply should be 
adjusted to the same voltage within O.lV. 

r----~---~----~~~VCC 
REF!+) 

>< .... --...... ----~----_Iln15 

DOUT ., 
t-----~lnO 

&.......,...--1 REF!-) 

L-------~------~------.. ~GND 
~ ADC0816,11 

FIGURE 9. Ratlometric Conversion System 
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Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readfly 
accomplished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of su'pplY current and the desired bus 
drive, or if a.capacitivebus is driven by the outputs a large, 
capacit~r will SlJPply the transient suPpl'y current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 p.F outpu~ capacitor. 

..... -------/VCC 

,1-----/ REF(') 

. 
InO 
REFI-) . 

~--~t-~--~~~GND 

The top and bottom ladder voltages cannot exceed Vee 
and ground, respectively, but they can be symmetrically 
less than V cc and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(i.e., size of the LSB steps decreased) by using a sym­
metrical reference system. In Figure 13, a 2.5V reference 
is symmetrically centered about Vcel2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB to be half the size of the 
LSB in a 5V reference system . 

DIGITAL 
OUTPUT 
REFERENCED 
TO 
GROUND 

Q :..~ 
,OUT- VREF 

4.75V SVee=VREFS5.25V 

ADC0816,17 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Suppiy 

>--4~-Ivcc 

ADC0816,17 

FIGURE 11. Ground Referenced Conversion System with 
Reference Generating V cc Supply 

8-64 

DIGITAL OUTPUT 
REFERENCED TO 
GROUND 

VIN 
QOUT= VREF 

4,75V sVee=,vREFS5.25V 



Applications Information (Continued) 

10-15 VOC 

LM3Z9B 

Rl 

R2 
lOT 

R3 

lk 

1000 pF 

Vcc 

>~_""-.REF(+) 

FIGURE 12. Typical Reference and Supply Circuit 

5V 

RA 
VCC 

3,15V REF(.) MSB 

In15 

InO 

GOUT 
DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1,25V::;VINS3,15V 

1.25V 
REFH 

2.5V 
REFERENCE RS 

GNO 

-= 

LSS , RA=RB 
'* Ratlometric transducers 

FIGURE 13.' Symmetrically Centered' Reference 

3.0 Converter Equations 

'The transition between adjacent codes Nand N +1 is 
given by: 

VIN={ (VREF(+)- VREF(-)~~6 + 5~2J± VTUE}+ VREF(-) (2) 

The center of an output code N is given by: 

'VIN={(~REF(+)-VREF(-) ~~J±VTUE}+VREF(-) (3) 

The output code N for an arbitrary input are the integers 
, within the range: 

V,N-VREF(_) 
N=-=----:-:-"--'- x 256 ±AbsoluteAccuracy (4) 

VREF(+) - VREF(-) 

where: V IN = Voltage at comparator input 

V REF( +) = Voltage at Ref( + ) 
VREF(-)= Voltage at Ref(-) 
VTUE = Total unadjusted error voltage (typically 

VREF(+) + 512) 
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Applications Information (Continued) 

4.0 Analog Comparator Inputs 

The dyna.mlc comparator Input current is caused by the 
periodic switching of on·chip· stray capacitances. These. 
are connected alternately to the output of the resistor lad· 
der/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

If no filter capacitors are used at the analog or comparator 
inputs and the signal source impedances are ·Iow, the 
comparator input current should not introduce converter 
errors, as the transient created by the capaCitance 
discharge will die out before the comparator output is 
strobed. 

The average value of the comparator input clirrent varies 
directly with clock frequency and with VIN as shown in 
Figure 6. . 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It will then take on the 
characteristics of a DC bias current whose effect can be 
predicted conventionally. 

Typical Application 

INTERRUPT 

500 kHz CLK DE 

ADDRESS 5.000V VREF(+) EOC INTERRUPT 
DECODE 

(AD4-ADI5)* O.OOOV VREF(-) 
087 MS8 

086 

085· 
WRITE 

AoCOBI6 082 

ADCOBI7 OBI 

DBO LSB 

INI5 

'" "} e. 
0-5V 

e ANALOG 
COMMON OUT INPUT RANGE 
COMPARATOR 

e 
IN 

·INO VIN I 

• Address latches needed for B085 and SCIMP Interfacing the ADC0816, 17 to a microprocessor 

Microprocessor Interface Table 

PROCESSOR READ WRITE INTERRUPT (COMMENn 

8080 MEMR MEMW INTR (Thru RST Circuit) 

8085 RD WR 
, 

INTR (Thru RST Circuit) 

Z-80 RD WR INT (Thru RST Circuit, Mode 0) 

SC/MP NRDS NWDS SA (Thru Sense A) 

6800 VMA·",2·R/W VMA·"'2·R/W IROA or IROB (Thru PIA) 

Ordering Information 

TEMPERATURE RANGE -40·C to +8S·C -SS'C to +12S'C 

Error ~ ± 1/2 Bit Unadjusted ADC0816CCN ADC0816CCJ ADC0816CJ 

± 1 Bit Unadjusted ADC9817CCN 

Package Outline N40A Molded DIP J40A Hermetic DIP J40A Hermetic DIP 
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~National 
~ Semiconductor 

A to D, D to A· 

ADC1210, ADC121112·Bit CMOS AID Converters 

General Description 
The ADC12l0, ADC12ll are low power, medium speed, 
l2-bit successive approximation, analog-to-digital con­
verters. The devices are complete converters requiring 
only the application of a reference voltage and a clock 
for operation. Included within the device are the succes­
sive approximation logic, CMOS analog switches, pre­
cision laser trimmed thin film R-2R ladder network and 
FET input comparator. 

The ADC1210 offers l2-bit resolution and l2-bit 
accuracy, and the ADC12ll offers 12-bit resolution 
with 10-bit accuracy. The inverted binary outputs are 
directly compatible with CMOS logic. The ADC1210, 
ADC1211 will operate over a wide supply range, convert 
both bipolar and unipolar analog inputs, and operate in 
either a continuous conversion mode or logic-controlled 

Block Diagram 

START -STOP conversion mode. The devices are capable 
of making a l2-bit conversion in 100 p.s typ, and can be 
connected to convert 10 bits in 30 p.s. 

Both devices are available in military· and industrial 
temperature ranges. 

Features 
• 12-bit resolution 
• ±1/2 LSB linearity 
• Single +5V to ±15V supply range 
• 100 p.s l2-bit, 30 p.s 1 O-bit conversion rate 

• CMOS compatible outputs 
• Bipolar or unipolar analog inputs 
• 200 kn analog input impedance 

• Low cost 
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Absolute Maximum Ratings 
Maximum Reference Supply Voltage (v+) 16V Power Dissipation See Curves 
Maximum Negative Supply Voltage (V-r -20V .1 Operating Temperature Range 
Voltage At Any Logic Pin V++0.3V ADC121 OHD, ADC1211 HD -55°C to +125°C 
Analog Input Voltage ±15V ADC1210HCD, ADC1211HCD -25°C to + 85°C 
Maximum Digital Output Current ±10mA Storage Temperature Range -6SoC to +150° C 
Maximum Comparator Output Current 50mA Lead Temperature (Soldering, 10 seconds) 3000 'C 
Comparator Output Short·Circuit Dwation 5 Seconds ~ 

DC Electrical Characteristics (Notes 1 and 2) 

ADC1210 ADC1211 
PARAMETER CONDITIONS 

MAX 
UNITS 

MIN TYP MAX MIN 'TYP 

Resolution 12 12 Bits 

Linearity Error (Note 3) 

fCLK = 65 kHz, TA = 25°C ±0.012 ±0.04B8 % FS 

fCLK = 65 kHz ±0.0244 % FS 

Full Scale Error T A = 25°C, Unadjusted 0.1 0.25 %FS 
-

Zero Scale'Errllr T A = 25°C, Unadjusted 
, 

,0.' 0.25 %FS 

Quantization Error ±1/2 ±'/2 LSB 

Input Resistor Values R27, R2a 20 20 kG 

Input Resistor Values R25,R26 200 200 kG 

Input Resistor Ratios R25/R26, R27/R2B 0.' 0.1 .,% 

Logic "1" Input Voltage B B V 

Logic "0" Input Voltage 2 2 V 

Logic "1 ", Input Current. VIN = 10.24V 1 1 p.A 

Logic "0" Input Current VIN =OV -, -1 p.A 

Logic "1" Output Voltage IOUT::>-l p.A 9.2 9.2 V 

Logic "0" Output Voltage lOUT::> lp.A 0.5 0.5 V 

Positive Supply Current V+= 15V, fCLK =65 kHz, 5 a 5 a mA 

TA = 25°C 

Negativ~ Supply Current v-,; -15V, TA = 25°C 4 6 4 6 rnA 

AC Electrical Characteristics TA = 25°C. (Notes 1 and 2) 

PARAMETER 

Conversion Time 

Maximum Clock Frequency 

Maximum Clock Pulse Width 

Propagation Delay From Clock to Data Output 

(QO to Qll) 

Propagation Delay From Clock to Conversion 

Complete 

Clock Rise and Fall Time 

Input Capacitance 

Start Conversion Set·Up Time 

CONDITIONS MIN TYP 

100 

130 

100 50 

60 

60 

10 

30 

MAX UNITS 

200 IlS 

65 kHz 

ns 

150 ns 

150 ns 

5 JlS 

pF 

ns 

Note 1: Unless otherwise noted, these specifications apply for V+ = 10.240V, V- = -15V, over the temperature range -55°C to +125°C for 
the ADC1210HD, ADC1211HD, and -25°C to +85°C for the ADC1210HCD, ADCI211HCD. 
Note 2: All typical values are for T A = 25° C. 
Note 3: Unless otherwise noted, this specification applies over the temperature range -2!f C to +8~ C. Provision is made to adjust zero scale error 
to OV and full-scale to 10.2375V during testing. Standard linearity test circuit is shown in Figure Sa. 
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Applications Information 

THEORY OF OPERATION 

The ADC121 0, ADC1211 are successive approximation 
analog·to-digital converters, Le., the conversion takes 
place 1 bit at a time by comparing the output of the 
internal D/A to the (unknown) input voltage. The 

. START input (pin 13), when taken low, causes the 
register to reset synchronously on the next CLOCK 
low·to·high transition. The MSB, all is set to the low 
state, and the remaining bits, 00 through 010, will be 
set to the high state. The register will remain in this 
state until the SC input is taken high. When START goes 
high, the conversion will begin on the low·to·high 
transition of the CLOCK pulse. all will then assume 
the state of pin 23. If pin 23 is high, all will be high; 
if pin 23 is low, all will remain low. At the same time, 
the next bit, 010 is set low. All remaining bits, 00-09 
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will' remain unchanged (high). This process will continue 
until the LSB (00) is found. When the conversion 
process is completed, it is indicated by CONVERSION 
COMPLETE (CC) (pin' 14) going low. The logic levels at 
the data output pins (pins 1-12) are the complemented· 
binary representation of the converted analog signal with 
all being the MSB and 00 being the LSB. The register 
will remain in the above state until the SC is again taken 
low. 

An application example is shown in Figure' 1. In this 
case, a 0 to -10.2375V input is being converted using 
the ADC1210 with V+ = 10.240V, V- = -15V. Figure 
1b is the timing diagram for full scale input. Figure 1e 
is the timing diagram for zero scale input, Figure 1d is 
the timing diagram for-3.4125V input (010101010101 = 
output). 
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FIGURE 1 •. ADC1210 Connected for OV to -10.2375V (Natural Binary Output) 
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Applications Information (Continued) 
TABLE I. Pin Assignments and Explanations 

PIN NUMB.ER MNEMONIC FUNCTION 

1-12 011-00 Digital (data) output pins. This information is a parallel 12·bit complemented binary 
representation of the converted analog signal. All data is valid when "Conversion Com· 
plete" goes low. Logic levels are ground and V+. 

13 SC Start Conversion is a logic input which causes synchronous reset of the successive approx· 
imation register and initiates conversion. Logic levels are ground and V+. 

14 CC "Conversion Complete" is a digital output signal which indicates the ~tatus of the con· 
verter. When CC is high, conversion is taking place, when low conversion is completed. 
Logic leveis are ground and V+. 

15,16 R27, R28 R27 and R28 are two application resistors connected to the comparator non·inverting 
input. The resistors may be used in various modes of operation. Their nominal values are 
20 kn each. See Applications section. 

17 +IN Non·inverting input of the analog comparator. This node is used in various configura· 
tions and for compensation of th~ loop. See Applications section. 

18,19 R25, R26 R25 and R26 are two application resistors that are tied internally to the inverting input 
of the comparator. Their nominal values are 200 kn each. See Applications 
section. The R·2R ladder network will have the same temperature coefficient as these 
resistors. 

20 V- Negative supply voltage for bias of the analog comparator. Optionally may be grounded 
or operated with voltages to -20V. 

21 

22 

23 

24 

GND 

V+(VREF) 

CO 

Ground for both digital and analog signals. 

V+ sets both maximum full scale and input and output 'logic levels. 

Comparator output. 

Cp Clock is an input which causes the successive approximation (shift) register to advance 
through the conversion sequence. Logic levels are ground and V+. 

POWER SUPPl. Y CONSIDERATIONS AND 
DECOUPLING 

Pin 22 is both the positive supply and voltage reference 
input to the ADC1210, ADC1211. The magnitude of V+ 
determines the input logic "1" threshold and the output 
voltage from the ~CMOS SAR. The device will operate 
over a range of V from 5V to 15V. However, in order 
to preserve 12-bit accuracy, V+ should be well'regulated 
(0.01%) and isolated from external switching transients. 
It is therefore recommended that pin 22 be decoupled 
with a 4.7 I1F tantalum capacitor in parallel with a 
O.lI1F ceramic disc capacitor. 

The V- supply (pin 20) provides negative bias for the 
FET comparator. Although pin 20 may be grounded in 
some applications, it must be at least 2V more negative 
than the most negative analog input signal. When a nega­
tive supply is used, pin 20 should also be bypassed with 
4.711F in parallel with O.lI1F. 

Grounding and circuit layout are extremely important 
in preserving 12'bit accuracy. The user is advised to 
employ separate digital and analog returns, and to make 
these PC board traces as "heavy" as practical. 

SHORT CYCLE FOR IMPROVED CONVERSION 
TIME (FIGURE 2) 

The ADC1210, ADC1211 counting sequence may be 
truncated to' decrease conversion time. For example, 
When using the ADC1211, 2 clock intervals may be 
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"saved" if 10·bit conversion accuracy is'taking place. 
The 02 output should be "OR'd" with CONVERSION 
COMPLETE (CC) in .order to ensure that the register 
does not lock-up upon power turn-on. 

DIGITAL OUTPUTS 

FIGURE 2. Short Cvcling the ADC1211 to Improve 
10-Bit Conversion Time (Continuous Conversion) 

LOGIC COMPATIBILITY 

The ADC1210, ADC1211 is intended to interface with 
CMOS logic levels: i.e., the logic inputs and outputs 
are directly cOlT)patible with series 54C/74C and CD4000 
family of logic components. The outputs of the 
ADC1210, ADC1211 will not drive LPTTL, TTL or 
PMOS logic directly without degrading accuracy. Various 
recommended interface techniques are shown in Figures 
3 and 4. 

OPERATING CONFIGURATIONS 
\ 

Several recommended operating configurations are 
shown in Figure 5. 
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FIGURE 4. Interfacing an ADC1210, ADC1211 Running on V+ < VCC. Example: V+ = 5V, VCC = 15V ' 

OFFSET AND FULL SCALE ADJUST 

A variety of techniques may be employed to adjust 
Offset and Full Scale on the ADC1210, ADC1211. A 
straight-forward Full Scale Adjust is to incrementally 
vary V+ (VREF) to match the analog input voltage. 
A recommended technique is shown in Figure 6. An 
LM199 and low drift op amp (e.g., the LH0044) are 
used to provide the precision reference. The ADC1210, 
ADC1211 is put in the continuous convert mode by 
shorting pins 13 and 14. An analog voltage equal to 
VREF minus 1 1/21..SB (10.23625V) is applied to pins 
18 and 19, and Rl is adjusted until the LSB flickers 
equally between logic "1" and logic "0" (all other out-
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puts must be stable logi~ "0"). Offset Null is accom­
plished by then applying an analog input voltage equal 
to 1/2 LSB at pins 18 and 19. R2 is adjusted until the 
LSB output flickers equally between logic "I" and 
logic "0" (all other bits are stable). In the circuit of 
Figure 6, the ADC1210, ADC1211 is configured for 
Complementary Binary logic and the values shown are 
for V+ = 10.240V, VFS = 10.2375V, LSB = 2.5 mV. 

An alternate technique is shown in Figure 7. In this 
instance, an LH0071 is used to provide the reference 
voltage. An analog input voltage equal to VREF minus 
1 1/2 LSB (10.23625V) is applied to pins 18 and 19. 
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15V 

02 

L...WIr-+( :::' 

-ISV 
-15V 

FIGURE 6. Offset and Full Scale Adjustment for Complementary Binary 

R1 is adjusted until the .LSB output flickers .equally 
between logic "1" and logic "0" (all other outputs must 
be a stable. logic "0"). For Offset Null, an analog voltage 
equal to 1/2 LSB (1.25 mV) is then applied to pins 18 
and 19, and R2, is adjusted until the LSB output flickers 
equally between logic "1" and "0". 

15V 

-15V 

INPUT VOLTAGE 
(OVTD 10.231SVI' 

-15V 

FIGURE 7. Offset and Full·Seale Adjustment 
Technique Using LHDD71 

In both techniques shown, adjusting the Full·Scale first 
and then Offset minimizes adjustment interaction. At 
least one iteration is recommended as a self-check. 

Definition of Terms 
Resolution: The Resolution of an AID is an expression 
of the smallest change in input which will increment 
(or decrement) the output from one code to the next 
adjacent code. It is defined in number of bits, or 1 
part in 2n. The ADC1210 and ADC1211 have a resolu· 
tion of 12 bits or 1 part in 4,096 (0.0244%). 

Quantization Uncertainty: Quantization Uncertainty is 
a direct consequence of the resolution of the converter. 
All analog voltages within a given range are represented 
by a single digital output code. There is, therefore, an 
inherent conversion error even for a perfect AID. As an 
example, the transfer characteristic of a perfect 3·bit 
AID is shown in Figure 8. 

As can be seen, all input voltages between OV and 1 V 
are represented by an output code of 000. All input 
voltages between 1 V and 2V are represented by an 
output code of 001, etc. If the midpoint of the range is 
assumed to be the nominal value (e.g., 0.5V), there is an 
Uncertainty of ±1/2 LSB. It is common practice to 
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FIGURE 8. Ouantization Uncertainty 
of a Perfect l·Bit AID 

offset the converter 112 LSB in order to reduce the 
Uncertainty to ±1/2 LSB as shown in Figure 9. Rather 
than +1,. -0 bit shown in Figure 8. Quantization Uncer· 
tainty can only be reduced by increasing Resolution. 
It is expressed as ±"/2 LSB or as an error percentage of 
full scale (±0.0122% FS for the ADC1210). 

11 JUlL~c'!T -
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00 
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FIGURE 9. Transfer Characteristic Offset 
1/2 LSB to Minimize Quantizing Uncanainty 

Linearity Error: linearity Error is the maximum devia· 
tion from .a straight line passing through the end points 
of the AID transfer characteristic. It is measured after 
calibrating Zero and Full Scale Error. The Linearity 
Error of the ADC1210 is guaranteed to be less than 
±1/2 LSB or ±0.0122% of FS and ±0:0488% of FS for 
the AD1211. Linearity is a performance characteristic 
intrinsic to the device and cannot be externally adjusted. 

Zero Scale Error (or Offset): Zero Scale Error is a 
measure of the difference between the output of an 
ideal and the actual AID for zero input voltage. As 
shown in Figure 10, the effect of Zero Scale Error is 
to shift the transfer characteristic to the right or left 
along the abscissa. Any voltage more negative than the 
LSB transition gives an output code of 000. In practice, 
therefore, the voltage at which the 000 to 001 transition 
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Applications Information (Continued) 

takes place is ascertained, this 'input voltage's departure 
from the ideal value is defined as the Zero Scale Error 
(Offset) and is expressed as a percentage of FS. In the 
example of Figure 10, the offset is 2 LSB's or 0.286% 
ofFS. 

The Zero Scale Error of the ADC1210, ADC1211 is 
caused primarily by offset voltage in the comparator. 
Because it is common practice to offset the AID 112 LSB 
to minimize Quantization Error, the offsetting techniques 
described in the Applications Section may be used to 
null Zero Scale Error and accomplish the 112 LSB 
offset at the same time. 

. . 

Full Scale Error (or Gain Error): Full Scale Error is a 
measure -of 'the difference between the output of an . 
ideal AID converter and the actual AID for an input 
voltage equal to full scale. As shown in Figure 1 i, the 
Full Scale Error effect is to rotate the transfer charac· 
teristic anguhirly about the origin. Any voltage more 
positive than the Full Scale transition gives an output 
code of 111. In practice, therefore, the voltage at which 
the transition from 111 to 110 occurs is ascertained. 
The input Voltage's departure from the ideal value is 
defined as Full Scale Error and is' expressed as a per­
centage of FS. In the example of Figure -11, Full Scale 
Error is 1 1/2 LSB's, or 0.214%'of FS. 

Full Scale Error of the ADC1210, ADC1211 is due 
primarily to mismatch in the R-2R ladder equivalent 
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FIGURE 10. AID Transf.r Characteristic with Offset 

Ordering Information 

output impedance and input resistors R25, R26, R27, 
and R28. The "gain error may be adjusted to zero as 
outlined in the Applications section. ' 

Monotonicity and Missing Codes: Monotonicity is a 
'propertY of a D/A which requires an increasing or 
constant 'output voltage for an increasing digital input 
code. Monotonicity of a D/A converter does not, in 
itself, guarantee that an AID' built with that D/A will 
not have missing' codes. However, the ADC1210 and 
ADC1211 are guaranteed tq have no missing codes. 

Conversion Time: The ADC1210, ADC1211 are succes­
sive approximation AID converters requiring 13 clock 
intervals for a converSion to specified accuracy for the 
ADC1210 and 11 clocks for the ADC1211. There is 
a trade-off between accuracy' and clock frequency due 
to settling time of the ladder and propagation delay 
thrOUgh the comparator. By modifying the hysteresis 
network around the comparator, conversions with 10-
bit accuracy can be made in 30 /.Is. Replace RA, RB 
and CA in Figure 5 with a 10 Mn resistor between 
pin 23 (Comparator Output) and pin 17 (+ IN). and 
increase ~he clock rate to 366 kHz. 

In order to prevent errors during con~ersion, the analog 
input voltage should not be allowed to change by more 
than ±1/2 LSB. This places a maximum slew rate of 
12.5 /.IV I/.Is on the analog input voltage. The usual solu­
tion to this restriction is to place a Sample and Hold in 
front of the AID. See AN-154 for additional informatipn. 
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FIGURE 11. Full Scala IGain Error) 

PART NUMBER 
OPERATING TEMPERATURE 25°C 

RANGE LINEARITY 

ADC1210HD -55°C to +125°C 0.01% 

ADC1210HCD -25° C to +85° C 0.01% 

ADC1211HD -55°C to +125"C 0.05% 
ADC1211HCD ' -25" C to +85° C ,0.05% 

'See NS Package HY24A 
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A to D, Dto A 

DAcoaoo (LM DACOa) a-Bit Digital-to-Analog Converter 

G~neral Description 
The DAC08 is a monolithic 8-bit high-speed current­
output digital-to-analog converter (DAC) featuring 
typical settling times of 1QO ns_ When used as a 

. multiplying DAC, monotonic performance over a 40 to 
1 reference current range is possible. The DAC08 also 
features high compliance complementary current outputs 
to allow differential output voltages of 20 Vp-p with 
simple resistor loads as shown in Figure 1. The reference­
to-full-scale current matching of better than ±'1 LSB 
eliminates, the need for full scale trims in most applica­
tions while the nonlinearities of better than ±0.1% over 
temperature minimizes system, error accumulations. 

The noise immune inputs of the DAC08 will accept 
TTL levels with the logic threshold pin, V u::' pin 1 

'grounded. Simple adjustments' of the VLC potential 
allow direct interface to all logic families. The perfor­
mance and characteristics of the device are essentially 
unchanged over the full ±4.5V to ±18V power supply 
range; power dissipation is only 33 mW with ±5V 
supplies and is independent of the logic input states. 

Typical Applications 

10V 

OIGITA~ INPUTS 

'MSB LSB'" 

ijjj jJjJ IDUT IO
• 

~ 10k 

The DAC0800L, DACOB02L, DACOBOOLC, DAC0801 LC 
and DAC0802LC are a direct replacement for the 
DAC08, DAC08A, DAC08C, DAC08E and DAC08H, 
respectively. 

Features 
• Fast settling output current 

• Full scale error 
• Nonl inearity over temperature 

• Full scale current drift 
• High output compliance 
,. Complementary current outputs 

100 ns 
±1 LSB 

±0.1% 
±10ppmfC 

-10V to +18V 

• Interface directly with TTL, CMOS" PMOS and 
others 

• 2 quadrant wide range multiplying capability 
• Wide power supply range ±4.5V to ±18V 
• Low power consumption 33 mW at ±5V 

• Low cost 

Connection Diagram 

Dual-In-Line Package 

CD~~=~~~~~~..!. • 
u .!!.COMPENSATION 

.!!.VREFH 

2..VREF(+1 10Ve-D--IV'!:\jk,'II-y ·-I145, 6 7 ,8 9 10 11 124)- 1 
DAC08 Your TO 20 Vp-p 

lQiiT..!. 

v-.1. 

lOUT..!. .!Lv+ 

5k 
.... ..,.,rv--t15 
~ ~3~ __ ~16~~1~3 ____ ~1~2~~~.~--"-O 

~lLLc~ tJ"~' lD~T 
- ~~l"F r-
FIGURE 1. ±20 Vp-p Output Oigital-to-Analog Converter 

Ordering Information 

NON LINEARITY 

±0,1% FS 

±0.1% FS 

±0,19% FS 

±0,19% FS 

±0,39% FS 

TEMPERATURE 
RANGE 

55°C:O;TA:O;+125"C 

O°C:O;TA:O; + 70°C 

-55°C:O; TA:O; + 125°C 

OOC ~ TA,:O; +70°C 

O°C<TA <+70°C 

D PACKAGE (D16C) 
DAC0802LD LMDAC08AD 

DAC0800LD LMDAC08D 

*Note. Devices may be ordered by using either order number. 
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MSB Bl..!. 

B2..!. 

B3.2. 

B4..!. 

ORDER NUMBERS' 
J PACKAGE (J16A) 

E.B8 LSB 

.!!..B7 

.!!.B6 

..LB5 

TOP VIEW 

N PACKAGE (N16A) 

D~C0802LCJ LMDAC08HJ DAC0802LCN LMDAC08HN 

DAC0800LCJ LMDAC08EJ DAC0800LCN LMDAC08EN 

DAC0801 LCJ LMDAC08CJ DAC0801 LCN LMDAC08CN 
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CO 
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Absolute Maximum Ratings Operating Conditions 
Supply Voltage ±18V or 36V MIN MAX UNITS 
Power Dissipation (Note 1) 500mW Temperature (T A) 
Reference Input Differential Voltage (V14 to V15) V-to V+ 

DAC0802LA, LMDAC08A -55 +i25 °c 
Reference Input Common-Mode Range (V14, V15) V- to V+ DAC0800L, LMDAC08 -55 +125 °c 
Reference Input Current 5mA 

DAC0800LC, LMDAC08E, 0 +70 °c Logic Inputs V- to V- plus 36V 
DAC0801 LC, LMDAC08C, 0 +70 °c Analog Current Outputs Figure 24 
DAC0802LC, LMDAC08H' 0 +70 °c Storage Temperature -£5°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Vs = ±15V, IREF = 2 rnA, TMIN::; TA::; TMAX unless otherwise specified. 

Output characteristics refer to both lOUT and lOUT.) 

DAC0802LI DAC0800LI 
DAC0801LC PARAMETER CONDITIONS 'DACOB02LC DACOBOOLC UNITS 

MIN TYP MAX MIN TYP MAX MIN . TYP MAX 
Resolution B B 8 B 8 8 8 8 8 Bits 

Monotonicity 8 8 B B B B B B 8 Bits 

Nonlinearitv ±O.1 ±O.19 ±O.39 %FS 

Is Settling Time To ±1/2 LSB, All Bits Switched 100 135 100 150 ns 
"ON" or "OFF", TA -= 2SoC 

DAC0800L 100 135 ns 
DACOBOOLC 100 15.0 ns 

IPLH.IPHL Propagation Delay TA" 25°C 
Each Bit 35 60 35 60 35 60 ns 
All Bits Switched 35 60 35 60 35 60 ns 

TCIFS Full Scale TempeD flO ±50 ±lO ±5Q ±10 ±80 ppmi"C 

Voe Output Voltage Compliance Full Scale Current Change -10 18 -10 lB -10 18 V 

< 1/2 L5B, ROUT> 20 Mn Typ 

IFS4 Full Scale Current VREF· 10.000V, R14· 5.000 kn 1.984 1.992 2.000 1.94 1.99 2.04 1.94 1.99 2.04 mA 

R15· 5.000 kn, TA· 25°C 

IFSS Full Scale Symmetry 1"54 -IFS2 ±0.5 ±4.0 ±1 ±8.0 ±2 ±16 pA 

IZS Zero Scale Current 0.1 1.0 0.2 2.0 0.2 4.0 pA 

IFSR Output Current Range V-· -5V 0 2.0 2.1 0 2.0 2.1 0 2.0 2.1 mA 
V- = -8V to -18V 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 mA 

Logic Input Levels 

VIL Logic "0" VLC·OV O.B O.B O.B V 

VIH Logic "1" 2.0 2.0 2.0 V 

Logic Input Current VLC·OV 

IlL Logic "0" -lOV $ VIN $ +O.BV -2.0 -10 -2.0 -10 -2.0 -'10 pA 

IIH Logic "1" 2V $ VIN $ +lBV 0.002 10 0.002 10 0.002 10 pA 

VIS Logic Inpu\Swing V--· -15V -10 18 -10 18 -10 18 V 

VTHR Logic T.hreshold Range V5·±15V -10 13.5 -10 13.5 -10 13.5 V 

115 Reference Bias Current -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 pA 

dl/dt Reference Input Slew Rate (Figure 24) B.O 8.0 8.0 mA/ps 

P5SIFS+ Power Supply Sensitivity 4.5V $ V+ $ lBV 0.0001 0.01 0.0001 0.01 0.0001 0.01 %1% 
P5SIFS_ '-4.5V $ V- S lBV 0.0001 0.01 0.0001 0.01 0.0001 0.01 %1% 

IREF,,· 1 mA 

Power Supply Current VS~ ±5V. IREF· 1 mA 
1+ 2.3 3.B 2.3 3.8 2.3 3.8 mA 
1- --4.3 -5.8 -4.3 -5.B -4.3 -5.B mA 

VS· 5V, -15V. IREF· 2 mA 
I+- 2.4 3.B 2.4 3.8 2.4 3.B mA 
I- \. -G,4 -7.8 -v.4 -7.8 -6.4 ~7.B mA 

VS· ±15V, IREF· 2 mA 
1+ 2.5 3.B 2.5 3.8 2.5 3.8 mA 
1- -6.5 -7.B -v.5 -7.8 -6.5 -7.8 mA 

Po Power Dissipation ±5V, IREF· 1 mA 33 48 33 48 33 4B mW 
5V. -15V, IREF· 2 mA lOB ·136 lOB 136 108 136 mW 
±15V, IREF· 2 mA 135 174 135 174 135 174 mW 

Note 1: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 1000 e. For operating at elevated temperatures, devices 
in the dual-in-line J'or 0 package must be derated based on a thermal resistance of 1 00° e/w, junction to ambient, l7SoC/W for the molded dual-
in-line N package. 
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Block Diagram 
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Equivalent Circuit 
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B3 

FIGURE 2 
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Typical Performance Characteristics 
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Full Seala Current 
VI Reference Current 

TA=TMINToTMAX 
ALL BITS HIGH 
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./ 
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IREF - REFERENCE CURRENT (mAl 

FIGURE 3. 

Reference Amp 
Common-Mode Range 

TA = TMIN TO TMAX 
ALL BITS "ON" 

I' I 
I I 

-V, -15V -V' -5V +v", 15V 

I II IREF'" 2 mA 

IRE~-llmA -

IREf' 0.2 mA_ 

-14 -10 -6 -2 2 6 10 14 lB 

VIS - REFERENCE CoMMorH.looE VOLTAGE (VI 

Note. Positive common-mode range is 
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Output C;urrent vs Output 
Voltage (Output Voltage 
Compliance) 
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Logic Input Current 
vs Input Voltage 
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FIGURE 7 

Output 'voltage Compliance 
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FIGURE 10 
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Refaranca Input 
Frequency Response 

R14= R15 = lk 
RL :;;500 
ALL BITS "ON" 
VR15 = OV 
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FREQUENCY (MHzI 

Curve 1: CC=15pF.VIN=2Vp-p 
centered at .1 V , 

10 

Curve 2: Cc = ,15 pF, VIN = 50 mVp·p 
centered at 200 mV. 
Curve3: CC=OpF,V'N=100mVp-p 
at OV and applied through 50 n con­
nected to pin 14, 2V applied to R14. 
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VTH - VLC vs Temperature 
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FIGURES 

Bit Transfer Cheracteristics 
1.4 

1-1 IREF=2mA 

~1 

0,8 

0.6 ~2 
0.4 

0.2 

-V~,:-16V 

t-!t H-A--V=-5V B3 

B4 

-12-10-1-6-4-20 24681012141618 

VL - LOGIC INPUT VOLTAGE (VI 

Note.81-B8 have identical transfer 
characteristics. Bits are fully .. swi.tched 
with less than 112 LSB error, at les. than 
±100 mV from actual threshold. These 
switching points are guaranteed to lie 
between 0.8 and 2V over the operating 
temperature range (V LC = OV). 

FIGURE 11 



Typical Performance Characteristics (Continued) 

Power Supply Current vs +V Power Supply Current vs -v 

ALL BITS HIGH OR LOW ALL BITS MAY BE HIGH OR LOW 
1-+-r-I,_ ~ITHIIR~F " ~ mA - -

I-

c-r-~11-lITJ IR~F" 1, J- -

-I- I~ WitH I~EFI" 0.1 rnA 

Ii 
1+ 
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:< 
10 

.s 
ffi .. 
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2 
_f 
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Power SupplV Current 
vs Temperature 

ALL BITS HIGH OR LOW 
IREF" 2 rnA I I 

r+- -LvJ I~V 
I I I 
I II 

-I-I-~v; 15~ 
I I I -,-
I I I 

1-,-

I 

1+-

o 2 4 6 8 W ~ M W W W o -2 -4 -6 -0 -to-t2-t4-t6-tO-20 -50 50 tOO t50 

Vee - POSITIVE POWER SUPPLY (VI 

FIGURE 12 

Typical Applications (Cortinued) 

DIGITAL INPUTS 

rMSB LSD 

RREf 
!R14) 

AIS -VREF 

~r 

81 BZB3B4 B5 S6 87 SB 

-v .v 

V - NEGATIVE POWER SUPPLY (VI 

FIGURE 13 

10. 

255 
x·-

256 

.10 + iQ = IFS for.1I 
logic states 

TA - TEMPERATURE (-CI 

FIGURE 14 

For fixed reference, TTL oper~tion. 
typical values are: 

VREF = 10.000V 
RREF = 5.000k 
R15'" RREF 
Cc =0.01 "F 
VLC = OV (Ground) 

FIGURE 15. Basic Positive Reference Operation 

1'IREF""2mA,-_______ , 

r--............ >N~" 
DAcoa 

15 

10 
14 

DACOS 
RIS 

-V~EF o--o--,\M~ IS 
~ ____ .J 

Note. RREF sets IFS; R15 is 
for bias current cancellation 

FIGURE 16. Recommended Full Seale Adjustment Circuit FIGURE 17. Basic Negative Reference Operation 

OIGITALINPUTS 

MSB LSS' 
81 H2 Bl B4 as 66 °81 88 EO 

IREF-2mA 

B1 B2 B3 B4 B5 B6 B7 BB lomA IOmA EO EO 
Full Scale 1 1 1 1 1 1 1 1 1.992 0.000 -9.960 0.000 
Full Scale-LSB 1 1 1 1 1 1 1 0 1.9B4 O.ooa -S.920 -0.040 
Half Scale+LSB 1 0 0 0 0 0 0 1 1.008 0.984 -5.040 -4.920 
Half Scale 1 0 0 0 0 0 0 0 1.000 0.992 -5.000 -4.960 
Half Scale-LSB 0 1 1 1 1 1 1 1 0.992 1.000 -4.960 -5.000 
Zero Sc.le+LSB 0 0 0 0 0 0 0 1 0.008 1.984 -0.040 -S.920 
Zero Scale 0 0 0 0 0 0 0 0 0.000 1.992 0.000 -S.960 

FIGURE 1B. Basic Unipolar Negative Operation 
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Typical Applic~tions (Continued) 

'" '0 • 

.. OAC. 

Iii 2 
'110 

Bl B2 B3 B4 B5 B6' B7 B8 Eo EO 

Pas. Full Scale 1 1 1 1 1 1 1 1 -9.920 +10,000 
Pas. Full Scale-LSB 1 1 1 1 1 1 1 0 -9.B40 +9.920 

Zero Scale+ LSB 1 0 0 0 0 0 0 1 -0.080 +0.160 
Zero Scale 1 0 0 0 0 0 0 0 0.000 +0.080 
Zero Scale-LSB 0 1 1 1 1 1 1 1 +0.080 0.000 

Neg, Full Scale+LSB 0 0 0 0 6 0 0 1 +9.920 -9.840 
Neg. Full Scale 0 0 0 0 0 0 0 0 +10.000 -9.920 

FIGURE 19. Basic Bipolar Output Operation 

'0 • 

DACOS '0 
Ii , 

If RL = RL within >0.05%. output is symmetrical about ground 

Bl B2 B3 B4 B5 B6 B7 BB 'EO 

Po •. Full Scale 1 1 1 1 1 1 1 1 +9.920 
Po •. Full Scale-LSB 1 1 1 1 1 1 1 0 +9.840 

(+1 Zero Scale 1 0 0 0 0 0 0 0 +0.040' 
(-I Zero Scale 0 1 1 1 1 'I 1 1 -0.040 

Neg. Full Scale+LSB 0 0 0 0 0 0 0 1 --9.840 
Neg. Full Scale 0 0' 0, 0 '0 0 0 0 --9.920 

FIGURE 20. Symmetrical Offset Binary Operation 

" 

0'''' 
255 

IFS '" 256 IREF' 

For complementary output (operation a. negative logic DAC). con­
nect inverting input of op amp to iO (pin 2). connect 10 (pin 4) 
to ground. 

FIGURE 21. Positive Low Impedance Output Operation 

DAGa 

255 
IFS '" 256 IREF 

" 

For complementary output (operation as a negative logic DAC) con­
'nact non-inverting input of op amp to TO (pin 2); connect 10 
(pin 4) to ground. 

FIGURE 22. Negative Low Impedance Output O,l'~ration 
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Typical Applications (Continued) 

TTL,Dll 
V1"+1.4V 

ZENER 

VTK· VLC'" lAY 
15V CMOS. HTL. HNIL 

VrH"7.6V 

VLC vUI 

PMOS 
VTH=OV 

'::' 

10k 8 
To 

"VtTO::~ &"V,." i 
62V Uk T O.'JlF I 

-= ":'" ":" I -5Vl0-10V 

-7v~-+-~~-T--OO~---
VTH"2.8V I VTH=5V I VTH::.-1.29V 

! lf1OVUk

: I VLe I 

:' ... T'·"': IN4148 

I." 

" 
I '::' '::' I ·5.'V VLe 

Note. Do not exceed negatiye logic input range of DAe. 

FIGURE 23. Interfacing with Various Logic Families 

". - DACOS 

(a) IREF ~ peak negative swing of liN 

"'"YIUF 

? 
RnEF ~(OPTIONAL RESISTOR 

~ FOR OFFSET INPUTS 

R,. r:,:-.-------~~.JIJ""' ..... 
,vIL DACOI 

Rp 

NO CAP 

Typical values: RIN = Sk, +VIN = 10V 

FIGURE 24. Pulsed Reference Operation 

""REF 0--'V""'--;14 

." DACOI! 

RREF",RI5 
VIN ~ o-'O~P'llTl'll0.",A_"-I15 
~~~~::~~__ L.. _______ J 

(b) +VREF must be above peak positive swing of VIN 

FIGURE 25. Accommodating Bipolar References 

V'N 

RREf 5 & 7 
\4 

FOR TURN "ON", VL .. 2JV 
fOR TURN "Off", VL" 0.1'1 

DAcoa 
(D,U.T.I 

-15V 

FIGURE 26: Settling Time Measurement 
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Typical Applications (Continued) 

5VO---... .....:""I 
DM2502 

'AR 

'--""-""""1 ON. no 01 Q2 Q3 Q4 as Q6 Q1 
345611121314 

, .. 0---.... 
f 

8-BIT DIGITAL 
WORD 

MSB6----+++++-+-1-+ 
RI 12 11 10 9 • 7 6 5 

DV I sv ~'::VERSIDN 
FREE 
RUN 

15V 

R4 
3JlM 

R3 

" 

ANALOG 
INPUT 

VRfF 5k 14 LSB 81 Iii B5 B4 83 IZ MSB _'-2;-...... ~-I,..,.... .... ____ .. 
VR+ TO' 

R2 

" 
DACOB 

It 

':" 
-61 

.". , 

5V 

15V 

It 

-15V 

lOOk 

-15V 

Note. For 1 ps conversion time with 8-bit resolution and 7.tlit 
accuracy. an LM361 comparator replaces the LM319 and the 
reference current is doubled by reducing Rl. R2 and R3 to 
2.5 kn and R4 to 2 Mn. -

FIGURE 27. A Complete 2 I'S Conversion Time. a-Bit AID Converter 
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~National 
~ Semiconductor 

A t9D, D to A 

DAC0808, DAC0807, DAC0806 8·Bit D/A Converters 
General Description 
The DACOBOB series is an B-bit monolithic digital-to­
analog converter (DAC) featuring a full scale output 
current settling time of 150 ns while dissipating only 
33 mW with ±5V supplies. No reterence current (lREF) 
trimming is required for most applications since the full 
scale output current is typically ±1 LSB of 255 I REF/ 
256. Relative accuracies of better than ±0.19% assure 
8-bit monotonicity and linearity while zero level output 
current of less than 4 IJA provides B·bit zero accuracy 
for IREF ::::: 2 mA. The power supply currents of the 
DAC0808 series are independent of bit codes, and 
exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The DAC0808 will interface directly with popular TTL, 
DTL or CMOS logic levels, and is a direct replacement 
for the MC1508/MC1408. For higher speed applications, 
see DAC0800 data sheet. 

Block and Connection Diagrams 

RAr~GE 

CONTROL 

MSB LSB 
A1 AZ A3 A4 A5 AS A1 AS 

VREFt+I~..j:;t===:;---t::=::::;-....L-l 

VREFI_In-J...:J·>+-==='-I 

Typical Application VCC"SV 

13 

GNO 

Vee 

COMPEN 

Features 
• Relative accuracy: ±0.19% error maximum 

(DAC0808) 

• Full scale current match: ±1 LSB typ 
• 7 and 6-bit accuracy available (DAC0807, DAC0806) 
•. Fast settling time: 150 ns typ 

• Noninverting digital inputs are TTL and CMOS 
compatible . 

• High speed mUltiplying input slew rate: 8 mA/lJs 

• Power supply voltage range: ±4.5V to ±lBV 

• Low power consumption: 33 mW @ ±5V 

Nt (NOTE JI 

GNO 

MSB AI 

A2 

., 

.4 

Dual-ln·Line Package 

DAcosoa 
SERIES 

TOP VIEW 

16 COMPENSATION 

15 VREFH 

14 VREFI+J 

13 Vee 

12 AS LSI 

11 A1 

10 A6 

, .5 

5.000k 

1
M" ., 

A2 ., 
DIGITAL A4 

INPUTS AS 

•• 
AI 

lSB AS 

1-"<>--'\111\,.---0 lo.ouav ... VREF 

5.000k 

VEE"'-15V 

FIGURE 1. ±10V Output Digital to Analog Converter 

Ordering Information 

Vo 
OUTPUT 

ACCURACY OPERATING TEMPERATURE ~~~~~~~~~~r-__ O~R~O~E~R~N~U~M~B~E~R~S~'_-, __ ~~~~~~~ ___ 
RANGE 0 PACKAGE I016CI J PACKAGE IJ16A) N PACKAGE INI6A) 

8·bit 

8·bi' 
7-bit 

6-bit 

-55'C::;TA:S+125'C DAC0808LD LM15q8D-B 

O'C:STA:S+75'C 

O'C:STA:S+7S'C 

.o'C::;TA ::;+7S'C 

*Note. Oevices.may be ordered by using either order number. 
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DAC0808LCJ LM1408J·8 DAC0808LCN LM l408N·8 

DAC0807LCJ LM1408J.7 DAC0807LCN LM1408N·7 

DAC0806LCJ LM1408J·6 DAC0806LCN LM1408N-6 
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Absolute Maximum Ratings IT A ~ 2So C unless otherwise noted) ,. 
Power Supply Voltage Power Dissipation (Package Limitation) 

VCC +18VOC Cavity Package 1QOOmW 

VEE -18VOC Derate above T A ~ 25° C " 6.7'mWfC 
Digital Input Voltage, V5-V12 -10 VOC to +18 VOC Operating Temperature Range 
Applied Output Voltage, Vo -11 VOCto+18VOC OAC0808L -55°C:5 TA:5 +125°C 
Reference Current, 114 SmA OAC0808LC Series " O:5TA:5+75°C 
Reference Amplifier Inputs, V14, V15 VCe::_ VEE Storage Temperature Range -55°.C to +150°C 

Electrical Characteristics 
(VCC~ SV, VEE ~ -15 VDC, VREF/R14~ 2 rnA, DACOBOBL: TA = -55°C to +125°C, DACOBOBLC, DACOB07LC, 
DACciB06LC, T A ~ O°C to +75°C, and all digital inputs at high logic level unless otherwise noted.) 

PARAMETER CONDITIONS 

Er Relative Accuracy (Error Relative (Figure 4) . 

to Full Scale 10) 

OACOBOBL (LM150B-B), 

OACOBOBLC (LM140B-B) 

OACOB07LC (LM140B-7), (Note 1) 

OACOB06LC (LM1408-6), (Note 1) 

Settling Time to Within 112 LSB TA: 25°C (Note 2), 

(Includes tPLH) (Figure 5) 

tPLH, Propagati~n Delay Time T A : 25° C, (Figure 5) 

tPHL 

TCIO Output Full Scale Current Drift 

MSB Digital Input Logic Levels (Figure 3) 

VIH High Level, Logic "'" 

VIL Low Level, Logic "0" 

MSB Digital Input Current (Figure 3) 

High Level VIH = 5V 
Low Level VIL: 0.8V 

115 Reference Input Bias Current (Figure 3) 

Output Current Range (Figure 3) 

VEE: -5V 

VEE;: -15V, TA = 25°e 

10 Output Current VREF: 2.0OQV, 
R14= 1000n, 

(Figure 3) 

Output Current. All Bits Low (Figure 3) 

Output Voltage Compliance Er $0.19%, TA: 25°e 
Pin 1 Ground,ed. 

VEE Below -10V 

SRIREF Reference Current Slew Rate (Figure 6) 

Output Current Power Supply -5V $ VEE $ -16.5V 
Sensitivity 

Power Supply Current (All Bits. (Figure 3) 

Low) 

ICC 

lEE 

Power S~pply Voltage Range TA: 25°e, (Figure 3) 

Vce 

VEE 

Power Dissipation 

All Bits Low VCC: SV, VEE: -SV 

Vec: 5V, VEE: -15V 
.' All Bits High VCC: lSi!, VEE: -5V 

VCC: 15V, VEE,: -15V 

Note 1: An current swi~c::hes, are tested to guarantee at least 50% of rated current. 
Note 2: All bits swit~hed. 

Nota 3: Range control is not requir~d. 
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MIN TYP MAX UNITS 

% 

±0.19 % 

±0.39 % 

±0.7B % 

150 ns 

30 100, ns 

±20 pprnfC 

2 VOC 
0.8 VOC 

0 0.040 rnA 
-0.003 -0.8 rnA 

-1 -5 IlA 

0 2.0 2.1 rnA 

0 2.0 4.2 rnA 

1.9 1.99 2.1 mA 

0 4 p.A 

. --0.55, +0.4 VOC 
-5.0, +0.4 VOC 

8 mAills 

O.OS 2.7 IlA /V 

2.3 22 mA 

-4.3 -13 rnA 

4.S 5.0 5.5 VOC 
-4.5 -15 -16.S VOC 

33 170 rnW 

·106 305 rnW 

90 rnW 

160 mW 



Typical Performance Characteristics 
Vee = 5V, VEE = -15V, TA = 25°e, unless otherwise noted 
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Bit Transfer Characteristics 

, 
i14=2mA 

d. 

d2 
-v,-.sv 

r-tlr -v ::; -SV 
AS 

A3 

Vi. A4 

'" co 

~ 1.8 

~ 1.6 
_ 1.4 
> i 1.2 

:= 0.0 
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Logic Threshold Voltage vs 
Temperature 
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Output Current vs Output 
Voltage IOutput Voltage 
Corppliance) 

All OITS "ON" I I 
VEE' -.SV VEE' -5V I I 

I II 1'4=2mA 

1)4' .lmA 

tL 
-.4 -'0 -6 -2 2 6 .0 •• .0 

Vo - OUTPUT VOLTAGE (VI 

Typical Power Supply 
Current vs Temperature 

All BITS HIGH OR lOW 
114"'ZmA 

lEE 

f-f-+- ICC .... 
1 

-50 50 .00 .50 

TEMPERATURE ("CI 

Reference Input 
Frequency Response 

o 

Output Voltage Compliance 
vs Temperature 

20~~rn '6~ 
z: 12 
w 

'" 
~ 
> .... 
'" ~ 
'" -4 

-0 t1~~~~~E~tlj -12 
-50 50 .00 .50 

TEMPERATURE I"CI 

Typical Power Supply 
Current vs VEE 

Typical Power Supply 
CUrrent vs Vee 

AllOITS HIGH OR lOW J ,.1_ 
"-f-r-I'EE WIT~ 11~ '" 2 rnA r-

All BITS HIGH OR lOW 
114=2 rnA 

f--+- IEIE W!TH ! .• i. JA -f-
lEE 

-f- lEE WITH 114'" 0.2 mA 

ICC 'fC 

I I 
o -2 -4 -6 -0 -'0-'2-'4-16-'0-20 2 • 6 B 10 12 I. 16 10 20 

VCC - POSITIVE POWER SUPPLY (vi" 

I 

VEE - NEGATIVE POWER SUPPl Y (VI 

Unless otherwise specified: R14 = 

R15 = 1 kn,C = 15 pF,pin 16 to VEE; 
RL = 50n, pin 4 to ground. 

;;; -~ B Curve A: Large Signal Bandwidth 
Method of Figure 7, VREF = 2 Vp-p 
offset 1 V above ground 

'" .... 
'" e:: 
'" '" ~ 
;: 

~ 

-2 
-4 

-6 

-0 
-10 

-.2 
-14 
-16 

0.1 

"'A "-
, C 

0.3 

f - FREnUENCY (MHz! 

10 
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Curve· B: Small Signal Bandwidth 
Method of Figure 7, RL = 250n, 
VREF = 50 mVp-p offset 200 mV 
above ground. 

Curve C: Large and Small Signal 
Bandwidth Method of Figure 9 (no 
op amp, RL = 50n), RS = 50n, 
VREF = 2V, Vs = 100 mVp-p cen­
tered at OV. 
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Vee 

13 

"'REF 0 '~l-I .. ,-.-- - 4--

; -VREFO ':I~I--"-l 

COMPO lDI -y---t----.ltLI 

GNO 

VEE 

MSB 
AI A2 Al A4 A5 

FIGURE 2. Equivalent Circuit of tha_DACOB08 Series 

DAC0808, DAC0807, DAC0806 

.. A1 

10 11 

LSB 

A' 
12 

~ 
4 



Test Circuits 

DIGITAL ( ~i 
IN.PUTS AS 

A' 
A) 

AR 

',-

Vee 

:1 '''I 
v" 

8 BIT 
COUNTER 

14 

15 

VI and 11 apply to inputs A1-A8. 

The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. 

f::...o---.... -o ~3TPUT 

(
A1 A2 A4 A5 A6 A7 A8) 

10 = K 2 + 4 + 16 + 32 + 64 + 128 + 256 

where K" VREF 

1k 

1k 

R14 

and AN = "1" if AN is at high level 

AN = "0" if AN is at low level 

FIGURE 3. Notation Definitions Test Circuit 

MSB 

A' 

FIGURE 4. Relative Accuracy Test Circuit 

2Vnc 

'T'0.If'F 

Ik --4:-
FORSEITUNGTIME 

',N 

SETTliNG TIME 
eo(FHiURE5} 

2.4V--.,------........ 

04V 
IpHL ~ tpLH::; lOllS 

D.W USE Rl TO GND FOR TURN "OFF" 
MEASUREMENT (SEE TEXT) 

1-'-0---.... - ..... -0 eO ~~sCuH~EOMLE~~ i~L~,~'J)S 
ts= 1SDnsTYP 

TO il/2lsa 1'CO:::;Z5 PF 

lN4454!lDW CAPACITANCE, 
FAST RECOVER V DIDOEI 

TRANSIENT. 
RESPONSE 

-tOO·mV--..w ..... ------'1 

FIGURE 5. Transient Response and Settling Time 
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Test Circuits (Continued) 

vee 

2V
o
-n 

.-o--"N,,",+--o VREF -J 1-. 

Vee 

Al 

A2 

A3 

A4 

A5 

A6 

Al 

R14" R15 

14 
""'REF -rl... 

R14 
15 R15 

iii '1..J"' 

SCOPE 2m:~ A8 RL 

":' 
SLEWING 

TIME SEE TEXT FOR VALUES OF C 
dl 1 dV 
dt"=iilih 

VEE 

FIGURE 6. Reference Current Slew Rate Measurement 

Vee 

R14", R15 

Al 

A2 

A3 -VREF '1..J"' 
A4 

A5 

A6 iii "1.J" 
AT 

A8 
RL 

":' 
SEE TEXT FOR VALUES OF e 

VEE 

FIGURE 8. Negative VREF 

Application Hints 

REFERENCE AMPLIFIER DRIVE AND COMPEN· 
SATION 

The reference amplifier provides a voltage at pin 14 for 
converting the reference voltage to a current, and a 
turn·around circuit or current mirror for feeding the 
ladder. The reference amplifier input current, 114, must 
always flow into pin 14, regardless pf the set·up method 
or reference voltage polarity. 

Connections for a positive voltage are shown in Figure 7. 
The reference voltage source supplies the full current 

":' 

FIGURE 7. Positive VREF 

Vs 

RS 

R14 
... -'\M"....-o VREF 

When Vs = 0,114 = 2.0 rnA 

[ VREF Vs ] ( ) VO=---+- ARO 
R14 RS 

RO 

Co 

>-<>-4H E:> Vo 

FIGURE 9. Programmable Gain Amplifier or Digital Attenuator Circuit 
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114. For bipolar reference signals, as in'the multiplying 
mode, R 15 can be tied to a negative voltage corres· 
ponding to the minimum input level. It is possible to 
eliminate R 15 with only a s~all sacrifice hi accuracy 
and temperature drift. 

The compensation capacitor value must be increased 
with increases in R 14 to maintain proper Phase' margin; 
for R 14 values of 1, 2.5 and' 5 kn, minimum capacitor 
values are 15, 37 and, 75 pF. The capacitor may be tied 
to either VEE or ground, but using VEE increases 
negative supply rejection. 



Application Hints (Continued) 

A negative reference voltage may be used if R14 is 
grounded and the reference voltage is applied to R 15 as 
shown in Figure 8. A high input impedance is the main 
advantage of this method. Compensation involves a 
capacitor to VEE on pin 16, using the values of the 
previous paragraph. The negative reference voltage must 
be at least 4V above the VEE supply. Bipolar input 
signals may be handled by connecting R14 to a positive 
reference voltage equal to the peak positive input level 
at pin 15. 

When a DC reference voltage is used, capacitive bypass 
to ground is recommended. The 5V logic supply is not 
recommended as a reference voltage. If a well regulated 
5V supply which drives logic is to be used as the refer­
ence, R 14 should be decoupled by connecting it to 
5V through another' resistor and bypassing the junction 
of the 2 resistors with 0.1 /IF to ground. For reference 
voltages greater tlian 5V, a clamp diode is recommended 
between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a 
transistor current source, none of the above compensa­
tion methods apply and the amplifier must be heavily 
compensated, decreasing the overal.1 bandwidth. 

OUTPUT VOLTAGE RANGE 

The voltage on pin 4 is restricted to a range of -0.6 to 
0.5V when VEE = -5V due to the. current switching 
methods employed in the DAC0808. 

The negative output voltage compliance ofthe DAC0808 
is extended to -5V where the negative supply voltage is 
more negative than -10V. Using a full-scale current of 
1.992 mA and load resistor of 2.5 kn between pin 4 
and ground will yield a voltage output of 256 levels 
between 0 and -4.980V. Floating pin 1 does not affect 
the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time 
due to in,creased voltage swing. Values of R L up to 
500n do not significantly affect performance, but a 
2.5 kn load' increases worst-case settling time to 
1.2 /IS (when all bits are switched ON). Refer to the 
subsequent text section on Settling Time for more 
details on output loading. 

OUTPUT CURRENT RANGE 

The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages more negative 
than -7V, due to the increased voltage drop across the 
resistors in the reference current amplifier. 

ACCURACY 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full-scale current drift. 
Relative accuracy is the measure of each output current 
level as a fraction of the full-scale current. The relative 
accuracy of the DAC0808 is essentially constant with 
temperature due to the excellent temperature tracking 
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of the monolithic resistor ladder. The reference current 
may drift with temperature, causing a change. in the 
absolute accuracy of output current. However, the 
DAC0808 has a very low full-scale current drift with 
temperature. 

The DAC0808 series is guaranteed accurate to within 
±1/2 LSB at a full-scale output current of 1.992 mAo 
This corresponds to a reference amplifier output current 
drive to the ladder network of 2 mA, with the loss of 
1 LSB (8 MA) which is the ladder remainder shunted to 
ground. The input current to pin 14 has a guaranteed 
value of between 1.9 and 2.1 mA, allowing some mis­
match in the NPN current source pair. The accuracy test 
circuit is shown in Figure 4. The 12-bit converter is 
calibrated for a full-scale output current of 1.992 mA. 
This is an optional step since the DAC0808 accuracy is 
essentially the same between 1.5 and 2.5 mAo Then the 
DAC0808 circuits' full-scale current is trimmed to the 
same value with R14 so that a, zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to 
construct a 16-bit accuracy D-to-A converter. 16-bit 
accu racy impl ies a total error of ± 1 /2 of one part i.n 
65,536, or ±0.00076%, which is much more accurate 
than the ±0.019% specification, provided by the 
DAC0808. ' 

MULTIPL YING ACCURACY 

The DAC0808 may be used in the mUltiplying mode 
with 8-bit accuracy when the reference current is varied 
over a range of 256: 1. If the reference current in the 
multiplying mode ranges from 16 /lA to 4 mA, the 
additional error contributions are less than 1.6 /lA. This 
is well within 8-bit accuracy when referred to full-scale. 

A monotonic converter is one which supplies an increase 
in current for each increment in the binary word. 
Typically, the DAC0808 is monotonic for all values of, 
reference current above 0.5 mA. The recommended 
range for operation with a DC reference current is 0.5 to 
4mA. 

SETTLING TIME 

The worst-case switch ing condition occurs when all 
bits are switched ON, which corresponds to a low-to-high 
transition for all bits. This time is typically 150 ns 
for settling to within ± 1 /2 LSB, for a-bit accuracy, 
and 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The 
turn OFF is typically under 100 ns. These times apply 
when RL:::; 500n and CO:::; 25 pF. 

Extra care must be taken in board layout since this is 
usually the dominant factor in satisfactoy test results 
when measuring settling time. Short leads, 100 /IF 
supply bypassing for low frequencies, and minimum 
scope lead length are all mandatory. 
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MICRO-DAC:™ 
DAC~OOO through DAC1008 1Q.Bit, JlP Compatible, 
Double-Buffered D to A Converters 

General Description 
The DAC1000 through DAcl00B are advanced CMOSI 
Si·Cr 10-, 9- and B-bit accurate multiplying DACs 
which are designed to Interface directly with the 
BOBO, 804B, 80B5, Z-BO and other popular micro­
processors. These DACs, appear as a, memory 
location or an 1/0 port to the "p and no interfacing 
logic is needed. 

These devices, combined with an external amplifier 
arid voltage reference, can be used as standard 01 A 
converters; and they are very attractive for 
multiplying applications (such as digitally controlled 
gain blocks) since their linearity error is essentially 
independant of the voltage reference. They become 

'equally ~ttractlve In audio signal. processing 
equipment as audio gain controls or as 
programmable attenuators which marry high quality 
audio signal processing to digitally based systems 
under microprocessor control. 

All of these DACs are double buffered. They can load 
all 10 bits or two B·bit bytes and the data format can 
be either right justified or left justified. The analog 
section of these DACs is essentially the same as that 
of the DAC1020. 

Accuracy 
Part , (bits) : Pin Description 

OAC1000 10 
Has all 

DAC1001 9 24 logic 

DAC1002 8 
features 

'OAC1003 10 
For right· 

'OAC1004 9 20 justified 

·DAC1005 8 
data 

DAC1006 10 
For left-

OAC1007 9 20 justified 
, 

OAC100a B 
data 

• Available on special order 

Typical Application 
rc CONT~L BUS 

WR 

Features' 
• Uses easy to adjust END POINT specs, NOT BEST 

STRAIGHT LINE FIT 

• Low power consumption 

• Direct Interface to all popular mlcroprocessor.s.; 

• Integrated thin film on CMOS structure 

• Double-buffered, single-buffered or flow through' 
digital data inputs. 

• Loads two B-bit bytes or a single 10·bit word. 

• Logic inputs which meet T2L voltage level specs 
(1.4V logic threshold). 

• Works with ±10V reference - full 4-quadrant 
multiplication'. ' , ' 

• Operates STAND ALONE (without "P) if desired, 

• Available in, 0.3' standard 20·pin and 0.6' 24-pln 
package. 

Key Specifications 
• OutpufCurrent Settling Time 500ns 

.10 blts • Resolution 

• Linearity 

• Gain Tempco 

• Low Power Dissipation 
(including ladder) 

• Single Power Supply 

10, 9, and B bits 
(guaranteed over temp.) 

-0.0003% of FS/·C 

20mW 

5to 15Voc 

8","B",2 ! 
r XFER •• 1 1 . +vCf 1+;:F:

C1 ~L 
g =OATA BU:: 4 3 ~ICR:'DA~~' 14 12 ~OUT 1 - OA . VOUT 

g OBO 13' 20 PIN 10 11./'iOUT2 + 

LSB 1 1 1 _ 'NOTE: FOR DETAILS OF BUS 
0- 8080 BUS -VREF 0:,003 THRU OAC1~8 CONNE,CTlDN SEE SECTION 2. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions (Note 2) 

Supply Voltage (Veel 17Voe 
Voltage at Any Digital Input Vee to GND 
Voltage at VREF Input ±25V 
Storage Temperature Range -65°C to + 150 °C 
Package Dissipation at T A = 25°C (Note 3) 875 mW 
DC Voltage Applied to IOUT1 or 

Temperature Range 

Range of Vee 

-40°Cto +B5°C 
(part numbers with "LCD" suffix) 

-55°C to +125°C 
(part numbers with "LD" suffix) 

0°Ct070°C 
(part number with LCN suffix) 

IOUT2 (Note 4) -100 m V to Vec 
Lead Temperature (soldering, 10 seconds) 300°C Voltage at Any Digital Input 

5Vto 16Voe 
VeetoGND 

Converter Characteristics Vee = + 15Voe, VREF = 10.000Voc and TA = 25°C u~less otherwise stated 

Parameter Conditions Min Typ Max 

Resolution 10 

Linearity Error END POINT ADJUSTONLY (Note 5) 
DAC1000, 1003 and 1006 T MIN < T A < T MAX (Note 7) 0.05 
DAC1001, 1004 and 1007 -10V" VREF " + 10V (Note 6) 0.1 
DAC1002, 1005 and 1008 (For definition of FSR see 0.2 

Note B.) 

Monotonicity TMIN < TA < TMAX (Note 8) 
DAC1000, 1003 and 1006 10 
DAC1001, 1004 and 1007 9 
DAC1002, 1005.and 100B 8 

Gain Error ...: 10V " VREF " + 10V (Note 6) ±0.3 
Using internal RFB resistor 

Gain §rror Tempco T MIN < T A < T MAX (Note 7) -0.0003 
Using internal ,RFB resistor 

Power Supply Rejection Digital Input= 1111111111, 0.003 
Vee =14Vto 16V 

Reference Input Resistance. 10 15 20 
(R of R·2R ladder) 

Output Feedthrough Error VREF=20Vp.p, 100kHz, ali digital 
inputs low 
o Package 130 
N Package 90 

DC Electrical Characteristics Vce= + 15Voe, VREF = 10.000Voe and T~IN" TA" TMAX (Note 7) 
unless otherwise stated 

Parameter 

Supply Current Drain (Ieel 

Output Leakage Current at IOUT1 
or IOUT2 

Digital Inputs 
Low State Threshold 
High State Threshold 
Input Current 

Conditions 

Digital Inputs < 0.8V 
Digital Inputs> 2.0V 

8-93 

Min 

2.0 

Typ Max 

0.5 2.0 

200 

O.B 

-40 -150 
1.0 100 

Units 

bits 

% of FSR 
% of FSR 
% of FSR 

.Bit 
Bit 
Bit 

% of FS 

% FS/oC 

% FSRIV 

kQ 

mVp.p 
mVp.p 

, 

Units 

mAoc 

nA 

Voc 
Voe 

I'Aoe 
I'Aoc 

-:::r ... 
c 

~ 
9 
8 
CO 



co 
0 
0 
(3 
« 
C 

:::::s ... 
.t: -0 
0 
0 ,.... 
(J 
« 
C 

AC Electrical Characteristics Vcc= +15Voc, VREF=1O.QOOVoc and TA=25°C ' 

Parameter. Conditions Min Typ Max Units 

IOUTl Settling Time ts VIL=OV VIH =5V 500 ns, 

Write and XFER Pulse Width tw VIL =OV VIH =5V 150 30 ns 

Data Setup Time tos VIL=OV VIH =5V 0 ns 

Data Hold Time tOH VIL=OV VIH =5V' 90 ns 

Control Setup Time tcs VIL=OV VIH =5V 0 ns 

Control Hold'Time tCH VIL=OV VIH =5V 10 0 ns 

Output Capacitance 
COUT1 Ali data Inputs high 250 pF 
COUT2 60 pF 
COUT1 Ali data inputs low 60 pF 
COUT2 250 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These 
specifications are not meant to imply that the devices should be operated at these absolute maximum limits. 
Note 2: All voltages are measured with respect to GND, unless otherwise specified. 
Note 3: This 87SmW specification applies for all packages. The low Intrinsic power dissipation of this part (and the fact that there Is no 
way to significantly modify the power dissipation) removes concern for heat sinking and maximum junction temperature - even at 
TA= +12SoC. ' ,,' 
Note 4: For current switching applications, both IOUT1 and IOUT2 must go' to ground or the "Virtual Ground" of an operational 
amplifier. For every millivolt offset voltage on IOUT1 or IOUT2' 0.01 % linearity error will be introduced.' 
Note 5: This guarantees that after performing a zero and a full scale adjustment (see Application Hints), the plots of all of the 1024 
analog voltage outputs will each be within O.OS% (V. LSB) of a straight line which passes through the endpoints (zero and full scale) of 
this output voltage data plot. No adjustment iterations are needed by the user to search for the Best Straight Line fit for eac;h DAC. This' 
reduces adjustment costs as compared with Best Straight Line specified DACs.. ' 

Note 8: Tested at VREF = ±10Voc and VREF = ± 1 Voc with the offset voltage of the external op amp nulled. 
Note 7: TMIN =-40'C and TMAX=8S'C for "LCD" suffix parts. TMIN=-SS'C and TMAX=+12S'C for parts with "LD" suffix 
designation. TMIN =O'C ;lnd TMAX= + 70'C for LCN suffix designation. . 
Note 8: The unit "FSR" stands for "full scale range." "Linearity Error" l!lnd "Power Supply Rejection" specs are based on this unit to 
eliminate dependence on a particular VREF value and to Indicate the true performance of the part. 

Switching Waveforms 

CS, Byt. l/Byt. 2 

OATA BITS 

lOUT l' IOUT2 

VIH -I ICS I- 1 ICH I;: 
5~ I, F 

VIL r- ---1 . TW 

VIH~ .r;;;--
VIL .U~}---I.U~ 

-I lOS r -I 10H I-
VIH~ I F-
VIL I--=IS::-1 

I f1 FS 

0----
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Typical Performance Characteristics 
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Errors vs Supply Voltage 

I:. L:NEAJITY E~RoR 
"..,-

,/ 

I 
I:. GAIN ERROR 

10 15 

SUPPLY VOLTAGE Vcc (Voc) 

Digital Input Threshold 
vs Supply Voltage 

I I 
TA=I-55!C --TAI=2;~ I---TAf125~ -~ -

I I 
10 15 

SUPPLY VOLTAGE Vcc (V) 

Block and Connection Diagrams 

(MSB) 019 11 
Dl8 10 
017 9 
016 B 
015 7 
014 21 
013 20 
012 19 
011 18 

(LSB) 010 17 

DAC1000/100>1/1002 (24·Pin Parts) 

1st 2nd 
BYTE BYTE 

STROBE STROBE 

" 

10·BIT 
MULTIPLYING 

• DI A CDNVERTE 

CONTROL LOGIC 

23 

cs iiiiii Wiili iffi BYTE 11 WI NC 
BviIT RJ 

15 
±VREF 
IOUT2 

IOUTl 

24 
...-VCC 
12 

...-GND 
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CASE TEMPERATURE ('CI 

Digital Input Threshold 
vs Temperature 
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............ ...... .:... 
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TEMPERATURE ('C) 

DAC1000-1002 
(24·Pln Parts) 

CS 24 

WlRJ 23 

WRI 22 

Byte l/Byte 2 21 

WR2 20 

XFEii 6 OAC 1000. 
1001.1002 

19 
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Block and Connection Diagrams (cont'd) 

(MSB! 019 9 
DiS 8 
017 7 
Dl6 6 
015 5 
Dl4 19 
013 IS 
Dl2 17 
011 16 

(LSS! DID 15 

DAC1003 Thru 1008 (20·Pln Parts) 

Cs iii XFER BYTE 11 

BYTEZ 

CONTROL LOGIC 

±VREF 

10UTZ 

IOUT1 

RFS 

VCC 

Jl.... GN~ 

USE DAC1003·1005 FOR RIGHT JUSllFIED DATA 
USE DAC10Q6-1008 fOR LEFT JUSTIFIED DATA 

C"S 
iiiil 

Byte 11 Byii1' 
XFER 

015 

016 

017 

DiS 

(MSB! 019 

GNo 

DAC1003-1'008 
(2D-Pln Parts) 

1 zo 

19 

IS , 17 

5 16 
6 oAC,003.'O~S'5 

14 

13 

'Z 
10 11 

TOP VIEW 

DAC10001100111002 Simple Hookup for a "Quick Look" 

Notes: 

,. 

• A TOTAL OF 10 
INPUT SWITCHES· 
& 1K RESISTORS 

+15VOC 

1. For VREF= -10.240Voc the output voltage steps are approximately 10mV each . 
. 2. Operation is set up for flow through - no latching of digital input data. 

3. Single point ground is strongly recommended. 

+15VOC 

VoUT 0 TO VREF (~) 

DAC1003-1008 - Simple Hookup for a "Quick Look" 

Noles: 

+~'\o-~------------, 
sw, 

,. 

*A TOTAL OF 10 
INPUT SWITCHES 
6 " RESISTORS 

,. +15VOC 

1. For VREF= -10.240Voc the output voltage steps are approximately 10mV each. 

VoS 
Z5' 

_--..... +VOUT 

VCC 
01, 

013 

olZ 

01, 

DID (LSS! 

RFB 

VREF 

10UTl 

IOUTZ 

2. SW1 Is a normally closed switch. While SW1 Is closed, the DAC register is latched and new data can be loaded Into the input latch 
via the 10 SW2 switches. When SW1 Is momentarily opened the new data Is transferred from the input latch to the DAC register and 
is latchM when SW1 again closes. 
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1.0 Definition of Package Pinouts 
1.1 Control Signals (All control signals are level 

actuated.) 

CS: Chip Select - active low, it will enable WR 
(DAC1003-1008) or WR, (DAC1000-1002). 

WR or WR1: Write - The. active low WR (or WR, -
~AC1000-1002) is used to load the digital data bits (DI) 
Into the inpu~tch.:...!be data in the input latch is 
latched when WR (or WR,) is high. The 10-bit input latch 
is split into two latches; one holds 8 bits and the other 
holds 2 bits. The Byte1lByte2 control pin is used to 
select both input latches when Byte1lByte2 = 1 or to 
overwrite the 2-bit input latch when in the low state. 

WR2: Extra Write (DAC1000-1002) - The active low 
WR2 is used to load the data from the input latch to the 
DAC register while XFER is low. The data in the DAC 
register Is latched when WR2 is high. 

Byte1/Byte2: Byte Sequence Control - When this 
control is high, all ten locations of the input latch are 
enabled. When low, only two locations of the input latch 
are enabled and these two locations are overwritten on 
the second byte write. . 

XFER: Transfer Control Signal, active low - This signal, 
in combination with others,ls used to transfer the 10-bit 
data which is available in the input latch to the DAC 
register - see timing diagrams. 

LJ/RJ: Le.!!.. Justify/Right Justify (DAC1000-1002) -
When LJ/RJ is high the part is set up for left justified 
(fractional) data format. (DAC1006-1008 have this done 
internally.) When LJ/RJ is low, the part is set up for right 
justified (integer) data. (DAC1003-1005 have this done 
Internally.) 

1.2 Other Pin Functions 

011 (I = 0 to 9): Digital Inputs - 010 is the least 
significant bit (LSB) and Dig is the most significant bit 
(MSB). 

loun: DAC·Current Output 1 - lOUT' is a maximum for a 
digital Input code of all 1s and is zero for a digital input 
code of all Os. 

IOUT2: DAC Current Output 2 - IOUT2 is a constant 
minus lOUT" or 

1023 VREF 
lOUT' + IOUT2 1024 R 

where R llii 15kQ. 

RFB: Feedback Resistor - This Is provided on the IC 
chip for use as the shunt feedback resistor when an 
external op amp is used to provide an output voltage for 
the DAC. This on-chip resistor should always be used 
(not an external resistor) because it matches the 
resistors used in the on-chip R-2R ladder an·d fracks 
these resistors over temperature. 

VREF: Reference Voltage Input - This is the connection 
for the external precision voltage source which drives 
the R-2R ladder. VREF can range from -10 to +10 volts. 
This is also the analog voltage input for a 4-quadrant 
multiplying DAC application. . 

Vcc: Digital Supply Voltage - This is the power supply 
pin for the part. Vcc can be from +5 to +15Voc. 
Operation is optimum for +15V. The input threshold 
voltages are nearly independent of Vcc. (See Typical 
Performance Characteristics and Description in 
Section 3.0, T2L compatible logic inputs.) 

GNO: Ground - the ground pin for the part. 

1.3 Definition of Terms 

Resolution: Resolution is directly related to the number 
of switches or bits within the DAC. For example, the 
DAC1000 has 2'0 or 1024 steps and therefore has 10-bit 
resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of 
the DAC transfer characteristic. It is measured after 
adjusting for zero and full-scale. Linearity error is a 
parameter intrinsic to .. the device and cannot be 
externally adjusted. 

National's linearity test (a) and the·"best straight line" 
test (c) used by other suppliers are illustrated below. 
The "best straight line" (b) requires a special zero and 
FS adjustment for each part, which is almost 
impossible for the user to determine. The >'end point 
test" uses a standard zero and FS adjustment 
procedure and is a much more stringent test for DAC 
linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full-scale output (which is the worst case). 

DIGITAL INPUT DIGITAL INPUT DIGITAL INPUT 

a. End Point Test After Zero and FS Adj. b. Best Straight Line 
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c. Shifting FS Adj. to Pass Best Straight 
Line Test 
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Settling Time: Settling time is the time required from a 
code transition until the DAC output reaches within 
± 1/, LSB of the final output value. Full-scale settling 
time requires a zero to full-scale or· full-scale to zero 
output change. 

Full-Scale Error: Full sca·le error is a measure of the 
output error between an ideal DAC and the actual 
device output. Ideally, for the DAC1000 series, full-scale 
is VREF -l LSB. For VREF =-10V and unipolar 
operation, V"ULL.SCALE = 10.0000V - 9.8mV = 9.9902V. 
Full-s~ale error is adjustable to zero. 

2.0 Double Buffering 
These DACs are double·buffered, microprocessor com· 
patible versions of the DAC1020 10·bit multiplying DAC. 
The addition of the buffers for the digital Input data not 
only' allows for storage of this data, but also provides a 
way to assemble the 10·bit input data word from two 
write cycles when using an 8-bit data bus. Thus, the 
next data update for the DAC output can be made with 
the complete new set of 10·bit data. Further, the double 
buffering allows many DACs in a system to store 
current daia and also the next data. The updating of the 
new data for each DAC is also not time critical. When all 
DACs are updated, a common strobe signal can then be 
used to cause all DACs to switch to their new analog 
output levels. 

3.a' T2L Compatible Logic' Inputs 
To guarantee T2L voltage compatibility of the logic' 
inputs, a novel bipolar (NPN) regulator circuit is used. 
This makes the input logic thresholds equal to the 
forward drop of two diodes (and also matches the 
temperature variation) as occurs naturally in T2L. The 
basic circuit is shown in Figure 1. A curve of digital 
Input threshold as a function of power supply voltage is 
shown In the Typical Performance Characteristics 
section. 

+VCC 

4.0 App1ication Hints 
The DC stability" of the VREF source is the most 
Important factor to maintain accuracy of the DAC over 
time and temperature changes. A good single point 
ground for the, analog signals is next in importance. 

These MICRO-DACTM converters' are CMOS products 
and reasonable care should be exercised in handling 
them prior to final mounting on a PC board. The digital 
inputs are prote~ted, but permanent damage may occur 
if the part is subjected to high electrostatic fields. Store 
unused parts in conductive foam or anti-static ralls. 

4.1 Power Supply Sequencing & Decoupllng 

Some IC amplifiers draw excessive current from the 
Analog inputs to V- when the supplies'are first turned 
on. To prevent damage to the DAC - an external 
Schottky diode connected from loun or IOUT2 to ground 
may be required to prevent destructive currents In loun 
or IOUT2. If an LM741 or LF356 Is used - 'these diodes 
are not required. 

The standard power supply decoupllng capacitors 
which are used for the' op amp are adequate for the 
DAC. 

4.2 Op Amp Bias Current & Input Leads 

The op amp bias current (Ie) CAN CAUSE DC ERRORS. 
BI·FETTM op amps have very low bias current, and 
therefore the error introduced is negligible. BI·FETTM op 
amps are strongly recommended for these DACs. 

The distance from the 16uT1 pin of the DAC to the 
Inverting input of the op amp should be kept as'short as' 
possible to prevent inadvertent noise pickup. 

5.0 Analog Applications 
The analog section of these DACs uses an R-2R ladder 
which can be operated both In the current switching 
mode and In the voltage switching mode. 

The major product changes '(compared with the 
DAC1020) have been made in the digital funotioning of 

(3HYTHN) 
/" V81AS 

(TO OTHER INPutS) 

lOGIC INPUT 

o S- -VTHRESHOlD = 2<1> 

Figure 1. Basic Logic Threshold Loop 
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the DAC. The analog functioning is reviewed here for 
completeness. For additional analog applications, such 
as multipliers, attenuators, digitally controlled ampli· 
fiers and low frequency sine wave oscillators, refer to 
the DAC1020 data sheet. Some basic circuit ideas are 
presented in this section in addition to complete 
applications circuits. 

5.1 Operation In Current Switching Mode 

The analog circuitry, Figure 2, consists of a silicon­
chromium (Si·Cr) thin film R-2R ladder which is 
deposited on the surface oxide of the monolithic chip. 
As a result, there is no parasitic diode connected to the 
VREF pin 'as would exist if diffused resistors were used. 
The reference voltage input (VREF) can tnerefore range 
from -10V to +10V. 

The digital input code to the DAC simply controls the 
position of the SPOT current switches, SWO to,SW9. A 
logical 1 digital input causes the current switch to steer 
the available ladder current to the 10UTl output pin. 
These MOS switches operate in the current mode with a 
small voltage drop across them and can therefore 
switch currents of .either polarity. This is the basis for 
the 4-quadrant multipiying feature of this DAC. 

5.1.1 Providing a Unipolar Output Voltage with the 
DAC in the Current Switching Mode 

A voltage output is provided by making use of an 
external op amp as a current-to-voltage converter. The 
idea is to use the internal feedback resl.stor, RFS' from 
the output of,the op amp to the inverting (-) input. Now, 
when current is entered at this inverting input, the 
feedback action of the op amp keeps that input at 
ground potential. This causes the applied input current 
to be diverted to the feedback resistor. The output 
voltage of the op amp is forced to a voltage given by: 

Notice that the sign of the output voltage depends on 
the direction of current flow through the feedback 
resistor. 

In current switching mode applications, both current 
output pins (IOUTl and IOUT2) should be operated at 
OVoc. This is accomplished as shown in Figure 3. The 
capacitor, Cc, is used to compensate for the output 
capacitance of the OAC and the input capacitance of 
the op' amp. The required feedback resistor, RFS, is 
available on the 'Chip (o~e end is internally tied to IOUT1) 

DIGITAL INPUT CODE 

(MSB) Dig OIB 017. • • •• Oil 

o 
DID (LSB) 

1 
TERMINATION 

R 
± VREF O-..... +'WIrt-t"'AIv--.-I- - - - - .... -t"WIrH4M,......, 

+VREF 

2R 
-' 

RIB 

L-"--1I-...... -+~L----f-...... -+-..... - ...... -OIOUTl 

L---..... --...... L-----.... --..... -----oIOUT2 

R ~ 15kQ 

Figure 2. Current Mode Switching 

(INTERNAL) RFB lOUT 1 
VCC -

1+15VOC) 
"VIRTUAL GROUND" 

(OVOC) 

\ Cc 

MICRO·OAC VOUT = -(IOUT1 x RIB) 

OPAMP Cc pF RI Is s 
LF356 22 3 -= .- -= LF351 24 4 
LF357 10 2,4k 1,5 

, Figule 3. Converting lOUT to VOUT 
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and must be used since an external reslstor.wlll not 
provide the needed matching and temperature tracking. 
This circuit can therefore be simplified as shown in 
Figure.4, where the sign of the reference .voltage has 
been changed to provide a positive output voltage. Note 
that the output current; IOUT1' now flows through the 
RFB pin. 

5_1.2 Providing a Bipolar Output Voltage with the 
DAC in the Current Switching Mode 

A bipolar output voltage (±VOUT) is produced by the 
output op amp when a bipolar input current is provided. 
This is accomplished by making use of the second 
output cllrrent, IOUT2' It is a characteristic of the R-2R 
ladder that the sum of both currents will remain 
constant (for a fixed reference voltage Input). This IOUT2 
output current is used to supply the - VOUT range as 
shown in Figure 5. 

The main idea Is that an additional op amp (OA2) causes 
IOUT2 to be entered at the summing junction [the (-) 
input) of the first op amp. This current direction causes 
a negativE! output voltage. The current, lOUT, .. extracted 
from this same summing junction causes a positive 
output voltage. 

When operating in the bipolar mode, if a negative VREF 
is used the digital input to the DAC should be offset. 
binary code [all zeros = - VREF and all ones = 
+VREF (511/512)). A 2's complement ,..p code can be 
changed to offset binary by complementing the MSB 
(with hardware or software). If a positive reference is 
used the digital input code should be complementary 
offset binary [all zeros = +VREF and all ones = 
-VREF (511/512)). 

To provide a OVec output voltage in bipolar operation 
requires that an external resistor be .added. to raise the 

VCC 

( +'5VOC) 

MICRO-O!'C 

RIB 

lOUT, 

magnitude of IOUT2' The zero code Is half scale for the 
DAC and at half scale: 

and 

VREF(512\ 
IOUT1 = If" 1024J .' 

.. VREF (511) 
IOUT2 = R 1024 

To make these currents equal (to provld~ a OVe~ output 
voltage) .requires an external resistor, R~XT' connected 
from the VREF terminal to the IOUT2 pin, which will add 1 
I:!it weight of .current or: . . 

or 

VREF VREF ( 1 ) 
IEXT = REXT = R ~024 

REXT = R x 1024 

where R = 15k (of the R-2R ladder) 

so R.EXT = 15 MQ 

A low temperature coefficient resistor should be used 
to improve temperature stability as compared to the 
performance using a 5% composition resistor. This 
resistor' also skews the output voltage swing from 
-VREF to (511/512)VREF for a negative VREF or 
-(511/512)VREF to +VREF for a positive VREF.lf REXT Is 
not used,. the output voltage will range from 
-(1023/1024)VREF to +(1023/1024)VREF (for either 
polarity· of VREF) and will be symmetrical about (but 
never equal to) OV. 

VOUT 

o VOC .. VOUT .. + VREF ngm 
Figure 4. Providing a Unipolar Output Voltage 

-VREF 

VCC 

(+'5VOC) 

MICRO-OAC 

REXT. 
15M 

·EXTERNAL MATCHED. 
RESISTORS. R '" 15K2 

111 

RIB (INTERNAL) 

24pF 

VOUT 

+ OA1 

t ':' VOUT2 . -VREF" VOUT" +VREF(~m 
r-..... ~yy\-....... 1=-R-=IOUT2 

SLEWING AND SETTLING 
TIME "4~S.c 

'VOUT2:' IOUT2 x R 

Figure 5. Providing a Bipolar Output Voltage with the DAC In the Current Switching Mode 
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5.2 Analog Operat.ion in the Voltage Switching 
Mode 

Some useful application circuits result if the R·2R 
ladder is operated in the voltage switching mode. There 
are two very important things to remember when using 
the DAC in the voltage mode. The reference voltage (+ V) 
must always be positive since there are parasitic diodes 
to ground on the 10UTl pin which would turn on if the 
reference voltage went negative. To maintain a 
degradation of linearity· less than ±0.005%, keep +V .. 
3Voc and Vcc' at least 10V more positive than +V. 
Figures 6 and 7 show these errors for the 'voltage 
switching mode . .This operation appears unusual, since 
a reference voltage (+ V) is applied to the 10UTl pin and 
the voltage output is the VREF pin. This basic idea is 
shown in Figure 8. 

This VOUT range can be scaled by use of a non·inverting 
gain stage as shown in Figure 9. 

§: 
'" co 

ill 
!i 
w .. z 

~ 

+.1 

+.05 
A LINEARITY 'ERROR / 

1/ 

J.....1'" 
0 

A GAIN ERROR r-.... 
-.05 

VCIC=r 
-.1 L-...L-1--'---'_.L-...L-'---' 

012345678 

REFERENCE VOLTAGE. +V (VOC) 

Figure 6. 

Notice that this is unipolar operation since all voltages 
are positive. A bipolar output voltage can be obtained 
by using a single op amp as shown in Figure 10. For a 
digital input code of all zeros, the output voltage from 
the VREF pin is zero volts. The external op amp now has 
a single input of +V and is operating with a gain of -1 
to this input. The output of the op amp therefore will be 
at -V for a digital input of all zeros. As the digital code 
increases, the output voltage at the VREF pin increases. 

Notice that the gain of the op amp to voltages which are 
applied to the (+) input is +2 and the gain to voltages 
which are applied to the input resistor, R, is -1. The 
output voltage of the op amp depends on both of these 
inputs and is given by: 

VOUT = (+V)(-1)+VREF (+2) 

The outp'ut voltage swing can be expanded by adding 2 
resistors to Figure 10 as shown in Figure 11. These 

+.1 

§: +.05 
_\ A LINEARITY ERROR 

\ 
'" co "-J.. '" ffi 0 
!i ;I' A GAIN ERROR w 
co z 

~ -.05 

-y=jV 

-.1 L-...L-'--'---'_.L--'---'---' 
o 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE. Vce (VOC) 

Figure 7. 

OIGITAL INPUT COOE 

(MSB) Dig 018 

0 1 

R R 

017_ •••• 011 

0 0 

R 

010 (LS8) 
1 

~VREF) 
VOUT . y' -----

2R* 
2R 2R 2R 2R 2R 

0 .. VOUT" 2.5VOC G~m 

"VREF" '-

SW¥ ? SWy ~ SWr y 
I 1 1 

Figure 8. Voltage Mode Switching 

MICRO·OAC 
........ > ~V50DVOC) + . 

DA VOUT 

"IOUT1" ~ 

L-_4,."T_":"-_-"/ ··IOUTi· J,. r- - Rl 

R~ 
OVOC" VOUT" +2.5VOC (1 + ~~)(fflH) 

;.. 

Figure 9. A'mplifying the Voltage Mode Output 
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VCC 

"VREF" 

+V 
( +2.5DDVOC) 

(LM336) 

-2.5VOC" VOUT" 2.5VOC (1m) 

VOUT 

10K 

Figure 10. Providing a Bipolar Output Voltage wltha Single Op Amp 

"VREF" 

+V 
(+2.5DDVOC) 

o <VOAC" + 1 0 Voc (l~m 

VOUT 

Figure 11. Increasing the Output Voltage Swing 

added resistors are used to attenuate the + V voltage. 
The overall gain, Av(-), from the +V terminal to the 
output of the op amp determines the most negative 
output voltage, - 4 (+ V) (when the V REF voltage at the + 
Input of the op amp is zero) with the component valueS' 
shown. The complete dynamic range of VOUT is provided 
by the gain from the (+) input of the op amp. As the 
voltage at the VREF pin ranges from OV to 
+ V (1 023/1 024) the output of the op amp will range from 
-10Voc to +10V(102311024) when using a +V voltage 
of +2.500Voc. The 2.5Voc reference voltage can be 
easily developed by using the LM336 zener which can be 
biased through the AFB internal resistor, connected to 
Vce· 

5.3 Op Amp Vos Adjust (Zero Adjust) for Current 
Switching Mode 

Proper operation of the ladder requires that all of the 2R 
legs always go to exactly OVoe (ground). Therefore 
offset voltage, Vos, of the external op amp cannot be 
tolerated as every millivolt of Vos will introduce 0.01% 
of added linearity error. At first this seems unusually 
sensitive, until it becomes clear the 1 mV Is 0.01 % of the 
10V reference! High resolution converters of high 
accuracy require attention to every detail in an 
application to achieve the available performance which 
Is Inherent in the part. To prevent this source of error,' 
the Vos of the op amp has to be Initially zeroed. This is 
the "zero adjust" of the DAC calibration sequence and 
should be done first. 

8-102 

If the Vos is to be adjusted there are a few poihts to 
consider. Note that no "dc balancing" resistance 
should be used In the grounded positive input lead of 
the op amp. This resistance and the input current of the 
op amp can also create errors. The low input biasing 
current of the BI-FETTM op amps makes them Ideal for 
use in DAC current to voltage applications. The Vos of 
the op amp should be adjusted with a digital input of all 
zeros to force 10UT=OmA. A 1 KQ resistor can be 
temporarily connected from the inverting input to. 
ground to provide a dc gain of approximately 15 to the 
Vos of the op amp and make the zeroing easier to sense. 

5.4 Full·Scale Adjust 

The full-scale adjust procedure depends on the 
application circuit and whether the DAC is operated in 
the current switching mode or in the voltage switching 
mode. Techniques are given 'below for all of the possible 
application circuits_ 

5.4.1 Current Switching with Unipolar Output Voltage 

After doing a "zero adjust," set all of the digital input 
levels HIGH and adjust the magnitude of VREF for 

1023 
VOUT = -(Ideal VREF) 1024 

This completes the DAC calibration. 



5.4.2 Current Switching with Bipolar Output Voltage 

The circuit of Figure 12 shows the 4 adjustments'whlch 
are needed. The first step Is to set all of the digital 
inputs HIGH (to force lour2 = 0) and then trim "zero adj. 
2" for an output Yoltage at V02 (of OA2) of zero ± 1 mY. 
Then reset all of the bits to a LOW state. Now trim "zero 
adj. 1" for an output voltage at Your (of OA1) of 
zero±1 mV .. 

The details of the FS trim depend upon the polarity of 
the VREF input Yoltage. For a negative reference Yoltage 
an offset binary decoding results. Set the digital inputs 
all HIGH (IOUT1 = max) and trim "+ FS Adj." for a 
Your = + I (ideal VREF)I (511/512). Then set all the digital 
inputs LOW and trim "- FS Adj." for a VOUT = -I(ldeal 
VREF)I. For a positive reference voltage a 
complementary offset binary decoding results. To 
adjust, 'sel all digital inputs high and adjust" - FS Adj." 
for an output voltage of -VREF (5111512). Then set all the 
digital inputs LOW and adjust "+ FS Adj." for an output 
voltage of +(ideal VREF). 

~VREF 

. (+FS ADJ.I 

5.4.3 Voltage Switching with a Unipolar Output 
Voltage 

Refer to the circuit of Figure 13 and set all digital Inputs 
LOW. Trim the "zero adj." for Your = OVoc ± 1 mV. Then 
set all dlgilal Inpuls HIGH and trim the "FS Adj." for: 

.' (R1)1023 
Your = (+V) 1 +R; 1024 

5.4.4 Voltage Switching with a Bipolar Output Voltage 

Refer to Figure 14 and set all digital inputs LOW. Trim 
the "- FS Adj." for Vour = -2.5Voc. Then set all digital 
inputs HIGH and' trim the "+ FS Adj." for. 
Your = +2.5 (5111512) Voc. Test the zero by setting the 
MS digital input HIGH and all the rest LOW. Adjust Vos 
of amp #3, if necessary, and recheck the full-scale 
values. 

5 Your 

10K -VREF" vour" + VREF (!H) 
ZERO 

) A~J. 1 

V+ 

Figure 12. Full Scale Adjust - Current Switching with Bipolar Output Voltage 

Vcc 

( +15Vocl 

"VREF" 
MICRO-oAC 

>:'----1,.....0 Your 

oVoc" vour .. 2.5VoC (1 + ~)(~) 

FS A~J. 

Figure 13. Full Scale Adjust - Unipolar Output Voltage 
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+V 
.' (2.56Vo~) 

; +FS A~J. -FS A~J. 

~ 10011 ~ 
R' MATCH TO 0.01 % 

........ r---: ~- + 'R' R' 

~. ~ 
lood / 

1 15K 15K - . MICRO-OAC l ~~ r- I 

1.78K 

":" ~b--.. : ; 3 . ~VOUT 

c' (511) ,-2.5V" VOUT" 2.5 512 V 

'Figure 14. Voltage Switching with a Bipolar Output Voltage 
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6.0 Digital Control Description 
The DAC1000 series of products can be used in a wide for simultaneous transfer, or updating, of more than one 
variety of operating modes. Most'of the options are DAC. 
shown in Table I. Also shown in this table are the 

For operating without a I'P in the stand alone mode, section numbers of this data sheet where each of the 
operating modes is discussed. For example, if your three oPtions are provided: 1) using oniy a single digital 

main interest is interfacing to a I'P with an 8-bit data bus data buffer, 2) using both digital data buffers - "double 

you will be directed to Section 6.1.0. buffered," or 3) allowing the inpui digital data to "flow 
through" to provide the analo.g output without the use 

The first consideration is "will the DAC be interfaced to of any d~ta latches. 

a I'P with an 8-bit or a 16-blt data bu's or used in the To redu'ce the required reading, only the applicable 
stand-alone mode?" For the 8-bit data bus, a second sections of 6.1 through 6.4 need be considered. 
selection is made on how the 2nd digital data buffer (the. 
DAC latch) is updated by a transfer from the 1st digital 6.1 Jnterfacing to an 8·Bit Data Bus 
data buffer (the Input latch). Three options are 
provided: 1) an automatic transfer when the 2nd data Transferring 10 bits of data over an 8-bit bus requires 
byte is, written to the DAC, 2) a transfer which is under two write cycles and provides four possible combina· 
the control of the I'P and can include more than one tions which depend upon two basic data format and 
DAC in a simultaneous transfer, or 3) a transfer which is protocol decisions: 
under the control of external logic. Further,' the data 1. Is the data to be lef! justified (considered as frac-
format can be either left justified or right. justified. . tional binary data'with the binary point to the left) or 

When interfacing to a I'P with a 16-bit data bus only two 
right justified (considered as binary weighted data 

selections are available: 1) operating the DAC with a 
with the binary point to the right)? . 

single digital data buffer (the transfer of one DAC does 2. Which byte will be transferred first, the most signifi-
not have to be synchronized with any other DACs in the cant byte (MS byte) or the least significant byte (lS 
system), or 2) operating with a double digital data buffer byte)? 

Table 1 .. 

Automatic Transfer I'P Control Transfer External Transfer· 

Figure No. Figure, No. Figure No. 
Operating Mode ... Section (24·Pin) (20·Pin) Section (24·Pin) (20·Pin) Section (24· Pin) (20·Pin) 

8-Bit Data Bus (6.1.0) 

Right Justified (6.1.2) 6.2.1 16' 18 6.2.2 16 18 6.2.3 16 18 

left Justified (6.1.3) 6.2.1 17 19 6.2.2 17 19 6.2.3 17 19 

16-Bit Data Bus (6.3.0) 
Single Buffered Double Buffered Flow Through 

6.3.1 20· 21 6.3.2 20 21 Not Applicable 

Single Buffered Double Buffered Flow Through 
Stand Alone (6.4.0) 

6.4.1 20 21 6.4.2 20 21 6.4.3 20 NA 
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These data possibilities are shown in Figure 15. Note 
that the justification of data depends on how the 10·bit 
data word Is located within the 16·bit data source (CPU) 
register. In either case, there is a surplus of 6 bits and 
these are shown as "don't care" terms ("X") in this 
figure. 

All of these DACs load 10 bits on the 1st write cycle. A 
particular set of 2 .bits is then overwritten on the 2nd 
write cycle, depending on the justification of the data. 
This requires the 1st write cycle to contain the LS or LO 
Byte data group for all right justified data options. For 
all left justified data options, the 1st write cycle must 
contain the MS or Hi Byte data group. 

6.1.1 Providing for Optional Data Format 

The DAC1000/112 (24-pin parts) can be used for either 
data formatting by tying the LJ/RJ pin either high or 
low, respectively. A simplified logic diagram which 
shows the external connections to· the data bus and the 
internal functions of both of the data buffer registers 
(Input Latch and DAC Register) is shown in Figure 16 for 
the right justified data operation. Figure 17 is for left 
justified data. . 

6.1.2 For Right Justified Data 

For applications which require right justified data, 
DAC1003-1005 (20-pin parts) can be used. A simplified 
logic diagram which shows the external connections to 

the data bus and the Internal functions of both of the 
data buffer registers (Input Latch and DAC Register) Is 
shown in Figure 18. These parts require the LS or LO 
Byte data group to be transferred on the 1st write cycle. 

6.1.3 For Left Justified Data 

For applications which require left ju'stified data, 
DAC1006-1008 (20-pin parts) can be used. A simplified 
logic diagram which shows the external connections to 
the data bus and the internal functions of both of the 
data buffer registers (Input Latch and DAC Register) is 
shown in Figure 19. These parts require the MS or HI 
Byte data group to be transferred on the 1st write cycle. 

. 6.2 Controlling Data Transfer for an a·Bit Data 
Bus 

Three operating modes are posslbie for contrOlling the 
transfer of data from the Input Latch to the DAC 
Register, where it will update the analog output voltage. 
The simplest is the automatic transfer mode, which 
causes the data transfer to occur at the time of the 2nd 
write cycle. This is recommended when the exact timing 
of the changes of the DAC analog output are not 
critical. This typically happens where each DAC is 
operating individually in a system and the analog 
updating of one DAC is not required to be synchronized 
to any other DAC. For synchronized DAC updating, two 
options are provided: I'P control via a common XFER 
strobe or external update timing control via an external 
strobe. The details of these options are now shown. 

1-----8.811 8Y7E----+---8.817 8YTE---~ 

I HI BYTE I LD 8YTE I 

!MS8E++++IE+.Ef}8! x ! x ! x ! x ! x ! x ! 
,. HI 8YTE I LD 8YTE I 

! x! x! x! x! x! x !Ms8H-++usIIFIED:D.7H+8! 

Figure 15. Fitting a 10·Blt Data Word Into 16 Available Bit Locations 

DAC1QOD/1001/10D2(24 PIN PARTS) 

11' OIg (MS8) 
2 Bll a 10 INPUT a LATCH , 

08, g' 
8 

B·BIT 8·BIT INPUT 
DATA BUS 19 LATCH 

18 
17. 

08 .. , 01 .. (LS8) 
Byte l/BiiiZ " ~ ~ 

cs<>:::\t::[)--'--==-----.J WR1 0 

1m) x:~~ ::~5~=)-------------.J 
U/1O~2 

1. ; (INTERNAL LOGIC IS SHOWN FOR ":" • WlIO = ° -RIGHT JUSnFIED) 

TO 
CURRENT 
SWITCHES 

Figure 16. Input Connections 'and Controls for DAC1000-1002 Right Justified Data Option 
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DAC'D~11001/1002 (24-PlN PARTS) 

OB7 11 019 (MSB) a 
a 

'B-BIT a 
B-BIT INPUT a 

OATA BUS 
1 LATCH a 

2 
,!l 

19 a 
DB. 101• (LSB) a 

I 

(m) rnR~~C)-----------I WR2o-
I 

21 
v+~ , 

- Wljjjll (INTERNAL LOGIC IS SHOWN FOR 
lFiRJ = '-LEF7 JUSTIFIED) 

~ WHEN: 

TO 
CURRENT 
SWITCHES 

IllClI mm = 1.0 
OUTPUTS FOLLOW 0 INPUTS. 
IllClI mm = O. DATA 
AT 0 IS LATCHED, 

Figure 17: Input Connections and Controls for DAC1000-1002 Left Justified Data Option 

OAC100311004/10OS (20-PlN PART FOR RIGHT JUSTIFIED DATA) 

019 (MSB) 

8_BI~;D;B!7~jli~!:~~~~~~[8~_B~IT~!ilii~~~:~~ DATA BUS 18 INPUT 
17 LATCH 

LSB 

TO 
CURRENT 
SWITCHES 

8y1. lIg;ii2o---'+-1~----r, 

U~~~=>L==-~_~ WHO-

(CHi XFEiio-.....:t----~ 

Figure 18_ Input Connections and Controls for DAC1003-1005 Right JUlltifled Data Option , 

DB7 9 
8 
7 

B-BIT 6 
DATA BUS 

lB 
1 

DB. 

16 
15 

ByI.lIg;ii2 

,eI 
WI! 

DAC1006/1001/1008120-PIN PART FOR lEFT,JUSTIFIED DATA) 

t 
I 

019 (MSI) 

8-11T 
INPUT 
LATCH 

I 
01. (LSB) 

I 

WHEN: 

TO 
CURRENT 
SWITCHES 

WfRmm=I.0 
OUTPUTS FOLLOW 0 INPUTS, 
IllClI mm = 0, DATA 
AT 0 IS LATCHED. 

Figure 19_ Input Connections and Controls for DAC1006-1006 Left Justified Data Option 
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C 
6.2.1 Automatic Transfer l> 
This makes use'of a double byte (double precision) write. The first byte (8 bits) is strobed into the input latch and the 52 
second byte causes a simultaneous strobe of the two remaining bits into the input latch and also the transfer of the 0 
complete 10·bit word from the input latch to the DAC register. This is shown in the following timing diagrams; the point 00 
in time where the analog output is updated is also indicated on these diagrams. 

DAC1000/l001l1002 (24·Pin) 

LOAD Byle , LOAD Byte 2 

'WRI 611iii2---\·"· .. • j--j_ LATCH~)-'·· C:;H DAC 

\LI- ~T8C~1 D- ~~f~TER 
ANAlOG 

~\ OUTPUT UPDATED 

6.2.2 Transfer Using ,..p Write Strobe 

DAC1003-100B (20·Pln) 

\fk:LOAOBYl81 ~LOADBYtB2&XFER 

-WR & ffiR J _ LATCH I _ LATCH OAC 
. Byte 1 REGISTER 

ANAlOG ?\ OUTPUT UPDATED 
Byte 1IByti 2 

·SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL 

The input latch is loaded with the first two write strobes. The XFER signal is provided by external logic, as shown below, 
to cause the transfer to be accomplished on a third write strobe. This is shown in the followin'g diagrams: 

DAC1000/1001l1002 (24.Pln) DAC1003-100B (20·Pln) 

cs \,-----,(\,------,tLG 
~ ~ OUTPUT LATCH DAC 

cs \,-----,(\,------,tLG 
- - OUTPUT LATCH OAC 

LOAD Byte 1 LOAD Byte 2 UPDATED REGISTER 

'mHI1iii2~~~ 
LATCH Byte 2 

, LOAD Byte 1 LOAD Byt. 2 UPDATED ~EGISTER 

WR --W:;:;B~~ 
LATCH Byt.2 

?? 2W' ?2 ~W mR 

2\ ,2h---- 2\ r----, Byte 1/Byte 2 , . (2-----:- , (2'------
Byte l/Bytl 2 

WHERE THE XFER CONTROL CAN BE GENERATED BY USING A SECOND CHIP SELECT AS: 

~~g====~DIO-----oOllm 
AND THE BYTE CONTROL CAN BE DERIVED FROM THE ADDRESS BUS SIGNALS. 

6.2.3 Transfer Using an External Strobe 

This is similar to the previous operation except the XFER signal is not provided by the ~P. The ti!T1ing diagram for this is: 

DAC1000/1001/1002 (24·Pln) 

LOAD Byte 1 LOAD Byte 2 2t----

iiiIl~~LATCHByt'2 
Byt.1IByte Z 

I1iii2DR llm 
mRDRWR2=D 

2~"" __ --i' r----
. 22-'-----

?U' ANALOG 
OUTPUT 
UPDATED - t LATCH OAC 

XFER REGISTER 
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Byte 11 
ijii2 

DAC1003.:100B (20·Pln) 

2~FER 
ANALOG I 
OUTPUT LATCH OAC 
UPDATED REGISTER n-, :----­

'----2~-----

-::r 
' ... c 
C 

~ 
8 
CO 



8 
(3 
<C 
C 
:s .... 
.c -8 ,... 
(,), 
<C 
C 

6.3 Interfacing to a 16-Bit Data Bus 

The Interface to a 1Ei·bit data bus Is easily handled by con~ecting to 10 of the available bus lines. This allows a wiring 
selected right justified or left justified data format. This is shown in the connection diagrams of Figures 20 and 21, where 
the use of OB6to OB15 gives left justified data operation and OBO to OB9 provides for right justified data. Note that any 
part number can be used and the BytellByte2 control should be wired Hi. 

DAClooo/lool/1oo2 (24-PIN PARTS) 

JUSTIFIED I 

R~~~T ~~~~ 111 019 (MSB) 
10 0 a 
9 0 a 
Boa 

7 DID_BIT 1------1 lo-BIT a 
16-BIT 21 0 DATA 0 . OAC a 

. DATA BUS 20 0 LATCH I-:===::::~ 0 REGISTER a 
19 0 I- 0 a 
lB 0 1-:===:::::10 a 17 0 I- 0 a 

DaD a 

TO 
CURRENT 

SWITCHES 

Byt'I/;:n~OB6 41 01", (LSB) . ~il~E 
H.d to +VCC 

LATCH rnm WHEN: 
rAffiI BlAli[h l.a 

el 1 
WR1 3 

~T~~O~ ~:~~TS. 
AT 0 IS LATCHED. 

iffi)mJi: -
m_-Y""''L-~ 

I 
W/IiJ=X_ 21 

(DON'T CARE) <>---y 

I 

Figure 20. Input Connections and Logic lor I!AC1000-1002 with 16·BII Data Bus 

DAC1003-1ooB (2o·PIN PARTS) 

RIGHT 
JUSTIFIED 

a 
a 
a 
a 

16-BIT 10-BIT a 
DATA BUS 19 INPUT a LATCH 

a 1 
a 16 a 
a 

DB", OBB I OI",ILSB) 
. I DmI 

~1~=:f::~=> ~ WlI2• 
I 

CO:J:OL : 
. I 

IC!2)XFER 4+---=::::cLJ..,..----------.. 
I 

31 
+VCC~ (EaUIVALENT LOGIC SHOWN 

Byt. l/ijii1 : fOR THIS PIN HIGH) 

WHEN: 

TO 
CURRENT 
SWITCHES 

I:MlrElIAlitr = l.a 
OUTPUTS FOLLOW 0 INPUTS . 

mc1fmatr = O. DATA 
AT 0 IS LATCHED. 

Figure 21. Input Connections and Logic lor DAC1003-1008 with 16·Blt Data Bus 
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Three operating modes are possible: flow through, single buffered, or double buffered. The timing diagrams for these are 
shown below: 

6.3.1 Single Buffered 

'DAC1000/100111002 (24·Pin) 

Win & WR2 

Bri' 11Biii2 = 1 
'irni=D 

\'--_----J/ 
ANALOG \ 1 
OUTPUT .,..-r'---.J', LATCHES DATA IN 
UPDATED t OAC REGISTER 

LOAD INPUT LATCH & 
XFER TO OAC REGISTER 

6.3.2 Double Buffered 

DAC1000/1001/1002 (24·Pin) 

INPUT DATA IS LATCHED 

iffi~2 
.......... LOAD INPUT LATCH 

----,------t2,c---r- - - - - - - ---
Byte 1IByte 2 \ 

,---------

XFER DR WR2 

XFER 

6.4 Stand Alone Operation 

DAC1003-1008 (20·Pln) 

\. ______ JI, XFER AND LATCH 
" DAC REGISTER 

ANALOG L...J, 
OUTPUT ___ " INPUT DATA IS 
UPDATED , LATCHED 

LOAD INPUT LATCH 

DAC1003-1008 (20·Pln) 

Cs \'--_--'1 

XFER 

Byte 1/BytB 2=1 

INPUT DATA IS LATCHED 

LJ 
--- LOAD INPUT LATCH 

ANALOG 

8~JWE1-.:'-...... -J 

XFER 

For applications for a DAC which are not under liP control (stand alone) there are two basic operating modes, single 
buffered and double buffered. The timing diagrams for these are shown below: . 

6.4.1 Single Buffered 

Cs =XfER=D 
Byt11/Byte2=1 

DAC1000/1001/1002 (24·Pin) 

LOAD INPUT LATCH 
AND XFfR • 

ANALOG 1L...J...... OAt REGISTER IS LATCHED 
OUTPUT _ " (INPUT DATA MUST REMAIN VALID 
UPDATED UNTIL THIS TIME) 

6.4.2 Double Buffered 

DAC1000/1001/1002 (24·Pln) 

"\ ,-t2 
Wii '-------1~ LATCH INPUT LATCH 

" LOAD INPUT !,ATCH 

WR2 

Cs=XFER=O 
BfIO 1IBYI' 2=1 

2~FER 
ANALDO I 
OUTPUT _ '-.. LATCH OAC 

,UPDATED REOISTER 

BYI' IIBy!' 2 ~D INPUT 
LATCH 

DAC1003-1008 (20·Pin)" 

XFER TO DAC REGISTER \/ I~,-
~~~8~1 
UPDATED 

LATCHES DATA IN DAC REGISTER 
(INPUT DATA MUST REMAIN VALID 
UNTIL THIS TIME) 

DAC1003-1008 (20·Pln)" 

LOAD INPUT LATCH~ ______ _ 

iii ~ / 1 __ LATCH ,NPUT LATCH 

Byte 1/Byt. 2 
ANALOG \ /XFER ~ 
UDUpTPOAUTTED_\.-'-__ JI- LATCH DAC 

REGISTER 

"For a connection diagram of this operating mode use Figure 18 for the Logic and Figure 21 for the Data Input connections 
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6.4.3 Flow Through 

This operating mode causes Ihe 10·bit inpul word to directly creale Ihe DAC oulpul wilhoul any lalching involved. 

7.0 Microprocessor Interface 

DAC1000/l00l/1002 (24·Pin) 

WRI =WR2=CS=XFER=O 
By1e 1IByii2 = 1 

The logic funclions of Ihe DAC1000 family have been 
orlenled lowards an ease of inlerface wilh all popular 
",Ps. The following sections discuss in detail a few 
useful Inlerface schemes. 

syslem. The clrcuil will perform an aulomallc Iransfer 
of Ihe 10 bils of output dala from Ihe CPU 10 the DAC 
register as outlined in Section 6.2.1, "Controllh'lg Data 
Transfer for an 8·BII Data Bus." 

7.1 DAC1000/112 to INS8080A Interface 

Figure 22 Illustrates the slmplicily of inlerfacing the 
DAC1000 10 an INS8080A based microprocessor' 

Since a double byte write is necessary to control the 
DAC wilh Ihe INS8080A, a possible Inslruclion to 
achieve Ihis is a PUSH of a regisler pair onto a "slack" 
in memory. The 16·bil register pair word will conlaln the 
10 bits of Ihe evenlual DAC inpul data in Ihe proper 

NOTE: DOUBLE BYTE STORES CAN BE USED. 

~tG J:.r~I:~T::.f1W: ~~~~ :fJ :m~ THE L 
.TRANSFERS THE RESULT TO THE OAC REGISTER. 
THE OPERAND OF THE SHLO INSTRUCTION MUST 
BE AN ODD ADDRESS FOR PROPER TRANSFER. 

Figura 22. Interfacing the DAC1000 to the INS8080A CPU Group 
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sequence to conform to both the requirements of the 
DAC (with regard to right or left justified data) and the 
impiementation of the PUSH instruction which will 
output the higher order byte of the register pair (i.e., 
register B of the BC pair) first. The DAC will actually 
appear as a two-byte "stack" in memory to the CPU. The 
auto-decrementing of the stack pOinter during a'PUSH 
allows using address bit 0 of the stack pointer as the 
Byte1/Byte2 and XFER strobes if bit 0 of the stack 
pointer address,...1, (SP -1), is a "1" as presented to the 
DAC; Additional address decoding by the DMB131 will 
generate a unique DAC chip select (CS) and synchronize 
this· CS to the two memory write strobes of the PUSH 
instruction. 

To reset the stack pOinter so new data may be output to 
the same DAC, a POP instruction tollowed by instruc· 
tions to insure that proper data is in the DAC data 
register pair before it is "PUSHED" to the DAC should 
be executed, as the POP instruction will arbitrarily alter 
the contents of a register pair. 

Another double byte write Instruction is Store Hand L 
Direct (SHLD), where the HL register pair would 
temporarily contain the DAC data and the two 
sequential addresses for tHe DAC are specified by the 
instruction op code. The auto incrementing of the DAC 
address by the SHLD instruction permits the same 

CONTROL BUS 

simple scheme of using address bit 0 to. generate the 
byte number and transfer strobes. 

7_2 DAC1000 to M6800 Direct Interface 

As in the INSBOBOA case, it is very simple to directly 
interface the DAC1000 to an M6800 system. Figure 23 
illustrates such an interface assuming a right justified 
data structure. Except for address decoding, no 
external logic is necessary. The DAC1000 appears as 
two memory locations in the 6800 memory space. By 
using just an 8-input NAND gate and two inverters we 
have (arbitrarily) chosen these HEX addresses to be 
5COO and 5C01. Note, however, that any HEX address 
of the form 5CXX will also be decoded. This can easily 
be avoided by designing a more definitive address 
decoding scheme. Control lines 02 and VMA are 
included to insure stability of address and data lines 
before the DAC inputs are enabled. 

In a normal operating mode the MPU would "store" two 
8-bit bytes of right justified data into the DAC input 
latches: LOW byte first at location 5C01 and HIGH byte 
next at location 5COO. Upon storing the second byte, 
the 10-bit word is automatically transferred to the DAC 
register, therefore obtaining the desired analog output. 
This output will be maintained until the next two bytes 
of data are loaded into the DAC under MPU control. 

VOUT 

NOTE: TWO SINGLE BYTE STORES (e.g. STA A. 
STA BI MUST BE USED SINCE A DOUBLE BYTE 
STORE (e.g. STX) WOULO TRANSFER AN 
INCOMPLETE WORD. 

Figure 23. DAC1000 to MC6800 MPU.lnterface 
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7.3 DAC1000 to MC6620/1 PIA Interface 

In Figure 24 the DAC1000 is interfaced to an M6800 
system . through an MC6820/1 Peripheral Interface 
Adapter (PIA). In this case the CS pin of the DAC Is 
grounded since the PIA is already mapped in the 6800 
system memory space and no decoding is 'necessary. 
Furthermore, by using both Ports A and' B of the PIA the 
10-bit data transfer, assumed right justified again in two 
8·bit bytes, is greatly simplified. The HIGH byte is. 
loaded into Output Register A (ORA) 0.1 the PIA, and the 
LOW byte Is loaded Into ORB. The 10-bit data transfer to 
the DAC and the corresponding analog output change 
occur simultaneously upon CB2 going LOW under 
program control. The 10-bit data word in the DAC 

PAl 3 
PAD 2 

PB7 1 
PB6 

1 PIA PB5 
PB4 14 

1 PB3 
1 PB2 

PBl 1 

PBo 10 
CB2 

\ 

register will be latched (and hence Vour will be fixed) 
when CB2 Is brought back HIGH. 

If both output ports of the PIA are not available, It is 
possi'ble to interface the DAC1000 through a single port 
without much effort. However"additional logic at the 
CB2 (or CJ&.2) lines or access to some of the 6800 system 
control lines will be required. . 

7.4 Digitally Controlled AmpliflertAttenuator 

An unusual" application of the DAC, Figure 25, applies 
the input voltage via the on·chip feedback .resistor. The 
lower op amp automatically adjusts the VREF IN voltage 
such that 10llT! is equal to the input current (VIN/R,fB). 

Your 

Figure 24. DAC1000 to MC6820/1 PIA Interface 

MSB' 

15V 

VREF,N 

MICRO·OAC 
OAC1000SERIES 

V-

LSB 

15k 

>~~OVREF 

.! 
v-

Figure 25. Digitally Controlled Ampllfler/Attenuator 
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The I'!lagnltude of this VREF IN voltage depends on the 
digital word which is in the DAC register. 10UT2 then 
depends upon both the magnitude of VIN and the digital 
word. The second op amp converts IOUT2 to a voltage, 
VOUT, which Is given by 

To provide a digitally controlled divider, the output op 
amp can be eliminated. Ground the 10UT2 pin of the DAC 
and VOUT is now taken from the lower op amp (which 
also drives the VREF input of the DAC). The expression 
for VOUT is now given by 

(1023-N\ 
VOUT=VIN,-,-N--j' where 0< N .. 1023. 

Note that N = 0 (or a digital code of all zeros) is not 
allowed or this will cause the output amplifier to 
saturate at either :t: VMAX, depending on the sign of VIN. 

where M = Digital input (expressed as a fractional 
binary number). 0 < M <1. 

Figufe 26. Digital to Synchro Converter 

Ordering Information 

1. All Logic Features - 24·pin package. 

Temperature Range 

Accuracy -40°C to +85°C -55°C to +125°C 

0.05% (lQ.bit) OAC1000LCO OAC1000LO 

0.10% (9·bit) OAC1001LCO OAC1001LO 

0.20% (S·bit) OAC1002LCO OAC1002LO 

Package Outline 024C 024C 

2. For Right Justified Data - 20·pin package. 

Temperature Range 

Accuracy -40°C to +85°C -55°C to +125°C 

0.05% (10·bit) 'OAC1003LCO 'OAC1003LO 

0.10% (9·bit) 'OAC1004LCO 'OAC1004LO 

0.20% (8-bit) 'OAC1005LCO 'OAC1005LO 

Package Outline 020 020 

0°10 +70°C 

OAC 1000LCN 

OAC1001LCN 

OAC1002LCN 

N24 

OOto +70°C 

'OAC1003LCN 

'OAC1004LCN 

'OAC1005LCN 

N20 

3. For Lelt Jusililed Data :- 20·pin package. (See package outline 020.) 

Temperature Range 

Accuracy 

0.05% (10·bit) 

-40°C to +85°C -55°C to +125°C 

0.10% (9·blt) 

0.20% (S·blt) 

Package Outline 

OAC1006LCO 

OAC1007LCO 

OAC100SLCO 

020 

'Available on special order 
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OAC1006LO 

OAC1007LD 

OAC100SLO 

020 ' 

OOto +700 C 

OAC1006LCN 

OAC1007LCN 
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IJ National ' A to 0, Dto A 
Semiconductor' 

'DAC1020 10·Bit Binary Multiplying D/A Converter 
DAC1220 12·Bit Binary Multiplying D/A Converter 
General Description DAC1020, DAC102l and DAC1022 are direct replace-

The DAC1020 and the DAC1220 are, respectively, ments for the 10-bit resolution AD7520 and AD7530 

10 and 12-bit binary multiplying digital-to-analog con- and equivalent to the AD7533 family. The DAC1220, 

verters. A deposited thin film R-2R resistor ladder divides DAC1221 imd DAC1222 are direct replacements for the 

the reference current and provides the circuit with ex- 12-bit resolution AD7521 and AD7531 family. 

cellent temperature tracking characteristics (0.0002%/ 
Features °c linearity error temperature coefficient maximum). 

The circuit uses CMOS current switches and drive 
• Linearity specified with zero and full-scale adjust only circuitry. to achieve low power consumption (30 mW 

max) and low output leakages (200 nA max). The • Non-linearity guaranteed over temperature 
digital inputs are compatible with DTL/TTL logic level~ 

• Integrated toin film on CMOS structure as well as full CMOS logic level siNings. This part, com-
bined with an external amplifier and voltage reference, • lO-bit or l2-bit resolution 
can be used as a standard D/A converter; however, it • Low power dissipation 10 mW @ 15V typ is also very attractive for multiplying applications (such 
as digitally controlled gain blocks) since its linearity • Accepts variable or fixed reference -25V -:; VREF -:; 
error is essentially independent of the voltage refer- +25V 
ence. All inputs are protected from damage due to • 4-quadrant multi plying capability 
static discharge by diode clamps to V + and ground. 

• Interfaces directly with DTL, TTL and CMOS 
This part is available with 10·bit (0.05%), 9-bit (0.10%), • Fast settling time-500 ns typ 
and a-bit (0.20%) non-linearity guarenteed over tem-
perature (note 1 of electrical characteristics). The • Low feedthrough error-l/2 LSB @ lOO kHz typ 

Equivalent Circuit Note. Switches shown in digital high state r N:;IN:;;O-;;;O;;A;':;O .., 
1 1 

• • " • • • • • • ~ • • I 
VREFIN 

2. 2~ 2. 2. 2. 2. 2. 2. 2. 2. 1 2. 2. 
1 

1" I I 
'GND 

fr 
> ' > 1 

r" r~ 
1 

~~ 1i~ 1 i~ 1i~ 1i~ 1i~ 1i~ 1i~ 1i~ 11 1 t' 11 1 1 
--l 

IOU12 

I IOUTt 

I I 1 I I 1 I 1 1 1 1 I 'I 1 I I I I I I I I I I 1 I 1 
I • I I I I I 1 I 1 I I I 1 

& A '& & A b b b b b 1 b & I 
AI lIZ A3 .. A. AO A1 A. A', AIO LA: _ .:: __ .J RFEEDBACK 

(MS" (lSII" 

Ordering Information 10-BIT D/A CONVERTERS 

TEMPERATURE RANGE DoC to 10"C --40"C to +8S"C -5S"C to +12S"C 

0,05% DAC1020LCN 
AD7520LN 

DAC1020LCD 
AD7520LD 

DAC1020LD AD7520UD 
AD7530LN AD7530LD 

ACCURACY 0,10% DAC1021LCN 
AD7520KN 

DAC1021 LCD 
AD7520KD 

DAC1021LD AD7520TD 
AD7530KN AD7530KD 

0,20% DAC1022LCN 
AD7520JN 

DAC1022LCD 
AD7520JD 

DAC1022LD AD75205D 
AD7530JN AD7530JD 

PACKAGE OUTLINE N16A D16C D16C 

12-8IT D/A CONVERTERS 

TEMPERATURE RANGE o°c to 70"C -40"C to +8S"C --5S"C to +12S"C 
. 

0,05% DAC1220LCN 
AD7521LN 

DAC1220LCD 
AD7521LD 

DAC1220LD AD7521UD 
AD7531LN AD7531LD 

ACCURACY 0,10% DAC1221LCN 
AD7521KN 

DAC1221 LCD 
AD7521KD 

DAC1221LD AD7521TD 
AD7531KN AD1531KD 

0,20% DAC1222LCN 
AD7521JN 

DAC1222LCD 
AD7521JD 

DAC1222LD AD752)50 
AD7531JN AD7531JD 

PACKAGE OUTLINE N1BA D1BA 01BA 

Note. Devices may be ordered by either part number. 
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Absolute Maximum Ratings Operating Conditions 
MIN MAX UNITS 

V+toGnd 17V Temperature (T A) 
VREF to Gnd ±25V DAC1020LD,DAC1021LD, -55 +125 °c 
Digital Input Voltage Range V+to Gnd DAC1022LD,DAC1220LD, -55 +125 °c 
DC Voltage at Pin 1 or Pin 2 (Note 3) -100 mV to V+· DAC1221 LD, DAC1222LD -55 +125 °c 

~ Storage Temperature Range -55°C to +150°C DAC1020LCD, DAC1021 LCD, -40 +85 °c 
Lead Temperature (Soldering, 10 seconds) 300°C DAC1022LCD,DAC1220LCD, -40 +85 °c 

DAC1221 LCD, DAC1222LCD -40 +85 °c 

DAC1020LCN, PACl 021 LCN 0 +70 °c 
DAC1022LCN,DAC1220LCN 0 +70 °c 
DAC1221 LCN, DAC1222LCN 0 +70 °c 

Electrical Characteristics 
(v+ = 15V, VREF = 10.000V, TA = 25°C unless otherwise specified) 

DAC1020,DAC1021, DAC1220,DAC1221, 
PARAMETER CONDITIONS DAC1022 DAC1222 UNITS 

MIN TYP MAX MIN TYP MAX 

Resolution 10 12 Bits 

Linearity Error TMIN < T A < TMAX, 

-10V< VREF < +10V, 

(Note 1) End Point Adjustment Only 

(See Linearity Error in Definition of Terms) 

10·Bit Parts DAC1020, DACl220 0.05 0.05 %FSR 

9·Bit Parts DAC1021, DAC1221 0.10 0.10· %FSR 

8-Bit Parts DAC1022, DAC1222 0.20 0.20 % FSR 

Linearity Error Tempco -10V~VREF::;+10V, 0.0002 0.0002 % Fsfc 

(Notes 1 and 2) 

Full·Scale Error -10V::; I('REF::; +10V, 0.3 1.0 0.3 1.0 % FS 

(Notes 1 and 2) 

Full-Scale Error Tempco TMIN < T A < TMAX, 0.001 0.001 % FStC 

(Note 2) 

Output Leakage Current TMIN::;TA::;TMAX 

lOUT 1 All Digital Inputs Low 200 200 nA 

lOUT 2 All Digital Inputs High 200 200 nA 

Power Supply Sensitivity All Digita! Inputs High, 0.005 0.005 0.005 0.005 % FSIV 

14V::; V+::; 16V, (Note 2), 

(Figure 2) 

VREF Input Resistance 10 15 20 10 15 20 kO 

Full·Scale Current Settling RL = 1000 from 0 to 99.95% 

Time FS 

All Digital Inputs Switched 500 500 ns 

Simultaneously 

VREF Feedthrough All Digital Inputs Low, 10 10 mVp-p 

VREF = 20 Vp-p @ 100 kHz 

D Package (Note 4) 6 9 6 9 mVp-p 
, N Package 2 5 2 5 mVp-p 

Output Capacitance 

lOUT 1 . All Digital Inputs Low 40 40 pF 
All Digital Inputs High ,200 200 pF 

lOUT 2 All Digital Inputs Low 200 200 pF 
All Digital Inputs High 40 40 pF 

Digital Input (Figure 1) 

Low Threshold TMIN<TA <TMAX 0.8 0_8 V 

High Threshold TMIN <TA <TMAX 2.4 2.4 V 
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Electrical Characteristics (Continued) 

(V+ = 15V, VREF = 10.000V, T A = 25°C unless otherwise specified) 

DAC1020, DAC1021 DAC1220, DAC1221 

PARAMETER CONDITIONS 
DAC1022 DAC1222 

UNITS 
MIN TVP MAX MIN TVP MAX 

Digital Input Current :rMIN~TA~TMAX 
, 

Digital Input High 1 100 1 100 /lA 
Digital Input LOW -50 -200 -50 -200 /lA 

Supply Current All Digital Inputs High 0.2 1.6 0.2 1.6 rnA 

All Digital Inputs LOlli! 0.6 2 0.6 2 rnA 

Operating Power Supply (Figures 1 and 2) 5 15 5 15 V 
Range 

Note 1: VREF = ±10V and. VREF = ±lV. A linearity error temperature coefficient of 0.0002% FS for a 45°C rise only guararytees 0.009% maxi-
mum change in linearity error. For In.stance, if the linearity error at 25°C is 0.045% FS it could increase to 0.054% at 7rfC and the DAC will be no 
longer a 10·bit part. Note, however .. that'the' linearity eTrror is specified over the device full temperature range which is a more stringent specifica~ 
tion since it includes the linearity error temperature coefficient. 
Note 2: Using internal feedback resistor as shown in Figure 3. 

Note 3: Both lOUT. 1 and lOUT 2 must go to ground Dr the virtual ground of an' 0l?e"'tio~al amplifier. If VREF = 10V, every millivolt offset 
between lOUT 1 or lOUT 2' 0.005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in the 0 package, the user must ground the metal lid. 

Typical Performance Characteristics 

: 

2 0.10 

~ 
I 

CI !""-~ g. ... 1.5 "" 0.05 CI - -:c !""-r--"+~5" l""- e:> 
en ;:: 
III ..: 
II:: -r-r- 0: .~ 

1 
..: 

I- > 0 
~ "" II:: 

~ a. e:> 
!!!: II:: ... II:: / III ..: 0.5 !!!:-0.05 l-e; ..: 
Ci '" 

0 -0.10 
0 20 40 60 80 5.0 10.0 15.0 

TA:- TEMPERATURE (OC) v+ (VOLTS) 

FIGURE 1. Digital Input Threshold vs FIGURE 2. Gain Error Variation vs V+ 
Ambient Temperature' 
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Typical Applications 

The following applications are also valid for 12-bit 
systems using the DAC1220 and 2 additional digital 
inputs_ 

Operational Amplifier Bias Current (Figure 3) 

The op amp bias current, I b, flows through the _ 15k 
internal feedback resistor: BI-FET op amps have low 
Ib and, therefore, the 15k x Ib error they introduce is 
negligible; they are strongly recommended for the 
DAC1020 applications_ 

VOS Considerations 

The output impedance, ROUT, of the DAC is modu­
lated by the digital input code which causes a modulation 
of the operational amplifier output offset. It is therefore 
recommel1ded to adjust the op amp VOS. ROUT is 
~15k if more than 4 digital inputs are high; ROUT 

is ~45k if a single digital input is high, and ROUT 
approaches infinity if all inputs are low_ 

Operational Amplifier VOS Adjust (Figure 3) 

Connect all digital inputs, A 1-A 10, to ground and 
adjust the potentiometer to bring the op amp VOUT 
pin to within ±1 mV from ground potential. If VREF is 
less than 10V, a f!ner VOS adjustment is required_ It is 
helpful to increase the resolution of the VOS adjust 
procedure by connecting a 1 kn resistor between the 
inverting input of the op amp to ground_ After VOS has 
been adjusted, remove the 1 kn_ 

Full-Scale Adjust (Figure 4) 

Switch high all the digital inputs, A 1-A 10, and measure 
the op amp output voltage. Use a 500n potentiometer, 
as shown; to bring IIVOUTII to a voltage equal to VREF x 
1023/1024. 

SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER 

OPAMP FAMILY 

LM357 

LM356 

LF351 

LM741 

CF Ri P Vw 
CIRCUIT SETTLING 

TIME, ts 

10 pF 2.4k 25k V+ 1.5J.1s 

22 pF 00 25k V+ 3J.1s 

24 pF 00 10k V- 4J.1s 

0 00 10k V- 40,us 

MSB LSB 
AI A2 A3 A4 A5 A6 A7 AS A9 A1D 

( A1 A2 A3 A10) 
VOUT=-VREF - +- +-+ ... --

2 4 8 1024 

-10V :5. VREF:5. 10V 
1023 

0:5. VOUT:5. - 1024 VREF 

where AN = 1 if the AN digital input is high 
AN = 0 if the AN digital input is low 

FIGURE 3. Basic Connection: Unipolar or 2·Quadrant MUltiplying 
Configuration (Digital Attenuatorl 
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Typical Applications (Continued) 

15Y 

VnEF 

,. 

15 

RFS2SDO 
FULL-SCALE 
DECREASE 

MS8 LS8 
A1 A2 AJ A4 AS AS Al AS A9 A1t1 

FIGURE 4: Full-Scale Adjust 

MS8 LS8 
A1 A2 A3 A4 Ai AS A'I AI AS A1B 

15Y 

VOUT 

FIGURE 5. Alternate Full·Scale Adjust: (Allows Increasing or Decreasing the Gain) 

DIGITAL WORD A 

j MSB LSB 
A1 A2 A3 A4 AS A6 A7 AS A9 AtD 

DIGITAL WORD B 

, MS8 LS8 
A1 A2 A3 A4 AS AS A7 AS A9 A1. 

Vour! 

VOUTl = -VREF 
v-

VOUT2=VREF (~+~+~+ ... ~) 
2 4 8 1024 

where VREF can be an AC signa. 

FIGURE 6. Precision Analog·to-Digital Multiplier 
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Typical Applications (Continued) 

MSI LSI 
AI AZ A3 A4 AS Ai Al AI A9AIO 

( Al A2 Alo 1) 
VOUT= -VREF - +-- + ... +-- ---

. 2 4 . 1024 1024 
where: AN = +1 if AN input is high 

AI'! = -1 if AN input is low 

VOUT 

COMPLEMENTARY OFFSET BINARY 
(BIPOLAR) OPERATION 

DIGITAL INPUT VOUT 

0 0 0 0 0 0 0 0 0 0 +VREF 
0 0 0 0 0 0 0 0 0 1 VREF x 1022/1024 

0 1 1 1 1 1 1 l 1 1 VREF x 2/1024 

1 0 0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 1 -VREF x 2/1024 

1 1 1 1 1 1 1 1 1 1 -VREF (1022/1024) 

Note that: 

• lOUT 1 + lOUT 2 = VREF 
RLADDER 

X(1023 ) 
1024 

• By doubling the output range we get half the resolution 
• The 10M resistor, adds a 1 LSB "thump", to allow full 

offset binary operation where the output reaches zero 
for the half-scale code. If symmetrical output excursions 
are required, omit the 10M resistor. 

FIGURE 7. Bipolar 4·Ouadrant Multiplying Configuration 

1 

1 

0 

Operational Amplifiers VOS Adjust (Figure 7) 

a) Switch all the digital inputs high; adjust the VOS 
potentiometer of op amp B to bring its output to a 
value equal to -(VREF/1024) (V). 

b) Switch. the MSB high and the remaining digital 
inputs low. Adjust the VOS potentiometer of op 
amp A, to bring its output value to within a 1 mV 
from ground potential. For VREF < 10V, a finer 
adjust- is necessary, as alreadY mentioned in the 
previous application. 

1 

0 

0 

MSI LSB 
At A2 Al-A4 AS Ai Al A8 A9 AID 

TRUE OFFSET BINARY OPERATION 

DIGITAL INPUT VOUT 

1 1 1 1 1 1 1 1 VREF x 1022/1024 
0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 -VREF 

ts = 1.81's 
use LM336 for a voltage reference 

. FIGURE 8. Bipolar Configuration with a Single Op Amp 

Gain Adjust (Full-Scale Adjust) 

Assuming that the external' 10k resistors are matched to 
better than 0.1%, the gain adjust of the circuit is the 
same with the one previously discussed. 

I 

MS. LSB 
AI AI A] A4 AS A& Al AI A9 AID 

R2 A -
• R4=(2AV--:-l)R'R1= Av-V_l ' 

R3+R11IR2=R;Av-= VOUT(PEAK) ,R=2ok 
VREF 

• Example: VREF=2V,VOUT(swing)~±10V:AV-=5V 
Then R4 = 9R, R1 = 0.8 R2. If Rl = 0.2R then R2 = 0.25R, 
R3 = 0.64R 

FIGURE 9. Bipolar Configuration with Increased Output Swing 
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Typical Applications (Continued) 

MSB LSB 
AI AZ A3 A4 A5 A6 A7 AI A9 AID 

15V 

VOUT~~--------~<: 

V-

v - -VREF 
, OUT -(AI + A2 + ~ + Al0) 

2 4 8 .. , 1024 

where: VREF can be an AC signal 
• By connecting the DAC in the feedback loop of an operational amplifier a linear digitally 

control gain block can be realized 
• Note that with all digital inputs low, the gain of the amplifier is infinity. that is, the op amp will 

saturate. In other words, we cannot divide the VREF by zero I 

FIGURE 10. Analog.to-Digital Divider (or Digitally Gain Controlled Amplifier) 

MBS LSS 
AI AZ A3 A4 A5 A5 A7 AS A9 AI~ 

15V 

V-

, ['~1 + A4
2 + ... + ,~~~ 1 

V -V OUT - REF -;;A-;;1-""A;-;2:---~A;;;';;0'-

""2 +""4 + ... + 1024 

10k 

~ .• _ VOUT 

V-

( '023-N). or VOUT= VREF --N-'--

where: 0 $. N $. 1023 
N = 0 for AN = all zeros 
N = 1 for.Al0= I, Al-A9 = 0 

N = 1023 for AN = aliI'S 

FIGURE 11. Digitally Control!ed Amplifier-Attenuator 
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Typical Applications (Continued) 

I"~ 

" CLA 

CLOCK 
(fREnUENCY 

CONTROL) 

O.ljlf 

q I5V 
'Ok 

RAOB---4.7kI' Vee 

" • MSB , 15 
BZ 

15 , 
, 

" OJ " 
, 

B4 
1 " " 1 

iil 
~ " • " ,. • " " .. DACtOZO 

B1 
10 10 

" • 

SINE WAVE OUT 

I5V 

• Output frequency = felK ; fMAX '" ~ kHz 
512 

• Output voltage range = OV -1 OV peak 

• THO <0.2% 
• Excellent amplitude and frequency stability with temperature 
• Low pass filter shown has a 1 kHz corner (for output frequencies below 10Hz, filter corner should be reduced) 

• Any periodic function can be implemented by modifying the contents of the look up table ROM 
• No start up problems 

FIGURE 12. Precision Low Frequency Sine Wave Oscillator Using Sine Look-Up ROM 
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~ Typical Applications (Continued) 

(3 
<s: 
c 
g 
o 
0r-

O 
<s: 
C 

MM74COO - NAND gates 
MM74C32 - OR gates 
MM74C74 - D flip-flop 
MM74C193 - Binary up! 

down counters 

• B~narv up/down counter digitally "ramps" the DAC output 

• Can stop counting at any desired 10-bit input code 

TO OAC10Z11 
DIGITAL INPUTS 

• Senses up or down count overflow and automatically reverses direction of count 

FIGURE 13. A Useful Digital Input Code Generator for DAC Attenuator or Amplifier Circuits 
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Definition of Terms 
Resolution: Resolution is defined as the reciprocal of 
the number of discrete steps in the D/ A output. It is 
directly related to the number of switches or bits within 
the D/A. For example, the DAC1020 has 210 or 1024 
steps while the DAC1220 has 212 or 4096 steps. There­
fore, the DAC1020 has 10·bit resolution, while the 
DAC1220 has 12·bit resolution. 

Linearity Error: Linearity error is the maximum devia· 
tion from a straight lin£! passing through the endpoints 
of the O/A transfer characteristic. It is measured after 
calibrating for zero (see Vas adjust in typical applica­
tions) and full·scale. Linearity error is a design parameter 
intrinsic to the device and cannot be' externally adjusted. 

... 
~ 
co' 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
D/A full·scale output. 

Settling Time: Full·scale settling time requires a zero to 
full-scale or full-scale to zero output change. Settling 
time is the time required from a code transition until 
the D/A output reaches within ±1/2 LSB of final output 
value. 

Full-Scale Error: Full-scale error is a measure of the 
output error between an ideal D/A and the actual device 
output. Ideally, for the DAC1020 full·scale is VREF -
1 LSB. For VREF = 10V and unipolar operation, 
VFULL.SCALE = 10.0000V - 9.B mV = 9.9902V. 
Full·scale error is adjustable to zero as shown in Figure 5. 

±1/2 LSB ERROR BAND 

I 

5 
co 

OAC FAILS END POINT TEST 
LINEARITY ERROR ~ 1 LSB 

DIGITAL INPUT 

a 

lal End point test after zero and full·scale adjust. 
The DAC has 1 LSB linearity error 

IN IN 

b1 b2 

Ibl By shifting the full .. cale calibration on of the DAC 
of Figure (b 11 we could pass the "best straight 
line", Ib21 test and meet the ±1/2 LSB linearity 
error specification 

Note. lal, Ib1 I and Ib21 above illustrate the difference between "end point" National's linearity test lal and "'best straight line" test. 
Note that both devices in lal and Ib21 meet the ± 1/2 LSB linearity error specification but the end' point test is a more "real life" way 

. of characterizing the DAC. 

Connection Diagrams 

DAC102X 
Dual-In-Line Package 

IOUTI 16 RFEEDBA&K 

IOUTZ 15 VREf lN 

,ND 14 v" 

AtlMSBI 13 AIDILSa} 

A2 12 A9 

A3 11 AI 

A4 10 A1 

A. 
, 

A' 

TOP VIEW 
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DAC122X 
Dual-In-Lirie Package 

" 'OUT' RFEEDBACK 
17 '. 

IOUTZ VREFIN 

GND "v' 

AI (MSBI " ~12(LSBI 
" A2 All 

A3 13 Ala 

A. "AI 

A' 11 AI 

" AB .' 1,7 

TOP VIEW 



~National ' 
'~ Semiconductor 

A to 0,0 toA 

,DAC1200/DAC1201 12·Bit (Binary) Digital·to-Analog 
Converters ' 

., 

DAC1202lDAC1203 3·Digit (BCD) Digital·to·Analog 
Converters 

General Description 
The DAC1200 series of D/A converters is a family of 
precfsion low-cost converter building blocks intended to 
fulfill a wide range of industrial and military D/ A 
applications, These devices are complete functional 
blocks requiring only application of power for operation. 
The design combines a precision 12-bit weighted current 
source (12 current switches and 12-bit thin-film resistor 
network). a rapid-settling operational amplifier, and 
10.24V (for binary series) or 10.00V (for BCD series) 
buffered reference. 

Input coding options include complementary binary and 
complementary BCD formats. In all instances, a logic 
"low" (" O.BV) turns a given bit ON, and a logic "high" 
(;;. 2.0V) turns the bit OFF. Output format may be pro­
grammed for bipolar (±10V) or unipolar (0 to 10V) 
operation using internally supplied thin-film resistor pin 
strap options. Current mode operation is also available 
from 0 to 2 mA (for binary) or 0 to 1.25 mA (for BCD). 

The entire series is. available in hermetically sealed 24-
lead DIP. 

Block and Connection Diagrams· 

REF LSS MSB 

Features' 
• Circuit completely self-contained 

• Both current and voltage-mode outputs 

• ,Standard power supplies: ±15V and +5V 

• Internal buffered reference: 10.24V for binary 
1 O.OOV for BCD 

• (j to 2 mA, ± 1 OV or 0 to 10" output by strapping' 
internal resistors; other scales by external resistors 

• ±1/2 LSB (binary) or ±1/10 LSD (aCD) linearity 

• Fast settling time: 1.5tts in current mode 
2.5 tts in voltage mode 

• High slew rate: 15 V /tts ' 

• TTL and CMOS compatible complementary binary or 
BCD input logic format 

• 12 bit liri,earity 

• Standard dual-width DIP package 

VREF INPUT 

I. 
COMP 2-122,11 2-10 2-9 2-8 .2-7 2-6 2·5 2-4 2-3 2-2 2-' 

15 1 5 8 9 10 11 12 r:;;''lf'.'.,.,......,'7 OFfSET 
Dual-In-Lina Package 

2L.~: ~1==::;-r:=:::::J1:~!..ANALOG AND DIGITAL GND A25 
SOk +:\!!l;V.,.,..-o16 FEEDSACK 

18 CURRENT 
2.11 22 -1!iV 

U..J::!~~""'->!---''-''''''''''->!---''-''''''''''-'',"" +-=--0 ~~~~T 
19 ~~~1AGE . 

21 +15V 
20 VREF OUTPUT 

19 +5V 

A2' 
m 

13 21 
FULL SCALE VREF 
ADJUST OUT 

*R21 '" R22 '" 16k for DAC1202/1203 (BCD) 

OUTPUT 18 VOLTAGE MODE OUTPUT 

11 CURRENT MODE OUTPUT 

20 
~+5V 

23' 221,,~ 
-15Y +15V GND 
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OFFSET 

FEEDBACK 

REF COMP 

VREF INPUT 

.;.:;.t::===::!:::::::::1';';" FULL SCALE ADJ 
MSS 

TQPVIEW 

Ordor Number DAC1200HD, DAC1200HCD, 
DAC1201HD, DAC1201HCD, DAC1202HD, 

DAC1202HCD, DAC1203HD Dr DAC1203HCD' 
Saa NS Package D24A 



Absolute Maximum Ratings 

Supply Voltage (V+ & V-) 

Logic Supply Voltage (VCC) 

Logic Input Voltage 

Reference Input Voltage 

Power Dissipation 

Short Circuit Duration (pins 18, 19 & 21) 

Operating Temperature Range 

DAC1200HD, DAC1201HD, DAC1202HD, DAC1203HD 
DAC1200HCD, DAC1201 HCD, DAC1202HCD, DAC1203HCD 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 

±18V 

+10V' 

-0.7V to +18V 

-OV, +18V 

(see graphs) 

Continuous 

_55°C to +12SoC 
- 2SoC to +85°C 

-6SoC to +lS0°C 

300°C 

DC Electrical Characteristics DAC1200/1201 Binary D/A (Notes 1, 2) 

DAC1200/1200C. DAC1201/1201C' 
PARAMETER CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Resolution 12 12 

Linearity Error (Note 3) TA = 25°C ±0.0122 _0.0488 
±0.0244 +0.0976 

Offset Voltage TA = 25°C 5 10 
10 15 

Voltage Mode Full·Scale Error INote 3) VREF = 10.240V 0.01 0.1 0.02 0.2 

Voltage Mode Full·Scale Error Pin 21 connected to Pin 14, T A = 25°C 0.1 0.6 0.1 0.7 

Monotonicity (Notes 3, 4) Guaranteed over the t'emperature range 

Voltage Mode Power Supply 
t.V+ = ±2V 

TAr 25°C 
0.002 0.02 0.002 0.02 

t.V- = ±2V 0.002 0.02 0.002 0.02 
Sensitivity 

t.VCC = ±1 V 
VREF = 10.240V 

0.002 0.02 0.002 0.02 

Output Voltage Range RL = 5k ±10.5 ±12 ±10.5 ±12 

Voltage Mode Output Short Circuit 
TA=25°C 20 50 20 50 

Current Limit 

Current Mode Voltag~ Compliance (Note 6) ±2.5 ±2.5 

Current Mode Output Impedance 15 15 

Reference Voltage OmA"IREF"2mA, TA=25°C 10.190 10.240 10.290 10.190 10.240 10.290 

Logic "1" Input Voltage (Bit OFF) 2.0 2.0 

Logic "0" Input Voltage (Bit ON) 0.8 O.B 

Logic "1" Input Current (Bit OFF) VIN = 2.5V 10 10 

Logic "0" Input Current (Bit ON) VIN = OV -10 -100 -10 -100 

1+ V+= 15.0V 10 15 10 15 
Power Supply Current I- V- = -15.0V TA=25°C 25 30 25 30 

ICC VCC = 5.0V 20 25 20 25 
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DC Electrical Characteristics DAC120211203 3-Digit BCD D/A (Notes 1, 2) 

DAC1202/1202C DAC1203/1203C 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Resolution 3 3 Digits 

Linearity Error (Note 5) TA= 25°C 0.01 0.05 % FS 
0.02 0.1 %FS 

Offset Voltage TA = 25°C 1 5 1 10 mV 
10 15 'mV - , 

Voltage Mode Full·Scale Error (Note 5) VREF = 10.000V 0.01 0.1 0.02 0.2 %FS 

Voltage Mode Full·Scale Error Pin 21 connected to Pin 14, T A = 25°C _ O.S 0.6 0.7 % FS 

Monotonicity (Notes 4, 5) Guaranteed over the temperature range 

Volta,ge Mode Power Supply 
t:.v+'= ±2V 

TA= 2SoC 
0.002 0,02 0.002 0.02 %FSIV 

Sensitivity 
I:>V- = ±2V 

VREF = 10.000V 
0.002 0.02 0.002 0.02 % FSIV 

I:>VCC = ±1 V 0.002 0.02 0.002 0.02 %FSIV 

Voltage Mode Output Voltage 
RL = 5k ±10.5 ±12 ±10.S ±12 V 

Range 

Voltage Mode Output Short Circuit 
TA = 2SoC 20 50 20 50 mA 

Limit 

Current Mode Compliance (Note 6) ±2.5 ±2.5 V' 

Current Mode Output Impedance 10 10 kn 
Reference Voltage 0<;; IREF<;;2mA,TA=2SoC 9.9S0 10.000 10.050 9.950 10.000 10.0S0 V 

Logic ".1" Input Voltage (Bit OFF) 2.0 2.0 V 

Logic "0" Input Voltage (Bit ON) .. 0.8 0.8 V 

Logic "I" Input Current (Bit OFF) VIN = 2.5V 1 10 1 10 Jl-A 

Logic "0" Input Current (Bit ON) VIN=OV -10 -100 -10 -100 Jl-A 
1+ V+= lS.0V 10 15 10 15 mA 

Power Supply Current 1- V:-=-15.0V TA=25°C 25 30 25 30 mA 
ICC VCC=5.0V 20 25 20 25 mA 

AC Electrical Characteristics DAC1200/1201/120211203 

PARAMETER -, CONDITIONS (T A = 25°C) MIN TVP MAX UNITS 

Voltage Mode OAC1200/1202, Ve ';;;1.25mV 1.5 3.0 /lS 
±1 LSB Settling Time (Note 6) OAC1201/1203, Ve ';;;5.0 mV 1 3.0 ps 

Voltage Mode Full-Scale OAC1200/1202, Ve';;; 1.25 mV 2.5 5.0 /lS 
Change Settling Time (Note 6) OAC1201/1203, Ve ';;;5.0mV 2.0 5.0 ps 

Current Mode RL = 1 kn, CL';;; 20pF 
1.5 /lS 

Full·Scale Settling Time 0';;;L\ IOUT';;;2mA 

Voltage Mode Slew Rate -10V';;; L\VOUT';;; +10V 15 VIps 

Note 1: Unless otherwise' notea. these specifications apply for V+ = 15.0V, V- "" -15.0V, and Vee"': 5.0V over the temperature range -55°C to 
+125"C for the DACI200HD/1201/1202/1203 and -25"C to +85°C for the DAC1200HCD/1201/1202/1203. 
Note 2: All typical values are for T A = 25°C. 
Nota 3: Unless otherwise noted, this specification applies for VREF = 10.24V, and over the temperature range -25°C to +85°C. Testing 
conditions include adjustment of offset to OV and full·scale to 10.2375V. ' 
Note 4: The DAC1200, DAC1202 and DAC1203 are tested for monatanicity by stimulating all bits; the DAC1201 is tested for monotanicity by 
stimulating only the 10 MSBs and holding the 2 LSBs at 2.0V (j.e., 2 LSBs are OfF). 
NoteS: Unless otherwise noted, this speCification applies for VREF :: 10.000V, and over the temperature range _25°C to +8SoC. Testing 
conditions include adjustment of offset to OV and full..scale to 9.990V. 
Note 6: Not tested - guaranteed by design. ' 

Note 7: (AVOUT = 10V) 
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Typical Performance Characteristics 

Maximum Power Dissipation Supply Current vs Temperature Supply Current vs Temperature 
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Applications Information 
1. Introduction 

The DAC1200 series DI A converters are designed to 
minimize adjustments and user-supplied external com­
ponents. For example, included in the package are a 
buffered reference, offset nulled output amplifier, and 
appl ication resistors as well as the basic 12-bit current 
mode D/A. 

However, the DAC1200 series is a sophisticated building 
block. Its principles of operation and the following 
applications information should be read before applying 
power to the device. 

The user is referred to National Semiconductor Applica­
tion Notes AN-156 and AN-157 for additional informa- . 
tion. 

2. Power Supply'Selection & Decoupling 

Selection of power supplies is important in applications 
requiring 0.01% accuracy. The ±15V supplies should be 
well regulated (±15V ± 0.1%) with less than 0.5mVrms 
of output noise and hum. 

To realize the full speed capability of the device, all three 
power supply leads should be bypassed with 1 fJ.F 
tantalum electrolytic capacitors in shunt with 0.01 fJ.F 
ceramic disc capacitors' no farther than Y. inch from the 
device package. 

3. Unipolar and Bipolar Operation 

The DAC1200 series D/A's may be configured for either 
unipolar or bipolar operation using resistors provided 
with the device. Figures 1 A and 1 B illustrate the proper 
connection for binary and BCD unipolar operation. 

Bipolar operation is accomplished by offsetting the 
output amplifier A3 as shown in figures 2A and 2B. 
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'VOUT = (IZERa ta IFULLSCALEII~~~ ~ ~2222) 
= (OmA to 2.0475mAII5kS!) 

= OV ta +10.2375V 

'Values show;' are for VREF = 10.240V. 

1 LSB Voltage Step = l~~~V = 2.5mV. 

1 LSB Current Step = ~ = 0.51lA 

FIGURE 1A. DAC1200/DAC120l Unipolar Operation 

r--;C",UR""""'N"""'M"'OD"'....!!.\.O TO I 2481!JmA +--"'\M.-{1 
O/A 
A2 VOUT 

'VOUT = (IZERa ta IFULLSCALEII R21 . R22) 
R2l + R22 

= (0 ta 1.24875mA1I8k1!) 

= OV ta 9.990V 

'Values shown are far VREF'= 10.000V. 

1 LSD Voltage Step:' l?O~~O = 10mV 

1 LSD Current Step = l~~V = 1.25~A 

FIGURE 1B. DAC1202/DAC1203 Unipolar Operation 



Vnrf'PIN11' 

>-<i;}--..... -ovour 

'VOUT = (0 to 2.0475mAIR22 _ V~E; R21 

= (0 to 2.0475mAIR22 - VREF. R21 '" R22 

= -10.240 to + 10.235V 
'Values shown are for VREF = 10.240V 

1 LSB = 5mV. 

FIGURE 2A. OAC1200/0ACl201 Bipolar Oporati.on 

tURRENT MOOE 
0.' .2 

'VOUT = (OmA to 1.24875mA)(R22J - =~~ VREF 

~ -1 O.OOOV to +9.S0V 

'Values shown ara for VREF = 10.000V. 
1 LSD Voltage Step = 20mV. 

FIGURE 2B. DAC1202/DAC1203 Bipolar Oparation 

External resistors may be used to achieve alternate zero 
and full·scale voltages. It is advantageous to utilize R21 
and R22 even in these applications since they are closely 
matched in TCR and temperature to the 'internal array. 
Figure 3 illustrates the recommended circuit for zero to 
5V operation. REXT should be of metal fi'lm or wire­
wound construction with a TCR of less than 10ppmfC. 

>~!9)..-""'-oIJOUT 

RTOTAL = (R21)" (R22) " (REXT) = VFULLSCALE - 2 5krl 
2.0475mA ' . 

FIGURE 3. D.AC1200 0 to 5.120V Operation 

4. Offset and Full-Scale Adjust 

If higher precision is required in the zero and full-scale 
external adjustments may be made. The circuit of figur~ 
4 illustrates the recommended circuit to adjust offset and 
full-scale of the DAC1200 series. The circuit will work 
equally well for unipolar or bipolar operation. 

In bipolar operation, the offset is adjusted at minus full· 
scale; in the unipolar case at zero scale. 

FIGURE 4. Offset & Full~Scala Adjust 

For the values shown in figure 4, Rl will allow a ±7mV 
offset adjustment for ttle unipolar case and ±15 mV for 
the bipolar ·case. R2 will allow a ±50mV adjustment of 
full seale. 

5. Current Mode Operation 

Access to the summing junction of A3 affords current 
mode operation either with a resistive load or.to drive Ii 
fast-settling e~ternal operational amplifier. The loop 
around A3 should not be closed in current mode opera­
tion. There is a ±2.5V maximum compliance voltage at 
A2's output (pin 18) which restricts the maximum size 

'of the load resistor; i.e., RL' x 'FULLSCALE .;;; 2.5V. 

Note: IFULLSCALE "" 2 mA for DAC1200/DAC1201 
and"" 1.25 mA for DAC1202/DAC1203. 

6. Settling Time & Glitch Minimiiation 

The settling time of the Dp,C1200 series and the glitch 
which occurs between major input code changes may be 
improved by placing a 10' to 30pF capacitor between 
pins 18 (current·mode output)' and 19 (voltage mode 
output). The capacitor is used to cancel output ·capaci· 
tance of the current mode D/A and stray capacitance at 
pin 18. . 

7. Current Output Boosting 

The DAC1200 series may be operated as a "power D/A" 
by including a current buffer such as the LH0002 or 
LH0063 in the loop with' ·A3 as shown in figure. 5. 

Your 

FIGURE 5 •. Current Boosted Output 

8. Logic Input Coding 

,The sense of the logic inputs to the DAC1200 series is 
complementary; i.e., a given bit is turned ON by an 
active "low" input. Table I summarizes input status for 
the unipolar and bipolar complementary binary and BCD 
codes. 

Other input 'codes may also be used. For example, the 
twos complement code, which is used extensively in 
computer and microprocessor applications, may be can· 
verted to the DAC1200 complementary bipolar format by 
inverting all bits except the MSB. The inversion may be 
accomplished in the microprocessor by software control, 
or by hardware using standard hex·inverters. 

9. Reference Voltage 

External reference voltages may be used with the 
D,/\C1200.series. Voltages other than 10.240 or 10.000V 

. in the range of +5.0V to 11 V will work satisfactorily 
_ for voltage mode operation. Full-scale voltage is- always 
VREF - 1 LSB where 1 LSB = VREF/4096 (bimiry) 
or VREF/l000 (BCD)'.' Full~scale current (for binary) 

. may be predicted by: 

IFULLSCALE = (VREF)(0.19995117}mA 
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(Note 8) 
~ 

INPUT CODE OUTPUT STATE OUTPUT VOLTAGE OUTPUT CURRENT CODE TYPE 
MSB LSB (Note 9) 

0000 0000 0000 Full·Scale +1O.2375V 2.0475mA 

Unipolar Complementary Binary 1111 1111 1110 1 LSB ON +2.500mV 0.500J-lA 

1111 1111 1111 Zero Scale Zero . Zero 

0000 0000 0000 Full·Scale +10.235V +1.0235mA 

0111 1111 1111 Half-Full·Scale -O.OOOV O.OOOmA 

1111 1111 1110 1 LSB ON -10.235V -1.0235mA 
Bipolar Complementary Binary 

1111 1111 1111 Zero Scale -10.240V -1.0240mA 

01100110 0110 Full·Scale +9.990V 1.24875mA 

Unipolar Complementary BCD 1111 1111 1110 1 LSB ON 10.000mV 1. 250 J-lA 

1111 1111 1111 Zero Scale Zero Zero 

011001100110 Full·Scale 9.980V +0.62375mA 

1010 1111 1111 Half Full·Scale O.OOOV ~ero 
Bipolar Complementary BCD 

1111 1111 1110 1 LSB ON -9.980V -O.62375mA 

1111 1111 1111 Zero Scale -10.00V -0.625mA 

Note 8: Logic input sense is such that an active low (VIN 0:;;;;; O.8V) turns a given bit ON and is represente"d as a logic "0" in the table. 

Note 9: VREF = 10.240V for the DAC1200/1201 and 10.000V for the DACI202/1203. 

Definition of Terms 

Resolution 

Resolution is defined as the reciprocal of the number of 
discrete steps in the D/ A output (as designed). It is 
directly related to the number of switches or bits within 
the D/A. For example, the DAC1200 has 212 or 4096 
steps. Resolution may therefore be expressed variously 
as 12 bits, as 1 part in 212, as 1 part in 4096, or as a 
percentage (1/4096 x 100 = 0.0244%). The DAC1202 has 
1000 steps and 3 BCD digits. Resolution may be 
expressed as 0.1% or 3 BCD digits. 

. Linearity Error 

Linearity error is the maximum deviation from a straight 
line passing through the endpoints of the D/A transfer 
characteristic. It is measured after calibratfng for zero 
and full·scale. The linearity error of the DAC1200 series 
is guaranteed to be less than ±'/, LSB or 0.0122% of F .5. 
for the DAC1200/1200C and ±0.0488% of F .5. for the 
DAC1201/DAC1201C. Linearity error is a design para· 
meter intrinsic to the device and cannot be externally 
adjusted. 

Offset Voltage 

Offset voltage is an outpui: voltage other than zero volts 
for unipolar operation (and other than minus full·scale 
for bipolar operation) with all bits turned OFF. In the 
DAC1200 series this error resides. primarily in the output 
amplifier, A3. Offse~ voltage is adjustable to zero as 
discussed in the applications section. 
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Power Supply Sensitivity 

Power su.pply sensitivity is a measure of the effect of 
power supply changes on the D/A full·scale output. 

Settling Time 

Tw'o settling time parameters are specified for the 
DAC1200 series. Full·scale settling time requires a zero to 
full·scale or full·scale to zero output change. One LSB 
settling time requires one LSB output change. In both 
instances, settling time is the time required from a code 
transition until the D/ A output reaches within ±'/, LSB 
of final output value. 

Monotonicity 

Monotonicity is' a characteristic of the D/ A which reo 
quires a non·negative output step for an increasing input 
digital code. Monotonicity, therefore, demands no back 
steps or changes in sign of the slope of the D/ A transfer 
characteristic. 

Full·Scale Error 

Full-scale error is a measure of the output error between 
an ideal D/A· and the actual device output. Ideally, for 
the DAC1200 full·scale is VREF - 1 LSB. For VREF = 
10.240V and unipolar operation, VFULLSCALE = 
10.240V - 2.5mV = 10.2375V. Departures from this 
value include internal gain, scaling, and reference errors. 
Full·scale error is' adjustable to zero as discussed in the 
Applications section. 
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Typical Application 
DIGITAL INPUTS. TTL. CMOS 

r-~ ________ ~A, ____________ ~ 

Cz 

IOMn 
+5V +15V -.15V VOUT 

lOOk FULL-SCALE 

MT 

IOOkn 
MADJUST 

T15V -15V -15V +15V 'CI = Cz = C3 = (I~F)IIIO.I"Ft 
20'Volt FUll-Scale Complementary D/A 

DC Test Circuit 
+15.0V VREF 

o @ 
.-___ ..,"OFF" OUT I O'VM 

1~~~1~~ ..... IVO",M..,l!-t ___ 1--+-I13 

...-1--+-114 
FULL SCALE 

-15V 15 

:::iI·~V~vv~+---~~~ 
-15V 

+5V 

+15V 0----++ .... -,..--1 
-15V O-----iHHH ..... -f 

*LH0070 for DAC1202/1203 

Cl = C2 = C3 = 4.7 f.J.F (solid tantalum) in parallel with a 0.01 f.J.F ceramic disc 

Ordering Information 

PART NUMBER 25°C OPERATING 
PACKAGE LINEARITY TEMPERATURE 

BINARY BCD ERROR RANGE 

DAC1200HD DAC1202HD Ceramic DIP 0.01% -55°C to +125°C 

DAC1201HD DAC1203HD Ceramic DIP ·0.05% -55°C to +125°C 

DAC1200HCD DAC1202HCD Ceramic DIP 0.01% -25°C to +85°C. 

DAC1201HCD DAC1203HCD Ceramic DIP 0.05% -25°C to +8!;°C 

See NS Package HY24A 
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~National 
~ Semiconductor 

A·to D, D to A 

DAC1280, DAC1285 12·Bit (Binary), 
DAC1286, DAC1287 3·Digit (BCD) Digital·to-Analog 
Converters 

General Description 
The DAC1280 series is a family of precision', low cost, 
fully self-contained digital-to-analog converters. The 
devices include 12 precision current switches, a 12·bit 
thin film resistor network, output amplifier, buffered 
internal reference, and several precision resistors, which 
allow the user to tailor his system needs to accommodate 
a variety of bipolar and unipolar output voltage and 
current ranges. Logic inputs are TTL, DTL and CMOS 
compatible, and are available in complementary binary 
(CBI) and complementary BCD (CCD) coding formats. 
In all instances, a logic low (~ 0.8V) turns a given bit 
ON, and a logic high (2 2V) turns a given bit OF F. 
Internally supplied resistor options provide low drift 
bipolar output voltage ranges of ±2.5V, ±5V, ±10V, 
and unipolar ranges of 0 to 5V or 0 to 1 OV. Current 
mode output is also available 0 to 2 rnA (binary models) 
and 1.25 rnA (BCD models). 

The entire series is available in a rugged side-brazed 
ceramic 24-lead DIP. 

BIQck Diagram 

Features 
• Completely self-contained with no external com-

ponents required 

• ±1/2 LSB linearity 

• Standard power supplies: ±15V, 5V 

• TTL, DTL, CMOS compatible binary or BCD 

• ±2.5V, ±5V, ±10V, 0 to 5V, a to 10V voltage outputs 

• 0 to 2 rnA, 0 to 1.25 rnA current output 

• Internal reference 

• Fast settling time: 300 ns current mode, 2.5 J.l.S 
voltage mode 

• Pin compatible with DAC80 and DAC85 series 

• Full military temperature range operation 

REFERENCE 
INPUT 

BIPOLAR 
OFFSET 

(MSB) . (LSB) 

2-1 2-2 2-J 2-4 2-5 2-6 2-1 2-8 2-9 2-10 2-11 2-12 

CURRENT 
MODE 10V 20V 

OUTPUT RANGE RANGE 

16 

R25 
50Ak 

R23 
6.3k 

2J 

GAIN 
ADJUST 

** 11 4 10 11 12 

----------------.-.... -t~'" 
AJ 

12-BIT CURRENT MODE DIA 

20 

R20 
5k 

16 

*R21 = 3k for BCD 

19 

R21* 
5k 

VOLTAGE 
MODE 
OUTPUT 

**Pin 17 is not connected for BCD 

24 

REFERENCE 
OUT 

(6.JV) 
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Absolute Maximum Ratings 
Supply Voltage (V+and'V-) ±18V 
Logic Supply Voltage (VCC) 10V 
Logic Input Voltage -o.7V,18V 
Reference Input Voltage (VREF) OV,18V 
Power Dissipation (See graph) 
Short-Circuit Duration (Pins 15,20 and 24) Continuous 
Operating Temperature Range 

DAC1285HD, DAC1286HD -55°C to +125°C 

DAC1285HCD, DAC1286HCD'1 
DAC1280HCD, DAC1287HCD 

-25°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics DAC1285H, DAC1285HC, DAC1280HC Binary D/A (Notes 1 and 2) 

CONDITIONS 
DAC1285HD DAC1285HCD DACl280HCD 

PARAMETER 
TVP 

UNITS 
MIN MAX MIN TVP MAX MIN TVP MAX 

Resolution 12 12 12 ' Bits 

TA = 2S'C ±1/2 .±1/2 ±1 LSB 
Linearity Error 

TMIN <TA <TMAX. (Note 3) ±1/2 ±1/2 ±2 LSB 

Differential Non·Lin~aritv ±1/2 ±1/2 ±1/2 LSB 

Zero-Scale Error (Offset! (Notes 4 and 5) ±0.05 ±0.05 ±D.OS % FSR 

Unipolar. TMIN ~ T A ~ TMAX ±1 ±1 ±1 
ppm of 

Zero-Scale Drift (Offset FSRfc 

Drift) ppm of 
Bipolar. TMIN ~ T A ~ TMAX ±3 ±10 ±3 ±15 tID 

FSRfc 

Full·Scale Error (Gain Errorl (Note 5) ±0.1 ±0.1 ±0.1 %of FSR 

Full·Scale Drift (Gain Drift) TfV!IN~TA~TMAX ±20 ±30 ±10 ppmfC 

Output Voltage Range 
Using I nternally Supplied 

Resistors 
±2.5. ±5.0, ±10, 0 to +5, 0 to +10 V 

Output Voltage Swing RL> 5 kn, Pin 15 ±10 ±12 ±10 ±12 ±10 ±12 V 

Output Short-Circuit Current Pin 15 ±20 ±20 ±20 rnA 

Output Impedance Pin 15, Closed Loop 0.05 0.05 0.05 n 
Unipolar, Pin 20 Oto-2mA 

Current Mode Output Range rnA 
Bipolar, Pin 20 ±1.0 

Current Mode Compliance ±2.5 ±2.5 ±2.5 V 

Current Mode Output Unipolar 15 15 15 kn 
Impedance Bipolar 4.4 4:4 4.4 kn 

Reference Voltagft -2rnA~IREF~2rnA 6.0 6.3 6.6 6.0 6.3 6.6 6.3 V 

Logic ~'1" Input Voltage 
2.0 2.0 2.0 V 

(BitOFFI 

Logic "0" Input Voltage 
0.8 0.8 0.8 V 

(BitON) 

Logic "1" Input Current VIN= 2.5V 1 '10 1 10 1 10 /lA 

Logic "0" Input Current VIN ={JV -10 -100 -10 -100 -10 -100 /lA 

1+ 10 10 10 rnA 

Power Supply Current I- 1 25 , 25 25 rnA 

ICC 20 20 20 rnA 

Power Supply Sensitivity 0.002 0.002 0.002 
%of 

FSRI%V 

...... 
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DC Electrical Characteristics : DAC1286H, DAC1286HC, DAC1287HC BCD D/A (Notes 1 and 21 

PARAMETER CONDITIONS 
DAC1286HD DAC1286HCD DAC1287HCD 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Resolution 3 3 3 Digits 

Linearity Error 
TA=25'C ±1/2 ±1/2 ±1 LSB. 

TMIN ::;TA ::;TMAX, (Note 3) ±1/2 ±1/2 ±1 LSB 

Differential Non-Linearity ±1/2 ±1/2 ±1/2 LSB 

Zero-Scale Error (Offset Error) (Notes 4 and 5) ±0.05 ±0.05 ) ±0.05 % FSR 

Zero.scale Drift (Offset Drift) Unipolar, TMIN::; TA::; TMAX ±1 ±1 ±1 
ppm of 

FSRfc 

Full·Scale Error (Gain Error) (Note 5) ±0.1 ±0.1 ±0.1 % of FSR 

Full·Scale Drift (Gain Drift) TMIN::;TA::;TMAX ±20 ±30 ±10 ppmfC 

Output Voltage Range 
Using Internally Supplied o to +10 V Resistors 

Output Voltage Swing RL<:: 5 kn ±10 ±12 ±10 ±12 ±10 ±12 V 

Output Short·Cir~uit Current ±20 ±20 ±20 mA 

Output Impedance Pin IS, Closed Loop 0.05 0.05 0.05 n 

. Current Made Output Range Unipolar, Pin 20 Oto -1.25 mA 

Current Mode Compliance ±2.5 ±2.5 ±2.5 V 

Current Mode Output 
15 15 15 kn 

Impedance 

Reference Voltage -2mA<IREF<2mA 6.0 6.3 6.6 6.0 6.3 6.6 6.3 V 

Logic "1" Input Voltage 
2.0 2.0 2.0 V (Bit OFF) 

Logic "a .. Input Voltage 
0.8 0.8· 0.8 V 

(Bit ON) 

Logic "1" Input Current VIN = 2.5V 1 10 1 10 1 10 /lA 

Logic "0" Input Current VIN = OV -10 -100 -10 -100 -10 -100 /lA 

1+ 10 10 10 mA 
Power Supply Current 1- 25 25 25 mA 

ICC 20 20 20 mA 

Power Supply Sensitivity 0.002 0.002 0.002 
%01 

FSR/%V 

Note 1: Unless otherwise specified, these specifications apply for V+ = 15V, V- = -15V and VCC =.5V over the entire temperature range -55'C 
to +125'C for DAC1285HD and DAC1286HD, and -25'C to +85'C for DAC1285HCD, DAC1280HCD, DAC1286HCDand DAC1287HCD. For 
specified operation, the internal reference (pin 2~) must be connected to the reference input (pin 16), The specifications are guaranteed after 
30 seconds of warm·up after power turn·on. 
Note 2: All typical values are for T A = .25' C. 

Note 3: These specifications apply to the limited temperature range TMIN = -25"C to TMAX = +85'C for DAC1285HD and DAC1286HD, and 
TMIN = O'C to TMAX = +70·C for DAC1285HCD, DAC1280HCD, DAC12B6HCD and DAC1287HCD. For the entire temperature range, double 
the above specifications. 
Not.4: FSR means "lull-scale range" and is 20V for ±10V range, 10V for ±5V, etc. 

Not. 5: Externally adjustable to zero. -

AC Electrical Characteristics T A = 25°C, (Note 61 

PARAMETER CONDITIONS MIN' TYP MAX UNITS 

Voltage Mode ±1 LSB Settling Time 

DAC1285,DAC1286 VE<1 mV , 1.5 3.0 /lS 
DACI280C VE::;5mV 1.5 3.0 p.s 

Voltage Mode Full·Scale Settling Time VE::;l mV 2.5 5.0 p.s 

Current Mode Full-Scale Settling Time RL = 100n 300 ns 

Voltage Mode Slew Rate -IOV::; VOUT::; +10V 20 VI/ls 

Not.6: Nottested, guaranteed by design. 
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Connection Diagram 
Dual-In-Line Packaga 

2-1 I 
(MSB)"":' U ~VREF OUTPUT 

2-22 ~ FULL-SCALE 
ADJUST 

2-32 ~'5V 

2-4....! ~~NALOGAND " 

DIGITAL GND 

2-52 20 CURRENT ' 
F-MoDE OUTPUT 

" 

2-U-! r!!-20V RANGE 

2-1..2. ~'OVRANGE 

2-s2 1!..~IPOLAR 
OFFSET* 

2-92 1!.VREF INPUT 

2-IO ..!.!!. 15 VOLTAGE 
';';"MOOE OUTPUT 

2-11..ll .!i-15V 

2-1~ • ..!!. 
(LSSI 

.!!..5V 

TOP VIEW 

*Nc in BCD model. 

Typical Performance Characteristics 

Maximum Power Dissipation 
2,5 

2.25 

" ~JA = 4~oCNI ~ 2 r---
z 1.5 '\ 
0 I\. ;:: .. 1.25 ... \ iii I 
is 

" 0: 0.15 ... 
\ ;: 

0 0.5 ... 
0.25 

0 
0 25 50 

\ 
15 100 125 150 

TEMPERATURE (OC) 

Functional Description 

The DAC1280 series is a sophisticated D/A building 
block. The user is encouraged to read the following 
applications information before applying power to the 
device. Refer to National Semiconductor Application' 
Notes AN-156 and AN-159 for additional' applications 
information. ' 

Selection of, power supplies is important in applications 
requiring 0.01% accuracy. The ±15V supplies should be 
well regulated (±15V ±0.1% w,ith less than O.5,mVrms 
of output noise and ripple. 

To realize full speed capability of the device, all 3 power 
supply leads should be bypassed no further than 1/2 inch 

from the' device, with i J.lF tantalum electrolytic capa­
citors in p,arallel with 0.01 J.lF ceramic disc capaCitors. 

VOLTAGE MODE OPERATION 

The DAC1280, DAC1285 binary and DAC1286, 
DAC1287 BCD D/A's provide internal scaling resistors, 

, which permit, a wide range of, bipoiar and unipolar 
output configurations. Bipolar outp~t formats of ±2.5V, 
±5V, ±10V and unipolar formats of 0 to 5V and 0 to 
10V are possible using resistor strap options included 
within the device. Table I and Figures 1-4 summarize the 
proper pin connections required for these formats. 
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Functional Description (Continued) 

TABLE I. Output Voltage/Current Ranges for OACI280 Seri .. 

OUTPUT 
DIGITAL INPUT CONNECT CONNECT CONNECT 

VOLTAGE 
RANGE 

CODE PIN 15 TO PIN 16 TO PIN 17 TO 

±lOV Complementary Offset Binary 19 24 20 

±5V Complementary Offset Binary 18 24 20 

±2.5V Complementary Offset Binary 18 24 20 

+lOV Complementary 8inary 18 24 21" 

+5V Complementary Binary 18 24 21" 

±lmA Complementary Offset Binary NC 24 20 

-2mA Complementary Binary NC 24 21" 

+10V Complementary BCD 19 24 NC 

-1.25 mA Complementary BCD NC 24 NC 

*OPtional. no connection necessary 

r-

A3 
12·DIT CURRENT MODE D/A 

DAC128D, DAC1285 -= I 

~------------------------~ 

r-

VOUT = (0 to 1.9995 mAl (R20+ R211 -(S.3V/R23)(R21 + R22) 
(0 to 1.9995mA) (10k) - (I mAl (10k) 
-IOV to +9.995V 

I LSB = 20V /409S = 4.88 mV 

FIGURE I •• IOV Bipolar Operation 

A3 
12·BIT CURRENT MODE D/A 

I 

DAC1280, DAC1285 -= I , I 

~------------------------~ 
VOUT = (0 to 1.9995 mAl (R20) - (R20/R23)(S.3V) , 

(0 to 1.9995 mAl (5k) - (5k/S.3k) (6.3V) 

-5V to 4.9975V 
I LSB = IOV/4096 = 2.44 mV 

FIGURE 2. ±5V Bipolar Operation 
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VOUT 

VOUT 

CONNECT 
PIN 19TO 

15 

NC 

20 

NC 

20 

NC 

NC 

15 

NC 
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Functional Description (Continued) 

(OPTIONAL) 

... """""' ...... '--:t--
R23 

r-

6.3k 

A3 
12·BIT CURRENT MODE D/A 

V"UT 

I 

DAC12BO.OAC1285 . - ! 
~--~--------------~----~-~ 

VOUT = (0 to 1.9995 mAl (R20) 
(0 to 1.9995 mAl (5k) 
o to9.9976V 

,1 LSB = 2.44mV 

FIGURE 3. 10V Unipolar Oparation 

r-

A3 
12·BIT CURRENT MODE O/A VOUT 

I 

DAC1286. DAC1287 . - ! 
~------------------------~ 

VOUT = (0 to 1.24876 mAl (R20 + R21) 
(0 to 1.24875 mAl (8k) . 

o to 9.990V 
lLSB= 10mV 

FIGURE 4. 10V BCD Operation 

CURRENT MODE OPERATION 

Current mode applications which make use of an external 
op amp, comparator, or a resistive load are'possible with 
the DAC1280 series using pin 20. When an external op 
amp is used, the internal scaling resistors should be . 
utilized to minimize full·scale drift. Configurations 
shown in Table I apply directly. Figure 5 shows one 
application using an external fast oper,ational amplifier. 

Current mode operation into a resistive load' should 
also utilize the internally supplied resistors. A com· 
pliance restriction of ±2.5V at pin 20 is required for 
operation in the current output mode.' . 

OFFSET AND FULL-SCALE ADJUST 

The DAC12BO series may be offset and full·scale adjusted 
using the circuit shown in Figure 6. Offset voltage 
should be adjusted first. A logic "1" (~ 2V) should be 

8·136 

applied to all logic inputs. In bipolar mode, the offset 
is adjusted to equa.1 minus full·scale. In unipolar mode, 
the offset is adjusted to read OV at the output. Full· 
scale is then adjusted by applying a logic "0" (:::; 0.8V) 
to all inputs for binary operation. For BCD, apply 
01"1001100110 input coding. The range of R1 and R2· 
shown ,in Figure 6 is approximately ±0.2% of full-scale 
for the values shown. 

A 30 second "warm·up" period should be allowed (after 
power turn·on) before makin,g ttie above adjustments. 

LOGIC INPUT CODING 

The logic inputs to the. DAC1280 series are comple­
mentary; i.e., a given bit is turned ON by an active 
low input. Table II summarizes input status for unipolar 
and bipolar codes. 



Functional Description (Continued) 

REFERENCE SUPPLY 

The DAC1280 series is supplied with an internal 6.3V 
'reference supply veltage (pin 24')., In .order te .obtain 
the specified perfermance, pin 24 sheuld be cennected 
te the Reference Veltage Input (pin 16). Since the 
reference is buffered by an ep amp. the reference may 
be used externally a~ currents up te 5 mAo The reference 
.output is shert-circuit limited te a neminal 20 mAo An 
external reference veltage may be used with the DAC1280 
series. Veltaae values between 5V and 11 V will werk' 
satisfacterily. Full-scale current may be predicted by: 

I FULL-SCAl:.E= (VREF) (0.317381 mAN) 

LOGIC INPUT COMPATIBILITY 

The design ofthe current mode switches in the DAC1280 
series give the device true TTL cempatibility. It is TTL 
cempatible over the entire operating temperature range 
and is independent of the reference veltage and Vec. 
Furthermere. since the input breakdewn ratings are in 
excess .of 18V, the DAC1280 series may be driven directly 
from high (.or lew) voltage CMOS . 

TABLE \I 

INPUT CODE (Note 7) 
UNIPOLAR OUTPUT·RANGES 

OUTPUT 
CODE TYPE 

STATE Ot05V 
0-21TJA 

MSB LSB Oto 10V 
0-1.25mA 

Unipolar 0 0 0 0 0 0 0 0 0 0 0 0 Full-Scale 9.9976V 4.9988V -1.9995 mA 

Complementary 1 1 1 1 1 1 1 1 1 1 1 0 1 LSB ON 0.0024V 0.0012V 0.Ooo5mA 

Binary 1 1 1 1 1 1 1 1 1 1 1 1 Zero-Scale O.OOOOV O.OooOV O.OooOmA 

Unipolar a 1 1 a 0 1 1 0 0 1 1 0 Full·Scale 9.990V 1.2488 inA 

Complementary 1 1 1 1 1 1 1 1 1 1 1 0 1 LSB ON 0.010V 0.00125mA 

BCD 1 1 1 1 1 1 1 1 1 1 1 1 Zero-Scale O.OOOV 0.0000 mA 

INPUT CODE (Note 7) OUTPUT BIPOLAR OUTPUT VOLTAGE RANGES 
CODE TYPE 

LSB STATE .10V .5V ~2.5V .1 mA MSB 

Bipolar 0 0 0 a 0 0 a 0 0 0 0 0 F.ull-Scale 9.9951 V 4.9976V 2.4988V ~.9995mA 

Complementary 0 1 1 1 1 1 1 1 1 1 1 1 Half·Scale O.OOOOV O.ooooV O.OOOOV O.oooomA 

Binary 1 1 1 1 1 1 1 1 1 1 1 a 1 LSB ON -9.9951V -4.9976V -2.4988V 0.9995mA 

'1 1 1 1 1 1 1 1 1 1 1 1 Zero-Scale -10.0000V -5.00OOV -2.5000V 1.0000 mA 

Note 7: Logic input sense is such that an active low (VIN:5. O.8V) turns a given bit ON and'is represented as a logic "0" in the table. 

r-

R23 
6.3k 

A3 
12·BIT CURRENT MODE D/A 

DAC12BO. DAC1285 

EXTERNAL 
OPAMP 

>--+-oVOUT 

I 

~------------------------~ 

FIGURE 5 •• 10V Bipolar Operation ~ith External Operational Amplifier 
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Functional Description (Continued) 

15V 

DIGITAL 
INPUTS 

DAC1285, 
DACI286 

1'3 1'4 1'5 1'6 1'7 1'8 1'9 
R2 (OFFSET) >l1-----..A,J'\/,"''''''""-----..1 

10k-lOOk, lOT 3.9M 

-15V 

c 
15V 

20 121 122 23124 

,'" ~ R1(FULL SCALE) 
IBM ~ 10k-lOOk, lOT 

O.OI"FT 

-15V 

FIGURE 6. Full·Scale and Adjustment Circuits 

Ordering Information 

PART NUMBER 
BINARY BCD 

DAC1285HD DAC1286HD 

DAC1285HCD DAC1286HCD 

DAC1280HCD DAC1287HCD 

'See NS Package D24A 

25°C 
LINEARITY 

0.01% 

0.01% 

0.025% 
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PACKAGE 
TEMPERATURE 

RANGE 

DIP -55°C to +125°C 

DIP -25°C to +85°C 

DIP -25°C to +85°C 



~National 
~ Semiconductor 

A to 0,0 to A 

DM2502, DM2503, DM2504 Successive Approximation 
Registers 
General. Description 
The DM2502, DM2503 and DM2504 are B·bit and 12·bit 
TTL registers designed for use in successive approxima­
tion AID converters. These devices contain all the logic 
and control circuits necessary in combination with a 
D/A converter to perform successive approximation 
an·alog-to-digital conversions .. 

The DM2502 has B bits with serial capability and is not 
expandable. 

The DM2503 has B bits and is expandable without serial 
capabil ity. 

The DM2504 has 12 bits with serial capability and 
expandability. 

All three devices are available in ceramic DIP, ceramic 
flatpak, and molded Epoxy-B DIPs. The DM2502, 

Logic Diagram 
DO 

DM2503 and DM2504 operate over -55°C to +125°C; 
the DM2502C, DM2503C and DM2504Coperate over 
O°C to +70°C. 

Features 
• Complete logic for successive approximation AID 

converters 

• B-bit and 12-bit registers 
• Capable of short cycle or expanded operation 
• Continuous or start-stop operation 
• Compatible with DI A converters using any logic code 

• Active low or active high logic outputs 
• Use as general purpose serial-to·parallel converter or 

ring counter 

IDM25D2. 
DM25D4J 01 fll! D6110} ~[~~Qi,- - - ;;;(;1- - - ~ QO 

0.7(111 

CP~"2 
~", 

I I 
I I 
I I 
I I 

L ___________ J 
Notal: Celllall'cJsrepeatedfo,reglltentlg~ 

os to' 01 DM2502, DM25D3 
091001DMZ5Q4 

Nota Z: NumblJs In pllintheses'rt lor DM2504 .. 

Connection Diagrams (Dual-In-Line and Flat Packages) 
DM2502, DM2503 DM2504 

0' no n, CP 

J" IS .. 11 12 II to , 

-

I 
, Z J 4 , , 

I' I' 
IOM25I2J Occ 

DO 
OJ GNO D. 0' QZ 

(DM2Sa31 
r 

TOP VIEW 

Order N~mber DM2502J: DM2502CJ, DM2503J 
orOM2503CJ 

See NS Package J16A 
Order Number DM2502CN or DM2503CN 

See NS Package N16A 
Order Number DM2502W, DM2502CW, DM2503W, 

orDM2503CW 
Se. NS Package W16A 

I .. 

r-

, 
-
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CP 

2J 22 21 20 19 1B 11 " " .. 11 

-

Z J 4 , , , • , to 11 112 
DO Dec DO 01 02 03 04 05 Nt D GNU 

TOP VIEW 

Order Number DM2504F or DM2504CF 
See NS Package F24A 

Order Number DM2504J or DM2504CJ 
See NS Package J24A 

Order Number DM2504CN 
See NS Package N24A 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

MIN 'MAX UNITS 

Supply Voltage 7V Supply Voltage, VCC 
Input Voltage 5.5V DM2502C, DM2503C, 4.75 5.25 V 
Output Voltage 5.5V DM2504C 
Storage Temperature Ran'ge ~ -65°C to +150°C DM2502, DM2503, 4.5 5.5 V 
Lead Temperature (Soldering, 10 seconds) 300°C DM2504 

Temperature, T A 
DM2502C, DM2503C, 0 +70 °c 
DM2504C 

DM2502,DM2503, -55 +125 °c 
DM2504. 

Electrical Characteristics (Notes 2 and 3) Vee ~ 5.0V, TA ~ 25°C, CL ~ 15 pF, unless otherwise specified. 

PARAMETER 

Logical "1" Input Voltage (V IH ) 

Logical "1" Input Current (I'H) 
CP Input 

D, E, S Inputs 

All Inputs 

Lo~ical "0" ~nput Voltage (V ll ) 

Logical "0" Input Current Old 
CPo S Inputs 
D. E Inputs 

Logical "1" Output Voltage (V OH ) 

Output Short Circuit Current 

INote 41 Iiosl 

Logical "0" Output Voltage ,(VOl.) 

Supply Currenf'Occl 

DM2502C 
DM2502 
DM2503C 
DM2503 
DM2504C 
DM2504 

Propagation Delay to a Logical "0" 
From CP to Any Output (tpdo) 

Propagation Delay to a Logical "a .. 
From E to 07 10111 Output (tpdo) 

Propagation Delay to a Logical "1" 
From CP to Any Output ~tpdl) 

Propagation Delay to a Logical "1" 
From E to Q7 (011) Output (tpd 1) 

Set-Up Time Data Input (t1(DI) 

Set-Up Time Start Input (t5(5') 

Mini~um Low CP Width (tPWL) 

Minimum High CP Width (tpwHl 

Maximum Clock'Freq~ency (fMAxl 

CONDITIONS 

Vee = Min 

Vee == Max 
V 1H == 2.4V 
V 1H =:: 2.4V 

V 1H = 5.5V 

Vee == Min 

Vee'=' M'ax 

,v'L'" O.4V 
V fL '" DAV 

Vee = Min, IOH = --D.48 mA 

Vee =- Max: V OUT "" O.OV: 

Output High; CP, 0, S, High; 

E Low 

Vee = Min, IOl == 9.6 mA 

Vee :0 Max, All Outputs' Low 

CP High, SLow 

DM2503, DM2503C, DM2504, 
DM2504C Only 

CP High, SLow 

DM2503,DM2503C, DM2504, 
DIVI2504C Only 

MIN 

2.0 

2.4 

-10 

10 

10 

-10 

o 

15 

TVP 

-1.0 
-1.0 

3.6 

'-20 

0.2 

65 
65 
60 
60 
90 
90 

18 

16 

26 

13 

4 

9 

30 

17 

21 

MAX UNITS 

V 

40 ~A 

80 ~A 

1.0 mA 

0.8 V 

-1.6 mA 
-3.2 mA 

V 

-45 mA 

0.4 V 

95 mA 
85 mA 
90 mA 
80 mA 
124 mA 
110 mA 

28 ns 

24' ns 

: 

38 ns 

19 ns 

8 ns 

16 ns 

42 ns 

24 ns 

MHz 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. I 

Note 2: Unless otherwise specified minimax limits apply across the -5SoC to +12SoC temperature range for the DM2502, DM2503 and DM2504, 
and acros, the O°C 10 +70°C range for the DM2502C, DM2503C and DM25D4C. Ali typical, are given for VCC = 5.0V and TA = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value, basis. 

Note 4: Only one output at a time should be shorted. 
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. Application Irlformation 
OPERATION 

The registers consist of a set of master latches that act 
as the control elements in the device and change state 
on the· input clock high-to-Iow transition and a set of 
slave latches that hold the register data and change on 
the input clock low-to-high transition. Externally the 
device acts as a special purpose serial-to-parallel converter 
that accepts data at the D input of the register and sends 
the data to the appropriate slave latch to appear at the 
register output and the DO output on the DM2502 and 
DM2504 when the clock goes from low-to-high. There 
are no restrictions on the data input; it can change state 
at any time except during a short interval centered about 
the clock low-to-high t~ansition. At the same time that 
data enters the register bit the next less significant bit 
register is set to a low ready for the next iteration. 

The register is reset by holding the S (Start) signal low 
during the clock low-to-high transition. The register 
synchronou·sly resets to the state 07 (11) low, and all 
the remaining register outputs high. The ace (Conver· 
sian Complete) signal is also set high at this time. The S 
signal should not be brought back high until after the 

. clock low-to-high transition in order to guarantee 
correct resetting. After the clock has gone high resetting 
the register, the S signal ·must be removed. On the next 
clock low-to-high transition the data on the D input is 
set into the 07 (11) register bit and the 06 (10) register 
bit is set to a low ready for the next clock cycle. On the 
next clock I\>w-to-high transition data enters the 06 (10) 
register bit and 05 (9) is set to a low. This operation is 
repeated for each register bit in turn until the register 
has been filled.· When the data goes into 00: the ace 
signal goes low, and the register is inhibited from further 
change until reset by a Start signal. 

The DM2502, DM2503 and DM2504 have a specially 
tailored two-phase clock generator to provide non­
overlapping ·two-phase clock pulses (i.e., the· clock 
waveforms .intersect below the thresholds of the gates 

Timing Diagram 

they drive). Thus, even at very slow dV/dt rates at the 
clock input (such as from relatively weak comparator 
outputs). improper logic operation will not result. 

LOGIC CODES 

All three registers can be operated with v.arious logic 
codes. Two's complement code is used by offsetting the 
comparator 112 full range + 1/2 LSB and using the 
complement of the MSB (07 or (11) with a ·binary D/A 
converter. Offset binary is used in the same manner but 
with the MSB (07 or 011). BCD D/A converters can be 
used with the addition of illegal code suppression logic. 

ACTIVE HIGH OR ACTIVE LOW LOGIC 

The register can be used with either D/ A converters that 
require a low voltage level to turn on, or D/ A converters 
that require a high voltage level to t·urn the switch on. If 
D/ A converters are used which turn on with a low logic 
level, the resulting digital ·output from the register is 
active low. That is, a logic "1" is represented as a low 
voltage level. If D/A converters are used that turn on 
with a high logic level then the digital output is active 
high; a logic "1" is represented as a high voltage level. 

EXPANDED OPERATION 

An active low enable input, E, on the DM2503 and 
DM2504 allows registers to be connected together to 
form a longer register by connecting the clock, D, and S 
inputs in parallel and connecting the Oee output of one 
register to the E input of the next less significant 
register. When the start signal resets the register, the E 
signal goes high, forcing the 07 (11) bit high and 
inhibiting the register from accepting data until the 
previous register is full and its ace goes low. If orily 
one register is used the E input should be held at a low 
logic level. 

DM2502. DM2503 

., 1 1 

.Sf I L-J 

.'1 1 

.'i 1 L-J 

.'I::::J 
OUTPUTS 

., 1 I· L-J 

.'I::::J 

.oc:::::J 
De, 1 1 
DO 
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Application Information (Continued) 

SHORT CYCLE 

'If all bits are not required, the register may be truncated 
and conversion time saved by using a register output 
going low rather than the Oee signal to indicate the end 
of conversion. If the register is truncated and operated 
in the continuous conversion mode, a lock-up condition 
may occur on power turn-on. This condition can be 
avoided by making the start input the OR function of 
Oce and the appropriate register output. 

COMPARATOR BIAS 

To minimize the digital error below ±1/2 LSB, the 
comparator must be biased. If a D/ A converter is used 
which requires a low voltage level to turn on, the 
comparator should be biased +1/2 LSB. If the D/A 
converter requires a high logic level to turn on, the 
comparator must be biased -1/2 LSB. 

D~finition of Terms 
CP: The clock input of the register. 
0: The serial data input of the register. 

DO: The serial data out., (The 0 input delayed one bit). 

E: The register enable. This input is ,used to expand the 
length of the register and when high forces the 07 (11) 
register output high and inhibits conversion. When not 
used for expansion the enable is held at ~ low logic level 
(ground). 
0i i = 7 (11) to 0: The outputs,of the register. ' 
Occ: The conversion complete output. This output 
remains high during a conversion and goes ,low when a 
conversion is complete .. 
07 1111: The true output of the MSB of the register. 
Q7 (11): The complement output of the MSB of the 
register. 
S: The start input. If the start input is held low for at 
least a clock period the register will be reset to 07 (11) 
low and all the remaining outputs high. A start pulse that 
is low for a shorter period of time can be used if it 
meets the set-up time requirements of the S input. 

Truth Table DM2502, DM2503 

TIME INPUTS OUTPUTS' 

to 0 S e2 003 07 06 05 04 03 02 01 

0 X l l' X X X X X X X X 

1 07 H l X l H H H H H H 

2 06 H l 07 07 l H H H H H 

3 05 H l 06 07 06 l H H H H 
4 04 H l 05 07 06 05 l H H H 

5 03 H l 04 07 06 05 04 l H H 

6 02 H l 03 07 06 05 04 03 l H 

7 01 H l 02' 07 06 05 04 03 02 l 

8 DO H l 01 07 06 05 04 03 02 01 

9 X H l DO 07 06 05 04 03 02 01 

10 X X l X D7 06 05 04 03 02 01 

X X H X H NC NC NC NC NC NC 

Not. 1: Truth table for OM2504 is extended to include 12 outputs. 

Not. 2: Truth table for DM2502 does not include E column or last line in truth table shown. 

H .. High Voltage Level 
L .. Low Voltage Level 

X '" Don't Care Not.3: Truth table for OM2503 does not include 0,0 column. 

Typical Applications· 

DO 
CLOCK CP DMZIDZ 

lice 
01 III as 1M 0.3 Q2 01 no 

D/A CONVERTER 

Active High 

NC .. No Change 

DO 
CLOCK DM2&D2 

01 01 0.5 04 Q3 OZ Q1 DD 

alA CONVERTER 

Active Low 
BCD 111 ... 1 Coda Su __ on 
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H H 

,H H 
H, H 

H H 

H 'H 

H H 

H H 

l H 

DO l 

DO l 

NC NC 



Typical Applications (Continued) 

High Speed 1 2-Bit AID Converter 

,. ·'Lo• 

~B L 1 - " Jl...fUU '" ! Dc, 

CLOCK ·IJ 
DO~~~~U\ cp 

INPUT DM25D4 

,f' 
SAR , 

D 

LS' MS • 

'~4 5 
. , • 9 1617 '.'9 2021 

PARALLEL 
OUTPUT 

, , 3 • , . , I . " 1112 

~ " ." LSI ~I~ 
'~" 

, . 
* " 

~A " Aonao 

'"F~~ 
1...,U 10k 10k ~~ ""'I"" 24 r REFIf1I REFoUT 

U" " 1& " 
---< ,~ 1to'.91' 

UM 
IO.DV 
REF 

.. 
." . , 

'" ovro IOV 

Switching Time Waveforms 

AT lEAST AT LEAST 

---uv 

WAVEFORMS INPUTS OUTPUTS 

MustiaesttHy Will bl study .. Mly Wn. frlNll Will .. chlnting 
N .. , fromH tal 

• Mlydtlnpltom WlU IN dIIft.", 
LtDH frDmltoH 

- Oon'IQn: lay ChanglRl:stlU ............... IInlinDWII 

I f~=======:J-\-t-:========I.5V ENAllETOIUUll (DMHG3,DMZ&94', ______ --'_ '" cp •• 

Q7(11) ________ ~_ ...... ~ ~"" •• ' ~ ... ,~... 1.5V I'L 
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~National 
~ Semiconductor 

A to 0, D to A 

BI-FET Technology 

LF13300 Integrating AID Analog Building Block 

General Description 
The LF1330Q is the analog section of a precision inte­
grating analog-to-digital (A/D) system. JFET and bipolar 
transistors (BI-FET) are combined on the same chip to 
provide a high input impedance unity gain buffer, 
comparator and integrator, along with 9 JFET analog 
switches. The LF13300 has sufficient resolution to 
construct up to a 4 112-digit Digital Panel Meter (DPM) 
or a 12-bit (plus sign) Data Acquisition System and is 
specifically designed for use with either the ADB4510 
BCD digital building block or the ADB1200 (MM5863)* 
12-bit binary building block. 

*See ADB1200 (MM5B63) data sheet for more information. 

Block and Connection Diagrams 

Features 
• Rugged JF ETs allow blow-out free handling 
• ,High input impedance' 10,000 Mil typ 

• Automatic offset correction 
• Analog circuitry can be physically and electrically 

'isolated" from high noise digital circuits 
• Analog input range of ±11V with ±15V supplies 
• Wide power supply voltage range ±5V to ±18V 
• TTL and CMOS compatible logic 
• Can interface directly with microprocessors 
• Versatile: can be used as a 12-bit plus sign binary 

A/D, 4 1/2-digit, 3 3/4-digit and 3 1/2-digit Digital 
Panel Meter (DPM) 

• Low cost 

ANALOG 
DFFSETtORRECTION 

ANALOG UNKNOWN 
CAPACITORS 

'ND ,""" REFERENCE BUFFER 
COC3 (.1101 (V,, IIilPUTIVRi OUT 

17 " 15 " Dual-In-Line Package 

POWER 1 11 ANALOG 
SUPPLYGND ON' 

II' ; 17 ANALOG 

" IN'UT 
COMPARATOR 3 1& YREFIIil 

, OUT 

SB 158UfFER 

'UT 
" NEG RAMP 5 14 DPAM' 

UIIKNOMI " POLDETf.OS I 110'AMP 
RAMP UNKNOWN OUT 

OFFSET 7 ", 
to" CORRECT 

RAM' I lIeOCI 
R£fERElltE 

DIGITAL' IDCOeJ 
GND 

TOP VIEW 

POWEIISUPJlLY v' _ OPEN-tOLLECTOR NEGATIVE RAMP POLARITY i,OFFSET .AM' DIGITAL Order Number LF133000 
GNOIPSGI COMPARATOR OUT UNKNOWN (RU-) DETIPOS. CORRECT REfERENCE GNUIOGI See NS Package 018A (COMPI " .. MPHIfKNOWN 10tl (RHI 

IPDIRU'tJ 

TOI'VIEW 
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Absolute Maximum Ratings 

Supply Voltage ±18V 
Po~er Dissipation, (Note 1) 570mW 
Junction Temperature 110°C 
Storage Temperature Range -65°C to +150°C 
Operating Temperature Range O°C to +70°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

'"'-

.Electrical Characteristics (VS = ±15V, TA = 25°C, unless otherwise noted) 

TEST LF13300 
PARAMETER. CONDITIONS UNITS 

CIRCUIT MIN TYP MAX 

Analog Input Current, liN Vx =0 1,2 80 500 pA 

TMIN~TA~TMAX 5 nA 

Analog Input Voltage Range Vx Adjusted untillllNI ~ 10 nA 1,2 ±11 V 

Analog I nput Resistance Vx =0 1,2 10,000 MQ 

Reference Input Currents, I R VR. = 10V 1 100 nA 

TMI'N ~ T A ~ TMAX 3· 10 IJA 

Reference Input Vqltage Range VR Adjusted until II RI :;::: 10 IJA 3 0 11 V 

Reference I nput Resistance VR = 10V 3 1000 MQ· 

Offset Correction Voltage, -VB 4 -12 V 

Offset Correction 5 20 2000 pA 

Input Current, IOC 5 20 nA 

Op Amp Slew Rate 6 10 V/IJs 

Op Amp Bandwidth 7 3 MHz 

Buffer Slew Rate 9 25 V/IJs 

Comparator Response Time 200 IJV Input StoP. 100 IJV .11 2.5 IJS 

Overdrive 

Comparator Output Saturation VCC = 5V, RL = 2k, 11 0.25 0.4 V 

Voltage TMIN~TA~TMAX 

Logic "1" Input Voltage All Switching Input Pins 5, 6. 2.0 5.0 V 

7.8, TMIN~TA~TMAX 

Logic :'0" Input Voltage All Switching Input Pins 5, 6, -2.0 0.8 V 

7,8, TMIN ~TA ~TMAX 

Logidnput Current All Switching Input Pins 5, 6. 15 50 IJA 
,. 7 •. 8.0~VL~5V. TMIN~ 

TA~TMAX 

Power Supply Voltage Range ±VS VR ~V+ -3V. VIN = OV ±4.75 ±18 V 

3.0 mA 

-5.5 mA 

TMIN ~TA ~TMAX ±11 mA 

Note 1: For operating at elevated temperatures, the LF13300 in the dual-in-line package must be derated based on the thermal resistance of 
10rf'C/W ju.,~tion to ambient. 
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Typical Performance Characteristics' 
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Functional Description 

The LF13300 goes through the following 5 states 
during normal cycle: 1) Offset Correction; 2) Polarity 
Determination; 3) Initialization; 4) Ramp Unknown; 
5) Ramp Reference 

Offset Correction Description (Figure 1) 

The Offset Correction scheme will drive the input of 
the comparator to its switching threshold when the 
analog input is zero and the timing components, RC, 
are bypassed. 

The Offset Correcti~n input (OC) is driven high, closing 
switches 54-59. 
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The offset voltages are assigned as follows: V051 ..,.. the 
input offset voltage of the buffer; V052 - the input 
offset voltage of A'l; V053 - the input offset voltage of 
A2; V054 - the input offset voltage of the comparator. 

55 grounds the input of' the buffer so that its output 
voltage is simply V051. 56 bypasses R to keep the 
integration time constant, RC, from affecting the 
circuit operation. 54 makes the total equivalent input 
voltage to A 1 be -VOSl - V052. 57 puts the op amp 
in a unity gain configuration with respect to the input 
of A2. S8 keeps the output voltage of the op amp at 
-VB + VOS4 = -VB' (the Offset Correction potential) 
since the comparator is placed inside the loop. C3 
samples the output of the -VB generator. The voltage 
at the non·inverting input of A2 is -VB - V051 -



Functional Description (Continued) 

V052 - V053 + V054 = V1. Thus, the sum of the 
offsets is stored on C1, and the differential voltage 
across the comparator is zero. 

Polarity Determination (Figure 2) 

The simplified diagram of the LF13300 in the Polarity 
Determination state is shown in Figure 2. 5S and 53 are 
closed during this period. 5S grounds the buffer input 
and Vx (the I.mknown voltage) is applied through 53 to 
the non-inverting input of A 1. The equation that des­
cribes the op amp output voltage is given in Figure 2. 
When Vx is applied to A 1 at t1, the output of the op 
amp slews to Vx and is integrated until t2, when 53 
opens and 54 closes. At t2, VOUT slews down by -Vx 

leaving 1 Jt2 - VXdt - VB' at the op amp output. 
RC t2 

Just before t2, the comparator senses the op amp output 
with respect to -VB; the comparator output goes high 
if Vx > 0 and remains low if Vx ~ O. 

I nitialization (Figure 1) 

During initialization, the configuration is the same way 
as it is in the Offset Correction state and the op amp 
output is brought back to the Offset Correction poten­
tial-VB'· 

Ramp Unknown (Figures 2 and 3) 

In the Ramp Unknown state, if Vx 2 0, 53 and 5S are 
closed, as shown in Figure 2, and Vx is applied to the 

aUF OUT R OP AMP IN 

r-----
I + 

I 
I 
I 
I 
I 

15 14 

V2 = -Va+ VOS4 

+ input of the integrator. If Vx < 0, the device is 
connected as in Figure 3 with 52 and 54 closed. Vx is 
now applied through the buffer to the - input of the 
integrator. In either Ramp Unknown case, the op amp 
output ramps in the positive direction and Vx is applied 
to a high impedance JFET input. 

Ramp Reference (Figure 4) 

In this state, the LF13300 is co"nfigured with switches 
51 and 54 closed. The reference voltage, VR, a positive 
voltage, is' applied to the buffer input and the op amp 
output ramps down until VOUT = -VB' where the 
comparator will trip. 

If Vx and VR are assumed to be constant over their 
respective integration periods, the integrals of Figure 4 
are reduced to, 

Vx (t4 - t3) VR (ts - t4) 

RC RC 

or 

5ince t4-t3 = 4096 clock periods and tS-t4 can be 
measured in clock periods, VXf\(R = X/212, where X is 
a digital binary output representing an analog input 
Vx with respect to YR. 

OPAMP OUT COMPOUT 

-Va' = -Va + VOS4 

13 

S8 

I VI = -Va - VOSI - VOS2 - VOS3 + VOS4 

I 
I L,,6-r 

VR Vx 

-VB 

10 t-ti.+.H;'~'T'-
Vs -Vs RU- PO/RU+ OC RR 

ANALOG GNO ... ----4~--4 ..... -....I ~~~ER . 

AG 

18 

COC2 

FIGURE 1. Offset Correction Circuit 
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Functional Description (Continued) 
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FIGURE 2. Polarity Determination Circuit or Ramp Unknown Circuit for Vx 2: 0 

. 1 J~ 
VOUT = -VB' + - Vx dt: Ramp Unknown for Vx < 0 

RC tJ 

BUF OUT R OP AMP IN 

r-----
I + 

I 
I S2 

I 
I 
I 
I 
I 
I 
L "?i--': AG 

116 11 1B 
VR Vx COC2 

OP AMP OUT COMPOUT' 

SZS4 

Vs -Vs RU- PO/RU+ DC nn, 

rnt-"ti.f.-fT-r--
ANALOG GNO ... - .... -......j~-..1 ~~~R . 

FIGURE 3. Ramp Unknown for Vx < 0 
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Functional Description (Continued) 1 
VOUT* = -VB' + RC (j t4 jts )' 

t3 Vx dt - t4 VR dt 

r-----
I + 

S1 

DPAMPOUT 

13 voTr------

CQMPOUT 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
L AD V' v- S1~S4 DO I 

wr-rls'I'~rl' .:- , 
t--~~........... POWER DIGITAL 

ANALOG GND UNO OND 

*More accurately 1 (J ts+a J t4 ) 
VOUT=-VB'+- VRdt+ VXdt +0 

RC ~ ~ 
Where 6 is the incremental voltage overdrive needed to fully switch the comparator 
and l!J. is the sum of the additional time required to develop 8 and the comparator 
propagation delay", 

FIGURE 4. Ramp Reference Circuit 

12-Bit AID Converter Electrical Characteristics 
12·bit plus sign. (LF13300 with ADB1200 (MMS863)). (VR'= 10.000V, FC= 2S0 kHz, O°C~T A ~ +70°C unless otherwise noted.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resolution (Note 3) VR = S.OOOV, -10V~VX~+10V 13 Bits 

FC = 12S kHz, TA = 2SoC Bits 14 

Non·Linearity 

Ratiometric Gain Error (Def.) 

Gain Error Drift 

Zero ~eading Drift 

Analog Input Voltage Range 

Vx = ±10.000V, T A = 2SoC, (Note 2) 

Vx = 10.000V 

Vx = OV ' 

Analog Input Leakage Current Vx = OV, T A = 2SoC 

Analog Input Resistance Vx = OV, TA = 2SoC 

Reference Input Voltage Range' VR Varied, T A = 25°C 

Reference Input Leakage Current VR = 10.000V, TA = 2SoC 

Reference Input Resistance 

Start Conversion Pulse Width 

Conversion Time 

lSV Supply Currents 

,-lSV Supply Currents 

SV Supply Currents 

VR = 10.000V, TA = 2SoC 

VSC = 2.4V 

VIN = 10.000V 

tc = B960/FC 

LF 13300, V+ Current 

LF13300, V- Current, ADB1200 

(MMSB63), VGG Current 

VIN =OV, ADB1200 (MMS863), 

VSS Current 

±11 

100 

4 

100 

2.4 

±1/8 

±1/2 

±1 

±O.S 

±12 

BO 

1000 

1000 

27 

23 

±112 

±2 

soD 

12 

100 

36 

11 

45 

39 

LSB 

LSB 

ppmtC 

ppmtC 

V 

pA 

Mn 
V 

nA 

/.IS 

ms 

mA 

mA 

mA 

Note 2: The AID conv~rter system must have been operational for a minimum of 30 seconds before this measurement is made. This is to relax the 
dielectric absorption effects of the integration capacitor, C. 
Note 3: Polarity and Overrange outputs are considered as additional output bits. 
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12·Bit AID Converter Circuit and Timing Diagrams 
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.vo--------+----------------~ 
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FIGURE 5. 
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Application Hints 

Increasing the Input Impedance of the LF13300, 
MM5863 12·Bit AID Converter 

The input impedance of the LF13300, ADB1200 
(MM5863) AID converter can be increased 1 to 2 orders 
of magnitude over the typical 1000 Mn cited in the 
12·bit AID specifications by insuring that' the signals 
that switch the LF13300 do not overlap. A circuit that 
eliminates switching overlap by introducing a Delay 
(td) "" 3.3k x 100 pF "" 300 ns to the rising edge of the 
signals from the ADB1200 (MM5863) is shown in 
Figure 6. Figure 7 shows the operation of this circuit. 
The total delay time tr' of the output will be equal to 
the inherent gate rise time, t r, plus the RC delay, Yd. 
The fall time, tf will be the basic gate delay. 

Nulling the Residual Offset 

The residual offset is < 200 IJ-V which is negligible for 
most applications. This can be reduced to < 40 IJ-V by 
lowering the clock frequency from 250 kHz to about 
75 kHz. If If lower residual offset is required, we may 
trim out the remainder as shown in Figure 8. This 
circuit applies a negative step to the offset correction 
capacitor, COC2, by means of a variable capacitor which 
is adjusted· until charge injection imbalance of the offset 
correction switches are cancelled. 

fROM 
ADBIZOO 
_3) 

rMM14cOil 
RR .... ~"'""";";;--..,.-tD-t- RR' 

I 
I 

RU--t ................ ....;:.-MD-t- RU-' 

I 
I 

TOlF1330D 

PD/RU+ ... ~","""="";;'-.... -t"'---t.._ 
~PDfRU'" 

DFfS'ET 
CORRECTION 

SIGNAL 

.. D.FT I 
.". I 

tul r-'\.....L... DC' 

~ "::1: L...I'""'" 
, ... FT L_.J 

DC • 

FIGURE 6. Overlap Elimination Circuit 

18 

" 
16 

15 

lF1310D 

Cocz 

"~ 
COCI ':" 
"F 

LOW lEAKAGE 
TANTALUM 

Cv 2: pF-2D pF VARIABLE CAPACITOR 

FIGURE 8. Residual Offset Nulling Circuit 
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Eliminating Errors Due to Power Supply Noise 

For many applications, power supply noise (f;::: 10 Hz) 
causes errors which reduces the accuracy of the system. 
In most applications, noise can be adequately eliminated 
by putting a series resistor (lOOn) in the power supply 
line with a 10 IJ-F tantalum capacitor connected at the 
power supply pins (Figure 9). The 10 /-IF capacitor is, 
in addition to the normal 0.1 IJ-F ceramic disc capacitors, 
used as supply bypass capacitors. 

Errors caused by noise on the negative supply, -VS, 
can be further reduced by replacing, COC3 with a 
10 IJ-F low leakage tantalum capacitor. Since -VB is 
3V above -VS, any noise appearing at -VS appears at 
-VB; the 10 IJ-F capacitor eliminates this noise. 

Continuous Conversion Mode 

For using the MM5863 in the continuous conversion 
mode, connect the end of conversion output, EOC 
(pin 23), to the output enable input, OE (pin 3), and 
connect" the start conversion input, SC (pin 2) to 5V. 

Miscellaneous 

Since none of the output pins employ short·circuit 
protection, extreme care should be taken when bread· 
boarding or troubleshooting with the power ON. 

BD-+VO 

v,------! 
• -tiRt 

v,----r 
" 1/----1-/ 

FIGURE 7. Rise Time Oelay Circuit 

.. 0 
v,o--III""'....,+,---....!.f v' 

LF133DD 

FIGURE 9. Power Supply Noise Reduction Circuit 
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Typical Applications 
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FIGURE 10. Continuous Convenion 12-Bit Plus Sign Serial Output AID Using the LF13300 and the MM5863 
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Typical Applications (Continued) 
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FIGURE 11. 12·8it Plus Sign AID in Command Conversion Mode 

4·Channel Differential Multiplexer with Autozeroed 
Instrumentation Amplifier and 12·Bit AID Converter 

Figure 12 shows a low speed, high accuracy, data acqui· 
sition unit where the analog input signal is acquired 
differentially and preconditioned through an LF352 
monolithic instrumentation amplifier. To eliminate 
amplifier offset errors, autozeroing circuitry is added 
around the LF352 and is timed through the ADB1200 
and flip·flop C. Flip·flops A and B form a 2·bit up 
counter for channel select. 

The instrumentation amplifier is zeroed at power·up and 
after each conversion as shown in the timing diagram; 

during autozero the multiplexer is disabled. When the 
. system . does, polarity detection and AID conver· 

sian, the LF352 is active and the multiplexer is enabled. 
The zeroing cycle for the LF 13300 and the LF352 
lasts for 256 clock periods, so the maximum clock 
frequency will depend upon the required accuracy and 
the minimum zeroing time of the instrumentation 
amplifier. Notice here that the system accuracy will be 
less than 12 bits since it will be affected by the gain 
linearity of the instrumentation amplifier. 
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For more details concerning data acquisition, see AN·156 
and LF1150S/LF11509 data sheet. For details on the 
instrumentation amplifier, see the LF352 data sheet. 



Typical Applications (Cont!nued) 
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FIGURE 12.4-Channel Differential Multiplexer with Autozeroed Instrumentation Amplifier and 12·8it AID Convertor 

DC 

PD'RU+ 

RR 

p~~:~ -, n n r 
AD r 
AI 

ENABLE --1 
, Av(Sl-Sj) 

U 
AV (S2-S2) 

U 
AV (S3-$;) 

L 
~~3~ .J. \fa. Va \ 

FIGURE 13. Timing Diagram for Figure 12' 
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Typical Applications (Continued) 

. :] 
TIINOTE4) 

INIOM' 5.' 

3ZV .. 
111m' 

15V 

IN1014 

1D/<IF 

~. 

" 

" 

" 21 

-= 
" ADI12DD 

,MM5I831 

" Z5 

5V 

NSB31., DISPLAY 

*Low leakage mylar 
**Polypropylene 

Note 1: All diodes. 1 N914. 
Note 2: All resistors 1/4W. 6% tolerance. 

MSD .. D 

" 

Note 3: Circuit drawn for 8V full scale operation input scaling not shown. 
Note 4: Inductive components U4XOO3 or Microtran PC6714. 

rsD 

"00 

LSD 

. loamY 

r<> 
':" IV 

FIGURE 19.33/4 Plus (i8191 Counts) and 3 1/2·Di9it DPM Sche';'.tic Diagram 
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Typical Applications (Continued) 

3 3/4 Plus Digit (±8191 Cotints)/3 1/2-0igit (±1999 
Counts) OPM 

In this cir~uit of Figure 19, theLF13300 and ADB1200 
interact as previously described. The CMOS counter 
(MM74C926. MM74C9281 is' connecte~ to count clock 
pulses during the ramp reference cycle. The counts ar,e 
latched into the display when the comparator output' , 
trips. (goes lowl.' as shown in the 'timing diagram 
Figure 20. ' 

The RC network consisting of Rl and (;1 is a low pass 
filter that prohibits the fast transients t!"lat occur on the 
comparator output during Offset Correction from 
loading any erroneous counts into the counter. 

DP AM~ OUTPUT 
PIN t3 (LFt33DD) 

RAMP UNKNOWN FOR VIN > 0 

COMP OUTPUT ~ 
PIN 3'ILFt33DD) 

The DPM is able ~o op~rate from a single 15V power 
supply with the aid of a dc-dc converter. The LM555 
generates the negative voltages reqiJired ,in the circuit' 
and also' doubles as the clock. The combination of 
Ql., R2; R3 and R4 forms a level shift ,to convert the 
output' swing of the LM555 to a OV-5V swing that is 
compatible with the logic. The LM340-5 drops the 
incoming 15V to 5V for use by the logic circuits and 
.the LED display. 

This circuit can be a 3, 374 plus digit DPM if the 
MM74C926 is used or a 3 1/2-digit DPM if the 
MM74C928 is used. These counters are pin compatible 
a~d physically inte~cha~geable. ' 

RAMP UNKNOWN FOR VIN < 0 
, ;... 

" 

ISt...m I .. 

RR 

r-l n PINB 
(LFt330D) , 
(ifE)EOC n 

PINS 3, 23 (MM5B63) n' I 
" RESET 

PINt3 V .. V f (MM74C926) 
I 

CLock 

mnnnr PIN t2 UUUUUU (MM74C9Z6) 
MM5B63 CLQCK 

" 

LATCH ENABLE --......;-----...," LJ 
PIN 51MM74C926) L..--..I OI~~~~~~~~:Nc~~g~I~~~ES 

ENABLEO 

FI GU R E 20. Timing Diagram for 3 3/4·Digit DVM 

3 3/4~Digit DPM Electrical Characteristics 
33/4 plus digits plus sign (±8191 counts) O"M system characteristics. : 
(Circuit as in Figure 18, Vs = ±!5V, VR = 4.096V, TA = 25°C, unless otherwise noted). 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Resolution -8.2V S V.x S +8:2V 16,382 Counts 

Nonlinearity VIN = 4.000V ... ±1/8 ±J/2 Counts ... . 
Ratiometric Gain Error VIN = 4.000V ±1/2 ±2 Counts 

Gain Error Drift, , VIN = 4.000V, O°C ST AS +70°C ±1 ppmfC 

Zero Reading'Drift 'VIN= OV ±1 ppmfC 

Analog Input Voltage Range' 
I ' , 

±11 V 

Reference Input Voltage Range' - Reference Varied 0 +12 V 

-?onalog Input Leakage Current VIN =OV 80 500 pA 

Reference Input ,Leakage Current " 1 100 nA 
" 

Analog Input Resistance VIN=OV 1000 , Mn 

Conversion Time VIN = 4.000V, fC = 125 kHz 74 ms 
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Typical Applications (Continued) 

Component Side Foil 

FIGURE 21. PC Board for 3 3/4 Plus (.8191 Counts) and 3 1/2·0i9it OPM 

FIGURE 22. Stuffing Diagram f'>r 3 3/4 Plus \.8191 Counts) and 3 1/2·0igit ,?PM 
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AC Test Circuits 
Test Circuit 1 

Analog Input Characteristics Test with RU - High 

...,. _____ +'8~IIN 

-52 

Vs Vx 

Ne 

-VS NC 

5V 

6' 

.. ':.::0~_-o -12V 

Test Circuit 3 
Reference Input Characteristic Test with RR High 

SI 

16 
NC 0-....,1-, 

'R 
VR 

-Vso--tl-~ 
15 

NC 

LF1JJOO 
14 

NC 

13-
NC 

12 

11-

10 
-12V 

Test Circuit 5 
Offset Correction Input Current, IOC Test 

18 

Vso-""'r-''''I 

NCo--t~:.t 

-Vso--t~:.t 

"'iojr~-tI-""'....:~t-="'-O-12V 

Test Circuit 2 
Analog Input Charactaristi~ Test with PD/RU+ HiUh 

Vs Vx 

-3 
NC 

-VS NC 

5V 

11, 
LF1330D 

.. ,,,0~_-o_12V 

Test Circuit 4,' 
-VB Voltaga Measurement Test 

, vso--II-:.f 

NCo-.....,I-"f 

-Vso--t~:.j LF133DO 

5Vo--t~~ 

'-__ ~+''''°-o_VB 

Test Circuit 6 
Op AmI> Slew Rate Test 

NCo--I-"f 

-Vso-....,~~ 

5V-1"""1 
-5v--I L.. 

5Vo--I-"f .... ---t""4~ .. ~:> Your 

.. ',,0 ... _-o_12V 
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AC Test Circuits (Continued) 

Test Circuit 7 
Frequency Response Test 

vso--I-.:..j 

NCo--t-., 

-vso--II-~ 

5Vo--l-~ 

LF13300 

15 

14 

13 

12 

-11 

NC 1. 

T 
VOUT 

20pF 

.. 1;.:0'-4_-0 -12V 

NCo--lI-'"I 

-vso--ll-~ 

5Vo--II-"i 

Vso--t-""I 

NCo--ll-:.t 

-Vs 0--11-"1 

5Vo--t-"i 

Test Circuit 8 
Open Loop Gain Test 

Test Circuit 9 
Buffer Slew Rate Test 

LF13300 

8·159 

AVOL" 

VOUT X 105 

VIN 

'-..... --oVOUT 

10 ":' 

-12V 

10V=rL. 
-10V 

lOOk 

1-"10"11>--0 -12V 



AC Test Circuits (Continued) 

Vs 

NC 

-Vs 

5v' 

-= 

Test Circuit 10 
Buffer Voltage Gain Test 

20"F 

H 

-= 

10 AV'" 1-
-12V 

Test Circuit 11 
Comparator Response Time Test 

LF13300 

15V -15V 

VOUT 

lOOOVIN 

COMPARA~~~ o--t--f"";=i-JI 

-vso--I-+~ 

2k 

5V o-~""+-"'I 

8·160 

100 

~---i~-o -12V 

10 

-lZ+ 10Dp,V 

::"I::E-12V 
- -12-100.V 

lk 

VIN 

100 mV .,~ r:: 
-100 mV =a::.t-

VOUT 



Typical Applications (Continued) 

fLDAUD ANALOG GNO VwO---IJ,-' 
+15V -15V 

VR 

'SV -'5V 

''''' PD~ YPRDPYlENE 

'Ok 

3.Jk 

, , , 1 
DIGITAL ~ND -! 

, .. 
t3 
t2 'SV 
tt 

ANALOG GNO if, 

" 
IS ,. 

NSN7I NSN71. NSNll NSNlI RADl-l00N DM7441A 
"'POL YSTYRfNE CAPACITOR 

FIGURE 1. LF11300. MM5330 DPM Application 
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~National 
~ Semiconductor 

A to D, D to A 

LM131A1LM131, LM231A1LM231, LM331A1LM331 
Precision VOltage-to-Frequency Converters 

General Description 
The LM131/LM231/LM331 family of ,voltage·to· 
frequency converters are ideally suited for use in simpie 
low·cost circuits for analog·t~·digital 'conversion, 
precision frequency·to·voltage conversion, long-term 
integration, linear frequency modulation or demodu· 
lation, and many other functions. The output when used 
as a voltage·to·,frequency converter is a pulse train at a 
frequency precisely proportional to'the applied input 
voltage. Thus, it provides all the inherent 'advantages of 
the voltage·to·frequency conversion techniques, and is 
easy to apply in all standard' voltage·to·frequency 
converter applications. Further, the LM131A/LM231A/ 
LM331A attains a new high level of accuracy versus 
temperature which could only be attained with 
expensive voltage·to·frequency modules. Additionally 
the LM131 is ideallv suited for'use in digital systems at 
low power supply voltages and can provide low-cost 
analog·to·digital conversion in micrQProcessor·controlled 
systems. And, the frequency from a battery powered 
voltage·to·frequency converter, can be easily channeled 
through a simple photoisolator ,to provide, isolation 
against high common mode levels. 

The LM131/LM231/LM331 utilizes a new tempe~ature. 
compensated band·gap reference' circuit, to provide 
excellent accuracy over the full operating temperature 
range, at power supplies as low as 4.0V. The precision 
timer circuit has low bias currents without degrading 

Typical Applications 

RIN 

FUt~~~~~ _~"oa,....k ,....1.,.°" ... _----'"'"11 
-bCIN 
~O'I"F 

the quick respOnse necessary for 100 kHz voltage·to· 
frequency conversion. And the output is 'capable of 
driving 3 TTL loads, or a high voltage output up to 
40V, yet is short-circuit-proof against Vee. 

Features 

• Guaranteed linearity 0.01% max 

• Improved performance in existing voltage-to-frequency 
conversion applications 

• Split or single supply operation 

• Operates on single 5 V supply 

• Pulse output compatible with all logic forms 

• Excellent temperature stability, ±50 ppmfe max 

• Low power dissipation, 15 mW typical at 5 V 

• Wide dynamic range, l00dS min at 10kHi full scale 
frequency 

• Wide range of full scale frequency, 1 Hz to 100 kHz 

• Low cost 

16r:'~kR:l'" 
18 6 1 O.O~F* 

~~---fl"""( -....,~ 
lM131 
lM231 
lM331 

10k.l0" 
r-JV.""""-~ VlOGIC 

3 I lOUT 

.Vs 1 Cl Rl.J; 

~ ... 1-1V\o"'.-4"i'_I~_~_~A_R ...... ~':* -=-

1-=--1~--- 10 kHz 
FUll-SCALE 

}-
-Vs 

(OmONAl) 
OFFSET ADJUS1 

22k 12k±1%* 

• 41±IOK 

·Use stable components rith low temperature co~ficients. Sea Typical Applications section. 

FIGURE 1. Simple Stand-Alone Voltage-to· Frequency Converter 
with ±0.03% Typical Linearity (f = 10 Hz to 11 kHz) 
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Absolute Maximum Ratings 

LM131A/LM131 LM231A/LM231 LM331A/LM331 

Supply Voltage 40V 40V 40V 

Output Short Circuit to Ground Continuous Continuous Continuous 

Output Short Circuit to VCC Continuous Continuous Continuous 

Input Voltage -O.2V to +VS -O.2V to+VS -O.2V to +VS 

TMIN TMAX TMIN TMAX TMIN TMAX 

Operating Ambient Temperature Range -55°C to +125°C _25° C to +85° C OOC to +70°C 

Power Dissipation (PO at 25°C) 
and Thermal Resistance (OjA) 

(H Package) Po 670mW 570mW 570mW 

OjA 150°C/W 150°C/W 150°C/W 

(N Package) Po 500mW 500mW 

OjA 155°C/W 155°C/W 

, 

Electrical Characteristics T A; 25°C unless oth~rwise specified. (Note 1) 

PARAMETER CONOITIONS MIN TYP MAX UNITS 
VFC Non·Linearity INote 2) 4.SV ~ Vs ~ 20V ±0.003 ±0.01 % Full· 

Scale 

TMIN~TA~TMAX ±O.OOS ±0.02 % Full· 

Scale 
In Circuit of Figure 1 VS= ISV, f= 10Hz to 11 kHz ±0.024 ±0.14 % Full· 

Scale 

Conversion Accuracy Scale Factor VIN = -10V, RS = 14 kn 
(Gain) 

LM131, LM131A, LM231, LM231A 0.9S 1.00 1.0S kHz/V 

LM331, LM331A 0.90 1.00 1.10 kHz/V 

Temperature Stability of Gain TMIN ~TA ~TMAX,4.5V~VS~ 20V 
LM131iLM231/LM331 " ±30 ±lS0 ppm/"C 
LM131A1LM231A/LM331A ±20 ±SO ppm/"C , 

Change of Gain with Vs 4.SV~VS~10V 0.01 0.1 %/V 

10V~VS~40V 0.006 0.06 %/V 

Rated Full·Scale Frequency VIN = ~10V 10.0 kHz 

Overrange (Beyond Full·Scale) VIN = -llV 10 % 
Frequency 

INPUT COMPARATOR 
Offset Voltage ±3 ±10 mV 

LM131/LM231/LM331 TMIN ~TA ~TMAX ±4 ±14 mV 

LM131A/LM231A1LM331A TMIN ~ TA ~ TMAX ±3 ±10 mV 

Bias Current -80 -300 nA 

Offset Current ±8 ±IOO nA 

Common·I\?ode Range TMIN~TA~TMAX -0.2 VCc:-2.O V 
TIMER 

Timer Threshold Voltage, Pin 5 0.63 0.667 0.70 xVS 

Input Bias Current, Pin 5 VS= ISV 

All Devices OV ~ VPIN S ~ 9.9V ±IO ±IOO nA 

LM131/LM231/LM331 VPIN 5 = 10V 200 1000 nA 

LM131A/LM231A1LM331A VPIN S = 10V 200 500 nA 

VSAT PIN 5 (Reset) 1= SmA 0.22. O.S V 
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Electrical Characteristics (Continued) TA = 25°C unless otherwise specified (Note 1) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 
CURRENT SOURCE (Pin 1) 

Output Current RS= 14 kU, VPIN 1 = 0 I 

LM131, LM131A, LM231, LM231A 126 135 144 ~A 

LM331, LM331A 116 136 156 ~A 

Change with Voltage OV., VPIN 1 ., 10V 0.2 1.0 ~A .. Current Source OFF Leakage 

LM131, LM131A 0.01 1.0 nA 

LM2~l, LM231A, LM331, LM331A 0.02 10.0 nA 

All Devices TA,;TMAX 2.0 50.0 nA 

Operating Range of Current (Typical) (10 to 500) ~A 

REFERENCE VOLTAGE (Pin 2) 

LM131, LlVi131A, LM231, LM231A 1.76 1.89 2.02 VDC 
LM331. LM331A 1.70 1.89 2.08 VDC 

Stability vs Temperature ±60 pprnfC 

~. 

:\E 
...I 

.~ 
:\E Stability vs Time, 1000 Hours ±O.l % 

...I LOGIC OUTPUT (Pin 3) 

VSAT 1=5rnA 0.15 0.50 V 

1= 3.2 rnA (2 TTL Loads), TMIN., T A" TMAX 0 .. 10 0.40 V 
OFF Leakage ±0.05 1.0 p.A 

SUPPLY CURRENT 

LM131, LM131A, LM231, VS= 5V 2.0 3.0 4.0 rnA 
LM231A VS= 40V 2.5 4.0 6.0 rnA 
LM331, LM331A VS= 5V 1.5 3.0 6.0 rnA 

VS= 40V 2.0 4.0 8.0 rnA 

Note 1: All specifications ~pply in the circuit of Figure 3, with 4,OV ::; VS::; 40V, unless otherwise noted, 

Note 2: Nonlinearity is defined as the deviation of fOUT from VIN x (10kHz/-l0VOC) when the circuit has been trimmed for zero error at 
10Hz and at 10k Hz. over the frequency range 1 Hz tp 11 kHz. For the timing capacitor. CT, use NPO ceramic, Teflon .... or polystyrene. 

Functional Block Diagrams 
, 

vcc a 
1----:-----1------:-------, 
I I 
I I P"'ClSloN I I CURRENT 

REFLECTOR I I . ~' , 
" I 

! I CUR"E'~r + I 
SWITCH _ _ __ I- - - , INPUT 

I 

l ~. 
7 COMPARATOR 

I INPUT 
CURRENT . 

THRESHOLD OUTPUT 1 

I I • 'iQ I 
I PUMP "AS 213Vcc 

REFERENCE CURRENTS R~ I CURRENT 1.9DVOC 
TO ALL FLlP·FLOP :: R, r z CIRCUITS I 1 I I t TIMER 

COMPARATOR I I ;! I FREQU'NCvl •••• I ~.W I 1<J • . OUTPUT I REfERENCE j.J., R·C 
i· I CIRCUIT 

I 
, 

I 
~ I OUTPUT ReSET 

:: "s I ORIVER~ 

.,JDUTPUT 

~ TRANSISTOR 
ZR 

I I 
1 I lROTECTOR 

I _L 
I I t5 J -T-'" 
I I I I 
I 

L _________ ----______ 1 I 

* 
4 GNO 

* ':' 

*Registered trademark of DuPont FIGURE 1a 
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Typical Performance Characteristics 
, (All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted,) 
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Typical Applications (Continued) 

PRINCIPLES OF OPERATION OF A SIMPLIFIED 
VOLTAGE-TO-FREQUENCY CONVERTER 

The LM131 is a monolithic circuit designed for accuracy 
and versatile operation when applied as a voltage·to· 
frequency (V·to·F) converter or as a frequency·to· 
voltage (F-to-V), converter. A simplified block diagram 
of the LM131 is shown ,in Figure 2 and consists of a' 
switched current source, input comparator, and l-shot 
timer. 

The operation of these blocks is best understood by 
going through the operating cycle of the basic V-to-F 
converter, Figure 2, which consists of the simplified 
block diagram of the LM131 and the various resistors 
and capacitors connected to it. 

The voltage comparator compares a positive input 
voltage, V1, at pin 7 to the voltage, Vx, at pin 6. If VI is 
greater, the comparator will trigger the I-shot timer. The 
output of the timer will turn ON both the frequency 
output transistor and the switched current source for a 
period t = 1.1 RtCt. During this period, the current i 
will flow out of the switched current source and provide 
a fixed amount of charge, Q = i x t, into the capacitor, 
CL. This will normally charge Vx up, to a higher level 
than VI. At the end of the timing period, the current 
i will turn OFF,and the timer will reset itself. 

Now there is no current flowing from pin I, and the 
capacitor CL will be gfadually discharged by R L until 
Vx falls to the level of V1. Then the comparator will 
trigger the timer and start another cycle. 

The current flowing into CL is exactly lAVE = i x 
(1.1 x RtCt) x f, and the current flowing out of CL is 
exactly Vx/RL "" VIN/RL:lf VIN is doubled, the fre· 
quency will double to maintain this balance. Even a 
simple V·to·F converter can provide a frequency pre· 
cisely proportional to its input voltage over a wide 
range of frequencies. 

" ", E-:L ~--"Mr---.--t., ':' 

VlDGIC 

FREQUENCY . 
OUTPUT 

FIGURE 2:Simplified Block Diagram of Stand-Alone 
Voltage-to-Frequency Converter Showing LM131 and 
External Components 

DETAIL OF OPERATION. FUNCTIONAL BLOCK 
DIAGRAM (FIGURE 7a) 

The block diagram shows a band gap reference which 
provides a stable 1.9 VDC output; This L9 VDC is well 
regulated over a Vs range of 3.9V to 40V. It also has a 
flat, low temperature coefficient, and typically changes 
less than 1/2% over a 1000 C temperature change .. 

The current pump circuit forces the voltage at pin 2 to 
be at..,l.9V, and causes a current i:, 1.90V IRs to flow. 
For Rs = 14k, i = 135 /lAo The precision current reflector, 
provides a current equal to i to the current switch. The 
current switch switches the current to pin" 1 or to 
ground depending on the state of the RS flip·flop. ' 

The timing 'function consists of an RS flip·flop, and a 
timer comparator connected to the external RtCt 
network. When the input comparator detects a voltage 
at pin 7 higher than pin 6, it sets the RS flip·flop which 
turns' ON the current switch and the output driVer 
transistor. When the voltage at pin 5 rises to 2/3 VCC. 
the timer comparator causes the RS flip·flop to reset. 
The reset transistor is then turned ON and the current 
switch is turned OFF. ' 

However, if the input comparator still detects pin 7 
higher ,than pin 6 when pin 5 crosses 2/3 VCC, the 
flip·flop will not be reset, and the current at pin 1 will 
continue to flow, in its attempt to make the voltage at 
pin 6' higher than pin 7. This condition will usually 
apply under start·up conditions or in the case of an 
overload voltage at signal input. It should be noted that 
during this sort of overload, the output frequency will 
be 0; as soon as the signal is restored to the working 
range, the output frequency will be resumed. 

The output driver transistor acts to saturate pin 3 with 
an ON resistance of about 500. In case of overvoltage, 

, the output current is actively, limited to less than 50 mAo 

The voltage at pin 2 is regulated at 1.90 VDC for all 
values of i between 10 pA to 500/lA. It can be used as a 
voltage reference for other components, but care must 
be taken to ensure that current is, not taken from it 
which could reduce the accuracy of the .converter. 

PRINCIPLES OF OPERATION OF BASIC-VOLTAGE­
TO-FREQUENCY CONVERTER (FIGURE 7) 

The simple stand·alone V·to·F converter shown in 
Figure 7 includes all the basic circuitry of Figure 2 
plus a few components for improved performance. 

A resistor, RIN = 100 kSl ±IO%, has been added'in the 
path to pin 7, so that the bias current at pin 7 (-80 nA 
typical) will cancel the effect of the bias current at pin 6 
and help provide minimum frequency offset. 

The resistance Rs at pin 2 is made up of a 12 kSl fixed 
resistor plus a 5 kSl (cermet, preferably) gain adjust 
rheostat. The function of this adjustment is to trim out 
the gain tolerance of the LM131, and the tolerance of 
Rt , RL and Ct. For best results, ,all the components 
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Typical Applications (Continued) 

should be stable low·temperature·coefficient compon· 
ents, such as metal·film resistors. The capacitor should 
have low dielectric absorption; depending on the temper· 
ature characteristics desired. 'NPO ceramic. polystyrene, 
Teflon' or polypropylene are best suited. 

A capacitor is added from pin 7 to ground to act as a 
filter for VIN. A value of 0.01 J.lF to 0.1 J.lF will be 
adequate in most cases; however. in cases where better 
filtering is required. a 1 JJF capacitor can be used. When 
the RC time constants are matched at pin 6 and pin 7. 
a voltage step at V I N will cause a step change in fOUT. 
If CIN is much less than CL. a step at VIN may cause 
fOUT to stop momentarily. 

A 47n resistor, in series with the 1 pF CL, is added to 
give hysteresis effect which helps the input comparator 
provide the excellent linearity (0.03% typical). 

DETAIL OF OPERATION OF PRECISION V·TO·F 
CONVERTER (FIGURE 3) 

'In this circuit, integration is performed by using a con· 
ventional operational amplifier and feedback capacitor, 
CF. When the integrator's output crosses the nominal 
threshold level at pin 6 ofthe LM131, the timing cycle is 

* Registered trademark of DuPont 

initiated. The average current fed into the op amp's 
summing point (pin 2) is i x (1.1 RtCt) x f which is 
perfectly balanced with -VIN/RIN. In this circuit, the 
voltage offset of the LM131 input comparator does not 
affect the offset or accuracy of the V·to·F converter as 
it does in the stand·alone V·to·F converter; nor does the 
LM131 bias current or offset current. Instead, the offset 
voltage and offset current of the operational amplifier 
are the only limits on how small the signal can be 
accurately converted. Since op amps with voltage offset 
well below 1 mV and offset currents well below 2 nA 
are available at low cost, this circuit is recommended for 
best accuracy for small signals. This circuit also responds 
immediately to any change of input signal (whic.h a 
stand·alone circuit does not) so that the output fre· 
quency will be an accurate representation of VIN, 'as 
quickly as 2 output pulses' spacing can be measured. 

In the precision mode, excellent linearity is obtained 
because the current source (pin 1) is always at ground 
potential and that voltage does not vary with VIN or 
fOUT. (In the stand·alone V·to,:F converter, a major 
cause of non·linearity is the output impedance at pin 1 
which causes i to change as a function of VIN). 

The circuit of Figure 4 operates in the same way as 
Figure 3, but with the necessary changes for high speed 
operation. 

Vs 
10k ± 111% 

RS{ 

RIN 
1DDk±1%* = 

10k±10%** 

5.' 
RHEOSTAT 
GAIN 
ADJUST 

V,N 

-10V --"""""----... ---1 FULL SCALE 

Vs -Vs 
OPTIONAL 

OF FSET ADJUST 
zonD 1M 

.-..1\1""-" VLOGIC 
1_, 

I-:--.... ----:m. 
FULL-SCALE 

2.Zk 

-VIN RS 1 
fOUT=-'-'­

,2.0UV RIN RtCt 

lN400Z 

·Use stable components with low temperature coefficients. See Typical Applications section. 

"This resistor can be 5 k!l or 10k!l for Vs = 8V to 22V. but must be 10 k!l for Vs = 4.5V to 8V. 

"'Use low offset voltage and low offset current op amps for A1: recommended types LM108. LM308A. LF351 B 

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage·ta-Frequency Converter 
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Typical-Applications (Continued) 

DETAILS OF OPERATION. FREQUENCY-TO-
VOLTAGE CONVERTERS (FIGURES 5 AND 6) 

In these applications, a pulse input at fl~ is differe~­
tiated' by a CoR ,network and the negative-going edge at 
pin 6 'causes the input comparator to trigger the timer 
circuit. Just as ,with a V-to-F conveher, the average 
current flowing out of pin 'I is IAV'ERAGE =' i x 
(1:1 RtCt) x f. 

In tbe simple circuit of Figure 5, this current is filtered 
in the, network RL'=, 100 kn and 1 /IF. The ripple, will 
be less than 10m V peak, but the response will be slow, 

with a 0.1 second time constant, and settling of 0.7 sec· 
ond to 0.1% accuracy. 

In the precision circuit,an operational amplifier provides a 
buffered output and also acts as a 2-pole filter.· The ripple 
will be less than 5 mV peak for ,all, frequencies above 
1 kHz. and the response time will be much quicker than 
in Figure 5. However, 'for input frequencies below 200 Hz, 
this circuit will have worse ripple than Figure 5. The 
engineering of the fliter time·constants to get adequate 
response and small enough ripple simply requires a study 
of the compromises to be made. Inherently, V·to·F 
converter response can be fast, 'but F-to·V response 
can not., . 

Vs 

' .. -

470pF 

rrN--I .... ----~ 

{

12k> ,.. 

RS 

Sk' 

3 
&~I---- ~~~IH' 

FUll SCALE 

'1 -~dOO--'~!·'1··'1'y.··-""----+---I 
fUll SCALE 

lN4G02 

vs ......... M.-. 

·Use stable componetnts with low temperature coefficients. 
See Typical Applications section. 

"This resistor can be 5 kf! or 10 kf! for Vs = 8V to 22V, 
but must be 10 kf! for Vs = 4.5V to 8V. 

***Use tow offset voltage and low offset current op amps for A 1: 
, recommended types LF351 B or LF356. 

FIGURE 4. Precision Voltage-to-Frequency Converter, 
100 kH~ Full-Sc~le, ±0.03% Non-Linearity , 

+I/s" +4.5V TO +20V 

+V5"+15V 

" ~O.D1IJF" 

r-~P--t-- VOUT 

RL 
100ko" 

'Ok 

frN--iH-=---~ 
C1.47DpF 

{

""b)" 

RS ' 

VOUT=-IINX 2.09V I~ x (RtCtl 

SELECT Rx = (~~2-::J 

R, 
6 .• k±IW' 

RF 
!BDkU" 

t'--1-... -~.,.,.-.... -VOriT 

lOOk 
C4,a.UhF 

·Use stable components with'low temperature coefficients. 

FIGURE 5. Simple Frequency-to-Voltage C!Jnv,erter. 
10 kHz Full-Scale. ±0.06% Non-Linearity 

·Use stable components with low temperature coefficients. 

FIGURE 6. Precision Frequency-to-Voltage Converter, 
10 kHz Full-Scale with 2-Pole Filter, ±0.01% 
Non-Linearity Maximum 
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Typical Applications (Continued) 

.,. -

, 
.... 

......... :: .. ' ''-
LIGHT ""­
INPUT 

Light Intensity to Frequency Converter 

+5VTO +15V 

LMJJI 

Ok 

Ok 

J.Jk' 

'QUTII).. 
~-i-""_~IOakHz 

fUlLSCALE 

611kRt 

J30pFCt 

Temperature to Frequency Converter 

·s 

LM131 

'" 
f.!---1f-~-- fOUTII TEMP 

i.BUt:l: 1% Rt lDHr.fK 

Ct 
O.Ol"F 

Long-Term Digital Integrator Using VFC 
Basic Analog-ta-Digital Converter Using 
Voltage-ta-Frequency Converter 

··s 

VfC CIRCUIT F 
USING 
l~331 

_2n 1-2n 
CD4D2D 
e04040 

OASIMILAR 

I .... TI_-_ ..... __ ..... 

} 

DATA 
OUTPUTS 
TO DISPLAY 
ORCOMPUTfR 

-tVs • 

.,. 
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Typical Applications (Continued) 

Analog-to-Dlgital Converter with Microprocessor 

.v, 

Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver 

TOVFC 
+5.0V OUT 

CIRCUITRY. 

750n 
LM331 

VIN 

LM340LAZ-5.0 
REGULATOR 

GNU 

FREQUENCY 
OUTPUT 

POWER 
SUPPLY 

Voltage-to-Frequency Converter with Square-Wave Output Using +2 Flip-Flop 

~ 

'VS = ~.OVOC TO "5VOC 

'VS 

VFC 
CIRCUIT 
USING 
LM331 

47k 

CLR PRE 

fOUr=fl2 
SQUARE 
WAVE 

Voltage-to-Frequency Converter with Isolators 

'VS 

·VFC 
USING /. 
LM331 \ 

fOUT 

-= 

lk 

OPTOISOLATOR 
4N28 OR 
SIMILAR 

8-170 

<VLOGIC 

TO COMPUTER. 
OR 

"'_-I:~I)-_. b~COUNTER 
TO F·TO·V 
CONVERTER 
USING LM131 



Typical Applications (Continued) 

Voltage-to-Frequency Converter with Isolators 
+VS 

+VLOGIC 

- - -... ..---t----i 

'--_.-...... 'OUT 

> ....... ~ ....... ~~- lOUT 

COMPARATOR 
WITH -=- HYSTERESIS 

Voltage-to-Frequency Converter with Isolators 
+VS 

TELEMETRY 
USING 

RF LINK 

+VLDGIC 

'OUT 

Voltage-to-Frequency Converter with Isolators 
+VS 

I' 

Connection Diagrams 
Metal Can Package 

REFERENCE' 2 
CURRENT 

Vs 

GNO 
TOP VIEW 

6 THRESHOLD 

Order Nu",ber LM131AH. LM131H. LM231AH. 
. LM231H. LM331AH or LM331H 

See NS Package HOSe 
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+VlDGIC 

CURRENT 
OUTPUT 

REFERENCE 
CURRENT 

TO COMPUTER 
OR 
TO COUNTER 

..----" ..... ~~_ OR 
TO F·TO·V 

B~I1.~E2;Im 

Dual-In-Line Package 

Vs 

COMPARATOR 
INPUT. 

FREQUENCY 3 
OUTPUT 

THRESHOLD 

GNO RIC 

TOP VIEW 

Ord ... Number LM231AN. LM231N. LM331AN. 
or LM331N 

See NS Package NOSB 
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~National 
~ Semiconductor 
LM1508JLM1408 8-Bit D/A Converter 
General Description 
The LM150S/LM140S is an S-bit monolithic digital-to­
analog converter (DAC) featuring a full scale output 
current settling time of 150 ns while dissipating only 
33 mW with ±5V supplies_ No reference current (I REF) 
trimming is required for most applications since the full 

, scale output current is typically ± 1 LSB of 255 IRE FI 
256. Relative accuracies of better than ±0.19% assure 
S-bit monotonicity and linearity while zero level output 
current of less than 4 IlA provides S-bit zero accuracy 
for I REF ~ 2 mAo The power supply currents of the 
LM 150S/LM 140S are independent of bit codes, and 
exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The LM150S/LM140S will interface directly with pop­
ular TTL, DTL or CMOS logic levels, and is a direct 
replacement for the MC150S/MC140S. For higher speed 

Block and Connection Diagrams 

RANGE 
CONTROL 

MSB LSI 
At AZ A3 A4 AS AS A1 AS 

VREF,+,o--H;:::==::;---t::=:::;-........ -l 

"REfl-i 

VEE 

'Typical Application Vce"'SV 

13 

GND 

Vee 

COMPEN 

applications, see DACOSOO data sheet. For more infor­
mation, see DACOSOS data sheet. 

Features 
• Relative accuracy: ±0.19% error maximum 

LM150S-S and LM140S-S 
., Full scale current match: ±1 LSEityp 

• 7 and 6-bit accuracy available 
• Fast settling time: 150 ns typ 
• Noninverting digital inputs are 'TTL and CMOS 

compatible 

• High speed multiplying input slew rate:'S mAillS 
• Power supply voltage range: ±4.5V to ±lSV 
• Low power consumption: 33 mW@±5V 

Dual-In-Line Package 

NC (NOTE 31 
16': < , ' 

COMPENSATION 

GND " ' VREFH 

. VEE 14 VREf(+1 

'D' lMI5DB·8 13 Vee 

lM140a 
lZ AI LSS. MSB At SERIES 

A2 • 
11 Al 

AJ 10 AS 

A4 ' A5 

Tor view 

5.DDOk 

DIGITAL 
INPUTS 

MSB AI 

A' 
A3 

A4 

A. 
A' 
A1 

LSS AI 

"EE=-15V 

~>-....... w ...... --o 10.00DV" VREf 

5.00011. 

VD 
OUTPUT 

Ordering Information 
FIGURE 1 •• 10V Output Digital to Analog Conv.rt~r 

ORDER NUMBERS' 
OPERATING TEMPERATURE 

ACCURACY HERMETIC HERMETIC 
RANGE 

PACKAGE (D16CI PACKAGE (J16AI 

8-Bit --55°C $ TA $ +125"C LM1508D-8 LM1508J-8 

8-Bit o"C$TA$+75"C LM1408J-8 

7-Bit O"C$TA$+75"C LM1408J-7 

6-Bit O"C$TA$+75"C LM1408J-6 

*Note. DevIces mav be ordered bV uSing either order number. 
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PLASTIC 

PACKAGE (N16AI 

LM1408N-8 

LM1408N-7, 
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Absolute Maximum Ratings 
Power Supply Voitage Power Dissipation (Package Limitationl 

VCC 5.5VDC Cavity Package 1000mW 

VEE -16.5VDC Derate above T A a 25" C 6.7mWfC 
Digital Input Voltage, V5-V12 -10 VDC to +18 VDC Operating Temperature Ranga 
Applied Output Voltage, Vo -11 VDC to +18 VDC LM1508-8 ~5°C ~ TA ~ +125°C 
Reference Current, 114 5mA LM 1408-8 Series 0~TA~+75°C 
Reference Amplifier Inputs, V14, V15 VCC, VEE Storage Tempereture Range ~OCto+15o"C 

Electrical Characteristics I 

.(Vcc = 5V, ,VEE = -15 VOC. VREF/R14 =:.,2 rnA, LM1508·8: TA = _55°C to +125°C; LM1408·8, LM1408·7, LM1408·6. 
TA = OOC to +75°C, and all digital inpu~s at high logic level unless otherwise noted.) , 

PARAMETER, CONDITIONS MIN TYP MAX UNITS 

Er Relative Accuracy (Error Relative " % 

to Full Scale 101 

, LM1508·8 fO.l!! % 

LMI40B·B 
.LMI408·7, (Note 11 iO.39 % 
LM140B·6, (Note I), iO.7B % 

Settling Time t~ Within 1/2 LSB , TA" 25°C (Note 2) 150 ns 

(Includes tPLH) 

tPLH, Propagation Delay Time TA = 25°C 30 100 ns 

tpHL 

TCla Output Full Scale Current Orift ±20 ppmfC 

MSB Digital Input Logic Levels 

VIH High Level,Logic "I" 2 VOC 

VIL Low Level,togic "0" 0.8 VOC 

MSB Digital Input Current 

High ~evel VIH = 5V 0 0.040 mA 
Low Level VIL = O.BV -0.003' -O.B mA 

115 Reference Input Bias Current -1 -5 JlA 

Output Current Range 

VEE =-5V 0 2.0 2.1 mA 

VEE = -15V, TA = 25°C 0 2.0 4.2 mA 

10 Output Current. VREF = 2.000V, 
R14 = 1000!} 1.9 1.99 2.1 mA 

Output Current, All Bits Low 0 4 I'A 

Output Voltage Compliance Er SO.19%, TA=25°C 
Pin 1 Grounded, -0.55,+0.4 VOC 
VEE Below-l0V -5.0, +0.4 Voe 

SRIREF Reference Current Slew Rate 8 mAlJls , 
Output Current Power Supply -5V S VEE S -16.5V 0.05 2.7 ' I'AIV 
Sensitivity 

Power Supply Current (All Bits 
~ .. 

Low) 

ICC 2.3 22 mA 

lEe -4.3 -13 mA 

Power Supply Voltage Range fA = 26°C 

Vee 4.6 5.0 5.5 Voe 
VEE -4.5 -15 -16.5 VOC 

Power Dissipation 
All Bits Low Vce = 5V, VEE = -5V 33 170 mW 

VCC = 5V, VEE· -15V lOB 305 mW 
All Bits High VCC = 15V, VEE = -5V 90 mW 

VCC· 15V, VEE = -15V 160 mW 

Note 1: All current switches are tested to guarantee at least 50% of rated cUrrent. 
Note 2: All bits switched. 
Noto3: Range cant'ral is not required. 

I 

8·174, 



~NatiOnal A to D, D toA 
Semiconductor 

MM54C905/MM74C90512·Bit Successive Approximation 
Register . ~ . 
General Description 
The MM54C905/MM74C905 CMOS l2·bit successive • Guarant~ed noise margin 1.OV 
approximation register contains all the digit control and • High noise immunity 0.45 Vce typ 
storage necessary for successive approximation analog· 
to·digital conversion. Because of the unique capability • Low power TTL fan out of 2 

of CMOS to switch to· each supply rail without any offset compatibility driving 74L 

voltage, it can also be used in digital systems as the • Provision for register extension or truncation 
control and storage element in repetitive routines. • Operates in START/STOP or continuous conversion 

Features mode 

• Drive ladder switches directly. For 10 bits or less 
• Wide supply voltage range 3.0V to 15V with 50k/100k R/2R ladder network 

Connection Diagram 
Dual-I n-Line Package 

t 011 NC 011 010 09 OB 01 o. NC S C. 

Z. Z3 zz Z1 ZD 19 1B 11 •• 15 •• Il 

r- -
, 

• Z 3 • 5 • 1 B 9 '0 11 ~r2 
E DO cc 00 01 02 03 04 05 NC 0 GND 

Order Number MM54C905D or MM74C905D 
Sae NS Packag .. D24A 

Order Number MM74C905N 

Truth Table 
Sae NS Package N18A 

TIME INPUTS OUTPUTS 

t. D S E DO all 010 09 08 Q7 06 05 04 03 02 01 00 cc 

0 X L L X X X X. x x x. x x x x x x X 

1 011 H L X L H .H H H H H H H H H H H 

2 010 H L 01, 011 L H H H H H .H H H H H H 

3 D9 H L 010 Dll 010 L H H H H H H H H H H 
'4 DB H L 09 011 010 09 L H H H H H H H H H 
5 D7 H L DB 011 010 09 DB L H H H H H H· H H 
6 06 H L 07 . 011 010 09 DB 07 L H H H H H H H 

7 D5 H L 06 011 010 09 DB' 07 06 L H H H H H H 

B D4 H L 05 011 010 09 DB 07 06 05 L H H H H H 

9 03 H L D4 011 010 09 DB 07 06 05 04 L H H H H 

10' D2 H L 03 011 010 09 DB 07 06 05 04 D3 L H H H 

11 Dl H L 02 011 010 09 DB 07 06 05 04 03 02 L H H 

12 DO H L Dl Dll 010 09 DB 07 06 05 04 03 D2 01 L H 

13 X H ~ DO 011 010 09 DB 07 06 05 04 03 02 01 00 L 

14 X X L X 011 010 09 08 07 06 05 04 03 02 .01 DO L 

X X H X H NC NC NC NC NC NC NC NC NC NC NC NC 

H : High level 

L ,. Low level 

X" Don't care 
NC ,; No change 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -o.3V to Vee +0.3V .. '. 
Operating Temperature Range, 

MM54C905 -55°C to +125°C 

MM74C905' . --40° C to +85° C 
.. 

Storage Temperature Range -1l5°C to +150°C , 
Package Dissipation SOOmW 

Operating Vee Range 3.0Vto 15V 

Absolute Maximum Vee 16V 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical' Characteristics Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN . TYP MAX .. · , UNITS 

CMOS TO CMOS ". 

Logical "1" Input Voltage (VINt1l) Vee ~ 5.0V 3.5 V 
Vee = 10V 8.0 V 

/ 

Logical "a" Input Voltage (VIN(O') Vee = 5.0V 1.5 .. V 
Vee = 10V ,2.0 V 

Logical "1" Output Voltage (VOUTt1l ) Vee = 5.0V, 10 = -lallA 4.5 V 
. Vee = 10V, 10 =-10IlA 9.0 V 

Logical "a" Output Voltage (V~UT(O') Vee = 5.0V, 10 = lallA 0.5 V .. 
Vee = 10V. 10 = .IOIlA 1.0 V 

Logical "1" Input Current (IIN(") Vee = 15V. VIN = 15V 0.005 1.0 IIA 

Logical "a" Input Current (IIN(Oj) Vee = 15V, VIN = OV -1.0 -0.005 IlA 

Supply Current (Icc) Vee = 15V 0.05. 300 IlA 

CMOS/LPTTL INTERFACE" 

Logical "I" Input Voltage (VIN (,,) 
MM54C905 Ve'e = 4.5V Vee-1.5 V -MM74C905 Vee = 4.75V VeC-1.5 V 

Logical "a" Input Voltage (VIN(O,) 
MM54C905 ·-Vee = 4.5.V 0.8 ,V 
MM74C905 Vee =4.75V 0.8 V 

Logical "I" Output-Voltage (VOUT (1,) 

MM54C905 Vee = 4.5V. 10' = -3601lA 2.4 V 
MM74C905 Vee =4.75V,10 =:"'360IlA 2.4 'V 

Logical "0" Output Voltage (Vouno,) 
MM54C905 Vee = 4.5V. 10 = 360)lA 0.4 V 
MM74C905 Vee = 4.75V, 10 = 360)lA 0.4 V 

OUTPUT DRIVE (See 54C174C Family Characteristics Data Sheet) 

Output Source Current (lsouRee) Vee = 5.0V, VOUT = OV -1.75 -3.3 mA 
(P·Channel) TA = 25°C 

Output Source Current (IsouRee) Vee = 10V. VOU,T = OV -8.0 -15 mAo 

(P·Channe\) TA = 25°C 

Output Sink Current (IslNd Vee = 5.0V, VOUT = Vee 1.75 3.6 mA 
(N·Channe\) TA ~ 25°C 

Output 'Sink Current (lSINK) Vee = 10V, VOUT =, Vee 8.0 16 mA 
(N·Channel) TA = 25°C 

011-00 Outputs Vee = 10V ±5% 

RSOUACE VOUT = Vee -0.3V. 150 350 n 
TA = 25°C 

RSINK Vee = 10V ±5% 
VOUT =0.3V 80 230 n 
TA = 25°C 
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AC Electrical Characteristics T A ~ 25°C. CL ~ 50 pF. unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Propagation Delay Time From Clock Vce ~ 5.0V 200 350 ns -
Input To Outputs (00-011) (tpdIQ») Vee ~ 10V 80 150 ns 

Propagation Delay Time From Clock Vee ~ 5.0V 180 325 ns . 
Input To Do (tPdIOo ») Vee ~ 10V 70 125 ns 

Propagation Delay Time From Register Vee ~ 5.0V 190 350 ns 
Enable (E) To Output (011) (tpdIE-') Vee = 10V· 75 150 ns 

Propagation Delay Time From Clock Vee ~ 5.0V 190 350 ns 
To CC (tpdlee») Vee.':' 10V 75 0.50 ns 

Data Input Set·Up Time (tos) Vee ~ 5.0V 80 ns 
Vee ~ lOV 30' ns 

Start Input Set· Up Time (tss) Vee = 5.0V 80 ns 
Vee = 10V 30 ns 

Minimum Clock Pulse Width (tPWL. tpVIIH) Vee = 5.0V 250 125 ns 
Vee ~ 10V 100 50 ns 

Maximum Clock Rise and Fall Time (tr • tt) Vee ~ 5.0V 15 /1S 
Vee ~ 10V 5 /1S 

Maximum Clock Frequency (fMAx ) Vee ~ 5.0V 2 4 MHz 
Vee = 10V 5 10 MHz 

Clock Input Capacitance (CeLd Clock Input (Note 2) 10 pF 

Input Capacitance (C IN ) Any Other Input (Note 2) 5 pF 

Power Dissipation Capacitance (Cpo) (Note 3) 100 pF 

Nota 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: CPO determines the no load ae power consumption of any CMOS device. For complete explanation see 54CI14C Family Characteristics 
application note, AN·90. . ' 

Typical Performance Characteristics 

RSI NK vs Temperature 
600 r-r-.,--r-r-r-,-r-r-T 

500 r- Icc 1 10!· '5' 

400 I-+-+-++-+-t-I--t--; 

o ~~~~-L~~_L-~ 
-55 -35 _15 5 25 45 65 85 105 125 

TA - AM,BIENT TEMPERATURE I'C) 

• These poults are guaranteed bv automatIC lestmg. 
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RSOURCE vs Temperature 

oL-L-L-L-l-l-l-.L-.L...I 
.-55 -35 -15 5 25 45 65 85 105 .25 

TA - AMBIENT TEMPERATURE I CI 

eThese pOl1ltsareglliranteed bV iutomitlc testing . 
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Timing Diagram 

011 :=:J""-..--________ -:-_..--________ _ 
Oil :.:.:..r-L..J 
09::.:J 
08=:1 LJ 
07::::J 
0& :.:..::.:J 
O. ::=:...J 
04:::J 
03::::1 
02 ::::J 
O'::=:J 
OO:::J 
ee=:J 
Do 

Switching Time Waveforms 

v,, __ """"""\ 

LJ 

'LJ 

LJ 

LJ 

~--------~r-------_+,~r------~ 

v,, ____ -+-;;;,. 
011 

O----------~--,----~ 

vcc--------~r--,.--,.---f___\. .,. 
O_-,-_.....,.:.._!-JI 

~----------------------r_-,.-----f___\. 
Do 

O------------~ 
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USER NOTES FOR AID CONVERSION 

The register can be used with either current switches 
that require a low voltage level to turn the switch ON or 
current switches that require a high voltage level to turn 
the switch ON. If current switches are used which turn 
ON with a low logic level, the resul~ing digit output from 
the register is active low. That is, a logic "1" is represented 
as a low voltage level. If current switches are used which 
turn ON with a high logic level, the resulting digit 
output is active high. A logic "1" is represented as a high 
voltage level. 

For a maximum error of ±1/2 LSB, the comparator must 
be biased. If current ~witches that require a high voltage 
level to turn ON are used, the comparator should be 
biased +1/2 LSB and if the current switches require a 
low logic level to turn ON, then the comparator must be 
biased ..,1/2 LSB. 

The register can be used to perform 2's complement 
conversion by offsetting the comparator one half full 

Typical Applications 

rang!! +1/2 LSB and using the complement of the MSB 
011 'as the sign bit. 

If the register is truncated and operated in the contin­
uous conversion mode, a lock-up condition may occur 
on power-ON_ This situation can be overcome by making 
the START input the "OR" function of CC and the 
appropriate register output_ 

The register, by suitable selection of register ladder 
network, can be used to perform either binary or 
BCD conversion. 

The register outputs can drive the 10 bits or less with 
50k/l00k R/2R ladder network directly for Vee =·10V 
or higher. In order to drive the 12-bit 50k/l00k ladder 
network and . have the ±1/2 LSB resolution, the 
MM54C902/MM74C902 or MM54C904/MM74C904 is 
used as buffers, three buffers for MSB (011), two buffers 
for Q1 0, and one buffer for 09. . 

12·8it Successive Approximation A-to-O Converter, Operating in 'Continuous 
Mode, Drives the 50kl100k L.dde~ Network Directly 

12·Bit Successive Approximation A-to·D Converter 
Operating in Continuous 8·Bit Truncat~d Mode 

.Vlm, .'IIV----,;::::;L ________________ ---,!=;--, 
'E Va: 0 ! 

"!:' MM54C9aSIMM'74C9U5 

v .... "~~ ...... "'" •• ,"':" Da:~'J4MU.~C3Z 
CLOCK CP 011 010 09 QB 07 06 05 04 OJ QZ QI 

fC 
DO Do 

SERIAL 
nATA 
DUT 

SERIAL 
CLOCK CP 00 DATA 

all 010 09 QI Q1 Q& 05 0.4 D1 Q2 01 QD OUT 

JJJ:~~~~~==~ll"RALL"DATADUT 
I~ ___ R_':_~A_~_DE_R ___ ~~ 1~~54C9~ 

"''''''lOGINPUT·~_~---l;DM'ARATOA 

lOOk 

50' sa. 
''''. 

~1/4MM54Cga9 

50. I ~~------------------' ANALOG INPUT' ______ -! 

Definition of Terms 

CP: Register clock input. 

CC: Conversion complete-th is output remains <ft 
VOUT(1) during a conversiqn and goes to VOUT(O) w"hen 
conversion is complete. 

D: Serial data input-connected to comparator output in 
A-tOoD applications. 

E: Register: enable-this input is used to expand the 
length of the register. When E is at V IN (1) 011 is forced 
to VOUTI1L and inhibits conversion. When not used for 
expansion E must be connected to VIN(O) (GND). 

Q11: True register MSB output. 
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011: Complement of register MSB Oljtput_ 

Qi (j = 0 to 11): Register outputs. 

S: Start input-holding start input at VINIO) for at least 
one clock period will initiate a conversion by setting 
MSB (011) at VOUT(O) and all other output (010-00) 
at VOUT(1)' If set-up time requirements are met, a con­
v~rsion may be initiated by holding start input at VIN(O) 
for less than one clock period. 

DO: Serial data output-D input delayed by one clock 
period. 



A to 0,0 to'A '?JI National 
~ Semiconductor ,,' 
TP3000 CODEC System (TP3001'wLaw, TP3002 A-Law) 
General Description . 
The TP3001 and TP3002, are Pulse Code Modulation 
(P'CM) systems for the digital coding and decoding of 
analog signals in the voice frequency band. The TP3001 
system utilizes II-law coding of the analog signals while 
the TP3002 is an A-law system. Each system consists of 
2 IC packages. The TP3001 system uses linear part 
LF3700 and CMOS part MM58100. The TP3002 system 
uses the same linear part and a diffe~ent CMOS part 
(MM58150). Each system samples a filtered (300 Hz < 
f <' 3.4 kHz) analog signal at an 8 kHz rate, converts 
thiS sampled voltage to aIJ 8·bit companded digital code 
(II-law or' A·law) and .Ioads this code into a high speed 
serial output buffer. This output buffer will operate at 
any' speed between 64 and 2100 kilobits per second. 
Either system will also accept an incoming 8-bit PCM 
word (again, at any speed between 64 and 2100 kilobits 
per second) and will automatically interrupt the encode 
cycle to decode the PCM word and update the COD EC 
output sample and hold. After decoding, the systems 
will automatically return to the encoding cycle. This 
interrupt capability·allows either COD EC system to send 
and receive PCM data asynchronously. These systems 
were specifically designed for low cost "per line" or per 
cha,nnel CODEC applications.' 

, Th,ese IC's contain all the necessary elements required 
for a complete CODEC system-both the input and out­
put sample and hold; comparator, stable vO'ltage refer­
ence, non-linear D/A converter, sutcessive approximation 

• logic, control logic arid digital input arid output PCM 
, buffers. The user must provide an input aliasing filter 

(300 Hz -:; f -:; 3.4 kHz) such as thil'AF133 or similar 
filter. The AF134, or' similar filter, is avaihible for use as 
the output filter (300 Hz <: f < 3.4 kHz) which is needed 
to reject sidebands around 8 kHz and provide correction 
for the sinx/x frequency distortion introduced by the 
output sample and hold. 

A special auto-zero circuit insures an extremely low idle 
channel noise and low crosstalk enhancement. During 
th~ decode cycle, the non·linear D/A converter is shifted 
1/2 LSB, thereby achieving a typical signal to total 
distortion performance of at least 3 dB better than the 
03 channel bank specifications. 

Simplified Block Diagram 

The TP3001 system also includes 4 pins for the insertion 
and extraction of the signaling bits required for 03 
channel bank operation.' , 

Features 
- TP3001 uses the standard 11·255 code 
- TP3002 uses the standard A-law code 
-. Each 2·chip system includes: 

• Non-linear D/A converter 
• Voltage.reference with excellent long term stability 
• Comparator 
• Successive'approximation logic 
• Input digital buffer 
• Output digital buffer 
• I nput sample and hold 
• Output sample and hold 
• Auto-zero circuit 
• Control logic 

- TP3001 system meets or exceeds all relevant 03 
channel bank specifications 

- Both systems meet or exceed all relevant CCITT 
specifications 

, - Analog input range of ±5V 
- Analog output range' of ±5V 
- I nput and output PCM words can be clocked at 

64 to 2100 kilobits per' second 
: - Incoming PCM word may be asynchronous. 

- Provision for the insertion and extraction of signaling 
bits in the TP3001 system 

_ Open drain PCM out for TRI-STATE® capability 

Applications 
- Use with digital switching systems in telephone 

central office or private branch exchange 
- Replace 24 or 32-channel shared CODEC in tele­

phone channel bank 
- Use to digitize voice and similar analog signals for lo",! 

noise·transmission and reception 

LF3700. • MM5BIOO OR MM5BI50 

r-------'r----~-----I 

ANALOG IN I I PCM OUT 

ANALOG OUT o-+-c. t'=""",.,.". ... -----++---( PCMIN 
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Absolute Maximum Ratings 
v+ to Gnd 15V 
V-toGnd -15V 
Voltage at Any Pin Except Digital 

Inputs or Digital Outputs V+to v-

Voltage at Any Digital Input or Output -0.3 to +5.5V 

Operating Temperature Range O°C to +70°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

v+ = 12V, v- ~ -12V, VEE = -12V (Note 4) over operating temperature range, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Signal·to·Distortion Method 1: 

TP3001 or TP3002 Either Encoding or A Suitable Noise Signal Applied to the 2 dB Above the CCITT 

Decoding Coder Input Between -55 dBmO and Limits Shown in 

-3 dBmO (Refer to CCITT Rec. G712, Figure 1. 

Paragraph 9, Method 1), (Figure 4) 

Method 2: 

Measured with C Message Weighting 

Filter, 1020 Hz Input Signal 

o dBmO to --30 dBmO 36 dB 

-40dBmO' 30 dB. 

-45dBmO 25 dB 

(Figure 5) 

Gain Tracking Error Method 1: 

TP3001 or TP3002 Either Encoding or Deviation From Gain at -10 dBmO 

Decod~ng A Suitable Noise Signal Applied to Within Limits 

the Coder Input Between -60 dBmO and Shown in Figure 2 

-10 dBmO (Refer to CCITT Rec. G712, (Note that Figure 

Paragraph 11, Method 1, (Figure 4) 2 is 112 flf the 

Limits Set By 

CCITT.)· 

Method 2: 

Deviation From Gain at 0 dBmO 

1020 Hz Input Signal 
, 3 dBmO to -37 dBmO -0.25 +0.25 dB 

-37 dBmO to -50 dBmO -0.50 +0.50 dB 

(Figure 6) 

Idle Channel Noise Input Terminated with 600n 

TP3001 (Figure 7) 12 dBrncO 

TP3002 -72 dBmOp 

Single Frequency Distortion 1020 Hz Input Signal at 0 dBmO, (Figure 8) -40 dBmO 

Reference Voltage (Note 1) 5.25 5.50 5.75 V 

Temperature Coefficient of Reference Voltage ±1.5 mVfC 

Decoder 0 dBmO Output Level (Note 1) 2.58 2.70 2.82 Vrms 

Intrachannel Crosstalk 

Go-to-Return Crosstalk Level at Decoder Output Due to a 0 dBmO -62 dBmO 

Signal Being Encoded (Figure 9) 

Return-to-Go Crosstalk Level at Encoder Output (Measured Via -70 dBmO 

Independent Decoder) Due to a 0 dBmO 

Signal Being Decoded (Figure 10) -
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Electrical Characteristics (Continued) 

V+ = 12V, V- = -12V, VEE = -12V (Note 4) over operating temperature range, unless otherwise specified. 

PARAMETER CONDITIONS MIIII TVP' MAX UNITS 

Interchannel Crosstalk (TP3001 Only) Level at Decoder Output When a -SO dBmO -S3 dBmO 

Signal is Applied to Encoder Input 

(Figure 11) 

Analog Output Frequency Response 300$ f$ 3.4 kHz ±0.05 dS Deviation 

From'Theoretical 
, 

sinx/x Response 

(Figure 3) 

Logical "1" Input Voltage (No'te 5) 4.0 V, , 
Logical "1" Input Current Digital VIN = 5V 1 J.lA 

Logical "0" Input Voltage O.S V 

Logical "0" Input Current Digital VIN = OV -1 J.lA 

Mast~r Clock,Frequency, Fc For Proper Operation: 12S kHz 

Duty Cycle = 50% ±10% 

Input and Output PCM Buffer Clocks Fa and Fi = S kHz 64 2100 kHz 

(Fbo and Fbi) Fbo. Fbi Duty Cycle = 40-60% 

Propagation Delay Fbo to Valid PCM Out 50 150 250 ns 

PCM Out Pin Capacitance 4 pF 

PCM Out Fall Time 1 kSl Resistor to VDD 50 150 ns 

100 pF Capacitor to VSS 

System Power Dissipation Fbo. Fbi = 1.544 MHz 250 300 mW 

Shutdown Mode (LF3701 Only) Pin 3 at Logic High 10 20 mW 

Nota 1: The relationship between the digital coding and the relative audio Signal level is fixed'as fol[Ows: a sine wave of 1 kHz and a nominal 
level of 0 dBmO should be present at the audio output of the decoder when the appropriate character sequence shown below is applied to the 
decoder input. 

MSB 

o 
o 
o 
o 
1 

1 

1 

1 

2 
o 
o 
o 
o 
o 
o 
o 
o 

TP3001 SYSTEM 
).I-LAW 

345 
o 
o 
o 
o 
o 
o 
o 
o 

1 

o 
o 
1 

1 

o 
o 
1 

1 

1 

1 
1 

1 
I' 

1 

1 

6 

1 

o 
0' 

1 

1 

o 
o 
1 

7 LSB 

o 
1 

1 

o 
o 
1 

1 

o 

MSB 

o 
o 
o 
o 
1 

1 

1 

1 

2 
o 
o 
o 
o 
o 
o 
o 
o 

TP3002 SYSTEM 
A-LAW 

345 
1 1 0 

o 
o 
1 
'I 

o 
o 
1 

o 
o 
o 
o 
o 
o 
o 

6 

1 

o 
o 
1 

1 

o 
o 
1 

7 
o 
o 
o 
o 
o 
o 
o 
o 

LSB 

o 
1 

1 

o 
o 
1 

1 

o 
The r.sulting theoretical load capacity (TMAX), is 3.17 dBmO for the TP3001 system (11-law) and 3.14 dBmO for the TP3002 system (A-law). 
NQta 2: The PCM transmit filter must be AC coupled to the CODEC and a resistor of 24 kn or lower must be tied between analog in and analog 
ground. CODEC input impedance will then appear as 24 kn. 
Note 3: PCM OUT and Si are open drain outputs and will require external pull-up resistors to +6V maximum. 1 kn for PCM OUT and 10 kn for 
Si are recommended when Fbo = Fbi = 2.1 MHz. 
Note 4: Special care must be taken tO,assure that the substrate to ground pn junction is never forward biased. In cases where the negative power 
must be open cirpuited, it is recommended that a high current diode (1 amp Schottky) be placed bef":en V- and ground. It is further recom­
mended thet the power supply tum-on' sequence be as follows: V- or ground first. followed by V . Power supply turn-off should reverse the 
procedure. ..... ' 
Nota 5: For TTL or LS compatibility, external pull-up resistors are required between the digital inputs and the TTL or LS logic power supply. 
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. System Description (Refer to block diagrams) 

The master clock for the system is Fc and must be run at 
128 kHz which divides the 125/Js (1/8 kHz) time-frame 
into 16 time slots: The rising edge of the Output Sync 
(Fa). initiates the encoding cycle. The Input Sample 
and Hold Control (IN S/H CNTL) will go high for 19 /JS 
thereby causing the input sample and hold to acquire a 
new input analog voltage. This acquired analog voltage is 
presented to a UNITY GAIN BUFFER located on the 
CMOS chip and. then forwarded to the positive com­
parator input on the linear chip. The successive approxi· 
mation will then begin. The SUCCESSIVE APPROXI­
MATION REGISTER will first load a zero code into the 
NON-LINEAR D/A CONVERTER. The.output of the 
D/A converter goes to a second unity gain buffer and 
then to the negative input of the comparator on the 
linear chip. The comparator will then decide if the 
sampled analog voltage is positive or negative. If the 
analog. input voltage is positive, the CONTROL LOG IC 
will pull the polarity control line high, which in turn 
will cause the voltage reference on the linear chip to 
deliver a positive reference voltage to the NON·LlNEAR 

. D/A CONVERTER, Conversely, if the analog input 
voltage is negative, a negative reference voltage will be 
applied to the NON-LINEAR D/A. The successive 
approximation will turn ON the second bit to the 
NON-LINEAR D/A CONVERTER and a decision is 
made to either leave that bit ON, or turn it OFF. The 
logic will then turn ON the third bit and make a decision 
to leave that bit ON or· turn it OFF. In this way, the 
analog input voltage can be converted into the standard 
8-bit /J-Iaw or A-law code in 8 clock cycles. 

At the end of the encode cycle the 8·bit code is loaded 
into the OUTPUT PCM BUFFER. The word is read out 
serially (MSB first) on PCM OUT by the Output Clock 

, (Fbo) and the Output Sync (Fa). 

The incoming PCM word is read in serially (MSB first) 
on the PCM IN line by the Input Clock (Fbi) and the 
Input Sync (Fi). When the input word has been read in 
and Fi goes low, the system will immediately switch 
over to the decode mode. The current status of the 
successive approximation is temporarily stored while 
the decode word is delivered to the NON-LINEAR D/A 
CONVERTER. During decode, the ladder is shifted the 
required 1/2 LSB to minimize distortion. The CON­
TROL LOGIC will then raise the Output S/H Control 
line so that the Output Sample' and Hold wiit acquire 
this new output voltage. After 4 clock cycles the circuit 
will return to the encode mode. The analog output of 
the system will therefore be a staircase type output with 
the associated sinx/x frequency distortion, (Figure 3). 

The system incorporates an AUTO-ZERO circuit to' 
ensure a low DC offset for the encoding process, and 
very low idle channel noise. The encoded MSB (the sign 
bit) is latched on the MSB OUT pin. This signal then is 
fed to a simple external low pass RC filter (with a time 
constant of about 100 ms to 1 sec) and then to the 
AUTO-ZERO pin on the LF3700. The DC voltage on 
this pin will adjust the offset of 'the input sample and 
hold to correct for any offset voltage in the encoding 
path. This will also correct for up to ±20 mV DC offset 
voltage present in the analog input signal. This scheme 
simply forces equal numbers of positive and negative 
voltages over the long term. 

There' are 4 pins available in the TP3001 system for the 
insertion and extraction of signaling bits. The operation 
of these pins is covered in the timing diagrams: 

System Block Diagrams 
TP3001 System 

-1ZV v', 

F,· 

".~~ 
........ 

INSlHCQIITROL II (CMOSCHIPI 

F. Z FIN .CM " BUffER V" '. 3 '. NC~ UNITY LFl101J ~ . " GAIIII " 1 +tOMPIN (L1NEARtH"" v-~ 'UFFERS v •• 
I Z -", .. -=t:>-" Ii 'eMIN • rl ION·lIllAR ~ Of"OUT 14 .. 

DlACOIVERTER A Voo zao,F 
'. ," IlIS/HOUT 23 

~ 
COMPARATOR IIUIHCAP l' ~ L . ~ r..r PWRON 

~ A~ F. , Fy +COM' IN 22 INSltlCONTAOL INS/HDut'UT 11 

"" 

F, .• Fe 
OUTSIH 

CONtROL 21 • , • .,.Ul Lt-Jl,;:.:'" . V' ", 
I COMPOUf r-LLL...w co'n:~ " • '.LC."'.~ ".'.L. .,." A, • 

1"=_V"I~ , V.EF ....... " .~ ·UM." ..... ..J~ " MUOUT "PPRIIXIMAnOIl CONTROL 
~ ". "".ut ..-J,..::....., 

REGISTtA lOGIC Nt 

I .UT""'."'T~:~~:... ZE.. .".h .: .. .UT 11 VAEF 11 I 'Frt GUTPIITI ~.- .... ----. ~ OGn . 'U':~II . AGND 

~- 100UTS/1tCAP . I . F .. '.. '------' lOUT 11 "UT 
AGIO 

..!!IIC '. IS 
... " 

A aND •• '. AGND 

Note. Pin 3 of the LF3700 should be connected to analog ground. Pin 3 of the LF3701 is a power down control; logic high (SV) is the power 
down standby mode for the TP3000 systems. 
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System Block Diagrams (Continued) 

f '. 

'II 
.2 Nt 

""" 4 !'eMIN 

f, ,f, 

• COMPDUT 

1 USBOUT 

• PCM OUT 

f •• 

f, 

"'511&1 
ttMostKIPl 

INPUT 

"" BUFFER 

TP3002 System 
-ltV 

IRISH CNfL 2.2 

" v" 

Voo .!L. 
...... PIA 19 

I +tOMPn! 

2-CGM'~ 
3 COMPARATOR 

~PWRDN 

V 41NSlHCONTROL 

LF31BO 
ILlIIIEAl'ltttlf'/ 

. y 

VOOLZOIII'F' 

INs/NCAI' " ILs..-
IN SJKDUT1'UT11 IIV 

.. " AGND ~INsJKDUTI' 
Ii tOMI'OUl ~U-. ::.l~ 

r _HI-:-__ ''tPO:.::':..:':::O':,:;'''"",L ·sv ~ L!<.~.""~H",,OL='~...;A"'''T.:::.. ___ oo()A'' 
DUTS/H tlfL I. 1 VRU '-- AUTO. AUTO. ~ , "REFERENCE ~ 

'OLeUITHOl 15 W I . OUTS(HllPUT t--..-~:;'~~AND ZERO D~:: 13 . 

I VREF'4~ f9 AGND ' ~ lHOLP DUTSIHCONTROL~ 
AO"D13~ • IGOUTS/HCAP I I A OUT "06lfD 

, '"etESS'''" """'OXIMATIOII 
REGISTER 

AOUT 

r-'~~" " I C~:~~:L I AGNP 2G1,F 
L.......;_-' 

AGNO 'AGHD 

Note. Pin 3 of the LF3700 should be connected to analog ground. Pin 3 of the LF3701 is a power down control; logic high (5V) is the powsr 
down standby mode for the TP3000 systems, . . 

Ordering Information 
SYSTEM ORDER LINEAR PART: D20A AND CMOS PART: D24A 

TP3001 (~-Iaw) LF37000 

TP3002 (A-law) LF37000 

Description of Pin Functions 
CMOS PIN FUNCTIONS: 

MM58100 MM58150 
PIN PIN 
NO. NO. 

r 

2 2 

3 

4 

NAME 

Fi 
(INPUT 
SYNC) 

Fbi 
(INPUT 
PCM 
CLOCK) 

Fsi 
(MM58100 
INPUTSIG· 
NALING 
ENABLE) 

Si 
(MM58100 
INPUTSIG· 
NALING 
BIT) 

FUNCTION 

When this line goes high, the data 
on the PCM IN line is shifted into 
the INPUT PCM BUFFER by Fbi 
(INPUT CLOCK). This line must be 
high for 8 clock pulses of Fbi. 
When Fj goes low, the incoming 
PCM word is loaded into the NON· 
LINEAR D/A CONVERTER and 

, the OUTPUT SAMPLE AND HOLD 
is placed in the acquire mode. Our· 
i'1g decode, the D/A converter is 
shifted 1/2 LSB. After the decode 
is complete, the successive approxi· 
mation will resume. 
The leading edges of this clock will 
serially shift the data on the PCM 
IN line into the INPUT PCM 8UF· 
FER when the Fj (INPUT SYNC) 
line is high. , 
When this line 'is high. the falling 
edge of Fi (INPUT SYNC) will 
transfer the LSB on the incoming 
PCM word to Si (INPUT SIGNAL­
ING BIT). The PCM word is then 
decoded as a 7·bit code. 
When Fsi (INPUT SIGNALING 
ENABLE) is high, the LSB of the 
incoming peN! word is transferred 
to this line and latched by the fai­
ling edge of Fi (INPUT SYNC). An 
external pull-up resistor of 10k to 
the digital positive supply is 
required. 
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MM581500 

CMOS PIN FUNCTIONS: (Continued) 

MM58100 MM58150 
PIN PIN 
NO. NO. 

5 4 

6 

8 

·9 6 

10 

II 8 

12 9 

NAME 

PCM IN 

So 
(MM58100 
OUTPUT 
SIGNALING 
BIT) 
Fso 
(MM58100 
OUTPUT 
SIGNALING 
ENABLE) 
F ' c . 
(MASTER 
CLOCK) 

COMPOUT 

MSBOUT 

PCMOUT 

DGND 
(OIGITAL 
(GND) 

FUNCTION 

The incoming PCM word is received 
on this line. 
When the Fso (OUTPUT SIGNAL· 
ING ENABLE) line is high the LSB 
of the PCM word in the OUTPUT 
BUFFER is replaced bV the logic 
state on this line. 
When this line is high and Fa (OUT­
PUT SYNC) is low, the logic level 
on So (OUTPUT SIGNALING BIT) 
is transferred to the LSB of the 
OUTPUT PCM BUFFER. 
This is the principal clock of the 
CODEC system. All. CDDEC func­
tions with the exception of Fj 

(INPUT SYNC) and Fbi (INPUT 
CLOCK) are synchronized to Fe. 
This clock frequency should be 
128 kHz. .. . 
This is the output of the· analog 
comparator which is used, in the 
successive approximation conver· 
sian. 
The encoded MSB appears on this 
line for use in the ·AUTO ZERO 
function. 
The result of the digital 'encoding is 
available on this line. A 1k external 
resist~r to the digital positive sup· 
ply is required. 
All digit~1 signals should be refer· 
enced to this line. 
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Description of Pin Functions (Continued) 

CMOS PIN FUNCTIONS: (Continued)' 

MM58100 MM58150 
PIN PIN 
NO. NO. 

13 

14 
15 

16 

17 

18 

19 
20 

21 

23 

24 

25 

26 
27 

28 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

NAME 

Fbo (OUT· 
PUT PCM 
CLOCK) 

FUNCTION 

The falling edges of this cloc·k will 
serially shift the PCM word in the 
PCM OUTPUT BUFFER to the 
PCM OUT line. 

No Connection 
Fa When this line goes high, the output 
(OUTPUT PCM word can be shifted out by 
SYNC) Fbo (OUTPUT CLOCK). This line 

must be high for B clack pulses of 
Fba. When F~ goes high, the follow­
ing sequence is initiated: the IN­
PUT SAMPLE ANO HOLO first ac· 
quires the ANALOG IN voltage and 
a successive approximation conver­

,sian is made on that voltage using 

AGND, 
(ANALOG 
GROUND) 
AGND 
(ANALOG 
GROUND) 
VREF 

· the NON·LlNEAR D/A CON· 
VERTER and the COMPARATOR. 
The resulting B-bit PCM word is 
then loaded into the OUTPUT 
PCM BUFFER. 
All analog signals should be refer- . 

· enced to this line. 

· All analog signals should be refer· 
enced to this line. 

· This is the +VREF or the -VREF 
for the NON·LlNEAR D/A CON· 
VERTER. 

No Connection 
POL CNTL This ~s the digital command for 
(POLARITY +VREF or -VREF. 
CONTROL) 
OUT 5tH This is" the digital command for the 
CNTL (OUT· OUTPUT SAMPLE AND HOLD to 
PUT SAMPLE acquire a new voltage. 
AND HOLD 
CONTROL) 
';'COMP IN 
(NON·IN· 
VERTING 
COMPAR· 
ATOR 
INPUT) 

This is the output of the buffer 
amplifier for the input sample and 
hold. This is connected to the 
+COMP IN pin on the lihear chip. 

IN S/H OUT This is the input of the buffer 
(OUTPUT OF amplifier for the input sample and 
THE INPUT hold. This is connected to the out· 
SAMPLE put of the input sample and hold 
AND HOLD) on the linear chip. 
OJA OUT This is the output voltage of the 
, NON'LlNEAR D/A CONVERTER. 
VOO This is the positive voltage supply 

for the digital chip which is pro·" 
vided by the analog chip. 

No Connection 
. VEE This is the negative supply voltage. 

for the digital chip (-12VI. 
IN SJH CNTL This is the digital command for the 
(INPUT SAM· INPUT SAMPLE AND HOLD to 

. PLE AND acquire a new voltage. 
HOLD CON· 
TROL) 
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LINEAR PIN FUNCTIONS: 

LF3700 
PIN 
NO. 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

NAME 

+COMP IN 
(NON·INVERT· 
ING COMPAR· 
ATOR INPUT) 
-COMP IN 
(INVERTING 
COMPARATOR 
INPUT) 
POWER DOWN 

IN S/H CNTL 
(INPUT SAM· 
PLE AND HOLD 
CONTROL) 
COMPOUT 
(COMPARATOR 
OUTPUT) 
POL CNTL 
(POLARITY 
CONTROL) 
VREF 
OUTS/H 
INPUT (INPUT 
TO OUTPUT 
SAMPLE AND 
HOLD). 
AGND 
(ANALOG 
GROUND) 
OUT S/H CAP 
(OUTPUT SAM· 
PLE AND HOLD 
CAPACITOR) 
AOUT 
(ANALOG 
oun 
OUTS/H 
CNTL (OUTPUT 
SAMPLE AND 
HOLD CONTROL) 
DGND 
(DIGITAL 
GROUND) 
AUTOZ 
(AUTO ZERO) 

AIN 
(ANALOG IN) 
V+ 

IN S/H OUT· 
PUT (OUTPUT 
OF INPUT 
SAMPLE AND 
HOLD) 
IN S/H CAP 
(lNPU:rSAM· 
P~E AND' HOLD 
CAPACITOR) 
VDD 

FUNCTION 

This is tied to the +COMP IN pin on the 
CMOS chip. 

This is tied to the DIA OUT pin on the 
CMOS chip and the OUTPUT SAMPLE 
AND HOLD. INPUT pin on the linear 
chip . . 
Connect to Analog Gnd - LF3700 
(LF3701 see note System Block Diagram). 
This is tied to the IN S/H CNTL pin on 
the CMOS chip. 

This is tied to the COMP OUT pin on the 
CMOS chip. 

This is tied to "the POL CNTL pin on the 
CMOS chip .. 

This is tied to VAEF on the CMOS chip. 
This is the analog input to the OUTPUT 
SAMPLE AND HOLD. This should be 
connected to the D/A OUT pin on the 
CMOS chip and the inverting comparator 
input pin on the linear chip. 
All analog signais should be referenced to 
this line. 

A low leakage, 200 pF capacitor should 
be connected from this line to ANALOG 
G~OUND. 

This 15 the output of the OUTPUT 
SAMPLE AND HOLD. 

·This is tied to the OUT S/H CNTL pin 
on the CMOS chip. 

All digital signals should be referenced to 
this line. 

This is connected to the MSB OUT line 
of the CMOS chip after an external Jaw 
pass filter. 
This is the appropriately filtered analog 
input. 
This is the positive supply voltage for the 
analog chip. 
This is the analog output voltage of the 
INPUT SAMPLE AND HOLD. This is 
tied to the IN S/H OUT pin on the CMOS 
chip. . 

A low leakage, 200 pF capacitor should 
be connected from this line to analog 
ground. 

This is the positive supply voltage for 
the CMOS chip. This is tied to VOO on , 
the CMOS chip. 
This is the negative supply for the linear 
chip. 



Typical Perfonnance Characteristics 
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FIGURE 1. Typical Signall 
Total Distortion Ratio as a 
Function of Input Level with 
a White Noise Source 

Test Set·Up Diagrams * 

MARCONI 
TF2107A 

PCM MULTIPLEX 
TESTER 

MEASUREMENT 
PORT 

600 

0.6 

;; 0.25 
~ 

'" c 
~-o.z& 

-G.5 

~ 

-.r: 

-60 -40 -20 

INPUT LEVEL (damDI 

FIGURE 2. Maximum Gain 
Tracking Error (AGain) as 
a Function of I nput Level 
with a White Noise Source 

-4 

. -6 

f--:- TELEPHONE BANDWIDTH--: I--

r-I--
.,..." 

I""-
SINXIX WHERE X,. tllBr'z ~ 

00.3 3 3.4 

FREQUENCY (kHz) 

FIGURE 3. Output sinx/x 
Frequency Response 

The Marconi TF2807A's noise 
output has a probability distri­
bution of amplitude approxi. 
mating a Gaussian distribu­
tion which is band limited to 

1+--_ ..... conform with the latestCCITT 

Switch position A - Perfect encode;.decode TP3000 , 
Switch pOSition 8 - Encode TP3000; perfect decode 

re~ommendations. 

FIGURE 4_ Test Set-Up for Signal-to-Distortion and Gain Tracking USing a Noise Source 

HP334A 
DISTORTION 
ANALYZER 

HP2D4D 
OSCILLATOR 

Switch position A - Perfect encode; decode TP3000 
SWitch 'pOsition B - Encode TP3000; perfect decode 

FIGURE 5_ Test Set·Up for Signal-to-Distortion Using a 1020 Hz Signal 

·Perfect encode or decode i'Il-law when te.ting TP3001 and A-law when testtn9 TP3002 
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Test Set-Up Diagrams * (Continued) 

MARCONI 
TF2B01A 

PCM MULTIPLEX· 
TESTER 

r - TPJOiiii" - , 
I I 

MEASUREMENT 1020 Hz 
PORT SOURCE 

HPJ555B 
TRANSMISSION 

AND NOISE 
MEASURING SET 

600 

Switch position A . - Perfect encode; decode TP3000 
Switch position B - Encode TP3000; perfect decode 

FIGURE 6. Test Set· Up for Gain Tracking Using 1020 Hz Signal 

600 

B 

A 

AFI34 

RECEIVE 
FILTER 

PERFECT 
DECODE 

Determine the 0 dBmO level on the HP3555B and then measure the idle channel 
noise with the HP3555B in the C·MSG-mode. The noise in dBrncO is 90 dBmO·A, 
where A is the idle channel noise measurement down from the 0 level On dB). 

FIGURE 7. Test Set·Up for Idle Channel Noise 

*Perfect encode or decode is ,,-law when tasting TP3001 and A·law when testing TP3002 
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~ Test Set-Up Diagrams * (Continued) 

Q;. 
to-

HP302A 
WAVE 

ANALYZER 

HP2040 
OSCillATOR 

1020Hz 
OdBmO 

, 

HP302A 
WAVE ANALYZER 

TUNE FOR 
1020 Hz 

HP2040 
OSCILLATOR 

1020 Hz 
OdBmO" 

600 

The output at any frequency (except 1020 Hzl should be at least 40 dB down . 
. The two freque~c:ies of interest are the second and third harmonics (2040 Hz 
and 3060 Hz!. 

Switch position A - Perfect encode; decode TP3000 
Switch position B - Encode TP3000; perfect decode 

FIGURE 8. Test Set·Up for Single Frequency Distortion 

r mODii'oRTPlOD1 , 

AF133 I I 
I TRANSMIT I ANALOG IN 

ENCODE 
I PCM OUT 

l FILTER I I , 
I 

rt RECEIVE I ANALOG OUT I 
DECODE ~I~ FILTER I' I" 

AFI34 I I 
L ____ .J 

AFI33 

~H TRANSMIT I I PERFECT r-FILTER I I "ENCODE 

600 

.~ 

FIGURE 9. Test Set·Up for Go-to·Return Crosstalk 

DO NOT CONNECT PCM OUT TO A 
DECODER IN THIS TEST CONFIGURATION. 
LEAVE PCM OUT PIN OPEN 

THE PCM OUTPUT CODES FROM THE 
PERFECT ENCODE MUST BE EITHER 
01111111 OR 11111111 FOR THE 
TPlOOl SYSTEM AND 11010101 DR 
01010101 FOR THE TP3002 SYSTEM 

*Perfect encode or decode is lA·law when testing TP3001 and A·law when testing TP3002 
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Test Set-Up Diagrams * (Continued) 

AFI33 

rl TRANSMIT I ANALOG IN I 
ENCODE 

I PCM OUT 

FILTER I I 

I 600.~ I 

"* 
r DECODE ~IN 

I I 
HP204D 

L ____ .J 

OSCILLATOR AFI33 

1020 Hz " I TRANSMIT I I PERFECT 
OdBmO I FILTER I I ENCODE 

HP302A 
WAVE ANALYZER AFI34 

. TUNED TO I RECeiVE I I PERFECT 
1020 Hz I FIL TER I I DECODE 

FIGURE 10. Test Set-Up for Return-ta-Go Crosstalk 

HPlOlA 
WAVE ANALYZER 

HP2040 
OSCILLATOR 

T~:Z~ ~~ 1----------.... 

Switch position A - Perfect encode; decode TP3000 
Switch position B - Encode TP3000; perfect decode 

FIGURE 11. Test Set-Up for Interchannel Crosstalk 

*Perfect encode or decode is ,,-law when testing TP3001 and A-law when testing TP3002 
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Timing Diagrams 

MULTI·CHANNEL 
OPERATION 

MULTI·CHANNEL 
OPERATION 

SINGLE CHANNEL 
OPERATION 

(Fbj = 64 kHz) 

SYSTEM TIMING 
Fo. Fbo and PCM OUT Relationships 

F.(8kHZ)~ 

PCMOUT 

PCMOUT 

I I-- MIN 100 ns . 
--t I TO DETECT HI TO LOW TRANSITION 

OPEN 
DRAIN 

OPEN 
DRAIN 

PREVIOUS_-I--------CURRENT WORo------..+I-- NEXT WORD 
WORD 

Fi. Fbi and PCM IN Relationships 

Fj(8kHz) J . 
-1 L MIN 100 ns 

I' TO DETECT LOW TO HI TRANSITION 

Fj (8kHz) --U U 
--I r-MINIODns -11- MIN 500 ns 
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Timing Diagrams (Continued) 

Fso 

So 

Fbo 

PCM OUT 

Fsi 

Sj 

Fj 

'PCMIN 

OPEN 
ORAIN 

SIGNALING 
(TP3001 Only) 

Fso. So. Fo Timing Relationships 

Fso SHOULO OVERLAP EACH SIDE OF 
THE POSITIVE EOGE OF Fo 500 ns MIN 

L 

'gj;~ OPEN 
ORAIN 

Fsi. Si. Fi Timing Relationships 

Fsi SHOULO OVERLAP EACH SIDE OF 
THE NEGATIVE EOGE OF Fj 500 ns MIN 

L 

XMSBX 2 X 3 X 4 X 5 X 6 X 7 ~~ 
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§ Timing Generator 

a. 
I-

14 +16 11 +16 
DM.t4LS93 14 DM14LS93 VCC 

lk . 

.....,,...---f-f-f--~~ ~'·ZB kHz) . 

Ik 

D 

DM14LS14 

(1.0ZH::~~ ..... +--tCLK 

Timhig Generator Outputs 

Q 

FD.Fi~ 

\ PCM 
MSB 

X X 3' 

X 4 

X X X OUT 

8-192 

L 
X 

LSB / 



~National 
~ Semiconductor 

A to D, D to A 

LH0091 True RMS to DC Converter 

general description 
The LH0091, rms to dc converter, generates a dc output 
equal to the rms value of any input per the transfer 
function: 

EOUT(DCI = j ~ f: EIN2 (tl dt 

The device provides rms conversion to an accuracy of 
0.1% of reading. using the external trim procedure. 
It is possible to trim for maximum accuracy (0.5 mV 
±0.05% typl for decade ranges i.e., 10 mV -> 100 mV, 
0.7V -> 7V, etc. 

block and connection diagrams 

"N 

Order Number 
LH0091D 

LH0091CD 
See Package D160 

simplified schematic 

r 
I 
I 
I 

\4 

J 16 
"N 0- ..- -:>-y,,.,.. ... ~ 

v+o!l--o 
v-o!--o 
G'D~ 

Note: Dotted lin~s denote external connections. 

features 
j \ 

• Low cost 

• True rms conversion 

• 0.5% of reading accuracy untrimmed 

• 0.05% of reading accuracy with external trim 

• Minimum component count 

• Input voltage to ±15V peak for Vs = ±15V 

• Uncomniitted amplifier for filtering, gain, or high 
crest factor configuration 

• Military or commercial temperature range. 

Dual·ln-Line Package 

A1 A5 
VIN FEEDBACIt A1 H v+ (OUT) OUT 

I .. " 14 13 12 11 

A3 
A3- FEEDBACK 

10 • 

EOUl 

r-- l-

I , ] • , 6 1 18 

NC v- Ne A5(+) A5H All-! A4(-) GND 

TOPVIEW 

CUT 

r--)~--I 
10k .1 

~1I'r---O-. 1 

~2 -' 
A5 • 

. + 
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absolute maximum ratings 

Supply Voltage ±22V 

Input Voltage ±15V peak 

Output Short Circuit Duration ContinuoLJs 

Operating Temperature Range TMIN TMAX 

LH0091 -55°C 125°C 

Lfi0091C -25°C 85°C 

Storage Temperature Range . , 
LH0091 -65°C to +'150°C 

LH0091C -25°C to +85°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics Vs = ±15V, TA = 25°C, unless otherwise specified. 

Transfer Function = EO (DC) = j ~ f T EIN2 (t) dt 
. TO 

,PARAMETER I CONDITIONS I MIN I TYP I . MAX I UNITS 

ACCURACY (See Definition of Termsl 

Total Unadjusted Error 50 mVrms $ VIN $ 7Vrms (Figure 1) 20, ±0.5 40,±1.0 mV,% 

Total Adjusted Error 50 mVrms $ VIN $ 7Vrms (Figure 3) 0.5, ±0.05 l,±0.2 mV,% 

T?tal Unadjusted Error vs Temperature -25°C $ TA $ +70°C 0.25, ±0.02% mV,%fC 

Total Unadjusted Error vs Supply Voltage 1 mVIV 

AC PERFORMANCE 

Frequency !or Specified Adjusted Error Input ='7Vrms, Sinewave (Figure 3) 30 70 kHz 

Input = O,7Vrms, Sinewave (Figure 3) 40 kHz 

Input = 0.1 Vrms, Sinewave (Figure 3) 20 
, 

kHz 

Frequency for 1% Additional Error Input = 7Vrms, Sinewave (Figure 3) 100 200 kHz 

Input = 0.7Vrms, Sinewave (Figure 3) 75 kHz 

Input = O.IVrms, Sinewave (Figure 3) 50 kHz 

Bandwidth (3 dBI Input = 7Vrms, Sinewave (Figure 3) 2 MHz 

Input = 0.7Vrms, Sinewave (Figure 3) 1.5 MHz 

Input = 0.1 Vrms, Sinewave (Figure 3) O.B MHz' 

Crest Factor Rated Adjusted Accuracy Using the High 5 10 

Crest F'actor Circuit (Figu';' 5) 

INPUT CHARACTERISTICS 

Input Voltage Range For Rated Performance ±0.05· ±11 Vpeak 

Input Impedance 4 .. 5 5 kn 

OUTPUT CHARACTERISTICS 

Rated Output Voltage RL;::: 2.5 kn 10 V 

Output Shon Circuit Current 22 rnA 

Output Impedance 1 n 

POWER SUPPLY REQUIREMENTS 

Operating Range ±5 ±20 V 

Quiescent Current VS=±15V 14 18 rnA 
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op amp electrical characteristics Vs = ±15V. TA = 25°C unless otherwise specified 

PARAMETER CONDITIONS MIN 

VOS Input Offset Voltage RS~ 10 kll 

lOS Input Offset Current 

'B Input Bias Current 

RIN Input Resistance 

AOL iii Large Signal Voltage Gain VOUT = ±10V, RL 2: 2 kll 15 

Vo ·Output Voltage Swing RL= 10kll ±10 

V, Input Voltage Range ±10 

CMRR Common-Mode Rejection Ratio RS~ 10kll 

PSRR Supply Voltage Rejection Ratio RS~ 10 kll 

ISC Output Short·Circuit Current 

, Sr Slew Rate (UnitY Gain) 

BW Small Signal Bandwidth 

typical performance characteristics 

Error vs Frequency Error vs Frequency 

1 
o.lvrm,. 

10 

~I ;; 
;; F 

" t= 0; ~ :;'i := C=lpF 
.. 

2Vrms 
:;'i 

:; .. 
~ III ::; Q 

g; 0.1 E 1 B C= 2pF .. 
f:i .. 
.... ~ I- t=4pF 

'" ~ 1; 
,-jiml 

.. u 
Q II 

0.01 0.1 '-
lk 10k' lOOk 1M ;0 100 lk 10k 

FREQUENCY (Hz! FREQUENCY 1Hz! 

I 

typical applications (All applications require power supply by-pass capacitors.1 

lH0D91 

CEXT <: l.uF; frequency <: 1 kHz 

FIGURE I, LH0091 Basic Connection (No Trim) 
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TVP MAX UNITS 

1.0 10 mV 

4.0 200 nA 

30 500 nA 

2.5 Mll 

160 V/mV 

±13 V 

V 

90 dB 

96 dB 

25 mA 

0.5 VllJ.s 

1.0 MHz 

Error YS Crest Factor 

0.3 .-.--r-....... ..,...,..-r-r--, 

BASllc I I 
CONNE.CTlON 

~ 011--H+-t-1'-t-++-+7'f 
~ II ~I' 
f:i 1 ...... 1-' 
s V ...... f-"'r 
~ 0.1 HIGH CREST --

~~ ~ACTIOR ~IRC~IT I 

THISTESTISDDNf WITH A PULSE TRAIN 
V;. IOV, PlY' 200.(1 DUTY CYCLE CHANGED 
TO OBTAIN DiffERENT CRUT FACTORS 

1 2 3 4 5 6 1 8 9 10 

CRESTFAC', OR 

r-
::r: 
i ..... 
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typical applications (con'd) 

AT = 240k 

CEXT?' 'I'F, I? 1 kHz 

R3 
10k 

v+ O-..J",,..,.-O v-

r-----~+_------~--<>eOUT 

LH0091 

3M 

RT 

R4 
500 

Note. The easy trim procedure is used for ae coypled ir:'put 
signals. It involves two tri.", and can achieve accuracies of 2 mV 
offset to.1 % reading. 4\ 

Procedure: 

1. Apply 100 mV rms Isine wave) to input, adjust R3 u.ntil 
the output reads 100 mVOC. 

2. Apply. 5 V rms (sine wave) to Input, adjust· A4 until the 
output reads 5 VOC. 

3. Repeat steps 1 and 2 until the desired' initial accuracy is 
achieved. 

FIGURE 2. LHOO91 "Easy Trim" IFor 8C Inputs Only.l 

Rl == de symmetry balance 
A2 = Input olfset 

R3 
10k 

v+ Oo..J",,..,._O V- -, 
No:te:.,r This, procedure will give accuracies of 0.5 mV offset 
±0.05% read!ng lor inputs Irom 0:05V. p.ak"to lciv peak. R3' =' Output offset 

R4 Gain adjust 

V+ 

'IN 

RZ CEXT 10k 
V-

IZ 11 

LH0091 

3M 

'OUT 

R4 
500 

10 

Procedure: 

1. Apply 50 mVOC to the input. Aead and record the o~tp~t. 
2. 'Apply -50 mVOC to the input. Use R2 to:adjust 10; an 

output of the same magnitude as ,in step 1:. 
3. Apply 'SO mV to the input. Use R3 to adjust, the output for 

5OmV. . . -
4.' Apply -50 mV to input. Use R2 to adjust the output lor 

5OmV. 
5.' Apply! 10V alternately to the input. Adjust Al until the 

output readings for both polarities are equal (not necessary 
that they be exactly 10Vl. 

6. Apply 10V to the input. Use A4 to adjust lor 10V at the 
output. 

7. Repeat this procedure to obtain the desired accuracy." 

FIGURE 3. LHII!I91 Standard.de Trim Procedure 
FILTERED 

OUTPUT ... __________ ...., 

LH0091 

Rl 

Note. The additional op amp in the LH0091 may be used as a 
low pass filter as shown in Figure 4. 

Cl 

Rl 

, CZ 

T 
Al = A2 = 16k 
Cl = C2 = 11'F 
10 ", 10 Hz 

FIGURE 4. Output Filter Connection Using the Internal Op Amp 
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typical applications (con'd) 

10k 
v+ o-~\J\j""'_D v-

3M 

LH0091 

10k 

Note. When converting signals with a crest factor ~ 2, the 
LH0091 should be connected as shown. Note that this circuit· 
utilizes a 20k resistor to drop the input current by a factor of 
five. The frequency response will correspond to a voltage which 
is 1/5 eiN. 

Note that the extra op amp in the LH0091 may be used to 
build a gain of 5 amplifier to restore the cutp'ut voltage. 

'IN 

'OUT 

LH0091 

10k 

Note. Response time of the de output voltage is dominated 
by the RC time constant consisting of the total resistance 
between pins 9 and 10 and the external capaci~or. Cex. 

FIGURE 5. High Crest Factor Circuit 

definition of terms 

True rms to dc Converter: A device which converts 
any signal (ac, dc, ac + dc) to the dc equivalent of the 
rms value. 

Error: is the amount by which the actual output differs 
from the theoretical value. Error is defined 'as a sum of a 
fixed term and a percent of reading term. The fixed 
term remains constant, regardless of input while the 
percent of reading term varies with the input. 

Total Unadjusted Error: The total error of the device 
without any external adjustments. . 

Bandwidth: The frequency at which the output dc 
voltage drops to 0.707 of the dc value at low frequency. 

8·197 

Frequency for, Specified Error: The error at low fr,,· 
quency is governed by the size of the external averaging 
capacitor. At high frequencies, error is dependent on the 
frequency response of the internal circuitry. The fre· 
quency for specified error is the maximum input 
frequency' for which the output will be within the 
specified error band (Le., frequency for 1 % error means 
the input frequency must be less than 200 kHz to 
maintain an output with an error of less than 1 % of the 
initial reading. 

Crest Factor: ,is the peak value of a waveform divided 
by the rms value of the same waveform. For high crest 
factor signals, the performance of the LH0091 can be 
improved by using the high crest factor connection. 



~National 
~ Semiconductor 

.f 
Ato D, D to A 

LHOO94 Multifunction. Converter 
General Description 
The LH0094 multifunction converter generates an output 
voltage per the transfer fu~ction: 

Eo = Vy ~z)~, 0.1 ~ m ~ 10, m continuously 
\ V x adjustable 

m is set by 2 resistors. 

Features 
• Low cost 
• Versatile 
• High accuracy-0.05% 
• Wide supply range-±5V to ±22V 

Block and Connection Diagrams 

v, 
v, 

vy 

Order Number 
LH00940 

LH0094CO 
See Package 0160 

Simplified Schematic 
12 

13 v, 
lOOk 

':' 

v, 
lOOk 

16 

Vy 
lOOk 

':' 

• Minimum component count 
• Internal matched resistor pair for setting m = 2 and 

m=0.5 

Applications 
• Precision divider, multiplier 

• Square root 
.• Square 

• Trigonometric ·functipn generator 

• Companding 
• Linearization 
• Control systems 

• Log amp 

Dual·ln-Line Package 

A3- v' AI- GNO • VA v, 

E. LH0094 

E. Vy Vc A4- v- RA RCOMMON R. 

TOP VIEW 

I E. 
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Absolute Maximum Ratings 
Supply Voltage ±22V Storage Temperature Range 
Input Voltage ±22V LH0094D -65°e to +150oe 
Output Short·Circuit Duration Continuous LH0094CD -55°e to +125°e 
Operating Temperature Range Lead Temperature (Soldering,. 10 secondsl· 3000 e 

LHOO94CD -25°e to +85°C 
LH0094D -55°C to +125°C 

Electrical Characteristics 
Vz)m Vs = ±15V, TA = 25°C unless otherwise specified. Transfer function: Eo= Vy (Vx ;0.1 :::;m:::; lO;OV:::;Vx, Vy, Vz :::; ~OV 

f LHOO94 f LHOO94C J PARAMETER CONDITIONS UNITS I MIN I TYP I MAX I MIN TYP MAX I 
ACCURACY 

Multiply 
Vz Vy 

(0.03~ Vy ~ 10V;0.01 ~Vz~ 10VI Eo=--
%F.S. 10· 

Untrimmed (Figure':)) 0.25 0.45 0.45 0.9 (10V) 

External Trim (Figure 3) 0.10 0.1 %F.S. 

vs Temperature 0.2 0.2 mVfC 

Divide Eo = 10 VzlVx 
Untrimmed (Figure 4), (0.5 ~ Vx ~ 10; 0.01 ~ Vz ~ 10) 0.25 0.45 0.45 0.9 % F.S. 

External Trim (Figure 5), 10.1 ~ Vx ~ 10; 0.01 ~ Vz ~ 10) 0.10 0.1 % F.S. 

vs Temperature 0.2 0.2 mVfC 

Sq. Root Eo = 10v'Vz110 

Untrimmed (Figure 8), 10.03 ~ Vz ~ 10) 0.25 0.45 0.45 0.9 % F.S. 

External Trim (Figure 9), (0.01 ~ Vz ~ 10) 0.15 0.15 % F.S. 

Square Eo" 10 (VzI10)2 (0.1 ~ Vz ~ 10) 

Untrimmed (Figure 6) 0.5 1.0 1.0 2.0 % F.S. 

External Trim. (Figure 7) 0.15 0.15 % F.S. 

Low Level Eo = V1Ovz; 5 lilY ~ Vz ~ 10V 0.05 0.05 % F.S. 

Sq. Root (Figure 10) 

Exponential m=O.2 Eo= 10 (Vz/iO)2 0.05 0.08 % F.S. 

Circuits (Figure 11), (0.1 ~ Vz ~ 10) 

m = 5 Eo = 10 (VzI10)5 0.05 0.08 I % F.S. 
(Figure 11), (1 ~ Vz ~ 10) 

OUTPUT OFFSET 

I Vx = 10.0V, Vy ;= Vz = 0.0 I I 2 I 5 I I 5 I 10 I mY, 

AC CHARACTERISTICS 

3 dB BANDWIDTH. m= 1.0 

Vx'= Vz = 10.0V 10 10 kHz 

Vy =O.l Vrms 

-NOISE 10 Hz to 1 kHz 

m = I, Vy = Vz = O.OV 

Vx = 10V 100 100 "Vrms 

Vx = O.lV 300 300 "Vrms, 

EXPONENTS 

m I I O.~ to I O'~oto I I O.~ to I 0,,:0 I I 
INPUT CHARACTERISTICS 

I nput Voltage (For Rated Performance) 0 10 0 10 V 

Input Impedance (All Inputs/ 98 100 98 100 kQ 

OUTPUT CHARACTERISTICS 

Output Swing (RL~ 10k) 10 12 10 12 V 

Output'lmpedance r 1 Q 

Supply Current (VS = ±15V), Note 1 3 5 3 5 mA 
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§ Applications Information 
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'GENERAL INFORMATION 

Power supply bypass capacitors (0.1 IlF) are recom· 
mended for all applications. 

The LH0094 series is designed for positive input signals 
only. However, negative input up to the supply voltage 
will not damage the device. 

A' clamp diod~ (Figure t, is recommended for those 
applications in which the inputs may be subjected to 
open circuit or negative input signals. 

For basic applications (multiply, divide, square, square 
root) it is possible to use the device witliout 'any exter· 
nal adjustments or components. Two matched resistors 
are provided internally to set m for square or square 
root. 

When using external resistors to set m; such resistors 
should be as close to the device as possible. 

SELECTION OF RESISTORS TO SET m 

Internal Matched Resistors 

RA and RB are matched internal resistors., They are 
lOOn ±10%,but matched to 0.1%:, 

(a) m = 2* 

10 14 3 

,8 RB 7 RA 6 

-
(b) m = 0.5* 

10 14 3 

6 RA 7. RB 8 

*No external resistors required, strap as indicated 

External Resistors 

The exponent is set by 2 external resistors or it may 
be continuously varied by a single trim pot. (Rl + 
R2$500n. 

lal m=' 

(b)m< 1 

R2' 
m=---

R1 +R2. 
RI + R2 ~ 200n 

(c) m <:.' 

~3 R1 + R2 
m=---

R2 

ACCURACY (ERROR) 

The accuracy of the LH0094 is specified for both exter· 
nally adjusted and unadjusted c~ses. 

Although it is'customary to specify the errors in percent 
of full·scale (10Vl, it i~ seen from the typical perfor­
mance curves that the actual errors are in percent of 
reading. Thus, the specified errors are overly conserva­
tive for small input. voltages. An example of this is the 
'LH0094 used in the multiplication mode. The specified 
typical error is 0.25% of full:scale (25 mV). As seen 
from the curve, the unadjusted error is "" 25 mV at 10V 
input, but the error is less than 10 mV for inputs up to 
lV. Note also that if' either the multiplicand or the 
multiplier is at less than 10V, (5V for example)' the 
unadjusted error is less. Thus, the errors specified are at 
fUll-scale-the worst case: 
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The LH0094 is designed such that the user is able 
to externally adjust the gain and offset of the devic~­
thus trim out all of the errors of conversion. In most 
applications, the gain adjustment is the only' eX,ternal 
trim needed for super accuracy-except in division 
mode, where a denominator offset adjust is needed 
for sma!1 denominator voltages. 

EXPONENTS 

The LH0094 is capable of performing roots to 0.1 and 
powers up to 10. However, care should "be 'taken when 
applying these exponents-':otherwise, results may' be, 
misinterpreted. For example, consider the 'l/10th 
power of a number: i.e., 0.001 raised to 0.1 power is 
0.5011; 0.1 raised to the 0.1 power' is 0.7943; and 10 
raised to the 0.1 power is 1.2589. 'Thus, it is seen that 
while the input has changed 4 decades, the output has 
only changed a little more than a factor of 2. It is also 
seen that with as little as 1 mV of offset, the output will 
also be greater than zero with zero input. 



Applications Information (Continued) 

1. CLAMP DIODE CONNECTION 

01 
IN914 --.,.--....--, 

v~ ~------~~--~ 

LHDD94 

Eo 

Vy 0------
FIGURE 1. Clamp Diode Connection 

2. MULTIPLY 

v· 

v. 
ID.DOV o--+-----t--+ ...... r--+-oVz 

LHDD94 

Eo= Vy Vz 
10 O--+-...... 
Vy.o--+-----

FIGURE 2a. LH0094 Used to Multiply (No External Adjustment) 

01 
IN914 

~ 
II. 

~ 
a:: 
CI 
a:: 
a:: 
w 

IDV REF r--*--
(LHDD7D OR ~---------.... -~ 

LHDD75) 

RI 
2M 

E ~ Vy V. ~--------f-+-""" o 10 R2 
10k 

0.4 

0.3 

Eo = Vy (~:) 
m 

O.I~m~IO 

Note. This clamp diode con­
nection is recommended for 
those applications in which 
the inputs may be subject to 
open circuit or negative signals. 

MULTIPLY 

Eo = VyVz 
10 

WITHOUT EXTERNAL 
ADJUSTMENTS 1II-tIIt-t-HftttHi 

0.2 I-+-+-t+liffi---++++ltill-+-i~fttfl 
Vy = IDV 

0.1 

0.1 10 

Vz(V) 

FIGURE 2b. Typical Performance of 
LH0094 in Multiply Mode Without 
External Adjustment 

Eo= VyVz m=1 
10 

Trim Procedure 

Set Vz = Vy = IOV 
Adjust R2 until output = 10.000V 

FIGURE 3. Precision Multiplier (0.02% Typl with 1 External Ailjustment 
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Applications Information (Continued) 

3. DIVIDE 

Eo = 10 Vz 0-..... -.1 
Vx 

Vy = 10V REF 0-----" 

01 
lN914 

r---M---
I 
I 
I 
I 

LH0094 

FIGURE 4a. LH0094 Used to Divide (No External Adjustment) 

0.4 
DIVIDE 

V. D.l 

~ 
Vz 

... 
C 0.2 

Vz 
Eo= 10-

V. 
WITHOUT EXTERNAL 

ADJWliil~TS 
0:: 
0 
0:: 

V.= 0.5"/ 
0:: ... 

0.1 
;/ V.=IV/ 

"" 
IMVx =10V 

~ " J I lUll 11 o 
o 0.1 10 , 

VzIV) 

FIGURE 4b. Typical Performance, Divide Mode, 
Without External Adjustments ' 

v-

RJ I -. 10k • 

'::' ~ ~~914 
r--~,....-.. --'V;..+-+---tl-"" _J Trim Procedures 

Apply 10V to Vy• O.IV to Vx and V,. 
Adjust Rl until Eo = 10.000V. 

Apply 10.000V to all inputs. 
Adjust R2 until Eo = 10.000V 

Repeat procedure. 

m= 1 

Rl 
2M 

Eo c 10 ~ 00----+-+---' 
Vx R2 

10V REF 10k 
ILHOD70 OR 00-,.,.,""-1..-------' 

LHDD75) . 

FIGURE 5. Precision Divider (0.05% Typ) 

4. SQUARE Dl 
lN914 

r-----+---f+--
Vxo-----~~ 

Eo 

Vyo--_'" 

( Vz) 2 
Eo = Vy Vx 

r-+-oVz 

FIGURE 6a. Basic Connection of LH0094 (m = 2) without 
External Adjustment US,ing Internal Resistors to Set m 
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0.5 

0.4 

;;j 
. ~ 0.3 

'"' o 
~ 0.2 ... 

0.1 

o 

SQUARING 2 

'Eo=ID(~~) II 
WITHOUT EXTERNAL J. ADJUSTMENT 

if 
-'-

V 
~ ~ 

."", 
..... 

o 1 2 J 4 5 6 7 8, 9 10 

V,IV) 

FIGURE 6b. Squaring Mode without 
External Adjustment : 



Applications Information (Continued) 

4. SQUARE (Continued) 01 
lN914 .---------*--

-...... --+------0 ~Ov REF 

Rl 
2M 

Eo~----~~~ 

R2 
10k V 

lDV RE¥ o-...J\M_"'--~ 

LHDD94 

A4-

Ivz) 2 
Eo = 10\1"0 

Trim Procedure 

Apply 10V to Vz 
Adjust R2 for 10.000V at output 

FIGURE 7. Precision Squaring Circuit (0.15% Typ) 

5. SQUARE ROOT 
V+ 

Vx~-----+-~-~ 

Eo 0--+-"" 
Vyo-+--..... 

Vx GND 

Vz 
~ ... 
~ 
0: 
Q 

Vz 
0: 
0: 
w 

( Vz) 1/2 
Eo· Vy V~ 

0.4 

0.3 

snROO~ Vz 
Eo·IO 10 

LI 
WITHOUT EXTERNAL V 
ADJUSTMENT 

0.2 

0.1 II 

~ 
o 

3 _ D.I 10 

VZ(V) 

FIGURE 8a. Basic Connection of LH0094 (m = 0.5) 
without External Adjustment Using I nternal Resistors 

FIGURE 8b. Typical Performance Curve Square Root, 
No External Adjustment 

to Set m 

DI r-

Vx ~--------__ ..,'N91;'" 
IOVREf + 

RI 
2M 

Eo ().---~-..1 
R2 
10k 

IOV R~¥ ~...IVI.""'-4--......I 

, FIGURE 9. Precision Square Rooter (0.15% Typ) 
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.... -tr-o Vz 

. h Z Eo·'O -
10 

Trim Procedure 

Apply 10V to all inputs. 
Adjust R2 until Eo· 10.OODV 



Applications Information (Continued) 

6. LOW LEVEL SQUARE ROOT 

Dl 
1101914 . 

r--*-~ to 0...-.. ..;.;.-..;....-...... ---4 ..... .., 

10V 
R2 
10k 

(LH0070 OO-\I\Irv-..... --....." 
OR LH0075) 

v, 
m= 1 

Eo = 10 Vz 
Eo 

E0 2 =10Vz 

:. Eo = -/10 Vz 

5mV~Vz~10V 

, Trill,\ Pr~cedure 

SetVz = 10V 

Adjust R2 until output = 10.000V 

FIGURE 10. 3·Decade Precision Square Root Circuit Using the LH0094 with m = 1 

Typical Applications 

01 
lN914' 

r--*-~ VxC~ __________________ +---. 
10V 

m 

Eo = 10 (~) 

vvOO_~\I\I~~ ____ ~ 
10V R2 

. 10k 

For m = 0.2 

910 914 Rl '. :93 'R2 ',' ' 

~ 
R2 

m = --- ; Choose R 1 = 200n 
R 1 + R2 :. R2 = 50n 

r--t-;-ov, 

Trim Procedure 

Apply 10V to all inputs 

Adjust R2 for output of 10.000V 

For m = 5 

, ,'~~' 910 
Rl 914 93 

~ '-- . 

RI + R2 
m= 

. 'R2 
Choose R 2 = 5011 

;·,.Rl'~·20011 

FIGUREll. Precision Exponen~iatt" (m,=0.~,tq5) 
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TypiCal Applications IContinued), 

(m= 1) R 

~I W 

10 

LH0094 Eo t--...... ""Iv~ .... -t!;..­
v. 

...------1I--oIV21 

VO+V2 

Nole. The LH0094 may be used to generate a voltage equivalent to: 

VO = .JV12 + V22 

V1 2 
VO= V2+ ---

VO+ V2 

V02+VOV2=V2 VO+V22+V12 
V02 = V1 2 + V22 

Vl.V2 0~10V 

R", 10k 
National S.emiconductor resistor array RA08-10k is recommended 

FIGURE 12. Vector Magnitude Function 

(m= 1) (m= 1) 

ED'10~ 
,..."-----'....., VT 

""' .. -0 Eo 

VT 

Note. The LH0094 may be used in direct measurement of gas flow. 

fPAP 
Flowbk J T 

Eo =10 VP • V I!.p 
VT Eo 

E 2 = 10 Vp VI!.p 
o VT 

Eo = j'I-0--";vP-'VC"A-P­

VT 

P = Absolute pressure 
T = Absolute temperature 
AP = Pressure drop 

FIGURE 13. Mass Gas Flow Circuit 
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§ Typical Applications (Continued) 

:z:: 
...J 

- f! 

R2 10 Rl 14 
r-...J\>AI"""'-o-...... 'V\,.,-OO-+ VB = ELOG 

VA 

r------... ------40 VB = ELOG 

Rl 
. V+ 

R~ 

Ex 0----..,..-+-.., 
Ez -

LH0094 

V-

Note. The LH0094 may also be used to generate the Log of a 
ratio of 2 voltageS. The output is taken from pin 14 of the 
LH0094 for the Log application. . 

. ELOG = K1 KT Rn Vz 
q Vx 

, R1 + R2 . 
where K1 = ---

R2 

1 
If Kl= --­

KT/qRn,10 

then ELOG = Logl0 Vz 
Vx 

R1 = 15.9 R2 
R2 '" 400n 

R2 must be a thermistor with a tempco of "'. O.33%fC to 
be compensated over temperature. . 

FIGURE 14: Log Amp Application 
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Definition of Terms 
Capacitor Saturation Voltage: The offset voltage 
remaining on the. timing capacitor after capacitor 
discharge current has dropped to zero. 

Collector Saturation Voltage: The collector to emitter 
voltage on the output transistor when it is in the "ON" 
state with specified sink current flowing into the 
collector terminal. 

Common·Mode Rejection Ratio: The ratio of the change 
in input offset voltage to the peak·to·peak input vo!tage' 
range. 

Comparator Input Current: The average current flowing 
from the RIC pin during the timing cycle. 

Ct: Timing capacitor connected between the RIC 
terminal and the ground terminal. 

Emitter Saturation Voltage: The voltage across the 
output transistor when the collector is tied to V+, the 
transistor is in the "ON" state, and the specified 'output 
current is ,flowing from the.emitter terminal. 

Input Bias Current: The average of the two· input 
currents. 

Input Offset Current: The difference in the current into 
the two input terminals when the supply (output) 

. current is 4.0 rnA. 

Input Offset Voltage: The voltage which must be 
applied between the input terminals through equal 
resistances to obtain 4.0 mA of supply (output) current. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current at either input 
with the other input connected to 1.0 Vdc. 

Input Voltage Range: The range of voltages on the 
input terminals for which the device operates within 
specifications. 

Linearity: The deviation in output voltage' from a 
straight line output over a specified temperature 
excursion. 

Long Term Stability: The change of a particular para­
meter when operated at maximum temperature for 
1000 hours. I 

Maximum Power Dissipation: The maximum total 
device dissipation for which the timer will operate 
within specifications. 

Open Loop Output Resistance: The ratio of a specified 
supply (output) voltage change to the resulting change 
in supply (output) current at the specified current level. 

Open Loop Transconductal!ce: The ratio of the supply 
(output) current SPAN to the input voltage required to 
produce that SPAN~ 
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Open Loop Supply Current: The supply current required 
with' the signal amplifier A2 biased off (inverting input 
positive, non-inver,ting input negative) and no load on 
the VREF term.inal., 

This represents a measure of the minimum low end 
signal current. 

Output Leakage Current: The maximum current flowing 
into the collector of the output transistor when the 
transistor is in the "OFF" state. 

Output Sink Current: The current available to flow into' 
a load from a positive supply over a specified output 
voltage range. 

Output Source Current: The current available to flow 
into a load from the output to V-, over a specified 
output voltage range. 

Output V"ltage: The voltage referred to the v+ terminal 
from the output terminal with the input and output 
connected. (This voltage is the temperature output of 
the LM3911 and so includes errors in the sensor section 
and op amp section.) 

Power Supply Rejection Ratio: The ratio of the change 
in input offset voltage to the change in supply (output) 
voltage producing it . 

Reference Voltage Line Regulation: The tatio of the 
change in VREF to the .peak-to-peak change in supply 
(output) voltage producing it. 

Reference Voltage Load Regulation: The change in 
VREF for a stipulated change in IREF. 

Reset Resistor: The equivalent resistor which may be 
used to calculate the discharge time of the timing 
capacitor, tDISCHARGE = (5) (Ct) (RRESET). . 

ReverSe Breakdown Voltage: The voltage appearing 
between the V+ and V- terminals at a specified current. 

Rt: Timing resistor connected between VREF and the 
RIC terminal. ' 

Temperature Stability: The percentage in output 
'voltage for a thermal variation from room temperature 
to either temperature extreme. 

Timing Ratio: The ratio of the firing voltage at the 
RIC pin to the reference voltage. 

Trigger Current: The current flowing into or out of the 
trigger terminal at the specified trigger voltage. 

Trigger Voltage: The voltage required at ·the trigger 
terminal to initiate a timing cycle, referenced to the 
ground pin. 
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LM1221LM2221LM322, LM2905/LM3905 Precision Timers 
General Description 
The LM122 series are precision timers that offer 
great versatility with high accuracy. They operate 
with unregulated supplies from 4.5V to 40V while 
maintaining constant timing periods from micro­
seconds to hours. Internal logic and regulator cir­
cuits complement the basic timing function 
enabling the LM122 series to operate in many 
different applications with a minimum of external 
components. 

The output of the timer is a floating transistor 
with built in current limiting. It can drive either 
ground referred or supply referred loads up to 40V 
and 50 mA. The floating nature of this output 
makes it ideal for interfacing, lamp or relay,driv­
ing; and signal conditioning where an open col­
I~ctor or emitter is required. A "logic reverse" cir­
cuit 'can be programmed by the user to make the 
output transistor either "on" or "off" during the 
timing period. 

The trigger input to the LM122 series has a thresh­
old crl1.6V independent of supply voltage, but it 
is fully protected against inputs as high as ±40V -
even when using a 5V supply. The circuitry reacts 
only to the rising edge of the trigger signal, and is 
immune to any trigger voltage during the timing 
periods. 

An internal 3.15V regulator is included in the 
timer to reject supply voltage changes and to pro­
vide the user with a convenient reference for'appli­
cations other than a basic timer. External loads up 
to 5 mA can be driven by the regul ator. An i nter­
nal 2V divider between the reference and ground 
sets the timing period to 1 RC. The timing period 
can be voltage controlled by driving this divider 

TYPical Applications 

TRIGGER 
INPUT 

~. 
-1 LaGICTIEDTOVRE~ L 

f--- tR,) (C,I--1 

r;;';;;;;'---l 
-1 INPUT L--L 

Basic Timer-Collector Output and Timing Chart 
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with an external source through the V ADJ pin. 
Timing ratios of 50:1 can be easily achieved. 

The comparator used in the LM122 utilizes high 
gain PNP input transistors to achieve 300 pA typi­
cal input bias current over a common mode range 
of OV to 3V. A boost terminal allows the user to 
increase comparator operating current for timing 
periods less than 1 ms. This lets the timer oper­
ate over a 3/ls to multi-hour timing range with 
excellent repeatability. 

The LM122 operates over a temperature range of 
-55°C to +125°C. An electrically identical LM222 
is specified from -25°C to +85°C, and the LM322 
is specified from O°C to +70°C. The LM2905/ 
LM3905 are identical to the LM122 series except 
that the boost and V ADJ pin options are not 
available, limiting minimum timing period to 1 ms. 

Features 
• Immune to changes in trigger voltage during 

timing interval 

• Timing periods from microsec~mds to hours 

• Internal logic reversal 

• Immune to power supply ripple during the 
timing interval 

• Operates from 4.5V to 40V supplies 

• I nput protected to ±40V 

• Floating transistor output with internal current 
limiting 

• Internal regulated reference 

• Timing period can be voltage controlled 

• TIL compatible input and output 
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Absolute Maxi~um Ratings 
Power Dissipation' 500mW Operating Temperature Range 
v+ Voltage i 40V LM122 -55°C::;; TA::;; +125°C 
Collector Output Voltage 

, 
40V LM222 -25°C::;; TA ::;; +85°C 

VREF Current 5"1A LM322 O:C::;;TA$ +70°C 
Trigger Voltage ±40V LM2905, -40°C ::;;TA::;; +85°C 
V ADJ Voltage (Forced) 5V LM3905 O°C$TA::;;+70°C 
LogIc Reverse Voltage 5.5V 
Output Short Circuit Duration (Note 11 \ 
Lead Temperature (Soldering, 10 sec) 300'C 

Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS 
LM122/LM222 LM322 LM2905/LM3905 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Timi~g Ratio T A = 25°C, 4.5V ::;; V+ ::;; 40V 0.626 0.632 0.638 0.620 0.632 0.644 0.620 0.632 0.644 

Boost Tied to V+, (Note 31 0.620 0.632 0.644 0.620 0.632 0.644 

Comparator Input Current TA = 25°C, 4.5V $ V+ ::;; 40V 0.3 1.0 0.3 1.5 0.5 1.5 nA 

Boost Tied to V+ 30 100 30 100 nA 

Trigger Voltage .' TA = 25°C, 4.5V::;; V+::;; 40V 1.2 1.6 2 1.2 '1.6 2 1.2. 1.6 2 V' 

Trigger Current TA = 25°C, VTRIG = 2V ~5 26 25 p.A 

Supply Current . TA:;:::25°C, 4.5V::;; V+ $40V 2.5 4 2.5 4.5 2.5 4.5 mA 

Timing Ratio 4.5V'$ V+ ::;; 40V' 0.62 0.644 0.61 0.654 0.61 0.654 

Boost Tied to V:t 0.62 0.644 0.61 0.654 

Comparator Input Current 4.5V ::;; V+ ::;; 40\1 -5 5 -2 2 -2.5 2.5 nA 

Boost Tied to V+, (,Note 4) 100 150 nA 

Togger Voltage 4.5V::;; V+ S 40V 0.8 2.5 0.8 2.5 0.8 2.5 V 

Trigger Current VTRIG = 2.5V 200 200 200 p.A 

Output Leakage Current VCE = 40V 1 5 5 p.A 

-Capacitor Saturation Voltage Rt:;:::.1 M!1 2.5 2.5 2.5 mV 

Rt= 10k!1 25 25 25 mV , 
Reset Resistance 150 150 150 !1 

Reference Voltage TA = 25°C 3 3.15 3.3 3 3.15 3.3 3 3.15 3.3 V 

Reference Regulation O::;;IOUT::;;3mA 20 50 20 50 20 50 mV 

'4.5V $ V+ ::;; 40V 6 25 6 25 6 25 ,mY 
I 

Collector Saturation Voltage IL = 8 mA 0.25 '0.4 0.25 0.4 0.25 0.4 V 

IL=50mA 0.7 1.4 , 0.7 1.4 0.7 1.4 V 

Emitter Saturation Voltage TA=25°C,IL=3mA ' .1.8 2.2 1.8 2.2 1.8 2.2 V 

TA = 25°C,IL = 60mA 2.1 1 3 2.1 3 2.1 3 V 

Average Temperature 0.003 0.003 0.003 %fC 

Coefficient of Timing Ratio 

Minimum Trigger Width VTRIG = 3V 0.25 0.25 0.25 p.' 

Note 1: Continuous output short. are not allowed. Short circuit duration at ambient temperatures up to 40°C may be calculated from t = 1201 
VCE seconds, where VCE is the collector to emitter voltage across the output transistor during the short. 

Note 2: These specifications apply for T AMIN :s; T A:S; TAMAX unless otherwise noted. 
Nota 3: Output pulse width can be calculated from the following equation: t = (Rt)(Ct)[1 - 2(0.632 - r) - VCIVREF) where r is timing ratio 
and Vc is capecitor saturation voltage. This reduces to t = (Rt)(Ct) for all but the most critical applications. 

Note 4: Sign reversal may occur at high temperatures (> 100°Ct where comparator input current is predominately ,I'eakage. See typical curves. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Schematic Diagram 
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Functional Diagram BOOST 
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TIMER FUNCTION 
(CAPACITOR FROM n/CTO GND) 

Pin Function Description 
One of the main features of the LM 122 is its 
great versatility. Since this device is unique, a 
description of the functions and limitations of 
each pin. is in order. This will make it much 
easier to follow the discussion of the various 
applications presented in this note. 

v+ is the positive supply terminal of the LM122. 
When using a single supply, this terminal may be 
driven by any voltage between 4.5V and 40V. 
The effect of supply variations on timing period 
is less than O.005%/V, so supplies with high ripple 
content may be used without causing pulse width 
changes. Supply bypassing on V+ is not generally 
needed but may be necessary when driving highly 
reactive loads. Ouiescent current drawn from the 
v+ terminal is typically 2.5 mA, independent of 
the supply voltage. Of course, additional current 
will be drawn if the reference is externally loaded. 

The VREF pin is the output of a 3.15V series 
regulator referenced to, the ground pin. Up to 
5.0 mA can be drawn from this pin for driving 
external networks. In most applications the timing 
resistor is ~ied to, VREF,. but it need not be in 
situations where a more linear charging current is 
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I 
I 

COMPARATOR FUNCTION 
INO CAPACITOR FROM RIC TO GND. 
R ~ 1 kn IN SERIES WITH RiC PIN) 

required. The regulated voltage is very useful in 
applications where the LM 122 is not used as a timer; 
such as switching regulators, vari~ble reference 
comparators, and temperature controllers. Typical 
temperature drift of the reference is less tha.n 
O.01%tC. 

The trigger terminal is used to start a timing 
cycle (see functional diagram). Initially, 01 is 
saturated, Ct is discharged and the latching buffer 
output (V1) is latched high. A trigger pulse un~ 
latches the buffer, V1 goes low and turns 01 
off. The timing capacitor Ct connected from RIC to 
GND will begin to charge. When the voltage at the 
RIC terminal reaches the 2.0V threshold of the 
comparator, the comparator toggles, latching the 
buffer output (V 1) in the high state. This turns 
on 01, discharges the capacitor Ct and the cycle is 
ready to begiri again. 

If the trigger is held high as the timing peri!)d ends, 
the comparator will toggle and V1 will go high 
exactly as before. However, Vl will not be latched 
and the capacitor will not discharge until the trig­
ger again goes low. When the trigger goes low, Vl 
remains high but is now latched. 



Pin Function Description (Continued) 

Trigger threshold is typically 1.6V at 25°C and has 
a temperature dependence of -5.0 mVtC. Cur­
rent drawn from the trigger source is typically 
20pA at threshold, rising to 600pA at' 30V, then 
leveling off due to FET aCtion of the. series resistor, 
R5. For negative input 'trigger vor'tages; the only 
current drawn is leakage in the nA region. The 
trigger can be driven from supplies as, high as 
±40V, even when device supply volt,age is only 
5V. 

The RIC pin is tied to the non-inverting side of 
the comparator and to the collector of 01. Timing 
ends when the ,voltage on this pin reaches 2.0V 
(1 RC time constant referenced to the 3.15V 
regulator). 01 turns on only if the tril1ger voltage 
has dropped below threshold. In comparator or 
regulator applications of the timer, the trigger 
'is held permanently high and the RIC pin acts 
just like the input to an ordinary compa'rator. 
The maximum voltages which can be applied to 
this pin are +5.5V and -0. 7V. Current from the 
RIC pin is typically 300 pA when the voltage is 
negative with respect to .the V ADJ terminal. For 
higher voltages, the current drops to leakage levels: 
In the boosted mode, input current is typically 
30 nA. Gain of the comparator is very high, 
200,000 or more, depending on the state of the 
logic reverse pin and the connection of the out­
put transistor. 

The ground pin of th~ LM 122 need not necessarily 
be tied to system ground. It can be connected to 
any positive or negative voltage as long as the 
supply is negative,with respect to the V+ terminal. 
Level shifting may be necessary for 'the inp'ut 
trigger if the trigger voltage is referred to system 
ground. This can be done by capacitive ,coupling 
or by actual resistive or active level shifting. One 
point must be kept in mind; the emitter output 
must not be held above the ground terminal with 
a low source impedance. This could occur" for 
instance, if the emitter were grounded when the 
ground pin of the LM 122 ,was tied to a negative 
supply. 

The terminal labeled V ADJ is, tied to one side of 
the comparator and to a voltage divider between 
VREF and ground. The divider voltage is set at 
63.2% of VREF with respect to'ground-exactly 
one RC time constant. The impedance of the 
divider 'is increased to about 30k with a series 
resistor'to present a' minimum load on external 
signals tied' to V ADJ" This resistor is a pinched 
type with a typical variation in nominal value of' 
-50%, +100%. and a TC of 0.7%fc. For this 
reason, external signals (typically a pot between 
VREF and ground) connected to V ADJ should 
have a source resistance as low as possible. For 
small changes in V ADJ, up to several kn is all 
right" but for large variations, 250n or less should 
be maintained. This can Qe accomplished .with a 1 k 
pot, since the maximum impedance from the 
wiper is 250n. If a voltage is forced on V ADJ from 
a hard source, voltage should be limited to -0.5, 
and +5.0V, or current limited to ±1.0 mAo This 
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includes capacltively coupled signals becaus~ even 
small values of capacitors, contain enough energy 
to degrade the input stage if the capacitor is driven 
with a large, fast slewing signal. The V ADJ pin may 
be used to abort the timing cycle. Grounding this 
pin during the timing period causes the timer to 
react just as it the capacitor voltage had reached its 
normal RC trigger point; the capacitor discharges 
and the output charges state. An exception to this 
occurs if the trigger pin is held' high' when the 
V ADJ pin is grounded. In this case, the output 
changes state, but the ca,pacitor does not discharge. 

If the trigger drops while V ADJ is being held low, 
discharge wil" occur immediately and the cycle 
will be over. If the trigger is still high when V ADJ 
is released, the output mayor may not change 
state, depending the voltage across the timing 
capacitor. For voltages below 2.0V across the 
timing capacitor, the output will change state 
immediately, then once more as the voltage rises 
past 2.0V. For voltages above 2.0V, no change 
will occur in the output. This pin is not available 
on the LM2905/LM3905. 

In noisy environments or in comparator-type 
applications, a bypass capacitor on the V ADJ ' 
terminal may be' needed to eliminate spurious 
outputs because it is high impedance point. The 
size of the cap will depend on the frequency and 
energy content of the noise. A O. lpF will generally 
suffice for spike suppression, but several pF may 
be used if the timer is subjected to high level 60 Hz , 
EM!. 

The emitter and the collector outputs of the 
timer can be, treated just as if they were an 
ordinary transistor with 40V minimum collector­
emitter breakdown voltage. Normally, the, emitter 
is tied to the ground pin and the signal' is taken 
from the collector, or the collector is tied to V+ 
and the signal is-taken from the emitter. Variations 
'on these basic' connections are possible. The 
collector can be' tied to any positive voltage uP. to 
40V when the signal is taken from the emitter. 
However, the emitter will not be pulled higher 
than the supply voltage on the V+ pin. Connecting 
the collector to a voltage less than the V+ voltage 
is allowed The emitter should not ,be connected 
to a low impedance load other than that to which 
the ground pin is ·tied. The transistor has built-in 
current limiting with a typical knee current of 
120 mAo Temporary short circuits are' allowed; 
even witli collector-emitter voltages up to '40V. 
The power x time product, however; must' not' 
exceed 15 watt-seconds for power levels abov,e the 
maximum rating of the package. A short to 30V, 
for instance,' can not be 'held for more than 4 
seconds. These levels are based on 40°C maximum 
initial chip temperature: When driving inductive 
loads, always use a, clamp diode to protect the 
transistor from inductive kick-back. 

A boost pin is provided on t,he LM 122 ,to 
increase the speed of the internal comparator. 
The comparator is normally operated at, low 
current levels for lowest, possible input current. 



Pin Function Description (Continued) 

For timing periods less than 1 ms, where low input 
'current is not needed, comparator operating 
current can be increased several orders of magni­
tude_ Shorting the boost terminal to V+ increases 
the emitter current of the vertical PNP drivers 
in the differential stage from 25 nA to 5/J-A. This 
pin is, not available cin the LM2905/LM3905. 

With the timer in the unboosted state, timing 
periods are accurate down to about 1 ms. In the 
boosted mode, loss of accuracy due to comparator 
speed is only about 800 ns, so timing periods of 
several microseconds can be used. The 800 ns 
error is relatively, insensitive to temperature, so 
temperature coefficient of pulse width is still good. 

The Logic pin is used to reverse the signal appearing 
at the output transistor. An open or "high" 
condition on the logic pin programs the output 
transistor to be "off" during the timing period 
and "on" all other times. Grounding the logic 
pin reverses the sequence to make the transistor 
"on" during the timing period. Threshold for the 
logic pin is typically 100 mV with 150/J-A flowing 
out of the terminal. If an active drive to the 
logic pin is desired, a saturated transistor drive is 
recommended, either with a discrete transistor or 
the open collector output of integrated logic. 
A maximum VSAT of 25 mV at 200/J-A is required. 
Minimum and maximum voltages that may appear 
on the logic pin are 0 and +5.0, respectively. 

Typical Applications (Continued) 

Basic Timers 

Figure 1 is a basic timer'using the collector output. 
Rt and Ct set the time interval with RL as the load. 
During the timing interval the output may be 

TRIGGER 
INPUT 

Your 

~---l 
----' INPUT L-..l.-

FIGURE 1. Basic Timer-Collector Output and Timing 
Chart 

either high or low depending on the connection of 
the logic pin. Timing waveforms are shown in the 
sketch along side Figure 1. Note that the trigger 
pulse may be either shorter or longer than the 
output pulse width. 
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Figure 2 is again a basic timer, but with the output 
taken from the emitter of the output transistor_ 
As with the collector output, either a high or 
low condition may be obtained during the timing 
perlod. 
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FIGURE 2. Basic Timer-Emitter Output and Timing 
Chart 

Simulating a Thermal Delay Relay 

Figure 3 is 'an application whe're the LM 122 is 
used to simulate a thermal delay relay which 

VREF COLLECTORt-<_+--' 

R, 

RELAY 
COil 

FIGURE 3. Time Out on Power Up (Relav Energized 
RtCt Seconds After Vee is Applied) 

prevents power from being applied to other 
circuitry until the supply has been on for some 
time. The relay remains de-energized for Rt Ct 

seconds after Vee is applied, then closes and 
stays energized until Vee is turned off. Figure 4 
is a similar circuit except that the relay is energized 

RELAY 
COIL 

FIGURE 4. Time Out on Power Up (Relav Energized 
Until RtCt Seconds After VCC is Applied) 

as soon as Vee is applied. Rt Ct seconds later, the 
relay is de-energized and stays off until the Vee 
supply is recycled. 



Typical Applications (Continued) 

+5V Supply Driving 28V Relay 

Figure 5 shows the timer interfacing 5V logic to 
a high voltage relay. Although the V+ terminal 
could be tied 'to the +28V supply, this may be 

TRIGGER 
INPUT 

+21V 

FIGURE 5. 5V Logic Supply Driving 28V Rolay 

an unnecessary waste of power in the IC or require 
extra wiring' if the LM122 is on a logic 'card. 
In either case, the threshold for the trigger is 1.GV. 

30V Supply Interfacing with 5V Logic 

Figure 6 indicates the ability of the timer to 
interface. to digital logic when operating off a 
high supply voltage. VOUT swings between +5V 
and ground with a minimum fanout of 5 for 
medium speed TIL. If the logic is sensitive to 
rise/fall tjme of the trailing edge of the output 
pulse, the trigger pin should be low at that time, 

TRIGGER 
INPUT 

+50'1/ 

VOUT 

FIGURE 6. lOV Supply Interfacing with 5V Logic 

Astable Operation 

The LM 122 can be made into a self-starting 
oscillator by feeding the output back to the 
trigger input through a capacitor as shown in Fig­
ure 1. Operating frequency is l/(R, + R, HC,). 
The output is a narrow negative pulse whose width 
is approximately 2R2 Ct. For optimum frequency 
stability, Ct should be as small as possible. The 
minimum value is determined by t,he time required 
to discharge C, through the internal discharge 
transistor.· A conservative value for Ct can be 
chosen from the graph included with Figure 20. 
For frequencies below 1 kHz, the frequency error 
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,introduced by Ct is a few tenths of one percent or 
less for R, 2:: 500k. 
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One Hour Timer with Reset and Manual 'Cycle EiKI 

Figure 8 shows the LM122 connected as a one 
hour timer with manual controls for start, reset, 
and cycle end. 51 starts timing, but has no effect 
after timing has started. 52 is a center off switch 
which can either end the cycle prematurely with 
the appropriate change in output state and dis· 
charging of C" or cause C, to be reset· to OV 
without a change in output. In the latter case, a 
new timing period starts as soon as 52 is released. 

I;lOSETO~ 
START S1 

liMING 

EIIDCYCLE 

,,--< ....... W\ ... -I 
RESET 

VOUT 

·OEARBORN 
ELECTRONICS 
LP9AtA47&K 
POL "'CARIONATE 

FIGURE 8. Ona Hour Timor with R_ and Manual 
Cycle End 

The average charging current through Rt is about 
30 nA, so some attention must be paid to parts 
layout to prevent stray leakage paths. The sug­
gested timing capacitor has a typical self time 
constant of 300 hours and a guaranteed minimum 
of 25 hours at +25°C. Other capacitor types may 
be used if sufficient data is available on their 
leakage characteristics. 



Typical Applications (ColJtinued) 

Two Terminal Time Delay Switch 

The LM122 can be used as a two terminal time 
delay switch if an "on" voltage drop of 2V to 3V 
can be tolerated. In Figure 9, the timer is used 
to drive a relay "on" Rt • Ct seconds after applica' 
tion of power. "off" current of the switch is 
4 rnA maximum, and "on" current can be as high 
as 50 mAo .,. 

TRIGGER BOOST 

lOGIC y+ 

FIGURE 9. 2·Terminal Tim. Delay Switch 

Zero Power Dissipation Between. Timing Intervals 

In some applications it is desirable to reduce 
supply current drain to zero.between timing cycles. 
In Figure 10 This is accomplished by using an 
external ·PNP as a latch to drive the V+ pin of 
,the timer. 

CI 01 
001 IN451 

TRIGGER-.:....j '-.-_-._-1*_'" 
INPUT.r 

V' 

R1 
4.1. 

FIGURE 10. Zero Power Dissipation Between Timing 
Intervals 

Between timing periods 01 is off and no supply 
current is drawn. When a trigger pulse of 5V 
minimum amplitude is received, the LM 122 output 
transistor and 01 latch for the duration of the 
timing period. 01 prevents the step on the V+ pin 
from coupling back, into the trigger pin. If the 
trigger input is a short pulse, Cl and R2 may be 
eliminated. RL must have ,a minimum value of 
(Vccl/(2.5 mAl. 

Frequency to Voltage Converter 

An ac'curate frequency to voltage converter can 
be made with the LM 122 by averaging' output 
pulses with a simple one pole filter as shown in 
Figure 11. Pulse width is adjusted with R2 to 
provide initial calibration at 10 kHz. The collector 
of the output transistor is tied to V R EF, giving 
constarit amplitude pulses equal to V REF at the 
emitter output. R4 and Cl filter the pulses to 

g.g 

give a dc output equal to, (Rt)(Ct)(VREF)(f). 
Linearity is about 0.2% for a OV to 1 V output. 
If better linearity is desired R5 can be tied to the 
summ ing node 'of an op amp wh ich has the 
filter in the feedback path. If a 10"",, output 
impedance is desired, a unity gain buffer such as 
the LM110 can be tied to the output. An analog 
meter can be driven directly by placing it in series 
with R5 to ground. A series RC network across the 
meter to provide damping will improve response 'at 

. very low frequencies. 

C, 
,OOlLF 

r------~-., 
·v~<.. 

VRH ' COLLECTOR 

FIGURE 11. FrequencY to Voltage Converter. (Tacho· 
meter' Output Independent of Supply 
Voltage . 

Pulse Width Detector 
By driving the logic terminal of the LM122 simul· 
taneous to the trigger input, a simple, accurate 
pulse width detector can be made (Figure 12). 

TTL 

t~~~-1>-""-------" 
PULSE 
INPUT 

...--..... -V· 

'2 
'" 

TRIGGER 
.---.... --ilOGIC 

.J 
50' 

800ST 
y' 

V~H COLLECTOR VDUT 

'V01JI ~OFORW A, C, 
PULSEOUT:W-R,C,FORW R,C, 

FIGURE 12. Pulse Width Detector 

In this application the logic terminal is normally 
held high by R3. When a trigger pulse is received, 
01 is turned on, driving the logic terminal to 
ground. The result of triggering the timer and 
reversing the logic at the same time is that the 
output does not change from' its initial low condi· 
tion. The only time the output will change states 
is when the trigger input stays high longer than 
one time period set by Rt arid Ct. The output 
pulse width is equal to the input trigger width 
minus Rt • Ct. C2 insures no output pulse for 
short « RC) trigger pulses by prematurely resetting 
the timing capacitor when the trigger pulse drops. 
C~ filters the narrow spikes which would occur at 
the output due to propagation delays during 
switching. 

r s: .... 
~ r-s: 
~ r-s: 
~ 

'" 
r­s: 
N 
CD o 
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Typical Applications (Continued) 

5V Switching Regulator 

Figure 13 is an application where the LM122 
does not use its timing function. A switching 
resulator is made using the internal reference and 
comparator to' drive a PNP transistor switch. 
Features of this circuit include a 5.5V minimum 
input voltage' at lA output current, low part 
count, and good efficien'cy (> 75%) for input 
voltages to 1 OV. Line and load' regulation are less 
than 0.5% and output ripple at the switching 
frequency is only 30 mV. 01 is an inexpensive 
plastic device which does not need a heatsink for 
ambient temperature up to 50°C. 01 should be a 
fast switching diode. Output voltage can be adjusted 
between 1 V and 30V by choosing proper values 
for R2, R3, R4, and R5. For outputs less than 
2V, a divider with 2500 Thevinin resistance 
must be connected between V REF and ground with 
its tap point tied to V ADJ' " 

-ND.22W1RE WOUlD ON MOLYIDUUMP£RllALLOV CORE 

•• ZNlIU 
FAST 
RECOVERY 

FIGURE 13. 6V Swhching Regul..u;r with 1 Amp Output 
and 5.5V Minimum Input 

Application Hints 
Aborting a Timing Cycle 

The LM 122 does not have an input specifically 
allocated to a stop·timing function. If such a 
function, is desired, it may be accomplished 
several ways: . 

• Ground V ADJ 
• Raise R/C more positive than V ADJ 

• Wire "OR'" the output 

Grounding V ADJ will end the timing cycle just 
as if the timing capacitor had reached its normal 
discharge point. A new timing cycle can be started 
by the trigger terminal as soon as the ground is 
released. A switching transistor is best for driving 
V ADJ to as near ground as possible., Worst case 
sink current is about 300/lA. 

A timing cycle may also be ended by a positive 
pulse 'to, a resistor (R :::; Rt/100) in series with 
the timing capacitor. The pulse amplitude must be 
at least equal to V ADJ (2.0V), but should not 
exceed 5.0V. When the timing capacitor discharges, 

9·10 

a negative spike of up to 2.0V will occur across the 
resistor, so some caution must be used if the drive 
pulse is used for other circuitry. ' 

~- ,J1.. r­
R1~ o-...A:Af 

.01 -"~l.,.. 

FIGURE 14. Cycle Interrupt 

I 
I 
I 
I >OISCAEr 

TMIIISTOR 
OR LOGIC 
GATt 

The output of the timer can be wire ORed with 
a discrete transistor or an open collector logic 
gate output. This allows overriding of the timer 
output, but does not cause the' timer to be reset 
until its normal cycle time has elapsed. 

Using the 'LM122 as a Comparator' 

A built·in reference and zero volt common mode 
limit make the LM122 very useful as a comparator. 
Threshold may be adjusted from zero to three 
volts by driving the V ADJ terminal with a divider 
tied to VREF • Stability of the reference voltage 
is typically ±1% over a temperature range of 
-55°C to +125°C. Offset 'voltage drift in the' 
comparator is typically 25/lVfC in the boosted 
mode and 50/lV Pc unboosted. A resistor can be 
inserted in series with the input to allow overdrives 
up to ±50V as shown in Figure 15. There is actually 
no limit on input voltage as 'long as current is 
limited to ±1 mAo The resistor shown contributes, 

NONJNVERTING 

INVERTING 

A' .,. 
IV-3.GV· . INPUT'-'W11-t"t!:;:,--~!::1 

*nMER PRotECTED 
AGAINST DAMAGE 

FQRUPTO !&elV 

A, 

FIGl!RE 15. Comparator with OV to 3V Thraahold 

a worst case of 5 mV to initial offset. In the 
unboosted mode, the error drops' to 0.25 mV 
maximum. The capability of operating off a single 
5V supply with internal reference should make 
this comparator very useful. ' , ' 



Application Hints (Continued) 

Eliminating Timing Cycle Upon Initial, 
Applicatio~ of P~wer 

The LM122 will normally start a timing cycle 
(with no trigger input) when V+ is first turned on. 
If ,this characteristic is undesirable, it can be 
defeated by tying the timing capacitor to V REF 

instead of ground as shown in, Figure 16. This 
conne,ction does ,not affect operation of the timer 
in any other way. If an electrolytic timing capaci­
tor is, u~ed, be sure the negative end, is tied to the 
RIC pin ,and the positive end to V REF. ,A 1.0 kn 
resistor should be included, in series with the 
timing capacitor to limit the surge current load 
on V REF when the capacitor is discharged. 

TRIGGER 
INPUT 

.----+----IVAEf COLLECTOR 

Rl 
10k 

R, 

v' 

Vour 

FIGURE 16. Eliminating Initial Timing Cycle 

Using Dual Supplies 

The LM 122 can be operated off dual supplies as 
shown in Figure 17. The only limitation is that th~ 
emitter terminal cannot be tied to ground, it must 
either drive a load referred to V- or be actually tied 
to V-- as shown. Although capacitive coupling'is 
shown for the trigger input (to allow SV triggering)., 
a resistor can be substituted for Cl. R2 must be 
chosen to give proper I~vel 'shifting between the 
trigger signal and the trigger pin of the timer. 
Worst case "10" on the trigger pin (with respect 
to \I) is O.BV, and worst case "high" is 2.SV. 
R2 may be calculated from the divider equation 
with Rl to give these levels. ' 

AL~~~::~~-.....w.....l +15V 

TRIGGER -..I I-.. I ____ ~ 
INPUT, 

O!"~F r-::::±::::--:::l:::-1 

VAEF COLLECTOR 

R, 

vo~ 
('!5VI 

L--4~ ____ ""_---<~ -15V 

"SELECT FOR PROPER LEVEL SHIFT 
EMITIER TERMINAL OR EMITIER LOAD MUST BE TIED TO GND PIN Of TIMER. 

, \ 

FIGURE 17. Operating Off Duel Supplies 

9-1-1 

Linearizing the Charging Sweep 

In some applications (such as a linear pulse width 
modulator) it may be desirable to have the timing 
capacitor charge from a constant current source. 
A simple way to accomplish this is shown in 
Figure 18. 

v' 

"' 

02 LMI21 

, FIGURE 1B. Temperature Compensated Linear 
Charging Sweep 

Q1 converts' the current, through R 1 to a current' 
source independent of the voltage across Ct. R2, 

, R3, D 1, and D2 'are added to make the ,current 
through Rl independent of supply variations 
and temperature changes. (D2 is a low TC type) 
D2 and R3 can be omitted if the V+ supply is stable 
and D 1 and R2 can be omitted also if temperature 
stability it' not critical. With D 1, D2, R2 and R3 

. omitted, the current through Rl will change about 
o.ols%fC with a 15V supply and O.1%fCwith a 
S.OV supply. 

Triggering with Negative Edge 

Although the LM 122 is triggered by a positive 
going trigger signal, a' differentiator tied to a 
normally "high" trigger will result in negative 
edge triggering. In Figure 19, R 1 serves the dual 
purpose of holding the trigger pin normally high 
and differentiating the input trigger pulse coupled 
through Cl. The timing diagram included with 
Figure 21, shows that triggering actually occurs a 
short time after the negative going trigger, while 
positive goirg triggers have no effect. The delay 
time between a negative trigger signal and lactual 

C1 
0001 

l'RIGGER--j 
INPUT 

R, 

c, 

VRH COLLECTOR 

FIGURE 19. Timer Triggered bV Negative Edge of 
Input Pulsa 



Application Hints (Co~tinued) 

starts of timing is approximately (0.5 to 1.5) 
(R 1 • Cl) depending on the trigger amplitude, 

. or about 2.5 to 7.51ls with the values shown. 
This time will have to be increased for ~ larger 
than O.OlIlF because ~ is charged to V REF 

whenever the trigger pin is kept high and" must 
reset itself during the short time that the trigger 
pin voltage is low. A conservative value for Cl is: 

Ct 
Cl ""~ 

10 

VOUTl1I 

Yout ... 

.. 
IA) 

Chain of Timers 

The lM122 can be connected as a chain of 
timers quite easily with" no interface required. In 
Figure 20A and 208, two possible connections are 
shown. In both cases, the output of the timer is low 
during the timing period so that the positive 
going signal at the end of timing period can trigger 
the next timer. There is no limitation on the 
timing period of" one timer with respect to any 
other timer before or after it, because the trigger 
input to any timer can bi'- high or low when that 
timer ends its timing period. 

Vounn 

VOUTlJ1 

----, I 
r.J.--.L.., I 

.--1 t--+ 
I I I I 
I I I I 
"-I 1-+ til " II 
., 1-'",- .~W 

J.. L'--r.J ~ . 
" I I ~ 

Ur--::.U="=UT-' --U-
~ 
1..--1 DUTPUl' 1 LJ 
..n TRIGGER INPUT nl-____ _ 

IB) 

FIGURE 20. Chain of Timan 
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~National 
~ Semiconductor 
LM134/LM234/LM334 

Industrial/Automotivel Functional 
Blocks/Telecommunications 

3·Terminal Adjustable Current Sources 
General Description 
The LM134/LM234/LM334 are 3·terminal adjustable 
current sources featuring 10,000: 1 range in operating 
current excellent current regulation and a wide dynamic 
voltage range of 1V to 40V. Current is established with 
one external resistor and no other parts are required. 
Initial current accuracy is ±3%. The LM134/LM234/ 
LM334 are true floating current sources with no separate 
power supply connections. In addition, reverse applied 
voltages of up to 20Vwill draw only a few microamperes 
of current, allowing the devices to act as both a rectifier 
and current source in AC applications. 

The sense voltage used to establish operating current in 
the LM 134 is 64 mV at 25°C and is directly propor· 
tional to absolute 'temperature (oK). The simplest one 
external resistor connection, then, generates a current 
with ""+0.33%/° C temperature dependence. Zero drift 
operation can be obtained by adding one extra resistor 
and a diode. ' 

Applications for the new current sou ices include bias 
networks, surge protection, low power reference, ramp 
generation, LED driver, and temperature sensing. The 

Typical Applications 
Basic 2-Terminal Current Source 

+VIN 

RSET 

Terminating Remote Sensor for Voltage Output 

+VIN 

LM134·3/LM234·3 and LM134·6/LM234·6 are specified 
as true temperature sensors with guaranteed initial 
accu racy of ±3° C and ±6° C, respectively. These devices 
are ideal in remote sense applications because series 
resistance in long wire runs does not affect accuracy. 
In addition, only 2 wires are required. 

The LM134 is guaranteed over a temperature range of 
-55°C to +125°C, the LM234 from -25°C to +100°C 
and the LM334 from 0° C to +70° C. These devices are 
available in TO·46 hermetic and TO·92 plastic packages. 

Features 
• Operates from 1 V to 40V 
• 0.02%/V current regulation 
• Programmable from 1 /lA to 10 mA 
• True 2·terminal operation 
• Available as fully specified temperature sensor 
• ±3% initial accuracy 

Zero Temperature Coefficient Current Source 

RSET Rl* 
~10 RSET 

-VIN 

·Select ratio of Rl to RSET to obtain zero drift. ,+ '" 2 'SET 

Ground Referred Fahrenheit Thermometer 

R4 
56k 

.-.I\II/'v-.... ------- +VIN;:' 3V 

H2 RJ* 

100 lM336Z 
1% 2.5V* 

*Select R3 = VREF/583IlA. VREF may be any stable positive voltage <! 2V 
Trim R3 to calibrate 
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Absolute Maximum Ratings 

V+ to V- Forward Voltage 
LM134/LM234 
LM334/LM 134·3/LM 134·6/LM234·3/LM234·6 

V+ to V-Reverse Voltage 
R Pin to V- Voltage 
Set Current 
Power Dissipation 
Operating Temperature Range 

LM 134/LM 134·3/LM 134·6 
LM234/LM234·3/LM234·6 
LM334 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note 1) 

40V 
30V 
20V 

5V 
10mA 

200mW 

-55°C to +125°C 
-25°C to +100°C 

O°C to +70°C 
300°C 

PARAMETER CONDITIONS 
LMl34/LM234 

MIN TYP MAX 

Set Current Error, V+ = 2.5V. 10pA::; ISET::; 1 rnA 3 
(Note 2) 1 mA< ISET::; 5 rnA 5 

2pA::; ISET< 10pA 5 

Ratio of Set Current to 10pA::; ISET::; 1 rnA 14 18 23 
V- Current '1mA::;ISET::;5mA 14 

2pA::; ISET::; 10pA 14 18 , 23 

Minimum Operating Voltage 2pA::; ISET::; 100pA 0.8 

100pA< iSET ::; 1 rnA 0.9 

1 rnA < ISET ::; 5 rnA 1.0 

Average Change in Set Current 1.5::; V+::; SV 0.02 O.OS 
with Input Voltage 2pA::; ISET::; 1 rnA 

SV::;V+::;40V 0.01 0.03 

1.5V<V<SV 0;03 . - -
1 rnA < ISET ::; S rnA 

SV::;V::;40V , 0.02 

Temperature Dependence of 2SpA::; ISET::; 1 rnA 0.96T T 1.D4T 
Set Current (Note 3) 

Effective Shunt Capacitance 15 

LM334 
UNITS 

MIN TYP MAX 

6 % 

8 % 

8 % 

14 18 26 

14 

14 18 26 

0.8 V 

0.9 V 

1.0 V 

0.02 0.1 %/V 

0.01 O.OS %/V 
0.03 %/V 

0.02 %/V 

0.96T T 1.04T 

15 pF 

Note 1: Unless otherwise specified. tests are performed at Tj = 25°C with pulse testing so that junction temperature does not change during test. 
Note 2: Set current is the current flowing into the v+ pin. It is determined by the following formula: ISET = 67.7 mV/RSET I@ 25"C). Set 
current error is expressed as a percent deviation from this amount. ISET increases at O.336%fC @ Tj = 25"C. 
Note 3: ISET is directly proportional to absolute temperature r K). ISET at any temperature can be calculated from: ISET = 10 (TIT 0) where 10 

. is ISET measured at Tor Kl. ~ '. . 
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Electrical Characteristics (Continued) (Note 1) 

PARAMETER 

Set Current Error. V+ = 2.5V. 

(Note 2) 

Equivalent Tem!lerature Error 

Ratio of Set Current to V­

Current 

Minimum Operating Voltage 

Average Change in Set Current 

with Input Voltage 

CONDITIONS 

1001lA~ ISET~ 1 mA 

Tj = 25°C 

100IlA~ISET~1 mA 

100llA ISET~l mA 

1.5~ V+ ~ 5V 

100IlA~ISET~1 mA 
5V~V+~30V 

LM134-3. LM234-3 
MIN TVP MAX 

±1 

±3 

14 18 26 

0.9 

0.02 0.05 

0.01 0.03 

LM134-6.LM234-6 
MIN TVP MAX 

±2 

±6 

14 18 26 

0.9 

0.02 '0.1 

0.01 0.05 

UNITS 

% 

V 

%IV 

%IV 

Temperature Dependence of 

Set Current (Note 3) and 

Equivalent Slope Error 

100 IlA::; ISET ~ 1 mA 0.98T T 1.02T 0.97T T 1.03T 

Effective Shunt Capacitance 15 

Typical·Performance Characteristics 

Output Impedance 

109 ,~~t=J~!~§J1 r:-~ "'0,.A 

... 
~ I- ,-.I"ljoo~~dt-+++tl 
~ 1Iil1 

1 

0 

-1 

g: S 
... 0 

~ -5 

10 

0 

-10 

10 

'"lmA 

100 1k 

FREQUENCY (Hz) 

10k 

Transient Response 

1-· _2 .. ' 

AI 'SET"'mA 
V v+TOV-'5V 

"V' DAY 
1'1 ''::.'500", 

rl" 'SET"100,.A 

T I I 
t " J I I 
I" 'SET"10,.A 

501'!- - I I I 

TIME (Note scaI_ changes fOf elth cUfnnt) . 

Maximum Slew Rata for 
Linear Operation 

0.001 L..L...L.L"'--''-'-J.U.-..L..J..u.L-L..J..J.LI 

1,.A 10,.A 'OO,.A lmA IOmA 

'SET 

Voltage Across RSET 
8& 

82 
/ 

7B 

14 / 
10 / 
&6 

62 
V 68 

/ 54 

50 

48 
-50 -25 0 25 50 15 100 125 

TEMPERATURE I"C) 

9·15 

±2 

15 

Start·Up 

±3 % 

pF 

10,.A HH7+-H-±-=" II>-+-+--l 
I\, - r-- 200 .. o H."...+-1H--'IF+-IH-I 

l00,.A HHt+-H-±-II>-+-+--l 
... I\, - 1-_50 .. .!' 0 I--If-"I''-t-++,"'1IH-t-t-f 

lmA HhIt-+-++~IH-+-+-I 
o l-liJ-+-+-+-+I---+15 "-+++-f 

f-+-+-+-t-±. :::±I-f---t-+-I 5V .NPUT 
OV ...... '-'......L.--I....;:;;..:.;.....I...-'-.I.-I 

TIME (Nota scaI_ ch ...... t nr:h curnnt level) 

Current ~oise 

10k 

III 

~ 
It 

-'SET" SmA 

~ r-- -'SET"'mA ... 100 ffi 
-'SET"'00,.A a: 

a: 

" ... 
='SET=10,.A 10 

1 
10 100 It 10k lOOk 

FREQUENCY (Hz! 



Typical Performance Characteristics (Continued) 

Turn-On Voltage 

1~ ~L-~ __ ~ __ ~ __ ~~ 

DA 0_6 OJ! 1_0 U 1A 

V+TO V-VOLTAGE 

Application Hints 
The LM 134 has been designed for ease of application, 
but a general discussion of design features is presented 
here to familiarize the designer with device char~cteris­
tics which may n'ot be immediately obvious. These 
include the effects' of siewing, power dissipation, capa­
citance, noise, and contact resistance. 

SLEW RATE 

At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slew­
ing rate ~t which this occurs is directly proportional to 
ISET- At ISET = lQ IlA, maximum dV/dt is O_OlV/lls; , 
at ISET = 1 mA, the limit is 1 V Ills. Slew rates' ~bove 
the limit do not harm the LM 134, or cause large currents 

. to.flow_ . 

THERMALE FFECTS 

Internal heating can.have a significant effect on' current 
regulation .for ISET greater than 1001lA_ For example, 
each lV increase across the LM134 at ISET = 1 mA will 
increase junction' temperature by '" 0.4°C in still air_ 
Output current (ISET) has a temperature coefficient of 
'" 0_33%fC, so the char;Jge in current due to temperature 
rise will be (004) (0_33) = 0.132%_ This is a 10: 1 degrada­
tion in regulation compared to true electrical effects_ 
Thermal effects, therefore, must be taken into account 
when DC regulation is critical and ISET exceeds 100 p,A_ 
Heat sinking of the TO-46 package or the TO-92 leads 
can reduce this effect by more than 3:1_ 

SHUNT CAPACITANCE 

In certain applications, the 15 pF shunt capacitance of 
the LM 134 may have to be reduced, either because of 
loading problems or because it limits the AC output 
impedance of the current source_ This can be easily 
accomplished by buffering the LM134 with an FET as 
shown in the .,applications. This can reduce capacitance 
to less than 3 pF and improve regulation by at least an 
'order of magnitude. DC characteristics (with the excep­
tion of minimum input voltage), are not affected_ 

NOISE 

Current noise generated by the LM134 is approximately 
4 times the shot noise of a transistor_ I f the LM 134 is 
used JIS an active load for a transistor amplifier, input 

Ratio oflSET to V- Current 

20 r-~HH+-+-t+H-~~~ 

18 
1.0-' .. / 

~ 16 

14 

12 

IO~ 100~ lmA 10mA 

ISET 

referred noise will be increased by about 12 dB_ In many . 
cases, this is acceptable and a single stage amplifier can. 
be bllilt with a voltage gain exceeding 2000. 

LEAD RESISTANCE 

The sense.voltage which determines operating current 9f . 
the LM134 is 'ltiss than 100 mV_ At this level, thermo­
couple or lead resistance effects should be minimized 
by locating the current setting resistor physically close 
to the device. Sockets should be' avoided if possible_ 
It takes only 0_ 7Q contact resistance to reduce output 
current by 1% at the 1 mA level. 

SENSING TEMPERATURE 

. The LM134 makes an ideal remote temperature sensor 

. because its current mode operation does not lose 
accuracy over long wire runs_ Output current is directly 
proportional to absolute temperature in degrees Kelvin, 

: according to the following formula: 

ISET = 
(227 IlV f K)(T) 

RSET 

Calibration of the LM 134 is greatly simplified bec.ause of 
. the fact that most of the initial inaccuracy is due to a 

gain' term (slope error) and not an offset_ This means 
that a calibration consisting of a gain adjustment only 
will trim both slope and zero at the same time. In addi­
tion, gain adjustment is a' one' point trim because the 
output of the LMl34 extrapolates to zero at OaK, 
independent of RSET or any initial inaccuracy. 

Isn INITIAL OUTPUT 

t 
DESIRED 

c'. . OUTPUT 
I 

Ib' 
I 

I I 
I I I 
I I I 
I' I I 

I I I 
I I I 
I I I 

O'K Tl T2 T3 

This property of the LM134 is illustrated in the accom­
panying graph_ Line abc is the sensor current before 
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App_lication Hints (Continued) 

trimming. Line a'b'c' is the desired output. A gain trim 
done at T2 will move the output from b to b' and will 
simultaneously correct the slope so that the output 
at T1 and T3 will be correct. This gain trim can be done 
on RSET or on the load resistor used to terminate the 
LMl34. Slope error after trim will normally be less 
than ±1%. To maintain this accuracy, however, a low 
temperature coefficient resistor must be used for RSET. 

Typical Applications (Continued) 

A 33 PPrTIl"c drift of RSET will give a 1% slope error 
because the resistor will normally see about the same 
temperature variations as the LM 134. Separating RSET 
from the LM134 requires 3 wires and has lead resistance 
problems, so is not normally recommended. Metal film 
resistors with less than 20 ppm!" C drift are readily 
available. Wire wound resistors may also be used where 
best stability is required. 

Low Output Impedance Thermometer 

VIN~4.8V 

Cl 
0.0022 

R3* 

)l;1(4_~_ ... ~61\00,...,._ VOUT" 10 mVrK 
ZOUT" lOon 

CI 

Rl 
230 
1% . 

R2 
10k 
1% 

*Output impedance of the LM134 at the "R" pin is 

-Ron 
approximately --, where Ro is the equivalent 

16 

external resistance connected to the V- pin. This 

negative resistance can be reduced by a factor of 5 or 
more by inserting an equivalent resistor in series 
with the output. 

Low Output Impedance Thermometer Higher Output Current 

+VIN ---4""""---., 
R2 
300 

)1;1(4-1--"- VOUT=10mVrK 
zOUT:S;2n 

R3 
100 

9-17 

+VIN 

Rl* 

R 

RSET 

*Selec;t R 1 and Cl for optimum stability 



Typical Applications (Continued) 

Micropower BiBs , Low Input Voltage Reference Driver ' . 

<VIN <VIN;:: VREF < 200 mV --... ----.":', .~-., 

RESETJL 

1.2V Reference Operate. on 10 I'A and 2V 

<VIN <:2V 

Ramp Generator· 

<VIN 

"'---+-VOUT· 

*Select ratio of R1 to R2 to obtain zero temperature drift 

9·18 

VOOT =NZ + .. 64 mV &1'25°C 
IOUT~3mA 

01 
LMI29 
LM136 
LMI13 
ETC. 

1.2V Regulator with 1.8V Minimum Input 

.-----.... --VIN <: I.BV 

I-¥~ ..... ~_ VOUT = 1.2V 
IOUT$20hA 

trl457 

fll* 
...uk 
1% 

R2* 
680 
1% 

*Select ratio of R1 to R2 for zero temperature drift 



Typical Applications (Continued) 

Zener Biasing 

RSET 

"'---"-VOUT 

AJtarnata Trimming Technique 

+VIN 

R 

RSET 

-VIN 

Buffer for Photoconductive Cell 

1.5V 

*For "0% adjustment, select ASET 
10% high, and make AI .. 3 ASET 

FET Cascading for Low Capacitance andlor Ultra High Output Impedance 

R 

RSET 

*Select Ql or 02 to ensure at least lVa.cross the LM134. Vp (1 -ISET/IOSS) 2: 1.2V. 

Generating Negative Output Impedance 

+VIN 

RI* 

-VIN 

*ZOUT" -16' AI (A1NIN must not exceed ISET) 

9·19 

In·Lina Current Limiter 

RSET 

R 

*Use minimum ~alue required to ensure stability of protected 
device. This minimizes ,inrush current to a direct short. 



Schematic and Connection Diagrams 

r--4 ..... ----.... ~, v+ (2) 

\ .. 

.....-+----+---.. - .. - R (1) 

L-. __ ~ ..... ------ V- (3) 

TO-46 
Metal Can Package 

v+ .f0r 
BOTTOM VIEW 

Pin 3 is electrically connected to case 

Order Number LM134H. LM134H-3 •. 
LM134H-6. LM234H. LM234H-3. 

. LM234H-6 or LM334H 
See NS Package H03H 
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T0-92 
Plastic Package 

V+ R V-

0' 
BOTTOM VIEW 

Order Numbef LM334Z. LM234Z-3 
or LM234Z-6 • 

See NS Package Z03A . 



~National 
~ Semiconductor 

Industrial/Automotive/ Functional 
Blocks/Telecommunications 

LM135/LM235/LM335, LM135A1LM235A1LM335A 
Precision Temperature Sensors 
General Description 
The LM135 series are precision, easily-calibrated, inte­
grated circuit· temperature sensors. Operating as a 
2-terminal zener, the LM135 has a breakdown voltage 
directly proportional to absolute temperature at +10 mVl 
oK. With less than H2 dynamic impedance the device 
operates over a current range of 400 /lA to 5 mA with 
virtually no change in performance. When calibrated 
at 25°C the LM135 has typically less than 1°C error 
over a 100°C temperature range. Unlike other sensors 
the LM 135 has a linear output. 

Applications for the LM135 include almost any type of 
temperature sensing over a -55°C to +1500 e temper­
ature range. The low impedance and linear output 
make interfacing to readout or control circuitry espe­
ciallyeasy. 

The LM135 operates over a -55°C to +1500 e temper­
ature range while the LM235 operates over a _40°C 

Schematic Diagram 

Typical Applications 

to +125°e temperature range. The LM335 operates 
from _10°C to +1000 e. The LMI35/LM235/LM335 are 
available packaged in hermetic TO-46 transistor pack­
ages while the LM235 and LM335 are also available 
in plastic TO-92 packages. 

Features 
• Directly calibrated in °Kelvin 
• 1°C initial accuracy available 
• Operates from 400 /lA to 5 mA 
• Less than 1>2 dynamic impedance 
• Easily calibrated 
• Wide operating temperature range 

• 200° e overrange 
• Low cost 

., 
'Ok 

016 

•• .Ok 
., 
156k 

•• 50. 
t--+--i_VY--ADJUSTMENT 

.10 
nIt 

Basic Temperature Sensor Calibrated Sensor Wide Operating Supply 

y' 

OUTPUT 
10lllvfK ~' 

LM335 

5V-40Y 

., 
~-..... - OUTPUT 10mVrK 

LM335 lOt· 

* Calibrate for 2.982V at 25°C 
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Absolute Maximum Ratings 
Reverse Current 10mA 
Forward Current 10mA 
Storage Temperature 

TO-46 Package -60°C to +180°C 
TO-92 Package -So°c to +150°C' 

Specified Operating Temperature Range 
Continuous Intermittent 

LM135, LM135A -55°C to +150°C 150°C to 200°C 
LM235, LM235A , -40°C to +125°C 125°C to 150°C 
LM335, LM335A -10°C to +100°C 100°C to 125°C 

Lead Temperature [Soldering, 10 seconds) 300°C 

Temperature Accuracy LM135/LM235, LM135A/LM235A (Note 1) 

. 
LM135A/LM235A LM135/LM235 

PARAMETER ' CONDITIONS UNITS 
MIN TYP MAX MIN TYP MAX 

Operating Output Voltage TC=25°C, IR = 1 mA 2.97 2.98 2.99 2.95 2.98 3.01 V 

Uncalibrated Temperature Error TC= 25°C, IR = 1 mA 0.5 1 1 3 °c 

Uncalibrated Temp~rature Error TMIN<TC<TMAX, IR = 1 mA 1.3 2.7 2 5 °c 

Temperature Error with 25°C TMIN <TC <TMAX, IR = 1 mA 0.3 1 0.5 1.5 °c 

, Calibration 

Calibrated Error at Extended TC = TMAX (Intermittent) 2 2 °c 

Temperatures 

Non·Linearity IR = 1 mA 0.3 0.5 0.3 1 °c 

Temperature Accuracy LM335, LM335A (Note 1) 

PARAMETER CONDITIONS LM335A LM335 UNITS 
MIN TYP MAX MIN TYP MAX 

Operating Output Voltage TC=25°C,IR=lmA 2.95 2.98 3.01 2.92 2.98 3.04 V 

Uncalibrated Temperature Error TC=25°C, IR='- mA 1 3 2 6 °c 

, Uncalibrated Temperature Error TMIN < TC<TMAX.IR = 1 inA 2 5 4 9 °c 

Tempe~ature Error with 25°C TMIN < TC < TM'AX, IR = 1 mA 0.5 1 1 2 °c 

Calibration 

Calibrated Error at Extended , TC = TMAX (Intermittent) 2 2 °c 

Temperatures 

Non-Linearity IR = 1 mA 0.3 1.5 0.3 1.5 °c 

Electrical Characteristics (Note 1) 

LM135/LM235 LM335 

PARAMETER CONDITIONS LM135A/LM235A LM335A UNITS 

MIN TYP MAX MIN TYP MAX 

Operating Output Voltage 4001lA< IR <5 mA 2.5 10 3 14 mV 
Change with Current At Constant Temperature 

Dynamic Impedance IR= 1 mA 0.5 0,6 n 
Output Voltage Temperature +10 +10 mV/"C 
Drift 

Time Constant Still Air 
\, 

80 80 sec 
100 ft/Min Air 10 10 sec 
Stirred Oil 1 1 sec 

Time Stability TC = 125°C 0.2 0,2 °C/khr 

Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered. 
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Typical Performance Characteristics 
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Response Time 

.1- ~Tj:Z5"C_ I 
7k 

l- I- OUTPUT f-,NPUT '+ !~ ~ OUTPUT 

t 

HNiUT 
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Junction to Air 
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0.1 

45 

40 

g 35 

!!! 30 
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Thermal Response in 
Stirred Oil Bath 
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. Reverse Characteristics 

Tj:Z5'C 

Tj :-55'C 

/.~ 
TjrZ5;C-.": 

REVERSE VOLTAGE (VI 

Noise'Voltage 

IZ=1 mA 
Tj :25"C 

" " 
10 100 lk' 

FREQUENCY (H.I 

Thermal Response 
in Still Air 

..Ii""" 

I· 
I 

10k 

TIME (MINUTESI 

" 
tOOk 

Forward Characteristics 
1.4 

1.Z 

~ 1.0 

~ 

JllllL 
- ~.U~~'C ,_ .... 

~ O.S 

'" > 
0.6 '" '" ~ 0.4 

~ 

--;'1=Z5'C -- I -- ri"125°C 
0-2 

1111111 
0.1 10 

FORWARO CURRENT (mAl 
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Application Hints 

CALIBRATING THE LM135 

Included on the LM135 chip is an easy method of 
calibrating the device for higher accuracies. A pot 
connected across the LM135 with the arm tied to the 
adjustment terminal allows a l·point calibration of the 
sensor that corrects for inaccuracy over the full tem· 
perature range. 

This single point calibration works because the output 
of the LM 135 is proportional to absolute temperature 
with the extrapolated output of sensor going to OV 
output at OOK . (-273. 15°C). Errors in output voltage, 
versus temperature are only slope (or scale factor) 
so a slope calibration at one temperature corrects at 
a" temperatures. 

The output of the device (calibrated or uncalibrated) 
can be expressed as: 

T 
VOUTT = VOUTT x­

o To 

Typical Applications (Continued) 

where T is the unknown temperature and To is a ref· 
erence temperatu're, both expressed in degrees Kelvin. 
By calibrating the output to read correctly at one 
temperature the output at all temperatures is correct. 
Nomina"y the output is calibrated at 10 mVfK. , 

To insure good sensing accuracy several precautions 
must be taken. Like any temperature sensing device, 
self heating can reduce accuracy. The LM135 should 
be operated at the lowest current suitable for the ap' 
plication. Sufficient current, of course, must be avail· 
able to drive both the sensor and the calibration pot 
at the maximum operating temperature. 

If the sensor is used in an ambient where the thermal 
resistance is constant. self heating errors can be cal· 
ibrated out. This is possible if the device is run with 
a temperature stable current. Heating wi" t,heri be pro· 
portional to zener voltage and therefore temperature. 
This makes the self heating error proportional to ab­
solute temperature the same as scale factor errors. 

Minimum Temperature Sensing Average Temperature Sensing Remote Temperature Sensing 

liV 

Ik 

r---.... ---... -:r~~rK 
LM335 

I&V 
&lIk 

3k 

-1&V 

I5V 

6k 

fAva (30 mVrKJ 

LM335 

LM335 

Isolated Temperature Sensor 

LM33. 

L :: :J BOURNS --- 4.258-8007 

• 
-=-

&10 

9·24 

.rrJ.­
~nicL , 

Wire length for 1° C error due to wire drop 

IR - 1 mA IR a 0.5 mA 
AWG FEET FEET 
14 4000 8000 ;' 
16 2500 5000 

18 1600 3200 
20 1000 2000 
22 625 1250 
24 400 BOO 

16V 

11457 U.1J.1F 

~ 
20 

OUTPUT 
10mVfK 



Typical Applications (Continued) 

5V-40V 

Simple Temperature Controller 

Simple Temperature Control 
lM335 

Ground Referred Fahrenheit Thermometer 

15V 

" 

.," 
20k 

.," 
,Ok 

15V 

&k, 

LM335 
t-__ ~~~4~."~k~~~~Vft~ 

'5k 1k 

-15V 

* Adjust R2 for 2.554V across LM336. 
Adjust R1 for corr~t output. Fahrenheit Thermometer 

15V 

10k ,Ok 

3k, 

1k 

-10V 

Cent!grade Thermometer 
1k 

'5V 

12k 

} OUTPUT t----,... 10 .mVloC 

10k 

1100
.' .". 

.". * Adjust for 2.73V at output of LM308 

} 
OUTPUT 

t-___ ~~4~.55~k~ .......... '"1kI'¥__+----__ 1 mVfF 

.... =-_~.>RI " 
LM335 10k LM33& 

HI' 
'Ok 

*To calibrate adjust R2 for 2.554V across LM336. 
Adjust R1 for correct output. 

9·25 



Typical Applications (Continued) 

15V 

Uk 

-15V 

15V 

10k 

lM335 

":' 

15V 

R2 
LM329B "'. 

":' 

10k,': 

":' 

zoo. 

'"Ilk 

R' 

'" 
":' 

20b, 

'M 

":' 

THERMOCOUPLE COLD JUNCTION COMPENSATION 

R3 

R4 

&91k 

+ 

+ 

Compensation for Grounded Thermocouple 

THERMOCOUPLE 

*Select R3 for proper thermo~oupie type 

THERMO· 
COUPLE 
J 
T 
K 
S 

R3· 

377f! 
308f! 
293f! 
45.Sf! 

SEEBECK 
COEFFICIENT 

52.3J.1vfc 
42.8J.1vfc 
40.8J.1vfc 

6.4J.1VI"C 
. Adjustments: Compensates for both sensor and resistor toler­
'ances 
1. Short LM329B 
2. Adjust Rl for Seebeck Coefficient'times ambient temper­
ature (in degrees K) across R3 
3. Short LM335 and adjust R2 for voltage across R3 corre· 
sponding .to thermocouple type 

J 14.32mV K 11.17mV 
T 11.79 mV S 1.768 mV 

Single Power Supply Cold Junction Compensation 

THERMOCOUPLE 

*Select R3 and R4 for thermocouple type 
THERMO· 
COUPLE 

J 
T 
K 
S 

R3 

1.05K 
aS6f! 
S16f! 
128f! 

Adjustments: . 

R4 

385n 
315f! 
300n 
46.3n 

SEEBECK 
COEFFICIENT 

52.311Vfc 
42.8J.1vfc 
4o.Sp.vfc 
6.4p.vfc 

1. Adjust Rl for the voltage across R3 equal to the Seebeck 
Coefficient times ambient temperature in degrees Kelvin. 
2. Adjust R2 for"voltage across R4 corresponding to thermo­
couple 

OUTPU.T _ J 
T 

14.32 mV 
11.79 mV 

K 11.17mV 
S 1.768 mV 

Centigrade Calibrated Thermocouple· Thermometer 

... - .... ." • .,.,--... <:':. LM3ZIIB Terminate thermocouple reference junction in close proximity 
to LM335. 

422 100k Adjustments: 

1. Apply signal in place of thermocouple and adjust R3 for a r-~'.,%y-~-~~'~'~--, ":' '" 
-15V 

R3 

" 
YOUT ~ 10 mvrc 

9·26 

gain of 245.7. ' 

'2. Short non~invertin9· input of LM308A and output of 
LM3298 to ground. 

3. Adjust Rl so that VOUT = 2.982V@ 25°C. 

4. Remove short across LM329B and adjust R2 so that VOUT = 
246 mV@25°C. 

5. Remove short across thermocouple. 



Typical Applications (Continued) Fast Charger for Nickel-Cadmium Batteries 

Differential Temperature Sensor 

.---.... -15V 

Uk 12k 

CAL 
10k 

Differential Temperature Sensor 
15V 

ZOOk 

12k 12k 
15V 

lMJJ5 LM135 

1~-------'~--------~------'--------'----------~~~--~~ 

,,. 

~START 

10k 5k 

,,. 

D2 
lM335 

L..-----4>-----+ \ 
\ 

10k \ 

THERMAllVCOUPlE'-- - - - -­

t Adjust 01 to 50 mV greater Vz than 02. 
Charge terminates on SoC temperature rise. Couple D2 to battery. 

15V 

Variable Offset Thermometer+ 

1k 

ClOSE~ 
FOR -= 
Ivre 90k 

15V 

2k 

----
J6V-t2V 

OUTPUT 
100mVfC >:.....j .... ------+-----------l0D mVfC 

-15V 
LM1l5 

Tl0DPf 

t Adjust for zero ~ith sensor at 0° C and 10T p: set at 0° C 

* Adjust for zero output with lOT pot set at 100°C and sensor 
at 100'C 

tOutput reads difference between temperature and dial setting 
of lOT pot 

lMlZ9B 

25k* 

15k 

2k 

-15V 

Ground Referred Centigrade Thermometer Air Flow Detector' 

,,. 

2k 

-15V 

OUTPUT 
lDmVrC 

9-27 

.-----1"""15V 

Uk 18k 

15V 

OUTPUT-HIGH 
WITH AIR FLOW 

*5elf heating is used to detect air flow 
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Definition of Terms' 
Operating Output Voltage: The voltage appearing across 
the positive and negative terminals of the device at spec­
ified conditions of operating temperature and current. 

Uncalibrated Temperature Error: The error between 
the operating output voltage at 10 mV t K and case 
temperature .at specified conditions of current.' and 
case temperature. 

Connection Diagr~n'lS 
TO-92 

Plastic Package 

80TTOMVIEW 

Order Number LM235Z. LM335Z 
or LM335AZ 

See NS Package Z03A 

9-28 

Calibrated Temperature Error: The error between oper­
ating output voltage and case temperature lIt lQ mVtK . 
over a temperature range at a specified operating current 
with the 25°C error adjusted to zero. 

T0-46 
Metal Can Package* 

BOTTOM VIEW 

* Case is connected to negative pin 

Order Number LM135H. LM235H. 
LM335H. LM135AH. LM235AH 

or LM335AH 
See NS Package H03H 



~National 
~ Semiconductor 

Industrial/Automotive/ Functional' 
Blocks/Telecommunications 

LM555/LM555C Timer 
General Description 
The LM555 is a highly stable device for generating 
accurate time delays or oscillation. Additional terminals 
are provided for triggering or resetting if desired. I n the 
time delay mode of operation, the time is precisely·con· 
trolled by one external resistor and capacitor. For astable 
operation as an oscillator, the free running frequency and 
duty cycle are accurately controlled with two external 
resistors and one capaCitor. The circuit may be triggered 
and reset on falling waveforms, and the output circuit 
can source or sink up to 200 mA or drive TTL circuits. 

Features 
• Direct replacement for SE555/N E555 
• Timing from microseconds through hours 
• Operates in both astable and monostable modes 

Schemat.ic Diagram 

• Adjustable duty cycle 
• Output can source or sink 200 mA 
• Output and supply TTL compatible 
II Temperature stability better than 0.005% per °c 
• Normally on and normally off ou,put 

Applications 
• Precision timing 
• Pulse generation 
• Sequential timing 
• Time delay generation 
• Pulse width modulation 
• Pulse position modulation 
• Linear ramp generator 

v~~8 ________ ~~~ ______ .-______ .-______________________ .-____ -. __ .-____ ~ 

~ 
THRESHOLD 

~~~~::~ 50-== ____ -+ ______ -' 
GND 01 ______ -, 

TRIGGER ,,2 --------1------l 

• RESET 

7 
DISCHARGE 

Connection Diagrams 
Matal Can Package 

Vee 

TOP VIEW 

Ordar Number LM555H, LM555CH 
See NS Package HOse 

R3 
Ok 
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R& 
Uk 

RI1 
Uk 

3 
• .,.---1.._0 DUTPUT 

Dual·ln·Lina Package 

GND 'Vee 

TRIGGER --'-TU"SO Lr~r-- DISCHARGE 

oUlI'UT 

RESET 

TOP VIEW 

Ordar Number LM555CN 
Saa NS Package NOSB 

THRESHOLD 

Ordar Number LM555J or LM555CJ 
Saa NS Package 'JOSA 
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Absolute Maximum Ratings 
'. 

Supply Voltage +18V 
Power Dissipation (N~te 1) 600mW 
Operating Temperature Ranges 

LM555C O°C to + 7il"c 
LM555 -55°C to +125°C 

Storage Temperature Range --65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (T A ='25°C, Vcc = +5V to +15V,'unless otherwise specified) 

LIMITS 

PARAMETER CONDITIONS LM555 LM555C UNITS 

MIN TYP MAX MIN TYP MAX 

Supply Voltage '4.5. 18 4.5 16. V 

Supply Current Vcc =5V,R L =oo 3 5 3 6 rnA 
Vee = 15V. RL ::::< 00 10 12 10 15 rnA 
(Low State) (Note 2) 

Timing Error, Monostable 
Initial Accuracy 0.5 2 1 % 
Drift with Temperature RA , Ra • lk to 100 k, 30 50 pprnte 

e· O.I"F, (Note 3) 
Accuracy over Temperature 1.5 3.0 .1.5 % 
Drift with Supply 0.05 0.2 0.1 %IV 

Timing Error, Astable 
Initial Accuracy 1.5 5 2.25 7 % 
Drift with Temperature 90 150 pprnte 
Accuracy over Temperature 2.5 3.0 % 
Drift with Supply 0.15 0.2 0.30 0.5 %IV 

Threshold Voltage 0.667 0.667 xVcc 

Trigger Voltage Vee '15V 4.8 5 5.2 5 V 
Vee' 5V lA5 1.67 '1.9 1.67 V 

Trigger Current am 0.5 0.5 0.9 "A 

Reset Voltage OA 0.5 1 OA 0.5 1 V 

Reset Current 0.1 0.4 0.1 OA rnA 

Threshold Current (N,\te4). 0.1 0.25 0.1 0.25 "A 

Control Voltage Level Vee '15V 9.6 ' 10 lOA 9 10 11 V 
Vee ·5V 2.9 3.33 3.8' 2.6 3.33 4 V 

Pin 7 Leakage Output High 1 100 1 100 nA 

Pin 7 Sat (Note5) 
Output Lo~ Vee' 15V, 17 • 15 rnA 150 180 mV 
Output Low Vee' 4.6V, 17 , 4.5 mA 70 100 80 200 mV 

Output Voltage Drop (Low) Vec '15V " 

'SINK = 10 rnA 0.1 0.15 0.1 0.25 V 
'SINK = SOmA 0.4 0.5 0.4 0.75 V 
ISINK • 100 mA 2 2.2 2 2.5 V 

, ISINK • 200 mA 2.5 2.5 V 
Vee ·5V 
'SINK = 8 rnA 0.1 0.26 V 
ISINK :: 5 rnA 0.25 0.35 V 

Output Voltage Drop (High)' ISOURCE:' 200 mA, Vee' 15V 12.5 12.5 V 
, ' IsouReE • 100 mA, Vee' 15V 13 13.3 12.75 13.3 V 

Vee.' 5\1 3 3,3 2.75 3.3, V 

Rise Time of Output 100 100 ns 

F.II Time of Output 100 100 ns 

Note 1: For operating at elevated temperatures the devic,e must be derated based on a +150°C maximum junction temperature and a th~lT'fIal 
resistance of +45'e/Wjunetion to easa for TO·5 and +150'e/W junction to ambient for both paekages. ' 
Note 2: Supply current whan output high typically 1 mA Ie .. at Vee = 5V, 

Note 3: Tested at Vee = 5V and Vee= 15V. 
Note 4: This will determine the maximum value of RA + RB for 15V operation. The maximum total (RA + RBI is 20 MO.. -Note 5: No protection against excessive pin 7 current is necessary providing the package dissipation rating will n~t ~a 'exceeded. 
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Typical Performance Characteristics 
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Applications Information 

MONOSTABLE OPERATION 

In this' mode of operation, the" timer functions as a 
one-shot (Figure 1). The external capacitor is initially 
held discharged by a transistor inside the timer. Upon ap- , 
plication of a negative ttigger pulse of less th an 1/3 Vee 
to pin 2, the flip-flop is set which both releases the short 
circuit across the capacitor and drives the output high. 

I RQ:T __ 

I r-'~I_-+--, 

f TRIGGER 4 
NORMALLY •• ~ Z 
"ON" LOAD Rl ...,...-------- ~ 

I LM555' 

I OUTPUT 

NORMALLY ~ 
"OFf" lOAD 1"Rl 

'----:-.-:!-~-:--.....,...-' 

FIGURE 1. Monostable 

The voltage across the capacitor then increases exponen­
tially for a period of t = 1.1 RA C, at the end of which 
time the voltage equals 2/3 Vee. The comparator then 
resets the flip-flop which in turn discharges the capacitor 
and drives the output to, its low state. Figure 2 shows 
the waveforms generated in thi,s mode of operation. 
Since the charge and the threshold ,level of the com­
parator are both directly proportional to supply voltage, 
the timing internal is independent of supply. , 

II I I 

11 /I 

Vee .. 5V Top Tnce: Input 5V/Oi •. 
nME = 0.1 mtlDIV. Mtddll Toci. Oulpat ltWDIV. 
R ..... !I. un Bottom T.IC1I: C.pICltar VDllIl' 2V/O .. , 

C-o.Oll'f 

FIGURE 2. Monostable Waveforms 

During the timing cycle when the output is high, the 
further application of a trigger pulse will not effect the 
circuit. However the circuit can be reset during this time 
by the application of a negative pulse to the reset 
terminal (pin 4). The output will then remain in the low 
state until a trigger pulse is again applied. 

When the reset function is not in use, it is re'commended 
that it be connected to Vee to avoid any possibility of 
false triggering. 

Figure 3 is a nomograph for easy determination of R, C 
values for various time delays .. 

NOTE: In monostable operation, the trigger should be 
driven high before the end of timing cycle. 

ASTABLE OPERATION 

If the circuit is connected as shown in Figure 4 (pins 2 
and 6 connected) it will trigger itself and free run as a 
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lD .. 
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I ... 
0,01 

V / V / 
0,001 

10~100,uS 1ms1Dms1DOmsh 10. 100s 

t" - TIME DELAY 

FIGURE 3. Time Delll\l 

multivibrator. The external capacitor charges through 
RA + RB ,lnd di,scharges through RB. Thus the duty 
cycle may be precisely set by the ratio of these two 
resistors. 

~----~------'-------~~o·v= 
I 
I 
I I R. 
I 
~ R, 

• • -- , 7 

I R. 
'I 

LM555 • I 
I 

I 'l _ ...... 
~ R, 

1 --ro.",J' 
FIGURE 4. Astable 

In this mode of operation, the capacitor charges and 
discharges between 1/3 Vee and 2/3 Vee. As in the 
triggered mode, the charge and discharge times, and there­
fore the frequency are independent of the supply voltage. 

Figure 5 shows the waveforms generated in this mode 
of operation. 

IJ 

I\, ./ 

Vee" 5V rllP Tnce: Olltput SY/ow. , 
TIME" ~DIV. Bettom Trace: C.pldt.r VoIu ... tv/Dw. 
R ... "3.lIIn 
A.-Un \ 
C"D.Dll'f 

FIGURE 5. Astable Waveforms 

The charge time (output high) is given by: 
, t, = 0.693 (RA + RB ) C 

And the discharge time (output low) by: 
t2 = 0.693 (RB ) C 

Thus the total period is: 
T =t, + t2 = 0.693 (RA + 2RB ) C 



Applications Information (Continued) 

The frequency of oscillation is: 

1 1.44 
f=-= ----

T (RA +2Rs IC 

Figure 6 may be used for quick determination of these 
RC values. 

The duty cycle is: 
Rs 

D=---='­
RA + 2Rs 

;;: 
3 
w 
u 

100 

10 

~ 
'" 0.1 
~ 
I 

u 0.01 

0.001 
0.1 10 100 I~ 10~ lOOk 

f - FREE·RUNNING FREnUENCV (Hz) 

FIGURE 6. Free Running Frequency 

FREQUENCY DIVIDER 

The monostable circuit of Figure 1 can be used as a 
frequency divider by adjusting the length of the timing 
cycle. Figure 7 shows the waveforms generated' in a 
divide by three circuit. 

II II 
jJ u 
t- "'--

I-
...., 

Vcc " SV 
TIME " 2D!,1s1DIV. 
R. =9.1 tn 
CltO.D'Io!F 

II II, II 
~ ~ IU 

l-I-" 
/~ 
TapTrace:ln,uI4VfDiv, 
MlddleTrace:Output2V1DIV. 
BDIIDmT,ac,:C.,KIIDI2V/DIY. 

FIGURE 7. Frequency Divider 

PULSE WIDTH MODULATOR 

When the timer is connected in the monostable mode 
and triggered witl:! a continuous pulse train, the output 
pulse width can be modulated by a signal applied to pin 
5. Figure 8 shows the circuit, and in Figure 9 are some 
waveform examples. 

,-.... >----... -O+vcc 

lM555 

'1 DISCHARGE 

THRESHOLD 

MODULATION 
INPUT 

R. 

FIGURE'a. Pulse Width Modulator 
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v r-..., 

....... 

r ,.... 1 n n n 
I III II II 
I I,I! II II 

Vee" 5V Tap Trac.: Madulillon IVlO.v. 
TIME" 0.2 IIIs/DIV, BDttom Trace: OutpLlt2V/DI'I'. 
R ... "9.1 kn 
C=D.DI",F 

FIGURE 9. Pulse Width Modulator 

PULSE POSITION MODULATOR 

This application uses the timer connected for astable 
operation, as in Figure 10" with a modulating signal 
again applied to the control voltage terminal. The pulse 
position varies with the modulating signal, since the 
threshold voltage and hence the time delay is varied. 
Figure 11 shows the waveforms generated for a triangle 
wave modulation signal. 

.---.... -----.... -o+vcc 

OUTPUT 

FIGURE 1D. 'Pulse Position Modulator 

Vee '" 5V Top Trace: Mollullnon IflPlt IV/oN. 
TIME" D.l ensIDIV, Bottom Tnct: DutpIIIIV/DIV. • 
R ... a19kn 
AD -3tn 
C-am..F 

FI.GURE 11. Pulse Position Modulator 

LINEAR RAMP 

When the pullup resistor, RA , in the monostable circuit 
is replaced by a constant current source, a linear ramp is 

r­s:: 
U1 
CJ'I 
S!! r-
s:: 
U1 
U1 
U1 
o 



Applications Information (Continued) 

generated. Figure 12 shows a circuit configuration that 
will perform this function. 

1r--.... --'v;.:::OC'--.... ,..... .... >-o.voc 

!, ~ .. , 
TRIGGERC>- 2 

--, 2NUSI 
lOR EDUIV 

OUTPUTI>- 3 lMS55 :iJ-.lc ., 
L..-.,......;.ir--.....I -r'-",J' 

* FIGURE 12. 

Figure 13 s~ows waveforms generated by the linear ramp. 

The time interval is given by:. 

Vcc"5V , 
TlME-2o,.NDIV. 

, RI "471111 

Ra'"'ODltn 
R( = Z.711S! 
C"O.OI~F 

I 

Top TrKI: Inp.t 3V/Dill. 
Middll Tnce: htput SVlDiv. 
BottamTIKII:ClfllCitatVoIIIgIIV/Div. 

FIGURE 13. Linear Ramp 

50% DUTY CYCLE OSCILLATOR 

For a 50% duty cycle, the resistors RA and Rs may be 
connected as in Figure 14. The'time period for the out-
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put high is the same as previous, t, = 0.693 RA C. 
For the .output low it is t2 = 

[(RA RB)/(RA + Re)) CLn [ RB -2RA ] 

2Rs - RA 

1 
Thus the frequency of oscillation is f = -­

t, + t2 

...---.... ----..... -o.v" 
I I 

H, 

'" 'I-+-'WI"'" 

lMIS •• 1-.... - .... 
I 

.. 
m 

OU"UTo--. '. --c 

'--,-ii---' T ""'T ','.'" 
* 

FIGURE 14. 50% Duty Cycle Oscillator 

Note that'this circuit will not oscillate if RB is greater 
than 1/2 RA because the jU'1ction of RA and Rs cannot 
bring pin 2 down to 1/3 Vee and trigger the lower . 
comparator. 

ADDITIONAL INFORMATION 

Adequate power supply bypassing .is necessary to protect 
associated circuitry. Minimum recommended is O.I~F in 
parallel with I~F elect~olytic. 

Lower comparator storage time can be as long as 10#s 
when pin 2 is driven fully to ground for triggering. This 
limits the monostable pulse width to 10#s minimum. 

Delay time reset to output is 0.47~s typical. Minimum 
reset pulse width must be 0:3~s, typical. ' 

Pin 7 current switches within 30 ns of the output 
(pin 3) voltage. 
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LM5561LM556C Dual Timer 
General Description 
The LM556 Dual timing circuit is a highly stable 
controller capable of producing accurate time delays 
or oscillation. The 556 is a dual 555. Timing -is provided 
by an external resistor and capacitor for each timing 
function. The two timers operate independently of each 
other sharing.only·Vee and ground. The circuits may be 
triggered and reset on· falling waveforms. The output 
structures may sink or; source 200 mAo 

Features 
• Direct replacement for SE556/NE556 

• Timing from microseconds through hours 

• Operates in both astable and monostable modes 

• Replaces two 555 timers 

Schematic Diagram 
(14) 

• Adjustable duty cycle 

• Output can source or sink 200 mA 

• Output and supply TTL compatible 

• Temperature stability better than 0.005% per °c 
• Normally on and normally off output 

Applications 
• Precision timing 

• Pulse generation 

• Sequential timing 

• Time delay generation 

• Pulse width modulation 

• Pulse position modulation 

• Linear ramp generator 

~,o-------~~~------~------~----------------------.-----~~~----, 

CONTROL 
VOLTAGE U,llI 

GND 
(1) 

TRIGGER 
(6,81 

Connection Diagram 
.Qual.ln'.Line Package 

THRESH· CONTROL 

AJ 
5k 

A4 
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AS 
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TOP VIEW 
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Absolute Maximum Ratings 

Supply Voltage +18V 

Power Dissipation (Note 1) 600mW 
Operating Temperature Ranges 

LM556C O°C to +70°C 

LM556 -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°c 

Electrical Characteristics (T A = 25°C, Vcc = +5V to +15V, unless otherwise specified) 

PARAMETER CONDITIONS 
LM556 LM558C 

MIN TVP MAX MIN TVP MAX UNITS 

Supply Voltage 4.5 18 4.5 16 V 

Supply Current Vee'" 5V. RL "'00 3 5 3 6 mA 
lEach Timer Section) Vee'" 16V. RL =110 10 11 10 14 mA 

(low State) (Noie 2J 

Timing Error, Monostable 

Initial Accuracv 0.5 1.5 0.15 5.0 % 
Drift With Temperature RA • As'" lk to lOOk, C "" O.l.uF. 30 50 ppmtc 

(Note 31 

Accuracy Over T~mperature 1.5 5 1.5 % 
Drift with Supply 0.05 0.2 0.1 0.4 %IV 

Timing Error. Astable 

Initial Accuracy 1.6 2.25 1 % 
Drjft With Temperature 90 150 ppmfC 
Accuracy Over Temperature 2.5 3.0 % 
Drift With Supply 0.15 0.2 0.30 %N 

Trigger Voltage Vee'C 15V 4.8 5 5.2 4.5 5 0.5 V 
Vee::: 5V 1.45 1.61 1.9 1.25 1.67 2.0 V 

Trigger Current 0.1 0.5 0.2 1.0 pA 

Reset Voltage (Note 4) 0.4 0.5 1 0.4 0.5 1 V 

Reset Current 0.1 0.4 0.1 0.5 mA 

Threshold Current (Note 51 0.03 0.1 0.03 0.1 pA 

Control Voltage Level And Vee'" 15V 9.6 10 10.4 9 10 11 V 
Threshold Voltage Vee = 5V 2.9 3.33 3.B 2.6 3.33 4 V 

Pin 1. 13 Leakage OutPUt High J 100 1 100 nA 

Pin 1. 13 Sat (NoteS) 
Output Low Vee = 15V. 1= 15mA 150 240 180 300 mV 
Output Low Vee =4.5V.I-4.5mA 70 100 80 200 mV 

Output Voltage Drop (low) Vee = l5V 

ISINK '" lOrnA 0.1 0.15 0.1 0.25 V 

ISINK = 50 rnA 0.4 0.5 0.4 0.75 V 

ISINK .. 100 rnA 2 2.25. 2 2.75 V 

ISINK = 200 mA 2.5 2.5 V 

Vee" BV 

ISINK .. SmA 0.1 0.25 V 
ISINK " 5mA 0.25 0.35 V 

Output Voltage Drop (High) 'SOURCE = 200 rnA. Vee" l5V 12.5 12.5 V 

ISOUFICE .. 100 rnA. Vee - l5V 13 13.3 12.75 13.3 V 

Vee" 5V 3 3.3 2.75 3.3 V 

Rise Time of Output 100 
.. 

100 no 

Fall Time of Output 100 1.00 n. 

Matching Characteristics INote 71 
Initial Timing Accuracy 0.05 0.2. 0.1 2.0 " Timing Drift With Temperature '10 .10 ppmfC 
Drift With Supply Voltage . 0.1 0.2 0.2 0.6 %N 

Note1: For operating at elevated temperatures the device must be derated besed on a +160·e maximum junction temperatura ond a thormol 
resistence of +150·elW junction to ambient for both packages. . 
Note 2: Supply current when output high typically 1 mA leIS at Vee· 6V. 
Not. 3: Tested at Vee ~ 5V and Vee e 16V. 
Nota 4: As reset voltage lowers, timing is inhibited and then the output goes low. 
Noto 6: This will detarmlne the maximum value of RA + RS for 16V operation. The maximum totel 'IRA + RSI is 20 MO. 
Note 6: No protection against excelSiva pin 1,13 current Is neceuary providing the package dissipation rating will not be exceeded. 
Note 7: Matching characteristics refer to the difference between performance characteristics of each timer section. 
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Typical Performance Characteristics 
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LM565/LM565C Phase Locked Loop 
General Description 
The LM565 and LM565C are general purpose phase 
locked loops containing a stable, highly linear volt­

. age controlled oscillator for low distortion FM 
demodulation, and a double balanced phase detec­
tor with good carrier suppression. The VCO fre­
quency is set with an external resistor and capa­
citor, and a tuning range of 10:1 can be obtained 
with the same capacitor. The characteristics of the 
closed loop system-bandwidth, response speed, 
capture and pull in range-may be adjusted over a 
wide range with an external resistor and capacitor. 
The loop may be broken between the VCO and 
the phase detector for insertion of a digital fre­
quency divider to obtain frequency multiplication. 

The LM565H is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM565CH and LM565CNare specified for opera· 
tion over the O°C to +70°C temperature range. 

Features 
• 200 ppmfCfrequl!ncy stability of the VCO 

Schematic and Connection Diagrams 

• Power supply range of ±5 to ±12. volts with 
100 ppm/% typical 

• 0.2% linearity of demodulated output 
• Linear triangle wave with in phase zero crossings 

available 
• TTL and DTL compatible phase detector input 

and square wave output 
• Adjustable hold'in range from ±1% to > ±60%. 

Applications 
• ·"Data and tape synchronization 

• Modems 
• FSK demodulation 
• FM demodulation 
• Frequency synthesizer 
•. Tone decoding 
• Frequency multiplication and division 
• SCA demodulators 
• Telemetry receivers 
• Signal regeneration 
• Coherent demodulators. 

.. wi 1_ ~ -.= MIIIQI Ul'M.""" 
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Metal Can Package 

. .. 

Order Number LM565H Dr LM565CH 
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Absolute Maximum Ratings 

Supply Voltage ±12V 
Power Dissipation (Note 1) 300 mW 
Differential Input Voltage , ±lV 
Operating Temperature Range LM565H _55°C to +125°C 

LM565CH. LM565CN DoC to 70°C 

Storage Temperature Range _65°C to +150°C 
Lead Temperature (Soldering. 10 sec) 300°C 

Electrical Characteristics (AC Test Circuit. T A = 25°C, Vi; = ±6V) 

LM565 LM565C 
PARAMETER CONDITIONS 

MIN TYP MAX MIN TYP 

Power Supply Current 8.0 12.5 8.0 

Input I mpedance (Pins 2, 3) -4V < V2 • V3 <OV 7 10 5 

veo Maximum Operating 
Co =2.7pF 300 500 250 500 

Frequency 

Operating Frequency 
-100 300 -200 

~Temperature Coefficient 

Frequency Drift with 
0.01 0.1 0.05 

Supply Voltage 

Triangle Wave Output Voltage 2 2.4 3 2 2.4 

Triangle Wave Output Linearity 0.2 0.75 0.5 

Square Wave Output Level 4.7 5.4 4.7 5.4 

Output Impedance (Pin 4) 5 5 

Square Wave Duty Cycle ~5 50 55 40 50 

Square Wave Rise Time 20 100 20 

Square Wave Fall Time 50 200 50 

Output Current Sink (Pin 4) 0.6 1 0.6 1 

.veo Sensitivity fo =10kHz , 6400 6600 6800 6000 6600 

Demodulated Output Voltage 
±10% Frequency Deviation 250 300 350 200 300 (Pin 7) 

Total Harmonic Distortion ±10% Frequency Deviation 0.2 0.75 0.2 

Output Impedance (Pin 7) 3.5 3.5 

DC Level (pin 7) 4.25 4.5 4.75 4.0 4.5 

OUtput Offset Voltage 

IV7 - V6 1 30 100 50 

Temperature Drift of IV7 - V61 500 500 

AM Rejection 30 40 40 

Phase Detector Sensitivity Ko 0.6 .68 0.9 0.55 .68 

Note 1: The maximum junction temperature of the LM565 is 150°C, while that of the LM565C 
and LM565CN is 100°C. For operation at elevated temperatures, devices in the TO-5 package must 
be derated based on a thermal resistance of 1500 C{W junction to ambient or 4S0C{W junction to case. 
Thermal resistance of the dual-in-Iine package is 10QoC/W. 
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Typical Performance Characteristics 
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Typical Applications 

FSK Demodulator (2025-2225 cps) 

2400 Hz Synchronous J;'M Demodulator 

FSK Demodulator with DC Restoration. 

""" , 

Frequency Multiplier (x10) 

IRIG Channel 13 Demodulator 
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· Applications Information 
In designing 'with phase locked loops such as the 
LM565, the important parameters of interest are: 

FREE RUNNING FREQUENCY 

f ~ __ 1 __ , 
o 3.7 RoCo 

LOOP GAIN: relates the amount of phase change 
between the input signal and the VCO signal for a 
shift in input signal frequency (assuming the loop 
remains in lock). In' servo theory, this is called 
the "velocity error coefficient". 

Loop gain -, KoKo (~c) 
,radians/sec) 

Ko ?scillator sensitivity ,. volt 

Ko = phase detector sensitivity C~~li:J 

The loop gain of the LM565 is dependent on 
supply voltage, and may be found from: 

33.6 fo 
KoKo = ,--v;-

fo = VCO frequency in Hz 

V c = total supply voltage to circuit. 

Loop gain may be reduced by connecting a resistor 
between pins 6 and 7; this reduces the load imped· 
ance on the output amplifier and 'hence the loop 
gain. 

HOLD IN RANGE: the range of frequencies that 
the loop will remain in lock after initially being 
locked. 

8 fo 
+ -­
- Vc 

free running frequency of VCO 

,Vc = total supply voltage to the circuit. 

THE LOOP FILTER 

In almost all applications, it will be desirable to 
filter the signal at the output of the phase detector 
(pin 7) this filter may take one of two forms: 

r--.... - .... -o.,~ 

Simple Lag Filter Lag·Lead Filter 

A simple lag filter may be used for wide closed 
loop bandwidth applications such as modulation 
following where the frequency deviation of the 
carrier is fairly high (greater than 10%), or where 
wideband modulating signals must be fOllowed. 

The natural bandwidth of the closed loop response 
may be found from: 

f = ~ jKoKo 
n 211 R,C, 

Associated with this is a damping factor: 

Ii _ .!. ) __ 1-:--:-:-
- 2 R,C, KoKo 

For narrow band appl ications where a narrow noise 
bandwidth is desired, such as applications involving 
tracking a slowly varying carrier, a lead lag filter 

,should be used. In general, if l/R,C, < KoKd, 
the damping factor for the loop becomes quite 
small resulting in large overshoot and possible 
instability in the transient response of the loop. 
In this case, the natural frequency, of the loop 
may be fou nd fro m 

R2 is selected to produce a desired damping factor 
Ii, ,usually between 0.5 'and 1.0. The damping 
factor is found from the approximation: 

These two equations 'are plotted for convenience. 
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~ National Indus.trial/Automotive/ Functional 
~ Semiconductor Blocks/Telecommunications 

LM566/LM566C Voltage Controlled Oscillator 
General Description 
The LM566iLM566C are general purpose voltage 
controlled oscillators which may be used to gener­
ate square and triangular waves, the frequency of 
which is a very linear function of a control volt­
age. The frequency is also a function of an external 
resistor and capacitor. 

The LM566 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM566C is specifi,ed for operation over the O°C 
to ,+70oC temperature 'range. ' 

Features 
• Wide supply voltage range: 10 to 24 volts 
• Very linear modulation characteristics 

• High temperature stability 
• Excellent supply voltage rejection 
• 10 to 1 frequency range with fixed capacitor 
• Frequency programmable by means of current, 

voltage, resistor or capacitor. 

Applications 
• FM modulation 
• Signal generation 
• Function generation 
• Frequency shift keying 
• Tone generation 

Schematic and Connection Diagrams 

Typical Application 
1 kHz and 10 kHz TTL Compatible 

Voltage Controlled Oscillator 

I IIC 

DIIAIIROTURl ~ 
.. ,. 

LUllI nlt_AT1ILI 
I. 1 DUTl'UT 

" , 

-:r -:r .fV,,=, a~aT'tLE 

CNI) .' 

SQUARE WAVE 
QUTPUT 

Dual-In-Line Package 

• v~ 

1 TIMING CAPACITOR 

B TIMING RESISTOR 

Ii MODULATION, 
INPUT 

Order Number LM566CN 
See NS Package NOBB 

Applications Information 

The LM566 may be operated from either a single supply 
as shown in this test circuit, or from a split t±}, power 
supply. When operating from a split supply, the square 
wave outp'ut (pin 41 is TTL compatible (2 mA current 
sink) with the addition of a 4.7 kn resistor from pin 3 to 
'ground. . 

A .001 IJF capacitor is connected between pins 5 arid 6 
to prevent parasitic ascil,lations that may occur during 
veo switching. 

2(V+ - V.I 

fo= R,C,V+ 

where 

2K < R, <20K 
and Vs is voltage between pin 5 and pin 1 
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Absolute Maximum Ratings 

Power Supply Voltage 26V 
Power Dissipation (Note 1) 300mW 
Operating Temperature Range LM566 _55°C to +125°C' 

LM566C O°C to lO°C 
Lead 'Temperature (Soldering, 10 sec) 300°C 

I 

Electrical Characteristics Vee = 12V, T A = 25°C, AC Test Circuit 

PARAMETER CONDITIONS 
LM566 LM566C 

UNITS 
MIN TYP MAX MIN TYP MAX 

Maximum Operating Frequency RO= 2k 1 1 MHz 
, CO = 2.7 pF 

Input Voltage Range Pin 5 3/4 VCC VCC 3/4 VCC VCC 

Average Temperature Coefficient 100 200 ppmfC 

of Operating Frequency 

Supply Voltage Rejection 10- 20V 0.1 1 0.1 2 %/V 

Input Impedance Pin 5 0.5 1 0.5 1 Mn 

VCO Sensitivity For Pin 5, From 6.4 6.6 6.8 6.0 6.6, 7.2 kHz/V 

8-10V, fO = 10 kHz 

FM Distortion ± 1 0% Deviation 0.2 0.75 0.2 1.5 % -
Maximum Sweep Rate 800 1 500 1 MHz 

Sweep Range 10:1 10:1 

Output Impedance 

Pin 3 50 50 n 

Pin 4 50 50 n 

Square Wave Output Level RL1 = 10k 5.0 5.4 5.0 5.4 ' Vp-p 

Triangle Wave Output Level RL2= 10k 2.0 2.4 2.0 2.4 Vp·p 

Square Wave Duty Cycle 45 50 55 40 50 60 % 

Square Wave Rise Time 20 20 ns 

Square Wave Fall Time 50 50 ns 

Triangle Wave Linearity +IV Segment at 0.2 0.75 0.5 1 % 

1/2 VCC 

Note 1: The maximum junction temperature of the LM566 is 150°C, while that of the LM566C 
is 100°C. For operating at elevated junction temperatures, devices in the TO-5 package must be 
derated based on a thermal resistance of 150°CIW. The thermal resistance ofthe dual-in-line package 
is l00°CIW. 

, 
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~ National Industrial/Automotive/ Functional 
~ Semiconductor Blocks/Telecommunications 

LM567/LM567C Tone Decoder 
General Description 
The LM567 and LM567C are general purpose tone 
decoders designed to provide a satur'ated transistor 
switch to ground when an input signal is present 
within the passband. The circuit consists of an I 
and . Q detector driven by a voltage controlled 
o~cillator which determines the center frequency 
of the decoder. External components are used to 
independent,ly set center frequency, bandwidth 
and output delay. ' 

Features 
• 20 to 1 frequency range with an external resistor 
• Logic compatible output with 100 rnA current 

sinking capability . . 

• Bandw~dth adjustable from 0 to 14% 

'. High rejection of out of band signals and noise 
• Immunity to false signals 
• Highly stable center frequency 
• Center frequency adjustable from 0.01 Hz to 

500 kHz 

Applications 
'. Touch tone decoding 
• Precision oscillator 
• Frequency monitoring and control 
• Wide band FSK demodulation 
• Ultrasonic controls 
• Carrier current remote controls 
• Communications paging decoders 

Schematic and Connection Diagrams 
Metal Can Package 

OUTPUT 

TO.V*EW 

Order Number LM567H or LM567CH 
Sea NS Package HOSC 
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Absolute Maximum Ratings 

Supply Voltage Pin lOV 
Power Dissipation (Note 1) 300mW 
Va l5V 
V3 -lOV 
V3 Va + O.5V 
Storage Temperature Range -65°C to +l50°C 

Electrical Characteristics (AC Test Cncult. T A'" 2Soc, Vc '" 5V) 

LM567 lM567C/LM567CN 
PARAMETERS CONDITIONS 

MIN TVP MAX MIN TVP MAX 
UNITS 

Power Supply Voltage Range 4.75 5.0 9.0 4.75 5.0 9.0 V 

Power Supply Current RL '" 20k 

QUiescent 6 8 7 10 mA 

Power Supply Current RL =' 20k 

Activated 11 13 12 15 mA 

Input ReSistance 18 20 22 15 20 25 k\1 

Smallest Detectable I nput Voltage IL"'" 100 mA, f,'" fo 20 25 20 25 mVrms 

Largest No Output Input Voltage Ic"""lOOmA,f,"'fo 10 15 10 15 mVrms 

Largest Simultaneous Outband Signal to lnband Signal Ratio 6 6 d8 

Minimum Input Slgna\ to Wldeband NOise Ratio Bn'" 140 kHz ,6 ,6 dB 

Largest Detection BandWidth 12 14 16 10 14 lB %offo 

Largest Detection BandWidth Skew 1 2 2 3 %offo 

Largest Detection Bandwidth Vanatlon With Temperature ±O.l 0.25 ±O.l 0.5 %tc 

Largest DetectIOn Bandwidth Variation With Supply Voltage 4.7SV - 6.75V ±1 ±2 ±1 ±5 %V 

Highest Center Frequency 100 500 100 500 kH, 

Center F~equency Stability 0<TA <70 35 ± 60 35 ± 60 ppmJoC 

-55<T A <+125 35 ± 140 35:':: 140 ppm/oC 

Center Frequency Shih With Supply Voltage 4.7SV - 6.75V 0.5 1.0 0.4 2.0 %/V 

Fastest ON·OFF Cyctlng Rate fo!20 fo/20 

Output leakage Current Vs'= 15V 0.01 25 0.01 25 pA 

Output Saturation Voltage e, '" 25 mV, 0.2 OA 0.2 0.4 V 
Is'" 30mA 

e, '" 25 mV, 0.6 1.0 0.6 1.0 
Is "'100mA 

Output Fall Time 30 30 n, 

Output Rise Time 150 150 n, 

Note 1: The maximum junction temperature of the LM567 is 150°C, while that of the LM567C and LM567CN is lOOoe. 
For operating at elevated temperatures. devices in the TO·5 package must be derated based on a thermal resistance of 
150°C/W, junction to ambient or 45°C/W. junction to case. For the DIP the device must be derated based on a thermal 
resistance of 187°C/W. junction to ambient. 

1 
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Typical Performance Characteristics 
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Typical Applications 

Touch-Tone Decoder 

AC Test Circuit 

5V 

111 
- - SIGNAL +5V 

INPUT 

I, =IQOkHz+5V 

*Note: Adjust for fo = 100kHz. 

e," 

r'OO33 

Oscillator with Quadrature Output 

. Cll~nectpiR3toZ.BVtoinvertoutput. 

Oscillator with Double Frequency Output 

1lllf1.r '" 

J1.IL .. 

Precision,Oscillator Drive 100 rnA Loads 

Component values (typ) 

RI 6.8 to 15k '" TERMINAL 
R2 4.7k 
R3 20k 
Cl a.tOmld 
C2 1.0mld6V 
C3 2.2mld6V 
C4 250mfd6V 
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Applications· I nformation 
The center frequency of the tone decoder is equal 
to the free running frequency of the VCO. This is 
given by 

R, C, 

The bandwidth of the filter may be found from 
the approximation 

BW = 1070) foV~2 in %offo 

Where: 

Input voltage (volts rms), Vi ~ 200 mV 

C2 Capacitance at Pin 2 (IlF) 

r­s: 
(J1 
C) 
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LM1014/LM1014A Motor Speed Regulator 

-I General Description 

The LM1014 Is a monolithic Integrated circuit specifically 
designed to provide a low cost motor speed regulator for 
low voltage DC motors. 

,Features 
• 5V to 20V operating voltage range 
• ,Short circuit protection 

• Externally selectable temperature coefficient 
• Remote pause control 
• Saturation voltage O.1V 
• Motor connected to ground for ease of RF 

suppression ' 
• Motor torque compensation 
• Low current consumption 

Functional Block Diagram and Typical Connection 

SHORT 
CIRCUIT 

DETECTOR 

'::" 

R3 

R4 

9-50 

8 , 

R2 

9 

Rl 

10 

DC 
MOTOR 



Absolute Maximum Ratings 
Supply Voltage 24V 
Operating Temperature Range -20to +70·C 
Storage Temperature Range -65 to + 150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics (Note 1) 

Parameter Conditions Min Typ Max Units Comments 

Supply Voltage Range 5.0 20.0 V 

Supply Current Current into Pin 6 6.0 8.0 mA 

Reference Voltages Pin 2 and 3 Open 0.93 V -1.0 mV/·C 
Pin 2 Gnd, Pin 3 Open 1.13 V -0.3 mVl·C 
Pin 2 Open, Pin 3 Gnd 1.33 V 0.3 mV/·C 
Pin 2 and 3 Gnd 1.53 V 1.0 mV/·C 

Line Regulation of Vs=5V to Vs=20V 2.0 '% VREF LM1014 
Reference Voltage Pin 1 1.0 % VREF LM1014A 

Remote Stop Current into Pin 4 When 
Current Grounded 125 200 ".A Note 2 

Output Current Vs=5V 15 40 mA Current into 
A1 Pin 1 Gnd Pin 7 

Short Circuit R1 =10 1.4 A Note 3 
Current Limit 

Motor Sense R1 = 10, R2 = 200n 
Current Deviation Current into Pin 1 :11 (i1/lm-1) 

Exclusive of 
External 

Components, 
Tolerances 

± 1.5 % LM1014A 
±3.0 % LM1014 

Note 1: Unless otherwise specified, SV<VS,,20V and -1S'C"TA"SS'C. 

Note 2: The remote stop Is activated by grounding pin 4. The motor restarts after disconnection of the ground connection. 

Note 3: The current limit Is set by resistor R1, I.e., 1"'1.4V/R1. When the output current exceeds this limit, the drive to the output tranSistor is switched off by a 
latch circuit. The motor can only be restarted after interruption of the supply voltage. 

-
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Schematic Diagram 
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Typical Performance Characteristics/Application 

1. The output voltage V M is given by: 

R3 Rl R3 
VM=VREF (1 +-)+IM--

A4 5A2 

3. Four selectable temperature coefficients by ground· 
ing pin 2 andlor pin 3 for temperature compensation of 
motor characteristic. 

4. Parameter of the motor used for the test results 
shown below: 

2. Rl R3/5R2 must be equal to dynamic motor winding 
resistance RM in order to keep the speed constant dur­
ing load torque variations. 

RM = 16.30 and back e.m.f. = 325V @ 2000 r.p.m.; 
torque constant 5.9 mAlmNm; External components: 
Rl = 10 Cu, R2 == 2000 and R3 = 16 kIl; VREF = 1.13V (pin 
2 grounded); CBE = 22 IlF and C3 = 0.47 IlF. 

Parameter Conditions Max 

Motor Speed Deviation Vs=5V to 10V ±0.5% 
(Voltage) Vs=5V to 20V ±1.0% 

Motor Speed Deviation IM=25 mA to 125 mA ± 1.0% 

(Load) 

Motor Speed Deviation T= +5"C to +35"C 1.0% 
(Temperature) T= -15"C to +55"C 3.0% 

Connection Diagram 

Dual-In-Line Package 

u 
INVERTING INPUT At -.!. ~ NON·INVERTING INPUT A2 

~ INVERTING INPUT A2 
{ 

__ 2 

REFERENCE VOLTAGES 

\..2 8 TORnUE COMPENSATIONI 
t-- SHORT CIRCUIT PROTECTION 

REMOTE PAUSE CONTROL .....! tl- OUTPUT At. 

GROUND ......! ~ POSITIVE SUPPL Y 

TOP VIEW 

Order Number LM1014N 
or LM1014AN 

See NS Package Nl0B 
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LM1801 Smoke Detector 
General Description 
The LM1801 is designed to provide the functions of an 
ionizati.on type smoke detector as specified by UL217. 
Though primarily designed to operate from a 9V alkaline 
battery, provision is made for operation at supplies up 
to 14V and for line operation. 

Low battery threshold, alarm threshold, hysteresis and 
stand-by current drain are externally programmed by 
resistors. The LM1801 includes a power transistor 
capable of directly driving a typical 85 dB horn. The 
ionization chamber requires an external FET buffer. 

A parallel alarm oUJPut is provided to enable up to 8 
similar detectors to be connected in parallel. In this 
mode, a fault on the line cannot prevent local operation. 
The low' battery alarm signal is confined to the local 
unit. 

A 6V regulated output is provided for the chamber and 
FET supply and a second output with a different temper· 
ature coefficient is available for the alarm threshold 
potentiometer. This allows compensation of JFET drift. 

Block and Connection Diagram 

Features 
• UL component recognized 
• 9V to 14V operation 

• Direct drive to horn 
• Clamp diodes on chip 
.. Internal zener for line 'Operation 

'. JFET and MOSFET compatible 
• Parallel alarm capability 
• Low stand· by current drain 

Applications 
• Domestic smoke detectors 
• Line operated smoke detectors 
• Gas detectors 
II Intrusion alarms 

• Battery operated detectors 

Dual-In-Line Package 

TIMING PARALLEL 
CAPACITOR GNO 

'BATTERY 
SENSE SENSE ALARMS, VCC 

14 

SET BIAS 
CURRENT 

12 

LM1801 

LOW BATTERY 
DETECTOR 

AND OSCILLATOR 

REF 

BIAS AND 
REGULATOR 

COMPARATOR 
INPUT 

Order Number LM1B01N 
Sea NS Package N14A 
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Absolute Maximum Ratings 

Supply Voltage 
Input Voltage 
Input Differential Voltage 
Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

14V 
-o.3V to 14V 

±14V 
300mW 

O°C to +70°C 
-65°C to +125°C 

300°C 

Electrical Characteristics (Note 2) 

PARAMETER CONDITIONS. 

Comparator 

Input Offset Voltage 

Input Bias Current 

Input Offset Current 

Pin 6 Output Low ISINK= 100llA 

Output Stage (Pin 8) 

Leakage Current 

Saturation Voltage 18=200mA 

Saturation Voltage 18 = 500 mA 

Common Alarm Line (Pin 10) 

Drive Capabilities V4>V5 

Output Voltage High 

Output Current Vl0= O.OV 

Driver Requirements V5>V4 

InputVoltage 

Input Current V8 = 1.5V, 18 = 200 mA 

Regulator 

Pin 2 Reference Voltage 12= lilA 

Temperature Coefficient 

Pin 3 Reference Voltage .12=13=1I1A 
Temperature Coefficient 

Battery Check Oscillator 

Threshold Voltage (Pin 12) 

Period VCC = 7.SV, C1 = 10llF 
Beep Pulse Width VCC = 7.SV, C1 = 10llF 

, 
Supply Current (Note 3) 

Zener Clamp Voltage, V9 19= 1 mA 

MIN TYP MAX UNITS 

3 15 mV 

3 10 nA 

0.5 3 nA 

1.5 2.0 V 

45 500 nA 

0.9 1.3 V 

1.8 V 

6.0 6.5 V 

4.0 6.5 mA 

3.6 V 

0.4 mA 

5.4 5.8 6.4 V 

S mVfC 

4.8 5.3 5.8 V 

7 mVfC 

5.5 6.0 6.5 V 

28 42 SO Sec 

30 , ms 

7 9 IIA 

14 14.5 17 V 
. , 

Note 1: For operating at elevated temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal 
resistance of 187"C/W junction to ambient. 
Note 2: RSET = 10 Mn, VCC ='9V, TA = 2S'C, (Figure 11. 

Note 3: ~tand·by mode. JFET is biased for lOS = 1 /lA. 
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Application Hints 
The "LM1801 is biased by a group of current sources 
which are controlled externally by a fixed resistor. 
In normal operation the stand-by current drain is nom­
inally 6 times the set current at pin 1. The voltage at 
pin 1 is 2 diode drops below the positive supply voltage. 
The total stand-by current drain of the smoke detector 
will include, in addition to the above, the current drawn 
by the external circuits 'Connected at pins 2, 3 and 12. 
These comprise the resistive dividers used to set the low 
battery threshold and alarm threshold plus the' bias 
current in the ionization chamber and FET buffer. 

The low battery threshold is set by R 1 and R2 (Figure 1 J. 
Select these values so that the voltage at pin 12 is equal 
to the oscillator trip voltage when the battery voltage is 

at the low limit at which the low battery alarm is to 
operate. The given values provide a warning at about 
8.2V. 

Hysteresis' can be provided by R5, giVing an added 
degree of noise immunity in high noise environments. 

Figure 1 is a suggested PC board layout for the circuit of 
Figure 1. 

Parallel operation of 2 or more units is easily achieved 
with a pair of wires connecting pin 10 of each unit and 
ground . .In this mode, every alarm will sound should any 
single unit detect smoke. 

ISUPPLV 

TOCOMMON r--------~--------~--__, 
ALAI 

CI 
10J.lF 

14 13 

R2 
7.5M 

12 

LOWBATTERV 

RI 
2.7M 

AN~~~~fZL~~OR I----------:r-"' ......... 

BIAS AND· 
REGULATOR 

BV + 
MALLORV MNI694 -=­

PANASONIC DD5P -=­
DR EOUIVALENT 

~-J~~~.-----+-.,R4 

R3 
4.7M 

5M 
R6 
51k 

FIGURE 1. 9V Battery Operated Ionization Type Smoke Detector 
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Application Hints (Continued) 

[. -:r~~\~' t··~ 
,.11 Is. 

IMAl9~ORV TEST -'VV'+r- ~ 
UN1IM 470[$IF -L 2.1M SJ. C IFUlt 

(ZMI17A) 

~..L' '1',.01" 

LM1BD1 -1~ 
SMOKE DETECTOR HORII 

FIGURE 2. Smoke Detector PC Board Layout (Not to Scale) 

14 

RA 
CLAIREX 

CL·79D5 

RSET 
10M 

R9 
1k 
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~~NSL50Z0 

R8 
Zk 

TO 
COMMON' 
ALARMS 

R7 
&.8k 

01 

.~ CHA.IER 
:; LOAD 

I 
I 

120V 
HORN 

FIGURE 3. Line·Operated Photo-Electric Smoke Alarm Using Light Sensitive 
Resistor (Includes Detection of Open·Circuited LEO) 
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~National 
~ Semiconductor 

Industrial/Automotive/ Functional 
Blocks/Telecommunications 

LM1812 Ultra'sonic Transceiver 
General Description 
The LM1812 is a special monolithic IC which consists 
of a 12W ultrasonic transmitter circuit, which uses novel 
circuitry to eliminate costly alignment adjustments, 
a selective receiver which uses only one external LC 
network, impulse noise rejection circuitry, a 10W display 
driver, and a keyed modulator. 

The system operates from a 12V battery, drives power 
into a transducer, receives an echo and drives a display 
lamp. 

A single LC network istime shared between the receiver 
and the transmitter to reduce external parts, to eliminate 
alignment labor and to guar~ntee that the received signal 
is always of the proper frequency. 

Application areas include both soriar (distance measuring 
in water) and "sonic" radar '(or :'Sodar"-distance 
measuring in air) where a liquid level must be detected 
withoui: actuai immersion of a sensor or the presence of 
an object must be detected as in collision avoidance or an, 
intrusion or burglar alarm system. As a sonar system, the 
presence of partially submerged objects can be detected, 
such as marine life, or the depth of a body of water 
can he determined (as for keel clearance or depth 
indicators). In addition, data transmission is possible 
for remote control applications such as in model sub· 
marines or hydroacoustic commu.nication links. 

Unique Characteristics 
• RF transmitter design prevents "mode.hopping;' of 

transducer 

• Operates with interchangeable transducers without 
realignment 

Connection Diagram 

Dual-I n-Line Package 
PULSE 
TRAIN NOISE AUX "TO 

DET INTER DIS DIS XMrA 

COI~T Cl~ '~T Gi~ °i~ IVIAf',OIU r 
18 If " IS 14 13 12 

D 

TOPYIEW 
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• Only one tuned circuit is used 

• No additional transistors are needed 

• A zero reference output, which "appears" the same as 
a normal return, is generated to coincide with the 
Tx. pulse 

• Impulse noise is rejected 

• Can be used with various displays 

Advantages 
• Reduces assembly labor content 

". Allows transducer replacement in the field without a 
factory return 

.' Allows multiple transducers to be used with the 
same electronics 

• Provides for more consistent system performance' 
in production 

Features 
• Has special·access pins (7 and 16) which allow adding 

~n audible alarm feature to indicate an echo within a 
presettable maximum depth (or range) 

,.' 
• Does not require any heat sinking of the IC package 

• Uses a built·in monostable multi vibrator, with the 
capacitor on the chip, to pulse drive the transmitter, 
for 'high efficiency and to minimize transducer 
interaction 

• Has special circuitry to limit the maximum ON time 
of the display dri,ver 

• Can operate with a neon, a LED display device, 
a digital readout or a CRT 

OlrrV 
CYCLE 
LIMIT 

j~T 
If :i~D 10 

M!: lEIRlo 
PULSE flASH 

IN WlOTH 
CONT 

c 

Order Number LM1812N 
See, NS Package N18A 



Absolute Maximum Ratings · 

Supply Voltage, V+ 18 Voc 
(Pins 12, 6 and 14) 

Power Dissipation (Note 1) 700mW 
Operating Temperature Range (T A) O°C to +70°C 
Storage Temperature Range -u5°C to +150°C 
lead Temp~rature (Soldering, 60 seconds) 300°C 

PIN NO. FUNCTION ReXT (MIN) 
VMAX 

IMAX DC (Total Inst. Peak) 

1 Tuning LC 30V 

2 Input Rx - 2nd Stage 50mA 

3 Output Rx - 1st Stage 18 Y oc 
4 Input Rx - 1st Stage 50 rnA 

5 Ground 

6 XMTR Output 36Y (When OFF) lA for llJ.s 

7 Modulator Output 75k 18Y 

8 Modulator Pulse Input 50mA 

9 Zero Flash Width Control 7Y 

10 Ground 

11 Duty Cycle Limit Control 50mA 

12 y+ 18Y 

13 y+ to XMTR (via Coil) 18Y 

14 Display Output 25Y (When OFF) lAfor 1 ms 

15 Ground 

16 Auxiliary Display Control 2M 1.8Y 

17 Noise Integrator Control 50mA 

18 Pulse Train Detector Control 50mA 

Electrical Characteristics (y+ .= +12 Voc and TA = 25°C, unless otherwise noted) 

PARAMETER CONDITIONS MIN TVP MAX , UNITS 

Sensitivity (Figure. 1) (Note 2) 200 600 IJ.Vp-p 

Transmitter (VSAT ) (Figure 2), RL = Ion (VSAT ) (Note4) 1.3 3 Voc 

Transmitter Leakage, Pin 6 = 32 V oc , Pin 8 = Ground 0.01 .1 mAoc 

Modulator Threshold (Figure 2) (Note 3) 0.55 0.7 0.9 Yp 

Supply Current (Figure 3) (10) 5 8.5 20 mAoc 

Display Driver (V sAT) (Figure 4) (VSAT ) (Note 4) 1.5 3 Voc 

Display Driver leakage Pin 14 = 16 V oc , Pin 17 = Ground 0.01 1 mAoc 

Note 1: For operating at high ~emperature5, the lM1812 must be derated based upon a +150°C maximum junction temperature and a thermal 
resistance of +17SoC/W which applies for the device soldered in a printed circuit board and operating in a still air ambient. Due to the switching 
mode of operation, there is usually only a small power dissipation in the Ie package. 

Note 2: This sensitivity test uses the 500: 1 atte~uator to raise the input signal level for a more reliable reading and to reduce the chances for 
unintentional input-output coupling during the test. ' 

Note 3: The "Modulator Threshold" is the voltage which must be applied to pin 8 to put the system in the transmit mode. The current input to 
pin 8 should be limited to 1-10 rnA. 
Note 4: As a check on the performance of the transformers used for both the RF transmitter and, the neon bulb driver (if a neon display is used) 
a current probe 'should be used to display the current waveform on an oscilloscope. Peak values of current should not exceed 1.5 amps. Re-design 
the transformer if larger peak currltnts are noted. 
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System Diagram 

CL ... 4~llYGAIN CZL...! 
I~ r 

P1 

'..-MOo.PUlse :~ ___ IL 
.N'UT I f--XMTTIME I 

1 MODULATION i===RANGE-=-=-=-=i 
OU11'U1 I) MAX 

AC Test Circuits 
V+U2Voc l 

~~ ______________ ~12 v+ 

14 rL 

Nou: AUoth!rpins 
are left opm. 

Modulator Threshold"" VP1N 8 to turn ON transmitter 

". 

"Lfq 

tlAUX 
DISPlAY 
CONTROL 

" 

v, n,1l 
I Vi'W L 

:"""',---,--
VSAT 

Note: All other pins are I.ft o\tlln. 

FIGURE 1. Sensitivity Test Circuit FIGURE 2. Transmitter VSAT and Modulator 
Threshold Test Circuit 

LM!811 

Note: Allothe,pins.raleftopen. 

FIGURE 3. Current Drain Test Circuit 
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Application Hints 

As the LMI812 contains both a transmitter and a 
receiver'in proximity, PC layouts or breadboalding has 
to be done with special attention to ground loops and 
common coupling paths. The use of three ground pins 
on the IC package helps reduce grounding problems, but 
at the time of transmission, with the display driver also 
ON, there can be 1-2A of peak current passed into the 
ground trace. 

Local sources of high energy ill)pulse noise, if not 
locally shielded, can cause an unwanted display ".blip." 
This, tor example, usually only occurs when using fly· 
ball governed dc display wheel drive motors and is due 
to the abrupt make·break action of the speed regulator 
contacts in combination with the large inductance of 
the lightly loaded motor. These "inductive kicks" can 
be locally filtered with a capacitor across the motor or 
a small valued capacitor (approximately 30 pF) can be 
connected across the first receive stage (between pins 3 
and 4) to reduce the bandwidth and filter out these, 
noise pulses. 

For ranging applications, large transmit power levels 
are necessary due to the two·way path and the resulting 
received echo power falling as the fourth power of range 
(additional external receiver gain can be used to extend 
the range). One way communication links can use 
reduced power. Transmit power can be checked by 
measuring the voltage swing across the transducer (of 
known impedance) during the transmit mode. The 
magnitude of the transmitter power depends on the 
transducer impedance as presented to the transmitter 
power amplifier (usually a transformer is used to couple 
the transducer to the power amplifier). A minimum 
value of Ion causes approximately IA peak current 
pulses out of this power amplifier. The inductance of the 
secondary,should be designed to resonate with the sum of 
the capacitance associated with the cable feeding the 
transducer and that of the transducer. The low 0 
>resonance allows transducer replacement "'!ithout tuning. 

An internal one·shot multivibrator with a fixed time of 
Ills is used to drive the transmitter power amplifier into 
saturation for this time perfod once for each cycle of the 
transmit frequency. At a frequency of 200 kHz, this, 
results in a high efficiency class·C type of operation for 
the power amplifier. The transmit frequency is equal to 
the natural resonance of the external LC network which 
is tied to pin I. This network is also used to establish the 
center frequency and the selectivity of the receiver. 

Impulse hoise is rejected by the cQmbined a'ction of the 
"Pulse Train Detector" and the "Integrator" circuits. 
The integrator requires a number of cycles of valid 
returns to be received before turning ON the ,display' 
driver. The pulse train detector will dump the integrator 
if a conti'nuous train of pulses is not received (if 2 or 3 
are missing, the integration ,capacitor is discharged to 
ground). 

The collector of a grounded·emitter NPN' transistor can 
be tied to pin 16 to allow an auxiliary control of the 
display driver. This transistor should normally be held 
OF F and should go ON for a time interval no longer than 

, I ms if a neon display is used, due to the rapid current 
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build·up in the primary of the step·up transformer. If a 
LED is used as a display device with a series limiting 
resistor, this ON time can be made longer as it is now 
limited only by the increased dissipation of the IC which 
results from the saturation voltage at pin 14 and the ON 
current of the LED. 

The step·up transformer for the neon display lamp has 
to have a relatively large magnetizing inductance to 
prevent large current build·up for the time duration of 
the flash. For this reason, iron.cored transformers are 
generally used and the large number of turns on the 
primar-y, which is required to achieve a high magnetizing 
inductance, requires an even larger number of turns, on 
the secondary to step up the 12V to over 100V to 
guarantee that the neon lamp fires. Rapid flashing of 
the neon lamp can cause a current build·up in the 
primary. This is the reason for the RC filter which 
powers the transformer. Under rapid flashing conditions, 
the voltage available falls and both,the IC and the neon 
are saved from degradation due to large power dissipa· 
~ion. With normal operation, this network 'can easily 
supply the low power requirements of the neon display. 

An IC audio amplifier can be used to amplitude modulate 
the carrier for an AM communication link. A high input 
impedance detector and audio amplifier attach to pin 1, 
for the receiver. One audio amplifier can be switched 
between the modulator and the receiver section. FM or 
pulse modulation techniques can also be used to reduce 
the modulator power requirements. 

A digital depth (or range) 'readout can be used with the 
LM 1812. This eliminates the requirement forthe constant 
speed dc motor. The modulator, pin 8, is electronically 
pulsed ON for approximately alms transm it time at a 
repetition rate which controls the updating of the 
displayed information. The, "neon driver," piri 14, will 
provide a negative output pulse (from V+ to approxi· 
mately +1 V DC) if a load resistor (5.1 kn) is used from 
pin 14 to V-f. This pulse is used to latch the output of a 
counter. This output is decoded and then drives a 
7-segment LED display. The repetition rate of the clock 
input to the count~r provides a direct conversion from 
elapsed time (total count) to depth (or range). 

Transducers are available for use either in water,or air. 
The appropriate transducer is important for proper 
functioning in the intended application; for example, 

,the high frequency attenuation in air usually requires a 
lower operating frequency. The modifications for a 
40 kHz system are shown in the applications section. 

A simplified schematic diagram, complete with typical 
external components for, a sonar system, is shown in 
Figure 5. This not only shows the operation of the 
system, but also indicates "what's on the other side of 
the IC pins" to aid the user in his application. When pin 8 
is externally pulsed, the system is put in the transmit 
mode and a controlled amplitude sinewave oscillation 
waveform results across the LC resonator, pin 1. This is 
internally amplified and squared and each leading edge 
triggers the generation of a IllS pulse. This pulse drives 
the RF power amplifier (output at pin 6) into saturation. 
During this transmit mode, the second R F stage is gated 



Application Hints (Continued) 

OFF to disable the receiver. The receiver is also disabled 
if the display driver is .ON for too long a time interval. 
The capacitor at pin 11 does the necessary integration 
for this control. 

DTRANSDUtER 

T 

Nota: Component pum"'ri ... is til. sante .. on the 
systllmlndcolUll!ctiondia".m. 

For additional information see A Single·Chip Monolithic 
Sonar System, T. M. Frederiksen and W. M. Howard, 
I EEE Journal of Solid State Circuits, Dec. 1974, Vol. 
SC-9, No.6, pp. 394-403 . 

.. 
" 

y' y' 

., 

FIGURE 5. Simplified Schematic Diagram in Typical Application 

Typical Applications 
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A Typical Sonar Application 
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*N01.: A permlnedt IlIIgnet attached to I rot.ting whell 
provides modulation pulslS to pin B. The time duration for 
the XMT mode is contrDlied by the WlIIII' which is induced 
in a statiOl1llry pick-up coil. The Mon display is also mauntld 
ItfIthiswheel. 

**Noll: Dna pouilil. source for tr.aSllucln is Linden 
bits. Inc.. P.O. Box 920. Stitt CoIl,gl, PA 16801 



Typical Applications (Continued) 
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LM1815 Adaptive Sense Amplifier 

General Description 
The LM1815 is an 'adaptive sense amplifier and default 
gating circuit for motor control applications. The sense 
amplifier provides a one-shot pulse output whose leading 
edge coincides with the negative-going zero crossing 
of a ground referenced input signal such as from a 
variable reluctance magnetic pick-up coil. 

In normal operation, this timing reference signal is 
'processed (delayed) externally and returned to the 
LM1815. A logic input is then able to select either the 
timing reference or the processed signal for transmission 
to the output driver stage. 

The adaptive sense amplifier operates with a positive­
going threshold which is derived by peak detecting the 
incoming signal and dividing this down. Thus the input 
hysteresis varies with input signal amplitude. This 
enables the circuit to sense' in situations where the high 
speed noise is greater than the low speed signal ampli­
tude, Minimum input signal is 100 mVp-p. 

Connection Diagram 

Features 
• Adaptive hysteresis 

• Single supply operation 

• Gro,:!nd referenced input 

• True 'zero crossing timi,ng reference 

• Operates from 2V to 12V supply voltage 

• Handles inputs from 100 mV to over 120V with 
external resistor 

• CMOS compatible logic 

Applications 
• Position sensing with notched wheels 

• Ze ro crossi ng swi tch 

• Motor speed control 

• Tachometer 

• Engine testing' 

Dual-In-Line Package 

RC 
TIMING 

NC 

TIMING 
REFERENCE MODE GATED PULSE 

NC PULSE OUT SELECT OUTPUT INPUT 

GND SIGNAL 
INPUT 

NC THRESHOLD NC PEAK 
ADJUST DETECTOR 

TOPVIEW ' 

Order Number LM1815N 
See NS Package N14A 
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Absolute Maximum Ratings 
Supply Voltage 
Power O'issipation (Note 11 
Operating Temperature Range 
Storage Temperature Range 
Junction Temperature (Note 21 
Input Current 

12V 
230mW 

-40°C to +125°C 
-tl5°C to +150°C 

125°C 
±30mA 

Electrical Characteristics (T A = 25°e, Vee = 10V, unless otherwise specified, see Figure 11 

PARAMETER 

Operating Supply Voltage 

Supply Current 

Reference .Pulse Width 

Input Bias Current 

Input Bias Current 

Input Impedance 

Zero Crossing Threshold 

Logic Threshold 

VOUT High 

VOUT Low 

Input Arming Threshold 

Output Leakage Pin 12 

Saturation Voltage P12 

CONDITIONS 

fiN = 500 Hz, Pin 9 = 2V, Pin 11 = O.BV 

t'IN = 1 Hz to 2 kHz 

VIN = 2V. (Pin 9 and Pin 11) 

VIN = OV dc, (Pin 3) 

VIN = 5Vrms, (Note 3) 

VIN = 100 mVp·p, (Pin 3) 

(Pin 9 and Pin 11) 

RL = 1 kn, (Pin 10) 

ISINK = 0.1 rnA, (Pin 10) 

Pin 5 Open, VIN ~ 135 mVp·p 

Pin 5 Open, VIN ~ 230 mVp·p 

Pin 5 to V+ 

Pin 5 to Gnd 

V12= llV 

112 = 2 rnA 

MIN 

2.5 

70 

12 

O.B 

7.5 

45 

40 

250 

-25 

TYP 

10 

3.6 

100 

200 

20 

1.1 

8.6 

0.3 

} roo" 
V3 Pk 

0.Q1 

0.2 

MAX 

12 

130 

5 

2B 

25 

2.0 

0.4 

60 

90 

25 

10 

0.4 

UNITS 

V 

rnA 

/l5 

JlA 

nA 

kn 

mV 

V 

V 

V 

mV 

% of V3 Pk 

mV 

mV 

JlA 

V 

Note 1: Derate at 5.7 mwtC for ambient temperatl!ras above 8SoC. This applies when the device is soldered into a printed circ~it board, 
operating in still air ambient. 

Note 2: Temporary excursions to 150°C can be tolerated. 
Note 3: Measured at input to external 18 kSl resistor. Ie contains 1 kSl in series with a diode to attenuate the input signal. 

v' 
REFERENCE 
PULSE OUT 

TIMING 
MODE GATED PULSE 

SELECT OUTPUT INPUT 

FIGURE 1. LM1815 Adaptive Sense Amplifier 
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FIGURE 2. LM1815 Oscillogram. 
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10 Schematic Diagram 

~8~ 
. ,... 

:E 
..oJ 

-

0-

n-

"'~ 

~arf' :='¥ N= 
"'~ 

8,l' 

~ 
~ 

SK ?' 
~~ 'lJ...aL 
t--- =~ -'" "'~ 

== "'''' -IJ.~ i ~ 
~t 

:; 

\if 
;:c: 

!~ 

~ 
~~ 

~ a 
a II E , 

~ 
c; 

~ 

c; 

'lJ... ~ . 
c; 

-
C;L 

9" 
N~~ "'- ::& 

--t ~ ~L~ l~ 

l'A -3'a ;:: 

vd 1 

\ 

7 5~ l:! 

~li! 

I 
~ 

~ 
~ 

~5! 

2:J~ 
LT' 

~ = N~ 

* 
"'~ 

p "'~ 

~ a;:l;, 

= 
, 2~~ . a 

L ~ a;:l 

~ ~..! y' ii:r::i 

~ilS 1iL-<1i 
~:c 

L.:r 

.~ 

:I .,h '" 
. ~J~ I <1i~!i 

:t 

~g~ 
~ ~~ ;:~ ;;:i 

9·66 



~National 
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Blocks/Telecommunications 

LM1830 Fluid Detector 

General De~cription Features 
Ii 'Low external parts count 

• Wide supply operating range 

The LM 1830 is a monolithic bipolar integrated circuit 
designed for use in fluid detection systems. The circuit is 
ideal for detecting the presence, absence, or level of 
water, or other polar -liquids. An ac signal is passed 
through two probes within the fluid. A detector deter· 
mines the presence or absence of the fluid by comparing 
the resistance of the fluid between the probes with the 
resistance internal to the integrated circuit. An ac signal 
is used to overcome plating problems incurred by using a 
dc source. A pin is available for connecting an external 
resistance in cases where the fluid impedance is of a 
different magnitude than that of the internal resistor. 
When the probe resistance increases above the preset 
value, the oScillator signal is coupled to the base of the 
open·collector output transistor. In a typical application, 
the output could be used to drive a LED, loud speaker 
or a low current relay. 

• One side of probe input can be grounded 
• ac coupling to probe to prevent plating 

Logic and Connection Diagrams 

OSC 
CAP 

FILTER' 
CAP 

• Internally regulated supply 
• 'ac or dc output 

Applications 
• Beverage dispensers 
• Water softeners 
• Irrigation 
• Sump pumps 
• Aquaria 

Metal Can Package 

OSC 
CAP 

GNO 

TOPVIEW 

osc OUT 
(RREf) 

Order Number LM183DH 
See NS Package H 1 DC 

Dual~ln~Line Package 
OSCILLATOR 

OUTPUT 
(HOEF) OUTPUT 

OSCILLATOR NC NC 
CAPACITOR· 

DETECTOR FILTER 
GNO INPUT CAP 

NC OSCillATOR 
OUTPUT 

TOPVIEW 

Order Number LM183DN 
See NS Package N14A 

9·67 

NC 

• Radiators 
• Washing machines 
• Reservoirs 

• Boilers 
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Absolute Maximum Ratings 

Supply Voltage 28V 
Power Dissipation (Note 1) 300mW 
Output Sink Current 20mA 
Operating Temperature Range -40°C to +85°C 
Storage Temperature Range -<10°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics (v+ = 16V, TA = 25°C unless otherwise specified) 

PARAMETER CPNDITIONS MIN TVP ,i\1AX UNITS 

Supply Current 5.5 10 mA 

Oscillator Output Voltage 

Low 1.1 V 

High 4.2 V 

Internal Reference Resistor 8 13 25 kQ -, 
Detector Threshold Voltage .. 680 mV 

Detector Threshold Resistance 5 10 15' kQ 

Output Saturation Voltage 10 =10mA 0.5 2.0 V 

Output Leakage VplN 12 = 16V 10 IJA 

Oscillator Frequency Cl =O.OOlIJF 4 7 12 kHz 

Nota 1: The maximum junction temperature rating of the LM1830N is 150°C. For operation at elevated temperatures, devices in the dual-in-line 
plastic package must be derated based on a thermal resistance of 17S0CIW. 

Schematic Diagram 

OSCILLATOR OPTIONAL 
OSCILLATOR OUTPUT DETECTOR FILTER 

Vee OUTPUT (RREFI· INPUT CAPACITOR OUTPUT 
0 

14 5 13 10 g 12 

K 13k 

~ ~ ~ 
~ ~4: 

~ 
~ 

il~ ~I 1 
1 _t 7 

el GNO el 
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Typical Performance Characteristics 
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Application Hints 
The LM1830 requires only an external capacitor to com· 
plete the ,oscillator circuit, The frequency of oscillation' 
is inversely proportional to the external capacitor value. 
Using O.OOlfJF capacitor, the output frequency is 
approximately 6 kHz. The output from the oscillator is 
available at pin 5. In normal applications, the output is 
taken from pin 13 so that the internal 13k resistor can 
be used to compare with the probe resistance. Pin 13 is 
coupled to the probe by a blocking capacitor so that 
there is no net dc on the probe. 

Since the output amplitude from the oscillator .is 
approximately 4 VBE, the detector (which is an emitter 
base junction) will be turned "ON" when the probe 
resistance to ground is. equal to the internal 13 kn 
resistor. An internal diode across the detector emitter 
base junction provides. symmetrical limiting. of the 
detector input signal so that the probe is excited with 
±2 VBE from a 13 kn source. In cases where the 13 kn 
resistor is not compatible with the probe resistance 
range, an external resistor may be added by coupling the 
probe to pin 5 through' the external resistor as shown in 
Figure 2. The collector of the detecting transistor is 
brought out to pin 9 enabling a filter capacitor to be 
connected so that the output will switch "ON" or 
"OFF" depending on th~ probe resistance. If this 
capacitor is omitted, the output will be switched at 
approximately 50% duty cycle when the probe resis· 
tance exceeds the reference resistance. This can be useful' 
when an audio output is required and the output 
transistor can be used to directly drive a loud speaker. 
In addition, LED indicators do not require dc excita· 
tion. Therefore, the cost of a capacitor for filtering can 
be saved. 

In the case of inductive loads or incandescent lamp 
loads, it is recommended that a filter capacitor be 
employed. 

In a typical application where the device is employed 
for sensing low water level in a tank, a ,simple steel 
probe may be inserted', in the top of the tank with the 
tank grounded. Then when the water level drops below 
the tip of the probe, the resistance will rise between the 
probe and the tank and the alarm will be operated. This 
is illustrated in Figuie 3. In situations where a n~n· 
conductive container is used, the probe may be designed 
in a number of ways. In some cases a simple phono plug 
can be employed. Other probe designs include conduc· 
tive parallel strips on printed circuit boards. 

Conductive Fluids 

City water 
Sea water 
Copper sulphate solution 
Weak acid 
Weak base 
Household ammonia 
Water and glycol mixture 
Wet soil 
Coffee 

It is possible to calculate the resistance of any aqueous 
solution of an electrolyte for different concentrations, 
provided the dimensions of the electrodes and th'eir 
spacing is known. 

The resistance of a simple parallel plate probe is given 
by: 

1000 d n 
R= 

c.p A 

where A = area of plates (cm2) 
d = separation of plates (cm) 
c = concentration (gm. mol. equivalentllitre) 
p = equivalent conductance 

(n-1 cm2 equiv.-1) 

(An equivalent is the number of moles of a substance that 
gives one mole of positive charge and one mole of nega· 
tive charge. For example, one mole of NaCI gives Na+ + 
CI- so the equivalent is 1. One mole of CaCI2 'gives 
Ca++ + 2CI- so the equivalent is 1/2.) . 

Usually the probe dimensions are not measured· 
physically, but the ratiodlA is determined by measuring 
the resistance of a cell of known concentration c and 
equivalent conductance of 1. A graph of common 
solutions and their equivalent conductances is shown 
for reference. The data was derived from D.A. Macl'nnes, 
"The Principles of Electrocl)emistry," Reinhold 
Publishing Corp., New York., 1939. 

In automotive and other applications where the power 
source is known to contain significant transient voltages, 
the internal regulator on the LM 1830 allows protection 
to be provided by the simple means of using a series 
resistor in the. power supply line as illustrated in Figure 4. 
If the output load is required to be· returned directly 

.' to the powersupply because of the high current required, 
it will be necessary to provide protection for the output 
transistor if the voltages are expected to exceed the data 
sheet 'limits. . 
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Although the LM 1830 is designed primarily for use in 
sensing conductive fluids, it can be used with any varia· 
ble resistance device, such as light dependent resistor or 
thermistor or resistive position transducer. 

The following table lists some common fluids which may 
and may not be detected by resistive probe techniques. 

Non·Conductive Fluids 

Pure water 
Gasoline 
Oil ". 
Brake fluid 
Alcohol 
Ethylene glycol 
Paraffin 
Dry soil 
Whiskey 



Application Hints (Continued) 
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Vee 
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LOUDSPEAKER 
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CAP. 
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Rp 

~ PHOTO 
TRANSISTOR 
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Output is activated when Rp;;: 1/3 RREF 

FIGURE 4. Direct Coupled Applications 



Typical Applications 
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Low Level Warning with Audio Output 
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OPTIONAL . p~~~::~~:~ 410 2. 
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The output is suitable for driving a sump pump 
or opening a drain valve, etc. 

High Level Warning Device 
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~National Industrial/Automotive/ Functional 
~ Semiconductor Blocks/Telecommunications 
LM2877 Dual 4-Watt Power Audio Amplifier 
General Description 
The LM2877 is a monolithic dual power amplifier 
designed to deliver 4W/channel continuous into 8n 
loads. The LM2877 is designed to operate with a low 
number of external components, and still provide 
flexibility for use in stereo phonographs, t~pe recorders 
and AM-FM stereo receivers, etc. Each power amplifier 
is biased from a common internal regulator to provide 
high power supply rejection and output Q point cen· 
tering. The LM2877 is. internally compensated for all 
gains greater than 10, and comes in an 11·lead single·in· 
lide package. . 

Features 
• 4W/channel 
• -£8 dB ripple rejection, output referred 
• -70 dB channel separation, output referred 

• Wide supply range, 6-24V 
• Very low cross·over distortion 
• Low audio band noise 
• Internal current limiting, short circuit protection 
• Internal thermal shutdown 

Applications 
• Multi·channel audio 'sys~ems 
• Stereo phonographs 
• Tape recorders and players 
• AM-FM radio receivers 
• Servo amplifiers 
• Intercom systems 
• Automotive products 

Connection Diagram (Single·ln-Line Package, Top View) 

BIAS 

OUTPUT I 

GND 

INPUT' 

fEEDBACK I 

I 
*GND 

FEEDBACK 2 

INPUT 2 

GND 

10 
OUTPUl2 

If' 11 
'-------' 

Equivalent Schematic Diagram 

5 
-FEEDBACK 1 GND 

5k 

30k 

5k 

+INPUTt 
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o 

o 
Order Number LM2877P 

See NS Package Pl1 A . 

*Pin 6 can be connected to pin 3 or pin 9. 
jf r'!0t, pin 6 must be left with NO connection. 

+.NPUT2 
7 

-FEEDBACK 2 



,Absolute Maximum Ratings 
Supply Voltage 26V 
Input Voltage '!:0.7V 
Operating Temperature O'C to +70'C 
Storage Temperature --il5'C to +150'C 
Junction Temperature 150'C 
Lead Temperature !Soldering. 10 seconds) 300'C 

-
" 

Electrical Characteris'tics., Vs =; 20V, TA = 25°C, RL. = 8Q', Av'; 50 (34 ~B) unless, otherwise sp~cified 

PARAMETER CONDITIONS MIN TYP' MAX UNITS 

Total Supply Current P.o=9W 25 50 mA 

Operating Supply Voltage 6 24 V -
Output Power/Channel f = 1 kHz, THO = 10% 

VS=·20V 4.0 4.5 W 

VS= 18V 3.6 W 

Vs = ,12V, RL. = 4 Q 1.5 1.9 W 

Distortion, THD f = 1 kHz, Vs = 20V 

Po = 50 mW/Channel 0.1 % 

Po = 1W/Channel 0.07 % 

Po = 2W/Channel 0.07 1 .' % 

f= 1 kHz, VS= 12V, RL. =4Q 

Po = 50 mW/Channel 0.25 I % 

Po = 500 mW/Channel 0.20 % 

Po = lW/Channel 0.15 1 % 

Output Swing RL.=8Q VS-4 Vp-p 

Channel Separation CF ='501lF, CIN = O.lIlF, f = 1 kHz, 

Output Referred 

Vs =20V, Vo = 4 Vrms -50 -70 dB 

Vs = 7V. Vo = 0.5 Vrms -60 dB 

PSRR Power Supply - CF = 50 IlF, CIN = 0.1 IlF. f = 120 Hz, 

Rejection Ratio Output Referred 

VS= 20V. VRIPPL.E ,,:J Vrms -50 -68 dB 

Vs = 7V, VRiPPL.E = 0.5 Vrms ;.10 dB 

Noise Equivalent) nput Noise 

RS = 0, CIN= O.lIlF, BW = 20 Hi-20 kHz 2.5 IlV 

Output Noise Wide band 

RS = 0, CIN = OJ IlF, AV = 200 0.80 mV 

Open Loop Gain RS = 0, f = 1 kHz, RL= 8 Q 70 dB 

I nput Offset Voltage 15 mV 

Input Bias Current 50 nA 

Input Impedance Open L.oop 4 MQ 

DC Output L.evel VS= 20V 9 10 11 V 

Slew Rate -, 2.0 V/Ils 

Power Bandwidth 65 kHz 

Current Umit 1.0 A 

Nota 1: For operation at ambient temperature greater than 25Q C, the LM2877 ";ust be derated based on a maximum 1~OClC junction temper-
ature using a thermal resistance which depends upon device mounting techniques. 
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Typical Performance Characteristics 
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~ Typical Applications 

'~ Stereo Phonograph, Amplifier with BassTone Control 
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Typical Applications (Continued) 
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" lij Typical Applications (Continued) 
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.~National 
~ Semiconductor 

Industrial/Automotive/ Functional 
Blocks/Telecommunications 

LM2907, LM2917 Frequency to Voltage Converter 
General Description 
The LM2907, LM2917 series are monolithic frequency 
to voltage converters with a high gain op amp/compara­
tor designed to operate a relay, lamp, or other load when 
the input frequency reaches or exceeds a selected rate. 
The tachometer uses a charge pump technique and 
offars . frequency doubling for low ripple, full input 
protection in w.,o versions (LM2907-B, LM2917-B) 
and its output swings to ground for a zero frequency 
input. (Continued on page 9-B3) 

Advantages 
• Output swings to ground for zero frequency input 

• Easy to use; VOUT = fIN X Vee x Rl x Cl 
• Only one RC network provides frequency doubling 
• Zener regulator on chip allows accurate and stable 

frequency to voltage or current conversion. (LM2917) 

Features 
• Ground referenced tachometer input interfaces 

directly with variable reluctance magnetic pickups 
• Op amp/comparator has floating transistor output 
• 50 mA sink or source to op.erate relays, solenoids, 

meters, or LEOs 

• Frequency doubling for low ripple 
• Tachometer has built-in hysteresis with either differ-

ential input or ground referenced input 

• Built-in zener on LM2917 
• ±0.3% linearity typical 
• Ground referenced tachometer is fully protected 

from damage due to swings above Vee and below 
ground 

Applications 
• Over/under speed sensing 
• Frequency to voltage conversion (tachometer) 

• Speedometers 
• Breaker point dwell meters 
• Hand-held tachometer 

• Speed gover~ors 
• Cruise control 

.• Automotive door lock control 

• Clutch control 

• Horn control 
• Touch or sound switches 

Block and Connection Diagrams Dual-In-Line Packages, Top Views 

Ne Ne 

Order Number LM2907N-B Order Number LM2917N-B 
See NS Package NOBB See NS Package NOBB 

Order Number LM2907J 
See NS Package J14A 

Order Number LM2907N 
See NS Package N14A 

Ne Ne 
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NC Ne 

Order Number LM2917J 
See NS Package J14A 

Order Numb8r LM2917N 
See NS Package N14A 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage 
Suppiy Current (Zener Options) 
Collector Voltage 
Differential Input Voltage 

Tachometer 
Op Amp/Comparator 

28V 
2SmA 

28V 

28V 
28V 

Input Voltage Range 
Tachometer LM2901-8, LM2917·8 

LM2907, LM2917 
Op Amp/Comparator 

Power 'Dissipation 
Operating Temperature Range 
Storage Temperature Range 

±28V 
, O.OV to +28V 

O.OV to +28V 
500mW 

-40·C to +8S·C 
-6S·C to +ISo"C 

Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics Vcc = 12 V oc, TA = 25°C, see test circuit 

PARAMETER CONDITIONS MIN TVP MAX I' UNITS 

TACHOMETER 

Input Thresholds V IN = 250 mVp·p@ 1 kHz (Note 2) ±10 ±15 ±40 mV 

Hysteresis V IN = 250 mVp'p @ 1 kHz (Note 2) 30 mV 

Offset Voltage V IN = 250 mVp·p@ 1 kHz (Note 2) 

LM2907/LM2917 3.5 10 mV 

LM2907·8/LM2917·8 5 15 mV 

Input Bias,Current V IN =±50mVoc 0.1 1 'p.A 

VOH V IN = +125 mVoc (Note 3) 8.3 V 
Pin 2 

V IN =-125mVoc (Note 3) VOL 2.3 V , 
Output Current; 12 , 13 V2 = V3 = 6.0V (Note 4) 140 180 240, p.A 

Leakage Current; 13 12=0, V3=0 0.1 IlA 

Gain Constant, K (No~e 3) 0.9 1.0 1.1 

Linearity fiN = 1 kHz, 5 kHz, 10 kHz, (Note 5) -1.0 0.3 +1.0 % 

OP/AMP COMPARATOR 

VOS V IN = 6.0V 3 10 mV 

ISlAS VIN = 6.0V 50 500 nA 

Input Common· Mode Voltage 0 VcC;-1.5V V 

Voltage Gain 200 V/mV 

Output Sink Current Vc = ,1.0 40 50 mA 

Output Source Current 'Ve =Vcc -2.Q 10 mA 

Saturation Voltage ' ISINK, = 5 mA 0.1 0.5 V 

ISINK = 20 mA 1.0 V 

ISINK = 50 mA ,1.0 1.5 V 

ZENER REGULATOR 

Regulator Voltage RoRop = 470n 7.56 V 

Series Resistance 10.5 15 n 

Temperature Stability +1 mV!"C 

TOTAL SUPPL V CURRENT 3.8 6 mA 

N~te1: For operation in ambient temperatures above 25° C, the device must be derated based on a 1scfc maximum junction temperature and a 
thermal resistance of 17SoC/W junction to ambient for package 22 and 16 or a thermal resistance of 18'1'C/W junC1ion to ambient for package 20. 

Note 2: Hysteresis is the sum +VTH-(-VTH), offset voltage is their difference. See test circuit. 
Note 3: VOH is equal to 3/4 x Vec - 1 VBE, VOL is equal to 1/4 x VCC - 1 V8E therefore VOH - VOL' = VCC/2. The difference, VOH -
VOL.. and the mirror gain, 12/13. are the two factors that cause the tachometer gain constant to vary from 1.0. 
Note 4: 8e sure when choosing the time constant R 1 x C1 that R 1 is such that the maximum anticipated output voltage at pin 3 can be reached 
with 13 x Rl. The maximum value for R 1 is limited by the output resistance of pin 3 which is greater' than, 10 Mn typically. 
Note 5: Nonlinearity is defined as the deviation of Vout (@ pin 31 for fiN = 5 kHz from a straight line defined by the VOUT@ 1 kHz and VOUT 
@ 10 kHz. Cl = 1000 pF, Rl = 68k and C2 = 0.22 mFd. ' 
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Typical Performance Characteristics 
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~ Typical Performance Characteristics (Continued) 
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General Description (Continued) 

The op amp/comparator is fully compatible with the 
tachometer and has a floating transistor as its output. 
This feature allows either a ground or supply referred 
load of up to 50 mAo The collector may be taken above 
V cc up to a maximum V CE of 28V. 

The two ba'sic configurations offered include an 8'pin 
device with a ground referenced mchometer input and 
an internal connection between the tachometer output 
and the op amp non·inverting input. This version is 
well suited for single speed or frequency switching or 
fully buffered frequency to voltage conversion 
applications. 

Test Circuit and 'Waveform 
TACHOMETER 

INPUT 

TACHOMETER 
SECTION 

CIT'C TACHOMETER 
INPUT 

OPAMP 
SECTION 

Applications Information 
The LM2907 series of tachometer circuits is designed 
for minimum external part count applications and' 
maximum versatility. In order to fully exploit its 
features and advantages let's examine its theory of 
operation. The first stage of operation is a differential 
amplifier driving a positive feedback flip·flop circuit. 
The· input threshold voltage is the amount of differen· 
tial input voltage at which the output of this 'stage 
changes state. Two options (LM2907·8, LM2917-8) 
have one input internally grounded so that an input 
signal inust swing above and below ground and exceed 
the input thresholds to produce an output. This is 
offered specifically for magnetic variable rei uctance 
pickups wh ich typically provide a single·ended ac 
output. This single input is also fully protected against 
voltage swings to ±28V, which are easily attained with 
these types of pickups. 

The differential input options (LM2907, LM2917) 
give the user the option' of setting his own input 
switching level and still have the hysteresis around that 
'Ievel for excellent noise rejection in any application. 
Of course in order to allow the inputs to attain common· 
mode voltages above ground, input proteetion is removed 
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The more versatile configurations provide differential 
tachometer input and uncommitted op amp inputs. 
With this version the tachometer input may be floated 
and the op amp becomes suitable for active filter condi­
tioning of the tachometer output. 

Both of these configurations are available with an active 
shunt regulator connected across the power leads. The 
regulator clamps the supply such that stable frequency 
to voltage and frequency to current operations are 
possible with any supply voltage and a suitable resistor. 

Tachometer Input Threshold Measurement 

NEGATIVE /) 
INPUT-'/ I 

THRESHOLD 

V2 

POSITIVE 

L/INPUT 
THRESHOLD __ -L ______ -+ ____ ~ 

VIN TACHOMETER 

and neither input should be taken outside the limits of 
the supply voltage being used. It is very important' 
that an input not go below ground without some resis· 
tance in its lead to limit the current that will then flow 
in the epi-substrate diode. 

Following the input stage is the charge pump where the 
input frequency is converted to a dc voltage. To do this 
requires one timing capacitor, one output resistor, and 
an integrating or filter capacitor. When the input stage 
changes state (due to a suitable zero crossing or differ­
ential voltage on the input) the timing capacitor is either 
charged or discharged' linearily between two voltages 
whose difference is Vcc/2. Then in one half cycle of 
the input frequency or a time equal to 1/2 f'N the 
change in charge on the timing capacitor is equal to 
Vcc /2 x C1. The average amount of current pumped 
into or out of the capacitor then is: 

L\.Q Vcc T = ic(AVG) = C1 x -2- x (2f,N ) = Vcc X f'N x C1 

The output circuit mirrors this current very accurately 
into the load resistor R 1, connected to ground, such that 
if the pulses of current are integrated with a filter 



Applications Information (Continued) 

capacitor, then, V 0 = ie x R 1, and the total conver­
sion equation becomes: 

Vo = Vce x f'N x Cl x Rl x K 
Where K is the gain constant~typically 1.0. 

The size of C2 is dependent only on the amount of 
ripple voltage allowable ant! the required response time. 

CHOOSING R1 AND C1 

There are some limitations on the choice of a 1 and Cl 
which should be considered for optimum performance. 
The timing capacitor also provides internal compensa­
tion for the charge pump and should be kept larger than 
100 pF for very accurate operation. Smaller values can 
cause an error current on R 1, especially at low tempera' 
tures. Several considerations must be met when choosing 
R.l. The output current at pin 3 is internally fixed and 
therefore Vo/Rl must be less than or equal to this value. 
If R 1 is too large, it can become a significant fraction of 
the output impedance at pin 3 which degrades linearity. 
Also ,output ripple voltage must be considered and the 
size of C2 is affected by R 1. An expression that describes 
the ripple content on pin 3 for a single R 1 C2 combin­
ation is: 

Vee Cl ( Vee x f'N x Cl) 
V R'PPLE = -- X - x 1 - pk-pk. 

2 C2 12 

It appears R 1 can be chosen independent of ripple, 

however response time .. or the time it takes VOUT to 
stabilize at a new voltage increases as the size of C2 
increases so a compromise between ripple, response 
time, and linearity must be chosen carefully. 

As a final consideration, the maximum attainable input 
fr,equency is determined by Vee, Cl and 12 : 

___ 12 __ 
fMAx = 

Cl x Vee 

USING ZENER REGULATED OPTIONS (LM2917) 

For those applications where an output voltage or 
current must be obtained independent of supply voltage 
variations, the LM2917 is offered. The most important 
consideration in choosing a dropping resistor from the 
unregulated supply to the device is that the tachometer 
and op amp circuitry alone require about 3 mA at the 
voltage level provided by the zener. At low supply 
voltages there must be some current flowing in the 
resistor abo\(e the 3 mA circuit current to operate the 
regulator. As an eX;lmple, if the raw supply varies from 
9 to 16V, a resistance of 470n will minimize the zener 
voltage variation to 160 mV. If the resistance goes under 
400n or over 600n the zener variation quickly rises 
above 200 mV for the same input variation. 

. Typical Applications 
Minimum Component Tachometer 

·'Speed Switch" Load is Energized When fiN 2:; 
2RC 

~------------~.-Ov~ 
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+VOUT 

'Ok 

flNlRPMI 

Zener Regulated Frequency to Voltage Converter 

vee 

+ VOUT 



Typical Applications (Continued) 

Breaker Point Dwell Meter 

~.-----------~------~--------~----, 

PDINTS+--...., 

GROUND~ 

Voltage Driven Meter Indicating Engine RPM 
Vo = SV @400 Hz or SOOO ERPM (8 Cylinder Engine) 

B+o----.--------t~--------~--_, 

DISTRIBUTOR 

P 
~REAKER ~ 

POINTS. 1 

Current Driven Meter Indicating Engine RPM Capacitance Meter 

+ 

VOUT 

10 = 10 mA @3,00 Hz or SOOO ERPM (S Cylinder Engine) VOUT = 1-10V for ex - 0.01 to 0.1 mFd 
(R = lllk) 

B+o-----t~--------~--_, 

BREAKER 
POINTS 

20k 

15V 
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Typical Applications (Continued) 

Two·Wire liemote Speed Switch 

.. ----i~--------------OGND 

f'N -=-

I -=- J 
100 Cycle Delay Switch 

Ie 

Vl 

Ie 

V3 steps up in voltage by the amount 
VCC x Cl 

02 
for each complete input cycle (2 zero crossings) 
Example: 
If C2 = 200 Cl after 100 consecutive input cycles. 

V3 = 112 Vee 

Variable Reluctance Magnetic Pickup Buffar Circuits 

Precision two-shot output frequency equals 

t;"ice input frequency. Pulse width = Vee el 
2 12 

Vee 

10k JlJU1 
ru 

+ 
YOUT 

SWING = 112 Vee 



Typical Applications (Continued) 
Finger Touch or Contact Switch 

,... ________ .-___ 051015V 

CONTACT 
PLATE 

120k JO."PF 

Flashing LED Indicates Overspeed 

- ..... -------~~_o14v' 

O.033PFT 
100k 

- -
.Flashing begins when fiN 2: 100 Hz. 
Flash rate increases with input frequency 
increase beyona trip point. 

Vee 

430 

68 

150 

/l/ 
LED 

Frequency to Voltage Converter with 
2 Pole Butterworth Filter to Reduce RippJe 

fiN 

0.707 T 
fpOLE = 21fRC -= 

2.57 
TRESPONSE =. 21ffpOLE 

Vee 

2C 

Overspeed Latch 

Output latches when 

'R2 1 
f'N=--- -. 

Rl + R2 RC 
Reset bV re~oving V CC. 
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Typical Applications (co~tinued) 

f,. 

VOUT 

Some Frequency Switch Applications May Require Hysteresis in the Comparator 
Function Which Can Be Implemented in Several Ways: 

12V 

50 

10k 
410 

f,. 

lOOk rOAM 
':' 

j 
,I 

VAEF =6V 

12V 

51. 

4" 

f,. 

r .-

VO~T 

10.51--.... _ 12V 

I2V 

1.1. 

+ 

VOUT 

r 

0.1 t:::::=c===L __ 
5.94 6.06 , V3 V3 
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Typical Applications .(Continued) 

I,. 

1000 PFT_ 
lOOk 

Changing the Output Voltage for an Input Frequency of Zero 

r------O 10V 

200 

+ 
10k VOUT 

J~:7 -::-

Changing Tachometer Gain Curve 
or Clamping the Minimum Output Voltage 

lDV 

9lk 

VOUT 

BV 

Your 

3V 1-----:"" 
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2V 

lV 

1 2 3 4 5 6 1 fiN (kHz) 

fiN (kHz) 



Anti-Skid Circuit Functions 
"Select-Low" Circuit 

v"o-------------------------~----------------------------_, 

WHEEll~~~~ 0-------------------------+--------....,..., 

" + 

" VOUT 

':'" r 
"Select-High" Circuit 

v"o-------------------------~----------------------------_, 

WHEEl'~~~i 0------------------------+----------, 

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

.. ~e~ect-Ave'age .. Circuit 

WHEEL SPEED 

VOUT is proportional to the lower 
of t~e two input wheel speeds. 

WHEEl SPEED 

VOUT is proportional to the higher 
of the two input wheel speeds . 

v"o-----------------------~----------------------------_, 

f,o-----------------------+----------, 
f,o---------+----, 

c 

p 
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Equivalent Schematic Diagram 

BIAS r----' 
I 
I 
I 
1 
1 
1 
I 
1 
1 
I 

l'Ok 

11 

ACTIVE ZENER 
REGULATOR r---, 

I" 
I 
ISDk 
I 

OP AMP COMPARATOR r,;----------,---., 
ID • I 

I 
,I 

I 
I ~ 
I 
I ~ 
I I 
I I 
I I 
I I 
I ~ 
I I 
L. - - ,.PUT ;;"';;;;'$ ""L;m. - - .J r -3 I 

I I L __________ ~ _____ ~ ____ .J 

* Note: This connection made on LM2907-8 and 
LM291 Hl only. 

* * Note: This connection made on LM2917 and 
LM291Hlonly. 

CHARGE PUMP 
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~National . 
~ Semiconductor 

Industrial/Automotive/Functional 
Blocks/Telecommunications 

LM3080/LM3080A 
Operational Transconductance Amplifier 

General Description 
The LM3080 is a programmable transconductanc~ block 
intended to fulfill a wide variety of variable gain applica· 
tions. The LM3080 has diff.erential inputs and high 
impedance push·pull outputs.· The device has high input 
impedance and its transconductance (gm) is directly 
proportional to the amplifier bias current (I ABC)' 

High slew rate together with programmable gain make 
the LM3080 an ideal choice for variable gain applications 
such as sample and hold, multiplexing, filtering, and 
mUltiplying. 

Schematic and Connection Diagrams 

/' 

The LM3080AH and LM3080AJ are guaranteed over 
the temperature range -55°C to +125°C; the LM3080N, 
LM3080H, LM3080AN and LM3080J are guaranteed 
from O°C'to +70°C. 

Features 
• Slew Rate (unity gain compensated): 50 V Ip.s 
• Fully Adjustable Gain: 0 to gm R L limit 
• Extended gm Linearity: 3 decades 
• Flexible Supply Voltage Range: ±2V to ±18V 
• Adjustable Power Consumption 

r----e----~----------~._~w 

1+1 INPUT 0---------+------....... 
3 

~--.. ------------~--~_o-v -
4 

Dual·ln·Lin. Pack.... . 

NC NC 

I-I INPUT v+ 

OUTPUT 1+1 INPUT _ 3 

v- 4 5 AMPLIFIER 
BIAS INPUT 

TOP VIEW 

Order Number LM30BOAJ or LM30BOJ 
See NS Package JOBA 

Order Number LM3OBOAN 
See NS Peck .... NOBB 
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Absolute Maximum Ratings 
Supply Voltage (Note 2) 

LM3080 ±18V 
LM3080A ±22V 

Power Dissipation 250mW 
Differential I nput Voltage ±5V 
Amplifier 8ias Current (lABC) 2mA 
DC I nput Voltage . +Vs to -Vs 
Output Short Circuit Duration Indefinite 
Operating Temperature Range 

LM3080N, LM3080H, LM3080AN 
or LM3080J O°C to +70°C 
LM3080AH or LM3080AJ -55°C to +125°C 

Storage Temperature Range -6SoC to +lS0°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

LM3080 LM3080A 
Parameter Conditions Units 

Min. Typ. Max. Min. Typ. Max .. 

Input Offset Voltage 0.4 S 0.4 2 mV 
Over Specified Temperature Range 6 S mV 
IABC = 5p.A 0.3 0.3 2 mV 

Input Offset Voltage Change 5J.!A" IABC" SOOJJA 0.1 0.1 3 mV 

I nput Offset Cu rrent 0.1 0.6 0.1 0.6 JJA 

Input Bias Current 0.4 5 0.4 S J.!A 
Over Specified Temperature Range 1 7 1 8 J.!A 

Forward Transconductance (gm) 6700 9600 13000 ,7700 9600 12000 J.!mho 
Over Specified Temperature Range S400 4000 J.!mho 

Peak Output-Current RL = 0, IABC = SJ.!A 5 3 S 7 J.!A 
RL =0 350 500 6S0 3S0 500 6S0 JJA 
RL =0 300 300 JJA Over Specified Temperature Range 

Peak Output Voltage 
.Positive RL = 00, SJ.!A" IABC" SOOJJA +12 +14.2 +12 +14.2 V 
Negative RL = 00, SJJA" IABC" SOOJJA -12 -14.4 -12 -14.4 V 

Amplifier Supply Current 1.1 1.1 mA 

Input Offset Voltage Sensitivity 
Positive AVOFFSET/AV+ 20 150 20 lS0 J.!V!V 
Negative AVOFFSET/AV- 20 150 20 150 J.!V!V 

Common Mode Rejection Ratio 80 110 80 110 dB 

Common Mode Range ±12 ±14 ±12 ±14 V 

I nput Resistance 10 26 10 26 kU 

Magnitude of Leakage Current IABC = 0 0.2 100 0.2 5 nA 

Differential Input Current IABC = 0, Input = ±4 V 0.02 100 0.02 5 nA 

Open Loop Bandwidth 2 2 MHz 

Slew Rate Unity Gain Compensated SO SO , 
VlJ.!s 

Note 1 : These specifications apply for Vs = ±1S V and TA = 2SoC. amplifier bias current (IABC) = 500IJA, unless otherwise specified. 
Note 2: Selections to supply voltage above ±22V, contact the factory. 
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Typical Performance Characteristics 
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Typical Performance Characteristics 
Input and Output Capacitance 

o 
0.1 

IIIIII1 

I1I1I11 
CIN 

~ 

COUT 

Vs = ±15 V 

InlitiCI 

1.0 10 100 

IABC-AMPLIFIER BIAS CURRENT ("AI 

Leakage Currant Test Circuit 

1000 

Differential Input Current Test Circuit 

-15V 

(Continued) 

Output Resistance 
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IABC-AMPLIFIER BIAS CURRENT (pAl 

Unity Gain Follower 

10k 

INPUT o-.... -""',.,.""""~-. 

51 n 

9-95 

-15 
10k 

0,001 #-iF 

+15 

62kn 



~National ' 
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LM3909 LED Flasher/Oscillator 
General Description 
The LM3909 is a monolithic oscillator specifically 
designed to flash Light' Emitting Diodes. By using the 
timing capacitor for voltage boost, it delivers pulses of 
2 or more volts to the LED while operating on a supply 
of 1.5V or less. The circuit is inherently self·starting, 
and requires addition of only a battery a,nd capacitor 
to function as a LED flasher, 

Packaged in 'an a·lead plastic mini·DIP, the LM3909 
will operate over the extended ,consumer temperature 
range of -25°C to +70°C. It has been optimized for low 
power drain and operation from weak batteries so that 
continuous operation life exceeds that expected from 
battery rating. 

Application is made simple by inclusion of internal 
timing resistors and an internal LED current limit 
resistor. As shown in the first two application circuits, 
the timing resistors supplied are optimized for nominal 
flashing rates and minimum power drain, at 1.5V and 3V. 

Timing capacitors will generally be of the electrolytic 
type, and a small 3V rated part will be suitable for any 
LED flasher using a supply up to 6V. However,' when 
picking flash rates, it should be remembered that some 
electrolytics have very broad capacitance tolerances, for 
example -20% to +100%. 

Schematic' Diagram 

Typical 1.5V Flasher 

RUM r---------, v· 

.. 

" 

.., 
. o. 

a.5V 

• DO 

... 

L ___ ...: _____ .J 

, Features 
• Operation over one year from one C size flashlight 

cell 
• Bright, high current LED pulse 
• Minimum external parts 

• Low cost 
• Low voltage oP,eration, from just over 1 V to 5V 
• Low current drain, averages under 0.5 mA dudng 

battery life ' 

• Powerful; as an oscillator directly drives an an speaker 
• Wide temperature range 

Applications 
• Finding' flashl.ights in the dark, or locating boat 

mooring floats 
• Sales and advertising gimmicks' 
• Emergency locators, for instance on fire extinguishers 

• Toys and novelties 
• ,Electronic applications such as trigger and sawtooth 

generators 
• Siren for toy fire engine, (combined oscillator, speaker 

d~iver) , 

• Warning indicators powered by 1.4 to 200V 

Connection Diagram 
Dual-. n-line Package 

• 
3k OUT Ne v-

FAST 
RC TOPVIEW 

Order Number LM3909N 
Se. NS Package NOSS 

Typical Application 
(See applications notes on page 9·97). 

Triac Trigger' 

.... --------_--COM 

9·96 

LM3989 

1k 

Provides 40 mAo 1 OJ.lS pulset.t 
.bout 8 .Hz. TriM: gate mly b. 
pulse trlnsformer isollttd if 
desired. 

-IAV FROM BATTERY OR 
L-__________ .......... -.;.. ~~~:~C:~:A~:~:::RAIII 

NOMINALLY 5 MA. 



Absolute Maximum Ratings 
Power Dissipation 500 mW 
v+ Volt~ge . 6.4V 

Operating Temperature Range -25°C to +70°C 

Electrical Characteristics 

PARAMETER 
CONDITIONS 

MIN TVP MAX UNITS (Applications Note 3) 

Supply Voltage (In Oscillation) -1.15 6.0 V 

Operating Current 0.55 0.75 mA 

"-Flash Frequency 300pF, 5% Capacitor 0.65 1.0 ·1.3 Hz 

High Flash Frequency 0.30pF, 5% Capacitor 1.1 .' .kHz 

Compatible LED Forward Drop 1 mA Forward Current 1.35 2.1 V 

Peak LED Current 350pF <;:apacitor 45 mA 

Pulse Width 350pF Capacitors at 1/2 6.0 ms 
Amplitude 

Additional Typical Applications (See applications notes below.) 

, 
Warning Flasher Typical Operating Conditions .' 

v' High Voltage Powered 

Rs b V+ NOMINAL' 
CT Rs RFS V~A~GE FLASH Hz 

~~ I: 
6V 2 400l1F lk' 1.Sk 5-2SV 

15V 2 180l1F 3:9k lk 13-50V . " , 
100V LT' 180l1F 43k lk 85-200V 

lW 

lM3909 
"~" 

---.Jl I' I' L 
":" 

Estimated Battery Life 
1.SV Flasher 

; 
(Continuous 1.SV Fla~her Operation) 

NSL'02' ~ 9~ 0.7 TYPE 
SIZE CELL 

STANDARD . ALKALINE 
0.& 

. r---< • .. • r;--- " VI" AA 3 months 6 months 
.s 0.5 

/ 
C '7 months 15 months 

j 0 1.3 years 2.6 years , 

:t,.5V OA 

/ LM:J909 
:l 

r '. 
Note: Estimates are made from our tests "and 

0: 0.3 , 
manufacturers data. Conditions are fresh bat· >-... 
teries and room, tenJp,erature;' Clad or "leak· 

~' I' I!-
0.2 

proof" batteries are recommended for any 

0.1 application of five months or more. Nickel 
1.0 1.1 j.2 1.3 I.' 1.5 1.& Cadmium cells are not recommended. 

3V BATIERV VOLTAGE (V) 
Note: Nominal flaslr rate: 1, Hz. 

APPLICATIONS NOTES 

Note 1: All capacito~ shown are electrolytic unless marked otherwise. 
Note 2: Flash rates and frequencies assume a ±5% capacitor tolerance. Electrolytics may vary -":20% to +100% of their stated value. 
Note 3; U~less noted, measurements above are made with a 1.4V supply, a 25°C ambient temperature, and a LED with a forward drop of 1.5V to 
'1.7V at 1 rnA forward currerit. 
Nota 4: Occasionally a ,flasher circuit will fail to oscillate due to a LED defect that may be missed because it only reduces light output 10% or so. 
Such LEOs can be identified by a large increase in conduction between O.9V and 1.2V. 

9·97 



Typical Applications (Continued) (See applications notes on page 9·97)" 

3V Flasher Minimum Power at '05V Fast Blinkef 

fRLSOZl NSLS082 NSlson 

1.5V 

lDIl.uF 

Nole: Nominal flash rate: I Hz. Average lORAIN'" 0.71 rnA. Note: Nominal'lamrate: 1.1 Hz. Aveflge lORAIN -O.32mA. Notl: Nominal flash flte: 2.6 Hz. Average 'ORAIN" 1.2 mAo 

Flashlight Finder 

, TRANSLUCENT f SlIO.SWlTC. 

. 0---------..... 
.' \CDNTACTS;'RIP.PASSE~ 

SHORT 1-8 FOR 
SINGLE CEll LIGHTS 

oD~. -D--~~ 
(INSULATED) THROUGH 

, RING CONTACT ON CASE BOTTOM 
lUll ASSEMILY 

I 

Note: Winking LED inside,locllft ligflt 
in total darkness. 

Not': LM3909 •. capacitor, and LED ate installed in a white translucent cap on the flashlight's back end. Onlv one contlct strip 
(in addition to the case connection) is needed for flasher POWI'I. Drawing current througll the bulb simplifilS wirinl' and CIUSes 
negligible.., IDss since bulb resistanct cDld is typically less than 2n. 

4 Pa~allel LED. 

,. 
r-"1+I1-f-..... M,......;NSL5027 OR 

. lMUOI 

l1~F 
'lSO 3V 

,. 

" 
,. 

, . 

NSUl020R 
NSL5024 

'00 

+ 
uv 

Note: Nominal flash late: 1,3 Hz. Average IDRAIN '" 2 mAo 

High Efficiency Parallel Circuit 

" 

31 

" 
+ 

1.5V 

" .. , 

lMlt09 

...... 
150 :IV 

Nott: Nominll fI,shnte: 1.S Hz. Avellge IDRAIN': 1.SmA. 

9·98 

1 kHz Square Wave Oscillator 

'1.2 

'00 

~ 
w 0.1 .. 
c 
!:; 
co 0.6 > 
5 
~ 004 
co 

0.2 

~ 1'--

1 ... 2 ... 

• ... :O .............. 'IIUfIh. 
lDk~IO .... nd. 

1.5V 



Typical Applications (Continued) (See applications notes on page 9·97) 

" 

"Buzz Box" Continuity and Coil Checker 

+ 

~'2-I&n c:J SPEAKER 

I 
I 

Note: Differences betwaen shotts, coils, and a few ohms 01 resistance can be heard. 

LED Booster 

Note: High efficiency. 4 mA drain. 

Note: Continuous appearing light obtained by supplying 
short. high current. pulses (2 kHz) to LEOs with higher 
than battery voltageavai!able. 

f.SV .=41 

\ 
Emergency Lantern/Flasher 

15 

Note: Nominal flash ,ate: 1.5 Hz. 

9·99 

+ 

Variable Flasher 

+ t5V 

2.411 

LM39DI 15 
20511 

Note: Flash rate: 0-20 Hz. 

Incandescent Bulb Flasher 

.6V 

LMJ909 

Note: Flash rate: 1.5 Hz. 
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LM3911 Temperature Controller 
General Description' 
The LM3911 is a highly accurate temperature measure­
ment and/or control system, for use over a -25°C to 
+85°C temp~rature range. Fabricated on a single mono­
lithic chip, 'it includes a temperature sensor,' a stable 

.voltage reference, and an operational amplifier. 

The output voltage of the .LM3911 is directly propor­
tional to temperature in degrees Kelvin at 10 mV f K. 
Using th~ internal op amp with exte~nal resistors any 
temperature scale factor is easily obtained. By 
connecting the op amp as a comparator, the output will' 
switch as the temperature transverses the set~point 

making the device useful as an on-off temperature 
controller. 

An active shunt regulator is connected across the power 
leads of the LM3911 to provide a stable 6.8V voltage 
reference for the sensing system. This allows the use' of 
any !lower supply voltage with suitable external resistors. 

The input bias 'current is low and relatively constant 
with temperature, ,ensuring high accuracy when high 
source impedance is used. F~rther, the output collector 
can be returned to a voltage' higher than 6.8V allowing 
the LM3911 to drive lamps and relays up to a 35V 
supply. 

Block Diagram 

The LM3911 uses the difference in emitter-base voltage 
of transistors operating at different current densities as 
th,e basic temperature sensitive element. Since' this out; 
put depends' only on transistor matching the same 
reliability and stabil ity as present op amps can b~ 
expected. 

The LM3911 is available in three package styles-a metal 
can 4-lead TO-5, a metal can TO-46 and ~n 8-lead epoxy 
mini-O IP. In the epoxy package all electrical connections 
are made on one side of the device allowing the' other 
4 leads to be used for attaching the LM3911 to the 
temperature source. The LM3911 is rated for operation 
over a -25°C to +85°C temperature range. 

Features 
• Uncalibrated accuracy ±lcfc 
• Internal op amp with frequency compensation 
• Linear output 'of 10mVfK (10mVfC) 
• Can be calibrated in degrees Kelvin, Celsius or 

Fahrenheit 

• Output can drive loads up to 35V 
• Internal stable voltage reference 

• Low cost 

r----------1~----r_--------------t-LJV· 

&.IV 

Typical AppUcations 
Ground Referred 

Centigrade Thermometer 

fEEDBACK 
1NPU:r 

L-~""-110UTPUT 

Proportioning Temperature Controller 

v' 
INOTEl) 

15V Basic Temperature Controller v' 
O' 
15 

01 
4.7 

01 
12k 

02 
5.5k 

V­
-lSV 

n.n 

5.Ok* 

Rl·,00UtV+ -l.OV) 
R2'"SOO(V- -UVI 

OUTPUT 
10 mY( C 

*T"mSOullnlllllzenertnlerante 
SetolllputtD,ud"C 

SEt 
TEMPERATURE 

AT 10mV{'K 
5Ok~1 

15V 
¥' 

07 

.... ____ +-__ IVIll,.,.....,K~: :n~:'~~:'NG 

.. 0, 
7.5k, 10k 

OUTPUT* 

01 

'" 
O' 

"Ok 
PO~~~ ,:~-'\ofVY"'--II. 

03 
22> 

N ... I: CldnlrmiMI ",I''''IiDning tncjUllct f... 2ft: Cl 

N ... 2: RID = 1V+:~:,~1-7 
Note 3: EitherV-arY+Cllbl ground. 
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Absolute Maximum Ratings 
Supply Current (Externally Set) 10mA Operating Temperature Range -25°C to +B5°C 

Output Collector Voltage, V++ 36V Storage Temperature Range -£5°C to +150°C 
Feedback Input Voltage Range OV to +7.0V Lead Temperature (Soldering, 10 seconds) 300°C 

Output Short Circuit Duration Indefinite 

Electrical Characteristics (Note 1) 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

SENSOR 
Output Voltage T A = -25°C, (Note 2) 2.36 2.48 2.60 V 

Output Voltage T A = 25°C, (Note 2) 2.88 2.98 3.08 V 

Output Voltage T A = 85° C, (Note 2) 3.46 3.58 3.70 V 

linearity aT= 100°C 0.5 2 % 

Long·Term Stability 0.3 % 

Repeatability 0.3 % 

VOLTAGE REFERENCE 
Reverse Breakdown Voltage 1 mA:,>lz :,>5mA 6.55 6.85 7.25 V 

Reverse Breakdown Voltage lmA:,>lz:,>5mA 10 35 mV 
, Change With Current 

Temperature Stability 20 85 mV 

Dynamic Impedance 12 = 1 mA 3.0 !1 

R MS Noise Voltage 10 Hz:,> f:,> 10 kHz 30 p.V 

Long Term Stability TA = +85°'C 6.0 mV 

OPAMP , 
Input Bias Current TA = +25°C 35 150 nA 

Input Bias Current 45 250 nA 

Voltage Gain - R L = 36k:V++ = 36V 2500 15000 V!V 

Output Leakage Current T A = 25°C (Note 3) 0.2 2 p.A 

Output Leakag,e Current (Note 3) 1.0 8 p.A 

Output Source Current VOUT :'> 3.70 10 p.A 

Output Sink Current lV:,> VOUT :'> 36V 2.0 mA 

Note 1: These specifications apply for -25'C ~ TA ~ +85°C ~nd 0.9 rnA ~ ISUPPLY ~ 1.1 mA unless otherwise specified; CL ~ 50 pF. 
Nota 2: The output voltage applies to the basic thermometer configuration with the output and input terminals shorted and a load resistance 
of ~ 1.0 Mfl. This is the feedback sense voltage a,pd includes errors in both the sensor and op amp. This voltage is specified for the sensor in a 
rapidly stirred oil bath. The output is referred to V . 
Note 3: The output leakage current is specified with ~ 100 mV overdrive. Since this voltage changes with temperature, the voltage drive for 
turn-off chang.s and is defined as VOUT (with output and input shorted) -100 mV. This specification applies for VOUT = 36V. 

, 

Application Hints 
Although the LM3911 is designed to be totally trouble· media will conduct the heat from the sensor, Also, there 
free, certain precautions should be taken to insure the are many small heat sinks designed for transistors which 
best possible performance. will improve neat transfer to the sensor from the sur· 

rounding medium, A small finned clip-on heat sink is 
As with any temperature sensor, internal power dissipa' quite effective in free·air. It should be mentioned ~hat 
tion will raise the sensor's temperature above ambient. the LM3911 die is on the base of the package and there· 
Nciminal suggested operating current for the shunt fore coupling to the base is preferrable. 
regulator is 1.0 mA and causes 7.0 mW of. power dissi-
pation. In free, still, air this raises the package tempera-
ture by about 1.2° K. Although the regulator will operate The internal reference regulator provides a temperature 
at higher reverse currents and the output will drive loads stable voltage for offsetting the output or setting a com· 
up to 5.0 mA, these higher currents will raise the sensor parison point in temperature controllers. However, since 
temperature to .about 19°K above ambient-degradi~g this reference is at the same temperature as the sensor 
accuracy. Therefore, the sensor should .be operated at temperature changes will also cause reference drift. For 
the lowest possible power level. application. where maximum accuracy is needed an 

external reference should be used. Of course, for fixed 
With moving air, liquid or surface temperature sensing, temperature controllers . the internal reference is 
self·heating is not as great a problem since the measured adequate. 

, 
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Typical Performance Characteristics 

Temperature Conversion 
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Schematic Diagram j 
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Typical Applications (Continued) 
Basic Thermometer 
for Positive Supply 

15V 

Basic Thermometer for Negative Supply 

External Frequency Compensation 
for Greater Stability when Driving 

Capacitive Loads 

15V 

R, 
1.5. 

v' 

, I OUTPUT 
10mV{'K 

Operating With External Zener for 
Lower Power Dissipation and Ambient 

Reference 

INI2l 

15V 

R,* 
1100 

* Deprndson Zenerculrent. 
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I OUTP~T ' 
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100k 

I ncreasing Gain and Output Drive 
15V 

v'+-____ ....., 

2.0k R, 
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Temperaturl[!: Controller With Hvsteresis 
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Typical Applications (Continued) 

Thermometer With Met .. Output 
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Typical Applications (Continued) 

•• --.2 

Over Temperature Detectors With ~ommon Output 

I5V 
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Typical Applications (Continued) 
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Connection Diagram-

Three-Wire Electronic Thermostat 
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* *Almost any tRIAC rated 1 to 35 amperes 
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Industrial/Automotive/ Functional 
Blocks/Telecommunications 

LM3914 Dot/Bar Display Driver 
General Description 
The LM3914 is a monolithic integrated circuit that 
senses analog voltage levels and drives 10 LEDs, pro­
viding a linear analog display. A single pin changes the 
display from a moving dot to a bar graph. Current drive 
to the LEDs is regulated and programmable, eliminating 
the need for resistors. This feature is one that allows 
operation of the whole system from less than 3V. 

The circuit contains its own adjustable reference and 
accurate 10-step voltage divider. The low-bias-current 

. input buffer accepts signals down to ground, or V-, yet 
needs no protection against inputs of 35V above or 
below ground. The buffer drives 10 individual com­
parators referenced to the precision divider. Indication 
non-linearity can thus be held typically to 1/2%, even 
over a wide temperature range. 

Versatility was designed into the LM3914 so that 
controller, visual· alarm, and expanded scale functions 
are easily added on to the display system. The circuit 
can drive LEDs of many colors, or low-current incan­
desr.ent lamps. Many LM3914s can be "chained" to form 
displays of 20 to over 100 segments. Both ends of the 
voltage divider are externally available so that 2 drivers 
can be. made into a zero-center meter. 

. The LM3914 is very easy to apply as an analog meter 
circuit. A 1.2V full-scale meter requires only 1 resistor 
and a single 3V to 15V supply in addition to the 10 
display LEDs. If the 1 resistor is a pot, it becomes the 
LED brightness control. The simplified block diagram 
illustrates this extremely simple external circuitry. 

When in the dot mode, there is a small amount of 
overlap or "fade" (about 1 mV) between segments. This 
assures that at no time will all LEDs be "OFF", and 

thus any ambiguous display is avoided. Various novel 
displays are possible. 

Much of the display flexibility derives from the fact 
that all outputs are individual, DC regulated currents. 
Various effects can be achieved by modulating these 
currents. The individual outputs can drive a transistor as 
well as a LED at the same time, so controller functions 
including "staging" control can be performed. The 
LM3914 can also act as a programmer, or sequencer. 

Features 
• Drives LEDs, LCDs or vacuum fluorescents 
• Bar or dot display mode externally selectable by user 
• Expandable to displays of 100 steps 
• Internal voltage reference from 1.2V to 12V 

• Operates with single supply of less than 3V 

• I nputs operate down to ground 
• Output current programmable from 2 to 30 mA 
• No multiplex switching or interaction between outputs 
• Input withstands ±35V without damage or false 

outputs 

• LED driver outputs are current regulated, open­
collectors 

• Outputs can interface with TTL or CMOS logic 
• The internal 10-step divider is floating and can be 

referel}ced to a wide range of voltages 

The LM3914 is rated for operation from O°C to +70°C. 
The' LM3914N is available in an 18-lead molded (N) 
package and the LM3914J comes in the 18-lead ceramic 
DIP. 

The following typical application illustrates adjusting of 
the reference to a desired value, and proper grounding 
for accurate operation, and avoiding oscillations. 

Typical Applications OV to 5V Bar Graph Meter 
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, ~ ~ 
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------~~ ~ 

. '\. "'" ............. :.! 

1 DV-SV '1.............. .." 
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or 6.BV-',V 

Note 1: Grounding method is typical of 
all uses. The 2.2 IlF tantalum or 10 IlF 
aluminum electrolytic capacitor is needed 
if leads to the LED supply are 6" or 
longer. 

Ref Out V = 1.25 (1 + :~) 
12.5 

ILED~ R1 



Absolute Maximum Ratings \ 

Power Dissipation (Note SI Input Signal Overvoltage (Note 31 ±3SV 
Ceramic DIP W lW Divider Voltage -100mVtoV+ 
Molded DIP (NI 625mW Reference Load Current 10mA 

Supply Voltage 25V Storage Temperature Range -SS·C to +ISO"C 
Voltage on Output Drivers 2SV Lead Temperature (Soldering, 10 secondsl 300"C 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS (Note 11 MIN TYP MAX UNITS 

COMPARATOR 

Offset Voltage .. Buffer and First OV:S; VRLO ~ VRHI:S; 12V, 3 10 rnV 

Comparator ILED= 1 rnA 

Offset Voltage, Buffe~ and Any Other OV:S; VRLO = VRHI:S; 12V, 3 15 rnV 

Comparator ILED= 1 rnA 

Gain (.:1ILED/.:1VIN) IL(REF) = 2 rnA, ILED = 10 rnA 3 8 rnA/mV 

Input Bias Current (at Pin 5) OV:S; VIN:S; V+ -1.5V 10 50 nA 

Input Signal Overvoltage No Change in Display -35 35 V 

VOLTAGE·DIVIDER 

Divider Resistance Total, Pin 6 to 4 6.5 10 15 k!l 

Accuracy (Note 2) 0.5 2 % 

VOLTAGE REFERENCE 

Output Voltage 0.1 rnA:S; IL(REF):S;4 rnA, 1.2 1.28 1.34 V 

V+ = VLED = 5V 

Line Regulation 3V:S;V+:S; 18V , 0.01 0.03 %IV 

Load Regulation 0.1 rnA:S; IL(REF):S; 4 rnA, 0.4 2 % 
V+ =~ VLED = 5V 

Output Voltage Change With 0·C:S;TA:S;+70·e,IL(REF)= 1 rnA, 1 % 
Temperature V+· 5V 

Adjust Pin Current' 75 120 IlA 

OUTPUT DRIVERS 

LEO Current V+· VLED = 5V, IL(REF) = 1 rnA 7 10 13 rnA 

LEO Current Difference (Between VLED = 5V, ILED = 2 rnA 0.12 0.4 rnA 
Largest and Smatlest LED Currents) VLED· 5V, ILEQ = 20 rnA 1.2 3 rnA 

LED Current Regulation 2V:S; VLED:S; 17V ILED= 2 rnA 0.1 0.25 rnA 

ILED = 20 rnA 1 3 rnA 

Dropout Vo,!age ILED(ON) = 20 rnA, VLED = 5V, 1.5 V 

.:11 LED =2 rnA 

SaturatiC?" Voltage ILED = 2.0 rnA, IL(REF) = 0.4 rnA 0.15 0.4 V 

Output Leakage, Each Collector (Bar Mode) (Note 4) 0.1 10 IlA 

Output Leakage (Dot Mode) (Note 4) 
Pins 10-18 0.1 10 IlA 
Pin 1 60 150 450 IlA 

SUPPLY CURRENT 

V+ = 5V, IL(REF) = 0.2 rnA 2.4 4.2 rnA 

V+ = 20V, IL(REF) = 1.0 mA 6.1 9.2 'rnA . 
Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3 VDC::;V+ ::;20VDC VREF, VRHI, VRLO::; N+ -1.5VI , 

3 VDC::; VLED::; V+ OV::; VIN::; V+ -1.5V 

-Q.015V:5. VRLO :5. 12 VDC TA = +25·C,IL(REFI = 0.2 mA, VLED = 3.0V, pin 9 connected to pin 3 (Bar Mode). 

For higher power dissipations, pulse testing is used. 
Note 2: Accuracy is measured referred to +10.000 VDC at pin 6, with 0.000 VDe at pin 4. At lower full.,.;ale voltages, buffer and comparator 
offset voltage may add significant error. 
Note 3: Pin 5 Input current must be limited to ±3 rnA. Ttle addition of a 39k resistor in series with pin 5 allows ±100V signals without damage. 
Note 4: Bar mode results when pin 9 i. within 20 mV of V+. Dot mode results when pin 9 is pulled at least 200 mV below V+ or left open circuit. 
LED No. 10 (pin 10 output current) is disabled if pin 9 i. pulled 0.9V or more below VLED. 
Note 5: The maximum junction temperature of the LM3914 is 100o e. Devices must be derated for operation at elevated temperatures. Junction 
to ambient thermal resistance is 75·C/W for the ceramic DIP (J package) and 120"CIW for the molded DIP (N packagel.' 
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Definition of Terms 

Accuracy: The difference between the observed threshold 
voltage and the ideal threshold voltage for each com­
parator_ Specified and tested with 10V across the internal 
voltage divider so that resistor ratio matChing error 
predominates over comparator offset voltage_ 

Adjust Pin Current: Current flowing out of the reference 
adjtIst pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output 
current (I LED) to the change in input voltage (VIN) 
required to produce it for a comparator in the linear 
region_ 

Dropout Voltage: The voltage measured at the current 
source outputs required to, make the output current 
fall by 10%. 

Input Bias Current: Current flowing out of the signal 
input when the input buffer is in the linear region. 

9-109 

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (V LED) 
as measured at the current source outputs_ As the 
forward voltage of an LED does not change significantly 
with a small change in forward current, this is equivalent 
to changing the voltage at the LED anodes by the 
same a,mount. 

Line Regulation: The average change in reference output 
voltage over the specified range of supply voltage (V+). 

Load Regulation: The change in reference output voltage 
(VREF) over the specified range of load current 
(lL(REF)). 

Offset Voltage: The differential input voltage which 
must I?e applied to each comparator to bias the output 
in the linear region. Most significant error when, the 
voltage across the internal voltage divider is small. 
Specified and tested with pin 6 voltage (VRHI) equal 
to pin 4 voltage (VRLO)' 



Typical Performance Cilaracteristics 
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Block Diagram (Showing Simplest Application) 
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Functional Description 
The simplified LM3914 block diagram i~ to give the 
general idea of the circuit's operation. A high input 
impedance bu,ffer operates with signals from ground ,to 
12V, and is protected against reverse and overvoltage 
signals. The signal is then applied to a series of 10 
comparators; each of which is biased to a different 
comparison level by the resistor string. 

In the example illustrated, the resistor string is connected 
to the internal'l.25V reference voltage, In this case, for 
each 125 mV that the input signal increases, a com· 
parator will switch on another indicating LED. This 
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resistor divider can be connected between any 2 voltages, 
providing that they are 1.5V below V+ and no less than 
V-. If an expanded scale meter display is desired, the 
total divider voltage can be as little as 200 mV. Ex· 
panded'scale'meter displays are more accurate and the 
segments light uniformly only if bar mode is used. At 
50 mV or more per step, dot mode is usable. 

Internal Voltage Reference 

The reference is designed to be adjustable and develops 
a nominal 1.25V between the REF OUT (pin 7) and 



Functional Description (Continued) 

REF ADJ (pin B) terminals. The reference voltage is 
impressed across program resistor Rl and, since the 
voltage is constant" a constant current 11 then flows 
through the output set resistor R2 giving an output 
voltage of: 

( R2)' VOUT = VREF 1 + R1 + IADJ R2 

Since the 120 pA current (max) from the adjust terminal 
represents an' error term, the reference was designed to 
minimize changes of this current with V+ and load 
changes. 

Current Programming 

A feature not, completely illustrated by the block 
diagram is the LED brightness control. The current 
drawn out of the reference voltage pin (pin 7) determines 
LED current. Approximately 10 times this current will 
be drawn through each lighted LED, anel'this current 
will be. relatively constant despite supply voltage and' , 
temperature changes. Current drawn by the internal 10, 
resistor'divider, as well as by the external current and 
voltage·setting divider should be included in calculating 
LED drive current, The ability '0 modulate LED 
brightness with time, or in proportion to input vdltage 
and other signals can lead to a number of novel displays 
or ways of indicating input overvoltages, alarms, etc. 

Mode Pin Use 

Pin 9, the Mode Select input cont~ols chaining of multiple' 
LM3914s, and controls bar or dot mode operation. Th,e 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in 
the applications. 

Bar Graph Display: Wire Mode Select (pin 9) directly 
to pin 3 (V+ pin). 

Dot Display. Single LM3914 Driver: Leave the Mode 
Select pin open circuit. ' 

Dot Display, 20 or More LEOs: Connect pin 9 of the 
first driver in the series (i.e., the one with the lowest 
input'voltage comparison points) to pin 1 of the next 
higher LM3914 driver. Continue connecting pin 9 of 
lower input drivers to pin 1 of higher input drivers for 
30,40, or more LED displays. The last LM3914 driver 
in the chain will have pin 9 wired to pin 11. All 
previous'drivers should have a 20k resistor in parallel 
with LED No.9 (pin 11 to VLED). 

,Characteristics of Mode Select Pin (Pin 9) 

The connections for using this pin have al ready been 
summarized. The' mode pin will cause the bar graph 
display to appear if within 20 mV of V+ voltage (pin 3). 
The dot LED display wiil occur if the mode pin is 
200 mV or more below V+ voltage. LED No. 10 will be 
turned OFF if pin 9 is pulled 0.9V below VLED. A 
20k 5% resistor must be in place from pin 11 to VLED 
(i.e., in parallel with 'LED No.9) for dot displays using 
2 or more LM3914s. The less than 100 pA shunted away 
by this resistor will make a negligible differerce in the 
brightness of almost ahy red LED display. For other 
colors of LEOs, the resistor 'value can increase in direct 
proportion to the typical LED voltage drop. 

In "chaining" display drivers, some further characteristics 
must be considered. Bar graph displays of 20 or more 
segments are simple. All that is needed is to connect the 
mode pin of each device to pin 3 of the same device 
(the V+ pin). It should be noted that the Mode Select 
Amplifier, looks at 3 inputs to determine whether to 
show a bar display, a dot display, or a dot display 
using multiple LM3914 devices. This last action is the 
"chaining" or carry function that turns OFF LED No. 10 
of one LM3914 when the first LED of the next device 
up the chain.turns ON. The 3 needed inputs to the Mode 
Select Amplifier are; pin 9, the devices V+ pin and pin 11 
(the cathode of LED No.9). 

If, for instance, a 20·segment dot mode'display is, desired, 
the .mode pin of the first LM3914 is connected to pin 1 
of the second device (which is actually driving LED No. 
11 of the entire display). Even if this LED is OFF, if 
any LED numbered 12 through 20 is ON, about 100pA 
will be sunk by pin 1 of this second device (minimum 
60 pAl. This is not enough to light LED No. 11 
significantly, but is sufficient to be sensed by the mode 
pin and turn OFF L.ED No. 10 of the first device for 
proper display. 

Other Device Characteristics 

The LM3914 is relatively low·powered itself, and since 
any number of LEOs can be powered from about 3V, it 
is avery efficient display driver. Typical standby supply 
current (all lEOs, OFF) 'is 1.6 mA (2.5 mA max). 
However, any reference loading adds 4 times that current 
drain to the V+ (pin 3) supply input. For example, an 
LM3914 'with a 1 mA reference pin load (1.3k), would 
sUPP,ly almost 10 mf to every LED while drawing only 
5.6 mA from its V pin supply. At full'scale, the IC is 
typically drawing less than 7% cif the current supplied to 
the display., 

The display driver does, not have built·in hysteresis so 
that the display does not jump instantly 'from orTe LED 
to the next. Under rapidly changing signal conditions, 
this cuts down high frequency noise and often 'an annoy· 
ing flicker. An "overlap" is built in so that at no time 
between segments are all LEOs completely OFF in the 
dot mode. Generally 1 LED fades in while the other 
fades out over a mV or 'more of- range (Note 2). The 
change may be much more rapid between LED No. 10 
!Jf one device and LED No. 1 of a second device 
"chained" to the first. 
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Functional Description (Continued) 

The LM3914 features individually current regulated LED 
driver transistors. Further internal circuitry detects when 
any driver transistor goes into saturation, and prevents 
other,circuitry from drawing excess current. This results 
i'n the ability of the LM3914 to drive and regulate LEDs 
powered from a pulsating DC power source, i.e., largely 
unfiltered. (Due to possible oscillations at low voltages a 

Typical Applications (Continued) 

nominal bypass capacitor consisting of a 2.2 IlF solid 
tantalum connected from the pulsating LED supply. to 
pin 2 of the LM3914 is recommended.) This ability to 
operate with low or fluctuating voltages also allows the 
display driver to interface with logic circuitry, opto­
coupled solid-state relays, and low-current incandescent 
lamps. ' 
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'lilt i Typical Applications (Contin~ed) 

:IE. 
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Application Example: Grading 5V Regulators 

*This application illustrates that the LED 
supply needs practically no filtering 
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LEOs light up as illustrated with the 
upper lit LED indicating the actual input 
voltage. The display appears to increase 
resolution and provides an analog indIca­
tion of overrang~. 

VOUTtMINI 

5.54 
5.42 
5.30 

5.18 

5.06 

4.94 

4.82 
4.7 

4.58 
4.46 



Typical Applications (CQntinued) 

Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 

III III 

lED 
NO.1 

18 

III 

LED 
NO.1 

III III III III III III III 

17 16 15 14 13 12 11 

lM3914 

Bar Display with Alarm Flasher 

III III III III III 

18 17 16 15 14 

lM3914 

Full-scale causes the full bar display to 
flash. If the junction of Rl and. Cl is 
connected to a different LED cathode, 

. the display will flash when that LED 
lights, and at any higher input signal. 
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*The input to the Dot~Bar Switch may 
be taken from cathodes of other LEDs. 
Display will, change to bar as soon as 
the LED so selected begins to light. 
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Typical Applications (Continued) 

Adding Hysteresis (Single Supply. Bar Mode Only) . 

lPFk 11 
YLED 
OUT 

III III III III III III III III Il/ Il/ 
~, ~r u ~r ~, ~r ~, ~~ ~, ~r 

LED f- . f-' -'- - .. - f- - f- LED 

y+ 
15V) 

1 
ADJ 

LM337H I 
IN 

NO.1 NO. 10 

I 18 17 16 15 14 13 12 11 10 

LM3914 

r REF 
Y- y+ RLO SIG RHI REF OUT ADJ MODE 

L-Jl -¥ 3 C 15 !.!...- 7 8 9 

. 110 , 12k 

Hysteresis is 0.5 mV to 1 mV 

Operating with a High Voltage Supply (Dot Mode Only) 

3.9k 
lW 

3.4V* 

C8V 

LED 
NO.1 

Il/ 

18 

*ThiS point is partially regulated and 
decreases in voltage with temperature. 
Voltage requirement. of the LM3914 
also decrease with temperature. 

The LED currents are approximately 10 
rnA, and the LM3914 outputs operate in 
saturation for minimum dissipation. 

17 . 16 15 14 13 12 

LM3914 
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Typical Applications (Continued) 

205 . egmen e er WI o e WI c tM t 'th M d 5 't h 

e exact wiring arrange-
ent of this schematic 

*Th 
m 
sh 
So 
V 
ap 

ows the need for Mode 
1ect (pin 9) to sense the 
+ voltage exactly as it 
pears on pin 3. 
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Application Hints 
Three of the most commonly needed precautions for 
using the LM3914 are shown in the first typical appllca· 
tion drawing (see page 9·10B) showing a OV -5V bar 
graph meter. The most difficult problem occurs when 
large LED ourrents are being drawn, especially in bar 
graph mode. These current .. flowing out of the ground 
pin cause voltage drops in external wiring, and thus 
errors and oscillations. Bringing the return wires from 
signal sources, reference ground and bottom of the 
resistor string (as illustrated) to a single point very near 
pin 2 is the best solution. 

Long wires from VLED to LED anode common can 
cause oscillations. Depending on the severity of the 
problem 0.05 J.LF to 2.2 J.LF decoupling capacitors from 
LED anode common to pin 2 will damp the circuit. If 
LED anode line wiring is inaccessible, often similar 
decoupling from pin 1 to pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEOs 
light (dot model. oscillation or excessive noise is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations, V+ voltage at pin 3 is usually 
below suggested limits (see Note 2, page 9·10B). Ex· 
panded scale meter applications may have one or both 
ends of the internal voltage divider terminated at .rela· 

3 

1 

N N N N N N 

" " ~~ ". " " -F- -F- .. 2111< 

LED 
NO.1D 

" " 
13 12 11 10 

LM3914 

REF REF 
RLO SIG RHI our ADJ MODE 

-¥ s • ',J; • 
1.2V ":" 

1.1k* 

'* 
SVnc 

N N N N N N 

" " " V " " LED 
NO.20 

15 
" 

Il 12 11 10 

LM3914 

REF REF 
RLO SIG RHI our ADJ MODE 

• 5 I!........ , B 9 
2.4V 

SIG: OV-2.4V 
2A1I:* 

* Programs LE Os to lOrnA 

tively high value resistors. These high·impedance ends 
should be bypassed to pin 2 with at least a 0.001 J.LF 
capacitor, or up to 0.1 J.LF in noisy environments. 

Power dissipation, especially in bar mode should be .given 
consideration. For example, with a 5V supply and all 
LEOs programmed to 20 mA the driver will 'dissipate 
over 600 mW. In this case a 7.5Q resistor in series with 
the LED supply will cut device heating in half. The 
negative end of the resistor should be bypassed with a 
2.2 J.LF solid tantalum capacitor to pin 2 of the LM3914. 

Turning OFF of most of the internal current sources is 
accomplished by pulling positive on the reference with a 
current source or resistance supplying 100 J.LA or so. 
Alternately, the input signal can be gated OFF with 
a transistor switch. 

Other special features and applications characteristics will 
be illustrated in the following applications schematics. 
Notes have been added in many .cases, attempting to 
cover any special procedures or unusual characteristics 
of these applications. A special section called "Applica· 
tion Tips for the LM3914 Adjustable Reference" has 
been included with these schematics. 
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"II:t i Application Hints (Continued) 

::E APPLICATION TIPS FOR THE LM3914s ADJUSTABLE REFERENCE 
...J 

Greatly E'xpanded Scale (Bar Mode Only) 

Placing the LM3914s internal resistor divider in parallel 
,with a section (::::230n) of a stable, low resistance 
divider greatly reduces voltage changes due to IC resistor 
value changes with temperature. Voltage V 1 should be 
trimmed to 1. IV first by use of R2. Then the voltage V2 
across the IC divider string can be adjusted to 200 mV, 
using R5 without affecting V 1. LED current will be 
approximately 10 mAo 

Non-Interacting Adjustments for Expanded Scale Meter 
, (4,5V to 5V. Bar or Dot Mode) 

. This arrangement allows independent adjustment of LED 
brightness regardless of meter span and zero adjustments, 

First, VI i~ adjusted to 5V. using R2. Then the sp~n 
(voltage across R4) can be adjusted to exactly 0.5V 
using R6 without affecting the previous adjustment. 

R9 programs LED currents within a range of 2.2 mA to 
20 mA after the above settings are made. 

Greatly Expanded Scale (Bar Mode Only) 

RH REF 
AH' OUT AOJ ALD 

l-~PINSOF 
R1 _ lMJ914 

100 -.. 
AZ 
Z50 

V,-1.1V 

A3 
ZDO 
1% 

A' V. 
15 

A6 
9" 
1% 

..,. 

Adjusting Linearity of Several Stacked Dividers 

Three internal voltage dividers are shown connected in 
series to provide a 30·step display. If the resulting analog' 
meter is to be accurate and linear the voltage on each 
divider must be adjusted, preferably without affecting 
any other adjustments. To do this. adjust R2 first, so 
tha,t'the voltage across R5 is exactly IV. Then the 
voltages across R3 and R4 can be independently adjusted 
by shunting each with selected resistors of 6 kn or 
higher resistance. This is possible because the reference 
of LM3914 No.3 is acting as a constant current source. 

The references associated with LM3914s No.1 and No.2 
should have their Ref Adj pins (pin 8) wired to ground, 
and their Ref Outputs loaded by a 620n resistor to 
ground. This makes available similar 20 mA current 
outputs to all the LEDs in the system. 

If an independent LED brightness control is desired (as 
in the previous application), a unity gain buffer, such as 
the LM310, should be placed between pin 7 and Rl, 
similar to the previous application. 

Non-Interacting Adjustments for Expanded Scale Meter 
(4~5V to 5V, Bar or Dot Mode) 

REF REF 
RLO RHI OUT lOV. AOJ 

VI =5V 

AS A7 
2.4k 10' A' 

1.1811. .. 
A. 

"'" 
HZ 

LEO zoo 
BRIGHTNESS 1% 

..,. 

R4 ..,. 
5Z3 

4.SV 

1'0.02.11F A' 
4.32\ 
1% 

..,. 
Adjusting Linearity of Several Stacked Dividers 

A. 

'" RZ 

_ .. ,! 7 1% zoo 

,V 
A' 

'" 1% 

LMU ... O,Z { 

ZV 

A. 

54' 
IV 

LM,,, •• O,, { 

6 
A' 

'511 ,. 
..,. 
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Other Applications 

• "Slow" - fade bar or dot display Idoubles resolution) 

• 20-step meter with single pot brightness control 

• IO-step lor multiples) programmer 

• Multi-step or "staging" controller 

• Combined controller and process deviation meter 

• Direction and rate indicator Ito add to DVMs) 

• Exclamation point display for power saving 

Connection Diagram 

• Graduations can be added to dot displays. Dimly 
light every other LED using a resistor to ground 

• Electronic "meter-relay" -display could be circle or 
semi·circle 

• Moving "hole" display-indicator LED is dark, rest of 
bar lit 

• Drives vacuum-fluorescent and LCDs using added 
passive parts 

Dual-In-Line Package 

1 U 18 
LEONO.l - r- LEO NO,2 

2 17 
V- - r- LEO NO.3 

v+ .2. 16 r- LEO NO.4 

OIVIOER 4 
(LOWENO! -

15 r- LEO NO.5 

5 14 
SIGNAL INPUT - r- LEO NO.6 

(HI~~~~EO~ .! 13 r- LEO NO.7 

REFERENCE OUTPUT ..!. 12 r- LED NO.8 

REFERENCE AOJUST ..! ~ LEO NO.9 

9 10 
MODE SELECT - r- LED NO. 10 

TOP VIEW 

Order Number lM3914N 
See NS Package N18A 

Order Number lM3914J 
See NS Package J 18A 
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. LM3915 Dot/Bar Display Driver 

. General Description , 
The LM3915 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEOs, LCOs or 
vacuum fluorescent displays, providing a logarithmic 3 
dB/step analog display. One pin changes the display from 
a bar graph to a moving dot display. LED current drive is 
regulated and programmable, eliminating the need for 
current limiting resistors. The whole display system can'· 
operate from a single supply as low as 3V or as high as 
25V. 

The IC contains an adjustable voltage reference and an ' 
accurate ten·step voltage divider. The high·lmpedance in· 
put buffer accepts signals down to ground and up to 
within 1.5V of the positive supply. Further, it needs no pro­
tection against Inputs of ± 35V. The Input buffer drive~ 10 
individual compl;lrators referenced to the precision 
divider. Accuracy Is typically better than 1 dB. 

The LM3915's 3 dB/step display Is suited for signals with 
wide dynamic range, such as audio level, power, light in· 
tenSity or vibration. Audio applications include average 
or peak level indicators, power meters and RF signal 
strength meters. ReplaCing conventional meters with an 
LED bar graph results in a faster responding, more 
rugged display with high visibility that retains the ease of 
interpretation of an anaiog display. 

The LM3915 is extremely easy to apply. A 1.2V full·scale 
meter requires only one resistor in addition to the ten 
LEOs. One more resistor programs the full-scale 
anywhere from 1.2V to 12V Independent of supply voltage. 
LED brightness is easily controlled with a Single pot. 

The LM3915 Is very versatile. The outputs can drive LCOs, 
vacuum fluorescents and incandescent bulbs as well as 
LEOs of any color. Multiple devices can be cascaded for a 
dot or bar mode display with a range of 60 or !)O dB. 
LM3915s can also be cascaded with LM3914s for a 
IInear/iog display or with LM3916s for an extended-range 
VU meter. 

Features 
• 3 dB/step, 30 dB range 
• Drives LEOs, LCOs, or vacuum fluorescents 
• Bar or dot display mode externally selectable by user 
• Expandable to displays of 90 dB 
• Internal voltage reference from 1.2V to 12V 
• Operates with single supply of 3V to 25V 
.• Inputs operate down to ground 
• Output current programmable from 1 mA to 30 mA 
• Input withstands ± 35V without damage or false 

outputs . 

• Outputs are current regulated, open collectors 
• Directly drives TTL or CMOS 
• The internal 1O-step divider is floating and can be 

referenced to a wide range of voltages 

The LM3915 is rated for operation froni O·C to + 70 ·C. The 
LM3915N is available in an 18-lead molded DIP package 
and the LM3915J comes In the 18-lead ceramic DIP. 

Typical Applications ov to 10V Log Display 

.--
I /UI 
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/UI /UI 

I LED 
I NO.1 18 17 

Cl I 
TANT~~&~...L 
OR10I'F~ 
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I 
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L _____ 

VAEF=I.25V (:+:: )+A2X80,.A 12VT02tv 

12.5 VAEF 
ILED=-+--

AI 2.2 

/UI 

16 

v, 
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/UI /UI /UI 

15 14 13 

LM3915 

RLD SIG 

4 
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/UI 

12 

3V';;VLED';;Y+ 

/UI /UI 
LED 
NO.l0 

11 10 

Nola 1: Capacitor Cl Is required If leads to 
the LED supply are 6" or longer. 
Nol. 2: Circuit as shown Is wired for dot 
mode. For bar mode, connect pin 9 to pin 3. 
VLED must be kept below 7V or dropping 
resistor should be used to limit IC power 
dissipation. • 



Absolute Maximum Ratings 
I 

Power Dissipation (Note, 5) Input Signal Overvoltage (Note 3) :t35V 
Ceramic OIP(~) lW Divider Voltage -loomVtoV+ 
Molded OIP(N) 625mW Reference Load Current 10mA 

Supply Voltage 25V Storage Temperature Range -55'Cto + 150'C 
Voltage on Output Drivers ,25V Lead Temperature (Solderlng,10 seconds) 3OO'C 

Electrical' Characteristics (Note 1) 

Parameter I Conditions (Note 1) I Min I Typ I Max I Units 

Comparators 

Offset Voltage, Buffer and First , OV"'VRLO = VRHI",12V, 3 10 mV 
Comparator ILEO=1 rnA ' 

Offset Voltage, Buffer and Any Other OV"'VRLO = VRHI",12V, 3 15 mV 
Comparator ILEO=1 rnA 

Gain (AILEoiAVIN) IL(REF) = 2 rnA, ILED = 10 rnA 3 8 mAlmV 

Input Bias Current (at Pin 5) OV<VI~(V+ -1.5V) 10 50 nA 

Input Signal Overvoltage No Change in Display -35 35 V 

Voltage· Divider 

Divider ReSistance Total, Pin 6 to 4 15 22 30 kO 

Relative Accuracy (Input Change (Note 2) 2.0 3.0 4.0 dB 
I;!etween Any Two Threshold Points) 

Absolute Accuracy a,t Each Threshold Point (Note 2) 
VIN = -3, -6 dB -0.5 +0.5 dB 
VIN = -9 dB -0.5 +0.65 dB 
VIN = -12, -15, -18 dB -0.5 +1.0 dB 
VIN = -21, -24, -27 dB -0.5 +1.5 dB 

Voltage Reference 

Output Voltage 0.1 mA<IL(REF)"'4 rnA, 1.2 1.28 1.34 V 
V+ =VLEO =5V 

Line Regulation 3V<V+<18V 0.01 0.03 %N 

Load Regulation 0.1 mA",IL(REF)",4 rnA, 0.4 2 % 
V+ =VLEO =5V' 

Output Voltage Change with Temperature O·C"'TA< + 70·C, IL(REF) = 1 rnA, 1 % 
V+ =VLEO =5V 

Adjust Pin C'llrrent 75 120 ,.A 

Output Drivers 

LED Current V+ =VLEO =5V,IL(REF)=1 rnA 7 10 13 rnA 

LED Current Difference (Between Largest VLEO =5V,ILEO=2 rnA 0.12 0.4 rnA 
and Smallest LED Currents) VLEO =5V,ILEO=20 rnA 1.2 3 rnA 

LED Current Regulation 2V",VLEO",17V iLEO =2 rnA 0.1 0.25 rnA 
ILEO =20 rnA 1 3 rnA 

Dropout Voltage ILED(ON) = 20 rnA @ VLEO=5V, 1.5 V 

AILED = 2 rnA 

Saturation Voltage ILEO = 2.0 mA,IL(REF)=0.4 rnA 0.15 0.4 V 

Output Leakage, Each Collector Bar Mode (Note 4) 0.1 10 ,.A 

Output Leakage Dot Mode (Note 4) 
Pins 10-18 0.1 10 ,..A 
Pin 1 60 150 450 ,.A 

Supply Current 

V+ = +5V, IL(REF) =0.2 rnA 2.4 4.2 rnA 

V+ = +20V, IL(REF) = 1.0 rnA 6.1 9.2 rnA 
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Notes 
Note 1: Unless otherwise slaled, all specifications apply wllh Ihe following conditions: 

3VOG<V + ,,20VOC -0.015V"VRLO",2VOC TA = 25'C, Il(REF)= 0.2'mA, pin 9 connecled tp pin 3 (bar mode). 

3VOG<VLEO"V + VREF, VRHI, VRLQ«V + -1.5V) For higher power dissipations, pulse lestlng is used. 

-0.015V"VRHI",2VOC OV<VIN<V+ -1.5V 

Nole 2: Accuracy is measured re.erred 100 dB = + 10.000VOC al pin 5, wllh + 10.000VOC al pin 6, and O.OOOVOC al pin 4. AI lower 'ullscale vollages, buffer 
and comparator offset voltage may add significant error. See table for threshold Yoltages. 

Note 3: Pin 5 Inpul currenl musl be IImlled 10 ± 3 mAo The addition of a 39k reslslor in series with pin 5 allows ± l00V signals wlthoul damage. 

Note 4: Bar mode results when pin 915 within 20 mV o' V +. Dol mode results when pln.9ls pulled alleasl200 mV below V +. LED #10 (pin 10 oulput cumenl) 
Is disabled if pin 9 Is pulled O.9V or more below VLEO' . 
Note 5: The maximum juncllon lemperalure o' the LM3915Is l00'C, Devices musl be derated ior operation at elevaled temperature •. Junction to ambient 
t~ermal resistance is "'75'C/W for the ceramic DIP (J package) ahd 120'C/W for.lhe molded DIP (N package). " . 

THRESHOLD VOLTAGE (Note 2) 

! 
Output dB Min' Typ Max Output dB 

l' 27 0.422 0.447 0.531 6 , 12 
2 -:24 0.596 0.631 0.750 7 - 9 
3 ,-21 0.841 0.891 1.059 8 - 6 
4 -18 1.189 1.259 1.413 9 - 3 
5 -15 1.679 1.778 1.995 10 0 

Typical Performance Characteristics, 
Supply Current vs 
Temperature 
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Min Typ Max, 
2.372 2.512 2.819 
.3.350 3.548 .3.825 
4.732 5.012 5.309 
6.683 7.079 7.498 
9.985 10 10.015 

Reference Voltage vs" 
Temperature 
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Typical Performance Characteristics (Continued) 
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Common-Mode Limits Output Characteristics 
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Block Diagram (Showing Simplest Application) 
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Functional Description 
The simplified LM3915 block diagram is Included to give 
the general Idea of the circult'& operation. A high Input im­
pedance buffer operates with &ignals from ground to 12V, 
and. is protected agaln&t reverse and overvoltage signals. 
The signal Is then applied to a series of 10 comparators; 
each of which is biased to a different comparison level by , 
the resistor string. 

In the example Illustrated, the resistor string Is connected 
to the intemal 1.25V reference voltage. In this case, for 
each 3 dB that the input signal increases, a comparator 
will switch on another indicating LED. This resistor divider 
can be connected between any 2 voltages, providing that 
they are at least 1.5V below V+ and no lower than V-. 

Internal Voltage Reference 

The reference is designed to be adjustable and develops a 
nomlnal1.25V between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is Impressed 
across program resistor R1 and, since the voltage Is con­
stant, a constant current I, then flows through the output 
set resistor R2 giving an output voltage of: 

VOUT =VREF(1 + R2)+ IADJ R2 
R1 . 

I 
IL!' LM3914 ' I 

REF REF ...J 
OUT __ AOJ - - rs-r 7R,,' ~EF 8, , 8 

I ' 

VI ~IAOJ 

Since the 120 jjA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of, this current with V + and load 
changes. For correct operation, reference load, current 
should be between 80 jjA and 5 mAo Load capacitance 
should be less than 0.05 jAF. 

Current Programming I 

A feature not completely Illustrated by the block diagram 
Is the LED brightness control. The current drawn"out of 
the reference voltage pin (pin 7) determines LED current. 
Approximately 10 times this current will be drawn 
through each lighted LED, and ,this current will be 
relatively constant despite supply voltage, and tem­
perature ~ changes. Current drawn by the Interrial 
10-reslstor divider, as well as by the external current and 
voltage-setting divider should be included In calculating 
LED drive current. The ability to modulate LED brightness 
with time, or in proportion to input voltage and other 
signals can lead to a number of novel' displays or ways of 
Indicating Input overvoltages, alarms, etc. 

The LM3915 outputs are current-limited NPN transistors 
as shown below. An Internal feedback loop regulates the 
transistor drive. Output current Is held at about 10 times 
the reference load current, Independent of output voltage 
and processing variables, as long as the transistor Is not 
saturated. 
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LM3915 Output Circuit 
PIN I. PINS 10-18 

Outputs may be run in saturation with no adverse effects, 
making It possible to directly drive logic. The effective 
saturation resistance of the output transistors, equal to 
RE plus the transistqrs' collector resistance, is about 500. 
It's also possible to drive LEOs from recilfied AC with no 
filtering. To avoid oscillations, the LED supply sho'uld be 
bypassed with a 2.2 jAF tantalum or 10 jAF aluminum elec­
trolytiC capacitor. 

Mode Pin Use 

Pin 9, the Mode Select input, permits chaining of multiple 
LM3915s, and controls bar or dot mode operation. The 

, following tabulation shows the basic ways of using this 
Input. Other more complex uses will be illustrated In the 
applications. 

Bar Graph Display: Wlr.e Mode Select (pin 9) directly to 
pin 3 (V+ pin). 

Dot Display, Single LM3915 Driver: Leave the Mode 
Select pin open circuit. 

Dot Display, 20 or More LEOs: Connect pin 9 of the first 
driver In the series (I.e., the one with the lowest Input 
voltage comparison pointS) to pin 1 of the next higher 
LM3915 driver. Continue connecting pin 9 of lower In· 
put drivers to pin 1 of higher input drivers for 30 or more 
LED displays. The last LM3915 driver In the chain will 
have pin 9 left open. All previous drivers should have a 

, 20k, resistor In parallel with LED #9 (pin 11 to VLEO). 

Mode Pin Functional Description 
This pin actually performs two functions. Refer to the 
simplified block diagram below. 

Block Diagram of Mode Pin Function 
OUTPUT NO, 9 

CONTROLLED DRIVE { 
(FROM COMPARATORS) 

~I---+--+-I 

V-

• High for bar 



Mode Pin Functional Description (Continued) 

Dot or Bar Mode Selection 

The voltage at pin 9 is sensed by comparator C1, nom­
inally referenced to (V + -100 mV)_ The chip is in bar mode 
when pin 9 is above this level; otherwise it's in dot mode. 
The comparator is designed so that pin 9 can be left open 
circuit for dot mode. ' 

Taking into account comparator gain and variation in the 
100 mV reference level, pin 9 should be no more than 
20 mV below V + for bar mode and more than 200 mV 
belOW V + (or open circuit) for dot mode. In most applica­
tions, pin 9 is either open (dot mode) or tied to V + (bar 
mode). In bar mode, pin 9 should be connected directly to 
pin 3. Large currents drawn from the power supply (LED 
current, for example) should not share this path so that 
large IR drops are avoided. 

Dot Mode Carry 

In order for the display to make' sense when multiple 
LM3915s are cascaded in dot mode, special circuitry has 
been inciuded to shut off LED #10 of the first device when 
LED #1 of the second device comes on. The connection for 
cascading in dot mode has already been described and is 
depicted below. 

As long as the input signal voltage is below the threshold 
of the second LM3915, LED #11 is off. Pin 9 of LM3915 #1 
thus sees effectively an open circuit so the chip is in dot 
mode. As soon as the input voltage reaches the threshold 
of LED #11, pin 9 of LM3915 #1 is pulled an LED drop (1.5V 
or more) below VLED. This condition is sensed bY'com­
parator C2, referenced 600 mV below VLED. This forces the' 
output of C2 low, which shuts off output transistor 02, 
extinguishing LED #10. 

V LED is sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 /LA) that is diverted 
from LED #9 does not noticeably affect its intensity. 

An auxiliary current source at pin 1 keeps at least 100 p.A 
flowing through LED #11 even if the input voltage rises 
high enough to extinguish the LED.This ensures that pin 9 
of LM3915 #1 is held low enough to force LED #10 off when 
any higher LED is illuminated. While 100 p.A does not nor­
mally produce significant LED illumination, it may be 
noticeable when using high-efficiency LEOs in a dark en­
vironment. If this is bothersome, the simple cure is to 
shunt LED #11 with a 10k resistor. The 1V IR drop is more 
than the 900 mV worst case required to hold off LED #10 
yet small enough. that LED #11 does not conduct 
significantly. 

Other Device Characteristics 

The LM3915 is relatively low-powered itself, and since any 
number of LEOs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEDs OFF) is 1.6 mA (2.5 mA max). However, any reference 

\ loading adds 4 times that current drain to the V + (pin 3) 
supply input. For example, an LM3915 with a 1 mA 
reference pin load (1.3k) would supply almost 10 mA to 
every LED while drawing only 5.6 mA from its V + pin 
supply. At full-scale, the IC is typically drawing less than 
7% of the current supplied to the display. 

The display driver does not have built-in hysteresis so that 
the display does not jump Instantly from one LED to the 
next. Under rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An "overlap" is built in so that at no time are all segments 
completely off in the dot mode. Generally 1 LED fades in 
while the other fades out over a mV or more of range. The 
change may be much more rapid between LED #10 of one 
device and LED #1 of a second device "chained" to the 
first. 

Application Hints 
The most difficult problem occurs when large LED 
currents are being drawn, especially In bar graph mode. 
These currents flowing out of the ground pin cause 
voltage drops In external wiring, and thus errors and 
osciilations. Bringing the return wires from signal 
sources, reference ground and bottom of the resistor 
string to a single point very near pin 2 is the best solution. 

Long wires from VLED to LED anode common- can cause 
oscillations. Depending on the severity of the problem 
0.05 ,..F to 2.2 ,..F decoupllng capacitors from LED anode 
common to pin 2 will damp the circuit. If LED anode line 
wiring is inaccessible, often similar decoupling from pin 1 
to pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEDs 
light (dot mode), oscillation or excessive noise'is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations; V + voltage at pin 3 is usually 
below suggested limits. Expanded scale meter applica­
tions may have one or both ends of the internal voltage 
divider terminated at relatively high value resistors. These 
high-impedance ends should be bypassed to pin 2 with at 
lease a 0_001 ,..F capacitor, or up to 0.1 ,..F in noisy 
enVironments. , 

Cascading LM3915s in Dot Mode 

-
!Ok YLED 

u~, ,::~ , Ir':-J ., r~' r·,l} ., v. 
"lj ., r~ ,~, ,~:)j ., rl.~' ,;M, r:,lj , ,:~., r:'-J ., ,;::)j ., ,~, rf~ , ,~., ,flf ,;\7 , 

F-' fo" LED LED ' .; .: fo" ~~ED 
ND.1U NO.11 NO, 28 

NO.1 18 17 16 15 14 13 12 11 18 11 17 16 15 " 
'13 \ , 12 11 10 

LMl915 LM3915 ~;. 
NO.1 NO.2 l' REF REF REF REF 

V· Y+ RLD SIG RHI OUT ADJ MODE Y· v+ RLD SlG RHI OUT ADJ MODE 

L......Jl .g I' I' 15 16 P 18 • 1 .g P I' 15 16 P 18 I' 
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Application Hints (Continued) 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all LEOs 
programmed to 20 'rnA the driver will dissipate over 600 
mW.ln this case a 7.50 resistor in series with the LED sup­
ply will cut device heating' in half. The negative erid of the 
resistor should be bypassed with a 2.2 "F solid tantalum 
capacitor to pin 2 .. 

Tips on Rectifier Circuits 

The slmp'lest way to display an AC signal using the 
LM3915 Is to apply it right to pin 5 unrl!Ctified. Since the 
LED Illuminated represents the instantaneous value of 
the AC waveform, one can readily discern both peak and 
average values' of audio signals in this manner. The 
LM3915 will respond to positive half-cycles only but will 
not be damaged by signals up to ± 35V (or up to .± l00V if 
a 39k resistor Is in series with the input). It's recommend­
ed to use dot mode and to run the LEOs at 30 mA for high 
enough average intens'ity. 

True average or peak detection requires rectification. If an 
LM3915 is set up with 10V full scale across its vOltag'e 
divider, the turn-on point for the first LED is only 450 mY. A 
simple silicon diode rectifier won't '!'lark well at the low 
end due to the 600 mV diode threshold. The half-wave peak 
detector in Figure 1 uses a PNP emltter,follower in front of 
the diode. Now, the transistor's base-emitter voltage 
cancels out the dioCle offset, within 'about 100 mV. This ap­
proach Is usually satisfactory when a single LM3915 ,Is 
used for a 30 dB display. . ... 

v+ 15V TO 25V)· 

'in 
10k DI 

IN914 
R4 
Ik 

... -IH--1~-t-OUTPUT 

R3 
lOOk 

RZ 
1M 

"DC Couple' 

CI 

FIGURE 1. Half-Wave Peak Detector 

CZ 
0.47 

~ R4 M 
.-J ZOOk . 200k 

INPUT~ HP--..... W""""--t---'\M..-......... 

RI 
lOOk R2 

lOOk 
OUTPUT 

01,02: lN914 or lN4148 

FIGURE 3. Precision FUll-Wave Average Detector 

Display circuits using two or more LM3915s for a dynamic 
range of 60 dB or greater require more accurate detection. 
In the precision half-wave rectifier of Figure 2 the effective 
diode offset is reduced by a factor equal 10 the open-loop 
gain of the op amp. Filter capacitor 02 charges through 
A3 and discharges through A2 and A3, so that appropriate 
selection of these values results in either a peak or an 
average detector. The circuit has a gain equal to A2IAI. 

It's best to capacltlvely couple the input. Audio sources 
frequently have a: small DC offset that can cause signifl­
cailt error at the low end of the log display. Op amps that 
slew quickly, such as the I:.F351, LF353 or LF356, are need­
ed to faithfully respond to sudden transients. It may be 
necessary to trim out the op amp DC offset voltage to ac­
curately cover a 60 dB range. Best results are obtained If 
the circuit Is adjusted for the correct output when a low­
level AC signal (10 to 20 mV) is applied, rather than ad­
justing ,or zero o~tput with zero input. 

For precision, full-wave averaging use the circuit in 
Figure 3. Using 1% resistors 'for Al through A4, gain for 
positive and neg alive signal differs by only 0.5 dB worst 
case. Substituting 5% resistors increases this' to 2 dB 
worst case. (A 2 dB gain diflerence means that the display 
may have a ± 1 dB error when the input is a nonsym­
metrical transient). The averaging time constant Is A5· C2. 
A simple modification results In the precision full-wave 
detector of Figure 4. Since the filter.capacitor, is not buf­
fe'red, this circuit can drive only high imp.edance loads 
s~chas the input 6f ll-n L~3915. . 

CI 
I.F 

R2 
lOOk 

R3 
I. 

INPUr'-1·t-..,.."'"" .... --~~-~ 

FIGURE 2. Precision Half-Wave Rectifier 

CI 
O.Z R4 

R5 
200k 

RB. 
Ik 

-I ZOOk 
INPUT Hp--..... w"""" __ -t--.....,~--... 
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RI 
lOOk RZ 

lDOk 

01,02,03,04: lN914 or lN4148 

FIGURE 4, Precision Full-Wave Peak Detector' 



Application Hints (Continued) 

Cascading the LM3915 

r-s: 
!2 

To display signals of 60 or 90 dB dynamic range, multiple 
LM3915s can be easily cascaded. Alternatively, it is possi· 
ble to cascade an LM3915 with LM3914s for a logllinear 
display or with an LM3916 to get an extended range VU 
meter. 

signal to the lower LM3915 by 30 dB. Since two 1% c.n 

A simple, low cost approach to cascading two LM3915s is 
to set the reference voltages of the two chips 30 dB apart 
as in Figure 5. Potentiometer R1 is used to adjust the full 
scale voltage of LM3915 #1 to 316 mV nominally while the 
second Ie's reference is set at 10V by R4. The drawback of 
this method is that the threshold of LED #1 is only 14 mV 
and, since the LM3915 can have an offset voltage as high 
as 10 mV, large errors can occur. This technique is not 
recommended for 60 dB displays requiring good accuracy, 
at the first few display thresholds. 

A better approach shown in Figure 6 is to keep the 
reference at 10V for both LM3915s and ampl ify the input 

LM3915 
NO.1 

SIG 
REF REF 
OUT ADJ MODE 

R3 
lk 

resistors can set the amplifier gain within ± 0.2 dB, a gain 
trim is unnecessary. However, an op amp offset voltage of 
5 mV will shift the first LED threshold as much as 4 dB, so 
that an offset trim may be required. Note that a single ad· 
justment can null out offset in both the precision rectifier 
and the 30 dB gain stage. Alternatively, instead of amplify· 
ing, input signals of sufficient amplitude can be fed 
directly to the lower LM3915 and attenuated by 30 dB to 
drive the second LM3915. 

To extend this approach to get a 90 dB display, another 30 
dB of amplification must be placed in the signal path 
ahead of the lowest LM3915.Extreme care is required as 
the lowest LM3915 displays input signals down to 0.5 mV! 
Several offset nulls may pe required. High currents should 
not share the same path as the low level signal. Also 
power line wiring should be kept away from signal lines. 

\ 

LM3915 
NO.2 

R2 
210 

INPUT (lOV FULL SCALE) 

LM3915 
NO.1 

, FIGURE 5. Low Cost Circuit for 60 dB Display 

LM3915 
NO.2 

INPUT 
(lOV FULL SCALE) 

FIGURE 6. Improved Circuit for 60 dB Display 
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Application Hints (Continued) 

TIPS ON REFERENCE VOLTAGE 
AND LED CURRENT PROGRAMMING 

Single LM3915 

The equations in Figure 7 Illustrate how to choose 
resistor values to set reference voltage for the simple 
case where no LED Intensity adjustment Is required. A 
LED current of 10 mA to 20 mA generally produces ade­
quate illumination. Having 10V full·scale across the inter· 
nal voltage divider gives best accuracy by keeping signal 
level high relative to the offset voltage of the Internal com· 
parators. However, this causes 450 ~ to flow from pin 7 
Into the divider which means that the LED current will be 
at least 5 mAo R1 will typically be between 1 kO and 2 kO. To 
trim the reference voltage, vary R2. 

The circuit in Figure 8 shows how to add a LED intenSity 
control which can vary LED current from 9 mA to 28 mAo 

LM3915 

RLO 22k TVP RHI 
r- JVI,Irr,r .., 
I I 

Adjust R2 to vary VREF 

1.25V 
Pick Rl = -----­

ILEO - VREF/2.2 klI 

(VREF-l.25V) 
Pick R2= 

1.25V1Rl + 0.08 rnA 

FIGURE 7. Design Equations for Fixed LED Intensity 

LM3915 
NO.1 

REF 
RHI OUT 

R5 
5k 

REF 
AOJ MODE 

8 9 

The reference adjustment has some effect on LED Intensi· 
ty but the reverse is not true. 

Multiple LM3915s 

Figure 9 shows how to obtain a common reference trim 
and intenSity control for two LM3915s. The two ICs may be 
connected in cascade for a 60 dB display or may be han· 
dling separate channels for stereo. This technique can be 
extended for larger numbers of LM3915s by varying the 
values of R1, R2 and R3 in inverse proportion to the 
number of devices tied in. The ICs' internal references 
track within 100 mV so that worst case error from chip to 
chip Is only 0.1 dB for VREF = 10V. 

./ 

LM3915 

RLO 22k TVP RHI 
r- -'II'IIY- .., 
I I 

*9 mA<ILEo<29 mA.@VREF=10V 

FIGURES. Varying LED Intensity 

LM3915 
NO.2 

REF 
RHI OUT 

R6 
4.7k 

REFERENCE 
TRIM 

REF 
AOJ MODE 

R7 
5k 

R3 
11k 

R2 
5k 

8 9 

FIGURE 9. Independent Adjustment of Reference Voltage and LED IntenSity for Muitlple LM3915s 
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Application Hints (Continued) 

The scheme in Figure 10 is useful when the reference and 
LED intensi!y must be adjusted independently over a wide 
range. The RHI voltage can be'adjusted from 12V to 10V 
with no effect on LED current. Since the internal divider 
here does not load down the reference, minimum LED cur· 
rent is much lower. At the minimum recommended 
reference load of 80 /lA, LED current is about 0.8 rnA. The 
resistor values shown give a LED current range from 1.5 
rnA to 20 rnA. 

At the low end of the intensity adjustment, the voltage 
drop across the 510[1 current·sharing resistors is 50 small 
that chip to chip variation in reference voltage may yield a 
visible variation in LED intensity. The optional approach 
shown of connecting the bottom end of the intensity con­
trol pot to a negative supply overcomes this problem by 
allowing a larger voltage drop across the (larger) current­
sharing resistors. 

r -;;; l;;l;- -, 

I 
I 
I 
I 
I 

PIN 7 
,--...-.., 

I -15V I b.. ___ ~ 

lM3915 
NO.1 

• Optional circuit for improved Intensity 
matching at low currents. See text. ' -

Other Applications 
For increased resolution, it's possible to obtain a display 
with a smooth transition between LEOs. This is ac­
complished by varying the reference level at pin 6 by 3 
dBp-p as shown in Figure 11. The signal can be a triangle, 
sawtooth or sine wave from 60 Hz to 1 kHz. The display can 
be run in either dot or bar mode. 

When an exponentially decaying RC discharge waveform 
is applied to pin 5, the LM3915's outputs will switch at 
equal intervals. This makes a simple timer or sequencer. 
Each time interval is equal to RC/3. The output may be 
used to drive logic, opta-couplers, relays or PNP tran· 
sistors, for example. 

lM3915 
NO.2 

510 

FIGURE 10. Wlde·Range Adjustment of Reference Voltage and LED Intensity for Multiple LM3915s 

INPUT 
(OVTO 10V) 

lM3915 

7.5k 

3.5Vp-p 
BOHzTO 1kHz 

FIGURE 11. OV to 10V Log Display with Smooth Transitions 
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Typical Applications (Continued) 
Extended Range VU Meter 

LED 
NO.1 

lN4DOl 

)j L-.... *"_~.,.. __ .., Tl: 6.3 VAC CENTER·TAPPED 
+ 

~'.' 

lM39'6 LM391& 

MODE 

'----+--t------.... --------.... ----It----+---~o-vt(1ZVT02DYI 
f10V FULL SCAlEI*'-... -+-------------------....J ., 

s.m. ,. 
This application shows that the LED supply 
r.equlres minimal filtering. '-_______________________ ~~g; 

.. See Application Hints for optional Peak 
or Average Detector. 

t Adiust R3 for 3 dB difference between 
LED #11 and LED #12 

Vibration Meter. 

R4 

" .. 

r--.... -, .... -,,.... ..... -:-<t--:-.... -: .... -,,.......,.~p__:_ ... _: .... - ... I3VTD "VI 

WlfLED 

LED 
NO.1 

LED 
NO.1 

-;r'" ~PIEZOELEtTRIC J TIIANSDUCER 

'/ - NO.l0 

Ik 

'M 

LED Threshold 
1 60mV 

2 80mV 

3 HOmV 

4 180·mV 

5 220 mV 

6 320 mV 

7 440 mV 

8 830 mV 

9 890 mV 

10 1.25 V 

Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 

, III ~ 'Ill , III ~ , III ~ , III ~ , III ~ , III ~ , III ~ 'Ill 
18 17 16 " 14 13 12 11 

lM3915 

REf REF 
v' RLO SID RHI OUT AOJ 
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"BRIGHTNESS" 
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... 3V 

'Ill 120 

'" 
LED 

15k "'01 
~ 

NO. to ,., ,. 
'N"~ IN914 

DOT·BAR* 
SWITCK Uk 

MODE 
'= • 

• The input to the dot bar s witch may be 
her LEOs. taken from cathodes of ot 

Display will change to bar 
LED so selected begins to 

as soon as the 
light. 

•• 0 tional. Shunts'1oo a p JJA. uxillary 
sink current away from LED #1. 



Typical Applications (Continued) 

-" -54 -51 .... .... ... , -39 -3B 

60 dB Dot Mode Display 

R. 
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~-JO 
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• Optional. Shunts 100 pA auxiliary .~ sink current away from LED '11. 
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• Half-wave peak detector. 
See Application Hints. 
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Typical Applications (Continued) , ' 
Low Current Bar Mode Display 

~ ~ 
(22VTD~H~I-9"'*"'.H,,",M .... IHH~ ...... * .... H,,",M"'.+-WND.IO 

Z&V) 

~ 
LEO 

NO.1 

, LM3915 

+ -:rz'Z 

Supply current drain Is only 15 mA with len 
LEOs IIlumlnaled. 

IN40DI 

~M~ 'M~ foo' • 'M~ .. ' 
18 11 

'( , 

Driving Liquid Crystal Display 
LIQUID CRYSTAL BAR GRAPH 

ZZ~F 

Bar Display with Alarm Flasher 

~M~ 'M~ .. ' 'M~ till ~ ~1lI ~ 
16 1& 14 13 12 

LM3815 

10k 

'1lI~ 
f-

11 

.. 

10 
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ADI MODE 

100 

, III 
Fr~o 
NO. 10 

10 

DOT 

BAR 

RI 
Ik 

;~ 

VLED 5V 

CI 
100.F, 

~ RLO SIG RHI REF OUT REF ADI MOOE 

---.JI -¥ 3 

* 
1,& 6 7 -¥ 9 

Fujl·scale causes Ihe full bar display 10 
I 

flash. " Ihe' Juncllon of Rl and Cl Is 470 

connected to a different LED cathode, the Uk 

display will flash when Ihat LED lights, and _ .. ' 
al any higher Input signal. 

,9-132 



Typical Applications (Continued) 

II' (5V TO 18Y) 
Precision Null Meter 

+ 
2.2~ 

LED 
NO. 11 

LEO 
NO.1 

INPUT _ V-

(-5VTO -18V) 

LM3915 

LM3915 

Uk 

V-
1-5V TO -18V) 

Logarithmic response allows coarse and 
fine adjustments without changing scale. 

Resolution ranges from 10 mV at VIN =0 to 
500 mV al VIN: ± 1.25V. 

Operating with a High Voltage Supply (Dot Mode Only) 
48V 

Uk Uk 
lW lW 

lN4002 

N N 

LED 
NO.1 18 

3.4V· 

The LED currents are approxlmalely 
10 mA, and the LM3915 oulputs operate 
in saturation for minimum dissipation . 

• This point Is partially regulated and 
decreases in voltage with temperature. 
Voltage requirements of the LM3915 also 
decrease with tef!1perature. 

N 

11 

N N N N N N !If 

LEO 
NO. 10 

16 15 14 13 12 II 10 

LM3915 . 

620 
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Typical Applications .(Continued) 

LEO, 
NO.1 

OFF 

~N 
-=-8V 

~ 

+ 

Light Meter 
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LMl915 LM3915 

REF REF REF REF 
v- II' RLO SIG RHI OUT AOJ MODE V- v' RLO SIG RHI OUT AOJ MODE 

L....J' -¥ 3 4 5 6 
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• Resistor value selects exposure 
1/2 !/stop resolution 

lM308 6 
Ten !/stop ran'ge (1000:1) ~ ~~ . <<.~ ~ . LM308A 8' 

3+ 4 ;'OO'F 

lYplcal supply current Is 8 rnA. 

3 + I 

4 rlDDPF 

Audio Power Meter 

D.2W O.4W O.8W I.BW 3W 

R' 

6W 13W 25W sow l00w 

lM3915 

R2 
2.7k 

'2VT020V 

Connection Diagram 
Dual·ln·Llne Package 

LEO NO. t 18 LEDND.t 

V- 11 LEO NO.3 

v' 16 LEDND.C 

DIVIDER 4 .5 
!LOW END) LEONO.S 

", SIGNAL INPUT LED NO.& 

DIVIDER • 13 LED NO.7 
(HIGH END) 

REFERENCE OUTPUT 12 LEONO.B 

REFERENCE ADJUST 11 LEDND,B 

.0 
MODE SELECT LED NO.tO 

YOPVIEW 

LOUDSPEAKER 
Order Number LM3915J 
See NS Package J18A 

Order Number LM3915N 
See NS Packag!, N18A 

R2 
'Ole 

Load Rl 
Impedance 

40 10k. 

Bn 18k 

IBn 30k 

See Application Hints for optional Peak or 
Average Detector 
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Definition of Terms 
Absolute Accuracy: The difference between the observed 
threshold voltage and the ideal threshold voltage for 
each comparator. Specified and tested with 10V across 
the internal voltage divider so that resistor ratio match· 
ing error predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output cur· 
rent (ILEO) to the change in input voltage (VIN) required to 
produce it for a comparator in the linear region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current fall 
by 10%. 

Input Bias Current: Current flowing out of the signal input 
when the input buffer is in the linear region. 

LED Current Regulation: The cha~ge in output current 
over the specified range of LED supply voltage (VLEO) as 
measured at the current source outputs. As the forward 

voltage of an LED does not change significantly with a 
small change in forward current. this is equivalent to 
changing the voltage at the LED anodes by the same 
amount. 

Line Regulation: The average change in reference output 
voltage (VREF) over the specified range of supply voltage 
(V+). 

Load Regulation: The change in reference output voltage 
over the specified range of load current (Il(REF))' 

Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage 
across the internal voltage divider is small. Specified and 
tested with pin 6 voltage (VRHI) equal to pin 4 voltage 
(VRLO)' 

Relative Accuracy: The difference between any two adja­
cent threshold points. Specified and tested with ,10V 
across the internal voltage divider so that resistor ratio 
matching error predominates over comparator offset 
voltage. 
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~National· 
~ Semiconductor 

I ndustrial/Automotivel Functional 
Blopks/Telecommunications 

LM13600/LM13600AlLM11600A Dual Operational 
Transconductance Amplifiers With Linearizing Diodes 
and Buffers 

General Description 
The LM13600 series consists of two current 
controlled transconductance amplifiers each 
with differential inputs and a push pull output. 
The two amplifiers share common supplies but 
otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce 
distortion and allow higher input levels. The 
results is a 10 dB signal·to-noise improvement 
referenced to 0.5 percent THO. Controlled im­
pedance buffers are provided which are 
especially designed to complement the 
dynamic range of the amplifiers. 

Features 
• gm adjustable over 6 decades 

Schematic and Connection Diagrams 
ONE OPERATIONAL TRANSCONDUCTANCE AMPLifiER 

OlODEBIAS~..--l_~=;---1 
2,15 

-INPUT 
4,13 

AMP81AS 

INP~~6~-.--n 

AMP 
DUAL IN· LINE PACKAGE TOP VIEW 

• Excellent gm linearity 
• Excellent matching between amplifiers 
• Linearizing diodes 
• Controlled impedence buffers 
• High output signal to noise ratio 
• Wide supply range ± 2V to ± 22V. 

Applications 
• Current controlled amplifiers 
it Current controlled impedances 
• Current controlled filters 
• Current controlled oscillators 
•. Multiplexers 
• Timers 
• Sample and hold circuits 

BUFFER 
OUTPUT 8,9 

BIAS DIODE INPUT INPUT BUFFER 
BIAS (t) H y+ INPUT 

AMP DIODE INPUT INPUT OUTPUT V- BUFFER BUFFER 
BIAS BIAS It) H INPUT OUTPUT 

INPUT 
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Order Number LM11600AJ 
See NS Package J16A 

Order Number LM13600N 
or LM13600AN 

See NS Package N16A 



Absolute Maximum Ratings 
Supply Voltage (Note 1) 

LM13600 36VDcor ±16V 
LM13600A, LM11600A 44VDcor ±22V 

Power Dissipation (Note 2) T A = 25" C 
LM13600N, LM13600AN 570mW 
LMI3600J, LM11600AJ 600mW 

Differential Input Voltage ±5V 
Diode Bias Current (10) 2mA 
Ampillier Bias Current (IABC) 2mA 
Output Short Circuit Duration Indelinite 
Buffer Output Current (Note 3) 20mA 
Operating Temperature Range 

LM13600N, LM13600AN, LM13600J 0" Cto +70" C 
LM11600AJ -55" C to + 125" C 

DC InputVoltage +Vsto-VS 
Storage Temperature Range -65" C to + 150" C 
Lead Temperature (Soldering, 10 Seconds) 300" C 

Electrical Characteristics (Note 4) 

Parameters Conditions LM13600 LM13600A LMl1600A 

Min 'Typ Max Min Typ Max Units 

Input Offset Voltag~ (Vas) 0.4 5· 0.4 2 mV 
Over Specified Temperature Range 5 mV 

IABC 5 ~A 0.3 5 0.3 2 mV 
Vas Including Diodes Diode Bias Current (10) = 500 ~A 0.5 5 0.5 2 mV 
Input Offset Change 5 ~A '" IABC '" 500 ~A 0.1 0.1 3 mV 
Input Offset Current 0.1 0.6 0.1 0.6 ~ 
Input Bias Current 0.4 5 0.4 5 ~A 

Over Specified Temperature Range 1 6 1 7 ~A 

Forward 
Transconductance(gm) 6700 9600 13000 7700 9600 12000 ~mho 

Over specified Temp Range 5400 4000 Itmho 
gm Tracking 0.3 0.3 dB 

Peak Output Current RL= 0, IABC = 5~ 5 3 5 7 ~A 

RL= 0, IABC = 500 ~A 350 500 650 350 500 650 ~A 

RL = 0, Over Specified Temp Range 300 300 ~A 

Peak Output Voltage 
Positive RL=<», 5 ~A '" IABC'" 500 ~A +12 +14.2 +12 + 14.2 V 
Negative RL=<», 5 ~A '" IABC'" 500 ~A -12 -14.4 -12 -14.4 V 

Supply Current IABC=500~A,Both Channels 2.6 2.6 mA 

Vas Sensitivity 
Positive D Vasil'; V+ 20 150 20 150 ~VIV 

Negl;ltive D Vasil'; V- 20 150 20 150 ~VIV 

CMRR 60 110 60 110 dB 

Common Mode Range ±12 ±13.5 ±12 ±13.5 V 
Crosstalk Referred to Input (Note 5) 

20 Hz < f < 20 KHz 100 100 dB 
Diff.lnput Current IABC=O, Input = ±4 V 0.02 100 0.02 10 nA 
Leakage Current IABC = 0 (Refer To Test Circuit) 0.2 100 0.2 5 nA 
Input Resistance 10 26 10 26 KG 
Open Loop Bandwith 2 2 MHz 

Slew Rate Unity Gain Compensated 50 50 VI~Sec 

Buff. Input Current· (Note 5) 0.4 5 0.4 5 ~A 

Peak Buffer Output Voltage (NoteS) 10 10 V 

Note 1. For selections to a supply voltage above ± 22V, contact factory. 
Note 2_ For operating at high temperatures, the device must be derated based on a 150" C maximum junction temperature and a thermal 
resistance of 175" CIW which applies for the device soldered in a printed circuit board, operating in still air. 

Note 3. Buffer output current should be limited so as to not exceed package dissipation. 
Note 4. These speCificationslapply lor Vs = ± 15 V, TA = 25" C, amplifier bias current (lABC) = 500~A,· pins 2 and 15 open unless 
otherwise specilled. The inputs to the buflers are grounded and outputs are open. 
Note 5. These specifications apply lor Vs = ± 15V, IABC = 500 ~A, ROUT = 5 K {l connected Irom the buller output to - Vs and the 
input of the buller is connected to the transconductance amplifier output. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Cont'd) 
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Circuit Description 
The differential transistor pair 04 and Os form a 
transconductance stage in that the ratio of their 
collector currents is defined by the differential 
input voltage according to the transfer func­
tion: 

KT 15 
VIN~- In-

q 14 (1) 

where VIN is the differential input voltage, KT/q 
is approximately 26 mV at 2S0 C and IS and 14 
are the collector currents of transistors Os and 
04 respectively. With the exception of 03 and 
013, all transistors and diodes are identical in 

, size. Trailsistors01 and 02 with Diode 01 form 
a current mirror which forces the sum of cur­
rents 14 and IS to equaIIABC;. 

(2) 

where IABC is the amplifier bias current applied 
to the gain pin. . 

For small differential input voltages the ratio of 
14 and !5 approaches unity and the Tayler series 
of the In function can be approximated as: 

(3) 

(4) 

Collector currents 14 and IS are not very useful 
by themselves and it is necessary to subtract 
one current from the other. The remaining tran­
sistors and diodes form three current mirrors 
that produce an output current equal to IS minus 
14 thus: 

= lOUT (S) 

The term in brackets is then the transconduc­
tance of the amplifier and is proportional to 
IABC· 

Linearizing Diodes 
For differential voltages greater than a few 
millivolts, Equation 3 becomes less valid and 
the transconductance· becomes increasingly 
nonlinear. Figure 1 demonstrates how the inter­
nal diodes can linearize the transfer function of 
the amplifier. For convenience assume the 
diodes are biased with current sources and the 
input signal is in the form of current IS. Since 
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ID-IS 10+IS 
2" T 

'SDJ 

'0 T 

Figure 1. Linearizing Diodes 

the sum of 14 and IS is IABC and the difference 
is lOUT, currents 14 and IS can be written as 
follows: 

lOUT 

2 

Since the diodes and the input transistors have 
identical geometries and are subject to similar 
voltages and temperatures, the following is 
true: 

ID 

"2+ IS KT I ___ 
q n ID _ IS 

"2 

• . (2IABC\ 
•• lout = IS -I-D-; 

IABC lout 

2 
+-

KT In 
2 

q IABC lout 
-2- - ""2 

for liS I < ID (6) 
2 

Notice that in deriving Equation 6 no 
approximations have been made and there are 
no temperature dependent terms. The limita­
tions are that the signal current not exceed 10/2 
and that the diodes be biased with currents. In 
practice, replacing the current sources with 
resistors will generate insignificant errors. 

Controlled Impedance Buffers 
The upper limit of transconductance is defined 
by the maximum value of IABC (2 mAl. The 
low'est value of IABC for which the amplifier will 
function therefore determines the overall 
dynamic range. At very low values of IABC, a 
buffer which has very low input bias current is 
desirable. A FET follower satisfies the low input 
current requirement, but is some what; non­
linear for large voltage swing. The controlled 
impedance buffer is a Darlington which 
modifies its input bias current to suit the need. 
For low values of IABC, the buffer's input 
current is minimal. At higher levels of IABC, 
transistor 03 biases up Q12with a current pro­
portional to IABC for fast slew rate. 



ApplicationslV oltage 
Controlled Amplifiers 
Figure 2 shows how the iinearizing diodes can 
be used in a voltage controlled amplifier. To 
understand the input biasing, it is best to 
consider the 13 KD resistor as a current source 
and use a Therenin equivalent circuit as shown 
in Figure 3. This circuit is similar to Figure 1 
and operates the same. The potentiometer in 
Figure 2 is adjusted to minimize the effects of 
the control signal at the output. 

For optimum signal-to-noise performance, 
IABC should be as large as possible as shown 
by the Output Voltage vs.Amplifier BiasCurrtimt 
graph. Larger amplitudes of input signal also 
improve the SIN ratio. The linearizing diodes 

+vs 

help here by allowing larger input signals for 
the same output distortion as shown by the 
Oistortion vs. Oifferential Input Voltage graph. 
SIN may be optimized by adjusting the 
magnitude of the input signal via RIN (Figure 
2)until the output distortion is below some 
desired level. The output voltage swing can 
then be set at any level by selecting RL. 

Although the noise contribution of the lineariz­
ing diodes is negligible relative to the contribu­
tion of the amplifier's internal transistors, 10 
should be as large as possible. This minimizes 
the dynamic junction resistance of the diodes 
(re) and maximizes their linearizing action when 
balanced against RIN. A value of 1 rnA is recom­
mended for 10 unless the specific application 
demands otherwise. 

3D K 
GAIN 

'---~"V\r----O CONTROL 

J IABC 

........... -'" OUTPUT 

-vs 

Figure. 2 Voltage Controlled Amplifier 

+ 10 ... 
lOUT = IS ell:BC) 04- ... lOUT = 15-14· 

10-IS 10+IS 
2" 2" 

03 

-vs 
~----------------------------~ \ 

Figure 3. Equivalent VCA Input Circuit 
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Stereo Volume Control 
The circuit of Figure 4 uses the excellent 
matching of the two LM13600 amplifiers to pro­
vide a Stereo Volume Cqntrol with a typical' 
channel-ta-channel gain tracking of 0.3 dB. Rp 
Is provided to minimize the output offset 
voltage and may be replaced with two 5100 
resistQrs in AC-coupled applications. For the 
compQnent values given, amplifier gain is deriv-
ed from Figure 2 as being: . , 

Va 
V,N := 940 x 'ABC 

,If Vc is derived from a second signal source 
then the circuit becomes an amplitude 
modulator or twa-quli!drant multiplier as shown 
in Figure 5, where: 

21S (V-+1.4 VI 

10 Re 

\ 

The constant term in the above equation may 
be cancelled by f~eding IS x IORcl2(V-+1.4V) in­
to la.The circuit of Figure 6 adds RM t9 provide 

Figure 4. Stereo Volume Control 

IABC 
MOOULA~::~ o-____ Jl./30,,-KIy-__ =-___ -o 

RC 

VIN,o-Jl./V'v""--'---o--I Vo 
CARRIER 

Figure 5. Amplitude Modulator 

50 K 

Figure 6_ Four·Quadrant Multiplier 
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this current, resulting in a four-quadrant 
multiplier where RC is trimmed such that 
Vo = OV for VIN2 = OV. RM also serves as the 
load resistor for 10. 

Noting that the gain of the LM13600 amplifier of 
Figure 3 may be controlled by varying the 
linearizing diode current 10 as well as by varying 
IABC, Figure 7 shows an AGC Amplifier using 
this approach. As Vo reaches a- high enough 
amplitude (3VBE) to turn on the Darlington tran· 
sistors and the linearizing diodes, the increase in 
10 reduces the amplifier gain so as to hold Vo at 
that level. 

Voltage Controlled Resistors 
An Operational Transconductance Amplifier 
(OTA) may be used to implement a Voltage Con· 
trolled Resistor as shown in Figure 8. A signal 

VIN o-'V\/'v-...... --<H 

3D K 

voltage applied at RX generates a VIN to the 
LM13600 which is then multiplied by the gm of 
the amplifier to produce an output current, thus: 

where gm ~ 19.21ABC at 25°C. Note that the 
attenuation of Vo by Rand RA is necessary to 
maintain VIN within the linear range of the 
LM13600 input. -

Figure 9 shows a similar VCR where the linear­
izing diodes are added, essentially improving the 
noise performance of ttJe resistor. A floating VCR 

7. AGC Amplifier 
3D K 

+1SV 

200n 

10K 
........ -_.......'\/\/1.,-0-15 V 

Figure B. Voltage Controlled Resistor,iSingle-Ended 

15' 3D K 

+15V 

10K 
"--...---'VV'v-o-15 v 

Figure 9_ Voltage Controlled Resistor With Linearizing Diodes 
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is shown in ,Figure 10, where each "end" of the 
"resistor" may be at any voltage within the output 
voltage range of the LM13600. 

Voltage Controlled Filters 

, OTA's are extremely useful for 'implementing 
voltage controlled filters, with the LM13600 

100 K 

2R 
L----------O RX =--

gm RA 

having the advantage that the required buffers 
are included on the I.C. The VC Lo·Pass Filter of 
Figure 11 performs as a unlty·gain buffer ampli· 
fier at frequencies below cut·off, with the cut·off 
frequency being the point at which Xc/gm equals 
the closed·loop gain of (R/RA). At frequencies 
above cut·'off the circuit provides asingle RC roll· 
off (6 dB per octave) of the input signal amplitude 
with a-3 dB point defined by the given equation, 

100 K 

, Figure 10. Floating Voltage Controlled Resistor 

VIN 

+15 V 

30 K 

\r--<lVc 

--Q~uVo 

10 K 

f.=RADm 
(R+RAI21!C 

-15 V 

Figure 11. Voltage Controlled Low·Pass Filter 
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where gm is aga"in 19.2 x IABC at room tempera· 
ture. Figure 12 shows a VC High·Pass Ffiter 
which operates in much the same manner, pro· 
viding a single RC roll·off below the defined cut­
off frequency. 

Additional amplifiers may be used to implement 

10 K >--'\.M.r-<_-O--I 

(vos) 
\NULL 

higher order filters as demonstrated by the two­
pole Butterworth La-Pass Filter of Figure 13 and 
the state variable filter of Figure 14. Due to the 
excellent gm tracking of the two amplifiers and 
the varied bias of the buffer Darlingtons, these 
filters perform well over several decades of 
frequency. 

3D K 

Vo 
fo,.R~gm 

(R+RAI21rC 

-15 V 

Figure 12. Voltage Controlled Hi-Pass Filter 

15. 
vco---------'w'v-. 

100 K 

Vo 

10DIlf 
10K 

-15 V 

Figure 13_ Voltage Controlled 2-pole Butterworth Lo·Pass FiI~er 

20' 

1O' 
~--77------~-O-~~~~Vc 

BANDPASS OUT 

LD-PASS 
OUT 

Figure 14. Voltage Controlled State Variable Filter 
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Voltage 'Controlled Oscillators 

The classic Triangul"ar/Square Wav.e VCO of 
Figure 1~ is one of a viuiety of Voltage Controlled 
Oscillators which may be built utilizing the 
LM13600. With the component values shown, 
this oscillator provides signals from 200 kHz to 
below 2 Hzas IC is varied from 1mA to 10nA. The 
output amplitudes are set by IA x RA. Note that 
the peak differential input voltage must be less 
than 5 volts to.prevent zenerlng the inputs. 

A few modifications to this circuit produce the 
ramp/pulse VCO of Figure 16. When VC)2 is high, 

v, 

3D. 

IF is added to IC to increase amplifier A1's bias 
current and thus to increase the charging rate of, 
capacitor C. When V02 is low, I F goes to z~ro and 
the capacitor discharge current is set bY'IC. 

The VC Lo-Pass Filterof Figure 11 may be used to 
produce a high-quality sinusoidal VCO. The cir­
cuit of Figure 16 employs two LM13600 
packages, with three of the amplifiers configured 
as lo-pass filters and the fourth as a limiter/­
inverter. The circuit oscillates at the frequency at 
which the loop phase-shift is 360· or 180· forthe 
inverter and 60· per filter stage. This VCO 
operates from 5 Hz to 50 kHz with less than 1 % 
THO. 

+15 V 

S1. 

Figure 15_ Triangular/Square-Wave VCO -:-

!.;!. 
v,o-~~~~Ar----------------------~ 

SilK 30 K 

-15V 

~DO K 

" Figure 16_ Ramp/Pulse veo 
JO. 

".0--1-'"'-'''''""" ....... -----------------'1 

Figure 17. Sinusoidal veo 
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10 K 

o--,\N\,--+-oOVc 

Vo 

-15 V 

Figure 18. Single Amplifier veo 
Figure 18 shows how to build a veo using one 
amplifier when the other amplifier is needed for 
another function. 

Additional Applications 
Figure 19 presents an interesting one-shot which 
draws no power supply current until it is trig· 
gered. A positive-going trigger pulse of at least 
2V amplitude turns on the amplifier through RS 
and pulls the non·inverting input high. The 
amplifier regenerates and latches its output high 
until capacitor e charges to the voltage level on 
the non·inverting input. The output then 
switches low, turning off the amplifier and 
discharging the capacitor. The capacitor 
discharge rate is speeded up by shorting the 
diode bias pin to the inverting input so that an 
additional discharge current flows through DI 
when the amplifier output switches low. A 
special feature of this timer is that the other 
amplHier, when biased from VO, can perform 
another function and draw zero stand-by power 
as well. 

The operation of the multiplexer of Figure 20 is 
very straightforward. When A1 is turned on it 
holds Vo equal to VIN1 and when A2 is 
supplied with bias current then it controls VO. 
ee and Re serve to stabilize the unity-gain 

10 K 
VINo-_--'\/II\r----....J 

S 
r.-------"'>/IO"'Kr--R-. -.....-l~TRIGGER 

1/-1F Ie ,D.01pF 1 K I 

]t 

Figure 19. Zero Stand·by Power Timer 

12K 

+ 12 V 

10K 

Figure 20. Multiplexer -12V 

configuration of amplifiers A 1 and A2. The max­
imum clock rate is limited to about 200 KHz by 
the LM13600 slew rate into 150 pF when the 
(VIN1-VIN2) differential is at its maximum 
allowable value of 5 volts. 

The Phase· Locked Loop of Figure 21 uses the 
four-quadrant multiplier of Figure 6 and the 
Veo of Figure 18 to produce a PLL with a ± 5% 
hold-in range and an input sensitivity of about 
300 mV. 

10 K 

30 K 

• 3 K 

-15 V 

Vo 
IC~' KHz 
±5% 
HOLD IN 
RANGE 

Figure 21. Phase Lock Loop 
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The Schmitt Trigger of Figure 22 uses the 
amplifier output current into R to set the 
hysteresis of the comparator; thus VH = 2 x R X 

82 K 

VIN 

Vo 

10 K 

-5 V 
R 10 K VH '" 2V 

Figure 22. Schmitt Trigger 

JJ K .1 

lB. Varying 18 will produce a Schmitt Trigger 
with variable hysteresis. 
Figure 23 shows a Tachometer or Frequency-to· 
Voltage converter. Whenever A 1 is toggled by a 
positive-going input, an amount of charge equal 
to (VH-VLJ Ct is sourced into Cf and Rt. This 
once per cycle charge is then balanced by the 
current of VO/Rt. The maximum FIN is limited 
by the amount of time required to charge Ct 
from VL to VH with a current of IB, where VL 
and VH represent the maximum low arid max· 
imum high output voltage swing of the 
LM13600. 01 is added to provide a discharge 
path for Ct when A1 switches low. 

The Peak Detector of Figure 24 uses A2 to turn 
on A1 whenever VIN becomes more positive 
than Vo. A1 then charges storage'capacitor C 
to hold Vo equal to VIN PK. One precaution to 
observe wh"en using this circuit: the Darlington 
transistor used must be on the same side of 
the package as A2 since the A1 Darlington will 
be turned on and off with A 1. Pulling the output 
of A2 low through 01 serves to turn off A 1 so 
that Vo remains constant. 

IN914 

-15 V 

I-'-cr--oVo'" 10mVX.!!!!. 
Hz 

Rt 
36 K 

Figure 23. Tachometer 

.f'15 V r--l PEAK DETECT 
-15 V ~ L ~--''''--'--~ 

HOLD ' 
IN914 

30 K +15V 

• ...... -c:I-------O Vo 

10 K -15 V 

Figure 24. Peak Detector and Hold Circuit 
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The Sample-Hold circuit of 'Figure 25 also re­
quires that the Darlington buffer used be from 
the other (A2) half of the package and that the 
corresponding amplifier be biased on con­
tinuously. 

V,N 

10K A SAMPLE 
O-'VV\r---<l_5 HOLO 

CCI1DODPf 
Rc loon 

Vo 

1 K 

-5 V 

Figure 25. Sample·Hold Circuit 

Jl5V 
-5V 

RAMP 
ENABLE 

431 !. 

.5V 

+15V 

-5V 

The Ramp-and-Hold of Figure 26 sources 18 
into capacitor C whenever the input to A1 is 
brought high, giving a ramp-rate of about IV/ms 
for the component values shown. 
The true RMS converter of Figure 27 is essen­
tially an automatic gain control amplifier which 
adjusts its gain such that the AC power at the 
output of amplifier A 1 is constant. The output 
power of amplifier A1 is monitored by squaring 
amplifier A2 and the average compared to a 
reference voltage with amplifier A3. The output 
of A3 provides bias current to the diodes of Ai 
to attenuate the input signal. Because the out­
put power of A 1 is held constant, the RMS value 
is constant and the attentuation is directly pro­
portiQ.nal to the RMS value of the input voltage. 
The attenuation is'alsoproportional to the diode 
bias CUirent. Amplifier A4 adjusts the ratio of 
currents through the diodes to be equal and 
therefore the voltage at the output of A4 is pro­
portional to the RMS value of the input voltage. 
The calibration potentiometer is set such that 
Va reads directly in RMS volts. 

RAMP 
UP 

CI D.2J.Lf 

Figure 26. Ramp and Hold 
5 K 12 K 

O.II'~ 

vlNo-j t+''V)(l~+H 

-15 V 

Vo 0------1_-< 
~1 % ACCURATE 

2 K 

1.2 K 10 
,..-JV\I"v-_-'V\I\r-o +15 V 

; Figure 27~ True RMS Converter 
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The circuit of Figure 28 is a voltage reference of 
variable Temperature Coefficient. The 100 KO 
potentiometer adjusts the output voltage which 
has a positive TC above 1.2 volts, zero TC at 
about 1.2 volts and negative TC below 1.2 volts. 
This is accomplished by balancing the TC of 
the A2 transfer function against the com­
plementary TC of 01 

+15V 

30K 

3&0 K 

1 K 

100 K 

The log amplifier· of Figure 29 responds'to the 
ratio of current thru buffer transistors 03 and 
04. Zero temperature dependence for VOUT is 
ensured in that the TC of the A2 transfer func­
tion is equal and opposite to the TC of the log­
ging transistors 03 and 04. 

180 K 
+15 V D-.J\J""--<'I +15V 

VOUT 
~1.2 

lOOK 

-15 V 

Figure 28. Delta·VBE Reference 

-VIN -VREF 

_ (2 Vs - 1.2 V) (R4) (R6) In 
Your - (R3 + R4) (R5) 

Figure 29. Log Amplifier 
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The wide dynamic range of the LM13600 allows 
easy control of the output pulse width in the 
Pulse Width Modulator of Figure 30. 

For generating IABC over a range of 4 to 6 
decades of current, the system of Figure 31 
provides a logarithmic current out for a linear 
voltage in. 

Since the closed·loop configuration ensures 
. that the input to A2 is held equal to OV, the out­

put current of A1 is equal to 13 ;:: - VC/RC. 

The differential voltage between 01 and 02 is 
attenuated by the R1,R2 network so that A1 may 
be assumed to be operating within Its linear 
range. From equation (5), the input voltage to A 1 
is:· 

The voltage on the base of 01 is then' 
(R1+R2) VIN1 

VB1 = 

The ratio of the 01 to 02 collector currents is 
defined by: 

KT IC2 KT IABC 
VB1 =-In -""-In--

q IC1 q 11 

Combining and solving for IABC yields: 

2(R1+R2) Vc 

IABC = 11e Rl12RC 

This logarithmic current can be used to bias the 
circuit of Figure 4 to provide temperature in­
dependent stereo attenuation characteristic. 

CLOCK IN o--J I-'\Mr-1'-----------,---, 
SOD,IF lK 

"K 

100 K 

-jT,(-

ILI1-
'OUT I--T-I 

Figure 30. Pulse Width Modulator 

+15 V 
-Vc 150 K 

-15 V 

Figure 31. Logarithmic Current Source 
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Audio Selection Guide 

TABLE I. DUAL AUDIO AMPLIFIER TYPICAL Po @ 10% THO 

Supply Device 
Load 1m edance 

811 1611 

8 LM1877 0.5W 0.25W 

12 LMS77 lM378 LM379 1.2W 0.75W 

16 2.2W 1.5W 

18 3.0W 1.8W 

20 3.8W 2.4W 
" 

22 4.6W 2.8W 

24 5.4W(1) 3.6W 

1.5W(2) 4.2W 

26 ·6.0W 

28 - 7.0W 5.0W 

30 5.5W 

Nota 1: LM379. 

Note 2: lM378 (the~alllmlt). 

KEY TECHNICAL SPECIFICATIONS 

Channet Equlv 
NSC Supply . Quiescent Separation Input Open OUlput Slew 

Davlce Order Po (Minimum) Voltage CUlT8nt 1=1 kHz Noise Loop Voltage Rate 
Type' Features Applications Number Vs RL Po (VI) (10) (outpul reI) (eNI Gain Swing VI"s 

LM1877 Adjustable gain 5().250 Stereo phonograph LM1877N·2' 14V 80 1.0W 6-20V 25mA 70 dB 2.5~Vrms 00 dB 8V 2 

High PSRR - 68 dB Stereo _tape recorders LM1877N·6' 16V 80 2.0W 6-26V 25mA 70 dB 2.5~Vrms 00 dB 10V 2 
Current limiting Bridge output stages LM1877N-B' 18V 80 3.5W 6-26V 25mA 70dB_ 2.5~Vrms 00 dB 12V 2 

Thermal shutdown Receivers .LM1877N·10' lOV 811 4.0W 6-26V 25mA 70d.B 2.5~Vrms 90 dB 14V 2 

Low noise 

LM378 _Avo typical 00 dB AM/FM stereo receivers LM378N 24V 811 4.0W 10·35V 15mA 70 dB 3.0~Vrms 90 dB 16V· 14 

3 Mil Input Impedance Movie projectors 

Current limiting Tape recorders 

Thermal shutdown Multi·channel audio LM378N 30V 161l 4.0W 10·35V 15mA 70 dB 3.0~Vrms 90dB 16V 14 

. Internal stabilization systems -, 
LM379 Self centering bias Multi·channel audio 

Current limiting Tape recorders/players LM379S 28V 81l .6.0W 10-35V 15mA 70 dB 3.0~Vrms 90 dB 16V 14 

Thermal Shutdown AM/FM radios 

Internal stabilization Movie projectors 

Note 1: Reier to NSC data sheet LM1877 for additional standard selections. 

Note 2: For operation at ambient temperatures grsater than 25'C t~s IC must be derated bassd on a maximum 150'C Junction temperature using a thermal resistance obtained from 
the device data sheet. 

Not.3: Output protection Included on ail device,. 

~ 
cnz 
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8m 
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KEY TECHNICAL SPECIFICATIONS 

NSC Po (Minimum) Quiescent 
Device Order @10%THD Supply Gain CUrrent 
Typo Features Applications Number p. Vee Rl Voltage (Vee) (Av)VN la('YP) 

TABLE II. LM386 Battery operation AM/FM radio amplifier LM386N-l 250mW BV 80 4V·12V 20·200 4mA 

CLIC MONO·AUDIO AMPLIFIER low quiescent current Cassette amplifier LM38BN·3 500mW 9V 80 4V·12V 20·200 4.5mA 

Ground ref input Phono cartridge amp LM38BN-4 700mW lBV 320 5V-18V 20·200 7mA 

Supply Device Load 1m edance 
20 40 SO 160 

8 pin miniDIP Walkie-talkie 

3V LM2001 400mW 250mW 
LM389 Battery operation Portable tape recorders LM389N 250mW BV 80 4V·12V 20·200 12 rnA 

6V LM383 1.4W 800 mW 440mW 240mW Low distortion Phono cartridge amp 

LM386, LM389 340mW 320mW 180mW Includes N~N (3) transistor Intercoms 

LM388 900mW 6DDmW 300mW array AM/FM radio 

LM390 950mW 650mW 325mW Freq (DC '0 100 MHz) Walkie-talkie 
LM2000 2.OW 1.0W 

LM388 Low voltage operation AM/FM radio amplifiers LM388N·l 1500mW 12V 80 4V-12V 20-200 8 mA 
9V LM383 3.5W 2.1W 1.2W .630 mW 

LM386, LM389 380mW 780mW 500mW 

LM3BB 1.8W 1.3W 650mW 

LM390 2.0W lAW 700mW 

Variable voltage gain Portable tape recorders LM388N-2 800mW BV 40 4V-12V 20·200 5mA 

Excellent supply rejection Squelch circuits LM38BN-3 2500mW 16V 80 5V-18V 20-200 15 mA 

14·pin DIP for FM scanners 

LM2000 4.0W 2.2W LM38D Ground referenced inputs Phono amplifiers 

12V LM380 2AW 1.5W 500mW Voltage gain fixed at 50 Cassette amplifiers LM380N 2500mW 18V 80 8V-22V 50 10 mA 

<;' 
< 

LM383 6AW 4.0W 2.3W 1.2W 

LM386A, LM389 820mW 950mW 

LM388 2AW 2.2W 1.3W 

High input impedance 

Short circu~t current (1.3A) 

14V LM380 3.3W 2.3W 1.0W 
LM390 Ground referenced inputs Bridge amplifiers 

LM383 8.9W 5.6W 3.7W 1.7W 
Automatic bias at 1/2 Vss Intercom 

LM386A 1.3W Bias current 250 nA (typ) Portable tape amplifiers LM390N 800mW BV 40 3.5V·9V 20-200 10 rnA 

LM388A 3.0W 3.0W 0.5W LM384 Ground referenced inputs AM/FM radio LM384N 5000 mW 22V 80 12V-26V 50 8.5mA 

16V . LM380 3.0W 1.6W Fixed gain (Av= 50) Sound projector systems 

LM386A 1.6W Thermal shut·down Tape cassettes 
LM388A 3.6W 3.8W 1.9W High input impedance 8-track tape systems 

18V LM380 4.0W 2.2W 

LM383 9.6W 5.5W 2.9W 
LM383 Short circuit protection Automotive audio amp LM383T 4BOO mW 14.4V 40 5V-20V 50·500 45mA 

LM384 4.2W 4.0W 2.2W 
Peak current (3.5A) CB radio 7000 mW 14AV 20 5V-20V 

22V LM384 3.5W 5.7W 3.5W 
Programmable gain Bridge amplifiers 

Large output swing 
± 22V LM391 (Note 1) 30W 20W 

5·pin TQ·220 package 
±30V LM391 (Note 1) 60W 40W 

-- - LM391 High Vee. (60V-80V) Hi·fidelltyaudio LM391N-80 40W1 ±31V 80 ±40V 20-200 -

Note 1: THD<O.25%. LowTHOsO.Ol% amplifiers 60W' ±27V 4" :!:40V 

Po=40W Hi-fidelity receivers 

LM2001 Battery operation min 1.8V Battery operated LM2001N 500mW 6V 80 1.8V·6V - -
Adjustable gain/bandwidth audio systems 

Stable A·S bias 

Note 1: Po rated at specifIed conditions except THO 0.10%. 

~ 
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TABLE III. Dual Preamplifier Characteristics 

LM381N LM382N LM387N LMI303N 

PARAMETER CONDITIONS (III-PIN DIP) (III-PIN DIP) (8-PIN DIP) (14-PIN DIP) UNITS 

MIN TVP MAX MIN TVP MAX MIN TYP MAX MIN TVP MAX 

Supply Voltage 9 40 9 40 9 40 ±4.5 ±15 Vrms 

Quiescent Supply 10 10 16 10 15 rnA 

Current 

Input Resistance 

(Open Loop) 

Positive Input lOOk lOOk SOk lOOk 25k n 

Negative Input 200k 200k 200k 25k n 

Open Loop Gain 104. lOOk 104 76 60 dBV 

Output Voltage Swing RL= 10kn VS-2 VS-2 VS-2 11.3 15.6 Vp·p -
Output Current 

Source 8(2) 8(2) B12) 0.6 O.B rnA 

Sink 2 2 2 0.6 O.B rnA 

Output Resistance 150 150 ISO 4k n 

IOpen Loop) 

Slew Rate IAV =40dBI 4.7 4.7 4.7 5.0(7) VI/.Is 

Power Bandwidth '20 Vp·p IVs = 24VI 75 75 75 kHz 

11.3 Vp-p IVS = ±13VI , 100 kHz 
I 

Unity Gain Bandwidth 15 15 15 20 MHz 

Input Voltage 

Positive Input 300 300 300 .mVrms 
Either Input ±5 V 

Supply Rejection Ratio Input Referred, 1 kHz 120 120 110 dBV 

Channel Separation f= 1 kHz 60 40 60 40 60 60 70 dBV 

Total Harmonic f = 1 kHz (3) 0.1 0.1 0.3 0.1 0.5 0.1 % 

Distortion 

Total Equivalent RS = 600n, 10-10 kHz 0.5(4) 1.0141 0.8 1.2 0.8 1.2 IlVrms 
Input Noise 

RS = 600n, 10-10 kHz' 0.514,5) 0.7(4,51 0.65(61 0.9161 ",Vrms 

T ot.1 NAB IBI 190 230 pVrms 

Output Noise 

RS = 6OOn, 10-10 kHz 140151 160161 IlVrms 

Nota (11: Specifications epply for TA = 25°C with Vs = 14V for LM381. LM382. LM387 and Vs = ±13V for LM1303 unless otherwise noted. 

Nota (21: DC current; symmetrical ac current = 2 mAp-p. 

Nota (31: LM381 and LM387 gain = 60 dB; LM382 gain' = 60 dB; LM1303 gain = 40 dB. 

Note (4): Single ended input biasing. 

Note (51: LM381 AN. 

Note (61: J-M387 AN. 

Note (71: Frequencv compensation: C = 0.0047/.1F. pins 3 to 4. 

Note (81: NAB reference level: 37 dBV gain at 1 kHz. Tape playback circuit. 
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~National 
~ Semiconductor 

Definition of Terms 
~GC de Output Shift: The shift of the quiescent Ie 
output voltage of the AGe section for a given change in 
AGe central voltage. 

AGC Figure of Merit (AGC Range): The widest possible, 
range of input signal level required to make the output 
d'rop by a specified amount from the specified max imum 
output level. 

AGC Input Current: The current required to bias the 
central voltage input of the AGe section. 

AM Rejection Ratio: The ratio of the recovered audio 
output produced by a desired FM signal of specifielj 
level and duration to the recovered audio output pro· 
duced by an unwanted AM signal of specified amplitude 
and modulating index. 

Channel Separation: The level of output signal of an 
undriven amplifier with respect to the output level of 
an adjacent driven amplifier. 

Detection Bandwidth: That frequency range about the 
free running frequency of the tone decoder/phase locked 
loop where a signal above a specified level will cause a 
det~cted signal condition at the output. 

Detection Bandwidth Skew: The measure of how well 
the detection bandwidth is centered about the free 
running freqliency. It is equal to the maximum detection 
bandwidth frequency plus the minimum detection band­
width frequency minus twice the free running frequency. 

Hold In Range: That range of frequencies about the 
free running frequency for which the phase locked loop 

, will stay in lock if initially starting out in lock. 

Input Bias Current: The average of the two input 
currents. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Sensitivity: The minimum level of input signal 
at a specified frequency required to produce a specified 
signal-to-noise ratio at the recovered audio output. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within, 
specifications. 

Audio, Radio and TV Circuits 

Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required to 
drive the output from zero to this voltage. 

Limiting Threshold: In FM the input signal level which 
causes the recovered audio output level to drop 3 dB 
from the output level with a specified large signal input. 

Lock In Range: That range of frequencies about the 
free running frequency 'for which the phase locked 
loop will come into lock if initially starting out of lock. 

Maximum Sweep Rate: The maximum rate that the 
veo may be made to vary its OSCillating frequency over 
its Sweep Range. ' 

Output Resistance: The ratio of the change in output 
voltage to the change in output ~urrent with th/! output 
around zero. ' 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Phase Detector Sensitivity: The change in the output 
voltage of the phase detector for a given change in phase 
between the two input signals to the phase detector. 

Power Bandwidth: That frequency at which the voltage 
gain reduces to 1/.../2 with respect 'to the flat band 
voltage gain specified for a given load and output,power. 

Power Supply Rejection: The ratio of the change in 
,input offset voltage to the change in power supply 
voltages producing it. 

Slew Rate: The" internally limited rate of change in 
output voltage with a large amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output at zero. 

Sweep Range: That ratio of maximum oscillating 
frequency to minimum operating frequency produced 
by 'varying the central voltage of the veo from its 
maximum value to its minimum value with fixed values 
of timing resistance and capacitance. 

VCO Sensitivity: The change in operating frequency 
for a given change in veo central voltage_ 
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LM377 Dual 2 Watt Audio Amplifier 
General Description 
The LM377 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape p"layers, recorders, and AIYI-FM stereo receivers, etc. 

The LM377 will deliver 2W/channel into 8 or 16n loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu· 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information, see AN·125. The 
LM377 is not recommended for new designs; see the 
LMI877 data sheet for an improved pin-for-pin re­
placement to the LM377 in audio applications. 

Features 
• Avo typical 90 dB 
• 2W per channel 
• 70 dB ripple rejection 
• 75 dB channel separation 
• Internal stabilization 

Schematic Diagram 

Connection Diagram 

Dual-In-Line Package 

BIAS 

OUTPUT 1 13 DUTPUT2 

GND 12 GND 

GND • tf UNO 

GND 10 GND 

INPUT 1 INPUT 2 

FEEDBACK 1 fEEDBACK! 

TOP VIEW 

Order Number LM377N 
See NS Package N14A 

• Self centered biasing 

• 3 Mil input impedance 
• 10-26V operation 
• I nternal current limiting 
• I nternal thermal protection 

Applications 
• Multi·channel audio systems 

• Tape recorders and players 
• Movie projectors 
• Automotive systems 
• Stereo phonographs 
• Bridge output stages 
• AM·FM radio receivers 

• Intercoms 
• Servo amplifiers 
• I nstru me nt systems 

" 

Typical Applications 
. Simple Stereo Amplifier 

INPUT 1 o-1l---+-Q..::.j 
O.lj.!f 
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Absolute Maximum Ratings 

Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 
Junction Temperature 
Lead Te~perature (Soldering, 10 seconds) 

Electrical Characteristics 

26V, 

OV - VSUPPLY 
O°C to +70°C 

-65°C to +150°C 
150°C 
300°C 

Vs = 20V, T TAB = 25°C" Rt: =,812, Av = 50 (34 dB), unless otherwise specified. 

PARAMETER CONDITIONS 

Total Supply Current POUT = OW 
POUT" 1.5W/Channel 

DC Output Level 

Supply Voltage, 

Output Power T.H.D. =<5% 

T.H.D. POUT = 0.05W/Channel, f = 1 kHz 
,POUT = lW/<::hannel, f = 1, kHz 
POUT = 2W/Channel, f = 1 kHz 

Offset Voltage 

Input Bias Current 

Input Impedance 

Open Loop Gain Rs = on 
Output Swing 

Channel Separation CF = 250JlF, f= 1 kHz' 

Ripple Rejection f = 120 Hz, CF = 250JlF 

Current Limit 

Slew Rate 

Equivalent Input Noise Voltage Rs = 60012, 100 Hz - 10 kHz - I 

MIN TYP MAX UNITS 

15 50 mA 
430 500 mA 

10 V 

10 26 V 

2 '2,5 W 

0.25 % 
0.07 1 % 
0.10 % 

15 mV 

100 nA 

3 Mn 

66, 90 dB 

Vs-6 Vp.p 

50 70' dB 

60 70 dB 

1.5 A 
, 

1.4 VlJls 

3 JlVrms 

Note1: For operation at ambient temperatures greater than 2So C the LM377 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink - 13.4°C/W 
b. P.C. board +V7 sink - 21°C/W. P.C. board is 2 1/2 square inches. Staver V7 sink is 0.02 inch thick copper and has a radiating surface 

area of 10 square inches. - I 

C. P.C. board onlv - 29°C/W. Device soldered to 21/2 square inch P.C. board. 
d. Fre. air - 5SoC/W. 

10·2 



Typical Performance Characteristics 

10 

~ 
li 
>= :: 
ili 
E 
w .., 
~ 
ili 
" x 
" " 

102 

g 
w 

'" ~ 101 

> 
!; 100 
~ .. .., 
" 

g 
" .. 
~ .. 
;; 
" 

98 

O.g 

O.B 

0.7 

O.S 

0.5 

0.4 

O.l 

0.2 

0.1 

Maximum Dissipation vs 
Ambient Temperature 

INFINITE INK 

I ....... 
I 

PC +V7 r--..... 
I r---.. 

PC BOARD ......... 

FREJAIR - r-
INFIIllITESINKI34·CfIV -r-PCIOARD+V7 21'CNl 
211ZSG.1N.PCBOAIIOWCrW 
fREEAIRY·Crw 

10 20 lO 40 50 SO 70 

T. - AMBIENT TEMPERATURE lOCI 

DC Output Level v. 
Temperature 

--K 
........ 

o 10' 20 lO 40 50 SO 70 

T. - TEMPERATURE lOCI 

Distortion vs Gain 

OUTPUT POWER = 0.5W ~ 
FREQUENCY = 1 kHz I ..... 

RL -8. Vc -IV! 

/1 
1/ R I = 1~ V = 24 F L • 0;.....-

~ 

/ 
yo 

100 2110 300 400 500 

GAIN (Avl 

Dissipation and Efficiency 
VSPOUT 

Vs = ,." RL '" an. F '" 1 kc 

.....,-
;; ~ '/ ;,:' -

V' 

-
0.5 1 1.5 

PQWER OUTPUT (W/CHANNELI 

BO 

70 

60 

50 

40 

30 

20 

10 

100 

~ BO 

" ;;: 
'" SO w 

'" 
~ 40 
> 
I 

~ 20 

0 

22 

20 

t 18 

'" 
16 

~ 14 
.... = 12 

~ 
10 .. 
6 

SOD .. 
.5 

400 .... 
ffi 

~ lOO 

~ 

~ 200 
w 

'" " 100 :li 
> 

" 

10 

~ 
" m .. 

~ >= 
~ :: 
~ ili 
" E 
!;l w 

~ 
.., 
~ g " I 
~ 

Open Loop Gain 

I'-. 

!'.. 

i'-

100 lk 10k lOOk 1M 

, - FREQUENCY 1Hz! 

Output Swing vs Vs 

f"'lkc ./ 
/ 

RL =IS"/ 

.# 
~ ...... RL =8<1 

~ 
Q 

~ 
ro U M ~ ~ 211 ~ N 211 

V SUPPLY (VI 

Supply Current vs 
Output Power 

Av '" 50, RL c lin, Vs:: 24V. f:: 1000 

... ... 
I-' 

'/ 
V 

II' 

OUTPIiT POWER (W/CHANNELI 

Dissipation and Efficiency 
vsPOUT 

Av - 50. RL" 1GU. Vs" 24V. F '" 1000 

-I-~ 
.... ~ 

r;...-

I"~ ~ 
I 

OUTPUT POW~R (W/CHANNELI 

10·3 

l 

35 

30 .. 
.5 25 
.... 

i 20 

15 
~ 

~ 10 

BOO .. 700 .5 
I- 600 ffi 
a: 

500 
~ 

i 
400 

300 
w 

'" 200 .. 
:li 100 > .. 

100 

90 
70 

BO ~ 
70 

m § 
~ 

SO 
;; S 60 

~ 50 
< ~ 40 ~ ~ 

g w 
50 30 " " 20 5 

10 

O' 40 

Supply Current vs 
Temperature 

!!:2SV 

20V 

-'2V 

L 
-

10 20 30 40 50 60 10 

TA - AMBIENT TEMPERATURE (eel 

Power Dissipation vs 
Power Output 

RL~8n 

22V/ 

./ 20V rv 
/.. :;"'-::18YL Y 
~ 16~/ 
::;... ~H.D.=10% 

f-/r(D.={lI 

POWER OUTPUT (W/CHANNEL) 

Supply Current vs POUT 

Vs" 20V, RL = an, Av" 50 

--/' V 

" 
I 

0.5 1 1.5 

OUTPUT POWER (wICHANNELI 

Channel Separation 

Vs:: 20V, RL '" Sn 
Av -,50. CF - 250pF 

10 100 lk 10k lOOk 

fREQUENCY (Hz) 



Typical Performance Characteristics (Continued) 
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Frequency Distortion vs Frequency Distortion vs Frequency 
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Typical Applications (Continued) 
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~National ' Audio, Radio .and TV Circuits 
~ Semiconductor 
LM378 Dual 4 Watt Audio Amplifier 
General Description 
The LM378 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM378 will deliver 4W channel into 8 or 16n loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu­
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information see AN-125_ 

Features 
• Avo typical 90 dB 
• 4W per. channel 

• 70 dB ripple rejection 

• 75 dB channel separation 

• Internal stabilization 

Schematic Diagram 

Connection Diagram 

• Self centered biasing 

• 3 Mn input impedance 
• Internal current limiting 
• Interna.1 thermal protection. 

Applications 
• Multi-channel audio systems 

• Tape recorders and players 

• Movie projectors 
• Automotive systems 

• Stereo phonographs 

• Bridge output stages 

• AM-FM radio receivers 

• Intercoms 
• Servo amplifiers 
• Instrument systems 

Typical Applications 
Simple Stereo Amplifier 

Dual-In-Line Package 

BIAS· 1 14\1+ 

OUTPUTt 11 OUTPun 

GND 12: GND 

" GND GND 

GND 10 GND 

INYUTt INPUT 2 

FEEDBACK' FEEDBACKZ 

TOP VIEW 

Order Number LM37811i 
See NS Package N14A 

INPUT 10-1 t---.... 9-''-I 

10-6 

C, 
D.lpF 

tOOk 

, ... 

LI~----t-r1J IUTPUU 

In 

an 
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Absolute Maximum Ratings 
Supply Voltage 35V 
Input Voltage OV - VSUPPLY 
Operating Temperature O°C to +70°C 
Storage Temperature -65°C to +150°C -
Junction Temperature 150°C 
Lead Temperature (Soldering, 10 secondsl 300°C 

Electrical Cha~acteristics 
Vs; 24V, T TAB; 25°C, R L ; 8Q, Av = 50 (34 dBI. unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Total Supply Current POUT = OW 15 50 mA 

POUT; 1.5W/Channel 430 500 mA 

OC Output Level 12 V 

Supply Voltage 10 V 

Outpu t Power T.H.O. ; < 5%, RL = as! 4 5 W 
T.H.O. ; < 5%, RL ; 16S1 4 5 W· 

T.H.O. POUT; 0.05W/Channel, f = 1 kHz 0.25 % 
POUT '= lW/Channel, f.= 1 kHz 0.07 1 % 

POUT 2W/Channel, f; 1 kHz 0.10 % 

Offset Voltage 15 mV 

Input Bias Current 100 nA 

Input Impedance 3 MSl 

Open Loop Gain Rs; on 66 90 dB 

Channel Separation CF = 250pF, f; 1 kHz 50 70 dB 

Ripple Rejection f; 120 Hz, CF ; 250pF 60 70 dB 

Current Limit 1.5 A 

Slew Rate 1.4 V//ls 

Equivalent Input Noise Voltage Rs = 600S!, 100 Hl - 10 kHz 3 /lVrms 

Note 1: For operation at ambient temperatures greater than 25°C the LM378 must be derated based on a maximum 150°C iu,nction temperature 
using a thermal resistance which depends upon ~evice mounting techniques. 
Note 2: Dissipation characteristics afe shown for four mounting configurations. 

a. Infinite sink - 13.4"CIW 

b. 'P.C. board +V7 Sink - 21°C/W. P.C. board is 2 1/2 square inches. Staver V7 sink IS 0.02 inch thick copper and has a radiating surface 
area of 10 square inches. 

c. P.C. board only - 29°C/W. Device soldered to 21/2 square inch P.C. boarD. 

d. Free air - 5SoC/W. 

'Tested at Vs = 30V. 
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Typical Performanc~, Characteristics 

~ 
'" " ;:: 
~ 
ill 
c; 
W 
U 

~ 
iii .. x 
" '" 

., 
E", 
-" .... -
!5!C ",,,, 
",W = .. u" 
>-~ 
t~ 
=>'" ~ .. ... = .. u .. = "' .... ... " >m .. 

,. 
" 

10 

SOD 

400 

300 

ZOO 

100 

~ 60 

'" i 

40 

1 

0.9 

O.B 

i! 0.7 

;::; 0.6 
;: 0.5 
'" " 0,4 In 
c; 8.3 

O.Z 

0.1 

Maximum Dissipation vs 
A~bient Temperature 

INFINITE SINK 

H---'- .......... 

PC+V7 

I ......... 
PC BOARD -FRE~ AIR I --:--. 
INFI"ITESINKtH'CrW -PC BOARD ~1I,ll'CI'W 
lII2SIlINPe.oARDtlI'CIW 
fREf AtR 58"C/W 

~ 

--
"-

10 20 30 40 50 60 70 

TA - AMBIENTTEMPERATURE I'CI 

Supply Current vs 
Output Power 

" / 
V 

II 

/'" '" 

Av= 50. Vs=30V, Rt '" t6n, f= t kHz 

OUTPUT POWER IWICHANNElI 

Channel Separation 

Vs .,. 20V, At. '" BU 
Av - SO, C" ". 250~F 

10 ) 100 lk 10k 

FREQUENCY IHzI 

Distortion vs Gain 

OUTPUT POWER' 0.5W i;" 
~~~ '1 1 k~' t/ 

lOOk 

R, ·B. Vc "Yl 
- 1--

/II 
/ R: .,~. V~2!..F 

". 

11 
V 

100 ZOO 300 400 500 

GAIN IAvl 

~ 
'" ~ 
W 

'" 
~ 
> 
I 

~ 

C 
E'" -z 
t;~ 
w'" "'w "''' :0" .... 
>-~ 
~w 

It" ij:i 
~l5 .. = "' .... ~~ 
'" 

;;; 

'" 

i! 
'" " ;: 

'" " t; 
c; 

e5 ...... 
~:!: 
~" W .... 

"'c >-w 
~'" It", 
:oW 
"'~ ",w ... '" 
~ 

Open Loop Gain 

100 r-TTT11I111rTTTTm"TrTTTnrTTTmm 

BO 

60 

40 

20 . 

100 lk 10k tOOk 1M 

BOO 

700 

600 

500 

400 

300 

200 

100 

o 

80 

70 

60 

50 

40 

30 

20 

10 

o 

f - FREQUENCY 1Hz! 

Supply Current' vs 
Output Power 

Av-=SO. Vs=24V. RL =8U. t= 1 kHz 

V 
".V 

/'" 
/ 

/ 
/ 

OUTPUT POWER (WICHANNELI 

Distortion vs Frequency 

Av '" 50, Vs '" 24V, RL = t6n 

l~~~~IJ~lploJ.jO·l05~W lW 
.5W 
ZW' 

10 100 lk 10k 

FREQUENCY (H,I 

SupplV Rejection vs 
Frequency 

illl 
200J.lF 'I 
20rlF 
lilt 

-til! 
M 

III 
J. ~Izov. A)io 
C v 1~,~~s AR~ m,~PLE f!hT.~R 

10 100 1000 10k 

FREQUENCY (Hz! 

,10-8 

lOOk 

lOOk 

o 

25 

20 

2 

'" 15 

~ 

~ 
10 

o 

Power Dissipation vs 
Power Output 

.4 

POWER OUTPUT IWICHANNELI 

Power Dissipation vs 
Power Output 

POWER OUTPUT IW/CHANNElI 

Distortion vs Frequency 

Av" 50. Rl ::: an, Vs '" tBV 

10 100 1k 10k 

FREQUENCY 1Hz! 

Output Swing vs Vs 

f" 1 kHz Rc'\Y 

1/1 
b K·~!! 

~ 

10 15 20 25 30 

V SUPPLY IVI 

lOOk 

35 



Typical Applications (Continued) 
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~ Semiconductor 

LM379 Dual 6 Watt Audio Amplifier 
General Description 
The LM379 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM·FM stereo receivers, etc. 

The LM379 will deliver 6W/channel to an an load. The 
amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu· 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information, see AN·125. 

Features 
• Avo typical 90 dB 
• 6W per channel 
Ii 70 dB ripple rejection 

• 75 dB channel separation 
• Internal stabilization 

Schematic Diagram 

Connection Diagram 

Dual·ln·Line Power Package 

• Self centered biasing 
• 3 Mn iflPut impedance 
• Internal current limiting 
• Internal thermal protection 

Applications 
• Multi·channel audio systems 
• Tape recorders and players 

• Movie projectors 
• Automotive systems 
• Stereo phonographs 
• Bridge output stages 
• AM·FM radio receivers 
• Intercoms 
• Servo amplifiers 
• I nstrument systems 

Typical Applications 
Simple Stereo Amplifier 

100' 

In 

II, 



Absolute Maximum Ratings 

Supply Voltage 

Input Voltage 
Operating Temperature 
Storage Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

35V 

OV - VSUPPLY 
O°C to +70°C 

-65°C to +150°C 
150°C 
300°C 

Vs ~ 28V, T TAB ~ 25°C, RL ~ an, Av ~ 50 (34 dB), unless otherwise specified. 

PARAMETER CONDITIONS 

Total Supply Current POUT = OW 
POUT = 1.5W/Channel 

DC Output Level 

Supply Voltage 

Output Power T.H.D. ~ 5% 

T.H.D. ~ 10% 

T.H.D. POUT ~ lW/Channel, f ~ 1 kHz 
POUT = 4W/Channel, f = 1 kHz 

Offset Voltage 

Input Bias Current 

Input Impedance 

Open Loop Gain Rs = on 
Channel Separation CF = 250.uF, f = 1 kHz 

Ripple Rejection f = 120 Hz, CF = 250/lF 

Current Limit 

Slew Rate 

Equivalent Input Noise Voltage Rs = 600n, 100 Hz - 10 kHz 

MIN TYP MAX UNITS 

15 65 mA 
430 mA 

14 V 

10 V 

6 W 
6 7 W 

0.07 1 % 

0.2 % 

15 mV 

100 nA 

3 Mn 

66 90 dB 

50 70 dB 

70 dB 

1.5 A 

1.4 V/.us 

3 .uVrms 

Note 1: For operation at ambient temperatures greater than 25°C the LM379 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. In most applications it is advisable to heat'sink to the chassis. See curves. 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Typical Applications (Continued) 

•• 2100 

C3 
o.D4I1F~ 

Two-Phase Motor Drive 

600 

:< 
E'" -2 500 

t;~ 
w .. 

400 "w .. ~ 
=> .. 
u .. 
>~ 
~w 300 
~'" ~2 

a~ 200 Wu 

i~ 100 ~m .. 

Supply Current vs POUT 

Av= 50. Vs=30, RL = l6n,'= 1 ~ 

/ 
V 

V 
V 

II 
5' 

OUTPUT POWER (w/CHANNELI 

Channel Separation 

101111 i5 
~ 60 

~ 
~ 50 
z 

~ 

40 

0.9 

O.S 

§ 0.1 

i5 0.6 
;:: 0.5 
~ 
t; 0.4 
Ci 0.3 

0.2 

0.1 

10 

Vs '" 20V, Rl = an 
Av " ~,~:, c, - 2,~~F 

100 lk 10k 

FREQUENCV (Hz! 

lOOk 

Distortion vs Gain 

OUTPUT POWER' 0.5W ~ 
F~EOUENCY" 1 k~z ./ 

RL ··S,Vc·lV 

1/1 I 
/ R: • ;~, Vc'~;;:; 
~ 

/ 
y, 

100 200 300 400 500 

GAIN (Av) 

O.1I1F 

~ 
l! 
'" 
~ 
0-

~ 
=> 
co 

Power DisSipation vs 
Power Output 

POWER OUTPUT (w/CHANNEL! 

Distortion vs Frequency 

Av " 50, Vs .. 24V. RL .. l6n 

lW 
.5W !1I111,1I1I~lIlp!Ol'l·ol5WIl 

o 1m" 
10 100 lk 10k lOOk 

FREQUENCV 1Hz) 

Output Swing vs Vs 
25 

20 

15 

.= 1 kHz I 
RL=UY 

4 
Z :;.{;;" 

lD 

7 
o 

10 15 20 25 30 35 

V SUPPLY (VI 

12W BridgeAmplifier 

SIGNAL ~ 1-----4 ..... ---------, 
INPUT~ 

. , 
10k 

C1 1'511F 

.B 
100k 

1M , . 
10k 

10·12 



Typical Applications (Continued) 

Simple Stereo Amplifier with Bass Boost 
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~National 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM380 Audio Power Amplifier 
General Description 
The LM380 is a power aud io amplifier for con­
sumer application_ In order to hold system cost to 
a minimum, gain is internally fixed at 34 dB_ A 
unique input stage allows inputs to be ground 
referenced_ The output is automatically self 
centering to one half the supply voltage_ 

The output is short circuit proof with internal 
thermal limiting_ The package outline is standard 
dual-in-line_ A copper lead frame is used with the 
center three' pins on either side comprising a heat 
sink. This makes the device easy to use in standard 
p-e layout_ 

Uses include simple phonograph amplifiers, inter­
coms, line drivers, teaching machine outputs, 
alarms, ultrasonic drivers, TV sound systems"AM­
'FM radio, smail servo drivers, power converters,etc. 

A selected part for more power on higher supply 
voltages is available as the LM384_ For more 
information see AN-S9_ 

Features 
• Wide supply voltage range 

• Low quiescent power drain 

• Voltage gain fixed at 50 
• High peak cu rrent capabil ity 

• Input referenced to GND 
• High input impedance 

• Low distortion 
• Qu iescent output voltage is at one-half of the 

supply voltage 

• Standard dual-in-line package 

Connection Diagrams (Dual-In-Line Packages, Top View) 

BVPASS 1 14 Vs 

NON·INVERTING INPUT 2 13 Ne 

• GN{ 12J 11 GND" 

" 
INVERTING INPUT 6 • Ne 

GND 7 B VOUT 

·HeatsmkPms 

Order Number LM380N 
See NS p •• kage N14A 

Block and Schematic Diagrams 

LM380N 

INPUT 

INPUT 

GND GND 

Ne , 8 BYPASS 

NON-INVERTING INPUT 2 7 V, 

INVERTI~G INPUT 3 8 VOUT 

GND 4 5 GND 

Order Number LM380N-8 
See-NS P •• ~.g. N08B 

r-------------~I----_+--o Vs (14) 

25' 
,5 

r-_~-JV'V5·v-----+----~~-o~~n 

BVP'f,\o------.. 
LM380N-8 

". BYPASS V, ,. 
INPUT 

VOUT -I. "N 
16' '" INPUT 

'5DK 

GND GND 

171 GND 
(3.4.5.10.11.121 

GND 
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Absolute Maximum Ratings 
Supply Voltage 
Peak Current 
Package Dissipation 14-Pin DIP (Notes 6 and 7) 
Input Voltage 

22V 
1.3A 
lOW 

±O.5V 
_65°C to +150°C 

O°Cto +70°C 
+150°C 
+300°C 

Storage Temperature 
Operating Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 sec) 

Electrical Characteristi~s (Note 1) 

PARAMETER SYMBOL CONDITIONS 

Output Power POUT(RMS) (Notes 3, 4) RL ~ an, THO ~ 3% 

Gain Av 
.! 

Output Voltage Swing VOUT RL =8n 

Input Resistance 2'N 

Total Harmonic Distortion THO (Note 4, 5) 

Power Supply Rejeetio~ Ratio PSRR (Note~) 

Supply Voltage Vs 

Bandwidth BW POUT ~ 2W, RL ~ 8n 

Quieseen,! Supply Current 10 

Quiescent Output Voltage VOUTO 

Bias Current ISlAS Inputs, Floating 

Short Cireu it Current Ise 

Note 1: Vs = l8V and TA = 25°C unless otherwise specified. 

Note 2: Rejection ratio referred to the output with CBYPASS = 5.uF. 

, 

, 

MIN TYP MAX UNITS 
.;-

2.5 W 

40 50 60 V/V 

14 Vp<, 

150k n 

0.2 % 

38 dB 

a 22 V 

lOOk Hz 

7 25 rnA 

8 9.0 10 V 

100 nA 

1.3 A 

Note~: With device Pins 3, 4, 5,10,11,12 soldered into a 1116" epoxy glass board with 2 ounce copper foil with a minimum 
surface of 6 square inches. 
Note 4: If oscillation exists under some load conditions, add 2.70. and 0.1 ,.dd series network from Pin 8 to Gnd. 

Note 5: CBYPASS = 0.47 !lId on Pin 1. 
Note 6: The maximum junction temperature of the LM380 is 150°C. 
Note 7: The package is to be derated at 12°C/W junction to heat sink pins. 

Heat Sink Dimensions 
\~ 
3D""'" "-

Y 
r-"'"---j 

! 111 
:JJj 

--1,.,,\--

10-15 
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Typical Performance Characteristics 
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Typical Applications 
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~National 
~ Semiconductor 

Audio, Radio and TV Circuits 

L~381/LM381A Low Noise Dual Preamplifier, 
General Description 
The LM3Bl/LM3B1A is a ,dual preamplifier for 
the am plication of low level signals in applications 
requiring optimum noise performance, Each of the 
two amplifiers is completely independent, with 
individual internal power supply decoupler, 
regulator, providing 120 dB supply rejection and 
60 dB channel separation. Other outstanding 
features include high gain (112 dB), large output 
voltage swing (Vee -2V) p.p, and wide power, 
bandwidth (75 kHz, 20Vp _p ). The LM381/LM3B1A 
operates from a single supply across the wide rang~ 
of 9 to 40V. 

Either differential input or single ended input 
configurations may be ,selected_ The amplifier 
is internally compensated with the provision, for 
additional external compensation for narrow band 

applications. For additional information see AN-
64, AN-104 . 

Features 
• Low Noise, - .5 p-V total input noise 
• High Gain - 112 dB open loop 

• Single Supply Operation 
• Wide supply ra~ge 9-40V 
• Power supply, rejection 120 dB , 
• Large output voltage swing (Vee -2V)p-p 
• Wide bandwidth 15 MHz unity gain 
• Power bandwidth'75 kHz, 20 Vp.-p 
• Internally compensated 
• Short circuit protected 

Schematic and Connection Diagrams 
,~ , 

r------
I 

I " 
1~Hb.~~~----__r. 
I 
I 
I 
I 
I 
I 
I L ______ _ 

Typical Applications 
'" 

>,,,,,,,,,,, _ .... OO.&Vrlnl 

"" 

IID1l , .. 
':" ':" 1"'" 

Typical Tape Playback Amplifier 

II 

Two·Pol, Fast Turn-On NAB Tape Preamp 

L---+-+On.l) 

10-lB 

Dual-In-Line Package 

. "IN 1111 14,"IN(2) 

-IN!Dlffll1lt 13-1~t1)1fFlIZl 

-INIS.E.If11l 12-IN(S.£.I(2) 

GND 4 
II} EXT. COMPo 

EXT. co .... ( 5 
lD 121 

III 6 , 
v~ 

OUTl'url1!J IOUTPUTI2} 

TOP VIEW 

Order Number LM381N or LM381AN 
See NS Package N14A 

rr
"'\~1 

+ + , .,. 
":' ':' 1I.Il1 _' 

lUI. 

,ov 

Typical Magnetic Phono Preamp 

Ao-fl-' -1>1_-':"""'1 

'~f-"'-!JI~'-+ 
c~~f-'~~'-+~--~~---+ 

hf I 
11500K!! I 

N<>-1t-~-'" 

Audio Mixer 



Absolute Maximum Ratings 
Supply Voltage +40V 

. 
Power Dissipation (Note 1) 715mW 

Operating Temperature Range oOe to 70°C 

Storage Temperature Range -65°C to +150oe 
Lead Temperature (Soldering, 10 sec) 300°C . 

Electrical Characteristics T A = 25°C, V cc = 14V, unless otherwise stated, 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Voltage Gain Open Loop (Differential Input). f = 100 Hz 160,000 VIV 

Open Loop (Single Ended). f = 100 Hz 320,000 VIV 

Supply Current Vee 9 to 40V, RL = ~ 10 mA 

Input Resistance 

(Positive Input) 100 kn 

(Negative Input) 200 kn 

Input Current 

(Negative Input) 0,5 IlA 

Output Resistance Open Loop 150 n 

Output Current Source S mA 

Sink 2 mA 

Output Voltage Swing Peak,to-Peak Vee - 2 V 

Unity Gain Bandwidth 15 MHz 

Power Bandvvidth 20 Vp _p (Vee = 24V) , 75 kHz 

Max'imum I nput Voltage Linear Operation 300 mVrms 

Supply Rejection Ratio f = 1 kHz 120 dB 

Channel Separation f = 1 kHz 60 dB 

Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0,1 % 

Total Equ ivalent Input 

Noise Rs.= 600n, 10 - 10,000 Hz (Single Ended Input, 

LM381A 
Flat Gain Circuit, Av = 1000) 

0,5 0.7 IlVrms 

LM381 0,5 1,0 IlVrms 

Note 1: For operation in ambient temperatures above 2SoC, the device must be derated based on a 1S(fC maximum junction 
temperature and a thermal resistance of 17SoC/W junction to ambient. 

Typical Applications (Continued) 

~
.v 

.,.r+ (9' 
111f I.1I1F~ LM3I1 ",I)~ 

~"i 1. -CUll 
VIN~ t+ - (41 

Av"ID 

"" 

'" 

Ultra,Low Distortion Amplifier 
(AV = 10. THD < 0,05%, VOUT = 3 VRMSI 
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Typical Performance Characteristics 
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~National . Audio, Radio and TV Circuits 

~ Semiconductor 

LM382 Low Noise Dual Preamplifier 
General Description 
'The LM382 is a dual preamplifier for the ampli­
cation of low level signals in applications requ ir­
ing optimum noise performance. Each of the two 
amplifiers is completely independent, with indivi­
dual internal power supply decoupler-regulator, 
providing 120 dB supply rejection and 60 dB chan­
nel separation. Other outstanding features include 
high gain (1 bo dB). and wide power bandwidth 
(75 kHz, 20 Vp-pl_ The LM382 operates from a 
single supply across the wide range of 9 to 40V_ 

A.resistor matrix is provided on the chip to allow 
the use~ to select a variety of closed loop gain 
options and frequency response characteristics 
such as flat-band, NAB or R IAA equalization_ The 

Schematic and Connection Diagrams 

Typical Applications 

" 

circuit is supplied in the 14 lead dual-in-Iine 
package. 

Features 
.. Low noise - 0.8 IJ-V total equivalent input noise 
.. High gain - 100 dB open loop 

• Single supply operation 
.. Wide supply range 9 to 40V 
.. Power supply rejection - 120 dB 
.. Large output voltage swing 
.. Wide bandwidth - 15 MHz unity gain 
.. Power bandwidth - 75 kHz, 20 Vp _p 

.. Internally compensated 

• Short circuit protected. 

DB1S,.,F 

Dual-In-Line Package 

+IN(ll I 14 +IN(2) 

-IN1l12 13 -INIZ) 

GAtNCDNTROLl1} J 12 GAIN CONTROl(2) 

GND 4 11 Vcc 

GAIN CONTRDl!l) 5 10 GAIN CONTROL(2) 

GAIN CONTROL(1) 6 9 GAIN CIlNTROL(2) 

OUTPUT(I) 1 8 QUTPIITlZ) 

TOP\lIE~ 

Order Number LM382N 

See NS Package N14A 

Tape Preamp (NAB Equalization) Phono Preamp (RIAA Equalization) Flat Response - Fixed Gain 
Configuration 
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Absolute Maximum Ratings 

Supply Voltage +40V 

Power Dissipation (Note 1) 715mW 

Operating Temperature Range O°C to 70°C 

Storage Temperature Rang~ -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics T A : 25°C, Vc;c : 14V, unless otherwise stated. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Voltage Gain Open Loop, f: 100 Hz 100,000 V/V 

Supply Current VCC9to40V, RL == 10 16 rnA 

Output DC Voltage 6 V 

Input Resistance 

(Positive Inputl 100 kn 

(Negative I nputl 200 kn 

I nput Current 

(Negative Input) 0.5 /-IA 

Output Resistance Open Loop 150 n 

Output Current Source 8 rnA 

Sink 2 rnA 

Output Voltage Swing Peak·to-Peak, R L = 10k 12 V 

Unity Gain Bandwidth . 15 MHz 

Power Bandwidth 20 Vp·p (VCC = 24V) 75 kHz 

Maximum Input Voltage Linear' Operation 300 mVrms 

Supply Rejection Ratio f = 1 kHz 120 dB 

Channel Separation f = 1 kHz 40 60 dB 

Total Harmonic DIstortion 60 dB Gain, f = 1 kHz 0.1 0.3 % 
.-

Total EqUivalent Input RS = 600n, 100 - 10,000 Hz 0.8 1.2 /-IVrrns 
Noise (Flat Response Circuit) 

Note 1: For operation in ambient temperatures above 25°C. the devi~e must be ~erated based on a 150°C maximum junction 
temperature and a thermal resistance of 1750 C/W junction to ambient. 

-
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Typical Performance Characteristics 
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~National '. 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM383/LM383A 8 Watt Audio -Power Amplifier 
General Description 
The LM383 is a ·cost effective. high power amplifier 
suited for a!.ltomotive applications. High current capabili­
ty (3.5A) enables the device to drive low impedance loads 
with low distortion. The LM383 is current limited and 
thermally protected. High voltage protection is available' 
(LM383A) which enables the amplifier to withstand 40V 
transients on its supply. The LM383 comes in a 5-pin 
TO-220 package. 

Equivalent Schematic 
I 

Features 
• High peak current capability (3.5A) 
• Large output voltage swing 
• Externally programmable gain 
• Wide supply voltage range (5V-20V) 
• Few external parts required 

• Low distortion 
• High input impedance 
• No turn-on transients 

.• High voltage protection available (LM383A) 

• Low noise 
• Short circuit protected 

5 Vs 

L--4~r-~ __ -+ ____ ~~~ __ ~ __ -4~ ______________ ~~3~GND 

+INPUT -I NPUT 

Connection Diagram Typical Applications 

TO-220 Plastic Package 

i i 1'-"""'" : 4 DUTPUT 

3 GROUND 

Z INVERTING INPUT 

1 NO·N.INVERTING INPUT 

Orcier NUn:Jber LM383T or LM383AT 
See NS Package TOSA 
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Absolute Maximum Ratings 
Peak Supply Voltage (50 ms) 

LM383A(Note2) 40V 
LM383 25V 

Operati ng Supply Voltage 20V 
Output Current 

Repetitive 3.5A 
Non·repetitive 4.5A 

Input Voltage ±0.5V 
PowerOissipation(Note3) 15W 
Operating Temperature O·Cto + 70·C 
Storage Temperature - 60·Cto + 150·C 
LeadTemperature(Soldering,10seconds) 300·C 

-
Electrical Characteristics V s = 14.4V, T TAB = 25·C, Av = 100 (40 dB), RL = 4!l, unless otherwise specified . " 

Parameter Conditions Min Typ Max Units 
-

OC Output Level 6.4 7.2 8 V 

Quiescent Supply Current Excludes Current in Feedback Resistors 45 80 mA 

Supply Voltage Range 5 20 V 

Input Resistance 150 k!l 

Bandwidth Gain=40 dB 30 kHz 

Output Power Vs= 13.2V, f = 1 kHz 
RL = 4!l, THO = 10% 4.7 W 
RL=2!l, THO=10% 7.2 W 

Vs= 13.8V, f = 1 kHz 
RL=40, THO=10% 5.1 W 
RL=20, THO=10% 7.8 W 

Vs= 14.4V, f = 1 kHz 
RL = 40, THO = 10% 4.8 5.5 W 
RL = 2!l, THO = 10% 7 8.6 W 

Vs =16V, f=l kHz 
RL=4!l, THO=10% 7 W 
RL=2!l, THO=10% ' 10.5 W 

THO Po= 2W, RL =40, f = 1 kHz 0.2 ,% 

Po=4W, RL=20, 1=1 kHz 0.2 % 

Ripple Rejection Rs= 500, 1 = 100 Hz 30 40 dB 
Rs500, 1 = 1 kHz 44 dB 

Input Noise Voltage Rs = 0, 15 kHz Bandwid/h 2 . ",V 

Input Noise Current Rs= 100 k!l, 15 kHz Bandwidth 40 pA 

Note 1: A 0.2 JAF capacitor should be placed as close as possible to pins 3 and 4 for stability. 

Note 2: The LM383 shuts down above 25V, 

Note 3: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 
4 "elW junction to case. 

.'-

\ 

c 
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Typical Perfon:nance Characteristics 
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Typical Applications (Continued) 
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~National 
~ Semiconductor 

Audio, ,Radio and TV Circuits 

LM384 5 Watt Audio Power Amplifier 
General, Description 
The LM384 is a power audfo 'amplifier' for consumer 
applica~ion. In order to hold system cost to a minimum, 
gain is internally fixed at 34 dB. A unique input stage 
allows inputs tCi be ground referenced. The output is auto· 
matically self·centering to one half the supply voltage. 

The output is short·circuit proof with internal thermal 
limiting. The package outline is standard dual-in-line. 
A copper lead'frame is used with the center three pins on 
either side comprising a heat sink. This makes the device 
easy to use in standard p·c layout. 

Uses include simple phonograph amplifiers, intercoms, 
line drivers, teaching machine outputs, alarms, ultrasonic 
drivers, TV sound systems, AM-FM radio, sound projector 
systems, etc. See AN-69 for circuit details. 

Block and Connection Diagrams, 

BYPASS Vs 

INPUT 

Your 

INPUT 

GNU GND 

Schematic Oiagram 

Features 
• Wide supply voltage range 

'. Low quiescent' power drain' 

• Voltage gain fixed at 50 

• High peak current capability 

• Input referenced,to GND 

• High input impedance 

• Low distortion 

• Quiescent output voltage is at, one half of the 
supply voltage 

• Standard dual-in·line package 

*Heatsink Pins 

Dual-In-Line Package 

TOP VIEW 

14 Vs 

13 NC 

12} 11 GND· 

10 

, NC 

8 YOUT 

Order Number LM3B4N 
See NS Package N14A 

.-------------.... ----.... -0 Vsl141 

25k 

'" OUTPUT 
(.) 

BYPASS 
(11 

25k 

Ik 

-IN 'IN 
(" (" 

Il.-4,5,1o.u, 121 
{71 GNU GN, 
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Absolute Maximum Ratings 

Supply Voltage 28V 
Peak Current 1.3A 
Power Dissipation (See Notes 3 and 4) 
Input Voltage ±0.5V 
Storage Temperature --i)5°C to +150°C 
Operating Temperature O°C to +70°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Input Resistance (ZIN) 150 kn 

Bias Current (I BIAS) Inputs Floating 100 nA 

Gain (Av) 40 50 60 V/V 

Output PoWer (POUT) THO; 10%, RL ; 8n 5 5.5 W 

Quiescent Supply Current (1 0 ) 8.5 25 mA 

Quiescent Output Voltage (VOUT 0) 11 V 

Bandwidth (BW) POUT ;2W, RL ; 8n 450 kHz' 

Supply Voltage (V+) 12 26 V 

Short Circuit Current (lscl 1.3 A 

Power Supply Rejection Ratio 31 dB 
(PSRR RTO ) (Note 2) 

Total Harmon.ic Distortion (THD) Pou, ; 4W, RL ; 8n 0.25 1.0 % 

Note 1: v+ = 22V and TA = 25°G operating with a Staver V7 heat sink for 30 ~econds. 
Note 2: Rejection ratio referred to the output with CSYPASS =- 5JlF. freq = 120 Hz. 
Note 3: The maxj~'1Um junction temperature of the LM384 is 150°C. 

Note 4: The package is to be ~erated at 12°C/W junction to heat sink pins. , 
Note 5: Output is fully protected against a shorted speaker condition at all voltages up to 22V. 

, 

Heat Sink Dimensions 

Staver "V7'! Heat Sink 

"-1.6 

~ I \\\\\\\\ 
1.35 """,,-

~.~~.~ 
~1.5 

I 
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Typical Performance Characteristics 
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Typical Applications 
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~National . Audio, Radio and TV Circuits 
~ Semiconductor 

LM386 Low Voltage Audio Power Amplifier 
General. Description 
The LM386 is a power amplifier designed for use in low 
vo·ltage consumer applicatiohs. The gain i.s internally 
set to 20 to keep external part count low, but the 
addition of an external resistor and capacitor ·between 
pins 1 and 8 will increase the gain to any value up 
to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. The 
quiescent power drain is only 24 milliwatts when oper­
ating from a 6 volt supply, making the LM386 ideal 
for battery operation. 

Features 
• 8attery operation 
• Minimum external parts 
• Wide supply voltage range 4V-12V or 5V-18V 

• Low quiescent current drain 4mA 

• Voltage gains from 20 to 200 

• Ground referenced input 
• Self-centering output quiescent voltage 

• Low distortion 
• Eight pin dual-in-line package 

Applications 
• AM-FM radio amplifiers 
• Portable tape player amplifiers 

• Intercoms 
• TV sound systems 

• Line drivers 
• - Ultrasonic drivers 

• Small servo drivers 
• Power converters 

Equivalent S~hematic and Connection Diagrams 

~------------------------.. ------.-ov, 

.... ..,.,,..,... ... ..,.,,..,...+--......:.-'11111\,-----1------+-0 VOUT 

-INPUT 

~_4--_.----------_4--~--6-------6-----~_oGND 

Typical Applications 

v," 

Amplifier with Gain = 20 
Minimum Parts 

v, 
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Dual-In-Line Package 

TOP VIEW 

Order Number LM386N-1, 
LM386N-3 or LM386N-4 

See NS Package NOSB 

Amplifier with Gain = 200 

GAIN 

BVPASS 
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Absolute Maximum Ratings 
Supply Voltage (LM386N) 
Supply Voltage (LM386N.4) 
Package Dissipation (Note 1) (LM386N·4) 
Package Dissipation (Note 2) (LM386) 

15V 
22V 

1.25W 
660mW 

Storage Temperature 
Operating Temperature 
Junction Temperature 

-65°C to +150°C 
O°C to +70°C 

+150°C 
+300°C Lead Te~perature (Soldering, 10 seconds) 

Input Voltage ±O.4V 

Electrical Characteristics T A ~ 25°C 

PARAMETER CONDITIONS' MIN TYP MAX UNITS 

Operating Supply Voltage (V s) 
LM3B6 4 ;2 V 
LM3B6N-4 5 18 V 

Quiescent Current (10) Vs'~ 6V, VIN ~ 0 4 8 mA 

Output Power (POUT) 
LM386N·1 Vs ~ 6V, Rl ~ 8n, THO ~ 10% 250 325 mW 
LM386N·3 Vs ~ 9V, Rl ~ 8n, THO ~ 10% 500 700 mW 
LM386N-4 Vs ~ 16V, Rl ~ 32n, THO ~ 10% 700 1000 mW 

Voltage Gain (Av) Vs ~ 6V, f ~ 1 kHz 26 dB 
10j.lF from Pin 1 to 8 46 dB 

Bandwidth (BW) Vs ~ 6V, Pins 1 and B Open 300 kHz 

Total Harmonic Distortion (THO) Vs ~6V, Rl ~8n,POUT~125mW 0.2 % 
r f ~ 1 kHz, Pins 1 and 8 Open 

Power Supply Rejection Ratio (PSRR) Vs ~ 6V, f ~ 1 kHz, CBYPASS ~ 10j.lF 50 dB 

, Pins 1 and 8 Open; Referred to Output 

Input Resistance (R IN ) 50 kn 

Input Bias Current (I BIAS) Vs ~ 6V, Pins 2 and 3 Open 250 nA 

Note 1: For operation in ambient temperatures above 2SoC, the device must be derated based on a 150°C maximum junction temperature and a ; 
thermal resistance of 100° e/W junction to ambient. 
Note 2: For operation in ambient temperatures above 2SoC, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 187°C junction to ambient.' 

Application Hints 
GAIN CONTROL 

To make the LM386 a more versatile amplifier, two pins 
(1 and 8) are provided for gain control. With pins 1 and 
B open the 1.35 kn resistor sets the gain at 2Q (26 dB). 
If a capacitor is put from pin 1 to 8, bypassing the 
1.35 kn resistor, the gain will go up to 200 (46 dB). If. 
a resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. Gain control can 
also be done by capacitively coupling a resistor (or FET) 
from pin 1 to ground. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency resp.onse for individual applications. For ex· 
ample, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 5 (paralleling the internal 
15kn resistor). For 6 dB effective bass boost: R ~ 15 kn, 
the lowest value for good stable operation is R ~ 10 kn 
if pin 8 is open. If pins 1 and B are bypassed then R as 
low as 2 kn can be used. This restriction is because the 
amplifier is only compensated for closed· loop gains 
greater than 9. 

INPUT BIASING 

The schematic shows that both. inputs are biased to 
ground with a 50. kn resistor. The basecurrent of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source reo 
sistance driving the LM386 is higher than 250 kn it will 
contribute very little additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the dc source 
resistance is less than 10 kn, then shorting the unused 
input to ground will keep the offset low (about 2.5 mV 
at the input, 50 mV at the output). For dc- source 
resistances between these values we can eliminate excess 
offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course all offset problems are eliminated if the input is 
capacitively coupled. 

When using the LM386 with higher gains (bypassing 
the 1.35 kn resistor between pins 1 and 8) it is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with a 0.1j.lF 
capacitor or a short tQ. ground depending on the dc 
source resistance on the driven input. 
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Typical Applications (Continued) 
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Not. 1: Twist supply lead and supply ground very tightly. 
Note 2: Twist speaker lead and ground very tightly: 

Not.3: Ferrite bead is Ferroxcube KS·001·00l/3B with 3 
turns of wire. 
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~Nat1onal Audio, Radio and TV Circuits 

~ Semiconductor 
LM387/LM387 A Low Noise Dual Preamplifier 
General Description 
The LM387 is a dual preamplifier for the amplification 
of low level signals in applications requiring optimum 
noise ·performance. Each of -the two amplifiers is com· 
pletely independent, with an internal power supply 
decoupler·regulator, providing 110 dB supply rejection 
and 60 dB channel separation. Other outstanding features 
include high gain (104 dB), large output voltage swing 
(Vee -2V)p·p, and wide power bandwidth (75 kHz, 
20 Vp·p) _ The LM387 A is a selected version of the 
LM387 that has lower noise and can operate on a larger 
supply voltage. The LM387 operates from a single supply 
across the wide range of 9V to 30V, the LM387 A 
operates ona supply of 9V to 40V. 

The amplifiers are internally compensated for gains 
greater than 10. The LM387, LM387 A is available in an 
8·lead dual·in·line package. The LM387, LM387A is 
biased like the LM381. See AN-64 and AN·l04. 

Schematic and Connection Diagrams 

"' 
DI 

Z1 

R, 

'" 

Features 
• Low noise LM387 

LM387A 

• High 'gain--

• Single supply operation 

0.8/lV total input noise' 
0.65/lV total input noise 

104 dB open loop 

• Wide supply range LM387 
LM387A 

9 to 30V 
9t040V 

• Power supply rejection 110dB 

• Large output voltage swing (Vee - 2V)p·p 

• Wide bandwidth 15 MHz unity gain 

• Power bandwidth 75 kHz, 20 Vp·p 

• Internally compensated 

• Short circuit protected 

• Performance sim ilar to LM381 

----, 
I 
I 
I 
I 
I 
I 

Dual-in-Line Package 

+IN(1) -tIN(2J 

-IN -IN(Z) 

GNU Vee 

"I 
L----+--t-<>!4.S1 DUTPUTfll OUTPUT (2) 

I 
I 
I 

TOP VIEW 

Order Number LM3B7N 
orLM3B7AN 

See NS Package NOBH 
_____ .L...:.... ___ -.J 

Typical Applications 
Flat Gain Circuit (AV = 10001 

24. 

lOOk 

15k 100 
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Typical Magnetic Phono Preamplifier 

24. 



Absolute Maximum Ratings 
Supply Voltage 

LM387 
LM387A 

+301i 
+40V 

Power Dissipation (Note 1) 660 mW 

Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics T A = 25°C, Vee = 14V, unless otherwise stated, 

PARAMETER CONDITIONS MIN TVP MAX 

Voltage Gain Open Loop, f = 100 Hz 160,000 -, 
Supply Current LM387, Vee 9-30V, RL = 00 10 

LM387 A, Vee 9-40V, R L = 00 10 

I nput Resistance 

Positive Input 50 100 

Negative Input 200 

Input Current 

Negative Input 0.5 3.1 

Output Resistance Open Loop 150 

Output Current Source 8 

Sink 2 

Output Voltage Swing Peak-to-Peak Vee-2 

Unity Gain Bandwidth 15 

Large Signal Frequency 20 Vp-p (Vee> 24V), 75 

Response THD ~ 1% 

Maximum Input Voltage Linear Operation 300 

Supply Rejection Ratio f = 1 kHz 110 

I nput Referred 

Channel Separation f = 1 kHz 40 60 

Total Harmonic Distortion 60 dB Gain, f = 1 kHz 0.1 0.5 

Total Equivalent Input 10-10,000 Hz 

Noise (Flat Gain Circuit) LM387 0.8 1.2 

LM387A 0.65 0.9 

Output Noise NAB Tape 10-10,000 Hz 

Playback Circuit LM387A 230 

'Gai n of 40 dB 

ODCto +70D C 
--il5'C to +150'C 

300'C 

UNITS 

V/V 

mA 

mA 

kn 

kn 

/1A 

n 

mA 

mA 

V 

MHz 

kHz 

mVrms 

dB 

dB 

% 

/1Vrms 

/1Vrms 

/1Vrms 

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum juncti~n temperature and a 
thermal resistance of 1870 C/W junction to ambient. 

Typical Applications (Continued) 

Two-Pole Fa.t Turn-ON NAB Tape Preamplifier 

r'"~>- f~" 
T l~>-14;:.;",,-I_-<l....o 

3.3k ._-£ 
"'" ~/l 

11k -'T~ -
11k 

, .. '" I.Jk 
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Typical Performance Characteristics 
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Typical Applications (Continued) 

_ Gain and Phase Response 
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~National 
~ Semiconductor, 

Audio, Radio and TV Circuits 

LM3881.5 Watt Audio Power Amplifier 
General Description 
The LM388 is an audio amplifier designed for use in 
medium power consumer applications. The gain is 
internally set to 20 to keep external part count low, 
but the addition of an external resistor and capacitor 
between pins 2 and 6 will increase the gain to any value 
upto 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. 

Features 
• Minimum external parts 
• Wide supply voltage range 
• Excellent supply rejection 

• Ground referenced input 
• Self-centering output quiescent voltage 

• Variable voltage gain 

• Low distortion 
• Fourteen pin dual-in-line package 
.. Low voltage operation, 4V 

Applications 
• AM-FM radio amplifiers 
• Portable tape player amplifiers 

• Intercoms 
• TV sound systems 
• Lamp drivers 

• Line drivers 
• Ultrasonic drivers 
• Small servo drivers 
• Power converters 

Equivalent Schematic and Connection Diagram. 

-INPUT 

14 

~--------------------------~------.--ov, 

15k 

13 
tI"'IIIIIr .... -AJII'Y ..... -----'IIIIIr-----t------+-<> VOUT 

3,4,5, 
10,11.12 

L-~~~~----------~--~~~------~----~~GNO 

BYPASS 

GAIN 

GAIN 

-INPUT 

Dual-In-Line Package 

14 Vs 

r----t-1J VOUT :: I GNO 
10 

9 BOOTSTRAP 

+INPUT 

TOPVIEW 

Order Number LM388N-1, 
LM388N-2 or LM388N-3 
. Sea NS Package N14A 

Typical Applications 

v,. 

., 
Vs 510 

FIGURE 1. Load Returned to Ground 
(Amplifier with Gain = 20) 
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v, 

FIGURE 2. Load Returned to Vs 
(Amplifier with Gain = 20) 



Absolute Maximum Ratings 
Supply Voltage 15V 
Supply Voltage (LM388N-3 Only) 22V 
Package Dissipation 14·Pin DIP (Note 1) 8.3W -
Input Voltage ±O.4V 

Storage Temperature ""-ti5°C to +150°C 
Operating Temperature DoC to+70°C 

Junction Temperature 150°C 
Lead Temperature (Soldering, 10 secon,ds) 300°C 

Electrical Characteristics" T A = 25°C, (Figure 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Supply Voltage (Vs ) 

LM388 4 12 V 

LM388N·3 5 18 V 

Quiescent Current (10) V IN = 0 . 
I 

LM3BB Vs" 12V 16 .23 mA 

LM3BBN·3 Vs = 16V 20 35 mA 

Output Power (POUT), (Note 2) Rl = R2 = 180n, THD = 10% 

LM38BN·l Vs = 12V, RL = Bn 1.5 2.2 W 

Vs =6V, RL =4n} Rl = R2= lBOn 0.6 0.8 W 

LM388N:2 Vs = 6V, RL = 4n '0.8 0.9 W 

.LM388N·3 \Is = 16V, RL =.sn 2.5 3.8 W 

Voltage Gain (Av) Vs = 12V; f= 1 kHz 23 26 30 dB 

10llF From Pin 2 to 6 46 dB , 
Bandwidth (BW) Vs = 12V, 'Pins 2 and 6 Open 300 kHz 

Total Harmonic Distortion (THD) Vs = 12V, RL = 8n, POUT = 500 mW, 0.1 1 % 

f = 1 kHz, Pins 2 and 6 Open 

Power Supply Rejection Ratio Vs = 12V, f = 1 kHz, CBYPASS = 101lF, 50 dB 

(PSRR), (Note 3) . Pins 2 and 6 Open, Referred to Output 

Input Resistance (\'lIN) 10 "50 kn 

Input Bias Current (lBIAS) Vs = 12V, Pins 7 and 8 Open 250 nA' 

Note1: Pins 3,4, 5, 10,.11, 12 at 25·C. Derate at 15·C/w above 25·C case. 
Note 2: The amplif~er should be in high gain for full swing on hig~er supplies due to input voltage limitations. 
Note 3: If load and bypass capacitor are returned to Vs (Figure 2), rather than ground (Figure 1), PSRR is typically 30 dB. 

Typical Performance (fharacteristics 

Quiescent Supply Current vs 
Power Supply Rejection Ratio 

Maximum Device Dissipation vs (Referred to the Output) vs 
Ambient Temperature Supply Volta¥" Frequency 

10 50 60 
9 I I I 

10 ~lIJ!~~ III I INFINIlE HEAT-sINK 

'" 50 
~ 8 . .. 40 is ~IV ~ z 7 I I E fi 'I co I I ..... I 40 V 

I 
Vs-12V ;:: 6 30 :;: :: I I I' 15 '/W 
Av = 26dB 

iii 5 " 30 

f+r- ./ .. 
lS STAVERY·l GIN. n. g:: 
w 4 ~s- ,oj'ilo" ~ 

20 
./ 20 Ii u 3 ~ 

i>l 
~ ~ 35°CIW ./ " 2 FREE AIR r-- qoCJW r- 10 

V ~ 10 ~ 
1 ~ •. s~;:t;~!': :.g: f- IT 

COPPER FOIL 'P.C. BOARD) 0 0 
0 10 20 30 40 50 60 70 80 90 100 0 4 8 12 16 20 10 100 lk 10k lOOk 

TA - AM81ENT TEMPERATURE rCI SUPPLy'VOLTAGE (VI FREQUENCY IHzl 
Note: 2 oz. topper foil, single-sided PC board. -
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Typical Performance Characteristics (Continued) 
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To make the LM388 a more versatile amplifier, two pins 
(2 and 6) are provided for gain control. With pins 2 and 
6 open, the 1.35 kn resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 2 to 6, bypassing the 
1.35 kn resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed'in series with the capacitor, the gain 'can 
be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
150n internal resistor. If the capacitor is eliminated and 
a resistor connects pin 2 to 6 then the output dc level 

may shift due to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. 

10-41 

Additional external components can be placed in parallel 
with the internal feedback resistors' to tailor the gain 
and frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 6 to 13 (paralleling the internal 
15 kn resistor). For 6 dB effective bass boost: R ~ 



Application Hints (Continued) 

15 kn, the lowest value for good stable operation is 
R = 10 kn if pin 2 is open. If pins 2 and 6 are bypassed 
then'R as low as 2 kn can be used. This restriction is 
because the amplifier is only ~ompensated for closed· 
loop gains greater than 9 V IV. 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 kn resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source resistance 
driving the LM388 is higher than 250 kn it will contri· 
bute very little additional offset (about 2.5 mV at the 
input, 50 mV at the output). If the dc source resistance 
is less than 10 kn, then shorting the unused input to 
ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 

. putting a resistor from the unused input to ground, equal 
in ,value to the dc sotlrce resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM388 with higher gains (bypassing the 
1.35 kn resistor between pins 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a O.lJ,tF 
capacitor or a short to ground depending on the dc 
source resistance, on the driven input. 

Bootstrapping 

The base of the output transistor of the LM388 is 
brought out' to pin 9 for Bootstrapping. The output 
stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry. 

R 1 + R2 set the amount of base current available to the 
output transistor. The maximum output current divided . 

. by Beta is the value required for the current in R 1 and 
R2: 

Typical Applications (Continued) 

..-----1-0vs 

FIGURE 3. 

(Vs /2)-VeE 
(Rl + R2) ={jo 

.10 MAX 

Good design values are VeE = 0.7V and {jo = 100. 

Example: 1 WATT Jnto 8n load with Vs = 12V. 

10 MAX 500mA 

(Rl + R2) = 100 = 1060n (
12/2)-0.7) 

0.5 

To keep the current in R2 constant during positive 
swing capacitor Ce is added. As the output swings 
positive Ce lifts Rl and R2 above the supply, main· 
taining a constant voltage across R2. To minimize the 
value of CB , Rl = R2. The pole due to CB and R1 and 
R2 is usually set equal to the pole due to the output 
coupling capacitor and the load. This gives: 

Example: for 100 Hz pole, and RL = 8n; Cc = 200J,tF 
and CB = 8J,tF, if R 1 is made a diode and R 2 increased 
to give the same current, Ce can be decreased by about 
a factor of 4, as in Figure 4. 

For reduced component count the load can replace R 1. 
The value of (Rl + R2) is the same, so R2 is increased . 
Now CB is both the coupling and the bootstrapping 
capacitor (see Figure 2). 

FIGURE :4. Amplifier with Gain = 200 and Minimum Ca 
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Typical Applications (Continued) 
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FIGURE 6a. Amplifier with Bass Boost 
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FIGURE 8. AM Radio Power Amplifier 

Note 1: Twist supply lead and supply ground very tightly. 
Note 2: Twist speaker lead and ground very tightly. 
Note 3; Ferr.te bead is Ferroxcube KS-001.001/38· with 3 
turns of wire. 
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Note 4: R1 C1 band limits input signals. 
Note 5: All components must be spaced very close to IC. 



~National . 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM389 Low Voltage Audio Power Amplifier With NPN 
Transistor Array . . 
General Description 
The LM389 is an array of three NPN transistors on the 
same substrate with an audio power amplifier ·similar to 

, the LM386. 

The amplifier inputs are ground referenced while the 
output is automatically biased to one half the supply 
voltage. The gain is internally set at 20 to minimize 
external parts, but the addition of an external resistor 
and capacitor between· pins 4 and 12 will increase the 
gain to any value up to 200. 

The three transistors have high gain and excellent 
matc~ing characteristics. They are well suited to a wide 
variety of applications in dc through VH F systems. 

Features 
Amplifier 

.' Battery operation 
• Minimum external parts 
• Wide supply voltage range. 

• Low quiescent current drain 

• Voltage gains from 20 to 200 

• Ground referenced input 
• Self-centering output quiescent voltage 

• Low distortion 
Transistors 

• Operation frorT] lilA to 25 mA 
• Frequency range from dc to 100 MHz 

• Excellent matching 

Applications 
• AM-FM radios 
• Portable tape recorders 
• Intercoms \ 

• Toys and games 
• Walkie-talkies 
• Portable phonographs 

• Power converters 

Equivalent Schematic and Connection Diagrams 

" 
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• 
Oual-In-Line Package 
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VOUT V, BYPASS GAIN -IN CI II EI . E2 

Tor VIEW 
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Order Number LM389N 
See NS Pack.g. N18A 
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Absolute Maximum Ratings 
Supply Voltage 15V Collector to Emitter Voltage, VCEO 12V 
Package Dissipation INote 1) 715mW Collector to Base Voltage, VCBO 15V 
Input Voltage ±0.4V Collector to Substrate Voltage, VCIO INote 2) 15V 
Storage Temperature -65°C to +150°C Collector Current, Ie 25mA 
Operating Temperature O°C to +70°C Emitter Current, Ie 25mA 
Junction Temperature 150°C Base Current. 18 5mA 
Lead Temperature (Soldering, 10 seconds) 300°C Power Dissipation (Each Transistor) TA:5: +70°C 150mW 

Electrical Characteristics TA~25~C 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

AMPLIFIER 

Vs Operating Supply Voltage 4 12 V 

10 Quiescent Current Vs = 6V, Y'N = OV 6 12 mA 

POUT Output Power INote 3) 
THO = 10% 

Vs = 6V, RL = Sf! 250 , 325 mW 

Vs = 9V, RL ~ 16f! 500 mW 

Av Voltage Gain Vs ~ 6V, 1=1 kHz 23 26 30 dB 

10IJF From Pins4 to 12 46 dB 

BW Bandwidth Vs = 6V, Pins 4 and 12 Open 250 kHz 

THO Total Harmonic Distortion Vs = 6V, RL = Sf!, POUT = 125 rnW, 0.2 3.0 % 

1= 1 kHz, Pins 4 and 12 Open 

PSRR . Power Supply Rejection Ratio Vs = 6V, 1= 1 kHz, CBYPASS = 10IJF, 30 50 dB 

Pins 4 and 12 Open, Relerred to Output 

R'N Input Resistance 10 50 kf! 

'BIAS Input Bias Current Vs = 6V, Pins 5 and 16 Open 250 nA 

TRANSISTORS 

VCEO Collector to Emitter Ie = 1 rnA, I B = 0 12 20 V 

Breakdown Voltage -, 
VCBO - Collector to Base Ie = 10IJA, IE = 0 15 40 V 

Breakdown Voltage 

VelD Collector to Substrate Ie = 10IJA, IE = IB = 0 15 40 V 

Breakdown Voltage 

VEBO Emitter to Base IE = 10IJA,Ie ~O 6.4 7.1 7.S V 

Breakdown Voltage 

HFE Static Forward Current Ie = lOIJA 100 , 
Transfer Ratio (Static Beta) Ie = 1 rnA 100 275 

Ic = lOrnA 275 

hoe Open·Circuit Output Admittance Ie = 1 rnA, VeE = 5V, I = 1.0 kHz 20 IJmho 

VeE Base to Emitter Voltage IE = 1 mA 0.7 O.BS V 

IVBE,-VeE21 Base to Emitter Voltage Oflset IE = 1 mA 1 5 mV 

VCESAT Collector to Emitter Ie = 10 mA, Ie = 1 rnA 0.15 0.5 V 

Saturation Voltage -
CEe ErT)itter to Base Capacitance VEe = 3V 1.5 pF 

CeB Collector to Base Capacitance VeB = 3V 2 pF 

Cel Collector to Substrate Vel = 3V 3.5 pF 

Capacitance. 

h'e High Frequency Current Gain Ie = 10 rnA. VCE = 5V. I = 100 MHz 1.5 S.!j 

Note 1: . For operation in ,ambient temperatures above 25° C, the device must be derated based on a 15Cf C maximum junction temperature and a 
thermal resistance of 1750 elW junction to ambient. 

Nota 2: The collector o'f each transistor is isolated from the substrate by an integral diode. Therefore, the collector voltage should remain positive 
with respect to pin 17 at all times. 

Note 3: If oscillat'ion exists under some load conditions, add 2.7n and O.05~F series network from pin 1 to ground. 

10·45 

r-s: 
W 
CO 
CO 

mJI 



Typical Amplifier Performance Characteristics 
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Typical Transistor Performance Characteristics (Continued) 
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Application Hints 
Gain Control 

To make the LM3B9 a more versatile amplifier, two pins 
(4 and 12) are provided for gain control. With pins 4 and 
12 open, the 1.35k.l1 resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 4 to 12, bypassing the 
1.35 k.l1 resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
150.11 internal resistor. If the capacitor is eliminated and 
a resistor connects pin 4 to 12, then the output dc level 
may shift due to the additional dc gain. Gain control can 
also be done by capacitively coupling a resistor (or FET) 
from pin 12 to ground. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 12 (paralleling the inter· 
nal 15 k.l1 resistor). For 6 dB effective bass boost: 
R == 15 k.l1, the lowest value for good stable operation is 
R = 10 k.l1 if pin 4 is open. If pins 4 and 12 are bypassed 
then R as low as' 2 k.l1 can be used. This restriction is 
because the amplifier is only compensated for closed· 
loop gains greater than 9VIV. 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 k.l1 resistor. The base current of the 
input transistors is about 250 nA, so the inputS are at 
about 12.5 mV when left open. If the dc source resis· 
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tance driving the LM3B9 is higher than 250 k.l1 it will 
contribute very little additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the dc source resis· 
tance is less than 10 k.l1, then shorting the unused input 
to ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 

. putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM389 with higher gains (bypassing the 
1.35 k.l1 resistor between pins 4 and 12) it ,is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with a 0.1JlF 
capacitor or a short to ground depending on the dc 
source resistance of the driven input. 

Supplies and Grounds 

The LM389 has excellent supply rejection and does not 
require a well regulated supply. However, to eliminate 
possible high frequency stability problems, the supply 
should be decoupled to ground with a O.lJlF capacitor. 
The high current ground of the output transistor, pin 18, 
is brought out separately from small signal ground, 
pin 17. If the two ground leads are returned separately 
to supply then the parasitic resistance in the power 
ground lead will not cause stability problems. The para· 
sitic resistance in the signal ground can cause stability 
problems· and it should be minimized. Care should also 
be taken to insure that ttle power dissipation does not 
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Application Hints (Continued) 

exceed the maximum dissipation of the package for a 
given temperature. There are two ways to mute the 
LM389 amplifier. Shorting pin 3 to the supply voltage, 
or shorting pin 12 to ground will tllrn the amplifier off 
without affecting the input signal. 

, Transistors 
, , 

• The three transistors on the LM389 are general 'purpose 
devices that can be used the same as other small signal 
transistors. As long as the currents and voltages are kept 
within the absolute maximum limitations, and the 
collectors are never at a negative potential with respect 
to pin 17, there is no limit on the way they can be used. 

For .example, the emitter-base breakdown voltage of 
7.1 V can be used as a zener diode at currents from 
lilA to 5 mAo These transistors make gopd LED driver 
devices, VSAT is only 150 mV when sinking 10 mAo 

In the linear region, these transistors have been 'used in 
AM and FM radios, tape recorders, phonographs, and 
many other applications. Using ,the characteristic curves 
on noise voltage and noise current, the level of the 
collector current can be set to optimize noise perfor­
mance for a given source impedance. Some of the cir­
cuits that have been built are shown in Figures 1-7. 
This is by no means a complete list of applications, 
since that is limited only by the designers imagination. 

vs 

:~* 
LOCAL OSC 1ST 2ND DETECTOR 

& fJllXER IF IF 

OUTPUT AMPLIFIER 8. SPEAKER 

FIGURE 1. AM Radio 
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'9' Uk 

~ZO'"' HEAD 

) 
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AU twitches In record mode 
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FIGURE 2. Tape Recorder 
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Application Hints (Continued) 
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Application Hints (Continued) 
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~National Audio, Radio and TV Circuits 
~ Semiconductor 

LM3901 Watt Battery Operated Audio Power Amplifier 
General Description 
The LM390 Power Audio Amplifier is optimized for 
6V, 7.5V, 9V operation into low impedance loads. The 
gain is internally set at 20 to keep the external part 
count low, but the addition of an external resistor and 
capacitor between pins 2 and 6 will increase the gain to 
any value up to 200. The inputs are ground referenced 
while the output is automatically biased to one half 
the supply voltage. 

Features 
• Battery operation 

• lW output power 

• Minimum external parts 
I. Excellent supply rejection 

'. Ground referenced input 
• Self·centering output quiescent voltage 

• Variable voltage ,gai(l 

• Low distortion 
• Fourteen pin dual·in·line package 

Applications 
• AM·FM radio amplifiers 
• Portable tape player amplifiers 

• Intercoms 
• TV sound systems 

• Lamp drivers 

• Line drivers 

." Ultrasonic drivers 
• small servo drivers 

• Power converters 

Equivalent Schematic and Connection Diagrams 
I. 

r---------------------------B~O-OT----.-------~~Vs 

STRAP , Dual-In-Line Package 

-INPUT 

15k 

15k " t-~~~JV~_1~----~~-----t----_r--------t_OVOUT 

3,4,5, 
10,11,12 

~~~-4~----------~--t_~~------~------------~_oGND 

BYPASS 

GAIN 

GAIN 

-INPUT 

14 vs 

TOPVIEW 

Order Number LM390N 
See NS Package N14A' 

Typical Applications 
6V 

FIGURE 1. Load Returned to Ground 
(Amplifier with Gain = 201 

10-51 

6V 

D''"'T 

FIGURE 2. Load Returned to SupplV 
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Absolute Maximum Ratings (Note 1) 

Supply Voltage 10V 

8.3W Package Dissipation 14·Pin DIP 
Input Voltage 

Storage Temperature 
Operating Temperature 
Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 

±OAV 
--£5°e to +150o e 

o~e to +70oe 
1500 e 
3000 e 

Electrical Characteristics Tf. = 25°e, (Figure 1) 

Vs 

I 10 

POUT 

Av 

BIN 
THD 

PSRR 

PARAMETER 

Operating Supply Voltage 

Quiescent Current 

Output Power 

Voltage Gain 

Bandwidth 

Total Harmonic Distortion 

Power Supply Rejection Ratio 

Input Res!stance 

Input Bias Current 

CONDITIONS 

Vs ='SV, V'N. = 0 

Vs = 6V. RL = 4fl. THO = 10%, (Note 21 

Vs = SV. ! = 1 kHz 
10!,F from Pin 2 to 6 

. Vs = SV. Pins 2 and 6 Open 

Vs = SV. RL = 4fl. POUT = 500 mW 
f = 1 kHz. Pins 2 and 6 Open 

. Vs = 6V, f = 1 kHz. CSYPASS = 10!,F, 

Pins 2 and S Open. Referred to Output 

(Note 31 

Vs = 6V. Pins 7 and 8 Open 

Note 1: Pins 3, 4, 5,10,11,12 at 25°C. Derate at 15°C/W above 25°C case. 

MIN 

4 

0.8 

23 

10 

TYP 

10 

1.0 

26 

46 

300 

0.2 

50 

50 

250 

MAX 

9 

20 

30 

l' 

UNITS 

mA 

W 

dB 

dB 

kHz 

% 

dB 

nA 

Note 2: If oscilla,ion exists under some load conditions. add 2.7n and O.OS.uF series network from pin 13 to ground. 

NO.te 3:' If load .and bypass capacitor are returned to Vs (Figure 2), rather than ground (Figure 1), PSRR is typically 30 dB. 

Typical Performance Characteristics 
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Power Supply Rejection Ratio 
(Referred to the Outputl _. 
Frequency 
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Typical Performance Characteristics (Continued) 

Distortion vs Output Power 
Device Dissipation vs 
Output Power 4fl Load 

Device Dissipation VI 

Output Power 8n Load 
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Applica.tion Hints 

Gain Control 

To make the LM390 a more versatile amplifier, two pins 
(2 and 6) are provided for gain control. With pins 2 and 
6 open, the 1.35 kn resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 2 to 6, bypassing the 
1.35 kn resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain can 
be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
150n internal resistor. If the capacitor is eliminated and 
a resistor connects pin 2 to 6 then the output de level 
may shift due to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain 
and frequency response for individual applic·ations. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 6 to 13 (paralleling the internal 
15. kn resistor). For 6 dB effective bass boost: R :! 
15 kn, the lowest value for good stable operation is 
R = 10 kn if pin 2 is open. If pins 2 and 6 are bypassed 
then R as low as 2 kn can be used. This restriction .is 
because the amplifier is only compensated for closed­
loop gains greater than 9 V IV. 

. Typical Applications (Continued) 

r----.... -ov, 

R1 14 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 kn resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the de source resistance 
driving the LM390 is higher than 250 kn it will contri­
bute very little additional offset (about 2.5 mV at the 
input, 50 mV at the o~tput). If the de source resistance 
is. less than 10 kn, then shortin~ the unused input to 
ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM390 with higher gains (bypassing the 
1 .35 kn resistor between pi ns 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a O.l/lF 
capacitor or iI short to ground depending on the dc 
source resistance onthe driven input. 

Bootstrapping 

The base of the output transistor of the LM390 is 
brought out t~ pin 9 for Bootstrapping. The output 
stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry . 

R2 1, 
4-( TC~IC'lC 

13. I' 

. Rt 

FIGURE 3. 

10-53 

r-
:s:: 
w 
CD 
0 



Application Hi~ts (Continued) 

R 1 + R2 set the amaunt af base current available to. the 
autput transistar., The maximum autput current divided 
by Beta is the value required far the current in R 1 and 
R2: ' ' 

" (V /2) ~ V 
(Rl + R2) =f3'a S BE 

, Ie MAX 

Gaod design values are V~E = 0.7V and f30 = 100. 

'Example 0.8WATT into. 4n load with Vs = 6V. 

10 MAX = ~Po 
- =632mA 
RL 

(
(612) - 0.7) 

(R1+ R2) = 100 = 364n 
0.632 

Typical Applications (Cantinued) 

To. keep the current in R2 canstant during pasitive 
swing capacitar CB is added. As the 'autpu't' swings 
positive CB liffs Rl and R2 abave the supply, main· 
taining a canstant yaltage ,across R2. To. minimize the 

'value af CB , Rl = R2. The pale due to. CB and Rl and 
R2 is usually set equal to. the pale due to. the autput 
caupling capacitar and the laad. This gives: 

,4Cc Cc 
CB ::::- :::: 

f30 25 

Example: far 100 Hz pale and RL = 4n; Cc = 400llF 
and CB = 161lF, if Rl is made a diode and 'R2 increased 
to give the same current, CB can be decreased by abaut 
a factar af 4, as in Figure 4. ' 

Far reduced campanent caunt the laad can replace R 1. 
The valueaf (R 1 + R2) is the same, so. R2 is increased. 
Naw CB is bath the caupling and the boatstrapping 
capacitar (see Figure 2). ' 

~"I-'_t-..... _OVS 

~7~~' 
, 4 

IO,O"'-=-

FIGURE 4:Amplifier with Gain = 200 and Minimum CB 

6V 

120 

'0,.' VINj. 
10kl ......... -~ 

500" 

FIGURE 5. 2.5W Bridge Amplifier 
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Typical Applications (Continued) 
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FIGURE 6{a). Amplifier with Bass Boost FIGURE 6(b}. Frequency Response with Bass Boost 
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TALK 
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FIGURE 7. Intercom 

180 

FIGURE B. AM Radio Power Amplifier 

REMOTE 

!50P)F . 

0.1 J.lf 

T ~ 

Note 4: R1 C1 band limits input signals. 

3" 
SPEAKER 

Note 1: Twist supply lead and supply ground very tightly. 
Note 2: Twist speaker lead and ground very tightly. Note 5: All components must be spaced very close to IC. 
Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 
turns of wire. 
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~National 
~ Semiconductor 

LM391 Audio Power Driver 

General Description 
The LM391 audio power driver is designed to drive 
external power transistors in 10 to 100 watt power 
amplifier designs. High power supply voltage operation 
and true high fidelity performance distinguish this IC. 
The LM391 is internally protected for output faults and 
thermal overloads; circuitry providing output transistor 
protection is user programmable. 

Audio, Radio and TV Circuits 

Features 
• High Supply Voltage' 
• Low Distortion 
• Low Input Noise 
• High Supply !'Iejection 

±30, ±40, or ±50V max 
0.01% 

3p.V 
90dB 

• Gain and Bandwidth Selectable 
• Dual Slope SOA Protection 
• Shutdown Pin . 

Equivalent Schematic and Connection Di~gram 

~--'---'----------1~--------~-----------1~--'-~15 Y+ 

SHUTDOWN 

25' 

25' 

1---+-08 OUTPUT SOURCE 

. ..]0 ..... ----+-010 +1 LIMIT 

..... PI-il-O 11 + SoA 

t-----~~O 9 OUTPUT SENSE 

,.....,14-i1-0 12 -SoA 

:1-.... ----+-0 13 -I LIMIT 

t-----..... ~--------il-o() 5 OUTPUT SINK 

25' 

25k 

~-----4~----~------~----------------~-o16 y-

Dual·ln·Line Package 

',N y-

-IN 15 y' 

COMPC 14 SHUTDOWN 

RIPPLE C 13 -I LIMIT 

SINK 12 - SOA DIODE 

BIAS 11 +$OA DIDDE 

BIAS 10 +1 LIMIT 

SOURCE OUTPUT SENSE 

Top View 

Order Number LM391N·60, LM391N·80 
LM391N·l00 

Seo NS Packago N16A' 
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Absolute Maximum Ratings 
Supply Voltage 

LM391N - 60 
LM391N - 80 
LM391N - 100 

Input Voltage 

±30Vor+60V 
±40V or +80V 

±50Vor+l00V 
Supply Voltage less 5 V 

Shutdown Current (pin 14) 
Package Dissipation (Note 1) 
Storage Temperature 
Operating Temperature 
Lead Temperature (Sold~ring, 10 seconds) 

lmA 
1.39W 

-65°C to +150°C 
O°C to +70°C 

+300°C 

Electrical Characteristics T A = 25°C (The following are for V'" = 90% VMAX and V- ~ 90"10 VMAX.) 

Parameter Conditions Min Typ Max Units 

Quiescent Current current in pin 15 
LM391N -60' VIN =0 3 10 mA 
LM391N - 80 4 ~ mA 
LM391N - 100 5 6 mA 

Output Swing positive V+ -7 V+-5 V 
negative V-+7 V-+5 V 

Drive Current source (pin 8) 5 mA 
sink (pin 5) 5 mA 

Noise (20 - 20 kHz) 'input referred 3 flV 

Supply Rejection input referred 70 90 dB 

Total Harmonic Distortion f = 1 kHz 0.Q1 % 
f = 20 kHz 0.10 0.25 % 

Intermodul,ation Distortion 60 Hz, 7 kHz, 4:1 0.01 % 

Open Loop Gain f = 1 kHz 1000 5500 V/V 

Input Bias Current 0.1 1.0 flA 

Input Offset Voltage 5 20 mV 

Positive Current Limit VBE pin 10- 9 650 mV 

Negative Current Limit VBE pin 9 - 13 650 mV 

Positive Curre~t Limit Bias Current pin 10 10 100 /lA 

Negative Curr~nt Limit Bias Current pin 13 10 100 flA 

Pin 14 Current Comments 
Minimum pin 14 current required for shutdown is 0.5 mA, and must not exceed 1 mAo 
Maximum pin 14 current for amplifier not shut down is 0.05mA. 
The typical shutdown switch point current is 0.2 mA'. 

Note 1: For operation in ambient temperature~ above 2SoC. the device must be derated based on a 1500 C maximum junction tempera· 
ture and a thermal resistance of 90°C/W junction to ambient. ' 

Typical Applications 
v+o-~~,----------------.---, 

v-O-"'-~-------""-...I 
Figure 1. LM391 with External Components - Protection Circuitry Not Shown 
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Typical Performance Characteristics 

Total Harmonic Distortion vs Total Harmonic Distortion vs 
Output Power vs Supply Voltage Frequency ( RL = an ) Frequency ( R L = 4r! ) 

200 0.20 0.40 

~ 180 I 0,18 0.36 1 
'" I I J J E,I 160 0.t6 0.32 ., I AY'200V .. 140 0.14 0.28 t AL:4!! V Ay= 2001 
i'J 120 

/ 
~ 0.12 

1/ " 0.24 
>- 100 ~ 0.10 ;; 0.20 .. 

/ V / .. I '" I SO I- 0.08 .... 0.16 

'" / /" 1/ 
~ 60 

V· 
0.06 0.12 

RL -sn 
>- 40 

V '" I 
0.04 O.OS 

~ AV-20 AY'20 

= 2: ::::::: P- I 
0.02 0.04 .. 

!IO !20 .30 .40 20 50 100200 500 lk 2k 5k 10k 20k 20 50 100200 500 Ik 2k 5k 10k 20k . 

SUPPLY YOLTAGE (VOLTS) FREIIUENCY (HERTZ) FREQUENCY (HERTZ) 

Input Referred Power Supply Total Harmonic Distortion vs 
Open Loop Gain vs Frequency RBjection vs Frequency AB Bias Current 

100 100 I I POSITIVE SUPPLY 
0.5 

90 
CC=5pF in I I OA SO 2~ 90 

NEG1TIV~ SJpPLY f120~H' .. ::: 
~ 

70 

"-
~i:i 
U," 

&0 ~e SO 0.3 

iii ~fB' WITHCR § 
e 50 >a: .. 

~a: '" z 4D CC·5.FWITH 1::'" 70 >-
0.2 \\ :;;: =~ '\'\ I Mn RESISTOR 0'" ., ",'" 3D 

""'" 
'">- '\. 1,\ 0.1 \' 
;0= WITHOUTCR RL-4n 

20 ~~ 60 
I I r-... I 

10 

"- I RL-Sn 
0 50 0 

100 ,. 10k lOOk 1M 10M 20 50 100200 SOD lk 2k 5k 10k 20k 0 5 10 15 20 25 3D 35 40 45 &0 

FREOUENCY (HERTZ) CR" Cc FREOUENCY (HERTZ) AS SIAS CURRENT (MILLIAMPS) 
, 

Pin Descriptions 
Pin No. Pin Name Comments 

1 + Input Audio input 

2 - Input 
, 

Feedback input 

3 Compensation Sets the dominant pole 

4 Ripple Filter Improves negative supply rejection 

5 Sink Output Drives output devices and is emitter of AB bias VBE multi~lier 

6 BIAS Base of VBE multiplier 

7 BIAS Collector of VBE multiplier 

8 Sou.rce Output Drives output devices 

9 Output Sense Biases the IC and is used in protection ci~cuits 

10 + Current Limit Base of positive side protection circuit transistor 

11 +SOA Diode Diode used for dual slope SOA protection 

12 -SOA Diode Diode used for dual slope SOA protection 

13 - Current Limit Base of n,egative side protection circuit transistor 

14 Shutdown Shuts off amplifier when current is pulled out of pin 

15 V+ Positive supply 

16 V- Negative supply 
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External Components (figure 1) 

Component Typical Value 

CIN 1 j.lF 

RIN lOOk 

Rf2 lOOk 

Rfl 5.1k 

Cf 

Cc 5pF 

RA 3.9k 

RS 10k 

CAS O.lJ.lF 

CR 5pF 

Reb lOOn 

RO 2.7n 

Co O.lJ.lF 

RE 0.3n 

RTH 39k 

C2,C2: 1000pF 

XL 10n1l5J.lH 

Comments 

Input coupling capacitor sets a low frequency pole with RIN. 

fL; 1 
2rrRINCIN 

Sets input impedance and DC bias to input. 

Feedback resistor; for minimum offset voltage at the output this should be equal 
to RIN. 

Feedback resistor that works with Rf2 to set the voltage gain. 

Rf2 
AV; 1 +--

. Rfl 

Feedback capacitor. This reduces the gain to unity at DC for minimum offset 
voltage at the output. Also sets a low frequency pole with Rfl' 

1 
fL;---

2rrRfl Cf 

Compensation capacitor. Sets gain bandwidth product and a high frequency pole. 

GSW 1 fh; GSW 
2rr5000Cc' AV 

Max fh for stable design'" 500 kHz. 

AS bias resistor. 

AB bias potentiometer. Adjust to set bias current in the output stage. 

Bypass capacitor for bias. This improves high frequency distortiqn and transient 
response. 

Ripple capacitor. This improves negative supply rejection at midband and high 
frequencies. CR, if used, must equal CC. 

Bleed resistor. This removes stored charge in output transistors. 

Output compensation resistor. This resistor and Co compensate the output 
stage. This value will vary slightly ·for different output devices. 

Output compensation capacitor. This works with RO to form a zero that cancels 
f(3 of the output power transistors. 

Emitter degeneration resistor. This resistor gives thermal stability to the output 
stage quiescent current. I RC PW5 type. 

Shutdown resistor. Sets the amount of current pulled out of pin 14 during 
shutdown. 

Compensation capacitors for protection circuitry. 

Used to isolate capacitive loads, usually 20 turns of wire wrapped around a 10 n, 
2 W resistor. 
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Application Hints 

GENERALIZED AUDIO POWIOR AMP OIOSIGN 

Givens: Power Output 
Load impedance 
Input Sensitivity 
I nput Impedance 
Bandwidth 

The power output and load impedance determine the 
power supply requirements. Output signal swing and 
current are found from: 

VOpeak ~..)2 RL Po (1) 

~PO 
IOpeak= --

RL 
(2) 

Add 5 volts to the peak output swing (VOp) for transis­
tor voltage to get the supplies, i.e., ± (VOp + 5 V) at a 
current of I peak. The regulation of the supply determines 
the unloaded voltage, usually about 15% higher. Supply 
voltage will also rise 10% during high line conditions. 

max supplies'" ±(VOpeak + 5) (1 + regulation)(1.1) (3) 

The input sensitivity and output power specs determine 
the required gain. 

(4) 

Normally the gain is set between 20 and 200; for a 25 
watt, 8 ohm amplifier this results in a sensitivity of 
710 mV and 71 mV, respectively. The higher the gain, 
the higher the THO, as can be seen from the character· 
istics curves. Higher gain also results in more hum and 
noise at the output. 

The desired input impedance is set by RIN. Very high 
values can cause board layout problems and DC offsets 
at the output. The bandwidth requirements determine 
the size of Cf and Cc as indicated in the external 
component listing. 

The output transistors and drivers must have a breakdown 
voltage greater than the voltage determined by equation 
(3). The current gain of the driver and output device 
must be high enough to supply IOpeak with 5 mA of 
drive from the LM391. The power transistors must be 
able to dissipate approximately 40% of the maximum 
output power; the drivers must dissipate this amount 
divided by the current gain of the outputs. See the 

• output transistor selection guide, table A. 

To prevent thermal runaway of the AB bias current the 
following equation must be valid: 

where: 

RE(J3MIN + 1) 
IJJA<;;-----­

VCEOMAX (K) 
(5) 

IJJA is the thermal resistance of the driver transistor, 
junction to ambient, in °C/W. 

R E is the emitter degeneration resistance in ohms. 

Jlmin is that of the output transistor. 

VCEOMAX is the highest possible value of one 
supply from equation (3). 

'K is the temperature coefficient of the driver base­
emitter voltage, typically 2 mV 1°C. 

Often the value of R E is to be determined and equation 
(5) is rearranged to be: 

IJJA (VCEOMAX) K 
RE )0--------

JlMIN+ 1 

(6) 

The maximum average power dissipation in each output 
transistor is: 

PDMAX = 0.4 POMAX (7) 

The power dissipation in the driver transistor is: 

- PDMAX 
PDRIVER(MAX) =--- (8) 

JlMIN 

'Heat sink requirements are found using the following, 
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formulas: 

where: 

T JMAX - T AMAX 
IJJA <;; ------­

Po (9) 

(10) 

TjMAX is maximum transistor junction temperature. 

TAMAX is maximum ambient temperature. 

IJ JA is thermal resistance junction to ambient. 

IJSA is thermal resistance sink to ambient. 

IJJC is thermal resistance junction to case. 

IJCS is thermal resistance case to sink, typically 
l°C/W for most mountings . 



Application Hints (Continued) 

PROTECTION CIRCUITRY 

The protection circuits of the LM391 are very flexible 
and should be tailored to the output transistor's safe 
operating area. The protection V·I characteristics, 
circuitry, an\! resistor formulas are described below. The 
diodes from the output to each supply prevent the 
output voltage from exceeding the supplies and harming 
the output transistors. The output will do this if the 
protection circuitry is activated while driving an 
inductive load. 

TURN·ON DELAY 

It is often desirable to delay the turn·ON of the power 
amplifier so turn·ON pops in the preamplifier do not go 
to the speakers. 

This is easily implemented by putting a resistor in series 
with a capacitor from pin 14 to ground. The value of 

Re 

the resistor is set to limit the current to less than 1 mA 
(the absolute maximum). This resistor with the capacitor 
gives a time constant of RC. The turn·ON delay is 
approximately 2 time constants. 

Example: 
Amplifier with maximum supply of 30V, like the 
20 W, an example in the data sheet, requiring a delay 
of 1 second. 

Time delay ~ 2 RC 
Max V+ 

R~---
1 mA 

So: 

R ~ 30k. Solving for C gives 16.7 JlF. Use C ~ 20 JlF 
with a 30V rating. 

OUTPUT E 
.-----~r<~------------~~~ 

ezlS FOR STABILITY ~ IOOOpF 

v--..... - .... - ..... ~ 

Protection Circuitry with External Components Protection Characteristics 

Protection Circuit Resistor Formulas (VB ~ v+) 

Type of Protection RE' Ri: Rl, Ri R2, Ri R3,Ra 

Current Limit RE=-</!-
IL -

Not Required Short Not Required 

Single Slope SOA RE=-</!-
• VM - </! 

Protection Rl =R2(--) lkU Not Required 
IL </! 

Dual Slope SOA RE=-</!- VM -9 R3=R2~~-~ Rl=R2(-</!-) lkU Protection . IL Il RE-</! 
(VB = V+) 

Note: I/J i. the current limit VSE voltage, 650mV. Assumptions: V+ » I/J, VM » I/J. V+ i. the load supply voltage. VM is the 
maximum rated V CE of the output transistors. 
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Application Hints (Con~inued) 
TRANSIENT INTERMODULATION ,DISTORTION 

There has been a lot of interest in recent years about 
transient intermodulation distortion. Matti Otala of 
University, of Oulu, Oulu, Finl,and has 'published several, 
papers on the subject. The results of these investigations 
show that the open loop pole of the power amplifier 
should be above 20 kHz. 

To do this with the' LM391 is easy. Put a 1 MU resist9r 
from pin 3 to the output and the open loop gain'is 
reduced to about 46 dB. Now the open loop pole is at 
30 kHz. The current in this resistor causes an offset in 
the input stage that can be cancelled with a resistor from 
pin 4 to ground. The resistor from pin 4 to ground 
should be 910 kU rather than 1 MU to insure that the 
shutdown circuitry will operate correctly. The slight 
difference in resistors results in about 15 mV of offset. 
The 40 W, 8 n amplifier schematic shows the hookup of 
these two resistors. 

BRIDGE AMPLIFIER 

A switch can be added to coilvert,a stereo amplifier to a 
single bridge amplifier. The diagram below shows where 
the switch and one resistor are added. When operating 
in the bridge mode the output load is con'nected 
between the two outputs, the input is VIN #1, and 
V I N #2 is disconnected. 

Typical Applications (Continued) 

5.1k 100k' 

'VO#1 

100k 

OSCILLATIONS & GROUNDING 

Most power amplifiers work the first time they are 
turned on. They also tend to oscillate and have excess 
THD. Most oscillation problems are due to inadequate 
supply bypassing and/or ground loops. A lOJlF, 50V 
electrolytic on each power supply will stop supply· 
related oscillations. However, if the signal ground is used 
for these bypass caps the THD is, usually excessive. The 

,signal 'ground must return to the power supply alone, as 
must the output load ground. All other grounds -
bypass, output R-C, protection, etc., can tie together 
and then return to supply. This ground is called high 
frequency ground. On the 40W amplifier schematic all 
the grounds are labeled. 

Capacitive loads can cause instabilities, so they are 
isolated from the amplifier with an inductor and resistor 
in the output lead. 

AB BIAS CURRENT 

To reduce distortion in'the output stage" ali the tran­
sistors are biased ON slightly. This results in class AB 
operation and reduces the crossover (notch) distortion 
ot'the,class B stage to a low level, (see the curve on page 
10-70). The potentiometer, RB, from pins 6-7 is ad­
juste\l to give about 25 mA of current in the output 
stage. This curre:1t'is usually monitored at the supply 
o! by measuring the voltage across R E. 

100k s,n 

Bridge Circuit Diagram 

Output Transistors Selection Guide 

Table A. 

Driver Transistor Output Transistor 
Output Power 

PNP NPN PNP NPN 

20W@8U 
BD344 BD345 BD346 BD347 

30W@4U 

40W@8U 
BD348 BD349 BD350 B0351 60W@4Q 
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Application Hints (Continued) 

A 20W, Sn;30W, 4n AMPLIFIER 

Givens: 

Power output 20 W into S n 
30W into 4n 

Input Sensitivity 

I nput Impedance 

Bandwidth 

1 V max 

lOOk 

20 Hz - 20 kHz ± 0.25 dB 

Equations (1) and (2) give: 

20W!Sn 

30W!4n 

VOp=17.9V 

VOP = 15.5V 

Therefore the supply required is: 

±23 V.@ 2.2~ A, reducing !p ... 

±21 V@3.87A 

lOp = 2.24A 

lOp = 3.87A 

With 15% regulation and high line we get ±29V fwm 
equation (3). 

Sensitivity and equation (4) set minimum gain: 

AV ;;. y20 x 8 = 12.65 
1 

We will use a gain of 20 with resulting sensitivity of 
632mV. 

Letting R I N equal lOOk gives the required input imped· 
ance. For low OC offsets at the output we let Rf2 = 
lOOk. Solving for Rfl gives: 

Rf2 = lOOk 

lOOk . 
Rfl = 20 _ 1 = 5.26k; use 5.1k 

The bandwidth requirement must be stated as a pole, 
i.e." the 3 dB frequency. Five times away from a pole 
gives 0.17 dB down, which is better than the required 
0.25 dB. Therefore: 

20 
fL=5"=4Hz 

fh = 20k x 5 = 100 kHz 
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Solving for Cf: 

Cf;;' 1 7.8~F; use lO~F 
27TRfl fL 

The recommended value for Cc is 5 pF for gains of 20 
or larger, This gives a gain·bandwidth product of 6.4 MHz 
and a resulting bandwidth of 320 kHz, better than 
required. 

The breakdown voltage requirement is set by the maxi­
mum supply; we need a minimum of 58 V and will use 
60 V. We must now select a 60 V power transistor with 
reasonable beta at IOpeak, 3.87 A. The National B0346, 
B0347 complementary pair are 60 V, 60 W transistors 
with a minimum beta of 30 at 4 A. The driver transistor 
must supply the base drive given 5 mA drive from the 
LM391. The National B0344, B0345 complementary 
driver transistors are 60 V devices with a minimum beta 
of 40 at 200 mAo The driver transistors should be much 
faster (higher fT) than the output transistors to insure 
that the R·C on the output will prevent instability, 

To find the heat sink required for each output transistor 
we use equations (7), (9), and (10): 

Po = 0.4(30) = 12W (7) 

(10) 

If both transistors are mounted on one heat sink the 
~hermal resistance should be halved to 204oC!W. 

The maximum average power dissipation in each driver 
is found using equation (8): 

- 12 
PORIVER(MAX) =-= 400mW 

30 

Using equation (9): 

BJA';;; 155 - 55 = 2370 C!W 
004 



Application Hints (Continued I 
Since the free air thermal resistance' of the National 
B0344, B0345 is 100°C/W, no heat sink is required. 
Using this information and equation (61 we can find the 
minimum value of RE required to prevent thermal 
runaway. 

R ::;, 100 (301 (0.0021 0.19 n 
E'" 30+ 1 

(61 

We must now use the SOA data on the National B0346, 
B0347 transistors to set up the protection circuit. 

. Below is the SOA curve with. the 4 nand.8 n load lines. 
Also shown are the desired protection lines. Note the 
value of VB is equal to the supply Voltage, so we use the 
formulas in the table. 

O.C. SOA of 80346,80347 
. Transistors 

10 20 30 40 50 60 

VeE (VOLTS) 

Figure Y. 

Typical Applications (Continuedl 

The data points from the curve are:. 

Using the dual slope protection formulas: 

RE = 0.65 = O.22n 
3· 

R2= lk 

R 1 ~ 1 k (60 - 0.651 '" 91 k 
0.65 

R = 1 k ( 23 11 24k 
3 7 (0.221 - 0.65 '" 

Note that an' R E of 0.22 n satisfies equation (61. The 
final schematic of this amplifier is below. If the output is 
shorted the current will be 1.8 A and VCE is 23 V. Since 
the input is AC, the avefage power is: 

short Po = y, (1.81 (231 '" 21 W 

This power is greater than was used in the heat sink 
calculations, so· the transistors will overheat for long­
duration. shorts unless a larger heat sink is used. 

V+--.----------------.---1~-----1~-1~, 

91k tOJ1F~ -21VTO-29V 

v-~~--------~------~------~~~ 

20 W-8 n, 30W-4 n Amplifier with 1 Second Turn-ON Delay 
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Application Hints (Continued) 

A40W/Sn, 60W/4n AMPLIFIER 

Given: 

Power Output 40w/sn 
60w/4n 

Input Sensitivity 

I nput Impedance 

Bandwidth 

1 V max 

lOOk 

20 Hz - 20 kHz ± 0.25 dB 

Equations (1) and (2) give: 

40w/Bn VOpeak=25.3V IOpeak=3.16A 

60w/4n VOpeak = 21.9 V IOpeak = 5.4BA 

Theref,?re thQ supply required is: 

±30.3 V @ 3.16 A, reducing to ... 

±26.9 V @ 5.4B A 

With 15% regulation and high line we get ±3B.3 V using 
equation (3). 

The minimum gain from equation (4) is: 

We select a gain of 20; resulting sensitivity is 900mV. 

The input impedance and bandwidth are the same as the 
20 watt amplifier so the components are the same. 

Rfl=5.1k RIN=100k CC=5pF 

Rf2 = lOOk Cf = 10,uF 

The· maximum supplies dictate using BO V devices. Th~ 
National B0350, B0351 pair are BOV, 160W transistors 
with a minimum beta of 40 at 2A and 20 at·6A. This 
corresponds to a minimum beta of 22.5 at 5.5A (lOpeak). 
The National B034B, B0349 driver pair are BO V .transis· 
tors with a minimum beta of 50 at 250 mAo This outpui: 
combination guarantees IOpeak with 5 rnA from the 
LM391. 

Output transistor heat sink requirements are found using 
equations (7), (9), and (10): 

.PO= 0.4 (60) = 24W (7) 

200-55° 1 . ° 
8JA .;;;---= 6.0 C W for TAMAX = 55 C 

·24 . 
(9) 

8SA';;; 6.0 - ·1.1 - 1.0 = 3.9°C/W (10) 

For both output transistors on one heat sink the thermal 
resistance should be 1.9°C/W. 

Now using equation (B) we find the power dissipation 
in the driver: 

PORIVER = 24 = 1.2W 
20 

8JA .;;; 150 - 55 = 790 C/W 
1.2 

(8) 

(9) 

10·65 

Since a heat sink is required. on .the. driver. we should 
investigate the output stage thermal stability at the same 
time to optimize the design. If we find a value of RE 
that is good for the protection circuitry. we can then use 
equation (5) to find the heat sink required for the 
drivers. 

The SOA characteristics of the National B0350. B0351 
transistors are shown in the following curve along with a 
desired protection line. 

SOA ~0350. B0351 
0 

-"'~ 9 -- SOA 
B 

\. ~ 
7~ ~ - t-4n LOAD 

• . 'i \': ...- I-BnLOAD 
5 

V ~, 
4['<;. \ \. 3 ••• 

N ~ I7PROTECTION 
21- ~. ..... 

I·X.~ I 1 

" .~ 0 
o w ro ~ ~ ~ " n ~ 

VeE (VOLTS) 

The desired data points are: 

VM=BOV VB=47V IL=3A IL=llA 

Since the break voltage is not equal to the supply. ·we 
will use two resistors to replace R3 and move VB. 

Circuit Used 

Thevenin Equivalent 



Application Hints (Continued) 

The formulas for RE; Rl, and R2 do not change: 

R2 = lk R = lk 80-0.65 120k 
1 0.65 

The formula for R3 now gives RTH when the V+ in the 
formula becomes Va. 

RTH = Rl-~~:-- J 
~LRE-\b J 

= lk r 47 -J = 25.55k li 1 (0.22) - 0.65 J 
VTH is the additional voltage. adpep to the supply 
voltage to get Va. 

VTH = -(Va - V+) =-(47 - 30):= -17V 

Now we must" find R~ and R~ using 'the Thevinen 
formulas. Putting VTH, V-, and RTH into the appro· 
priate formulas reduces t6: 

R~ = 0.76R~ and 25.55k = R~ II R~ 

Typical J;\pplications (Contin~ed) 

5.1~ 

SHUTDOWN 

• HIGH FREQUENCY GROUND 
·-INPUT GROUND 

U. SPEAKER GROUND 
NOTE: ALL GROUNDS SHOULD BE TIED TOGETHER 

ONLY AT POWER SUPPLY GROUND. 

&0"i:JW HEAT SINK ON 8034B AND 80349 
3,9'C/W HEAT SINK ON 80350 AND 80351 

47k 62k 

Tlie easiest way to solve these equations is to iterate 
with standard values. If we guess R~ = 62k, then R~ = 
47.12k; use 47k. The Thevin impedance comes out 
26.7k, which is close enough to 25.55k. 

Now we will use equation (5) to determine the heat 
sinking requirements of the drivers to insure thermal 
stability: 

o .;;;; 0.22 (20 + 11 "" 570CIW 
JA 40 (0.002) 

(5) 

This value is lower than we got with equation (9), so we 
will use it, in equation (10): 

(10) 

This is the required heat sink for each driver. For low 
TIM we add the 1 Mn resistor from pin 3 to the output 
and a 910k resistor from pin 4 to ground. The complete 
sche'matic is on page 11. 

If the output is shorted, the transistor voltage is about 
28 V and the current is 5 A. Therefore the average power 
is: 

short Po = 'h (28) 5 = 70W 

This is much larger than the power used to calculate the 
heat sinks and the output 'transistors will overheat if the 
output is shorted too long. 

27VTO 39V 

GBIl 

GBIl 

-27V TO -39 V 

40 W-8 n, 60 W-4 n Amplifier 
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~National . Audio, Radio and TV Circuits 
~ Semiconductor 
LM1011, LM1011A Dolby B·Type 
Noise Reduction Processor 

General Description 
The LM1011, LM10llA are monolithic integrated 
circuits specifically designed to realize the Dolby B-type 
noise reduction system. It is a replacement for the 
Signetics NE545B, but with several improved features. 

Features 
• Reduced distortion at high frequencies and high signal 

levels 

• Improved transient stability with signal bu rsts, 

• Wide operating voltage range 

• Low supply current 

Available onlv to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application informa-
tion must be obtained. ' 

'Dolby' and the double-D symbol are trademarks of Dolby Laboratories Inc. 

Connection Diagram 
Dual-In-Line Package 

Test Circuit (Encode) 

VARIABLE IMPEDANCE 1 
INPUT 

AMPLIFIERS Z 
INPUT 

AMPLIFIER B 3 
OUTPUT 

BIAS 

AMPLIFIER A 5 
INPUT 

AMPLIfiER A 6 
OUTPUT 

AMPlIFIEREK 7 
OUTPUT 

DECDUPLING 

TOP VIEW 

16 PDSITIVESUPPLY 

15 VARIABLE IMPEDANCE 
CONTROL 

14 RECTIFIER OUTPUT 

13 RECTIFIER BIAS 

12 RECTIFIER INPUT 

11 AMPLIFIERD 
OUTPUT 

10 AMPLIFIER 0 
fEEDBACK DECQUPLING 

GROUND 

Order Number LM10llN or LM10llAN 
See NS Package N16A 

r------------------------------, 
I 

L ___ _ 

(INTERNAL LINK) --, 
\ 
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Absolute Maximum Ratings 
Supply Voltage 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

24V 
O°C to +70°C 

-65°C to +150°C 
300°C 

Electrical Characteristics (VCC = 12V, TA = 25°C) NB 0 dB refers to 580 mVrms Dolby level·at pin 3 

PARAMETER 

Supply Voltage Range 

Supply Current 

. CONDITIONS 
LM10llA LM10ll 

MIN TVP MAX MIN TYP MAX 

9 

12 17 

20 

22 

9 

12 

Voltage Gain (Pins 5-3) 

Voltage Gain (Pins 3-7) 

1 kHz Pins 6 and 2 Connected 24_5 26 27.5 24 

17 

26 

o 

20 

22 

28 

1 1 kHz (Noise Reduction Out) -0_5 0 0.5 -1 

Distortion 

Signal Handling 

Signal/Noise Ratio 

Encode' 

Decode' 

Encode Characteristics, 

1 kHz, 0 dB 

10kHz,10dB 

1 kHz 0.3% Distortion 

6 and 2 Connected, 

RS=,10kn 

CCIR Weighted 

Input to Pin 5 

1.3 kHz, -20 dB 

2_5 kHz~ -20 dB 

3_0 kHz, -30 dB 

5.0 kHz, -30 dB 

10 kHz, 0 dB 

10 kHz, -40 dB 

14 kHz, -30 dB 

Back-to-Back Frequency 

Response 

With Standard Dolby 

B-Type Processor 

Input Resistance Pin 5 

Pin 2 

Output Resistance Pin 6 

Pin 3 

Pin 7 

Typical Performance Characteristics 
Supply Current vs Voltage' 

251-+--+-+-r+-~_~ _ ... --
~ -~ 

20~+--+-+--+-+-~ 
-~I--

15 -~ -- -- - -
101-+--+-+>-+-+-~ 

rn u " ~ " W 
SUPPLY VOLTAGE IV) 

10 

67 

77 

-16.7 

-16.9 

-22.2 

-22.8 

-0.5 

-30.6 

":'24.9 

-1 

45 

4.1 

1.8 
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0.05 0.1 0.05 0_1 

0_1 0.3 0.1 0.3 

14 

70 

80 

-15_7 

-15_9 

-21.2 

-21.8 

0_5 

-29_6 

-23_9 

o 

65 

5.6 

2.4 

80 

80 

-14.7 

-14.9 

-20_2 

-20.8 

1.5 

-28.6 

-22.9 

1 

85 

6.9 

3.0 

120 

120 

10 

65 

75 

-17.2 

-17.4 

-22.7 

-23.3 

-1.0 

-31.1 

-25.4 

-1.5 

45 

4.3 

1.8 

14 

70 

80 

-15_7 

-15_9 

-21.2 

-21_8 

0_5 

-29_6 

-23.9 

o 

65 

5_6 

2.4 

80 

80 

Distortion vs Frequency 
2 r-~-.--.--.--r-'--' I 

I 
ledB 

~ 1 I-+--l--+-l---I--HH 
i!: 12dB, 

I 
I 

OdS 

O~~~ 

-14.2 

-14.4 

-19.7 

-20.3 

2.0 

-28.1· 
-22:4 

1.5 

85 

6.9 

3.0 
120 

120 

0.1 0.2 0.5 1.0 2.0 5.0 10 20 

FREQUENCY 1kHz! 

UNITS 

V 

mA 

dB 

dB 

% 

% 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB ' 

dB 

dB 

kn 

kn 

kn 

n 
n 



Typical Performance Characteristics (Continued) 
Deviation from Standard Encode Characteristics vs Temperature 

-10 dB 1 dB -20 dB 1 dB 

-10 dB -20 dB I 
I 75 

L; 
'--

75 

E 
g; 50 
!< 
ill 
~ 25 
I-

g; 50 

~ 
25 

~ 
I-

0.1 0.2 0.5 1.0 2.0 5.0 10' 20 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

FREQUENCY 1kHz) FREQUENCY 1kHz) 

-30 dB ldB -40 dB 1 dB 

-30 dB --40 dB 

75 
L; 
'--
w g; 50 
I-

" ill 

~ 25 

75 

·E 
w 

'" 50 => 
I-

~ 
25 ~ 

I-

0.1 0.2 0.5 1.0 2.0 5.0 10 20 0.1 0.2 0.5 1.0 2.0 5.0 10 20 

FREQUENCY 1kHz) FREQUENCY 1kHz) 

Typical Application Ie Decode Processor Without Filter r------------------------------, 
I 

~: 
C201 I 

lowi~~KAGE I 
1.. ___ _ 

(INTERNAL LINK) --, 
\ 

£302 -r 0.027 rh 1% . 
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DOLBY B·TYPE INTEGRATED CIRCUIT 
NATIONAL LM1011N 

I 
'!- .J 

",04 
27Dk 

C301 

033~ 

Note. Where not otherwise specified, component tolerances 
are ±10%. Dolby level: 

= 580 mV at test point 
= 580 mV at mon out 
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'?lI National 
~ Semiconductor 

Audio, Radio and TV Circuits. 

/ LM1017 4-Bit Binary 7·Segment Decoder/Driver 

General· Description 

The LM1017 is a monolithic IC which decodes 4-bit 
"binary plus one" coded input signals and supplies 
1 1/2-digit TV channel display information. The outputs 
are designed to drive a 7-segment common cathode LED 
display with up to 25 mA depending on thermal dissi­
pation requirements. Improvements in circuit design 
enable the device to operate from 5V to 12V supply. 
A brightness control facility is included. 

Connection Diagram 

BRIGHTNESS 1 0 • 

r 3 
-'-

tJ 
DATA C-

-r- INPUTS B..! 

) 5 
LM1017 

A-

6 

7 -
( 

VSUPPLY = 5V 

Features 

• A direct replacement for SN29764 but with 12V 
supply capability 

• TTL compatible inputs with high input voltage 
immunity 

• Channel displays are from 1 to 16 
• Current-driven output stages for LEOs protect against 

excess thermal dissipation 

• Continuously variable brightness control 
• Low stand-by quiescent current supply consumption 
• Suitable for NSN583 0.5 inch LED display 
• Inputs are suitable for direct drive from MOS outputs 

16 
I-- + SUPPLY 

~i 
14 

I-- h 

13 
I-- g 

12 
I--l 

~e OUTPUTS 
10 

I-- d 

~c 

b 

• 

Order Number LM1017N 
See NS Package N16A 

F,or 12V supply, external resistors must be used between th'e output pin 
a'nd segment to limit device dissipation. 
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Absolute Maximum Ratings 
Supply Voltage, Pin 16 13.5V Storage Temperature Range -55°C to +l50°C 
Input Voltage, Pins 2-5 30V Junction Temperature 150°C 
Input Voltage, Pin 1 13.5V Lead Temperature (Soldering, 10 seconds) 300°C 
Operating Temperature Range O°C to +70°C 

Electrical Characteristics V16=5V,TA=25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Current per Segment Quiescent Current, Pin 16 Pin 1 = 2V 12 20 mA 

Pin 1 = 5V 4 mA 

Input Logic Voltage Pins 2-5 

H Signal 2 V 

L Signal 0.8 V 

Input Current, Pins 2-5 V2-5= 2.4V , 1 pA 

V2-5= OV -5 pA 

I nput Current, Pin 1 17-15 = -15 mA -350 pA 

Output Current, Pins 7-15 V1 =OV ":16 -22 mA 

V1 =2V -12 mA 

V1 =V16 -20 pA 

Minimum Saturation Between Output Terminals IOUT=-20mA 1.4 V 

7-15 and 16 

Package Thermal Resistance, () JA 100 °C/W 

Note. To limit device temperature at supply voltages> 5V. the following condition must be maintained: 8 (VSUPPL Y _ V ~UT) lOUT < 150 - T A . 
125 8JA 

Eg. For 12V supply and 20mA lOUT into 2V LED. TA = 25"C: 8 (12 - VOl 0.02 < 100 

2.2V 
i.e .• Vo > 4.2V :. series output resistance = 20 mA = 110n. 

See application notes for use of common series resistance between LED cathodes and ground. 

Truth Table 

CHANNEL 
INPUT OUTPUT 

0 C S A SR a b c d e f g h i 

1 L L L L L ON ON 

2 L L L H L ON ON ON ON ON 

3 L L. H L L ON ON ON ON ON 

4 L L H H L ON ON ON ON 

5 L H L L L ON ON ON ON ON 

6 L H L H L ON ON ON ON ON ON 

7 L H H L L ON ON ON 

8 L H H H L ON ON ON ON ON, ON ON 

9 H L L L L ON ON ON ON dN ON 

10 H L L H L ON ON ON ON ON ON ON ON 

11 H L H L L ON ON ON ON 

12 H L H H L ON ON ON ON ON ON ON 

13 H H L L L ON ON ON ON ON ON ON 

14 H H L H L ON ON ON ON ON ON 

15 H H H L L ON ON ON ON ON ON ON 

16 H H H H L ON ON ON ON ON ON ON ON 

OFF X ,X X X 'H 
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Circuit Schematic (One Circuit Shown) 

----.... ----.... - ... ----SUPPLy 

BRIGHTNESS o-~M,.... ... -t 

REFERENCE 

INPUTSA-O 

Output Characteristics 
25 

20 

1 1S 

!; -r 10 

o 

20 

16 

\ 1 12 

!; .. 
i' 

o 

20 

1& 

1 12 

g 
i' 

o 

VIS' 5V 

\ 
\ 

o 
VOUT(VI 

. VI&' 5V 

" \ 
1\ 

" , 
o 

VI 

l/ 
/' 

/ 
V , 

o 100 ZOO 300 400 &00 

-II ",AI 
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Typical Applications 

When operating with a 12V supply line, it is necessary to 
limit the power dissipation in the IC by means of exter· 
nal resistance in series with the- LED segments. (Max 
package dissipation at 70° C = 800 mW.) 

A minimum voltage of 2.5V should be allowed across 
the output driver pins between supply and outputs. 
Allowing 1.4V for the LED segments, a simple econom· 
ical solution using onlv 1 resistor can be proposed as 
follows: 

SEGMENTS 

Maximum n~ of ON segments = 8 

aDo 

i 
700 

600 
z 
co 500 

I 400 
co 300 
"' 

20 lAISEbMEN~ 
..................... ~ r...... 

./ / 15 mAISEGMENT 

/' 
co .. 

200 ::l 
:: 100 _RL"47n 1.2WMAXAT20mA:..... 

I' 1 O'~WMtXATI15mf 
o 

I e-
SEGMENTS ON 
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For 20 mA/segment, maximum voltage allowed across 
RL will be: 

12-2.5-1.4~8V 
:. RL max = 8/8 x 0.02"" 4711 

For 15 mA/segment (max), RL max = 5611. 

Alternative methods of limiting Po jJt 12V supply. 

With a series resistance between each output and seg· 
ment, the recommended resistance per segment at 
20 mA maximum will be: 

(12 - 2.5 - 1.4)/0.02;£; 39011 

If a zener is used, maximum zener voltage = 8V. (The 
zener can be common between LED display cathode 
and ground.) 

aDO 

700 

600 

500 

i 400 

~ 300 

200 

100 

o 
-

t 

15 mAISEGMENT MAX 

...... V 
/ 

RL "I56O',o.aWjAXI,MUM f--

SEGMENTS ON 
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~National , 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM1019N Digital Tuning Station Detector 

General Description 

The LM1.01.9N is a. monol.i,thic integrated ,Cil'l'uit for 
identif-,!;ng a valid' picture when digitally tuned' tele· 
vision receivers are used in the "search" mode. 

Connection Diagram 

Features 

• Noise gated sync separator 
• Coincidence detector between sync and flyback 
• Comparator to set AFC voltage at which output 

triggers 

Dual·ln·line Package 

. IBV I 
'.... DIGITAL SUPPLY"" 

NC..!. 

, NC..! 

12V SUPPLY..! 

FLYBACK 5 
PULSE INPUT--

COINCIDENCE...!!. 
DETECTOR INPUT­

SYNC 7 
SEPARATOR OUTPUT--

VIDEO INPUT..! 

u 

TOP VIEW 

~GNO 
~~OMPARATOR 

COMPENSATION 

~~~:~~ATOR 
~~OMPARATOR 

NON·INVERTING INPUT 

~ ~~::::':~~:PUT 
~TRIGGER OUTPUT 

~ ~~~~~:~:~~~I~~NSTANT 
~NOISE GATE INPUT 

Order Number LM1019N 
See NS Package N16A 
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Absolute Maximum Ratings '. 

Vl-16 20V 
V3-16 14V 
111 10mA 
Operating Temperature Range O°C to +70°C 
Storage Temperature Range -6SoC to ":lS0°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics Vl-16 = 18V, V3-1!l = 12V, TA = 2Soc 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Current, 13 6 mA 

Supply Current, 11 2 mA 

Video Signal 

_ Input Voltage Range 1 7 Vp·p 

Input Current Driving Sync'Pulse 100 !LA 

Noise Gating 

I nput Voltage 0.7 V 

Input Current 0.03 10 mA 

Flyback Pulse 

Input Voltage 0.7 V 

I nput Current O.OS 1 mA 

I nput Resistance 400 n 

Pulse Deviation f='15,625 Hz 10 /.Is 

Composite Sync Pulse Output (Pin 7) 

Output Voltage 10 Vp·p 

Output Resistance at Leading Edge 50 n 

Output Resistance at Trailing Edge 2 kn 

Coincidence Detector 

Sync Input Voltage (DC Restored by 6 V 

Internal Diode) 

I nput Resistance VS>0.7V S kn 

VS<0.7V 10 kn . , 
Trigger Circuit 

Input Voltage, Vl0 Vll High 2 V 

Vll Low 4.5 V 

Output Leakage, 111 Vl0<~V 100 /.IA 
Output Voltage, V11 .. 

Vl0>4.SV 0.2 O.S V 
.. 111 = 1 mA 

Comparator 

I nput Ei'i~ Current' 1 10 /.IA 
Input Offset Voltage 25 mV 

Voltage Gain Pin 14 Open Circuit SOOO 

Output Current 10 rnA 

I nternal Load Resistance 

R1-14 7 13 kn 
Input Common·Mode Range 0 Vl-5 V 
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Typical Applications 
The LM1019 provides a "stop" signal to the tuning 
system when a picture is received but because of the 
delay in the system when operating in the fast ramp 
mode, the tuner will normally have passed the optimum" 
tuning point. The "stop" signal therefore ceases and the 
tuning system reverses direction at a reduced rate. When 
the AFC reaches its correct level a further "stop" signal 
is given which ends the search routine. 

Figure 1 shows the block schematic of the LM 1 019 with 
the required external components for a typical applica· 
tion. 

Video with positive-going sync pulses is fed through a 
low pass filter'to prevent noise being mistaken as sync 
pulses. It is then fed' to' a sync separator' which' gives a 
positive signal output at pin 7 during the. sync period. 

A noise gate is also provided such that when the voltage 
on pin 9 exceeds 0.7V the sync separator is inhibited. 
This can be utilized by coupling video through a high 
pass filter into pin 9. However, the system works well 
even without this, and if not required; pin 9 can either 
be grounded or left open. 

The processed sync pulses are AC coupled to the coinci­
dence detector on pin 6 because in the event of there 
being no video input, pin 7 rises to the high state. Fly­
back pulses of greater than 1 V in amplitude are applied 
to pin 5 and when this is coincident with the video sync 
pulse, a,current pulse is provided by pin 10 .. 

After a predetermined number of coincident pulses (set 
by the delay capacitor on pin 10), the Schrnitt trigger 
operates, grounding pin 11. This brings down the voltage 
applied to the final comparator input from 12V to the 
required AFC trigger level set by R 1 and R2. Typically 

.thiswill be in the range of6-10V. 

The AFC control voltage is applied to pin 13. This is 
always less than 12V so that until the sync pulses and 
the flyback are synchronized, the main output on pin 14 
is always low. However, once synchronization is achieved 
and pin 12 is at a lower reference level, the AFC voltage 

" will' rise above this reference and .then below it as th.e 
tuner passes through the AFC detector range. 

. Pin 14 thus rises to lBV and then returns'to a low level. 
As the tuner then reverses slowly, pin 14 again goes 'high 
when the AFC voltage equals the reference on pin12. 
This terminates the search routine. 

, ,". 

Positive feedback can be provided to give a clean transi­
tion and to prevent multiple pulses ~ing sent to' the 
tuning circuits. . 

This is merely. one possible configuration of the circuit. 
The output amplifier can be used in the inverting mode 
if the AFC S curve is inverted. A compensation point is 
also provided for application involving negative feedback 
where the amplifier may need stabilizing. 

FLYBACK 
PULSE (> IV) 

12V-.----------.-----------------t-----, .-----.... -IBV 

1MB 

R2 

O,lpF 

FIGURE 1 
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~National . Audio, Radio and TV Circuits 
~ Semiconductor 

LM1303 Stereo Preamplifier 

General Description 
The LM1303 consists of two identical operational 
amplifiers constructed on a single silicon chip. 
Intended for amplification of low-level stereo 
signals, the LM1303 features low input noise volt· 
age, high open· loop voltage gain, large output 
voltage swing and short circuit protection. 

Schematic and Connection Diagrams 

.UI"fIV=~. 

INI'lIT Ull I 
,. 11 

INY~':'~~~ '0,..--+--' 

IIIV:::.,;', '0,..--+--, 
1IOII1Mv:.",'~~ I 

. 
IflrtrTlAU 

"unLIT ~~G 1 

" 

, 
IIUlPU1LU2 

" , 

Typical Application and Characteristic 

Features 
• Large Output Voltage Swing 4.0V rms min 

• High Open-Loop Voltage Gain 6,000 min 

• Channel Separation. 60 dB min at 10kHz 

Dual-In-Line Packago 

OUTPUT I 

OUT'UT Z 
LAQl 

INPUT! 
LAGZ\ 4 

NDN1NVERTlNIi 5 
INPUT' 

iNVUITlNG • 
lll'U12 

14\/+ 

OUTPUT 1 

n OUTPUT 
LAGI 

" 
ull~~,:r 
" NONINvtRTlNG 

INPlIT1 

I INVERTING 
INPlIT! 

Order Number LM1303N 
See NS Package N14A 

MagnetiC Phono Playback Preamplifier/R IAA Equalized 

'-_+-0". 

yolugl pin •.•.•..•••.• 34 dB at t KHz 
Input overiOld point ....•... 100 mVrms at 1 KHz 
OlltpUtvolllllswihJ ....•... 5.0 Vrmsat 1 KHundD.l%THD 
Output lIoise lanl .••.•••.• Batter tb.n 10 dB below 10 mV 

phOIIO mplft (input sIIortld) FIGURE 1 
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Absolute Maximum· Ratings 
SuppIV VDI_ 
Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

:t15V 
71SmW 

0107SoC 
-6SoC to 1SOoe 

300'C 

Electrical Characteristics (Note 2) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 

Input BiuCurrent 

Supplv Current Both 
Amplifiers VOUT = OV 

Large Signal VOltage Gain 

Channel Separation 
'f= 10kHz 

Output Voltage Swing 
RL -IOkll 

MIN 

6,000 

60 

4.0 

TYP MAX UNITS 

1.5 10 mV 

0.2 0.4 pA 

1.0 10 pA 

15 rnA 

10.000 V/V 

70 dB 

5.5 V~. 

Nota 1: For operation in ambient temperatures above 25"C, the device must be derated based on a 15O"C maximum junction . 
temperature and a thermal resistance of 175"ClW junction to ambient. 
Nota 2: These specifications apply for Vs = .13V and TA = 25"C, unle .. otherwise specified. 

Typical Application and Characteristic (Continued) 

Tape Haad Playback Preamplifier/NAB Equalization 

CD 1500 IIF fol' 3 3/41n1 • 
. C' . 810 pF "" 7112inh '--<iM~--' 

Vofflp Olin" 35 dB 1101.0" Hz 
Ol1putVolbttSwmg'S:DV ... FIGURE 2 

Typical Performance Characteristics 
Input Noise Voltage 

• VI Frequency .t tO"I4 

~'r" > 

I 
2 11'" 

I 
~lrl1 

! 
;10-11'1 laa It la' , ... 

FREQUENCY Ub) 
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~National . 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM1310 Phase-Locked Loop FM Stereo Demodulator 
General Description Features 

• Automatic stereo/monaural switching The LM 131 0 is an integrated FM stereo demodu­
lator using phase locked loop techniques to regen­
erate the 38 kHz subcarrier. A second version 
also available is the LM1800 (see separate data 
sheet) which adds superb power supply rejection 
and buffered (emitter follower) outputs to the 
basic phase locked decoder circuit. The features 
available in these integrated circuits make possible 
a system delivering high fidelity sound within the 
cost restraints of inexpensive stereo r~ceivers. 

• No coils, all tuning performed with single 
potentiometer 

• Wide· supply operating voltage range 

• Excellent channel separation 

Connection Diagram Typical Application 

Dual~ln·Line Package 

veo LOOP 
CONTROL fiLTER 

lOOP 
fiLTER 

POWER COMPOSITE AUDIO 
SUPPLY INPUT AMP 

OUTPUT 

PHASE 
DETEC­

TOR 
I~PUTS 

lEFT 
OUTPUT 

• DEEM 
'HAStS 

TO, VIEW 

THRESH· THRESH· 
PI LilT OLD OLP 

MONITOR FILTER fiLTER 

RIGHT LAMP eND 
OUTPUT DRIVER 

& 
DEEM· 
,HAStS 

Order Number LM1310N 
See NS Package N14A • 

'6k 

OSCILLATOR 
ADJUST 5k 

Typical Performance Characteristics 

Channel Separation 
Stereo Distortion YS 
Input Amplitude 

m 
3 

~ 
j: 

: 
i 
~ 
~ 
z: z .. 
5 

60 
11 VCO@ 

55 
19000 ±10 Hl 

21 PIN 6 OPEN 

50 3) 800mVp.p 

COMPOSITE 

45 
C,·lo.Fd 

40 /z'f/ 
A 35 

V 
3D 

0.3 1.0 

Cl • INPUT COUPLING 
CAPACITOR 

3.0 10 

0.3 

~ 0.2 

~ 

5 
In 0.1 C 

l-i-

o 
3D o 0.5 1.5 

~ ., 
co 
j: 

/ 
a: 

ti 
C 

2.5 

0.3 

0.2 

0.1 

o 

Monaural Distortion vs 
Input Amplitude 

..-i-"'-
~ 
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Absolute Maximum Ratings 
Supply Voltage 18V Operating Supply Voltage Range 10V to 18V 
Power Dissipation (Note 21 
Operating Temperature Range 

715mW 
O°C to +70°C 

Storage Temperature Range -65°C to +150oC 
Lead Temperature (Soldering. 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

PARAMETER CONDITIONS 

Supply Current Lamp "OFF" 

. Lamp Driver Saturation 100 mA Lamp Current 

Lamp Driver Leakage 

Pilot Level for Lamp "ON" Pin 11 Adjusted to 19.00 kHz 

Pilot Level for Lamp "OFF" Pin 11 Adjusted to 19.00 kHz 

Composite Input Maximum lor THO < 0.5% 

Monaural Input Maximum lor THO < 1.0% 

Stereo Channel Separation 
2.0Vp-p Composite with 10% Pilot 

Monaural Channel Unbalance Pilot "OFF" 

Recovered Audio 

Total.Harmonic Distortion 

Total Harmonic Distortion 2.0 Vp-p Composite with 10% Pilot 

Capture Range 50 mVrms of Pilot 

Ultrasonic Frequency Rejection 19 kHz 

38 kHz 

Dynamic Input Resistance 

SCA Rejection 1= 67 kHz; Measure 9 kHz Beat Note 

with 1 kHz Modulation "OFF" 

MIN 

3.0 

2.8 

2.8 

30 

20 

TYP 

18 

1.3 

1.0 

15 

7.0 

40 

45 

0.3 

485 

0.3 

0.15 

±3.5 

35 

45 

50 

75 

MAX 

20 

1.5 

UNITS 

mA 

V 

nA 

mVrms 

mVrms 

Vp-p 

Vp-p 

dB 

dB 

dB 

mVrms 

% 

% 

%oflo 

dB 

dB 

kU 

dB 

Note 1: Unless otherwise noted: VCC ~ +12 VD~ and TA = +25"C_ The input signal Is a 2.B Vp-p standard multiplex composite 
signal using 10% Pilot and with Lor R-channal only modulated at 1.0 kHz. . ' 
Note 2: For operation In ambient temperatures above 25"C. the device must be derated based on a 15o"C maximum junction 
temperature and a themal resistance of 175"CIW junction to ambient_ 
Note 3: The VCO can be dafeated (sometimes desirable when using an AM-FM receiver in the AM model by returning pin 14 to 
ground through a 2.2 kG resistor. 

Typical Performance Characteristics (Continued) 

Pilot Amplitude vs 
Captur. Frequency 

60 

50 
1\ I 

I \ I , 
40 

.! .... 
3D w 

II ~ \ .... 20 
~ l-I-;,: 

10 

0 
18 18.5 19 19.5 20 

INPUT PILOT FREQUENCY 1kHz! 
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~National Audio, Radio and TV Circuits 
~ Semiconductor 

LM1391 Phase-Locked Loop Block 

General Description 
The LM1391 integrated circuit has been designed 
primarily for use in the horizontal section of. TV re­
ceivers, but may find use in other low frequency signal 
processing applications_ It includes a stable veo, linear 
pulse phase detector, and variable duty cycle output 
driver_ 

• Output transistor with low saturation and high voltage 
swing 

• APe of the oscillator with a synchronizing signal 

Features 
• Internal active regulator for improved supply 'rejection 
• Uncommitted collector of output transistor 

Schematic and Connection Diagrams 

OUTPUT 

PRE·oRIVER 

., 
2.ik 

OSCILLATOR 
TIMING 

HZ R3 
liSt 1.5It •• 2.411. 

OSCILLATOR 

R6 

"0 

R1 

4" 

(*)Pin4 - Base of 016 (LMI391) for use with (+) flyback pulse 

REGULATOR 
VOLTAGE 

.. 
2.4k 

• De controlled output duty cycle 

• t300 Hz typical pull-in 

• linear balanced phase detector 

• Low thermal frequency drift 

• Small static phase error 

• Adjustable dc loop gain 

REGULATOR PHASE DETECTOR 

'26 , .. 

'IO 
'30 

R11 zz 
3k 

D3 

'13 

'" 
SYNC 

INPUT 

D2 

.21 ." 

Dual-In-Line Package 

DUTYCYCLf 
CONTROL 

OUTPUT 

OSCILLATOR 
TIMING 

GNO 

REGULATOR 
VOLTAGE 

SYNC 
INPUT 

TOP'VIEW 

10-81 

PHASE 
DETECTOR 

OUTPUT 

SAWTOOTH 
INpUT 

Order Number LM1391N 
See NS Package NOsB 

5 PHASE 
DETECTOR 
OUTPUT 

,.} SAWTOOTH 
INPUT 



Absolute Maximum Ratings 
Supply Current 4OmAOC Power Oi,ssipation (Package Limitation) 
Output Voltage 40VOC Plastic Package (Note 11 1250mW 
Output Current 3OmAOC Operating Temperature Range (Ambient) O°C to+7SoC 
Sync Input Voltage (Pin 3) 5.0Vp,p Storage Temperature Range -65oC to +1 50°C 
Flyback Input Voltage (pin 4) 5.0Vp·p 

Electrical Characteristics T A = 25°C (see test circuit, all switches in position 1) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Regulated Voltage (Pin 6) 16=22 mADC 8.0 8.6 9.2 VDC 

Supply Current (Pin 6) 20 mADC 

. Collector· Emitter Saturation Voltage ICl =20 mA 0.30 0.40 VDC 
of Output Transistor (Pin 1) 

Pin 4 Voltage 2.0 VQC 

Oscillator Pull-in Range Adjust RH ±300 Hz 

Oscillator Hold-in Range Adjust RH ±900 Hz 

Static Phase Error lIf = 300 Hz 0.5 IJ.s 

Free-running Frequency Supply Sl in position 2 ±3.0 HzIVDC 
Dependance 

Phase Detector Leakage (Pin 5) All switches in_ position 2 ±1.0 IJ.A 

Sync Input Voltage (Pin 3) 2.0 5.0 Vp-p 

Sawtooth Input Voltage (Pin 4) 1.0 3.0 Vp·p 

Maximum Oscillator .Frequency 500 kHz 

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1SctC maximum junction temperature and a 
thermal resistance of 100" C/W junction to ambient . . 
Typical Performance Characteristics 

Frequencv Drift VI Warm-Up Output Duty Cycle 'VI VM 
Time Frequency vs T~mparature Voltage 

30 7.0 
REFERENCE FREQUENCV ·150 - - REFERE~CE FREQUENCV . 6.5 ~E;:~~~~~:REQUENCV _ 20 ~ - fo = 15,150 Hz i - - to = 15,150 Hz r-r-

~ 
100 6.0 10 'i' u 

:;: ui SO " 5.5 0 .. ~ ;: z 0 w 5.0 " .. ... .. -10 
I\, ~ .. ,/ 

~ ~ -so ~ 4.5 
-20 !i! 1/ 

" --- z 4.0 
S -30 

~ -100 ~ x106 li-200ppmrc fs -'- ~ ::: co 3.5 - ~ -150 

~ ".--40 (MAV BE COMPENSATEO_ I-- 3.0 
~200 WITH N220 CAPACITORI - I--

-SO 2.5 
0 15 30 45 60 75 90 105' 120 0 10 20 30 40 SO 60 70 80 0 10 20 30 40 SO 60 70 80 90 

TlMEI~ AMBIENT TEMPERATURE ( CI PIN 1 OUTPUT DUTV CYclE 1%1 

Application Information 
The following equations may be considered when using DC Loop Gain pfj ~ 3.2 x 10-5 Rofo Hz/rad 
the LM1.391 in a particular application. 

Noise Bandwidth 

R201 = R301 = 
VCC-8.6 n RX2 

0.02 1 + 21T-Cc pfj 

1 fnn~ 
Ry 

Hz 
foE!!--- Hz 1.5k::; Ro < 51k 4RXCc 

0.6 RoCo 

R204~ 10 Ro Damping Factor 

1 1T RX2 
C203 = C204 ~ F- K~- - Ccpfj 

600 fo(Hz) 2 Ry 
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Test Circuit 

Typical Applications 
Vee 

24VTVP 

Rl01 

'" lW 

-20V 
NEG 
SYf!C 

" 

{ lZ/oSPULSE} 
+50VFDRlMIJ91 -.. 

R111& 
2.1k 

Vee 
30V 

1k 

0, 

Sl 

Vee 
24VTYP 

R201 

3 Vp-pIN'UT 
SYNCHRONIZING SIGNAL 

",D& 
z.n 

R207 
2.4k 

FIGURE 1. TV Horizontal Processor 
FIGURE. 2. General Purpose Ph_·Lock Loop 

(See Applice1ions Information) 

Vee 
24VTVP 

T e301 

PULSE-WIDTH 
MODULATION 

FIGURE 3. Variable DIrtY Cycle Oscillator 
(See Applice1ions Information) 
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~National Audio, Radio and TV Circuits 
~ Semiconductor 
LM1596/LM1496 Balanced Modulator-Demodulator 
General Description 

The LM1596/LM1496 are double balanced modu· 
lator·demodulators which produce an output 
voltage proportional to the product of an input 
(signal) voltage and a switching (carrier) signal. 
Typical applications include suppressed carrier 
modulation, amplitude modulation, synchronous 
detection, FM or PM detection, broadband fre· 
quency doubling and chopping. 

The LM1596 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1496 is specified for operation over the 'o°c 
to + 70°C temperature range. 

Schematic and Connection Diagrams 

GAIN 
.. JUST 

Numbers in parentheses show DIP connections. 

TYPical Application and Test Circuit 

MGDUl~~~;O"" ... ___ ..... ___ -t1t1l 

Features 

• ,Excellent carrier suppression 

65 dB typical at 0.5 MHz 
50 dB typical at 10 MHz 

• Adjustable gain and signal handling 

• Fully balanced inputs and outputs 

• Low offset and drift 

• Wide frequency response' up to 100 MHz 

un. 

Metal Can Package 

liAS 

TO~\lIEW 

Not.: Pin 10 is conntcted electricallv to me 
ClS81hrougbthadevicesubstrate. 

Order Number LM1496H or LM1596H 
See NS, Peckage HOSC 

Dual-In-Line Package 

+SIGNAlIN , II .. 
GAlNADJI/ST • " 
GAINADJIIST , " -OUTPUT 

-$.IGNAllN • " 
BIAS · " -CARRIER INPUT. 

+ OUTPUT • 
• +cAflRIERIIt.1,Il 

TlI.VIEW 

Order Number LM1496N' 
See NS, Package N14A 

I---.... -+-o.v. 

.UI'I-----..... ~-o·V. 
1141'1('1' 5(5) 

Numbers in parentheses show DIP connections. 

r·o-----+ 

Note: 51 is closed far "adjusted" rneaurements. 

Suppressed Carrier Modulator 
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Absolute Maximum Ratings 
Internal Power Dissipation (Note 1l 500rnW 
Applied Voltage (Note 2) 30V 
Differential Input Signal (V7 - Val ±5.0V 
Differential Input Signal (V4 - V,) ±(5+15 R.)V 
Input Signal (V2 - V 1, V3 - V4) 5.0V 
8ias Current (15) 12mA 
Operating Temperature Range lM1596 _55°C to +12SQ C 

LM1496 O°C to +70°C 
Storage Temperature Range _65°C to +150°C 

. Lead Temperature (Soldering, 10 secl 300°C 

Electrical Characteristics . (T A = 25°C, unless otherwise specified, see test circuit) 

LM1596 LM1496 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

Carner Feedthrough Vc.- 60 mVrms sine wave 40 40 J.Nrms 
fc'" 1.0 kHz, offset adjusted 

VC:: 60 mVrms sine wave 140 140 I·Nrms 
fc = 10 MHz, offset adjusted 

VC:< 300 mVpp square w~ve 0.04 0.2 0.04 0.2 mVrms 
fe '" 1.0 kHz, offset adjusted 

V C ",. 300 m V pp square wave 20 100 20 150 mVrms 
fc '" 1.0 kHz, offset not adjusted 

Carrier Suppression fs'" 10 kHz, 300 mVrms 50 65 50 65 dB 
fc ,. sao kHz. 60 mVrms sine wave 
offset adjusted 

ls= 10kHz,300mVrms 50 50 dB 
fc'" 10 MHz, 60 mVrms sine wave 
offset adjusted 

Transadmittance Bandwidth RL" 50n 300 300 MHz 
Carrier Input Port, Vc = 60 mVrms sine wave 
Is'" 1.0 kHz. 300 mVrms sine wave 

Signal Input Port. Vs = 300 mVrms sine wave 80 80 MHz 
V7 - VB '" O.SVdc 

Voltage Gain, Signal Channel Vs'" 100 mVrms, f = 1.0 kHz 2.5 3.5 2.5 3.5 VIV 
V7 - Va '" D.SVdc 

Input Resistance, Signal Port f= 5.0 MHz 200 200 kn 
V7 - Va • 0.5 Vd~ 

Input Capacitance, Signal Port f"5.0MHz 2.0 2.0 pF 
V7 - Va '" 0.5 Vdc 

Single Ended Output Resistance f·l0MHz 40 40 kn 

Single Ended Output f·10MHz 5.0 5.0 pF 
Capacitance 

Input Bias Current II, + 14112 12 25 12 30 ~A 

Input Bias Current 117 + lal12 12 25 12 30 ~A 

Input Offset Current II, - 141 0.7 5.0 0.7 5.0 ~A 

Input Offset Current 117 -Ial 0.7 5.0 5.0 5.0 ~A 

Average Temperature I-55°C < TA <+125°CI 2.0 nWe 
Coefficient of Input {O"C<TA <+70"C 2.0 nArC 
Offset Current 

Output Offset Current 116- 191 14 50 14 60 ~A 

Average Temperature (-SSoC < TA < +125°C) 90 nArC 
Coefficient of Output (DOC < TA < +70°C) 90 nArC 
Offset Current 

Signal Port Common Mode f5'" 1.0 kHz 5.0 5.0 Vr>f> 
Input Voltage Range 

Signal Port Common Mode V7 - Va· 0.5 Vdc -85 -85 dB 
Rejection Ratio 

Common Mode Quiescent 8.0 8.0 Vdc 
Output Voltage 

Differential Output Swing 8.0 B.O VO"1> 
Capability 

Positive Supply Current 116 + 191 2.0 3.0 2.0 3.0 rnA 

Negative Supply Current (1101 3.0 4.0 3.0 4.0 rnA 

Power Dissipation 33 33 rnW 

Note 1: LM1596 rating applies to case temperatures to +12SoC; derate linearly at 6.5 mW/oC for 
ambient temperature above 7SoC. LM1496 rating applies to case temperatures to +70oC. 

Note 2: Voltage applied between pins 6·7, 8-1, 9·7, 9·8, 7-4, 7-1, 8·4, 6-8, 2-5, 3-5. 
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Typical Performance Characteristics 

Carrier Suppression vs Carrier Suppression vs Carrier Feedthrough vs 
Carrier Input Level Frequencv Fr~quency 

0 ~ 0 10 :: ." 

10 '" 10 i '" ~ 

'" ~i 20 
w 

'z zo .. 
'I ",- ..... 1-"" '" 1.0 ..... ~" ~ 

30 li:i 30 -i- Zle .. 
.... 1-... > 

~ 
"'::: t-

40 ;; 40 '" ... , V Ii ~ 10 Mt, V I!: 1/ ::; ~a:' ~. 0.1 
50 ~~ 50 

~ I' ..... .... r--~500kH' '~ ffi .. ", Ie 0: ~ 60 '-~ ~3 60 
~ '" e - I---' ~ 

10 

~ 
10 0.01 

0 100 200 300 400 500 0.05 0.1 0.5 1.0 5.0 10 50 0.050.1 0.5 1.0 5.0 10 50 

CARRIER !NPUT LEVEL (mV".s) CARRIER FREDUENCY (MHz! CARRIER FREDUENCY (MHz! 

Sideband and Signa' Port 
Sideband Output vs Transadmittances vs Signal-Port Frequencv 
Carrier Levels Frequency Response 

." 

~ 2.0 1.0 ZO 
ill ; III 

" I I I I ~ SIGNAL PORT A~ *l.9 k!!, R". 1.Dkn 

'" '" a 1.6 I I I I 
oS 0:8 

JIJi~A~D II II ~ 
10 RL "'39K, R.sSlIOll I 

w .. 
" w RL"'3.9kll,R."20UI u; SIGNAL INPUT = 600 mV :i 0.6 

.. 
5 1.2 .... 

400lmv 
'" 0 

1111 IIIII ~ :!I .~ SIGNAL PORT ~ 
!i TRANSADMITTANCE " , 

~ 0.8 c· 
Vl1"~ VOUT=o V1 -V,"OSVIk: 

> 

1/ ~ 300 mV :!j 0.4 ffi -to "I'I'li"I"il'''' w .. " g v ...... 200 mV " stDEBAND ill J,~V) .. U, 50.4 '" ~ 0.2 TRANSADMITTANCE ~ -20 

~ ~ - 100mV lOUT lEACH SIDEBAND) .... ;;:'!h-~ Yll=--Vl~ Vour"O .. 
I-"'" I ;; ,,~ .. , 

~ 0 -3~ 

t- o 50 100 150 200 0.1 1.0 10 100 1000 0.01 0.1 1.0 10 1110 

'" .. CARRIER LEVEL (mVllnsl CARRIER FREDUENCY (MHz! FREDUENCY·(MHz! 

Typi~al Applications (ContinU~d) 

+8 Vdc 

,. 
, 

19. 
CARRIER INPUT 2121 3(31 ~U. 

300mVrntS 1('1 
51 6(&1 H ' 1" '".01 

l~F _ ~ 
'"'"'- 0.005 

LM1596 T"' SS. SIGNAL 0-/ ( - 1K ' 1 ~F 
. ,INPUT 1\ 

1111 I E--o DEMO~ULATED 91121 ; ~ I A' OUTPUT 
[41(1 10114) 5(5) 0.005- '- &.oDS , 

"'-:r "'1" 
" " 

S.8K 
I. 

~ T 
Numbers In ~alentheses show DIP conhectlons. 

"::" 

-8 Vdc 

SSB Product Detector 
I 

This figure shows the LM1596 used as a single sideband (SS6) suppressed carrier demodulator (product detector). The 
carrier signal is applied to the carrier il')put port with sufficient amplitude for switching operation. A carr:ier inpu't level 
of 300 mVrms is optimum. The corpposite SSB signal is applied to the signal input pan with an amplitude of 5.0 to 
500 mVrms. All output signal components except the desired demodulated 'audio are filtered out, so that an offset 
adjustment is not required. This circuit.may also' be used as an AM detector bV applying composite and carrier,signals 
in the same manner as described for product detector operation. 

, 
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Typical Applications (Continued) 

+12 Vdc 

IK 

IK 
IK 

51 2(2) lll) • lit. R, 
liB) 

~~. 
51 

clt-l 
BUD) 61B) 

":' LMI596 

Aye,. cos 2 wt 

e.,coswt If1I 8f12) 

4(4)IOU4) SIS) 

10K '!oIOK 51 51 • Numbels in parentheses shaw DIP connections. 
SDK 6.BK 

1 
~ 
~ 

-==--8 Vdc 

Broadband Frequency Doubler 

The frequency doubler circuit shown will double low-level signals with low distortion_ The value of C should be' cho.en -
for low reactance at the operating frequency. 

Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching 
differential amplifier. Levels to 50 mV·peak may be used with soma distortion of the output waveform. If a larger input 
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input. 
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~National Audio, Radio and TV. Circuits 
( 

~ Semiconductor 

LM1800 Phase-Locked Loop FM Stereo Demodulator 

General Description 
The LM 1800 is a second generation integrated 
FM stereo demodulator using phase locked loop 
techniques to regenerate the 38 kHz subcarrier. 
The numerous features integrated on the die make 
possible a system delivering high fidelity sound 
while still meeting the cost requirements of inex­
pensive stereo receivers. More information available 
in AN-81. 

Features 
• Automatic stereo/monaural switching 
•. 45 dB power supply rejection 

• No coils; all tuning performed with single 
potentiometer . 

• Wide operating supply voltage range 
• Excellent channel separation 
• Emitter follower output buffers 

Connection Diagram Typical Application 

PHASE 
DETEC- THRESH- THRESH· 

POWEn . veo lOOP LOOP TOR PILOT OLD .OLD 
SUPPLY CONTROL fiLTER FILTER INPUTS MONITOR FILTER FILTER 

COMPOSITE AUDIO LEFT lEFT RIGHT RIGHT LAMP GND 
INPUT AMP LOAD OUTPUT OUTPU1 LOAD DRIVER 

OUTPUT a lit 
DEEMPHASI$ DEEMPHASI$ 

TOP VIEW 

Qrder Number LMl800N 
See NS Package N16A 

Typical Performance Characteristics 

Supply Ripple Rejection 
60 

RIPPLE'" 200 mVrms 

55 !=200Hz 

a; 50 

'" l!; 
45 

~ ;;: 
40 0: 

--I' 

1/ 
35 

3D 
6 10 12 14 16 

SUPPLY VOLTAGE (V) 

10·88 . 

! 
z .. 
iii 
0: 

i 
~ 

~ z c 
'" .. 

'":" lEFT RIGHT ':" 
OUTPUT OUTPUT ' 

Channel Separation 
60 

1) VCO@ 

55 
19DDD.l0Hz 

Z) PIN 6 OPEN 

50 31 BDOmV,.p 
COMPOSITE 

45 
C, -lo,.Fd 

4D 

35 

/zr./ 
~ 

V Cl = INPUT COUPLING 
CAPACITOR 

30 
0.3 1.0 3.0 10 

AUOI~ FREQUENCY (Hz X 100) 
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Absolute Maximum Ratings ; 
Supply Voltage 
Power Dissipation (Note 3) 
Operating Temperature Range 
Operating Supply Voltage Range .' , 
Storage Temperature Range 
Lead Temperature (Soldering. 10 seconds) 

18V 
715mW 

O°Cto+70~C 
+10V.to +18V 

-65"C to +150'C, 
3OO"C 

Electrical Characteristics (Note 1) 

PARAMETER 

SupplV Current 

Lamp Driver Saturation 

La~p Driver Leakage 

Pilot Level for Lamp "ON" 

Pilot Level for Lamp "OFF" 

Stereo Lamp Hysteresis 

Stereo Channel Separation 

Monaural Channel Unbalance 

Monaural Voltage"Gain 

Total Harmonic Distortion 

Total Harmonic Distortion 

Capture Range 

SupplV Ripple Rejection 

Ov,:,amic Input Resistance 

Dynamic Output Resistance 

SeA Rejection 

Ultrasonic Freq. Rejection 

CONDITIONS 

Lam'" "off'" 

'1 ~O rnA La.mp Current 

Pin 11 Adjusted to 19.00 kHz 

Pin 11 Adjusted to 19.00 kHz 

100Hz (Note 2) 
1000 Hz (Note 2) 
10000 Hz (Note 2) 

200 mVrms, '1000 Hz Input 

200 mVrms, 400 Hz Input 

500 mVrms, 1000 Hz Input 

500 mVrms, 1000 Hz Input, 1800A Only 

25 mVrms of Pi/?t 

200 mVrms of 200 Hz Ripple 

(Note 4) 

Combined 19 and 38 kHz. Ref. to Output 

Note 1: TA = 25"C and V+ = 12V unless otherwise specified. 

'MIN 

3.0 

. 3.0 

30 

140 

±2.0 

35 

20 

900 

TYP MAX UNITS 

21 30 mA 

1.3 1.8 V 

1.0 nA 

15 20' mVrms 

7.0 mVrms 

, 6.0 d8 

40 ,dB 
45 ' dB 
45 . ' .. dB 

·0.3 1.5· dB 

200 260 mVrms 

0.4 1.0 % 

0.1 0.3' % 

±6.0 %offo 

45 dB 

45 kG 

1300 2000 G 

70 dB 

33 dB 

Note 2: The stereo input signel is made by summing 123 mVrms LEFT or RIGHT modulated signal with 25 mVrms of 19 kHz 
pilot tone, measuring all voltages with an average responding'meter calibrated in rms. The resulting waveform is about BOO mVp-p. 
Note 3: For operation in ambient temperatures above 25"C. the device must be derated based on a 150"C maximum junction 
temperatura and a thermal resistance of 175'C/W junction to ambient .. 
Note 4: Measured with a stereo composite signal'consistency of 80% stereo; 10% pilot and 10% SCA as definad in the FCC Rules 
on Broadcasting. 
Note 5: VCO "OFF" curve rapresents the distortion attainable using good 19 kHz and 38 kHz filters. 

Typical Performance Characteristics (Continued) 

Monaural Distortion 
.. Input Amplitude 
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'~National . Audio, ,Radio and TV Circuits 
~ Semiconductor 
LM1818 Electronically Switched Audio Tape System 

General Description 
The LM18l8 Is a linear int~gratl!dcircuit containing all 
of the active electronics necessary for building a tape 

Features 
• EI~ctro~,ic record/play swiU:hing 

.'. ,85 dB power supply rejection 
• Motional pea~ level meter circuitry, 
• L,ow noise preamplifier circuitry 
• 3.5V to l8V supply operation 

, recorder deck (excluding the bias oscillator). The elec­
tronic functions on the chip include: a microphone and 
playback preamplifier, record and playback amplifiers, 
a meter driving circuit, and an automatic input level 
control circuit. The Ie features complete internal elec­
tronic switcliing between the record and playback molles 
of operation. The multipole switch used in previous 
systems to switch between record and playback modes 
is replaced by a single pole switch, thereby allowing for 
more flexibility and reliability in the recorder design. * 

• Provision for external low noise input transistor 

*Monaural operation, Figure 9. 

Typical Applications 

LM1111 

RECORDIPtAV 
LOGIC 

Ordar Num"r LM1818N 
Sea NS Package N20A 

RI2 . 

'''' 

UlfR'C.R.: 
: ~ I 

t--M-...... ----1~.,· I ....--+-"""\1-+ Vs 

47,F 

, R' ,. + : R11 + C1I 

T'I11~F. ":,,,' : ,a'T 1IAF 

'::" I'::" '::" 
'lAY I 

R.C.R.o-J'-/--------+ 

I 
':'" 2 I IIASANDERASE 

..... --lAF-----.... ---------:-=---=-t ITO~~~~::::.t~:r •• 

TO RIGHT CHANKEL HEAD • 
AND ELECTRONICS T'··' 

, I 
,----..... -""1 I t""-..-.J>;\I\ro-.,v. 

4------1 

10 
47,f 

PLAY I 

RECORD 0 

FIGURE 1. Stereo Application Circuit (Left Channel Shown). Vs = 15V 
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Absolute Maximum Ratings 
Supply Voltage 18V 
Package Dissipation, (Note 1) 715.mW ... 
Storage Temperature --65°C to +1 50°C 
Operating Temperature , O°C to +70°C 
Junction Temperature 150°C 
Minimum Voltage on Any Pin -0.1 VDC 
Maximum Voltage on Pins 2 and 5 0.1 VDC 
Maximum Current Out of Pin 14 5mAOC 
Lead Temperature (Soldering, 10 seconds) 300°C 

.. 

Electrical Characteristics VCC =. 6V, TA = 25~C, See Test Circuits (Figures·2and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Operating Supply Voltage Range' 3.? 18 VDC 

Supply Current Test Circuit (Figure 2) 5 12 mA 

Turn·ON Time , Exter·~aJJy Programmable 50· 400 (TIs 
..... 

Playback Signal to. Noise· DIN ·Eq. (3180 and 120 !Ls), 20-20 kHz, 74 dB 

Rs = 0, Unweighted, VREF';'· 1 mV at 

400 Hz .. 
.. 

Record Signal to Noise Flat Gain, 20-20 kHz, Rs = 0; ALC OFF, 69 dB 

VREF 7'.1 mV at 1 kHz,.Unweignted 

Fast Turn·ON Charging Current Pins 16 and 17 .. 200 !LA 

Record arid Playback Preamplifier f=100Hz 100 dB 

Open Loop Voltage Gain 

Preamplifiers' Input Impedance .. 50 kQ 

Preamplifiers'lnput Referred PSRR 1 kHz-Fiat Gain .. 
.. 

85 dB 

Bias Voltage on Pin 18 in Play Mode 
.. . ~' 

0.5 V 

or Pin 15 in Record Mode , 

Monitor Amplifier Input Bias Pins 11 and 12· 
, 

0.5 !LA 

Current 

Monitor Amplifier Open Lo·op . Record or Playback, f =.100 Hz· 80 dB 

Voltage Gain 
, 

Monitor Outputs Current Capability Pins 9 and 10, Source Current Available; 400 750 !LA 

Monitor Amplifier's Output Swing RL = 10k, AC Load 1.2 1.65 Vrms 

THD, All Amplifiers At 1 kHz, 40 dB Closed Loop Gain 0.05 % 

Record·Playback Switching Time As in test Circuit. 50 ms 

Input ALC Range ilVIN for ilVOUT = 8 dB 40 dB 

Input Voltage on ALC'Pin for 25 mVrms 

Start,of ALC Action 

ALC Input Impedance. 2 kQ 

ALC Attack Time C13 = 10!LF 7 ms 

ALC Decay Time R17 =.00, C13 =.10 IlF 30 sec 

. Meter Output Gain 100 mVrms at 1 kHz into Pin 4 .800 mVDC 

Meter Output Current Capability 2 mADC 

Nota 1: For operation in ambient temperatures above 2SoC, the device must be derated based on a 150D C maximum junction temperature and a 
thermal resistance of 175°CIW junction to a~bient. 

10·91 



Test Circuits 
~ __________________ .,.... ____________ ... -+-o~~~~;UFlER 

aDD 

200 

20k 3.9k 

L-----------~~------._------------_.VCC 

'"f~ O.ZpF . T MONIlORINPUT 

1Il10 1k 

- . 

" 
1000 

PIN20 .. .J\M,.... 

5·1k 560 01 F 
RECORO MONITOR OUTPUT o-+ .... ---'--...... 'lII'IO.1kI\r-------4~""2"."\I'f-." J"'" 

PLAVMONITOR OUTPUT 0-... -------,.,.,,.,.-----...... ~ 

FIGURE 2. General Test Circuit 

13 

T 
'::" 

11 

FIGURE 3. Noise Test Circuit 
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Equivalent Schematic Diagram 

Typical Performance Characteristics 
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Application Hints 
Preamplifiers (Figure 5) 

There are 2 identical preamplifiers with 1 common 
output pin on the IC. One amplifies low level inputs 
such as a microphone in the record mode and another 
amplifies the signal from the playback head in the 
playback mode. The amplifiers use a common capacitor, 
C6, to' set the low frequency pole of the closed loop 
responses. On the playback amplifier, the collector of 
the input device is made available so that an external low 
noise device can be connected in critical applications. 
When using an external low noise transistor, pins 17 and 
18 of the IC are shorted together to ensure that the 
internal input tr.ansistor is turned OF F and the external 
transistor's collector is tied to pin 19. The input and 
feedback connections are now made to the external 
input transistor. The amplifiers are stable for all gains 
above 5 and have a typical open loop gain of 100 dB. 
Fili and R9 enable C6 to be quickly charged and set the 
DC gain. Internal biasing provides a DC voltage indepen­
dent of temperature at pin 17 so that the preamplifier 
DC output will remain relatively constant with tempera­
ture. Supply decoupling is provided by an internal 
regulator. Additional decoupling can be added fo~ the 
input stages by increasing the size of the capacitor on 
pin 20 of the IC. A fast charging circuit is connected to 
the preamplifiers' input capacitors (pins 16 and 17) to 
decrease. the turn·ON time. Larger input capacitors 
decrease the noise by reducing the source impedance at 
lower frequencies where 1/f noise current produces an 
input noise voltage. The input resistance of the pre-, 
amplifiers is typically 50 kU. 

Monitor and Record Amplifiers (Figure 6) 

The monitor and record amplifiers share common input 
and feedback connections but have separate outputs. 
During playback, the input signal is amplified and 
appears only at the playback monitor output. Because 

.. 
'" 

" 12Y 

... 
n + 

" a.5Voc 

R2 

+ 

"*C6 12. 

10k 

I. 

the outputs are separate, different feedback components 
can be used and, as a result, totally different responses 
can be set. The amplifiers are stable for all closed loop 
gains above 3 and have an open loop gain of typically 
80 dB. The outputs are capable of supplying a minimum 
of 400 jlA into a load and swing within 500 mV of 
either V CC or ground. If more thim 400 jlA is needed to 
drive a load, an external pull-up resistor on the output of 
these amplifiers can increase the loaa driving capability. 

Automatic Level Control - ALC (Figure 7) 

The automatic level control provides a constant output 
level for a wide range of record source input levels. 
The ALC works on the varying impedance characteristic 
of a saturated transistor. The impedance of the saturated 
transistor forms a voltage divider with 'the source imped· 
ance of a series resistor (R1 in Figure 9). The input 
signal is decreased as the ALC transistor is increasingly 
forward biased. The ALC transistor wili be forward 
biased when the preamplifier's AC output (pin 141. 
coupled to the combination ALC-meter drive input 
(pin 4) reaches 40 mV peak (25 mVrms). The gain of 
the ALC loop is such that a preamp input signal increase 
of 10 dB will result in a 2 dB increase on the AC output 
of the preamplifier. If greater than 25 mVrms is desired 
at the output' of the preamp, a series resistor can be 
added between the preamp output coupling capacitor, 
and the ALC input (pin·4). The input impedance of the 
ALC circuit is 2 kU; therefore, if a 2 kU series resistor 
is added, ALC act,ion will begin at 50 mVrms. 

The ALC memory capacitor connected to pin 6 has the 
additional function of amplifier anti-pop control; for 
this reason, it is necessary that a capacitor be connected 
to pin 6 even if ALC is not us~d . 

Quiescent DC Output Voltage 

'VOC = (1 + ::) (0.5 - 50 x 10-6R2)V if R2 + R3 > 10 RE 

c 
RBRII 

whe", RE = R8+R9 

AC Voltage Gain 

Ay 

R3 
R4 + 71-+-S-C--5"'"R""-3 
--....,R"'2::.-=-:~-=- + 1 

FIGURE 5. Preamplifier 
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Application Hints (Continued) 

Meter Driving-Motionel Peak Level Response (Figure 7) 

The meter drive output (pin 8) is capable of supplying 
1-2 mA at a filtered DC voltage that is typically equal 
to 10 times the RMS value of the signal applied to the 
ALC·meter drive input pin (pin 4). The RC network 
connected to pin 7 of the IC determines the memory 
constant of the meter circuit. It is therefore possible 
to store the peak input signal by giving this RC network 
a long time constant, or read the instantaneous signal 
level by giving this RC network a very short time con· 
stant (i.e., no capacitor). This memory capacitor is 
discharged within the integrated circuit at a discharge 
rate related to the DC level on the meter output pin. 
When the meter output pin is between 0 VOC and 
0.7 VOC there is a 50 /lA discharge current; when the 

R15 
Record gain = 1 + R14 

R16 
Playback gain = 1 + R14 

An VccJZ AU 

.14 

+ 

pin is between 0.7V and 1.1V there is no internal 
discharge current; and when the voltage on pin 8 is 
greater than 1.1 V there is a discharge equivalent to a 
3.3k resistor across the memory capacitor. These dif· 
ferent discharge rates allow the meter circuit to display 
fast, accurate responses on the lower portion of the' 
meter display, slow responses in the higher portion of 
the meter display. and rapid discharge when the voltage 
is above the maximum reading the meter can display. 
The resistor in series with the meter can be adjusted 
such that the previously mentioned responses coincide 
with the proper points (0 VU and +3 VU) on the meter 
scale. 

Vee 

1"el2 ,-"",.',.,' .--_____ ....J 

FIGURE 6~ Monitor Amplifier 
Vee 

FIGURE 7. Auto Level·Meter Circuit 
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co 
;; .Application Hints (Continued) ..... 
:::E Anti·Pop Circuitry (Figure BJ 

..J 
The capacitor on pin 3 is used in a time delay system in 
conjunction with' C13, the ALC capacitor, to suppress 
pops when switching between record and playback. 
Figure B illustrates how this is done. The output ampli· 
fier, either record or playback, is shut off, prior to 

, switching' and carefully rebiased after switching takes 
place. It is therefore required that ,a proper ratio' is 
selected bet\'Yeen the ALC capacitor and the'logic input 
RC time constant. 'he ALC capacitor must be discharged 
to 0.7V within the time it takes the logic input capacitor 
to: t)'charge'from VCC/2'to 0.7 VCC when switching 
from record to playback, or 2) discharge from VCC/2 
to 0.3 Vec when switching from playback to record. 
These times would normally be similar; however, the 
ALC capacitor can be charged to a different initial value 
depending upon the input to the ALC circuit. The maxi· 
mum value' to which the ALC memory capacitor will 
normally charge is 3.2V, therefore, the maximum time 
allowed for discharging Ct3 is given by: 

(Ct3 x eN) (3.2V - 0.7V) 
tt = = Ct3 , 

, It 350/LA 

= Ct3 x 7.2 x t04 

, If Ct3 = to /LF, tt = 72 ms 

It it now necessary to determine the minimum value for 
the RIP logic capacitor. This is done by computing the 
time between the 2 voltage switching points using the 
'exponential equations for a single RC network. 

[ VCC ) t2= R13CllIn --- -
, 0.3VCC 

R13'Cllln'[~L 0.51 R13Cll 
0.5VCc] 

To be sure that Ct3 is completely discharged, let t2> tl. 

, tl (72 ms) 
R13 Cll > -- = --- = 141 ms 

0.51 0.15 

If.Cll = 10/LF, R13 = 15 k!2 

EXTERNAL 
RIP 

SWITCH 

VC:----.J 

R 13 shOUld be kept to a value less than 50 k!2 to insure 
that 'bias current existing from pin 3 does not cause an 
offset voltage above 200 mV. Typically this bias current 
is less than 3/LA. 

Record Playback Switch 

When the' voltage on pin 3 of the IC is greater than 
0:5 VCC, the 'internal record·playback switch switches 
into the playback mode. During playback the· record 
preamplifier remains partially biased but the input signal 
to this' preamp does not appear at the preamplifier 
output. In addition, during the playback mode, the 
record monitor output (pin ,9) is disabled and the- ALC 
circuit operates to minimize the signal into the record 
preamp input. The meter circuit is operational in the 
playback as well as the record mode. Similarly, during 
the record mode, the playback' preamp input is ignored 
and the playback monitor output is disabled. In addi· 
tion, a pin 'is available to hold one side of the record 
head at ground potential while sinking up to 500 /LA, 
of AC bias and record current. 

+ CI3 CAP T ALC 

FIGURE SA. Anti·Pop Circuit 

Vee 

PlN3 uVCC=:===;2r:~~======"'~=ss::;======== LOGIC 1.& Yee ~ s 
CApO.lYee ~ 

PIN I 'V 
ALeCA' 1I.1V 

PREAMP 
vccf2 OUTPUT 

"N14 SWITCHING 
OCCURS 
MONITOR 

PLAY 
AMPLIFIER OUTPUTS 

DISABLED 
MONITOR vccf2 OUTPUT 

PIN I 

FIGURE SB. Waveform for Anti·Pop Circuit 
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External Components 
(Refer to Figure 9, Monaural Application Circuit) 

COMPONENT EXTERNAL COMPONENT FUNCTION 
NORMAL RANGE 

OF VALUE 

Rl Used in conjunction with varying impedance of pin S, forming a resistor divider SOOn-20 kn 
network to reduce input level in automatic level control circuit 

C2 Fqrms a noise reduction system by varying bandwidth as a function of the 0.01 ,uF-O.S,uF 
changing impedance on pin S. With a small input signal, the bandwidth is 
reduced by RI and C2. As the input level increases, so does the bandwidth. 

CI,C3 Coupling capacitors. Because these are part of the source impedance, it is . O.S,uF-IO,uF 
important to use the larger values to keep low frequency source impedance 
at a minimum. 

C4 Radio frequency interference roll·off capacitor 100 pF-300 pF 

R2 Playback response equalization. CS and R3 form a pole in the amplifier response 50n-200 n 
R3 at SO tiz. CS and R4 form a zero in the response at 1.3 kHz for 120,us equalization 47 kn-3.3 Mn 
R4 and 2.3 kHz for 70,us equalization. 2 kn-200 kn 
CS 

RS. Microphone preamplifier gain equalization 50n-200n 
R6 5 kn-200 kn 

R7 DC feedback path. Provides a low impedance path to the negative input 0-2 kn 
RS in order to sink the SO,uA negative input amplifier current. C6, R9, 200n-S kn 
R9, R7 and C7 provide isolation from the output so that adequate gain can be I kn-30 kn 
C6 obtained at 20 Hz. This 2·pole technique also provides fast turn·ON settling time. 200 ,uF-IOOO,uF 
C7 O-IOO,uF 

CS Preamplifier output to monitor amplifier input coupling 0.05,uF-l,uF 

C9 ALC coupling capacitor. Note that ALC input impedance is 2 kn O.I,uF-S,uF 

RIO These components bias the monitor amplifier output to half supply since the 10 kn-IOO kn 
RII amplifier is unity gain at DC. This allows for maximum output swing on a varying 10 kn-IOO kn 
R12 supply. 10 kn-l00 kn 
Cl0 l,uF-l00,uF 

Cll Exponentially falling or rising signal on pin 3 determines sequencing, time delay, 0-10,uF 
R13 and operational mode of the record/play anti·pop circuitry. See anti·pop diagram. 0-50 kn 

R14 RI6, R14 and C12 determine monitor amplifier response in the play mode. lk-l00k 
RIS RIS, R14 and CI2 determine monitor amplifier response in the record mode. 30 kn-3 Mn 
RI6 30 kn-3 Mn 
C12 0.I,uF-20,uF 

CI3 Determines decay response on ALC characteristic and reduces amplifier pop 5,uF-20,uF 
R17 100k-'" 

CI4 Determines time constant of meter driving circuitry O.I,uF-IO,uF 
RIS 100k-'" 

RI9 Meter sensitivity adjust 10 kn-l00 kn 

CIS Record output DC blocking capacitor I,uF-IOpF 

CI6 Play output DC blocking capacitor O.I,uF-IOpF 

CI7 Changes record output response to approximate a constant current output in 500 pF-O.l pF 
R21 conjunction with record head impedance resulting in proper recording 5 kn-l00 kn 
R22 equalization 5 kn-l00 kn 

CIS Preamplifier supply decoupling capacitor. Note that large value capacitor 0.1 jlF-500,uF 
will increase t,!rn·ON time 

C19 Supply decoupling capacitor 100 ,uF-lOOO,uF 

C20 Decouples bias oscillator supply 10,uF-500,uF 

R23 Allows bias level adjustment 0-1 kn 

R24 Adjusts DC erase current in DC erase machines (for AC erase, "Stereo 
Application Hook·up") 

L1 Optional bias trap I mH-30mH 
C21 100 pF-2000 pF 

C22 Bias RolI·Off 0.001 pF-O.OI ,uF 

HI Record/play head 100 n-500 n; 70 mH-
300mH 

H2 Erase head (DC type, AC optional) 10 n-300 n 
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Typic.al Applications (Conti~ued) -" 

C4 

300 PFT 

H' 

R2 
2DO 

+ co 

1 220
" 

R7 
'00 

RS 
'DO R' 15k 

R" 
IODk R12 

'OOk .--+-'11"""_ Vs 

RI + £1 All + CIO 

Jk,:, I""',:,"" I'" 

r--~--_Vs 

Vs 

TDKD BIAS OSCILLATOR BLOCK 
NO. 72180R-I016N USES 

OSCILLATOR COIL NO. TI5YS·l033TM 
f=35kHz 

10 

-1D 

-20 

·-30 

-so 

.... 
-70 

R2J 

" 

R24 
Uk 

+ <20 
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FIGURE SA. Monaural Application Circuit 
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FIGURE S8. Level Diagram for Monaural Application Circuit 
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~National Audio, Radio and TV Circuits 
~ Semiconductor 

LM1828, LM1848 Color Television Chroma Demodulator 
General Description 
The lM1828. lMl848 are monolithic silicon integrated 
circuiu which demodulate the chroma sulH:arrier 
information contained in a color television video signal 
and provide color-difference signals at the outputs_ 

The low dc voltage drift of the outputs insures excellent 
performance in direct-coupled chrominance output 
circuitry_ 

: Schematic Diagram 

Features 
• low output voltage drift with temperature 
• DoublV balanced demodulation 
• 10 Vp-p ES-Ey output' 
• Built-in ripple filter capacitors 
• Standard matrix in lM1828 
• Revised matrix in lMl848 
• Pin compatible with lM746. CA30n 

r---~~--~~------~------------~--------------~----'---~-rr~~---o:~ 
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Absolute Maximum Rati.,gs 
; 

." 
Power Dissipation (Note 2) 715mW 
Operating Temperature Range O°C to +70°C 
Storage Temperature Range -65°C to +l50°C 
Supply Voltage' , ':30V 

',' 
" .' 

Reference Input 5Vp-p '. 
Chroma Input 

., 
5Vp-p " 

Electrical Characteristics T A = 25~C. Vee = 24V, RL ,=3.3k, Note 1 .. 
, 

PARAMETER I CONDITIONS I MIN I' TYP I MAX I UNITS 

STATIC 

Is Supply Current RL = 1M 5.5 9.0 , , 12.5 . mA 
e,,=O ' , 

RL = 3.3k 16.5 22 25.5 m,e. 

Po Power Dissipation ee = 0 340 430 mW 

V9, VII, V13 , ,de Output. Voltage ee = 0, RL = 3.3k. 13 14.5 16 V 
" 

~Vol Output Differential ee=O, RL =3.3k 100 ,600 my 

Output Tempco ee =,0 3 mvfC 

V6,V7 .. Reference Input de 6,2 V 

V3, V4 Chroma rnput de 3.4 V 
: 

DYNAMIC ." 

ee Chroma Input'Sensitivity 'B-Y = 5Vp-p 0.4 0.7 Vp-p 

V13 !\Aax B-Y Output ee = 1.5 Vp-p 8 10 Vp-p 

ac Unbalance, ' ee = 0 .. .0.1 0.8 Vp-p 

V9, VII, V13 Residual Carrier B·Y = 5 Vp-p 1.5 Vp-p 

R-Y Output' B-Y = 5Vp-p " 

lM1828 3.5 3.8 4.2 Vp-p 

lMl848 4.2, ' 4.75 5.25 Vp-p 

G-YOutput 
; 

UV11828 0.75 1:0 1.25 Vp-p 

lMl848 1.3 1.75 2.2 Vp-p 

Nota 1: V~lu .. measured in test circuit. 
Nota 2: For operetlon in ambient temperetures above 25"C, the device must be deretad based on a 150"C'rnaximu~ junction temperature and a 
thermal resistance of 175"C/W junction to ambient. 

'.' 

.. 
.. .. 
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Typical Vector Output Diagrams 

LM1828 StandBrd Matrix 

R·V LJ.Ur 
111.81 

G·V 
10.251 1M 

Typical Application 

Test Circuit 

B-V ~. 

11.01 

. O.O'"F~' 

+Z4V 

D.Dl~F . '·'·-··T r OMd 

CHROMAREF~ ":" 

• PHASE 
SHIFT 

NETWORK 

B·Y R·Y 

G·Y 

LM1848 Revised Matrix 
R·V ru: 

IUS! 

10.351' /JeL' 

1-:----.... --0 G·Y 

Uk 

"1-:---11---+--0 R·Y 

l.3k 

I-:~ ..... --I--+--o B·Y 

G·Y +24V 

B·V lJ: 
11.01 

T°.DMd 

LMI8281lM1848 OUT 

Q.OO1J.1Fd 

REFERENCE Ri~ o-------1l------------.J 
'REF -IVp-p 

O.DOlj.1Fd 
REFERENCE B-Y ------11-....:.._= ______ ----....:..-'---1 

. ,. ~ LII'I2B .R·V'06"FRO"B·Y 
LU'", -R·Y 900 FROM B·Y 
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~ J?'A National 
i ~ Semiconductor ..... 

LM1870 Stereo Demodulator with Blend 
General Description Features 

• Blend control The LM1870 is a phase locked loop FM stereo demodulator 
with a OC control pin for reducing noise by decreasing 
separation during weak signal conditions. 

• Large input overload 

Applications 
• Automobile radios 
• Hi FI receivers and tuners 
• High performance portable radios 

• Low beat note distortion 
• Low THO diode switching outputs 
ill VCO stop function 

• Wide supply range, 7V to 15V 

• Mono override pin 

Typical Application and Test Circuit 

TO PIN 13 
LM3189 

Pin Functions 
, Quick Mono 

2 PLL Input 
3 V+ 

12V 

RIB 
..-__ ...... 15k 19kHz' 

TEST POINT 

2C~j9+ 
COMPOSITE 

INPUT 

C2 
2pF. + 

HI 

~~~~o-__ -4~~'~OO~k~. 

v' FIGURE 1 

" Lamp Driver 
'2 Right Output 

'3 Left Output 
4 Lamp Filter and VCO Stop 
5 Lamp Filter 

6 Loop Filler 

7 Loop Filter 
8 VCO Tuning 

9 VCOTuning 

10 Ground 
'4 Right Gain a~d Deemphasl~ 
'5 Laft Gain and Deemphasls 

1 ()"102 

CI4 
o.OlpF 

RII 
180 
2W 

I'1ILED 

..----li--<) ~~~T 

..---1f-II_0~~~HT 

R9 
.k2 

RID 

'~1 
16 Blend Resistor and '9 kHz Test Point 

'7 Blend Filter 
18 Blend Filler 

'9 Audio Input 
20 Blend Control Voltage 



Absolute Maximum Ratings 
Supply Voltage, Pin 3 15V 

Lamp Driver Voltage, Pin 11 laV 

Output Voltage, Pin 12, 13, Supply Off 7V 

Quick Mono Input (Pin 1) V+ (Pin 3) 

Blend Input (Pin 20) 15V 

Operating Temperature Range O'Cto +70'C 

Power Dissipation (Note 1) 1W 

Storage Temperature -65'Cto +125'C 

Lead Temperature (Soldering, 10 seconds) 300'C 

Electrical Characteristics TA=25'C, v+ =av, Figure 1 

Parameter Conditions Min Typ Max Units 

DC 

Operating Supply Voltage 7 B 15 V 

Supply Current 26 45 mA 

Input DC Voltage Pin 19 4 V 

Input DC Voltage Pin 2 1.8 V 

Supply Rejection 15 30 dB 

Lamp Leakage Current Lamp Off, Pin 11 =16V 0.1 100 ~A 

Lamp Sat~ration Voltage Lamp On, Pin 11@75 mA 1.4 2.0 V 

VCO Stop Voltage Voltage at Pin 4 to Stop VCO 0.2 0.4 V 

VCO Stop Current Pin 4 =0.2V -30 -100 ~A 

Blend Input Bias Current Pin 20=OV -2 -20 ~A 

Quick Mono Switch Voltage 4 V 

Quick Mono Bias Current Pin 1 =BV 2 ~A 

Output Leakage Pin 12 or 13 = 6.5V, Pin 3 = OV 0.1 20 ~A 

Audio 

Mono Gain 1 kHz -4 -1 +2 dB 

Mono THD 1 kHz@200 mVrms 0.05 0.25 % 

Channel Balance ±0.4 ± 1.5 dB 

Gain Shift Mono to Stereo ±0.1 ± 1.0 dB 

Channel Separation Pin 20" 1.1V 30 ·45 dB 

Output DC Shift Mono to Stereo ± 15 :!: 100 mV 

Input Resistance Pin 19 20· 40 kll 

Output Resistance Pin 12, 13 65 200 Il 

Ultrasonic Rejection 19 kHz + 3B kHz .30 dB 

SCA Rejection (Note 2) 70 dB 

Signal To Noise 1 kHz@200 mVrms Mono 68 dB 

PLL 

Lamp On Voltage 19 kHz on Pin 2 15 20 mV 

Lamp Off Voltage 19 kHz on Pin 2. 2.5 5 mV 

Lamp Hysteresis 10 dB 

Capture Range 25 mVrms on Pin 2 ±2 ±4 ±6 % 

Hold In Range 25 mVrms on Pin 2 ±12 % 

Input Resistance Pin 2 B 14 kO 

Blend Pin 20 from 1.1V to 0.2V 

Stereo Gain Change 1 kHz L = - R Input -25 -35 dB 

Mono Gain Change 1 kHz L= R Input -1.5 -0.5 0.5 dB 
10 kHz L = R Input -B -14 -20 dB 

Output DC Shift ±40 ±100 mV 

Nota 1: For operation In ambient temperatures above 25OC, the device must be derated based on a 1500C maximum junction temperature and a ther",:,al 
resistance of 125 oelW junction to ambient. 

" Note 2: Input is 10% SeA (74.5 kHz), 9% pilot and 1 kHz left or'right. Rejection is ratio of 1 kHz output to 1.5 kHz output. 
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~ CD Extemal Components 
..-
:E 
..J 

Part # 
Recommended 

Purpose 
Affect 

Remarks 
Value Smaller Larger 

R1 100k Pull Up for .OK Errors Due to Pin 1 Can Be 
Quick Mono Pin 1 Bias Shorted to Supply 

Current if Quick Mono Is 
'. Not Used 

C2 2j.1F PLL Input Loading of For Source of Less 
Coupling Source varies Than 1000, Can 

with Frequency UseO.lj.1F 

C3 0.1j.1F Supply Bypass 

C4 0.22j.1F Lamp Filter Shorter Time to Longer Time to High Dielectric 
Switch Mono to Switch Mono to Resistance 
Stereo Stereo 

R6 3k 
High Stereo Narrower 

C6 0.047j.1F Loop Filter 
C7 0.33j.1F 

Distortion Capture Range 

RS 33k High Stereo Loop not Lock 

Loop Filter 
Distortion 

CB 0.0047j.1F Narrower Capture 
Range 

C9 1000 pF Set VCO High VCO Jitter Narrower NPO 5% 
R9 8.2k Free Running Capture Range 
R10 5k Frequency VCO Not Adjustable with C9 Metalfilm 

R11 1 SOD Sets Lamp Excess IC Dim Lamp 
Current Dissipation 

R14 7.5k 
Load Resistors 

Low Output Output Clip 
R15 7.5k Voltage Earlier 

C14 0.01j.1F 
Deemphasls 

C15 O.Q1j.1F 

R16 3k Sets Blend Characteristic I See Curves 

C17 0.0047j.1F Filter for Insufficient Reduced Blend 
C18 0.0047j.1F Blend Blend Bandwidth 

C19 2j.1F Audio Input Poor Low Fre· Turn On Delay 
Coupling quency Response -

and Separation 

. R19 15k Allows VCO Excess IC Reduces 19 kHz Only Need During 
Monitoring Dissipation Output Voltage Set Up 

Typical Performance Characteristics Ble'nd off unless otherwise stated 
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Typical Performance Characteristics Blend off unless otherwise stated 
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Typical Performance Characteristics Blend off unless otherwise stated 
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Application Hints 
Blend-What & Why? 

The signal to noiseof a weak FM stereo signal Is worse than 
that of an equally weak FM mono signal. Forthls reason FM 
mono radios often perform better than FM stereo radios, 
unless the latter Is forced Into mono. 

The typical quieting curves of an FM stereo radio look like 
this: 

Typical Radio Quieting 
Characterls,lc 

o V RECOVERED 
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.. -3D r--'I\ ~1':~.i'H< ....... ~H+++++ll 
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If an acceptable signal to noise Is 40 dB, then 20 dB more 
signal is required in stereo compared to mono, 30 I'VVS 3/N. 
The"· degradation in noise is due to the L-R or dlf!erence 
channel. If the gain of the L-R is reduced, then the noise 
associated with it will be reduced. However, there will also 
be a reduction In separation. 

To maintain a 40 dB signal to noise in the above example, 
the gain of the L-R signal should be reduced from 0 dB 
galn@30 "V downward to - 20 dB at 31'V. If this Is done 
properly the dashed line will result. Below Is a plot of L-R 
gain and resulting separation. 
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The LM1870 reduces the gain of the L-R channel before it is 
demodUlated. This is done by a voltage controlled shelving 

. filter. The Bode plot of this filter is shown below: 
Blend Filter Response 
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The full blend response is a two pole roll-off with each pole 
set by an internal S.8k resistor and the capacitance from 
pins 17 and 18 to ground. The standard value for both 
capacitors is 4.7 nF resulting in tw05 kHz poles. The blend 
input (pin 20) Is derived from the meter drive output of the 
FM IF chip (LM3089 or LM3189 pin 13). To adjust for varia­
tions In RF gain and other IC parameters, It 15 recommend­
ed that an adjustment be made on each radio. 

Mono-Stereo Switching 

The LM1870. automatically switches from mono to stereo 
when the level of pilot at pin 2 is about 15 mV or more. This 
value can be Increased by putting a resistor between pins4 
and 5, as shown graphically In the Typical Performance 
curves. 

If it is desired to switch to mono without turning off the 
lamp driver, pin1 should betaken below4V. Thlsisahighim­
pedance Input that can be electronically switched by a 
transistor with a pul I up resistor to the IC supply. 

. Outputs 

The LM1870 has emitter·follower outputs resulting In a low 
output impedance. The output wll sink or source one mA, 
therefore it will drive AC coupled loads greater than 2 kD. 

InAM-FM radios the switching can be cumbersome at best. 
To ease the problem the outputs of the LM1870 (pins 12 and 
13) are open circuit when the supply (pin 3) is open or 
grounded. This reduces the numbered switch poles re­
quired since the outputs can remain connected at all times. 
This technique is commonly called diode switching but the 
method used In the LM1870 results in substantially lower 
distortion than obtained with discrete diodes. 
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Application Hints (Continued) 

VCO 

The stereo performance of the LM1870 is very constant for 
small «2%) changes in the free running frequency of the 
VCO. To insure that the frequency stays within 2%, low 
temperature coefficient components should be used for 
the tuning capacitor (1000 pF) and resistor (8.2k). The inter­
nal oscillator has a temperature coefficient of about 50 
ppml "C (see curve). With an N PO capacitor and a metalfi 1m 
resistor the total variation In the free running frequency will 
be less than 1 % over the full temperature range. Tuning the 
VCO is done by adjusting the 5 kll potentiometer to get 19 
kHz ± 50 Hz with no input on pin 2. 

The VCO frequency is monitored at pin 16 when current is 
supplied to the pin. During normal operation the 19 kHz 
square wave is not available and the resistor from pin 16 to 
ground programs the blend characteristics (see curves). 

The VCO ofthe LM1870 can be stopped by taking pin 4 low. 
In addition to being useful for turning off the stereo in­
dicator and forcing mono FM reception, this also allows 
other mono sources, such as AM, to be fed into the decoder 
and come out both channels. The Signal will not be in· 
advertently decoded with the VCO off and it will have th'e 
same gain and bal~nce characteristics as the FM. The de­
emphasis capacitors may need to be removed for proper 
frequency response. The voltage on pin 20 will also affect 
the frequency response. 

It should be noted that a stopped VCO cannot radiate Into 
the rest of the radio and cause interference. Pin 4 can be 
taken low with a mechanical switch or an N PN transistor. If 
a transistor is used it must have low leakage, less than 
100 nA at 3 volts V CE, and low saturation, less than 
200 mV at 100 "A collector current. 

PLL 

To properly demodulate the L-R signal the decoder must 
generate a 38 kHz signal that is locked in phase with the 19 
kHz pilot Signal at the input. This is done with a phase 
locked loop consisting of a phase detector, a loop filter 
(pins 6 and 7) and a VCO (pins 8 and 9). 

The loop filter is similar to other standard decoders 
however the VCO incorporates an additional low pass filter 
(4.7 nF and 33 kll) to reduce beat note distortion an addi· 
tional20 dB. 

Input Interface 

There are two inputs to the LM1870, one for the PLL(pin 2) 
and thenormal audio input(pin 19). The input Impedance of 
the audio input is about 40 kll. The input coupling capacitor 
works with this input resistance and sets the low frequency 
response and separation. 

The. PLL input (pin 2) locks onto the 19 kHz pilot and rejects 
the rest of the composite signal. For this reason it is only 
necessary to use a coupling capacitor large enough to 
insuretherelsno phase shift at 19kHz. The input resistance 
of the PLLis 14 k!l so a capacitor between 0.01 "F and 0.1 "F 
would be fine. However, the. source driving this input must 
not be affected by this load. This is true only when the 
source is low impedance (less than 1001l). 

Typical FM IFcircuits have detector output impedance of5 
kll or more. This will cause very poor low frequency 
response and separation unless the loading is made con· 
stant over frequency. For this reason the typical input cou· 
piing capacitor is 2 "F. ' 

IF Correction 

The separation in most radios is limited by the response of 
the IF. The input lead network below can often be used to 
improve radio separation. 

IF Correction Lead Network 

Z.F 

r------i:. r-oTOPINZ rZ'Z,."JF. 
LM1Bl0 

Z.F 
ZOk - -"r-o IFDETECTORo-........ ~I¥\O-~ .1-4 .... ,1 TOPIN19 

OUTPUT -'" 

• Zlk 

Power Supply 

The LM1870 is designed to work on supplies from 7Vto 15V. 
For automotive applications a regulator is recommended 
to protect against transients; the LM2930·8V is the ideal 
choice. 
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LM1877 Dual Power Audio Amplifier 
General Description 
The LM1877 is a monolithic dual power amplifier 
designed to deliver 2W/channel continuous into 8n 
loads. The LM1877 is designed to operate with·a low 
number of external components, and still provide 
flexibility for use ill stereo phonographs, tape recorders 
and AM-FM stereo receivers, etc. E·ach power amplifier 
is biased from a common internal regulator to provide 
high power supply rejection, and output Q point cen­
tering. The LM1877 is internally compensated for all 
gains greater than 10, and is a pin-for-pin replacement 
for the LM377 in audio applications. 

Features 
• 2W/channel 
• -65 dB ripple rejection, output referred 
• -65 dB channel separation, output referred 

\ 

Connection Diagram 

• Wide supply range, 6-24V 
• Very low cross-over distortion 
• Low audio band noise 
• Internal current limiting, short circuit protection 
• Internal thermal shutdown 

Applications 
• Multi-channel audio systems 
• Stereo phonographs 
• Tape recorders and players 
• AM-FM radio receivers 
• Servo amplifiers 
• I ntercom systems 
• Automotive products 

Dual-In-Line Package 

BIAS 

OUTPUT1 

GND 

GND 

GND 

INPUT 1 

FEEDBACK 1 

TOP VIEW 

14 v' 

13 OUTPUTl 

12 GNO 

1t GND 

Order Number LM1877N-XX (N-1 through N-101 
See NS Package N 14A 

Equivalent Schematic Diagram 

50 

'Ok 

50 

1 • 6 . I 
-FEEDBACK 1 

6 
+INPUTl .INPUT2 -FEEDBACK! 
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Absolute Maximum Ratings 

Supply Voltage 
LM1877N·l to LM1S77N·4 20V 
LM1877N·5 to LM1877N·l0 26V 

Input Voltage ±0.7V 
Operating Temperature O°C to +70°C 
Storage Temperature -65°C to +150°C 
Junction Temperature 150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics Vs = 20V, TA = 25°C, RL = an, AV = 50 (34 dB) unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Total Supply Current PO=OW 25 50 mA 

Output Power THD = 10% 
LM1877N·l VS= 12V, RL = 4n 2.0 W 
LM1877N·2 VS= 14V, RL=8n 1.0 W 
LM1S77N·3 VS= 14V, RL = sn 1.5 W 
LM1877N4 . Vs = 14V, RL = sn 2.0 W 
LM1S77N·5 Vs = 16V, RL = sn 1.5 W 
LM1877N·6 VS=16V,RL=8n 2.0 W 
LM1877N·7 VS=16V,RL=an 2.5 W 
LM1877N·8 VS= 18V, RL = an 3.5 W 
LM1877N·9 VS=20V,RL=8n 2.0 W 
LM1877N·l0 VS=20V, RI.:=an 4.0 W 

Total Harmonic Distortion 

LM1877 f = 1 kHz, Vs = 14V 0.075 
Po = 50 mW/Channel 0.045 % 

Po = 500 mW/Channel 0.055 % 

Po = lW/Channel VS-6 % 

Output Swing RL=8n Vp·p 

Channel Separation CF = 50/iF, CIN.= 0.1 /iF, f= 1 kHz, 
Output Referred 

Vs = 20V, Va = 4 Vrms -50 -70 dB 

Vs = 7V, Va = 0.5 Vrms -60 dB 

PSRR Power Supply CF = 50/iF, CIN = 0.1 /iF, f = 120 Hz, 
Rejection Ratio Output Referred 

Vs = 20V, VRIPPLE = 1 Vrms -50 -65 dB 

Vs = 7V, VRIPPLE = 0.5Vrms . -40 dB 

Noise Equivalent Input Noise 

RS = 0, CIN = 0.1 flF, BW = 20 Hz-20 kH? 2.5 flV 

Output Noise Wideband 

RS= 0, CIN = 0.1 flF, AV = 200 0.80 mV 

Open Loop Gain RS = 0, f = 100kHz, R L = 8n 70 dB 

Input Offset Voltage 15 mV 

Input Bias Current I 50 nA 

Input Impedance Open Loop 9 4 II Mn 

DC Output Level VS= 20V 10 V 

Slew Rate 2.0 Vlfl' 
Power Bandwidth 65 kHz 

Current Limit 1.0 A 

Note 1: For operation at ambiant temperature greater than 25°C, the LMI877 must be derated based on a maximum 15O"C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 
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Typical Performance Characteristics 
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Typical Applications 

StareD Phonograph Amplifier with Bass Tone Control 
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Typical Applications (Continued) 

Stereo Amplifier with AV m 200 
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LM1880 No-Holds Vertical/Horizontal 
General Description 
The LM1880 uses compatible Linear/12L technology to 
produce the first T.V. horizontal and vertical processing 
system which completely eliminates the hold controls. 
The heart of the system is a precision 32 times horizontal 
frequency VCO which is designed to use a low·cost 
ceramic resonator as a tuning element. 

The VCO signal is divided down in the horizontal section 
to produce a pre·driver output which is locked to 
negative sync by means of an on·chip phase detector. 
The vertical output ramp is injection·locked by vertical 
sync subject to a sync window derived from the vertical 
countdown section. A gate pulse centered on the chroma 
burst is also provided. 

Block Diagram 

Flt~::02 ___ .;:;.. __ --... 

1J 
HORIZ BURST 
SYNC GATE 

OUT 

Features 
• No frequency set·up required for horizontal or vertical 
• 'Ceramic resonator frequency reference 
• Accurate horizontal pre·driver duty cycle 
• Vertical sync window referenced'to horizontal 
• Precise interlaced vertical output 
• APC loop parameters completely adjustable 
• Vertical retrace time adjustable 
• Chroma burst gate output 
• Internal voltage regulator 

B HORIZ 
OUT .' 

,Test Circuit 
V'~~ ... SWo-' _--,~-------,"'~4 __ SW-o..4 ...... ~ 

'OOk 

,4 

Ok 

... D 
":'130,F 
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swe 

Ot-der Number LM1880N 
See NS Package N14A 
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Absolute .Maximum Ratings 
Supply Current (Pin 9) 
Output Voltage (Pins 8,12,13) 
Output.Current 

Pin 8 . 
Pin 12 
Pin 13 

Sync. Input Voltage (Pins'10, 14) 

40mA 
12V 

50mA 
15mA 
10mA 
5-Vp-p 

SaWtooth Input Voltage (Pin 1) 
P~ckage Dissipation, T A = 25·C 

. Above T A = 25·C:Derate Based on . 
TJ(MAX) = lS0·C and 0JA = 150·Ctw 

5Vp-p 
0.83W 

Storage Temperature Range -55"C to +150·C 
Operating Temperature 'Range O·C to +70°C 
Lead Temperature (Soldering, 10 seconds) , 300°C 

Electrical Characteristics (Test circuit, ~II fNJ normally pos, " T A ~ 25°C) 

PARAMETER CONDITIONS 

RegUlated Voltage (Pin 9) , 

Supply Current (Pin 9) fNJ 7 Pos. 2 

VCO Reference Voltage (Pin 31 

VCO Control Current (Pin 2) V2= 5V 

Horizontal Phase Detector Sink Current SW " fNJ 4 Pos. 2, Vl = 3.9V" 
(Pin 2) V2= 5V 

Horizontal Phase Detector Source Current SW " SW 4 Pos. 2, Vl = 1.9V, • 

(Pin 2) V2=5V 

Horizontal Output Leakage (Pin 8, OFF Change SW 3 to Pos. 2 with Pin 8 High , 

Condition) , 

Horizontal Outpu~ Saturation Voltage Chan!!B fNJ 3 to Pos. 2 with Pin 8 Low 

(Pin 8, ON Condition) 

Vertical Output Saturation Voltage fNJ 3, SW.5 Pos; 2 

(Pin 12) 

8urst Gate SatUration Volta!ie (Pin 13) SW " SW:4 Pos. 2, Vl = 1'.9y 

Horizontal Oscillator Free-Running SW2 Pos.2 

Frequency (Pin 8), (Note 1) 

Horizontal ,Oscillator Maximum Frequency V2= 7V 

(Pin 8) 

Horizontal Oscillator Minimum Frequency N2=3V 

(Pin 8) 
, ' 

Vertical Minimum Lock Frequency (Pin 12) fH,= 15;734 Hz 

Vertical Maximum Lock Frequency (Pin·12) SW 6 Pas. 2; fH = 15,734 Hz ' 

Nota 1: Assumes ceramic resonator fR • 503.48 kHz: 

Design Parameters (Application Circuit) 

PARAMETER CONDITIONS 

Horizontal Pull-In Range 

Horizontal Static Phase Error (S.P.E.) 

Horizontal Output Duty Cycle 

Horizontal Oscillator Supply Sensitivity 

Vartical Output Retrace Time 

Burst Gate Width 

t.fH = ±600 Hz 

F,lyback Width = 12p.s , 
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MIN 

8.2 

12 

0.3 

0.3 

15,550 

16,300 

61.7 

MIN 

,f:(P MAX UNITS 

8.7 9.2 V 

18 24 mA 

5.1 V 

0.25 1.0 p.A 

0,5 mA 

0.5 mA 

150 p.A 

0.15 0.4 V 

. 0.25 0.5 V 

0.15 0.4 V 

15,750 15,950 Hz 

'Hz 

15,150 Hz 

58.1 Hz 

Hz 

TYP MAX UNiTS 

±600 Hz 

±0.5 p.s 

50 % 

-1 HzN 

600 p.s 

5 p.s 



Typical Performance Characteristics 
vco Control Characteristic 

~ 6.5 
N 
z 

\ I 
} 

ii: 
~ 
co 5.5 '" !:; 
= 

/ 
/ 

> 
co. 
= 4.5 ... z 
3 

/ 
( 

I 3.5 
'4 14.5. '5 '5.5 '6 . '6.5 11 

HORIZONTAL FREQUENCY (kHz) 

Typical Application 

...fL ,·,1 R, 
l.9k 

FLVSACK 
6DVp·p. 

'! -:!:-
D.'~F*, 

~.~ ~, 
O.1iJF 

FLY BACK 
SAWTOOTH 

2 LOOP 

,:~ 

~"' 
FILTER 

~.D1PF~ R, 
lOOk 

R. 

,:,"" 
~ DC 

REF 

4 veo 

~5DJ.5kHZ 
OUT 

R, 
RESONATOR* " 
~ L45 

_I.... Co 
R, *,IJDPF 
'10 , 

6 veo 
IN 

-'-c, 
T"OO'" 7 

.,r-

Horizontal Free·Running 
Frequency vs Temperature 

30 

20 

" ... '0 

iii 
~ 
1i'i -'0 
:> 
:;l -20 
if 

-30 

-40 
-25 

- --~ I' 
25 50 75 100 

AMBIENT TEMPERATURE I'C) 

BURST 
GATE OUT 

R, 

"ORIZ H.t 7.5k 

SYNC 
I,~ 

BURST 13 
GATE 

VERTICAL 12 
OUT 

VERT RETRACE 1t 
TIMING 

VERT 10 
SYNC 

9 v. 

"ORIZ 8 
OUT 

510pF 

R" 
1.5k 

':' 

:-u-
~ 

R, 
16k 

COMPOSITE 
SYNC20Vp·p 

VERTICAL 
RAMP SWITCH 

-::!::-c, 
R, CloTo.05 p F 

16k 

'i';'':' 
1\ 

R, 

'10 
lIZw 

..,,:-,, 
~O.''''F 

A, 
Uk 
112w 

-::::-c. *,0' ", 
24 V (unreg) 

TO HORIZONTAL 
DRIVER 

'M~Rata Corporation of America, Part No. FX·l028, Vernitron Corp. VTFA3-01·503.5· 

Printed Circuit Layout 
(COMPONENT SIDE) 

H. FLYBACK 

COMl'SYIIC 

BURST BATE 

V. OUTPUT 

24V 

H.OUTPUT 

GROUND 
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0 
CO External Components (Application Circuit) CO ,... 
:E Component 

Typical 
Comments Component 

Typical 
Comments .... Value Value 

Rgl 30k Burst Gate series resistor. Ct 0.05tlF Vertical Retrace timing capa· 

Rg2 1.5k Burst Gate shunt resistor, citor, works with Rt to deter· 
works with Rgl to divide fly· mine ON time of vertical 

back pulse and set BurstGate ramp switch at pin 12. 

amplitude. tv. RETRACE'" 0.75 RtCt sec. 

Rg2 
Ro 2k Oscillator phase shift resistor. 

VB.G. pk = 
Rgl + Rg2 

VFLYBACK CO 130pF Works with Ro to produce 
45° lag requir~d by VCO 

Rf 3.9k Flyback Sawtooth integrator phase shifter. 

resistor, works with Cf to inte· Rs 5100 Defines Q of ceramic resona· 
grate flyback pulse to 1 Vp·p tor tuned network, which 
min sawtooth. For Cf = affects VCO control curve. 
O.l/lF, CL 1000pF Completes VCO loop with 

VSAW p.p'" 
85 VFLYBACK phase lag, required to sustain 

Rf oscillation and suppress 
resonator overtones. 

Cf O.l/lF Flyback Sawtooth integrator Rr 5100 Series resistor to device supply 
capacitor. pin 9. Must supply sufficient 

Cl O.l/lF Sawtooth input coupling capa· current to activate internal 
citor. shunt regulator. 

Rh 7.5k Horizontal Sync input 
coupling resistor. V(unreg) - 9V 
Rh = 0.4 x VSYNC p.p kO Rr= 0 

0.03 
Ch 510 pF Horizontal Sync input 

coupling capacitor, blocks 
C9 O.l/lF Device supply decoupling capa· 

vertical sync c0lT!ponents. 
citor. 

Rv 16k Vertical sync input integrator 
Rd 1.2k Horizontal pre·driver output resistor. 

Cv 0.05/lF Vertical sync input integra· 
resistor, supplies base current 
to Horizontal driver transistor 

tor capacitor, works with Rv when pin B is OFF. 
to integrate composite sync 

C2 0.01 /IF Horizontal APC loop filter 
to -2 Vp·p min pulse. For 
N.T.S.C. sync, Vert. sync'" 

high frequency roll·off. C2 

1.4x 10-4 also prevents signal on loop 

(Comp; sync) Vp·p filter from saturating phase 

RvCv detector output. 

Cl0 O.l/lF Vertical sync coupling capa· Rx 3.3k Rx, Ry and Cc form the 

citor. Ry lOOk Horizontal APC loop filter. 

Rt 16k Vertical Retrace timing Cc l/lF See Applications Information 
resistor. to modify loop parameters. 
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Applications Information 
I. VERTICAL COUNTER 

The vertical counter in the LM1880 replaces the conven· 
tional vertical oscillator in a television reciever. The 
vertical lock·in range is governed' by the width of the 
vertical sync window, which opens from count ~10 to 
count 542 following a vertical reset. The vertical lock 
frequencies are referenced to twice horizontal fre· 
quency to insure interlaced vertical and horizontal 
outputs. For fHORIZ = 15,734 Hz, the vertical lock 
frequencies are calculated as follows: 

2 (15,7341 
fV.HIGH = 510 = 61.7 Hz. 

2 (15,7341 
- 58 Hz. tv. LOW = 

542 
I n virtually all standard a(ld non·standard sync signals 
the vertical sync is also derived from the horizontal, 
so that as long as the horizontal sync frequency is 
within the pull-in range of the LM1880 (approximately 
±600 Hz), the vertical lock window will remain centered 
on the vertical sync. Thus, the effective vertical lock 
range is increased by the horizontal APC: 

2 (15,734 + 6001 
fV HIGH (EFFI = ' . 510 

64 Hz. 

2 (15,734 - 60cil 
fv. LOW (EFFI = 542' 55.8 Hz. 

The time required for the vertical to "roll-thru" and lock 
is a, function of the difference frequency and. relative 
phase of fV. LOW and the vertical sync: ' 

I I 
tROL'L-THRU (AVGI ="2 60 _ 58 Hz 250ms 

II. HORIZONTAL APC LOOP PARAMETERS 

The following information is given to provide a basis for 
mpdifying the filter to achieve the desired loop perfor­
mance. Although the VCO is" actually running at 
503.5 kHz, for convenience all parameters are referenced' 
to the actual horizontal output frequency at' pin 8. 

DC Loop Gain 

The DC loop gain is the product of the phase detector 
conversion gain,lId and the VCO sensitivity (Ill. For the 
typical application circuit, 

I'- = 1.6 x 10--4 Ry V/Rad 
and 
Il = 800 Hz/V 
I'-Il = 0.13 Ry Hz/Rad 
for Ry = 100 kn, I'-Il = 13,000 Hz/Rad 

In order to determine static phase error (S.P.E.), the 
loop gain may be expressed in Hz/p.s: ' 
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13,000 X 271 ' 
I'-Il = = 1,286 Hz/I'-s 

63.51'-s 

For comparison, ,this value is nearly double the loop 
gain of the LM1391. The increased loop gain (reduced 
phase errorl guarantees accurate centering of the burst 
gate pulse on pin 13 ofthe LM1880. 

The following equations cover AC loop parameters of 
interest: 

Noise Bandwidth 

1+ 271 (R~/Ryl Ccl'-ll 
f ~ Hz , NN- 4RxCc 

Damping Factor 

K2!! 71 R~ 
2' Ry 

Pull-I n Range 

The pull-in and hold-in range of the LMl880 horizontal 
APC loop are directly determined by the VCO control 
'range. Thus the loop' would be capable of pulling the 
VCO further than ±600 Hz, but it has well defined 
frequency limits which prevent it from doing so. As a 
result of these built-in "stops", the loop parameters may 
be varied over a large, range without affecting pull-in 
performance. 

The VCO control range, and hence pull-in, can be modi­
fied to some extent by varying the Q of the ceramic· 
resonator with resistor Rs: 

Incr. Rs -+ Incr. Pull-in 
Reduce Rs -+ Reduce PUll-in 

However, because of the non-linearity of the resonator, 
Rs has a much greater effect on the negative side pull-in 
than the positive side. 

III. LAYOUT NOTES 

Since the LM 1880 uses a counter to derive the horizontal 
frequency, care must be taken to prevent extraneous 
signals from the horizontal driver and output stages from 
feeding back to the VCO where they could cause false 
counts and consequent severe phase jitter. The following 
guidelines will prevent this problem from occurring: 

A. Keep the VCO feedback capacitor, CL, as close as 
possible to device pins 6 and 7. 

8. Limit the lead length on the horizontal output pin 8. 
If a long line is required to the driver base, isolate it 
with a small series resistor (200-300nl next to 
pin 8. 



I, Schematic Diagram 
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Circuit Description (See Schematic Diagra~) 

The LM1BBO uses a phase-shift type voltage-controlled 
oscillator (VCD)_ The gain for the oscillator loop is 
derived from differential amplifiers 030, 031 and 022, 
023_ The collector current in 023 is phase-shifted 
45° at pin 5 and summed with a portion of the current 
in 022, controlled by differential amplifier 020, 021. 
The resulting output phase at pin 4 coupled through 
the ceramic resonator to pin 6 defines the oscillation 
frequency. Differential amplifier 016, 017, controlled 
by the pin 2 voltage, determines the current split in 020 
and 021 and, consequently, the pin 4 phase and oscilla­
tion frequency. The multiple-emitter degeneration in 
017 compensates the resonator phase characteristic to 
produce a nearly linear VCO control curve. 

The 503.5 kHz output of the VCO is taken from .squaring 
amplifier 032, 033 through 034 and 035 to the 12L 
.;. 16 pre-scaier TO-T3. The 2fH output is then divided 
again in T4 to produce the desired horizontal frequency 
at gate GB. The horizontal pre-driver section consistS of 
03, 04 and 05, which produce an open-collector output 
square-wave at pin B. 

The 2fH pre-scaler output also drives a data flip-flop 
which resets the vertical counter F l-F9. The data input 
of the reset flip-flop is controlled by the vertical sync 
from pin 10 subject to gates G3 and G5. After 510 2fH 
cycles following reset, vertical sync from 01 and G4 is 
enabled by G3. A sync pulse received ·after this time 
initiates reset on the next 2fH cycle. If no pulse is 
received after 542 cycles, G5 will initiate the reset 
process. A reset pulse from the counter is taken via 
G9 to the retrace timing section. SCR OB, 09 is normally 
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ON, holding a capacitor on pin 11 near ground. During 
this time all and 012 are OFF, allowing the vertical 
ramp to form on pin 12. When the reset pulse is received, 
07 turns OB, 09 OFF and all, 012 ON, discharging 
the vertical r~mp for the duration of the retrace time. 
Retrace is completed when the pin 11 capacitor charges 
to the OB threshold, and the SCR again latches. 

The remaining sections of the device are the horizontal 
phase detector and burst gate former. The balanced 
phase detector consists of comparator 043, 044 and 
current source 039 gated by differential amplifier 041, 
042. Negative horizontal sync pulses on pin 14 enable 
the comparator, and the fly back sawtooth on pin 1 
switches the current from 043 to 044 based on 'the 
relative phase between the sync and sawtooth. 044 
takes a (-) current pulse from pin 2, while the pulse in 
043 is turned around in the current mirror 045, 046 
and 047 to produce a (+) current pu'lse at pin 2. These 
currents are then integrated by the external loop filter 
to control the VCO. 

The flyback sawtooth also switches differential amplifier 
049, 050, which activates the burst gate. During the 
first half of the flyback pulse 049 will be ON, which 
turns 051 and 052 ON and clamps pin 13 near ground. 
The sawtooth switches 049, 051 and 052 OFF at the 
peak of the fly back, releasing pin 13. In this manner, 
the second half of a fly back pulse fed to pin 13 can be 
used as a burst gate. 

053, 054 and 055 form the active shunt regulator " 
which holds the supply pin 9 at B.7V typo 
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Audio, Radio and TV Circuits 

LM1886 TV Video Matrix D to A 

General Description 

·The LM1886 is a TV video matrix D to A converter 
which encodes luminance and. color difference signals 
from 3-bit red, green .and blue inputs_ The luminance 
output is encoded from the NTSC equation Y = 0_3 R + 
0_59G + 0.11 B and the R-Y and B-Y outputs are weighted· 
to prevent over-modulation. A built-in R-Y and burst 
gate polarity switch allow European PAL compatible 
signals to be encoded. All output levels i·ncluding an 
RF 0 Carrier Bias Voltage have been referenced to 5V 
for direct connection to the LM1889 TV video modu­
lator. When used in combination with the LM1889 and 
a suitable· sync generator, 3-bit R, G and B information 
may be encoded to both composite video and R F 
channel carrier. 

Features 

• Complete digital to RF encoding with LM1889 
• 1-piri PAl/NTSC mode select 

• True NTSC matrix 
• 8 levels of g~ey scale 
• Allows wide range of colorimetry 
• Low power TTL inputs 
• Wide band luminance output 
• Weighted R-Y~·B-Y outputs 

Connection Diagram Test Circuits 

{ " LS8 GN. 

RED 12 
INPUTS D1AlIK INPUT 

13 
SVN'CINPUT MS8 

r 
7 o CARRIER 

REFERENCE 

GREEN 15 
Y OUTPUT 

INPUTS 

Msa 16 1ZVSUPPlY 

{ " LS8 B·YOUTPUT 

BlUE 18 
~ R·Y OUTPUT INPUTS 
~ 

MS8 
19 

HI2INPUT 

20 I ilIIiInATE 
6VSUPPLY 

TOP VIEW 

FIGURE 1 

Order Number LM1886N 
See NS Package N20A 

INPUT 

~ ________ +-____ +-~O,'~ 

5V 

FIGURE 2a_ 6-Color Input Connection 

vi LSS 

MSS 

11 
L 

12 

13 
M 

~L 

~....!!. 
16 LM1RR8 

M 

...!.?L 

----!!. 
\9 

M 

...!!. 

. FIGURE 2b. 8-LevelGrey Scale Input Connection 
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Absolute Maximum Ratings 
Supply Voltage 

Pin 5 15V 

Pin 20 6V 

Input Voltage (Pins 1, B, 9, 11-19) -D.5V,+12V 
Pin 2 Voltage Relative to Pin 20 O.BV 
Output Current 5mA 

Power Dissipation, TA = 25°e (Note 1) 1.67 W 

Storage Temperature Range -55°C to +150oe 

Operating Temperature Range O°Cto 700 e 

Lead Temperature (Soldering, 10 seconds) 3000 e 

Electrical Characteristics T A = 25°C, (Figure 2, Note 2) , 
PARAMETER CONDITIONS MIN TYP MAX UNITS 

5V Supply Current (Pin 20) BLANK =0.8V 7 11 16 rnA 

12V Supply Current (Pin 5) BLANK = O.BV 9 13 17 rnA 

Logic "1" I nput Current Input Voltage = 5.0V 0 10 J1A 

(Pins 1,2, B, 9, 11-19) 

Logic "0" Input Current I nput Voltage = 0.3V -0.01 -o.IB rnA 

(Pins 1,2, B, 9, 11-19) 

Output Offsets R,G,B=O.BV 
/),vy - 0 ±50 mV 

.6VR·Y' 0 ±50 mV 

.6VB·Y '0 ±50 mV 

R·Y Full Scale, (t.VR.Y)FS R=2V;G,B=0.BV 1.0 1.23 1.4 V 

B·Y Full Scale, (t.VB.Y)FS B=2V;R,G=0.8V 0.7 0.87 1.0 V 

Green Full Scale G = 2V: R, B = 0.8V 

t.VR·Y -0.85 -1.03 -1.2 V 

t.VB·Y -0.45 -0.58 -0.7 V 

Y Full Scale R, G, B = 2V 

(t.I(Y)FS 1.6 1.75 1.9 V 

.6VR·Y 0 ±100 mV 

t.VB·Y 0 ±75 rnV 

o Carrier Reference, t.VO 2.0 2.2 2.5 V 

Blanking Level, t.Vy BLANK =0.8V 0 ±50 mV 

Sync Level, t. Vy BLANK, SYNC = 0.8V -0.67 -0.77 -0.87 V 

NTSC Burst, t. VB. Y BLANK, BURST GATE - 0.8V -0.26 -0.35 -0.46 V 

PAL Burst 

t.VR·Y SW in PAL Position; -0.2 -0.25 -0.32 V 

t.VB·Y BLANK, BURST GATE, -0.2 -0.25 -0.32 V 

H/2= 0.8V 

PAL Inversion Ratio R = 2V; G, B, H/2 = 0.8V -0.9 -1.0 -1.1 

(t. YR· Y)PALI(t. YR· Y)FS SW to PAL Position 

Y Linearity Error Figure 2b I nput Connection ±1 ±6 %FS 

Y Switching Times 15 kHz Square Wave Switching 

R, G, B in Parallel 

Rise Time, tR 35 ns 

Fall Time, tF 30 ns 

Settling Time ± 1 LSB 50 ns 

Not. 1: Above TA = 25"C, derate based on TJ(MAX) = 150"C and (JJA = 75"CIW. 
Nota 2: Unless otherwise noted, BLANK, SYNC, BURST GATE = 2V and SW is in NTSC pOsition. All outputs are referenced to the +5V supply 
as shown in Figure 2a. 
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Typical Input and Output Waveforms 
1iDiIIIr, ,.VOIO-----------, r---------U 
I~UT LJ 
IP'N9) O.IVMAX---------

!i'NC 
INPUT 
(PIN 81 

"IIliiST1lm-
INPUT 
(PINtl 

HI2INPUT 
PAL ONLY 

("N 2) 

RED INPUTS 
(P'Nsn.12.ll) 

GREEN IIIIPUTS 
("NS 14, 15,16) 

BLUE,NPUTS 
(P'NS17.18,19J 

!J.Vy OUTPUT 
(PINBI 

A VB_V OUTPUT 
IPlN41 

AVR_V OUTPUT 
.' (PIN 31 

.6. vn.y OUTPUT 
PAL MODE 

(PIN 3) 

_____ !U tJ, Z.DVMIN 

O.BVMAX 

Z.DVM'N 

o.aVMAX 

5.UVMAX 
2.DVMIN 

u.aVMAX 

O.BVMAX 

2.DVMIN 

OJVMAX 

2.DVMI~ 

O.8VMAX 

1.15V 

"",77V --+-+-+--+---"'1 
O,87V--+-+-

-6.29V--
.. ,.V --+--t-+--j---H 
-.{I.sav. 

1.23V--

-oiDV ==i-:-:.:-=+-::-:~-:.-=!--Il--' 
-1.DJV--+--!--~ 

1,03V --t--+--+---j---+t-----r-., 
~~:~ ===t==I===!==:j:::==i+====I==:t:=,--n 
!~~,======t===t===----

-1.23V-------------

Application Notes (Refer to Figure 3) 

SYNC, BLANK, and BURST GATE may be obtained 
from a sync gene-rator IC similar to MM5320 or MM5321. 
For PAL operation, the H/2 square wave may be ob-

TABLE I. INPUT CODE EXAMPLES FOR COMMON 
COLORS 

tained by a +2 from horizontal sync. ' 

All inputs are, low-power TTL compatible. Because 
of the very low typical input currents, the color inputs 
may be paralleled in various combinations. For simple 
color requiremen.ts, the Figure 2a input connection 
may be used to produce the 6 primary and comple­
mentary colors listed in Table I, along with black and 
white. To add complex colbrs such as those at the bottom 
of Table I, all 9 input bits may be required separately. 
When choosing input codes for other colors, always 
check the new color against both light and dark back­
grou~ds. 

All outputs are referenced to the +5V supply for direct 
connection to the I,M1889. The resistor on the lumi­
nance output pin 6 is used to sum the chroma subcarrier 
from the LM 1889 and must be wired as tightly as 
possible to preserve the video bandwidth. For the 
addition of sound or a second RF channel, refer to 
the LM1889 data sheet. 
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COLOR 
Black 
Dark Grey 
Light Grey 

White 

~red .~ Gre'en 
D.. Blue 

d. ~ rYan 
~ ~ Magenta 
o " u E Yellow 

Brown 
Orange 
Flesh tone 
Pink 

Sky Blue 

RED 
M L 
0 0 0 

0 1 0 
1 0 1 

' 1 1 1 

1 1 1 
0 0 0 

0 0 0 

0 0 0 
1 1 1 
1 1 1 

0 1 1 

1 1 1 

1 1 1 

1 1 ,1 

1 0 1 

INPUT CODE 

GREEN BLUE 
M L M L 
0 0 0 0 0 0 

0 1 0 0 1 0 

1 0 ,1 1 0 1 
1 1 1 1 1 1 

0 0 0 000 

1 1 1 000 

o 0 0 1 1 1 

1 1 1 1 1 1 

,0 0 '0 1 1 1 

1 1 1 0 0 0 

0 1 1 000 
1 0 0 0 o 0 
1 1 0 1 o 1 
1 1 0 1 1.0 
1 0 1 1 1 1 



Typical Application 
12V LOW-VHf 12V 

/CHAHNEL ..L_ OUTPUT 

O.DD1 ~F 
COMPOSITE 

svm: IDliir 
.... _ .... ...;+4~~DOU~;+.. _I 

510 'If - IJI' 

{ 
11 

LS. 
1D 

~ 12 

Il .sa 

, .. 
1ZY 

{ 
14 

Lsa REf 

~ 15 LUll" 
VIDEO Y 

18 MATRIX 
MS. DAC 

24D 

{ 
17 

LSI B-Y 4 

~ 11 
n·Y 

" Msa 
5V:!:5% 

20 

+ 
1.Jl...1l.1D"'~ 

FROM PALF.F....--Z I\IliffiIm 
PAL 

" D.OlpF 

4.1k 
o.Glpf 

SUBCARRIER ~ f-+---"JVV-.... ---1 
CLOCK OUT ----. 

12Y 

NTSC PAL " 
XTAL 3.5795 4.4336 MHz 

C 43 36 pF FIGURE 3 

Circuit Description (Refer to Figure 4) 

The 3-bit red, green, and blue inputs go to identical 
3-bit current-mode digital-to'analog converters (OACs). 
Each OAC con'sists of three .binary-weighted current 
sources .controlled by diff·amp current switches. The 
DAC output currents are arbitrarily given a weighting 
factor of 0.59, which is the green coefficient in the 
luminance equation. Portions of the red and bh.ie 
currents are split off, so that the remaining currents 
combined with the green current form the luminance 
current Iy = 0.3 IR + 0.59 IG + 0.11 lB. Iy develops 
the luminance voltage Vy across RO in a summing 
amplifier referenced to the +5V supply. A current 
switch operated by pin 8 adds (-) sync pulses to the 
y output at pin 6. 

The portions of red and blue currents previously split 
off flow through resistors RO/0.29 and RO/0.48, 
which are weighted to form the red and blue voltages 
respectively. Since the opposite ends of the 2 resistors 
are connected to Vy, the red and blue voltages across 
the resistors subtract from Vy to develop the color 
difference voltages VY-R and VY-B. VY-B is coupled 
through a X.56 gain, 5V -referenced inverting amplifier 
to the B-Y output at pin 4. VY-R feeds parallel inverting 
and non·inverting unity gain amplifiers which allow 
either polarity to be coupled to the R· Y output pin 3. 
Switching between the 2 amplifiers is controlled by 
a current switch activated by the H/2 pin 2. A (-) burst 
gate pulse on pin 1 controls current switches which 
add the burst pulse components to the B· Y and R· Y 
outputs. 
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The requirements for PAL and NTSC encoding differ 
in the areas of burst gate operation and R· Y polarity, 
both of which are controlled via pin 2 as follows: 

PAL, pin 2 fed by a half·line frequency TTL square 
wave-in this mode a PNP switch between pin 2 and 
+5V is held off continuously. which results in equal 
burst pulse components on the B· Y and R·Youtputs. 
In addition, the H/2 square wave causes the R-Y 
output polarity to reverse every line. (When fed 
to the LM 1889 chroma modulator this ·causes the 
phase of the R-Y subcarrier to change 180· as reo 
quired in PAL.) 

NTSC. pin 2 tied through an external resistor to 
+12V-this turns on the PNP switch continuously. 
which eliminates the burst pulse on the R-Y output 
and increases the amplitude of the B· Y pulse. Since 
pin 2 is being held high, the R-Y output is locked 
in the positive. polarity. 

Blanking is activated by a low on pin 9, which de·biases 
the left side of the OAC diff-amps, so that I R = IG = 
I B = 0 independent of the input states. When blanked, 
the Y, B-Y and R-Y outputs all go to +5V. An additional 
amplifier produces a 0 carrier reference voltage at 
pin 7 which is 25% above the peak white voltage on 
the Y output, relative to +5V. 
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~National 
~ Semiconductor 

LM1889 TV Video Modulator 

General Description 
The LM1889 is designed to interface audio, color 
difference, and luminance signals to the antenna termi­
nals of a TV receiver. It consists of a sound subcarrier 
oscillator, chroma subcarrier oscillator, quadrature 
chroma modulators, and RF oscillators and modulators 
for two low-VHF channels. 

The LM1889 allows video information from VTR's, 
games, test equipment, or similar sQurces to be displayed 
on black and white or -colo~ TV receivers. When used 
with the MM57100 and MM53104, a complete TV game 
is formed. 

Block Diagram 

Dual-I n-Line Package 

CHROMA 1 18 CHROMA 
LEAD LAG 

R·Y 11 CHROMAOSC 
INPUT OUTPUT 

CHROMA 3 16 CHROMA 
BIAS SUPPLY 

8.Y 4 '15 SOUND . 
I~PUT TANK 

GROUND 
14 RF 

SUPPLY 

.'j' . 13 CHROMA 
SUBeARAIEA 

TANK 
12 VIDEO 

INPUT 

"'j' 
11 CHA 

OUTPUT 

TANK • 
10 eH B 

OUTPUT 

Order Number LM1889N 
• See NS Package N18A 

Audio, Radio and TV Circuits 

Features 
• dc channel switchin.g 

• 12V to 18V supply operation 

• Excellent oscillator stability 

• Low intermodulation products 

• 5 Vp-p chroma reference signal-

• May be used to encode composite video 

DC Test Circuit 

1.SV 

swz 1 . 4 
5k , 

0 

II " ~ 15V 

" " 
v, ~O.1~F 
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C» co Absolute Maximum Ratings 
CO ,.. Supply Voltage V14, V16 max 19Vdc 

::!: Power Dissipation Package (Note 1) 1390mW 

...J Operating Temperature Range O°C to +70°C 
Storage Temperature Range -55°C to +150°C 

Chroma Osc Current 117 max 10 mAdc 
(V16-V15) max ±5Vdc 
(V14-Vl0) max 7V 
(V14-V11) max 7V 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (dc Test Circuit, All SW Normally Pos.l, VA = 15V, VB = Vc = 12V) 

PA~AMETER CONDITIONS MIN TYP MAX UNITS 

Supply Cur'rent, IS 20 35 45 mA 

Sound Oscillator, Current Change, .0.115 Change VA From 12.5V to 0.3 0.6 0.9 mA 

17.5V 

Chroma Oscillator Balance, V17 9.5 11.0 12.5 V 

Chroma Modulator Balance, V13 7.0 7.4 7.B V 

R·Y Modulator Output Level, AV13 SW 3, Pos. 2, Change SW 1 0.6 0.9 1.2 V 

From Pos. 1 to Pos. 2 

B·Y Modulator Output Level, AV13 SW 3, Pos. 2, Change SW 2 0.6 0.9 1.2 V 

From Pos. 1 to Pos. 2 

Chroma Modulator Conversion Ratio, SW 3, Pos. 2, Change SW 0 0.45 0.70 0.95 V/V 

AV13/AV3 From Pos. 1 to Pos. 2. Divide 

AV13 by AV3 

Ch. A Oscillator "OFF" Voltage, VB, V9 SW 4, Pos, 2 0.5 1.5 3.0 V 

Ch. A Osc"illator Current Level, 19 VB = 12V, Vc = 13V 2.5 3.5 5 mA 

Ch.B Oscillator "OFF" Voltage, V6; V7 0.5' 1.5 3.0 V 

Ch.B Oscillator Current Level, 16 SW 4, Pos. 2, VB = 12V, 2.5 3.5 5 mA 

Vc = 13V 

Ch. A Modulator Conversion Ratio, SW 1, SW 2, SW 3, Pos. 2, 0.40 0.55 0.70 V/V 

AVll/(V13-V12) VB = 12V, Change Vc From 

13V to 11V For AV11 Divide 

By V13-V12 

Ch. B Modulator Conversion Ratio, All SW, Pos. 2, VB = 12V, 0.40 0.55 0.70 V/V 

AV10/(V13-V12) Change Vc From 13V to 11 V 

Divide as Above 

AC Electrical Characteristics (ac Test Circuit, V = 15V) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Chroma Oscillator Output Level, V17 CLOAD ~ 20 pF 4 5 Vp·p 

Sound Carrier Oscillator Level, V15 Loaded by RC Coupling 2 3 4 Vp·p 

Network 

Ch.3 RF Oscillator Level, VB, V9 Ch. Sw. Pos. 3, f = 61.25 MHz, 200 350 mVp-p 

Use FET Probe 

Ch.4 RF Oscillator Level, Va,.V7 Ch. Sw. Pos. 4, f = 67.25 MHz, 200 350 mVp·p 

Use F ET Probe 

Nota 1: For operatio'n in ambient temperatures above 2SoC, the device must be derate_d based on a 150°C maximum junction temperature and a 
thermal resistance of 90°C/W junction to ambient. ' 
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I""'" 
Design Characteristics (ac Test Circuit, V = 15V) s:: ..... 

PARAMETER TYP UNITS PARAMETER 

Oscillator Supply Dependence RF Modulator 

TYP UNITS 
Q:) 

m 
Chroma, fa = 3.579545 MHz HzlV Conversion Gain. f = 61.25 MHz, 

Sound Carrier, RF See Curves VOUT/IVI3-VI2) 10 mVrms/V 

Oscillator Temperature Dependence lie Only) 3.58 MHz Differential Gain 5 % 

Chroma 0.05 ppmfC Differential Phase 3 degrees 

Sound Carrier -15 ppmfC 2.5 Vp-p Video, 87.5% mod, 

RF -50 ppm/C Output Harmon'ics Below Carrier 

Chroma Oscillator Output, Pin 17 2nd,3rd -12 dB 

tRISE,10-90% 20 n, 4th and above -20 dB 

tFALL,90-10% 30 n, Input Impedances 
Duty Cycle 1+) Half Cycle 51 % Chroma Modulator. Pins 2, 4 500kl/2 pF 

1-) Half Cycle 49 % RF Modulator, Pin 12 lMI/2 pF 

RF Oscillator Maximum Operating Frequency 100 MHz Pin 13 250k1/3.5 pF 

(Temperature Stability Degraded) 

Chroma Modulator If = ~.58 MHzl 

B·Y Conversion Gain V13/1V4-V31 0.6 Vp·plV 

R·Y Conversion Gain V13/1V2-V31 0.6 Vp·plV 

Gain Balance ±O.S dB 

Bandwidth See Curve 

AC Test Circuit ., 
43,F 

lB 
5.1k 

.2 
':" 

R·Y 
,*43PF 

BIAS 
17 l.58 MHz 

OUTPUT 

':" 3. 

16 ':" 
1.5V 

TD.Ol~F ~O.OI'F ld,.iH 
B·Y 

BIAS ':" 
IS 

':" 
15k 

14 

':" ~D.ODI'F 

240 13 2k 
1.5V 

22pF 

12 2k 

~HSW VIDEO 
BIAS 

It 75 

+ 
10~F 

10 

15V 
+ 

~1D'F 

Your VIDEO 
INPUT 
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Typical Performance Characteristics 
Sound Carrier Oscillator R F Oscillator Frequency Chroma Modulator 
Supply Dependence Supply Dependence Transconductance Bandwidth 

~ 
(fo = 4.5 MHzl fo = 67.25 MHz lOUT 131V1 or 18 

'" 4 10 5 
z 
" 3 ~ ;:: 0 ~ .. 2 '" V \ 0 

~ 1 .. ~ \ !/ " -10 ~ ~ 
0 V !;: : 

~ 
-5 

~ -1 
V -20 

\ 
5 

S -2 
/ ~ 

I!: 
-3 -3~ " ::: o -10 

~ 1\ ~ 
-4 " > 
-5 S -40 

II 
;:: 

'" -6 / ::: ~ -15 
·3 ~ -50 ., -7 '" 
~ -B -,60 -20 

10 11 12 13 14 15 16 17 lB 19 20 10 11 12 13 14 15 16 17 18 19 20 1 2 5 10 20 50 100 

SUPPLY VOL~AGE (VI SUPPLY VOLTAGE (VI FREDUENCY (MHz) 

Chroma Modulator RF Modulator 
Common-Mode Input Range Common-Mode Input Range 
Pins 2,3, 4 Pins 12, 13 (Applications Circuit) 

14~ .~ 
·14 

~ 0V/,~ 
~ 13 ~ 

13 
~~ 

~ 
12 f--I--

~ 
12 

'" .. 
:~ ~ 

.. 11 z z 0~ 01:0'" .. ;;! 10 
'" ~ 9 

~ 
9 

B 
~ 

8 
~ 7 7 
~ ~ ., 6 €I 6 ., 

5 5 
~ :; 

4 ~ 4 

'" ,~~0 I~~ " 3 0 ~ V/' '" ~ 2 ::: 0 1 
0 0 

10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20, 

SUPPLY VOLTAGE (V) SUPPLY VOLTAGE IV) 

Circuit Description (Refer to Circuit Diagram) 

The sound carrier oscillator is formed by differential The channel B oscillator consists of devices 0:56 and 
amplifier 03, 04 operated with positive feedback from 057 cross·coupled through level·shift zener diodes 
the pin 15 tank to the base of 04. 054 and 055. A current regulator consisting of devices 

039-043 is used to achieve good ~F frequency stability 

The chroma oscillator consists of the inverting amplifier 
over supply and temperature. The channel B modulator 

016, 017 and Darlington emitter follower 011, 012. consists of multiplier devices 058, 059 and 050-053. 

An external RC and crystal network from pin 17 to 
The top quad is coupled to the channel B tank through 

pin 18 provides an additional 180 degrees phase lag back isolating devices 048 and 049. A dc offset between 
pins 12 and 13 offsets the lower pair to produce an to the base of 017 to produce oscillation at the crystal 
output RF carrier at pin 10. That carrier is then modu-resonance frequency. (See ac test circuit). 
lated by both the chroma signal at pin 13 and the video 
and sound carrier signals at pin 12. The channel A 

The feedback signal from the crystal is split in a lead-lag modulator shares pin 12 and 13 buffers 045 and 044 
network to pins 1 and i 8, ?espectively, to generate the with channel B and operates in an identical manner. 
subcarrier reference signals for the chroma modulators. 
The R-Y modulator consists of multiplier devices 029, . The current flowing through channel B oscillator diodes 
030 and 021-024, while the B-Y modulator consists of 054, 055 is turned aroun~ in 060, 061 and 062 to 
031, 032 and 025-028. The multiplier outputs are source current for the channel B RF modulator. In the, 
coupled through a balanced summing amplifier 037, same manner, the channel A oscillator 071-074 uses 
038 to the input of the RF modulators at pin 13. tum around 077, 078 and 079 to source the channel A 
With 0 offset at the lower pairs of the multipliers, no modulator. One oscillator at a time may be activated by 
chroma output is produced. However, when either connecting its tank to supply (see ac test circuit). The 
pin 2 or pin 4 is offset relative to pin 3 a subcarrier out- corresponding modulator is then activated by its current 
put current of the appropriate phase is produced at turn-around, and the other oscillator/modulator com-
pin 13. bination remains "OFF". 
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Circuit Diagram 
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Applications Information 
Subcarrier Oscillator 

The oscillator is a crystal·controlled design to ensure the 
accuracy and stability required of the subcarrier fre­
quency for use with television receivers. Lag-lead net­
works (R2C2 and C1Rl) define a quadrature phase 
relationship between pins 1 and 18 at the subcarrier 
frequency of 3.579545 MHz. Other frequencies can be 
used and where high stability is not a requirement, the 
crystal can be replaced with a parallel resonant L·C 
tank circuit-to provide a 2 MHz clock, for example. 
Note that since one of the chrominance modulators is 
internally connected to the feedback path of the oscil· 
lator, operation of the oscillator at other than the 
correct subcarrier frequency precludes chrominance 
modulation. 

When an external subcarrier source is available or 
preferred, this can be used instead. For proper modulator 
operation, ·a subcarrier amplitude of 500 mVp·p is 
required at pins 1 and 18. If the quadrature phase shift 
networks shown in the application circuit are retained, 
about 1 Vp·p subcarrier injected at the junction of Cl 
and R2 is 'sufficient. The crystal, C4 and R3 are elim· 
inated and pin 17 prqvides a 5 Vp-p signal shifted 
+125~ from the external reference. 

Chr.ominance Modulation 

The simplest method of chroma encoding is to define 
the quadrature phases provided at pins 1 and 18 as the 
color difference axes R-Y and S-Y. A signal at pin 2 
(R-Y) will give a chrominance subcarrier output from 
the modulator with a relative phase of 900 compared 
to the subcarrier output produced by a signal at pin 4 
(S-Y). The zero signal dc level of the R-Y and S-Y inputs 
will determine the bias level required at pin 3. For 
example, a pin 2 signal that is IV positive with respect 
to pin 3 will give 0.6 Vp-p subcarrier at a relative phase 
of 900

• If pin 2 is 1 V negative with respect to pin 3, 
the output is again 0.6 Vp-p, but with a relative phase 
of 2700

• When a simultaneous signal exists at pin 4, the 
subcarrier output level and phase will be the vector sum 
of the quadrature components produced by pin 2 and 4 
inputs. Clearly, with the modulation axes defined as 
above, a negative pulse on pin 4 during the burst gate 
period will produce the chrominance synchronizing 

. "burst" with a phase of '1800 • Soth color difference 
signals must be dc coupled to the modulators and the 
zero signal dc level ()f both must be the same and within 
the common-mode range of the modulators. 

The 0.6 Vp-pN dc conversion gain of the chrominance 
modulators is obtained with a 2 kn resistor connected 
at pin 13. Larger resistor values can be used to increase 
the gain, but capacitance at pin 13 will reduce the band­
width. Notice that equi-bandwidth encoding of the color 
difference signals is implied as both modulator outputs 
are internally connected and summed into the same 
load resistor. 

Sound Oscillator 

Frequency modulation is achieved by using a 4.5 MHz 
tank circuit and deviating the center frequency via a 
capacitor or a varactor diode. Switching a 5 pF capacitor 

to ground at an audio frequency rate will cause a 
. 50 kHz deviation from 4.5 MHz. A 1 N544 7 diode 
biassed -4V from pin 16 will give ±20 kHz deviation 
with a 1 Vp-p audio signal. The coupling network to 
the video modulator input and the varactor diode bias 
must be included when the tank circuit is tuned to 
center frequency .. 
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A good level for the R F sound carrier is between 2% and 
20% of the picture carrier level. For example, if the peak 
video signal offset of pin 12 with respect to pin 13 is 
3V, this corresponds to a 30 mVrms picture RF carrier. 
The source impedance at pin 12 is defined by the 
external 2 kn resistor and so a series network of 15 kn 
and 24 pF will give a sound carrier level at -32 dB to 
the picture carrier. 

RF Modulation 

Two RF channels are available, with carrier frequencies 
up to 100 MHz being determi(led by L-C tank circuits at 
pins 6, 7, 8 and 9. The signal inputs (pins 12, 13) to 
both modulators are common, but removing the power 
supply from an R F oscillator tank circuit will also 
disable that modulator. 

As with the chrominance modulators, it is the offset 
between the two signal input pins that determines the. 
level of RF carrier output. Since one signal input 
(pin 13) is also'internally connected to the chrominance 
modulators, the. 2 kn load resistor at this point should 
be connected to, a bias source within the common-mode 
input range of the video modulators. However, this bias 
source is independent of the chrominance modulator 
bias and where chrominance modulation is not used, 
the 2 kn resistor is eliminated and the bias source con­
nected directly to pin 13. 

To preserve the dc content of the video signal, amplitude 
modulation of the R F carrier is done in one direction 
only, with increasing video (toward peak white) 
decreasing the carrier level. This means the active com­
posite video signal at pin 12 'must be offset with respect 
to pin 13 and the sync pulse should produce the largest 
offset (i.e., the 'offset voltage of pin 12 with respect to 
pin 13 should have the same polarity as the sync pulses) . 

The largest video signal (peak white) should not be 
able to suppress the carrier completely, particularly if 
sound transmission is needed. For example, a signal with 
IV sync amplitude and 2.5V peak white (3.5 Vp-p -
negative polarity sync) and a black level at 5 V dc will 
require a dc bias of 8V on pin 13 for correct modula­
tion. A simple way of obtaining the required offset is 
to bias pin 13 at 4 x (sync amplitude) fro,m the sync tip 
level at pin 12. 

Composite Video Output 

When both chrominance and luminance modulation is 
being done, a simple technique can be used to check the 
chrominance to luminance ratio before modulation on 
the RF carrier. This is shown in Figure 1 where the tank 
circuit of one RF oscillator has been replaced. Pin 8 is 



Applications Information (Continued) 

held 0I1e diode voltage drop below pin 9, thereby 
offsetting the upper rank of the modulator which now 
behaves as a cascode stage for the composite video signal. 
A 1.8 kn resistor as a load at pin 11 gives a gain of 
about 0.5. If pin 11 is buffered by an external amplifier, 
co~posite video at 75n can be made available for 
injection into the video stage of a TV receiver. Putting 
the diode Dl in series with" pin 9 will reverse the video 
polarity. 

Split Power Supplies 

The LM 1889 is designed to operate over a wide range of 
supply voltages so that much of the time it can utilize 
the signal source power supplies. An example of this is 
shown in Figure 2 where the composite video signal 
from a character" generator is modulated onto an R F 
carrier for display on a conventional home TV receiver. 
The LM 1889 is biased between the -12V and +5V 
supplies and pin 13 is put at ground. A 9.1 kn resistor 
from pin 12 to -12V dc offsets the video input signal 

(which has sync tips at ground) to establish the proper 
modulation" depth - Rl/R2 = VIN/12 x 0.875. This 
design is for monochrome transmission and features an 
extremely low external parts count. 

Frequently, the use of split power supplies will make 
matching the LM 1889 to available signal generator 
outputs a simple process. Figure 38 shows the LM1889 
configured to accept the composite video patterns 
available from a Tektronix Type 144 generator that has 
black level at ground and negative polarity syncs. In this 
application the oscillator amplifier is used to provide a 
gain of two and a 10 kn pot adjusts the over·all dc level 
of the amplified signal. Since the generator does not 
conveniently provide the required supply voltages, a 
circuit is shown in Figure 3b that will split 15V into 
+5V and -10V. An advantage is that the supplies will 
track with the 15V source. However, once the modula· 
tion depth has been set, the supply voltage should be 
stabilized. The power supply "split" is set by the resistor 
connected to pin 1 of the LM380. 

'00 CHROMINANCE 
INPUTS r---..... --..... ------~w ..... p_<l"v 

O.olpF 

IT 
- 43pF 
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~~fD .3 
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3k 

D.ODlpF 24U , .. 

" 
50" 

, ........... M.....,LcOMPDSITE 
-- rVID'EO 

t----It----o., 

" Zk '" 75 

~--~-~r4~--+----r--~~~-i_--o15V 

AUDID--..J; ... _t-_....I 
INPUT~ 

LUMINANCE AND DC REFERENCE 
SYNC INPUT VOLTAGE 

VIDEO 
INPUTS 

~1'f.lFI20V 

FIGURE 1. Luminance and Chrominance Encoding Composite Video or RF Output 
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Applications Information (Continued) 

ov~ 
SIGNAL SOURCE: 

TEKTRONIX TYPE 144 

,y 

10' 
-12V "0 

15pF 

" 
~-------'-•. -tE-o)~~TPUT 

O.1~F..L 

FIGURE 2. Low·Cost Monochrome Modulator for Character Generator Display 
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FIGURE 3a. d~ Coupled Modulator for NTSC Pattern Generators 
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FIGURE 3b. Tracking Split Power Supply 
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CD . 

~' ~ Nationat ' 
:E ~ Semiconductor 

Audio,' Radio and TV Circuits 

I LM18961LM2896 Dual Power Audio Amplifier 
~ 

:E 
-I General Description 

The LM1896 is a high performance 6V stereo power 
amplifier designed to deliver 1 watt/channel into 411 or 2 
watts bridged monaurallnt081l. Utilizingauniquepatented 
compensation scheme, the LM1896 is ideal for sensitive 
AM radio applications. This new circuit technique exhibits 
lower wideband nolse,lowerdistortion, and less AM radia­
tion than conventional designs. The amplifier's wide sup­
ply range (3V-9V) is ideal for battery operation. For higher 
supplies (Vs>9V) the LM28~6 is available in an 11-lead 
single-In-line package. 

Features 
• Low AM radiation' 
• Lownolse 

Typical Applications 

II 3V, 40, stereo Po= 250 mW 
• Wide supply operation 3V-15V (LM2896) 

• Low distortion 
• No turn on "pop" 
• Adjustable voltage gain and bandwidth 
• Smooth waveform clipping 

• Po= 9W brldged,LM2896 

Applications 
• Compact AM-FM radios 
• Stereo tape recorders and players 
• High power portable stereos 

........ --... O+vs 

510U 

RS 
lOOk 

50pF 

5111 

150"F 

15DpF 

su ' 
SPEAKER 

FIGURE 1; LM2896 in Bridge Configuration (Ay =400. BW=20 kHz) 
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Absolute Maximum Ratings 
Supply Voltage 

LM1896 Vs=12V 
LM2896 Vs=18V 

Operating Temperature(Note 1) O"Cto + 70"C 
Storage Temperature - 65 "Cto + 150 "C 
Junction Temperature 150 "C 
Lead Temperature(Soldering, 10 seconds) 300"C 

Electrical Characteristics Unless otherwise specilied, TA = 25 "C, Av = 200(46 dB). For the LM1896, V s = 6V and 
RL =40. For the LM2896, Vs= 12V and RL=80. Test circuit shown in Figure 2. 

Parameter Conditions 
LM1896 LM2896 

Units 
Min Typ Max Min Typ Max 

Supply Current Po = OW, Dual Mode 15 25 25 40 mA 

Operating Supply Voltage 3 10 3 15 V 

Output Power THD=10%, 1=1 kHz 
LM1896N-l Vs =6V, RL=40 Dual Mode 0.9 1.1 W 
LM1896N-2 Vs =6V, RL=80 Bridge Mode 1.8 2.1 W 

Vs =9V, RL=8£! Dual Mode 1.3 W 
LM2896P-l Vs= 12V, RL = 80 Dual Mode 2.0 2.5 W 
LM2896p·2 V s = 12V, RL = 80 Bridge Mode 7.2 9.0 W 

Vs =9V, RL=40 Bridge Mode 7.8 W 
Vs =9V; RL=40 Dual Mode 2.5 W 

Distortion 1 = 1 kHz I 

P~=50 mW 0.09 0.09 % 
Po=0.5W 0.11 0.11 % 

Po=lW 0.14 % 

Power Supply Rejection CBY = 100 flF, 1=1 kHz, CIN =0.1 flF . -40 -54 -40 -54 dB 
Ratio (PSRR) Output Relerred, VRIPPLE=250 mV 

Channel Separation C BY = 100 flF, 1= 1 kHz, CIN =0.1 flF -50 -64 -50 -64 dB 
Output Relerred 

Noise Equivalent input noise Rs=O, 
CIN =.0.1 flF, BW = 20 - 20 kHz 1.4 1.4 flV 
CCIR/ARM 1.4 1.4 flV 
Wideband 2.0 2.0 flV 

. DC Output Level \ 2.8 3 3.2 5.6 6 6.4 V 

Input Impedance 50 100 350 50 100 350 kO 

Input Offset Voltage 5 5 mV 

Voltage Difference LM1896N-2,LM2896P-2 10 20 10 20 mV 
Between Outputs 

Input Bias Current 120 120 nA 

Not. 1: For operation at ambient temperature greater than 25"<:, the LM1896/LM2896 must be derated based on a maximum 150"<: junction temperature 
using a'thermal resistance .whlch depends upon mounting techniques. 

\ 
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Typical Performance Curves 
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vs Ambient Temperature 

14.0 r:-:====="...==~ 
12.0 I==t=:t='-k 

~ 
ii 10.0 

~ 8.0 

~ 

CI 6.0 !~~~~~~Iii~ ~ 4.0 

2.0 
FREE AIR 6D"C/W 

~ 
z 

" .. 

f .. 
j!:. 

;; 

'" ! 

f ., 
'" t-

a; 

60 

50 

40 

30 

1.0 

0.8 

.Q.ti 

0.4 

0.2 

o 

60 

50 

40 

30 

1.0 

D.B 

0.6 

1i.4 

0.2 

o 

o W ~ ~ ~ ~ " ro " 
T A - AMBIENT TEMPERATURE 1°C) 

THD and Gain vs Frequency' 
Av=54 dB, BW=30 kHz 

LM1896 
l-I-VS'6V -

PO=O.5W - l-I-
RL =411 
DUAL MDDE 

1/ 
1/ 

"- ./ 

20 50 100 2" 500 lk 2k 5k 10k 20k 

FREQUENCY IHd 

THD and Gain vs Frequency 
Ay = 40 dB, Bw' = 20 kHz 

II 

..... LM1B96' 
1--Vi=6Y 

Po = 0.5W 
RL =411 1--DUAL MODE 

- t.-' 

~O 50 100 200 500 lk 2k 5k 10k 20k 

FREQUENCY IHzl 

Power Supply Rejection Ratio 
(Referred to the Output) 
va Frequency 

" r-1mnmr-rTT 

2.0 

1.8 

~ 1.6 

~ 1.4 

~ 1.2 
~ 1.0 

~ 0.8 

~ 0.6 

- DA 
0.2 

o 

LM1896 Maximum Device 
Dissipation vs Ambient 
Temperature 

....... F:;o~f~R- ;--

r-... 

o w·~ ~ ~ ~ " ro " 
T A - AMBIENT TEMPERATURE 1°C) 

THD and Gain vs Frequency 
'Ay=54 dB, BW=5 kHz 

;; 

'" " ~ 

~ ., 
'" .... 

;; 

'" z 

" .. 

f ., 
j!: 

" 50 

40 

3D 

LM1B96 - I-~ VS=6Y 
Po = 0.5W - 1---, 
RL = 4Il 
DUAL MODE 

1.0 

0.8 

0.6 

OA 

0.2 
,.... V 

o 
20 50 100 200 500 lk 2k 5k 10k 20k 

60 

50 

40 

30 

1.0 

0.8 

0.6 

OA 

0.2 

o 

70 

FREQUENCY (Hz) 

THD and Gain vs Frequency 
Ay= 34 dB, BW = 50 kHz 

I I 
I I 

P"" = LM1B96 
VS=6V 
Po=O.5W - - RL =4Il 

- - DUAL MODE 

..... 
20 50,100 200 500 lk 2k 5k 10k 20k 

FREQUENCY IHzl 

Channel Separation (Referred 
to the Output) vs Frequency 

I--
'" 50 f-+-+ffiflf--+W .... 60 ~ is 
t; 40 I-Httlfth'll1~ 
;;: 
0: 

~ 

~ 20 
0: 

~ 

" 50 
" ii 4D .. 
i 30 
~ 
~ z 20 2 

'" ~ 10 

CBYPASS= 100pF 
CIN '" 0.1 J.lF 
Ay=200 

P~~TI~1I0.5W 

_UJUmll UIlI 
111111111111111 

100 lk 10k 10 100 lk 10k lOOk 

FREQUENCY 1Hz) FREQUENCY 1Hz) 

10-136 

100 

- 3 dB Bandwidth vs Voltage 
Gain for Stabla Operation 

.., " 90 

'" <!< 

'" t-., 
li' ., 
z 
~ .. 
~ 

'i' 

;; 

'" 2 

" .. 

f ., 
:c .... 

;J:' 
E 
5: 
~ 
~ 
6-
2ig ,,-
2C: "' .. ~:, 
"0: :> 

'" ~ 
~ 
" ~ 

10 

70 

60 

50 
40 

30 
20 

10 

0 

60 

50 

40 

30 

1.0 

0.8 

0.6 

0.4 

~.2 

o 

0 100 200 300 400 500 600 

AyIY/v) 

THD and Gain vs Frequency 
Av = 46 dB, BW!= 50 kHz 

I I I 
LM1B96 I-
YS=6V I-
Po=O.5W 

" RL =411 
DUAL MODE l-

I 

20 50 100200 500 lk 2k 5k 10k 20k 

-10 

-20 

-30 

-40 

-50 

-60 

FREQUENCY (Hzl 

AM Recovered Audio and Noise 
vs Field Strength for Different 
Speaker Lead Placement 

0.81 0.1 10 

12 

o 

FIELD STRENGTH ImV/M) 

Power Output vs 
Supply Voltage 

LM2B96 :h;"u~~17 

:~;D~'lf 

,L -411 
DUAL 

iL -BIl 
DUAL 

.K, 

-=' 
o 10 12 

SUPPLY YOLTAGE IVI 



Typical Performance Curves (Continued) 
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Connection Diagrams 

Dual·ln·Line Package 
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13 
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NC NC 

BYPASS +VS 

TOP VIEW 

Order Number LM1896N 
See NS Package N14A 
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+VS • 
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-IN2 

+IN 2 
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-INI 
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TOP VIEW 
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Typical Applications (Continued) 

. C( 

irl-~:---..... --t-R,02 y. 

Rll 
Siun 

Cll + 

'D"FT CID 
SDpF 

Sin 

R2 
SIDn 

C2 + 
10~FT 

CS 
SDpF 

y. 

Rl 
Sin 

6. 9 No connection on LM1896 

( ) Indicates pin number for LM2896' 

FIGURE 2. Stereo Amplifier with Av = 200, BW = 30 kHz 

Extemal COmponents (Figure~. 

Com,!onents 

1. R2: R5, R10, R13 

2. R3, R12 

3. Ro 

4. C1,C14 

5. C2,C13 

6. C3,C12 

7. C5,C10 

8. C7 

10. Co 

11. Cs 

Comments 

Sets voltage gain, Av = 1 + R5/R2 for one channel and 
Av = 1 + R10/R13 for the oth~r channel. 

Bootstrap resistor sets drive current for output stage and 
allows pins 3 and 12 to go above V s. 

Works with Co to stabilize output stage. 

Input coupling capacitor. Pins 1 and 14 are at a DC potential 
of V s/2. Low frequency pole set by: 

1 
f L=---

2nRIN C1 

Feedback capacitors. Ensure unity gain at DC. Also a low 
frequency pole at: 

1 

2nR2C2 

'Bootstrap capaCitors, used to increase drive to output 
stage. A low frE!quency pole is set by: 

1 
f L=---

2nR3C3 

Compensation capacitor. These stabilize the amplifiers 
and adjust their bandwidth .. See curve of bandwidth vs 
allowable gain. 

Improves power supply rejection (See Typical Perform· 
ance Curves). Increasing C7 increases turn-on delay. 

Output coupling capaCitor. Isolates pins 5 and 10 from the 
load. Low frequency pole set by: 

1 
f L=---.-

2nCcRL 

Works with Ro to stabilize output stage. 

'Provldes power supply filtering. 
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Application Hints 
AM Radios 

The LM1896/LM2896 have been designed to fill a wide range 
of audio power applications. A common problem with IC 
audio power amplifiers has been poor slgnal·ta-nolse per­
formance when used in AM radio applications. In a typical 
radio application, the loopstick antenna is in close prox­
imity to the audio amplifier. Current flowing in the speaker 
and power supply leads can cause electromagnetic cou­
pling tothe loopstick, resulting in system oscillation. In ad­
dition, most audio power amplifiers are not optimized for 
lowest noise because of compensation requirements. If 
noise from the audio amplifier radiates into the AM section, 
the sensitivity and signal-to·noise ratio will be degraded. 

The LM1896 exhibits extremely low wideband noise due in 
part to an external capacitor'C5 which is used to tailor the 
bandwidth. The circuit shown in Figure 2 is capable of a 
signal-ta-noise ratio in excess of 60 dB referred to 50 mW. 
Capacitor C5 not only limits the closed loop bandwidth, it 
also provides overall loop compensation. Neglecting C2 in 
Figure 2, the gain is: 

S+A\fJJo 
Av(S) = 

S:+-"'o 

R2+R5 
where Av='---, 

R2 
Wo=--

R5C5 

A curve of -3 dB BW (wo) vs Av is shown in the Typical 
Performance Curves. 

Figure 3 shows a plot of recovered audio as a function of 
field strength inJ.lVlM. The receiver section In this example 
Is an LM3820. The power amplifier is located about two 
Inches from the loopstick antenna. Speaker leads run 
parallel to the loopstick and are 118 Inch from it. Referenced 
to a 20 dB SIN ratio, the improveme[lt in noise performance 
over conventional designs is about 10 dB. This corresponds 
to an Increase in usable sensitivity of about 8.5 dB. 

Bridge Amplifiers 

The LM1896JLM2896 can be used in the bridge mode as a 
monaural power amplifier. In addition to much higher 
power output, the bridge configuration does not require 
output coupling capacitors. The load is connected directly 
between the amplifier outputs as shown in Figure 4. 

Amp 1 has a voltage gain set by 1 + R5/R2. The output of 
amp 1 drives amp 2 which is configured as an Inverting 
amplifier with unity gain. Because of this phase Inversion 
in amp 2, there is a6 dB increase in voltage gain referenced 
to V I' The voltage gain in bridge is: 

CB is used to prevent DC voltage on the output of amp 1 from 
causing offset in amp ;!. Low frequency response is in­
fluenced by: 

f L=---
2nRBCB 

Several precautions should be observed when using the 
LM1896/LM2896 in bridge configuration. Because the 
amplifiers are driving the load out of phase, an 811 speaker 
will appear as a 411 load, and a 411 speaker will appearasa21l 
load. Power dissipation Is twice as severe in this situation. 
For example, ifVs =6V and RL =811 bridged, then t~e max­
imum dissipation is: 

V~ 62 

Po=--x2=--x2 
20RL 20x4 

Po=0.9Watls 

This amount of dissipation is equivalent to driving two 411 
loads in the stereo configuration. 

When adjusting the frequency response in the bridge con­
figuration, R5C5 and R10C1O form a 2 pole cascade and the 
- 3 dB bandwidth is actually shifted to a lower frequency: 

0.64 
BW=--

2nRC 

where R =; feedback resistor 

C = feedback capacitor 

To measure the output voltage, a floating or differential 
meter should be used because a prolonged output short 
will over dissipate the package: Figure 1 shows the com­
plete bridge amplifier. 

w 
a: 
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FIGURE 3. Improved AM Sensitivity 
Over Conventional Design 
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FIGURE 4_ Bridge Amplifier Connection 
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Printed Circuit Layout 

Printed Circuit Board Layout 

Figure 5 and Figure 6show printed circuit board layouts for 
the LM1896 and LM2896. The circuits are wired as stereo 
amplifiers. The signal source ground should return to the 
input ground shown on the boards. Returning the loads to 
power supply ground through a separate wire will keep the 
THO at its lowest value. The inputs should betermlnated In 
less than 50 kll to prevent an input·output oscillation. This 

I"" . zioo ioii\ 
.... ~~~ 

'j ,,' 

COMPONENT SIDE 

FIGURE 5. Printed Circuit Board Layout for the LM1896 

oscillation, Is dependent on the gain and the proximity of 
the bridge elements RBand CB to the( + ) input. lithe bridge 
mode is not used, do not insert Rs. CB into the PCB. 

To wire the amplifier into the bridge configuration, short the 
capacitor on pin 7 (pin 1 of the LM1896) to ground. Connect 
together the nodes labeled BRIDGE and drive the capacitor 
connected to pin 5.(pin 140fthe LM1896). 

,"";.,,,.;. 

COMPONENT SIDE 

IN;UT 
GROUND 

FIGUR~ 6. Printed Circuit Board Layout for the LM2896 
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~National 
~ Semiconductor 
LM2000 Audio Driver 
General Description 
The LM2000 is a low cost Audio Driver, designed to 
drive external power transistors. The amplifier will 
typically deliver 5 W into 4 n with a 12V supply. The 
LM2000 can operate with complementary NPN/PNP 
output transistors or with just PNP output devices. 

A stable class A·B biasing scheme has been designed 
to prevent thermal runaway in the output transistors. 
The A·B bias transistor is internal, yet the amount 
of A·B bias current in the output stage can be externally 
adjusted. The bias stability is accomplished by forcing 
the base current in the power transistors instead of 
forcing their VBE(on). . , 

Typical Applications 

Audio, Radio and TV Circuits 

Features 
• Battery operation 
• Wide supply operation, 2.5-15V 
• High output power 
• Stable A·B bias current 
• Adjustable drive current 
• Adjustable gain and bandwidth 
• No turn-on or turn·off "pops" 
• Self·centered biasing 

Applications 
• AM·FM radios 
• Cassette recorders 
• Motor speed controls 

• Toys 
• Portable tape recorders/phonographs 
• Intercoms 

LM2000 Power Amplifier AV = 100 . 

Vs=2.5VTO t5V 0--... +-------..;.. ... ------------, 
~tDDD~F 

t5Dk 

tD~F 

~+ 

5.t Sl 5.1 Sl 

+ 
to Sl 5DD~F tDSl 

47k ~ 
+ 

tODD ~F 
47DSl 

+ 
~tD~F tn 

RL =4n 

TD.t~F 

-
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Absolute Maximum Ratings 
Supply Voltage 

. Package Dissipation (Note 1) 
Storage Temperature 
Operating Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

lSV 
1.39W 

-65°C to +150°C 
O°C to +70°C 

150°C 
300°C 

TA,= 25°C, Vs = 9V, RL = 4 n, AV = 100 (40 dB), f = 1 kHz, 2N491B output transistors, unless otherwise specified. 

PARAMETER 

Total Supply Current 

IC Supply Current 

Operating Supply Voltage 

Output Power (Note 2) 

Drive Current 

Output Swing 

Total Harmonic Distortion 

Ripple Rejection 

Equivalent Input Noise 

-3 dB Bandwidth 

Input Bias Current 

CONDITIONS 

PO=O W 

Current Measured at Pin 6 

THD = 10% 

VS= 9V, RL = 2n 

VS= 9V, Ri. =4n· 

VS=9V;RL=8n 

VS=12V,RL=2n 

VS=12V,RL=4n 

Vs = 12V, RL = 8 n 

Top or Bottom Side Sinking Current, 

Current Set Resistors 5.1 nand 10 n 

RL=2n;4n,Sn 

Po=0.5W,f= 1 kHz .-

CBYPASS = 5 JiF, f = 1 kHz; 

Output Referred 

RS = 0, BW = 10kHz 

CCOM·P = 50 pF (Note 3) 

, 

MIN TYp· MAX 

25 

7 14 

2.5 15 

4.8 

2.S 

1.5 

8.8 

5 

2.6 

100 200 

VS-2VSAT 

0.25 

40 55 

3 

50 

1 4 

UNITS 

rnA 

rnA 

V 

W 

W 

W 

W 

W 

W 

rnA 

Vp·p 

% 

dB 

JlV 

kHz 

JlA 

Note 1: For operating at elevated temperature, the device must be derated based on 150Cl C maximum junction temperature and a thermal re­
sistance of 90°C/W junction to ambient. 
Note 2: Output power is. function of the VBEton) and RSAT of the output transistors. 
Note 3: CCOMP is the compensation ~ap.citor used between pins 2 and 9. 

Connection Diagram 
Dual-In-Line Package 

1 U 14 
GND- I--lOAD 

2 ~ BonOM DRIVE COMPENSATlON-

3 12 
+ INPUT- I-- DRIVE ADJUST 

4 11 
-INPUT- I-- DRIVE ADJUST 

5 10 
BYPASS-- I-- TOP DRIVE 

Vs..!. r!!- BIAS/COMPENSA TlON 

7 8 
. BIAS- I--BIAS 

TOP VIEW 
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Typical Performance Characteristics 
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§ Circuit Description 

::E 
~ 

The LM2000 Audio Driver has been designed to deliver 
maximum power into a 2 n, 4 n, or 8 n load, when 
used on a 2.5V to 12V supply. This high power is 
accomplished by using external power transistors with 
very low RSAT. Figure 1a shows the output stage of 
the LM2000 which saturates these output devices. The 
output transistor completes a local feedback loop 
with the output stage of the driver. This output stage 
has voitage gain, set by R 1, R2, R3 and R4 to allow 
the output sense to swing from Vs to ground without 
saturating any internal nodes. The- output stage voltage 
gain is independent -of the overall voltage gain AV. 
Output transistors with low forced beta can be used 
since the drive current can be adjusted to meet the 
base current requirements of the output devices (see 
curves). In addition, Cc acts as a negative side boot­
strap and acts to pull 02 into saturation. 

r - --;:;.,; - -, 
& 

I 
I 
19 

r--------+-----e-ovs 

The LM2000 can be used to drive a complementary 
output pair as shown in Figure 1b. In this circuit, 
the coupling capacitor Cc no lohger works as a boot­
strap capacitor; 02 will still saturate because 
large drive current supplied by the Darlington con­
nection. This circuit performs optimally on Vs = 4.5V 
to 15V. In a 70·C ambient temperature, power dis­
sipation dictates allowable resistor and supply voltage 
ranges. For R2, R3 of Figures la -and lb. allowable 
values are: -

I 
I 
I 
I 
L 

~ 
H4 
Ion 

0- DENOTES IC PIN 
CONNECTIONS 

For Vs::: 12V, make R1, R2,B3. R4 1 watt resistors. 

FIGURE 1a. Output Stage of the LM2000 Driving 
PNP Output Transistors 
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For Vs::: 12V. make R1. R2, R3, R4 1 watt resistors. 

FIGURE 1b. Output Stage of the LM2000 Driving 
A Complementary Pair 



Typical Applications (Continued) 

VS=4.5VTO 15V 0--.. --------.... ---------.... 
+ CI 

T'OOO"F 

CSVPASS 

R9 
150k 

RIO 
1.5k 

~ i"~~~ .. ---+----~ 

R5 
4lk 

R& 
4l0n 

+ C3 

R4 
Ion 

+ C6 
Rl 
III 

C5 RL =411 

~'O"F 1"0.'"F 
rM

-

FIGURE 2. LM2000 Driving Complementary Pair 

Externa~ Components (See Fig~re 2) 

COMPONENTS COMMENTS 

1. Rl, R2, R3, R4 Sets base drive current to 
output transistors and adjust 
voltage gain in output stage 
(See curves). For Vs ? 12V 
make resistors 1 watt. 

2. RS,R6 

3. R7, CS 

4. RS 

S. R9 

6. ~10, Rll 

7. C1 

S. CSYPASS 

Sets amplifier voltage gain Av = 
1 + RS/R6. RS should be 
less than 200k because of 
input bias current voltage drop. 

Stabilizes outpuUtage. 

Sets input impedance and DC 
bias to + input. For minimum 
offset voltage" make RS = RS. 

Improves clipping waveform. 

Sets A·S bias current in output 
transistors 01 and 02. 

Provides power supply filtering. 

Improves power supply rejection 
(See curves). 

COMPONENTS 

9. C2 

10. C3 

11. C4 

12. C6 

13. C7 

14. 01, 02 

10·145 

COMMENTS 

Input coupling capacitor. Pin 3 
is at a DC potential of V CC/2. 
Low frequency pole is set at: 

1 

fl ='271'R8C2 

Feedback capacitor.' Ensures 
unity gain at DC for minimum 
offset at output. Also sets a 
low frequency pole at: 

1 
fL = 271'R6C3 

Sinks and sources drive current 
for output transistors 01 and 
02. 

Output coupling capacitor. Iso· 
lates output sense from load. 
Low frequency effected by: 

1 
fL=---

271'C6RL 
C7 gives overall loop stability 
and adjusts bandwidth (See 
curves). 

Power transistors. Supply cur· 
rent to load R L. 



~ Equivalent Schematic Diagram 
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~National Audio, Radio and TV. Circuits 
~ Semiconductor 
LM2001 Low Voltage Audio Driver 

General Description 
The LM2001 is a low voltage audio driver, designed to 
drive low cost external power transistors. The driver is 
capable of delivering 100 mA of drive current on a. 6V 
supply. Optimized for driving low impedance loads, the 
amplifier typically delivers 2.0W into 211 on a 6V supply. 
The LM2001' is designed to operate on supply voltages 
as low as 1.BV. 

A stable AB bias scheme has been designed to prevent 
thermal runaway in the output transistors. The AB 
bias transistor is internal, yet the amount of AB bias 
current in the output stage can be externally adjusted. 
The bias stability is accomplished by forcing base 
current in the power transistors instead of forcing 
their VSE(ON). 

Connection Diagram 

Dual-In-Line Package 

GND 

COMPENSATION 

+1' 

-.. 
BYPASS HO. 1 

•• LOAD 

IJ 
BOTTOM DRIVE 

12 BYPASS NO. Z 

II 
OUTPUT SENSE 

10 TOP DRIVE 

Features 
• Battery operation 
• Very low supply voltage operation, 1.BV 
• High output power 
" Stable AB bias current 
• Adjustable gain and bandwidth 
• No turn-ON or turn-OFF pops 
• Self-centered biasing 

Applications 
• AM-FM radios 
• Cassette recorders 
• Motor speed controls 

• Toys 
• Portable tape recorders/phonographs 

• Intercoms 

Order Number LM2001N 
See NS Package N14A 

V, 
BIAS 

BIAS/COMPENSATION 

BIAS 

TOP VIEW 

Equivalent Schematic Diagram 
~------------~----------~--------------~~~ 

,/ ___ -,,100 TOP DRIVE 

" 

lOt 5 
11 OUTPUTSENSE 

" 
___ -....:.:"0 BOTTOM DRIVE 

L.... ________ ..... ____ ...... ~------+--.. _"M--..... --~·~4 LOAD 

GND 
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Absolute Maxi~um Ratings 
Supply Voltage 
Package Dissipation (Note 1) 
Storage Temperature 

Electrical Characteristics 

7V 
1.39W 

-65·C to +150·C 

Operating Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 seconds) 

OO.C to +70oC 
150·C 
300°C 

TA = 25·C, Vs = 6V, RL = 2n, AV = 100 (400 dB), f = 1 kHz, 92PE77A output transistors, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX' UNITS 

Total Supply Current PO=OW 25 mA 

IC Supply Current Current Measured at Pin 6 5 10 mA 

Operating Supply Voltage 1.B 6 V· 

Output Power THO = 10% 

VS= 6V. RL = 2n 2 W 

VS=6V,RL=412. 1.2 W 

Vs = 6V, RL = an 600 mW 

VS= 3V, RL = 212 4BO mW 

VS= 3V, RL = 412 2BO mW 

VS= 3V, RL = an 160 mW 

Drive Current Top or Bottom Side Sinking Current, External 100 150 mA 

Power Transistors VBE(ON) = 0.9V 

Output Swing RL=212.412orB12 Vg-2VSAT Vp·p 

Total Harmonic Distortion Vs = 6V, RL = 212, Po = 0.5W, f = 1 kHz 0.25 % 

Ripple Rejection CBYPASS NO.1 = 5 pF. f = 1 kHz, Output Referred 40 60 dB· 

Equivalent Input Noise RS = 0, BW = 10 kHz 3 pV 

-3 dB Bandwidth CCOMP= 50 pF 50 kHz 

Input Bias Current 1 4 pA 

Note 1: For operating at elevated temperat~res, the device must be derated based on a 150"C maximum junction temperature and a thermal 
resistance of 90" C/W junction to ambient. 

External Components. (Figure 2) 

COMPONENTS 

1. Rl 

2. R2, R3 

3. R4, ~5 

4. R6, C6 

5. Cl 

6. C2 

COMMENTS 

Sets input impedance and DC 
tiias to +input. For minimum 
offset voltage, make R 1 = R3. 

Sets voltage gain, AV = 1 + 
R3/R2. R3 should be less than 
200k because of input bias 
current voltage drop. 

Set AB bias current in output 
transistors Oland 02. 

Stabilizes output stage. 

Input coupling capacitor. Pin 3 
is at a DC potential of VCC/2. 
Low frequency pole is set at: 

Feedback capacitor. Ensures 
unity gain at DC for minimum 
offset at output, Also sets a 
low frequency pole at: 

11).148 

COMPONENTS 

7. C3 

B. C4 

9. C5 

COMMENTS 

Provides power supply filtering. 

C4 gives overall loop stability 
and adjusts bandwidth (see 
curves). 

Output coupling capacitor. Iso­
lates pin 11 from load. Low 
frequency effected by: 

1 
fL=--

27TC5RL 

10. CBYPASS NO.1 Improves power supply rejec· 
tion (see curves). 

11. CBYPASS NO.2 Sinks and sources drive current 
for output transistors 01 and 
02. 

12, R7 Improves clipping waveform. 

13. 01,02 Power transistors. Supply cur· 
rent to load RL. 



Circuit Description 

The LM2001 audio driver has been designed to fill a 
large number of low voltage applications. The require­
ments of adjustable gain, bandwidth, and quiescent 
current as well as high power output, low voltage opera· 
tion, and a stable bias scheme makes this driver quite 
-versatile. 

High output power is achieved by using external PNP 
transistors with low RSA T. As seen in Figure 1, the 

output transistors complete a local feedback loop 
with the output stage of the driver. This output stage 
has voltage gain to allow the output sense pin to swing 
from V S to ground without saturating internal nodes 
of the driver. Output transistors with a forced beta 
as low as 10 are capable of supplying 1 A to the load 
because CBYPASS NO.2 enables the drive transistors 
to sink 100 mAo The output coupling capacitor Cc 
acts as a negative side bootstrap. When the output 
signal swings negative, Cc acts to pull 02 into saturation. 

Vs 

\ . 

FIGURE 1. Output Stage of the LM2001 
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~ Typical Applications 

::E VS=1.BVT06V 0--.. .,.--------.. ---------......, 
~ 0 + 

,1008jlF~ 

CBYPASS NO.2 
470jlF~ 

C4 
58pF 

+ C5 
1808jlF 

t---~----~t-~VOUT 

C6 I o.1jlF 

R6 
1 

FIGURE 2. LM2001 Power Amplifier, AV ~ 100 

VS<:I.BV 0-.. ----... ----.. --...... 
+ 

1000jlF 

-~ 

438pF 

10k 

18k 

RS < MOTOR RESISTANCE 

FIGURE 3. LM2001 Motor Speed Control 
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM2002lLM2002A 8 Watt Audio Power Amplifier 
General Description 
The LM2002 is a cost effective, high power amplifier 
suited for automotive applications. High current capabili­
ty (3.5A) enables the device to drive low impedance loads 
with low distortion. The LM2002 is current limited and 
thermally protected. High voltage protection Is available 
(LM2002A) which enables the amplifier to withstand 40V 
transi~nts on its supply. The LM2002 comes in a 5-pin 
TO-220 package. 

Features 
• High. peak current capability (3.5A) 
• Large output voltage swing 

Equivalent Schematic 

• Externally programmable gain 
• Wide supply voltage range (5V-20V) 
• Few external parts required 

• Low distortion 
• High input impedance 
• No turn-on transients 
• High voltage protection available (LM2002A) 

• Low noise 
• Short circuit protected 
• Pin for pin compatible with TDA2002 

r-------~--~-----1~----._--_.--~~--~------_.~vs 

r--+-=-40VOUT 

.,NPUT -INPUT 

Connection Diagram Typical Applications 

TO-220 Plastic Package 

! i 
~ • _, ""'M' 

: 4 OUTPUT 

3 GROUND 

2 INVERTING INPUT 

1 NON·INVERTING INPUT 

Order Number LM2002T or LM2002AT 
See NS Package T05A 

·10-152 



Absolute Maximum Ratings 

Peak Supply Voltage (SO ms) 
LM2002A(Note2) 40V 
LM2002 25V 

Operating Supply Voltage 20V 
Output Current 

Repetitive 3.5A 
Non-repetitive 4.5A 

InputVoltage ±0.5V 
Power Oisslpation(Note3) 15W 
Operating Temperature O·Cto +70·C 
Storage Temperature - 60·Cto + 150·C 
Lead Temperature(Soldering, 10 seconds) 300·C 

Electrical Characteristics Vs =14.4V, TTAS=25·C, Av=100 (40 dB), RL=41l, unless otherwise specilied 

Parameter Conditions Min Typ Max Units 

DC Output Level 6.4 7.2 8 V 

Quiescent Supply Current Excludes Current in Feedback Resistors 45 80 mA 

Supply Voltage Range 5 20 V 

Input Resistance 150 kll 

Bandwidth Gain=40dB 100 kHz 

Output Power Vs= 13.2V, 1= 1 kHz 
RL=41l, THO=10% 4.3 W 
RL=21l, THO=10% 6.5 W 

Vs= 13.8V, 1=1 kHz 
RL=41l, THD=10% 4.8 W 
RL = 21l, THO = 10% 7.4 W 

Vs=14.4V,f=1 kHz 
RL = 41l, THO = 10% 4.8 5.2 W 
RL=21l, THD=10% 7 8 W 
RL = 1.61l, THO = 10% 9 W 

Vs =16V, 1=1 kHz 
, 

RL=41l, THO=10% 6.5 W 
RL=21l, THO=10% 10 W 

'RL=1,61l, THD=10% 10.5 W 

THO Po=2W, RL=4Il, 1=1 kHz 0.1 % 
Po=4W, RL=2Il, 1=1 kHz 0.1 % 

Ripple Rejection Rs =501l, 1=100 Hz 30 40 dB 
Rs =501l, 1 = 1 kHz 44 ' dB 

Input Noise Voltage Rs=O, 15 kHz Bandwidth 2 ,.V 

Input Noise Current Rs= 100 kll, 15 kHz Bandwidth 40 pA 

Nola 1: A 1.0 reslslor and 0.1 ~F capacitor should be placed as close as possible to pins 3 and 4 Ipr stability. 
Nole 2: The LM2002 shuts down aboye 25V, 
Nole 3: For operating at elevated temperatures. the device must be derated based on a 150GC maximum junction temperature and a thermal resistance of 
4°C/W junction to case. 

, 
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Typical Performance Characteristics 
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Typical AppUcations (Continued) 
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~National. Audio, Radio and TV Circuits 
~ Semiconductor 

LM2808 Monolithic TV Sound System· 

General Description 
The LM2BOB 2W sound I F circuit is designed for 
television and related applications. The circuit is com: 
prised of 2 independent functions: a sound IF and 
an audio power amplifier. An improved volume control 
circuit is included, however, so that recovered audio is a 
I inear function of the resistance of the control po­
tentiometer. Audio power amplification is accomplished 
with circuitry similar to the popular LM3BO audio 
power amplifier, featuring both short circuit and thermal 
protection. 

Features 
• Minimum undistorted output 

LM2BOB - 0.5W 
• Linear volume control - 75 dB range 
• Fixed voltage gain in audio amplifier 
• Short circuit and thermal protection 
• Standard dual·in·line package 

Schematic Diagrams (For power amplifier section ~f schematic, see next page). 

10 

I F and Detector 
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r 
Absolute Maximum Ratings 3: 
Supply Voltage, Vec (Pin 2) Storage Temperature Range -65°C to +150°C N 

Q) 
LM2808 20V Operating Temperature Range O°C to +70°C 0 

Input Current, IMAX (Pin 6) 50mA Maximum Junction Temperature 150°C Q) 
Input Signal Voltage (Between Pins 12 and 13) 3Vp·p Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (See test circuit) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Po@10%THD 

LM2808 VCC = 16V, RL = 8n 2.6 W 

VCC = 14V, RL = 8n 1.9 W 

VCC = 12V, RL = 8n 1.3 W 

Feedthrough Signal (Pin 1) R Pin 7 = on 15 mVrms 

Current into Pin 6 V Pin 6= 10V 7 10.8 15 mA 

AM Rejection VIN = 10 mVrms, 40 dB 

t>f = 25 kHz, AM = 30% 

Recovered Audio (Pin 8) 350 500 mVrms 

Input Limiting Voltage at 4.5 MHz 200 400 /lV 

Audio Power Amp Voltage Gain 40 60 V/V 

(Pin 16toPin 1) 

Output Noise, Input Signal Removed R Pin 7= on 70 150 mVrms 

(Pin 1) 

Distortion (Pin 8) LlF = 25 kHz, fo = 4.5 MHz 1.2 2 % 

Distortion (Pin 1) 

LM2808 Po = 0.5W, RL = 8n 1.2 2 % 

Input Impedance (Pin 16) 50 200 kn 

Current into Pin 2 (Zero Audio Output V2 = 24V 2 5 20 mA 

at Pin 1) 

Schematic Diagrams (Continued) 

Power Amplifier 11 I. 
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Typical Application and Test Circuit 

L* 

6lI,F 

~'2'F 

*L = 7-14"Hy 
Qu =60 
fo =4.5MHz 

Connection Diagram 

LOW 

1"""--------~p_----o'2V 

r 
I 
I 
L 

.,0 

lM2808N 

Television Sound System 

Dual·ln·Line Package 

250p.F 
25V 

~ 

PWR LEVEL PWR HEAT 
SINK AUDIO AUDIO AMP 

DND GND IN 

PWR 
AMP 
OUT 

PWR RIP "----""" 
AMP BV· HEAT 
v+ PAS~ SINK 

. TOP VIEW 

IF IF IN IF DETECTOR 
IN DECPl GNO IN 

IF VOL DETECTOR IF 
v+ CON· OUT OUT 

TROl 

Order Number LM2808N 
See NS Package N18A 
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Typical Performance Characteristics 

I 
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Volume Control Characteristic 

T~ = J5°CI 

fo"'4.5MHz 
b.fo"25 kHz 

/ 

V 
V 

V' 
V 

1234.5618910 

VOLUME CONTROL SETTING Iknl 

m 

z 
co 

~ 
a: 

'" '" 

AM Rejection vs Input 
Signal Level 

10 

60 

50 

40 

3D 

20 

10 

o 
0.1 

FM DEVIATION = ±25 kHz 
AM MODULATION = 30% 
TA = 25"C 

fo=4.5~1~' 
'11111 

10 

VIN(mVrms) 
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100 

Allowable Device Dissipation 
vs Ambient Temperature 

INfiNITE HEAT SINK 

'" ~~lIL ['I, 
STAVER VI OR 
EDUIV. HEATSINK 2UoCIW 
2 SQ. IN. 

~L 

t--. 4D"CIW 
DEVICE IN 55"CIW 
SOCKET 

85°CIW N'I·'jTSiN• 
o 20 40 60 80 100 120 

AMBIENT TEMPERATURE lOCI 



~National Audio, . Radio and TV Circuits. 
~ Semiconductor 

LM3011 Wi~e Band Amplifier 
General Description 
The LM3011 is a monolithic wide band amplifier 
circuit that requires a minimum of external 
components for operation. It includes three stages 
of limiting. 

Schematic Diagram 

Features 
• A direct replacement for CA3011 

• High amplifier gain 

• Excellent limiting characteristics 

• Wide frequency capability 

.----t--.... --.... --.... -o" 

01 

o. 

Block Diagram 

If] INPUT >'-¢-----4~_o ~UTPUT 

10-160 

011 

Connection Diagram 

Metal Can Package 
Vo< 

OUTPUT 

Order Number LM3011H . 
See NS Packaga H 10C 



AbsQlute Maximum Ratin9s 

SupplV Voltage 15V 
Input Signal (Pin 1 J ±3V 

Operating Temperature Range 
Storage Temperature Range 

Power Dissipation (Note 11 715 mW Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics ITA = 25°C) 

PARAMETER CONDITIONS 

STATIC CHARACTERISTICS 

Total Device Dissipation (PTI 

Total Device Dissipation (PT ) 

Vee = 6V (Figure 11 

Vee <= 7.5V (Figure 1) 

DYNAMIC CHARACTERISTICS Vee <= 7.5V. F = 4.5 MHz, unless otherwise noted 

Voltage Gain IAI 

Voltage Gain IA) 

Voltage Gain (AI 

Parallel Input Resistance (RIN) 

Parallel Input Capacitance (eIN ) 

Parallel Output Resistance (ROUT I 

Parallel Output Capacitance (COUT I 

Noise Figure (NFl 

Input Limiting Voltage (VINCL,md 

Vee = 6V. f '" 1 MHz (Figure 2) 

Vee'" 7.5V. f == 1 MHz (Figure 2) 

Vee == 7.SV, f '" 10.7 MHz (Fig'ure 21 

/-3 dB) IFigu,.2) 

60 66 

65 70 

55 61 

3 

31.5 

4.2 

8.7 

300 

-5S0C to +75°C 
-6SoC to +l50oC 

3QO'C 

UNITS 

mW 

mW 

dB 

dB 

dB 

kU 

pF 

kU 

pF 

dB 

400 ~V 

Note 1: For operation in ambient temperatures above 25Q C, the device must be derated based on a 15(fC maximum junction 
temperature and a thermal resistance of 17ftC!W junction to ambient. 

Test Circuits 

r----.. -o+v"" 

+v"" 
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~National ' 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM3064 Television Automatic Fine Tuning 
General Description 
The LM3064 is a monolithic integrated circuit 

, designed primarily for AFT (automatic fine tuning) 
applications. It includes a zener regulated power 
supply, IF amp, differential peak detector, and 
an AGC circuit. ' 

The LM3064 is supplied in both the formed and 
straight lead 14·lead dual·in·line package. 

Schematic and Connection Diagrams 

" U II ... 

, . 
~ 

ftJ R4 .. -
All resistors.I'1%tolennce 
Ind Ire In.ollms. 

Test Circuits 

u 

" 

All mistors an 1K tDltnlllAud are in ohms. 

" '" 

, . 

M ... 

Test Circuit 1 
Correction Voltage Test Circuit 

1 ()"162 

Features 
• Primarily intended fqr AFT applica~ions 

• High gain input amp (18 mV for rated output) 

• 0 ifferential output correction voltage 

• Wide operating temperature _40°C to +85°C 

• Formed leads availabl~ for easy PC board design 

Dual-In-Line Packag~ 

Order Number LM3064N 
See NS Package N14A 

Order Number LM3064N.o1 
See NS Package N14C 

DC Plrametlf tat ch'CUit tats: 
*Toter device .iaiption. 
*Zeaerreguillingvoilip. 
*Ouiescent IIP'fllini camnL 
*Quiescent Clmeill into pin 2. 

, Test Circuit 2 
DC Parameter Test Circuit 



Absolute Maximum Ratings 
Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Power Supply Current 

715mW 
_40°C to +85°C 

_65°C to +150°C 
50mA 

Electrical Characteristics (T A = 2Soc) 

PARAMETER SYMBOL 
TEST 

CIRCUIT 

STATIC 
Device Dissipation PT 

Current Dram 'T 

Zener Regulating Voltage V,o 

Quiescent Current 
I, 

into Pin 2 

"Quiescent Voltage 
V. 

at Pin 4 

Quiescent Voltage 
Vs atPm 5 

Output Offset Voltage 
V4 -VS between Pins 4 & 5 

DYNAMIC - Output Voltage vs Frequency Deviation AFT 

Correction Co~trol 
Voltage at Pm 4 

Correction Control 
Voltdge at Pin 5 

See Curves 

CONDITIONS 
I 

Vee - JOV; Rs - 1.5k 

V IO =- 10.5V 

Vee'" JOV; As = 1.5k 

Vee'" 30V; Rs '" 1.5k 

Vee = 30V; Rs '" 1.5k 

Vee'" 30V; As '" 1.5k 

Vee'" 30V; Rs = 1.5k 

Vee = 30V; Rs = 1.5k 

VI'"' 18mV 

f = 45.75- .03 MHz 
f'" 45.75 + .03 MHz 
f = 45.75 -.9 MHz 

f'" 45.75 +.9 MHz 

f '" 45.75 - 1.5 MHz 

('" 45.75 + 1.5 MHz 

f '" 45.75 - .03 MHz 

f "" 45.75 + .03 MHz 
f'" 45.75 -.9 MHz 

f '" 45.75 +.9 MHz 
f = 45.75 - 1.5 MHz 

f'" 45.75 + 1.5 MHz 

LIMITS 

MIN I MAX I 

130 

4.0 

10.9 

5.0 

5.0 

-1.0 

150 

9.5 

12.B 

'. 
B.O 

B.O 

+1.0 

Correction Voltage 
as Shown Below 

%01 %01 
V,o V,o 

B5 

25 

BO 

35 

BO 

35 

25 

B5 

35 
BO 

35 

BO 

UNITS 

mW 

mA 

V 

mA 

V 

V 

V 

V 

V 
V 

V 
V 

V 

V 
V 

V 
V 

V 

V 

Note 1: For operation in ambient temperatures above 2~ C, the device must be derated based on a 1S(f C maximum junction 
temperature and a thermal resistance of 17So C!W junction to ambient. 

Correction Control Voltage 

COAAECTlOI CIIAAECUIIII 
CONTROlVOLT.II&f CUITAOlYDll.llGE 

12.5 b T / ." pun 

alD.O 
III 

~ 7.5 .J51~1D 

i .. .25~'1 

u 
"1'-1 

• w....y-'-'-'-+-,-'-,-+-'-'..J 
...ft.DlD -0.020 +0.010 -tlL1J38 

-0.010 45.150 +0.020 
INPUT FREQUENCV DEVIATION (MHz! 

con Winding.Data 
COIL DATA FOR DISCRIMINATOR WINDINGS 

L, - Discriminator Primary: 3-1/6 turns; No. 20 
Enamel·covered wire-close·wound, at bottom of 
coil form. Inductance of L, '" 0.165,uH; 00 = 120 
at fo = 45.75 MHz. 
Start winding at Terminal No.6; finish at Ter· 
minal No.1. See Notes below. 

L2 - Tertiary Windings: 2-1/6 turns; No. 20 
Enamel·covered wire-dose· wound over bottom 
end of L,. Start winding at Terminal No.3; finish 
at Terminal No.4. See Notes below. 

L3 - Discriminator Secondary: 3-1/2 turns; 
center·tapped, space wound at bottom of coil form. 
Inductance of L3 '" 0.180 ,uH; 00 '" 150 at fo '" 
45.75 MHz. 

Start winding at Terminal No.2; finish at Ter· 
minal No.5, connect center tap to Terminal No.7. 
See Notes. 
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CIIRRfCTlILN COARlC1IIlN 
CUITADlVDllAG£ COIII11IOlVDllAGE 

12.5 III ." '''.111 
a 10.0 1M "NI 
~ , 
~ 7.5 .IOVID 
!; h'\t",1D 

~ 5.' 

2.5 1\.: 

0 

-2.' -t.O 45.750 1.0 '.0 
INPUT FREQUENCY DEVIATION (MHz) 

Note 1: Coil Forms; Cylindrical; -0.30" dia. max. 
Note 2: Tuning COrl;: 0.250" dia. x 0.37" length. 
Material: Carbinal J or equivalent. 
Note 3: Coil Form Base: See drawing below. 
Note 4: End of coil nearest terminal board to be 
designated the winding start end. 

II is Ilignad fIr symll1lbH:illtindwithh 
on lidler lid, d' 45.750 MHL 

lztlrtilrywindingwoundool, coil'orm. 

l3isllignld'orzeradiffarlfltialoutput 
bltw!ln terminlls 4 Ind 5.t fo .. 45.750 MHz. 



~National 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM3075 . FM Detectorl.Limiter and Audio· Preamplifier 

General Description 
The LM3075 is a monolithic integrated circuit 
FM detector/limiter and audio preamplifier that 
requires a minimum of external components for 
operation. It includes three stages of IF limiting 
and a differential·peak·detection circuit. 

Features 
• A direct replacement for the CA3075 

Schematic Diagram 

, : 

Block Diagram 

• Simple detector alignment: one coil 

• Sensitivity: 3 dB limiting voltage 250 /lV typical 
at 10.7 MHz 

• Low harmonic distortion 

• Excellent AM rejection 55 d~ typo at 10.7 MHz 

• Internal audio preamplifier 

An rllialna VIIaa .. in olnll,. 
All apttitlna RIun In in IIF. 

" 

Order Number LM3075N 
See NS Package N14A 

Order Number LM3075N·01 
See NS Package N14C 

Typical Application 



Absolute Maximum Ratings 
Power Suppiy Current (Pin 5) 
Supply Voltage (Pin 5) 

30mA 
12.5V 

715mW 

Operating Temperature Range -40°C to +85°6 
Storage Temperature Range --65°C to +150°C 

Power Dissipation (Note 1) Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics T A = 25°C 

PARAMETER CONDITIONS UNITS 

STATIC CHARACTERISTICS 

Supply Current Is Vee:::; S.5V B.5 15 mA 
Vee = 11.2V 17.5 mA 
Vee = 12.5V 19 29 mA 

Detector Output Level (High) V, 6.1 V 

Detector Output Level (Low) VB Vee'" l'.2V 5.' V 

Audio Amplifier Output Level V" 5.2 V 

DYNAMIC CHARACTERISTICS AT y+ .. 11.2V. fo" 10.1 MHz, 6f - ±75 kHz, 1m '" 400 Hz 

Input limiting Threshold V'N!LIMt 250 600 "V 

AM Rejection AMR 
AM: 1 kHz@30% 55 dB 
VIN'" lOOmV 

Recovered AF Voltage Vo{AFI 1.5 V 
(At Terminal 12) 

Total HarmOniC Distortion THO % 

Audio Preamplifier 

Voltage Gain AVlafl VIN = 100 mY. f "" 400 Hz 21 dB 

Total Harmonic Distortion THO VOUT = 2V, f '" 400 Hz 1.5 % 

Nota 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1SctC maximum junction 
temperature and a thermal resistance of 17ft e!W junction to ambient. 

Test Circuits 

"LI MILLER.515 DR fQUIVALfNT 

""R "n.1I0R SUCH VALUE TO 
AOJUSTQDFCDILTDSIi 

·l. 
33" 

.a5~F l00"J UK 

TEST CIRCUIT 1 

Y>"ltZV 

TEST CIRCUIT 2 
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~National 
~ Semiconductor 

Audio, Radio and TV Circuits 

LM3089 FI\Ii Receiver IF System 

G~neral Description 
The LM3089 lias been designed to provide all the major 
functions required f~r modern FM I F designs of auto­
motive, high-fidelity and communications receivers. 

Features 
• Three stage I F amplifier/limiter provides 12J.LV (typ) 

-3 dB limiting sensitivity 
• Balanced product detector and audio amplifier pro­

vide 400 mV (typ) of recovered audio with distortion 
as low as 0.1 % with proper external coil designs 

Block and Connect,ion Diagram 

DELAYED 
AGe fOR .......... _:>=-I+I 

RfAMPLIflER 

• Four internal carrier level detectors provide delayed 
AGC signal to tuner, IF level meter drive current and 
interchanne( mute control 

• AFC amplifier provides AFC current for tuner and/or 
center tuning meters 

• Improved operating and temperature performance, 
especially when using high Q quadrature coils in 
narrow band FM comm~nications receivers 

• No mute circuit latchup problems 
• A direct replacement for CA3089E ' 

',"" 
5.1k 

Dual-in-Line Package 

NC AGC 

IF IN' 

T~NE REF QUAD 
GNO METER , BIAS INPUT 

IF GNO MUTE AUDIO AFC IF 
OUT INPUT OUT OUT 

TOP VIEW 

10·166 

Order Number LM3089N 
Sea NS Packege N16E 



Absolute Maximum Ratings 
Supply Voltage Between Pin 11 and Pins 4.14 +16V Power Dissipation (Note 2) 1390mW 
DC Current Out of Pin 12 5mA Operatmg Temperature Range -40Q C to +85°C 
DC Current Out of Pin 13 5mA Storage Temperature Range -65°C to +lSOoC 
DC Current Out of Pin 15 2mA lead Temperature (Soldering. 10 seconds) 300°C 

Electrical Characteristics (TA ~ 25°C, VCC ~ +12V, see Test Circuit) , 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

DC CHARACTERISTICS (VIN ~ 0, NOT MUTED) 

111 Supply Current 16 23 30 mA 

Vl, 2, 3 IF Input and Bias 1.2 1.9 2.4 V 

V6 Audio Output 5.0 5.6 6.0 V 

V7 AFC Output 5.0 5.6 6.0 V 

Vl0 Reference Bias 5.0 5.6 6.0 V 

V12 Mute Control 5.0 5.4 6.0 V 

V13 IF Level - 0 0.5 V 

V15 Delayed AGC 4.2 4.7 5.3 V 

DYNAMIC CHARACTERISTICS fa ~ 10.7 MHz, 6f = ±75 kHz @ 400 Hz 

VIN(LlM) Input Limiting -3 dB 12 25 IlV 

AMR AM Rejection VIN ~ 100 mV, AM:·30% 045 55 -dB 

VO(AF) Recovered Audio VI[Ij = 10mV 300 400 500 mVrms 

THO Total Harmonic Distortion 

Single Tuned (Note 1) VIN ~ 100 mV 0.5 1.0 % 

Double Tuned (Note 1) VIN ~ 100 mV 0.1' 0.3 % 

S+N/N Signal to Noise Ratio VIN = 100 mV 60 70 dB 

V12 Mute Control VIN ~ 100mV a 0.5 V' 

V13 IF level VIN = 100 mV 4.0 5.0 6.0 V 

V13 I F Level VIN = 500llV 1.0 1.5 2.0 V 

V15 Delayed AGC VIN = 100 mV 0.1 0.5 V 

V15 Delayed AGC VIN = 30mV 2.5 V 

VO(AF) Audio Muted VIN ~ 100 mV, V5 = +2.5V 60 -dB 

Note 1: Distortion is a function of quadrature coil used. 

Note 2: For operation in ambient temperatures above 2SoC. the device must be derated based on a 15(fC maximum junction temperature and a 
thermal resistance of 900' elW junction to ambient. 

Typical Performance Characteristics 
Typical AGe (Pin 15) and 

Typical S + N/N and IF Limiting Meter Output (Pin 13) .. AM Rejection (30% Mod) vs 
Sensitivity vs IF Input Signal IF Input Signal IF Input Signal .. 

6 c; 
AUDIO OUTPUT t.75 kHz DEVIATION " 0 " 0 
lIT 1111111 II I .. 5 

Pin 15 j"iR,IJ 
~ 

10 ~ 10 
J 11111111111 II > 

m 20 
~b'~E ti~jpJT 1 1.1 

4 

~ 
§ 20 

'" ... 30 iii::""(HP3J4A DISTORTION AIliAl VZER) '" 30 

~ 3 ~ 

/ \ 40 ~ 40 
'" m 

50 2 ~ 50 

/' \ g 
60 '" 60 

1 '" 10 
~ !; 10 

80 i!: , . 2. ,. 2. 2 • " 1 10 100 ,. 10k lOOk 1 10 100 .111. 10k lOOk 
.. 1 10 100 lk 10k lOOk 

IF -INPUT VOL lAGE (PV) IF INPUT VOLTAGE -J.l.V IF INPUT VOLTAGE (IlV) 
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IF Amplifier 

V' 
11 :'3. 

"'". , , , 

GND AND 
SUBSTRATE 

~ 
IflN'UT 

~: ~~: R, 
" 

DI4A 

~~6AI 
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R" 
" 

RZI 48. RZ4 48. 
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D, 

t 1 I ! ! 1 I !~'fl~ fIe [ I [ [} 

0 .. 

R55 
'lk 
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031* 
~~Jll ~~3: 

Lt:: Q42 

R4' Uk 

LM3089 

Quadrature Detector/I F Output ccn -on 

1:::0" 
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so. 
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R" 
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0" 

0" 
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OUTPUT 

I · AUD'D :':' t I - ° DunUT 

0" 
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&D' 
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~8* 
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Typical Performance Characteristics (Continued) 

28 

21 

" 2& .s .... 
25 z 

~ 
0: 

B 24 

::; 23 

~ 22 

21 

20 

-10 
;;; 

'" iii 

'" 
ID 

g zo z .. 
3D ., 

§ 
40 

'" ~ 50 

'" .. SO c; 
:0 10 '" aD 

Supply Currant (1,,1 vs 
Supply Voltage (V111 

---.... l-I-

a 10 " 12 13 14 15 1& 

SUPPLY VOLTAGE (VI 

Typical Audio Attenuation 
(Pin \II vs Mute Input Voltage 
(PinSI 

\ 
\ 

1\ 
\ 

1\ 
\ 

o 0.5 1.5 Z.5 

MUTE INPUT VOLTAGE IPIN 5) IV) 

~ 

Reference Voltage, AGC and 
Meter Output vs Supply Voltage 

ar-.-~.-'--r-r-r-' 

~ AGe OUTPUT (PIN 15) AT VIN = 10 mV 

!; 
u .. 

o'---'--'-...l-....J...-L--l-JL-.J 
a 910" U U 10 ffi 10 

SUPPLY VOLTAGE IV) 

Mute Control Output (Pin 121 
vs IF Input Signal 

r-
'\. 

'\. 

'\ 
\' 
~ 

2 3 5 10 20 3D 50 .00 

IF INPUT VOLTAGE -.V 

AC/DC Test Circuit 
3k •• DDUBLE TUNeD 

·SINGLE TUNED 
DETECTOR COil 

.... -----, 
I~-: I 100" I 
I I 
I . I 

. L.. ___ J 

3.9k 

~ 
DETECTOR COIL 

r 1;;F -, I 

I 'I 
I ,I 
I I 
I I 
I-I lt1-: I 100" I 
I I 
I . I L.. ___ J 

12k ", 

. ·For single tuns,d detector coil: 
LO tune. with 100 pF at 10.7 MHz 
QUL (unloadedl " 75 
QL (loaded) '" 13 for VB" 150 mVrm. 

·-For double tuned detector coil: 
QULPRI = QULSEC "75, 
kQ", 0.7 for VB " 150 mVrm. 

Note: 
The recovered audio'output voltage will be approximately 0.5 dB 
less when ,using the double tuned detector coil. 

For proper operation of the mute circuit, the A F voltage at pin 9 
should be 150 mVrms ±30 mY. ' 
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:E ~ Semiconductor, 

Audio, Radio and TV Circuits 

.... 
LM3189 FM IF System 

General Description 
The LM3189N is a monolithic integrated circuit that pro­
vides all thEi functions of a comprehensive FM IF system, 
The block diagram of the LM3189N includes a three stage 
FM IF amplifierllimiter configuration with level detectors' 
for each stage, a doubly balanced quadrature FM detector 
and an audio amplifier that features the optional use of a 
muting (squelch) circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as programmable delayed 
AGC for the RF tuner, an AFC drive circuit, and an output 
signal to drive a tuning meter and/or provide stereo switch­
ing logic, In addition, internal power supply regulators 
maintain a nearly constant current clrain over the voltage 
supply range of + 8,5V to + 16V, 

The LM3189N is ideal for high fidelity operation, Distortion 
in an LM3189N FM IF system is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 

The LM3189N has all the features of the LM3039N plus 
additions, ' 

The LM3189N utilizes the 16-lead dual-in-line plastic 
package and can operate over the ambient temperature 
range of - 40'C to +'85 'C, 

Block Diagram 

v' 

'Features' 
• Exceptional limiting sensitivity:'12/LVtypat - 3dB pOint 
• Low'distortion: 0,1% typ (with double-tuned coil), 
• Single-coil tuning capability 
• Improved (S + N)/N ratio' 
• Externally programmable recovered audio level 
• Provides specific signal for control of inter-channel 

muting (squelch) 
• Provides specific signal fordirectdriveof a tuning meter 
• On channel step for search control 

, • Provides programmable AGC voltage for RF amplifier 
• Provides a specific circuit for flexible audio output 
• Internal supply voltage regulators 
• Externally programmable ON channel step width, 'and 

deviation at which muting occurs 

IhH 

TO INTERNAL 11 
REGULATORS 

IF our8 QUADRATURE 9 
INPUT 

lMJt89N 

16 

'" 

All resistance values are in ohms 

• L tunes with 100 pF (e) at 10,7 MHz, 0 0 .. 75 
(Toko No, KACS K586HM or equivalent) 

)--'V\,....-Q"'''----+-o~~:::::~D ,,. TUNING METER LOGIC CIRCUITS 
OUTPUT 

10-170, 

U 
ON CHANNEL 

INDICATOR 

8,. 
1 AFC 

OUTPUT 

AUDIO 
OUTPUT 

12 

410 



, Absolute Maximum Ratings 
Supply Voltage Between Pin 11 and Pins4,14 16V 
DCCurrentOutofPin12 5mA 
DC Current Outof Pin 13 5mA 
OCCurrent Out of Pin 15 2mA' 
Power Dissipation (Note2) 1390mW 
Operating Temperature Range -40'Cto +85'C 
Storage Temperature Range -65'Cto + 150'C 
LeadTer'nperature(Solderlng, 10 seconds) 300'C 

Electrical Characteristics TA=25'C, v+ =12V 

Symbol Parameter 
Conditions 

Min Typ Max Units 
(see single-tuned test circuit) 

STATIC (DC) CHARACTERISTICS 

111 Quiescent Circuit Current 20 31 44 mA 

DC, Voltages: 
V1 Terminal 1 (IF'lnput) 1.2 2.0 2.4 V 
V2 Terminal 2 (AC Return to Input) No Signal Input, Non Muted 1.2 2.0 2.4 V 
V3 Terminal 3 (DC Bias to Input) 1.2 2.0 2.4 V 
V15 Terminal 15 (RF AGC) 7.5 9.5 11 V 
V10 Terminal 10 (DC Reference) 5 5.75 6 V 

DYNAMIC CHARACTERIST,ICS 

VI(lim) Input Limiting Voltage ( - 3 dB Point) 12 25 p.V 

AMR AM Rejection (Term. 6) VIN =P.1V 45 55 dB 

Vo(AF) Recovered AF Voltage (Term. 6) AM Mod.=30% fo= 10.7 MHz, 325 500 650 mV 

THO Total Harmonic Distortion (Note 1) .f mod = 400 Hz, 
Single Tuned (Term. 6) Deviation ±75 kHz 0.5 1 % 
Double Tuned (Term. 6) 0.1 % 

S+N/N Signal plus Noise to Noise Ratio 
VIN =O.1V 

(Term. 6) 
65 80 dB 

fDEV Deviation Mute Frequency' fmod=O ±40 kHz 

V16 RF AGC Threshold' 1,25 V 

V12 On Channel Step VIN =O.1V fDEV< ± 40 kHz 0 
V 

fDEV> ±40 kHz 5.6 

Note 1: THO characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 

Note 2: For operation In ambient temperatures above 25"C, the device must be derated bas~d on a 150°C maximum junction temperat~re and a thermal 
resistance of 90 OCfW junction to ambient. 

Conne,ction Diagram 
Dual-In-Line Package 

TUNE MUTE Ref QUAD 

T T ' GND METER LDGIC VCC BIAS INPUT 

16 15 114 113 lIZ 111 110 19 

Order Number LM3189N D 
-

See NS Package N16A 

1Ft DECOtLE 
Itl 

14 15 .t J: I; IF GND MUTE • AUOIO ! 
BIAS INPUT OUT DUT OUT 

TOP VIEW , 
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Test Circuits 

Test Circuit for LM3189N Using a Single-Tuned Detector Coil 

All resistance values are in ohms 

• L tunes with ,00 pF (C) at '0.7 MHz, 0o(un­
loaded) '" 75 (Toko No. KACS K586HM or 
equivalent) 

•• C = O.ot .F for 50 .5 de-emphasis (Europe) 
= 0.0,5 .F for 75,s de-emphasis (USA) 

O.DlpF SIGNAl1H INPUT 
VOLTAGE -= 

V+=12V 

0.05"'T 

PIN~~+--"'" 
41k 

10-172 

r----., 
I L* I 
I c I 
I 'OOp' I 

8.2k 

J 
3.9k 

5k T'O"' 
AUDIO 

.A~--------1~-""'OUTPUT 

-::'Ok1'0.33"' 

TUNING METER 
150l1A 
FULL· SCALE 



Test Circuits (Continued) 

Test Circuit for LM3189N Using a Double-Tuned Deiector Coil 

All resistance values are in ohms 

• T:PRI-Oo(unloaded)= 75 (tunes with 100 pF 
(C1)) 20t 01 34e on 7/32" dia lorm 
SEC-Oo(unloaded)=75 (tunes with 100 pF 
(C2» 20t 0134e on 7/32" dia form 
kQ(percent of critical coupling).=70% 
(adjusted for coil voltage Vcl = 150 mV 

Above values· permit proper operation of mute 
(squelch) circuit "E" type slugs, spacing 4mm 

* "" C = 0.01 JLF for 50 /lS de-emphasis (Europe) 
= 0.Q15 pF for 75 pS de-emphasis (USA) 

O.OlpF 

SIGNAl~ 
INPUT 

VOLTAGE ':' 

v+" 12V 

PlN~~+--..., 

':' 

22J1H 

O.Ol JJF'1' 

,----, 
1 3' I 189' 1 1 100pF 1 
I 1 
1 1 
I __ T*_ 1 
1 I 
1 C2 I 
I 100pF I 

L 
8.2k 

5k ~lO"F 

>-.::---------+--+~~~~~T 

l'C** 
410 .1 

o.OI"F~ 
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Complete FM IF System fqr High Quality Tuners 

The circuit provides a complete FM IF system for a high 
quality receiver. Either one or two stages of amplification 
and bandpass filtering may be desired, depending on the 

receiver requirements. See graph for Typical Limiting and 
Noise Characteristics for each circuit configuration which 
can tie compared to the LM3189N alone. 

Complete FM IF System for High Qusllty Receivers 

Uk 

'T,onF r-~~----~JVvv-t-----4~----------------------------------~12V 

3.3k 390 

1 nF j--. 10.7 MH, 
, FROM 

TUNER 

All resistance values are in ohms 

3.3k 390 

CF: Ceramic fillers, Toko CSFE or equivalent 

• L tunes with 100 pF (C) at 10.7 MHz 0o(un­
loaded)a75 (Toko No. KACS K586 HM or 
equivalent) . . 

10nF 10nF 

*" T 

lDnF 

>-..::..--------_t-------..... AUDIO' 

J.9nF 

RF AGe 33k TUNING 

Printed Circuit Board and Component Layout 
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Typical Performance Characteristics 

Typical Audio Attenuation 
AM Rejection (30% Mod) vs Mute Control Output (Pin 6) vs Mute Input 
IF Input Signal (Pin 12) vs IF Input Signal Volt~ge (Pin 5). 

0 6 -10 
g 

0 -- 0 

" 5 - f\ 0 -10 :;! 
'I\. 

;0 10 
"'- z ~ \ w m -20 i£ >'" 4 20 
0- ~ \ u O -30 '" 1\ wO 1\ ~ ~ 

30 
"''' -40 3 

"" ~S 0 z 40 
\ '~~ -50 > 

~ \ ... 2 50· m'" -60 " ~C> 

I\. [I 
~ " !:~ ... 

'\. 0 60 -70 " ... C> I g 1\ " ~ ...... " 70 
\ " 0 C> 80 

I 10 100 Ik 10k lOOk 1000k I 2 3 5 10 20 3D' 50 100 0 0.5 I 1.5 2 2.5 j 

IF INPUT VOLTAGE I/JV) IF INPUT VOLTAGE (p.V) MUTE INPUT VOLTAGE (PIN 5) (V) 

Muting Action, Tuner AGC, AFC Characteristics 
and Tuning Meter Output (Current at Term 7 as a 
as a Function of Input Function of Change in 
Signal Voltage Frequency) 

0 
0 

IIECOVEIIEDAI/OIO 
10 DCPOWERSUPPLV v+ -uv 

::- t~~:;A~~CA~C fAOMFULL .. AMBIENT TEMPERATURE TA = 2S'C )-----

~! 
OIlTPUrl~fff .a SEE SINGLE TUN~D TEST CIRCUIT 

-10 - TERMINAL NO ,~ (OOAOIIVIIUI 
B ~ 

~ 
I--IRIGHTCOORDlltA1EI 

ri~ IPlNIITOPINIlj ~ 200 j.--
~~, 

DC IIlllJAlESUPf'LYI 

z 

,,'" "20 ~ 6 C> ~ 150 
1/ ",0 v'·nv '" !:~ AMBI[lnnM'~RATUAE <: ~ 100 

/ TA"·ne ~ 0 0", 
-30 - SU$INGLETUNED' 

I-)----- 4 O! ... 50 "" nSTCIRCU1T !! V ""' ),\.,,~~;~ I ... 0 ~x ~ i / ",« 
~ -<,.<' -50 w", -40 "'~ 2 > ... ltll) \13'" 1)1"1)\ V 

~~ \P.\G'to.,\c.1l 3 -100 
/ 

-50 0 -150 
I 10 100 Ik 10k lOOk -100 -50 0 50 100 150 

INPUT SIGNAL I,uV) AI - CHANGE IN FREQUENCY (kHz) 

Deviation Mute Threshold 
as e Function of Load 
'Resistance (Between Term Typical Limiting and Noise 
7 and Term 10) Characteristics . 

~ DC SUPPLY VOLTAGE v+ :; 12V 
AMBIENTTEMPERATURE TA = 25'C SIGNAl DEVIATION , nu, 

9 ~ 
0 

~ r---.!... lMJll9NONlY 1 C> 
140 -10 % 

\ ... ::l --- lMJ1UNPRECEDEDBV 

120 " -20 ~ I-_._._ ~~;1tB~:;~E~:~~~T::£ '" \ ~ % ZFlllERANDGAINSTACES ... 100 0 -30 
~ \ > \ '\.. 1 1 " BO -40 

"' ;: 
~ ~'''''' ~ 60 

I' ~ -50 

!;i 40 -60 I--~ . 
~ ....... 

20 -70 )-----~r"~ = 0 -80 
0 5 10 IS 20 25 I 10 102 103 Is' 105 

LOAD RESISTANCE SIGNAL LEVEL C.V) 
(BETWEEN TERM 7 AND TERM 10) (kll) 
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LM3820 AM Radio System 

General Description 
The LM3820 Is a 3-stage AM radio IC consisting of an RF 
amplifier, oscillator, mixer, IF amplifier, AGC detector, and 
zener regulator. 

The device was originally designe~ fo'r use in slug-tuned 
auto radio applications, but Is also suitable for capacltor­
tuned portable radios. 

The LM3820 Is an Improved replacement for the LM1820. 

Features 
• Input protection diodes 
• Good control on sensitivity 

• Improved SIN and tweet 
• Versatile building-block approach 

• Gain-controlled RF stage 

• Cascode IF amplifier 
• Regulated supply 
• Pin compatible with LM1820 

Connection Diagram 
Dual-In-Line Package 

• 
MIXER INPUT ...:.t-+C§:::J-Ir'4,;.. MIXER OUTPUT 

OSCILLATOR TANK ""'-I[Jl!illl:~ RF OUTPUT 

V+ RF INPUT 

MIXER BYPASS RF BYPASS , 
Order Number LM3820N 
See NS Package N14A 

Circuit Schematic 

" 

H4 
25k 

HI 
950 , 

HZ 
Z70 

H3 
Z5k 

01 

13 lZ 

AGC DRIVE ....:.t+[1E}-----F-

IF OUTPUT """'+-< ...... ..., 

IF INPUT """,+---' 

TOP VIEW 

14 
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RF GROUND 

8 SUBSTRATE AND 
IF AMPL GROUND 

RID 
5.6k 

RI1 
3.3k 

D& 

R14 
5.5k 

R12 
,12k 

.... ..,..-... 010 

08 

R13 
6Bo 

R15 
5.5k 

R17 
BDo 

R16 ' 
10k 



Absolute Maximum Ratings 
Power Dissipation (Note 1) 
Supply Voltage 
Current into Supply Terminal (Pin 3) 

700mW 
16V 

35mA 

Operating Temperature Range -25·Ct085·C 
Storage Temperature Range - 65·C to 150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics (Figure 1, TA =25,"C, Vs=6V unless noted) 

Parameter Conditions 

Supply Current (Is) No RF ,Input 

Internal Zener Voltage (Vz) 

Input Sensitivity f=1 MHz, 30% Mod 400 Hz 
Measure RF Input Level for 
10 mV Audio Output with 
Tuning Peaked 

Signal to Noise Ratio f = 1 MHz, 30% Mod 1 kHz 
(S + N)/N at Audio Output 
with 100 flV RF Input 

Overload Distortion f = 1 MHz, 90% Mod 1 kHz 
THD at Audio Output 
with 30 mV RF Input 

NOle 1: Above TA=2S·C, derate based on TJ(MAX)=150·C and 6JA=180·C/w 

Typical Applications 
SIMULATES 
LOOPSTICK 
ANTENNA* 

Min 

12 

7.0 

15 

22 

Typ Max 

18 24 

7.5 8.0 

35 70 

28 

6 10 

'Units 

IS -

mA 

V 

flV 

dB 

% 

RF~ INPUT ~ 
~~----,-----------------------------~~-,---ovS 

D.OlpF 
14 

L2 

Co II 
II Jj2,OPF 

L_ _ " 

·100 ~V RF INPUT Is equivalent to 
approx. 1 mY/meter field strength 

: See Applications Information 
for coli specifications 

13 

,---------I 10pF 

-r0,05 PF , 

FIGURE 1. Capacitor.Tuned Test Fixture 
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---,., 
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I 
I 
I 
I 
I 
I 
~ 

<&, RAGe 
~27k 

"I 
, I 

I 

220> 

~100"F 
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Applications Information 
( 

The circuit shown in Figure 1 is recommended as a start­
ing point for portable radio designs. Loopstick antenna 
L1 is used in place of LO, and the RF amplifier is used 
with a resistor load to drive the mixer. A double tuned cir­
cuit at the output of the mixer provides selectivity, while 
the remainder of the gain is provided by the IF section, 
which is matched to the diode through a unity turns ratio 
transformer. RAGC may be used In place of CAGC to 
bypass the internal AGC detector and provide more 
recovered audio. 

vc l AM pvc ) 
I I 

An AM automobile radio design is shown in Figure 2. 
Tuning of both the input and the output of the RF 
amplifier and the mixer Is accomplished with variable in­
ductors. Better selectivity Is obtained through the use of 
double tuned'interstage transformers. Input circuits are 
inductively tuned to prevent microphonlcs and provide a 
linear tuning motion to facilitate push-button operation. 

Coil specifications for Figure 1 are as follows: 

AMANT ,I AM OSC 
LO, L2 

525 kHz·1650 kHz ' I' 980 kHz·2105 kHz 

II nOT CAftic. "G 10o.Imm II J::[ 
CA= 140 pF 

C8=60 pF 
"[] II 

L:B50 ~H 

Qu=250 

T11 
AM 1st IF 

T21 
AM 2nd IF 

I 455 kHz I 455 kHz 

150pF EXT 

J[-1~-][ TH II' II ' . I 

. II 2T "142r II 7T' 

lIT II II 

0=180 pF 0=47 pF 

Ou: 140 Qu=12Q 

~., .. ..., , ..... , ~ .. ;~ .", 

.<. .~ 

COMPONENT SlOE 

L=360~H 

Qu=110 

T3 1 
AM 3rd IF 

I 455 kHz 

'ffi"[ II 35T 

l1T II 

c= 180 pF 
Qu= 140 

AUDIO 
OUTPUT 

::if ..,.... ,--"-vs 

" . .;' 

:' 

PCB L,ayout for Figure 1 Circuit 
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Typical Applications (Continued) 

'" ,. 
~ ... 
~ 

~ 

II 
II 

III 

68. DNTA 

I ~--------------~~----4-~ 

~ : ~"" 
I 
I 
I 

"....003,' A 
....L. II 
~ II 

fJ.OZIiF 

+- ____ ____ J 

••• 
-10 

-20 

·-30 

-40 
10=1 MHz 

-50 fm= 40tI Hz 
m"'O.3 

10· ,., 1k 

INPUT LEVEL {jJVRMS' 

10. 

14 13 

~O.tJJF 

TRANSFORMERS 
T1: C = 130 pF primary & secondary 

primary to secondary tap ratlo-30:1 
0=60 
coupling-critical 

FIGURE 2. Slug-Tuned Auto Radio 
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100 

T2: C = 130 pF primary & secondary 
primary tap ratlo-8.S:1 
secondary tap ratlo.....:8.5:1 
0=60 
coupling-critical 
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LM4500A High Fidelity FM Stereo Blend Demodulator 

General Description 
The LM4500A ·provides low distortion and high FM stereo 
channel separation required In high fidelity stereo 
receivers. A phase locked loop technique is implemented 
in order to reject subcarrier harmonics and to remove all 
inductive components from the final system. The circuit 
can provide overall gain and prevents stereo to mono 
switching transients. An external voltage input is 
available for voltage' controlled blend. 

Block Diagram 

10k 

5k 
VCO 

ADJUST 

VCC 
8.5-16 VOC 

16 

COMPOSITE ~ t'+'-Ir-..... 0.0062 pF 
INPUT~ 10% 

10k 

lk 

5.6k 

3Jk 

Features 
• Low distortion 0.1% typ 
• High separation over the entire audio spectrum 

• Adjustable gain 
• High power supply rejection 45 dB typ 
• Transient·free, automatic stereo/mono switching 
• Requires no inductors 
• Low output impedance 
• Large input dynamic range 2.5 Vp·p 
• High subcarrier harmonic rejection 
• Voltage controlled blend 

LM4500A 

5.6k 

33k 

680 

VCC 

STEREO 
INDICATOR 

LEO 

STEREO ~f--... ---t---+---I 
ADJUST 

R 

OUTPUTS 

Order Number LM4500AN 
See NS Package N16A 
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TBA120S IF Amplifier and Detector 
General Description 
The TBA120S is a monolithic integrated circuit specific· 
ally designed for audio detection in TV and FM radio 
receivers. It incorporates an 8·stage limiting IF amplifier 
and balanced detector plus a dc operated volume control. 

Features 
• Electronic attenuator: replaces conventional ac volume 

control 

• Volume reduction range 85 dB typ 
• Sensitivity: 3 dB limiting voltage 30JlV typ 
• Excellent AM rejection 68 dB typ at 10 mV 
• Audio output voltage 1 V typ 
• Wide supply voltage range (6·18V) 
• Internal zener diode regulator 
• Very low external component requirement 
• Simple detector alignment: one coil 

Connection Diagram 
Dual·ln·Line Package 

'NO 

BIAS DECOUPlING 

TRANSISTOR COLLECTOR 

TRANSISTOR BASE 

VOLUME CONTROL 

IF AMPLIFIER OUTPUT 

PHASE SHIFT NETWORK 

TOP VIEW 

Typical Application (5.5 MHz) 

-t15V 

The TBA 120S is supplied in four groups depending on 
the resistance required between pin. 5 and ground to 
attenuate the audio output !;Iy 30 dB. The group number 
as defined below is marked on the package. 

GROUP II III IV V 

R5·Gnd 1.9·2.2 2.1·2.5 2.4·2.9 2.8'3.3 k!2 

Pins 3 and 4 are connected to the collector and base of a 
transistor which may be used as an AF·preamplifier or 
as a switch. 

At 'pin 12 a zener·diode is accessible which can be used 
to stabilize the supply voltage of this integrated circuit 
or the voltage of other ,circuit elements in the set. 

Order Number TBA120S II, TBA120S III, 
TBA120S IV or TBA120S V 

See NS Package N14A 

Order Number TBA120SQ II, TBA120SQ III, 
TBA120SQ IV, TBA120SQV 

See NS Package N14C 

Test Circuit (5.5 MHz) 

+IZV 
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Absolute Maximum Ratings 
Supply Voltage, VII 18V Transistor Base Current, 14 2mA 
Volume Control Voltage, V5 4V Bias Resistance (Max), R13'14 1 kn 
Zener Current, 112 20mA Operating Temperature Range -15°C to +70°C 
Transistor Collector Current, 13 5mA Storage Temperature Range -65°C to +150°C 

Electrical Characteristics (VCC = 12V, TA = 25°C) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

ICC Supply Current R5 = 00 10 14 18 mA 

R5 = 0 11 20 mA 

GV IF Vo.ltage Gain 1= 5.5 MHz 68 dB 

Vo I F Output Voltage, Each 170 250 mVp·p 

Output, at Limiting 

Val AF Output Voltage 1= 5.5 MHz, t:.1 = ±50 kHz, 0.7 1.0 V 

IMOD = 1 kHz, VI = 10 mV, 

0=45 

Distortion (5.5 MHz) 1= 5.5 MHz, 61 = 25 kHz, 1.5 % 

IMOD = 1 kHz, VI = 10 mV, 

0=45 

Distortion (10.7 MHz) 1= 10.7 MHz,lIl = ±50 kHz, 0.2 % 

IMOD = 1 kHz, VI = 10 mV, 

0= 20 

. VUM Input Voltage Belore Limiting 1= 5.5 MHz, III = ±50 kHz, 30 60 p.V 

IMOD = 1 kHz, 0 = 45 

ZI Input Impedance 1= 5.5 MHz 15/6 40/4.5 kn/pF 

RO Output Resistance 1.9 2.6 3.3 kn 

Val max Volume Control Range 70 85 dB ---
Val min 

V8 DC Component ol·the VI = 0 6.2 7.3 8.4 V 

Output Signal 

aAM AM Rejection 1= 5.5 MHz,lIl = ±50 kHz, . 50 60 dB 

IMOD = 1 kHz, VI = 500p.V, 

m= 30% 

aAM AM Rejection I = 5.5 MHz,lIl = ±50 kHz, 68 dB 

IMOD = 1 kHz, VI = 10 mV, 

m = 30% 

R5 Potentiometer Resistance 1 dB Attenuation 3.7 4.7 kn 

V5 Voltage 1 dB Attenuation 2.2 2.5 V 

R5 Potentiometer Resistance 70 dB Attenuation 1.0 1.4 kn 

V5 Voltage 70 dB Attenuation 1.2 V 

Noise Voltage at Output VI = 10 mV 30 . p.V 

V12 Zener Voltage 112 = 5 rnA 11 .. 2 12 13.4 V 

RZ Zener Slope Resistance 30 50 n 

Vcbo Breakdown Voltage- 45 65 V 

Vceo Breakdown Vol tage 13 = 500p.A 18 24 V 

hie Current Gain 13= 1 rnA 50 100 500 
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Schematic Diagram 

L{j' 
A 

I·) ) ) J) [) l ]) I 1 ~ J ')!) 
\4 ~~ . ~. ~ ~ ~ ~ ~ .~ 

.~ .~ ~ ~ ~ ~ ~ ~ 

] [) [ ! I' [) '11 I 
1 

I I I ttl 
2 

11 

8 

) I n 
Q KPl ~ Ir 

...,M'I 

I) -r:: -<->rZ;:>( I J ~~ 

.. ~ ·r 

[] . ~ ~ ] ] 
j ~ r 

"'lII 

~I 
...- '-. . 

..... ... 
I"" ~ "'lII V' 

r<00 
~ . "--'~ 

0 ~ ~ 011 , ,1 . 1 
l 

, 
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TBA120U, TBA120T IF Amplifier and Detector 
General Description 
The TBAPOU, TBA120T is a monolithic integrated 
circuit' specifically designed for audio detection in TV 
and FM radio receivers. It incorporates an 8 stage limiting 
I F amplifier and balanced detector plus a DC operated 
volume control. The circuit also provides connection 
facilities for a video tape recorder. The TBA 120T is 
designed primarily for use with ceramic filters while the 
TBA 120U is optimized for inductive tuning. 

Block and Connection Diagrams 
11 

VSUPPLY 

Features 
• Electronic attenuator: replaces conventional AC 

volume control 
• VolulT)e reduction range: 85 dB typ 
• Sensitivity: 3 dB limiting voltage 30t/V typ 
• Excellent AM rejection 68 dB typ 500 t/V 
• Wide supply voltage range (6 to l8V) 
• Easy video recorder connection 
• Very low external component requirement 
• Simple detector alignment: one coil 

v., 
1k 

~------------------------~--------------------~~==J--r-otZ 

i 
+ 

t40-+--..... --h 

1<800 

t3O-+---jH--C::.:Jf---.... --+---+-----I x 

GND 

BIAS DECOUPLING 

RECORDER AUDIO INPUT 

VOLUME CONTROL BIAS 

VOLUME CONTROL 

IF AMPLIfiER OUTPUT 

PHASE SHIFT NETWORK 

to. 

Dual-in-Line Package 

TOP VIEW 

14 IF INPUT 

12 CONSTANT LEVEL AUDIO OUTPUT 

11 
Vee 

10 IF AMPliFIER OUTPUT 

PHASE SHIFT NETWORK 

VOLUME CONTROLLED AUDIO OUTPUT 
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V4"4.8V 

tk 

v., 
(CONSTANT) 

V., 
(VOLUME 
CONTROLLABLEi 

"*Only TBA120T 
**Only TBA 120U 

Ordar Number TBAl20U or TBA120T 
Saa NS Package N14A 

Order Number TBA120TQor TBAl20UQ 
Saa NS Package N14C 



Absolute Maximum Ratings 
Supply Voltage, V11 18V Current Pin 4, 14 5mA 
Operating Temperature Range, T u -15°C to +70°C Operating Frequency Range, f o to 12 MHz 
Storage Temperature Range, Ts -40°C to +125°C Power Dissipation, Ptot 400mW 
Voltage Pin 5, V5 6V \ Resistor Parallel to Pins 13 and 14 lkn 

Electrical Characteristics (VCC = 12V, TA = 25°C) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

ICC Supply Current 9.5 13.5 17.5 mA 

Gv IF Voltage Gain f=5.5MHz 68 dB 

Vo I F Output Voltage (Each Output 250 mVp·p 

Limiting) 

R8 Output Impedance 1.1 kn 

R12 1.1 kn 

R3 Input Impedance 2 kn 

R4 Regulator Impedance , 12 n 

V8 DC Output Level Vi = 0 4 V 

V12 Vi =0 5.6 V 

V4 Regulator Voltage 4.2 4.8 5.3 V 

Vaf max --- Volume Control 70 85 dB 
Vaf min 

Vaf8 
-- Video Recorder Output Ratio 7.5 
Vaf3 

VLlM Sensitivity Vaf - 3 dB, f = 5.5 MHz 30 60 p.V 

V8 
-- Supply Rejection 35 dB 
V11 

V12 
-- 3D dB 
V11 

R4-R5 Impedance 1 10. kn 

Vaf max R4--R5 = 5 kn 20 28 36 dB --- Output Ratio 
Vaf8 R5-R1 = 13 kn 

TBA 120T Only 

Zi Input Impedance f= 5.5 MHz 800/5 n/pF 

aAM AM Rejection f=5.5MHz SO 60 dB 

m=30% 

Llf = ±SO kHz 

Vi = SOOp.V 

fMOD = 1 kHz 

Vaf8 A. F. Output Voltage f = 5.5 MHz 900 mV 

fMOD = 1 kHz 
Vaf12 Llf = ±SO kHz 6S0 mV 

TBA 120U Only 

Zi Input Impedance f= 5.5 MHz lS/6 40/4.5 kn/pF 

aAM AM Rejection f=5.5MHz SO 60 dB 

Vi = 500p.V 

fMOD = 1 kHz 

Llf = ±50 kHz 

m=30% 
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Electrical Characteristics (Continued) (VCC = 12V, TA = 25°C) 

PARAMETER 

TBA 120U Only (Continued) 

VafS A.F.' Output Voltage 

Vaf12 A.F. Output Voltage 

k Distortion 

Typical Application (5.5 MHz) 

CONDITIONS 

f= 5.5 MHz 

fMOD = 1 kHz 

L\f = ±50 kHz 

Vi'= 10mV 

OB =45 

f = 5.5 MHz 

M= ±50 kHz 

fMOD = 1 kHz 

OB =45 

Vi = 10mV 

IZV 

\-0 
\-0 

MIN TYP MAX I, UNITS 

1.3 V 

1.0' V· 

1 % 

~Or+ o-n~ o-----i 

1. 1. w""T 

\-0 . 

,:OJ 
TBAtZOT TBA12DU 

. Circuit for Direct Connection to Video Recorders 

TOTBA12DT, 
TBA1ZaU 

13 

Vee 1>1DVI 

" 

. VIDEO-
RECORDER llV/FREE 

(2) 11) 

4" 

TBAI2DU ~.~ 

f 41nF 

" 

31DpF 

TBA120T 

Socket 1: Switching voltage:' on playback 
12V on record open circuit. 

Socket 2: Video recorder' input/output .. 

...... -------------+<UOIO 
AMPLIFIER 
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Schematic Diagram TBA120U. 
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TBA440C Monolithic Video I F Amplifier 

General Description 

The TBA440C is a monolithic video IF amplifier for 
color and monochrome television receivers. 

The circuit includes three IF amplifier stages, a balanced 
video I F detector and a gated AGC section for the IF 
amplifier and PNP tuner. 

Connection Diagram 

Dua)·) n·line Package 

IF INPUT 1 

DC FEEDBACK Z 

GND 1 

REDULATIIIIG 4 
VOLTAGE FILTER 

TUNER AGC DRIVE 

TUNERAGC 6 
DELAY CONTROL 

LINE RETURN PULSE 7 
(-Z TO -SV" NEGATIVE) 

PARALLEL • 
CIRCUIT 3U MHI 

TOP VIEW 

16 IF INPUT 

15 DC FEEDBACK 

14 114 (3D TO 50 mA,lNTERNALl Y 
, STABILIZED TO OYI 

13 VCCl1OT015YI 

12 POSITIVE} 

11 NEGATIVE VIDEO OUTPUTS 

10 AGe QETECTOR lIP 

D PARALLEL 
CIRCUIT 31.1 10h: 

Order Number TBA440C 
See NS Package N16A 

Order Number TBA440CQ 
See NS Package N16C 

Features 

• High gain-high stability 
• Minimal noise increase, incurred by use of AGC 
• Minimum R F breakthrough to video outputs 
• Fast AGC action-gating largely independent of pulse 

shape and amplitude 

• Very low intermodulaticm products 
• Positive and negative video signals are available from 

low impedance outputs 

• Integrated temperature compensating circuit 

Test Circuit 

Vee 

o-..-IC:::J.-t--C:::JI---. TUNER 
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Absolute Maximum Ratings 

Supply Voltage 15V 
Current Into Pin 14 50 rnA 
Power Dissipation 700mW 
Maximum Resistance 'Between Pins Band 9 200 
Operating Temperature Range -25°C to +70°C 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (TA = 25°C, VCC = 13V, 114 = 40 rnA, unless otherwise specified) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

113 Current Consumption V13 = 15V 14.5 17.5 20.5 rnA 

V14 Internal Supply Voltage 114=40mA,VIN=0 5.5 6.0 6.8 V 

Vll DC Voltage at Output VIN = 0 5.5 7 8.5 V 

V12 DC Voltage at Output 
\ 

1.7 3 4.9 V 

15 Control Current for Tuner AGC (10 dB After Beginning of 3 rnA 

I the Tuner AGC, V5;:::: 2V) 

V4 I.F Control Voltage for GMAX 0 0.5 V 

V4 IF Control Voltage for GMIN 2.5 V 

V7 Voltage for AGC Gating Input -5 -2 V 

R1O·11 Resistance for Output Voltage Vll = 3 Vp·p 3 4 10 kO 

111,112 Available Output Current to 5 rnA 

Ground 

111,112 Available Output Current to VCC+ -1 rnA 

Zl·16 Input Impedance at GMAX 1.8/2 kn/pF 

Zl·16 Input Impedance at GMIN 1.9/0 kO/pF 

VIN I nput Voltage Vll = 2 Vp·p, (Note 1) 100. /lV 

VIN Input Voltage Vll = 3 Vp·p, (Note 1) 150 /lV 

BVIDEO Video Bandwidth 9 MHz 

GV AGC Range 50 55 dB 

Sound/Chroma I ntermodulation (Note 2) -40 dB 

Products 

Note 1: RMS of sync tip voltage. see test circuit. 

Note 2: Sound subcarrier-24 dB 
Color subcarrier-2 dB 

10·189 



o 

i 
I-

~Nattonal 
~ Semiconductor 

Audio, Radio and TV Circuits 

TBA510 Chrominance Combination 

General Description 

The TBA510 is an integrated chrominance amplifier 
circuit for color TV receivers incorporating a variable 
gain ACC circuit, a dc control for chroma saturation 

which can be ganged to the receiver contrast control, 
chroma blanking and burst gating functions, a burst 
output stage, a color killer and a PAL delay line driver. 

Connection Diagram 

Typical Application 

Dual-In-Line Package 

1ZV POSITIVE SUPPLY 

Ace CONTAOllNPUT 

Ace BIAS DECQU,UNG 

CHROMA SIGNAL INPUT 

COLOR KILLER 5 
SWITCH INPUT 

EMITTER OECOU,LlNG 6 
NETWORK 

SCREEN 1 
(CONNECT TO GNO) 

DELAY LINE I 
DRIVER (COLLECTOR) 

TOP VIEW 

1& 
GNO 

15 CHROMA SATURATION 
CONTROL 

14 CHROMA BLANKING 
PULSE INPUT 

13 IUASTGATE INPUT 

12 COLOR BURST 
OUTPUT (EMlnER) 

11 COLOR BURST 
OUTPUT (COllECTOR) 

10 SCREEN 
(CONNECT TO GNO) 

I DELAY LINE 
DRIVER (EMITTER) 

Dual·ln-Line Package, Order Number TBA510 
Se. NS Package N16A 

Quad-ln·Line Package, Order Number TBA510Q 
See NS Package N16C 

r----==c-----<l'""" ... -----------<l'""" ..... ..J'V't"V'\...-Q+1ZV 

itA-VI 

L....,.. ....... _IB_YI 

Note: The A.C.C.loop gain can be defined by inserting a suitable resistor between pins 2 & 3. (Example 22 kill. 
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Absolute Maximum Ratings 

Power Dissipation, (T A = 60°C) 550mW 
V1-16 13.2V 
V13·16 -5V 
V14·16 -5V 
Va·16 +20V 
Vll-16 +20V 

la=-19 20mA 
111 =-112 20mA 
Operating Temperature Range -20°C to +60°6 
Storage Temperature Range -65°C to +150°C 

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

Electrical Characteristics (V1-16 = 12V, TA = 25C C) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

CHROMINANCE SIGNAL (FED IN VIA 1 nF) 

V4-16 Input Voltage Range 15 300 mVp-p 

IZ4-16i Input Impedance 2 3 kD 

BURST SIGNAL OUTPUT 

V12-16 DC Voltage 7.7 V 

V12-16 Output Signal 1 Vp-p 

111 Collector Current of Output 4 mA 

" Transistor 

CHROMINANCE SIGNAL OUTPUT (BURST BLANKED INTERNALL V) 

V9-16 DC Voltage 6.8 V 

V9-16 Output Signal (Color Bars) at ~ 1 Vp-p 

Nominal Saturation and Maximum 

Contrast 

Range of Contrast and Saturation -30 +6 dB 

Control 
-

la Collector Current of Output 5 mA 

Transistor 

ACCINPUT 

V2-16 ACC Threshold Voltage 2.5 V 

IZ2·161 I nput Impedance 50 kD 

CHRQMA-SATURATION CONTROL 

Vl'5-16 Control Voltage Range 1.5 4.5 V 

IZ15-161 Input Impedance 50 kD 

CHROMA BLANKING PULSE 

V14-16 Switching Level -1 V 

IZ14-161 I nput Impedance 2 kD 
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Electrical Characteristics (Continued), (V1·16 = 12V, T A = 25°C) 

PARAMETER CONDITIONS MIN TYP. MAX UNITS 

BURST GATE PULSE 

V13·16 Switching Level -2.2 

IZ13-161 I nput Impedance 4 

COLOR KILLER 

V5-16 Input Voltage For: 

Color "ON" 2.3 

Color "OFF" 1.9 

Signal Suppression at Color "OFF" 50 

IZ5·161 I n put Impedance 50 

Note 1: The phase difference between the chroma and bUrst outputs at nominal saturation is less than S" . 
Note 2: Phase shift of chroma output signal over saturation control range +6 to -10.dB is less than S°. 

Pin Function Description 
1. Positive 12V supply. 

2. ACC control potential input. The potential required 
at pin 2 for maximum gain is about 2.5V; gain reduction 
occurs when this potential is reduced, ZIN > 50 kn. 

3. ACC gain adjustment point. The internal ACC circuit 
consists of a long-tailed pair system. The "cold" side of 
the pair is internally established at a dc potential of 2.5V 
. and is brought out on pin 3. This enables a decoupling 
capacitor to be connected. A very high loop gain in the 
ACC system is possible but as this is not necessarily 
desirable, because of stability and ripple considerations: 
a resistor of a suitable value can be connected between 
pins 2 and 3 to reduce the control ~ensitivity to any 
desired level. 

4. Chroma input signal. The input voltage range is 15 to 
300 mVp-p (26 dB) with a color bar signal. 

5. Color killer switching input. The input impedance is 
greater than 50 kn. Color "ON" 2.3V; color "OFF" 
1.9V. The chroma' signal suppression when kilied is 
greater than 50 dB. 

6. Emitter decoupling network. The series network de· 
couples an emitter of an amplifier stage. The value of 
resistance influences the gain of both the cl)roma channel 
and the burst channel. 

7. Screen. This pin must be connected to pin 10 and 
taken via a direct path to earth. The function of this is to 
minimize crosstalk between burst and chroma channels. 

8. Delay line driver (collector). Supplies the chroma 
signa!' drive to the delay line driver transformer, the cold 
end of which is connected to +12V. The maximum per­
mitted voltage excursion at this pin is to 20V peak~ 
Maximum ac signal current swing, 12 mAp·p. 

. 9. Delay line driver (emitter). Supplies the chroma to 
the network which provides the non-delayed signal to 
the delay li~e output transformer. The emitter is estab­
lished internally at a potential of 6.8 ±1 V and the external 

network, which must' incorporate a resistive dc path to 
earth, must not demand more than 20 mA peak current. 

10. Screen. Connect to pin 7 and then to earth. 

11. Color burst output (collector). If a low impedance' 
color burst is required (from the emitter of the color 
burst output, pin 12) pin 11 will be connected to the 
+12V supply. The maximum voltage and current excur­
sions permitted on pin 11 are 20V peak and 20 mA peak. 

12. Color burst output (emitter). An external load 
resistor of 2 kn is required, connected to earth, and a 
dc potential of 7.7V is established on pin 11 due to the 
internal circuitry. The burst output voltage is 1 Vp-p 
±1 dB over the chroma input signal range of amplitudes. 

13. Bu~t gate gating pulse. A pulse derived from the 
horizontal flyback .pulse can be used as a source of gating 
waveform. A negative-going pulse of not greater than 5V 
amplitude is necessary, the input impedance is 4 kn 
and the switching is about -2.2V. 

14. Chroma blanking pulse input. A negative-going hor­
izontal flyback pulse can be used here. Its amplitude 
should not exceed 5V. The input impedance at this pin is 

. 2 kn and the switching level is about -1.0V. This pulse 
is U$ed to blank the burst output from the chroma 
channel. 

15. Chroma saturation control. The dc control voltage 
range required is from 1.5-4.5V (highest gain at -4.5V). 
The input impedance is greater than 50k ~nd a control 
range of from +6 to -30 dB is given. 

16. Negative supply or earth. 

PERFORMANCE COMMENTS 
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(a) The phase difference between the chroma and burst 
outputs at nominal saturation is less th.an 5°. 

(b) Phase shift of chroma output signal over saturation 
control range +6 to -10 dB is hiss than 5°. 
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~National . 
~ Semiconductor 

Audio, Radio and TV· Circuits 

TBA530 RGB Matrix Preamplifier 
I 

General Description 
The TBA530 is an integrated circuit for color TV receivers 
incorporating a matrix preamplifier for R-G-B cathode or 
grid drive of the picture tube without clamping circuits. 

It has been designed to be driven from the TBA990 or 
TBA520 synchronous dem~dulator circuits and exhibits 
excellent channel matching and stability. 

Connection Diagram 
Dual-In-Line Package 

OUTPUT LOAD 1 
RESISTOR (BLUE SIGNAL) 

48-YIINPUT SIGNAL 

-(O-V) INPUT SIGNAt. - 3 

1& BLUE SIGNAL OUTPUT 

15 BLUE CHANNEL 
FEEDBACK 

14 OUTPUT LOAD RESISTOR 
(GREEN SIGNAL) Dual-In-Lina Package, Order Number TBA530 

See NS Package N16A 

/ 

-IR-YIINPUTSIGNAl 

LUMINANCE 5 
SIGNAL INPUT 

GND 

13 GREEN SIGNAL OUTPUT 

12 GREEN CHANNEL 
FEEDBACK 

11 OUTPUT LOAD RESISTOR 
(REO SIGNAL) 

Ouad-In-Line Package, Order Number TBA630Q 
See. NS Package N16C . 

CURRENT FEED POINT 

l2V POSITIVE SUPPLY 

Typical Application 
-BOUTPUT 

IIOVI.w 

TOP VIEW 

10 RED SIGNAL OUTPUT 

9 RED CHANNEL 
FEEDBACK 

-GOUTPUT 
IOGV'" 

Note 1; DC output voltages R, G and B are typically 140V in this circuit. 
Note 2: The voltage gain between pins 2,3,4 and collectors (BF336) is typically 100. 
Note 3: The normal bias voltage on pins 1, 1" 14 is av. 
Note 4: Pin 7 requires 84.7 nF decDuplingcapacitor. 
Nota 5: DC bias level Shift, provided by internal zeners between pin. 1-16, 14-13 and 11-10, requires 
10 n'F bypass capacitors for H.F. 
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Absolute Maximum Ratings 

VS-6 

11, Ill, '114 
110,113,11'6 
Power Dissipation (T A = 6,OoC) 
Operating Temperature Range , 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

13_2V 
10mA 
50mA 

400mW 
-20°C to +60°C 

-65°C to +150°C 
300°C 

Measuring Conditions: Black Level: VR-Y = VG-Y = VB-Y = 7.5V, Vy = 1.5V, VS-6 = 12V,'TA = 25°C 

PARAMETER CONDITIONS MIN TYP 

Ratio of Gain of Luminance As Measured';n Application 0.9 

Amplifier to Color Amplifiers Circuit 

R2-6 Input Resistance of Color 1 kHz 60 
R3-6 Difference Amplifiers 60 

R4-6 60 

C2-6 Input Capacitance of Color 1 MHz 3' 

C3-6 Difference Amplifiers 3 
C4-6 3 

R5-6 Input Resistance of Luminance 1 kHz 20 

Amplifier / 

C5-6 Input Capacita~ce of Luminance 1 MHz 10 

Amplifier 

B , Bandwidth of all Channels 3dB 6 

IS Total Current Drain 30 

17 Bias Current 2.5 

Schematic Diagram 

16 15 14 13 1Z 11 " 
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Pin Function Description 

The function is quoted against the corresponding pin 
number. 

1. Output load resistor. blue signal. (Also pins 11 and 
14 for red and green signals respectively.) Resistors 
(47 kU. lWI connected to +200V provide the high value 
loads for the internal amplifying stages. The nominal 
operating potential on these pins is defined by the IC 
and dc feedback and is approximately +8V. The maxi· 
mum current which can be allowed at each of these 
pins is 10 mAo 

2. -(B·Y) input signal. This signal is fed via a low·pass 
filter from the TBA520 demodulator IC (pin 71 having 
a dc level of about,+7.5V. The input resistance for this 
pin is typically 60 kU with' an input capacitance of less 
than 5 pF (similarly for pins 3 and 41. 

3. -(G·Y) input signal. The dc black level of this signal 
is about +7.5V. (See pin 2.) 

4. -(R-Y) input Signal. The dc black level of this signal is 
about +7.5V. (See pin 2:) 

'5. Luminance signal input. The dc level on this pin for 
picture black is +1.6V. The required signal amplitude is 
IV black-to-white with negative-going syncs (or blanking) 
for cathode drive as shown. The input resistance at this 
pin is 20 kU approximately with a capacitance of less 
than 15 pF. 

6. Negative supply (earth). 

7. Current feed point. A current of approximately 2.5 
mA is required at this pin. fed via a 3.9 kU resistor from 
+12V. to bias the internal differential amplifiers. A de­
coupling capacitor of 4.7 nF is necessary. 

8. Positive 12V supply. Maximum supply voltage per­
mitted. 13.2V. Current consumption approximately 
30mA. 

9. Red channel feedback (green channel. pin 12; blue 
channel. pin 15). The dc, working points and gains of 
both the output stages and the IC amplifier stages are 
stabilized by the ,feedback circuits. The black level po­
tentials at the collectors of the output stages (tube 
cut-off) are adjusted by setting correctly the dc levels of 
the color difference signals produced by the TBA520 
demodulator IC_ The gains of the R-G-B output stages 
are adjusted to give the correct white points setting on 
the picture tube by adjusting the potentiometers in the 
feedback paths (VR 1. VR2). (See notes on setting up 
decoder.)' , 

10. Red signal output (green and blue signal outputs on 
13 and 16). These pins are internally connected with 
pins 11. 14 and 1 respectively via zener type junctions to 
give a dc level shift appropriate for driving the output 
transistor bases directly. To bypass the zener junctions 
at h.f. three 10 nF capacitors are req'uired. 

11. Output load resistor. red channel (see pin 11. 

12. Green channel feedback (see pin 9). 

13. Green signal output (see pin 10). 

14. Output load resistors. green channel (see pin 1). 

15. Blue channel feedback (see pin 9). 

16. Blue signal output (see pin 10). 

Note 1: Careful attention to earth paths should be given. avoid­
ing common impedances between the input (decoder) side and 
the output stages. Also t to enable matched performance to be 
'achieved, a symmetrical board and component lavout should be 
adopted for the three' output stages. To compensate for the 
effect upon h.f. response of inevitable differences the compen­
sating capacitors Cl and C2 and C3 may be appropriately selected 
for any given board layout. 

Note 2: The signal black level at the collectors of the 'R-G-B 
output stages depends upon the +12V supply. the dc level of the 
eolor difference Signals from the TBA520 d.modulator IC and 
the black level potential of the luminance Signal applied to the 
TBA530 matrix IC. The de levels of the signals produced and 
handled by the IC's are d.sign.d to have approximately propor­
tional tracking with the 12V supply potential. 

. /', V (de level, 'signal) ~ V nom (de level, signal) I.... - --":""--'--=---' 
/',V,2V 12, 

To ensure that changes in picture black level due to variations on 
the 12V supplV to the le's occur in a predictable way, all the 
IC's should be operated from a common supply line. This is 
specially important for the TBA520 and TBA530. Furthermore, 
to limit the changes in picture black level during receiver opera­
tion,.the 12V supply should have a stability of not worse than 
±3% due to operational variations. 

Note 3: To reduce the possibiliW of patterning on the picture 
due to radiation of the harmonics of the products of the d.mod­
ulation process, the leads carrying the drive signals to the picture 
tube should be as short as the receiver layout will allow. Resistors 
(typically 1 k 50) connected in series with the leads and mounted 
close to the' collectors of the output transistors provide useful 
additional filtering of harmonics. 
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TBA540 Reference Combination 
General Description 
The TBA540 is an integrated 'color reference' oscillator 
circuit for PAL TV receivers_ The oscillator employs a 
quartz crystal and incorporates automatic phase and' 
amplitude control. A synchronous demodulator is used 
to compare the phase and amplitude of the swinging 

Connection Diagram 
Dual-In-Line Package 

OSCILLATOR 1 
FEEDBACK INPUT 

FREQUENCY 2 
CONTROL FEEDBACK 

lZV POSITIVE SUPPL V 

REFERENCE OUTPut 

BURST INPUT 

REFERENCE INPUT 

COLOR 7 
KillER OUTPUT 

PALFlIP.FlDP 8 
SQUARE WAVE INPUT 

TOP VIEW 

Typical Application 

16 GNU 

15 OSCILLATOR fEEDBACK 

14 jllC CONTROL POINTS 

'3 ~~:s~si~~\~~OLRLOOP 
12 Ace LEVEL SETTING 

ISEE ALSO PIN 10J 

11 Ace GAIN SETTING 

10 Ace LEVEL SETTING 
ISEEALSDPlNI2) 

9 Ace OUTPUT 

+12V 

burst ripple with the PAL flip-flop waveform and gen­
erates appropriate ACC color killer and identification 
signals_ A high standard of noise immunity has been 
obtained by using synchronous demodulation_ 

Dual-In-Line Package, Order Number TBA540 
See NS Package N16A 

Quad-In-Line Package, Order Number TBA540Q 
5 •• NS Packag. N16C 

REFERENCE OUTPUTS 

'2' 

COLOR killER 
-(B-V) OUTPUT (TBA56D) 

+12V 
H/2INPUT 

IT8A52DJS90) 

,,. 

L" 
IDENT OUTPUT 
(TJA!i!lDI 

L..-----+-+~~::01PUT 

+lZV 

tDENT OUTPUT 
(TBASlO) 
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Absolute Maximum Ratings 
V3-16 13_2V Storage Temperature Range -65°C to +150°C 

Power Dissipation ITA = 60°C) 780mW Lead Temperature ISoldering, 10 seconds) 300°C 

Operating Temperature Range -20°C to +60°C 

Electrical Characteristics IV3-16 = 12V, TA = 25°C as measured in typical application circuit) 

PARAMETER CONDITIONS MIN TVP MAX' UNITS 

lOut put Signals 
V4-16 B-V Reference Signal Output 1 ' 1.4 2 Vp-p 
V7-16 Color Killer Output 

Color "ON" 12 V 
Color "OFF" 100 250 mV 

V9-16 ACC Output Signal Range 

At Correct Phase of PAL Switch 4 to 0.2 V 
At I ncorrect Phase of PA L 4to 11 'V 

Switch 

Oscillator Section (Amplifier) 

R15-16 Input Resistance 3.5 kfl 
C15-16 Input Capacitance 5 pF 
G15-1 Voltage Gain 4.7 

Reactance Control Section' 
G15-2 Voltage Gain With Pins 13 and 1.3 

14 Shorted 

lIG15-2 Rate of Change of Gain G 15-2 5 :rad-1 
---

With Phase Difference Between lI¢5-4 
Burst and Reference Signal 

Burst Input 
R5-16 I nput Resistance 1 kfl 

Burst Input Level 0.7 1.5 Vp-p 

Flip·Flop Input 

V8·16 Voltage 2.5 Vp-p 
R8-16 Resistance 3.3 kfl 

Phase Lock Loop 
Oscillator Phase Error for a Burst Crystal Frequency 1400 Hz ±10 DEG 
Signal 

Holding Range 
Pull-in Range 
Temperature Coefficient of 

Oscillator 

Application Notes 

A de connection between pins 4 and 6 is necessary via 
the bifilar coupling inductor. The function of this in­
ductor is to produce, on pin 6, a signal of equal amplitude, 
and opposite phase IB-Y) to that on pin 4. A center tap 
on the inductor, connected to earth via a 'de blocking 
capacitor, is therefore necessary. 

DC Control Points in Reference Control Loop 

Pins 13 and 14 are connected to opposite sides of a 
differential amplifier circuit and are brought out for the 
purpose of de balancing of the reactance stage and the 
connection of the bimdwidth-determining filter network. 
Two 2% tolerance 10k resistors with the addition of a 
270n resistor at pin 13 are used in place of the previous 

±600 Hz 
±300 . Hz 

2 HZ/oC 

balancing network. The 270n resistor may be modified 
according to the nature of the noise that appears at pin 5. 

Initial Adjustment 

la) Remove burst signal. 

Ib) Short-circuit pins 13-14_ Adjust oscillator to correct 
frequency by Cl. 

(c) Set the ACC level adjustment RV1, to give +4V on 
pin 9. Remove short circuit. 

Id) Apply burst signal. 

Ie) Adjust ACC gain, RV2, to give a burst amplitude of' 
1.5Vp-p on pin 5. ' 
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Pin Function Description 

1. Oscillator feedback output. The crystal receives its 
energy from this pin. The output impedance is approxi· 
mately 2 kU in parallel with 5 pF. ' 

2. Reactance control stage feedback. Th is pin is .fed 
internally with a sin'ewave derived from the reference 
output (pin 4) and controlled in amplitude by the internal 
reactance control circuit. The phase of the feedback 
from pin 2 to the crystal via Cl is such that the value of 
Cl is effectively increased. Pin 2 is held internally at a 
very low impedance, therefore the tuning of the crystal 
is controlled automatically by the amplitude of the feed· 
back waveform and its influence on the effective value 

'of Cl. 

3. Positive 12V supply. The maximum voltage must not 
exceed 13.2V. 

4. Reference waveform output. This pin is driven in· 
ternally by the regenerated subcarrier waveform in 
B·Y phase. (The output is in B'Y rather than R-Y phase 
as the burst phase network produces a lag of 90° of the 
burst applied to pin 5). An output amplitude of nominally 
I.4Vp-p is produced at low impedance. No dc load to 
earth is required. A dc connection between pins 4 and 6 
is, however, necessary via the bifilar coupling inductor. 
The function of this inductor is to produce, on pi~ 6, a 
signal of equal amplitude and opposite phase (-(B-Y)) 
to that on pin 4. A center tap on the inductor, con­
nected to earth via a dc blocking capacitor, is therefore 
necessary. 

5. Burst waveform input. A burst waveform ampl itude 
of 1.5Vp-p is required to be ac-coupled to this pin. The 
amplitude of the burst will normally be controlled by 
the adjustmerit and operation of the ACC circuit. The 
input impedance at this pin is approximately 1 kU and a 
threshold hivel of 0.7V must be exceeded before the 
burst signal becomes effective. A dc bias of 400'mV is 
internally derived for pin 5. 

The absolute level of the tip of the burst at pin 5 will 
normally reach 1.5V (1.5Vp-p burst amplitude). 

6_ Reference waveform input. This. pin requires a ref­
erence waveform in the -(B-Y) phase, derived from pin 4 
via a bifilar transformer (see pin 4). to drive the internal 
balanced reactance control stage. A dc connection be­

,tween pin~ 4 and 6 must be made via the transformer. 

7. Color killer output. This pin is driven from the 
collector of an internal switching transistor and requires 
an external load resistor (typically 10 kU) connected to 
+12V. The unkilled and killed voltages on this pin are then 

+12V and < 250 mV respectively. (The voltage range on 
pin 9 over which switching of the color killed output on 
pin 7 occurs is nominally +2.5V.) 

8. PAL flip-flop square wave input. A 2.5Vp-p square 
wave derived from the PAL flip-flop (in the TBA520 or 
TBA990 demodulator IC) is required at this pin, ac­
coupled via a capacitor. The input impedance is about 
3.3kU. 

9. ACC output_ An emitter follower provides a low 
impedance output potential which is negative-going with 
a rising burst input amplitude. With zero burst input 
signal the dc potential pr,oduced at pin 9 is set to be 
+4V (RV1). The appearance of a burst signal on pin 5 
will cause the potential on pin' 9 to go in a negative 
direction in the event that the PAL flip-flop is identified 
to be in the correct phase. The range of potential over 
which full ACC control is exercised at pin 9 is deter­
mined by the control characteristic of the ACC amplifier, 
i.e., for the TBA560 from 0.8 to IV. The potential on 
pin 9 will fall to a value within this range as the burst 
input signal is stabilized to an amplitude of 1.5Vp-p. 
The latter condition is achieved by correct adjustment 
of RV2. If, however, the PAL flip-flop phase is wrong 
the potential on pin 9 will move positively. The potential 
divider R5, R6 will then operate a PAL switch cut-off 
function in the TBA520 demodulator IC. 

10_ ACC level setting_ The network connected between 
pins 10 and 12 balances the ACC circuit and RVI is 
adjusted to give +4V on pin 9 with no burst input signal 
to pin 5. C5 provides filtering. 

11_ ACC gain control. RV2 is adjusted to give the correct 
amplitude of burst signal on pin 5 (1.5 Vp-p) under ACC 
control. 

12. See pin 10. 

13. See pin 14. 

14. DC control points in reference control loop. Pins 
13 and 14 are connected to opposite sides of a d ifferen­
tial amplifier circuit and are brought out for the purpose 
of dc balanci ng of the reactance stage and the connection 
of the bandwidth-determining filter network. Two 2% 
tolerance 10k resistors with the addition of a 270U 
resistor at pin 13 are used in place of the previous 
balancing network. The 270U resistor may be modified 
according to the nature of the noise that appears at pin 5. 

The filter network consists of R2, C2, C3 and C4. The 
dc potentials on these pins are nominally +6V. 
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~National Audio, Radio and TV Circuits 
~ Semiconductor 
TBA560C Luminance and Chrominance Control 
Combination 
General Description 
The TBA560C is an integrated circuit for processing and 
controlling luminance and chrominance signals in PAL 
TV receivers. 

The chrominance amplifier comprises: 

• Gain·controlled amplifier 

The luminance amplifier comprises: 
• DC chroma gain control tracked with contrast control 

• DC contrast control 
• Brightness control 

• Separate dc saturation control 

• PAL delay line driver 

• Black level clamping • Burst gate 

• Blanking of flyback • Color killer 

• Input matched to the luminance delay line • Chroma signal flyback blanking 

Connection Diagram . 
Dual·ln·Line Package 

BALANCE I 
CHROMAINrlll 

DCCONTRA$TCON1ROl 

LUMINANCEll\lPIiT 

BLAClCLEv£t 4 
ClAMPCA~ACITDR 

LlJMIJ.lANCEOUTPut 

8RHiHTNESSCONTROl 

HVlACI( 8 
BLANICINGINPUT 

TypicaJ Application 

COMPOSITE 

16 GND 

158AlANCED 
CHROMA INPUT 

14 AtCINPUT 

13 CHROMA 
SATURATIONtnNTFlOl 

12 DC FEED8ACKFOFl 
CHFlOMACtiANNU 

11 IZVPOSITIVESOPPLY 

10 aURST GATE ANQ 
ttAM1'INCPULSEiNPt/T 

9 CHRDMAOUTPUl 

.. , 

Dual·ln·Line Package, Order Number TBA560C 
Se. NS Package N16A ' 

Ouad·ln·Line Package, Order Number TBA560CQ 
See NS Package N16C 

LUMINANCE 
ITO MATRIX) 

IRIGHTNESSCONTROl 

'" 

" 

fW1UT~,:::o-~-{=}-----""-\:.v.:;;.:r-C::J1-rl 
TCAVD 

Ilk 

SATURATIDIl , .. 

24. 

'" fROMTlAM8 

" 

COLOR.UlLER 
POTENTIAL 
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0 
0 Absolute Maximum Ratings (Note 1) 
CO 
II) V11·16 13.2V IQ -10mA 

c( V8·16 Min. -5V Continuous Total Power Dissipation 550mW 

al V10·16 Min. -5V Operating Free Air Temperature Range -20°C to +60°C .... V12·16 -5V to+6V Storage Temperature Range ' -65°C to +150°C 

V13·16 -3V to+6.5V Lead Temperature (Soldering, 10 seconds) 300°C 

V14·16 Min. -5V 

Electrical Characteristics with V11·16 = 12V, T A = 25°C (as measured in typical applicat'ion circuit) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

V1-15 Chrom;'nance Input Signal Range 4 SO mVp·p 

(Value of Color Bars With 75% 

Saturation) 

13 Luminance I nput Current 0.5 1.5 mAp·p 

Black to Whit!' 

V2·16 Contrast Control Characteristic Full Gain 5.6 V 

6 dB Attenuation 3.7 V 

20 dB Attenuation \ 2.0 V 

(Note 2) 

V6·16 Brightness Control Voltage for (Note 3) 1.3 V 

Black LeVel of 1.5V at Pin 5 

VS·16 Flyback Blanking Pulses 

V8·16 For OV 'Slanking Level at Pin 5 0 -<l.5. -1 VP'p 

For 1.5V Blanking Level at Pin 5 -2 -2.5 -3 Vp·p 

V13·16 Saturation Control Characteristic Full Gain 6.2 V 

6 dS Attenuation 4.4 V 

20 dB Attenuation 2.7 V 

- (Note 2) 

110 ' 8urst Gating Pulse 0.05 1 mAp·p 

V13·16 Color Killer 0.5 1 V 

Automatic Chrominance Control 

V14·16 Voltage for Maximum Gain 1.2 V 

Voltage for Minimum Gain 0.5 V 

Gain Reduction 26 dS 

Input Resistance 50 kfl 

V5·16 Luminance Output Voltage (Black· (Note 2) 1 3 Vp·p 

White) at Nominal Contrast and 

. Input Current as above 

Black Level Shift Due to Changes 100 mV 

of Contrast and Video Content at 

Constant Brightness Setting 

V7·16 Burst Output 1 Vp·p 

V9·16 Chrominance Output at Nominal (Note 2) 1 Vp·p 

Contrast and Saturation 

3 dB Bandwidth of Chrominance 5 MHz 

and Luminance Amplifier 

Matching of Luminance to 2 dB 

Chromiriance Ratio at 10 dB 

Contrast Control 

Note 1: V2·16 imd V13·16 must always be lower than V11·16. 
Note 2: Typical or nominal contrast or saturation'" maximum value -6 dB. Thus the control is +6 to -14 dB on the nominal. 
Noto 3: When V6-16 is increased above 1.7V the black level, of the output signal remains at 2.7V. 
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Pin Function Description 

1. Balanced chroma signal input (in conjunction with 
pin 15). This is derived from the chroma signal bandpass 
filter, designed to provide a push-pull input. An input 
signal amplitude of at least 4 mVp-p is required between 
pins 1 and 15. Both pins require a dc potential of approx­
imately +3.0V. This is derived as a common mode signal 
from a network connected to pin 7 (burst output). In 
this way dc feedback is provided over the burst channel 
to stabilize its operation. All figures for the chrominance 
signal are based on a color bar signal with 75% satura­
tion; i.e., burst-to-chroma ratio of input signal is 1 :2. 

2. DC contrast control. With +3.7V on this.pin, the gain 
in the luminance channel is such that a 0.5 mA black· to­
white input signal to pin 3 gives a luminance output 
signal amplitude on pin 5 of IV black-to·white. "A 
variation of voltage on pin 2 between +5.6V and +2V 
gives a corresponding gain variation of +6 to > -14 dB. 
A similar variation in gain in the chroma channel occurs 
in order to provide the correct tracking between the two 
signals. Beam current limiting can be applied via the 
contrast control network as shown in the peripheral 
circuit, when a separate overwind is available on the iine 
output transformer. 

3. Luminance signal input. This terminal has a very low 
input impedance and acts as a current sink. The lum­
inance signal from the delay line is fed via a series 
terminating resistor and a dc blocking capacitor and 
.requires to be about 0.5 mAp-p amplitude. A dc bias 
current is required via a 12 kO resistor to the +12V line. 

4. Charge storage capacitor for black level clamp. 

5. Luminance signal output. An emitter follower pro­
vides a low impedance output signal of 1 V black-to-white 
amplitude at nominal contrast se~ting having a nominal 
black level in the range 0 to +2.7V. An external emitter 
load resistor is required, not less than 1 kO. If a greater 
luminance output is required than 1 V, with normal 
control settings, the input current swing at pin 3 should 

- be increased in proportion. 

6. Brightness control. Over the range of potential +0.9 to 
+1'.7V the black level of the luminance output signal 
(pin 5) is increased from 0 to +2.7V. The output signal 
black level remains at +2.7V when the potential on pin 6 
is increased above +1.7V. 

7. Burst output. A 1 Vp-p burst (controlled by the ACC 
system) is produced here. Also, to achieve good dc 
stability by negative feedback in the burst channel the 
dc potential at this pin is fed back to pins 1 and 15 via 
the chroma input transformer. 

8. Flyback blanking input waveforn:"l. Negative.going' 
horizontal and vertical blanking pulses may be applied 
here. If rectangular blanking pulses of not greater than 
-1 V negative excursion, or dc coupled pulses of similar 
amplitude whose negative excursion is at zero volts dc are 
applied, the signal level at the luminance output (pin 5) 
during blanking w.ill be OV. However, if the blanking 
pulses applied to pin 8 have an amplitude of -2 to -3V 
the signal level at the luminance output during blanking 
will be +1.5V. The negative pulse amplitude should not 
exceed -5V. 

9. Chroma signal output. With a 1 Vp-p burst output 
signal (pin 7) and at nominal contrast and saturation 
.setting (pins 2 and 13) the chroma signal output ampli· 
tude is 1 Vp-p. An external network is required which 
provides dc negative feedback in the chroma channel via' 
pin 12. 

10. Burst gating and clamping pulse input. A positive 
pulse of not less than 50J'A is required on this pin to 
provide gating in the burst channel and luminance channel 
black·level clamp circuit. The timing and width of this 
current pulse should be such that no appreciable en· 
croachment occurs into the sync pulse or picture line 
periods during normal operation. of the receiver. 

11. +12V LT supply. Correct operation, occurs within 
the range' 10.8 to 13.2V. All signal and control levels 
have a linear dependency on supply. voltage but, in any 
given receiver design this range may be restricted due 
to considerations of tracking. between the power supply 
variations and picture. contrast and chroma levels. The 
power dissipation must not exceed 550 mW at 60°C 
ambient temperature. 

12. DC feedback for chroma channel (see pin 9). 

13. Chroma saturation control. A control range of +6 
to > -14 dB is provided over a range of dc potential on 
pin 13 from 6.2 to 2.7V. Color killing is also achieved 
at this terminal by reducing the dc potential to less than 
+lV, e.g., from the TBA540 color killer output terminal. 
The minimum "kill factor" is 40 dB. 

14. ACC input. A negative-going potential gives an ACC 
range of about 26 dB starting at +1.2V. From IV to 
800 mV the steepest part of the characteristic occurs, 
but a small amount of gain reduction also occurs from 
800 mV to 500 mV. The input resistance is at least 50 kO. 

15. Chroma signal input (see pin 1). 

16. Negative supply, OV·(Earth). 
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Schematic Diagram 
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~National 
~ Semiconductor 

Audio, Radio and TV Circuits. 

TBA920ITBA920S Line Oscillator Combination 
General Description 
The TBA920 is a monolithic integrated circuit intended 
for TV receivers with transistor-thyristor- or valve 
equipped output stages. 

It combines the following functions: 

• Noise gated sync separator 
• Phase comparison between sync pulse and oscillator 

Connection Diagram 

• Line oscillator 

• Loop gain and time constant switching (also for video 
recorder applications) 

• Phase comparison between line-flyback pulse and 
oscillator 

• Output stage for driving a variety of line output stages 

Dual-In-Line Package 

" PQSITIVESUPPlV GN. 

15 OSCILLATOR 
CURRENT CONTROL OUTPUT 

PHASE CONTROL INPUT 

Dual~ln-Line Package. Order Number TBA920 or TBA920S PHASE DISCRIMINATOR 4 

14 DSCIllATORCAPACI10R 

13 BIAS DECOUPLING See NS Package N16A OUTPUT 

Quad-In-Line Package, Order Number TBA920Q 
Sea NS Package N16C 

Typical Application 

I2V 

COMP 
SYNC PULSES 

FLYBACK PULSE INPUT 

SVNCPHASE 6 
COMPARATOR INPUT 

SYNC SEPARATOR 7 
OUTPUT 

SYNC SEPARATOR 8 
INPUT 

HORIZONTAL 
PULSE 

.l. JUllDV 
T 

POSITIVE 
NOISE 0-----' 

PULSES ...-_ .... _-+ 

FOR VIDEO REtORDER 
APPLICATION 
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· Absolute Maximum Ratings 
Vl-16 13.2V Operating Temperature Range -20°C to +60°C 
12 (Mean) 20 mA Storage Temperature Range -65°C to +150~C 
12 (Peak) 200 mA Lead Temperature (Soldering, 10 seconds) 3000 e 
15,17,19 10mA Power Dissipation (T A = 60°C) 600mW 

Electrical Characteristics at Vl-16 = 12V, TA = 25°C as measured in application circuit 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Current Consumption 

11 12=0 36 rnA 

Video Signal 

V1 Input Voltage Range 1 7 Vp·p 
IQ Input Current During Sync Pulse 100 I'A 

Noise Gating (Pin 9l 

V9·16 Input Voltage (Peak Value) 0.7 V 

19 Input Current (Peak Value) 0.03 10 rnA 

Flyback Pulse (Pin 5) 

V5·16 Input Voltage (Peak Value) ±1 V 

15 Input Current (Peak Val~e) 0.05 1 rnA 

R5·16 Input R~sistance 400 n 
t5 Pulse puration at 15,625 Hz 10 /.lS 

Composite Sync Pulses (Positive: Pin 71 

V7·16 Output Voltage 10 Vp·p 

Output Resistance 

R7·16 At Leading Edge of Pulse (Emitter 50 n 
Follower) 

R7·16 At Trailing Edge 2.2 kn 
R7·161extl Additional External Load Resistance 2 kn 

Driver Pulse (Pin 2) 

V2·16 Output Voltage 10 Vp·p 

12 Average Output Current 20 rnA 

12 Peak Output Current 200 rnA 

'2 Output Pulse Duration When 12 32 /.lS 
Synchronized 

to tot Permissible Delay Between leading Edge 0 15 MS 
of Output Pulse and Flyback Pulse at t5 = 12,us 

V1·16 Supply Voltage at Which Output Pulses 4 V 
are Obtained 

Oscillator 

fa Frequency; Free Running R15·16 = 3.3 kn, INote 11 15,625 Hz 

LIfo Spread of Fr~quency at Nominal Values ±5 % -
fa of Peripheral Components 

I~:o I 
Frequency Change When DecreaSing the 10 % 
Supply Down to Minimun 4V 

IJfo/IJVP Influence of Supply Voltage 6n Frequency 5 % 

to VPnom atVp=12V 

of 0/0115 Frequency Control Sensitivity 16.5 HZ//.lA 

Control Loop I (Between Sync Pulse 

and Oscillator) 

V12·16 Control Voltage Range 0.8 5.5 V 

Control Current (Peak Values) 

112M Vl0·16>4.5V, V6·16> 1.5V ±2 rnA 

112M V10·16 < 2V. V6·16> 1.5V ±6 rnA 
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Electrical Characteristics (Continued) 

PARAMETER CONOITIONS MIN TVP MAX UNITS 

Loop Gain of APe System 

f!! Time Coincidence Between Sync Pulse 1 kHz/I" 
lit and Flyback Pulse or V1O-16 > 4.5V 

f!! No Time Coincidence or V10-16< 2V 3 kHz/i's 
lit 

M Catching and Holding Range (Note 2) ±1 kHz 

t Pull-in Time Milo = ±3% (llf = 470 Hz) 20 ms 

t Switch-over From Large Control 20 m. 

Sensitivity to Small Control Sensitivity 
After Catching 

Control Loop'll ~Between Flyback Pulse 

and Oscillatorl 

'd tot Permissible Delay Between Leading Edge 0 15 1" 
of Output Pulse (Pin 2) and Leading Edge 

of Flyback Pulse 

ill.. Static Control Error (Note 3) 0.5 % 
IItd 

Overall Phase Relation 

t Phas,e Relation Between Leading Edge of (Note 4) 4.9 I's 
Sync Pulse and Middle of FIYback Pulse 

lilt I Tolerance of Phase Relation (Note 5) 1 I's 

IIf Spread of Frequency at ~ominal Values of -
fo Peripheral Components 

TBA920 ±5 % 

TBA920S ±2 % 

V3-16 Voltage t2 = 12/'s 6 V 

V3·16 t1 = 32/'s 8 V 

13 Input Current 2 p.A 

Time Constant Switch Voltage on Pin 10 

V10·16 For Internal Rll = 1500 4.5 V 
V10-16 For Internal R11 = 2 kO 2 V 

Note I: . The oscillator frequency can be changed for other TV standards by an appropriate value of CI4-16. 

Note 2: Adjustable w!th RI2-15. 
Note 3: The control error is the remaining 'error in reference to the nominal phase position between leading edge of the sync pulse and the middle 
of the flVback pulse caused by a variation in delay of the line output stage. 
Note 4: This phase relation assumes °a luminance delay line with a delay of 500 ns between the input of the sync separator and the drive to the 
picture tube. If the sync separator is inserted after the luminance delay line or if there is no delay line at all (black-and-white sets). then the phase 
relatio~ is achieved by C5-16 ~ 560 pF. 

Note 6: The adjustment of the o~erall phase relation and consequently the leading edge of the output pulse at pin 2 occurs automatically by the 
control loop II or by applying a de voltage to pin 3. 

-

, 
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~National 
~ Semiconductor 

Audio, Radio and TV Circuits 

TBA950·2 Television Signal Processing Circuit 
General Description 
The TBA950·2 is a monolithic integrated circuit for 
pulse separation and line synchronization in TV receivers 
with transistor output stages. 

noise immunity, the line oscillator with frequency range 
limiter, a phase control circuit and the output stage. 

The TBA950 comprises the sync separator with noise 
suppression, the frame pulse integrator, the phase com· 
parator, a switching stage for automatic changeover of 

it delivers prepared frame sync pulses for triggering the 
frame oscillator. The.phase comparator may be switched 
for video recording operation. Due to the large scale of 
integration, few external components are needed. 

Connection and Block Diagrams 
Dual·ln·Line Package 

ov 

LINE OfP DRIVE 

vee 
PHASE COMPARATOR 4 

TIME CONSTANT 

SYNC SEPARATOR lIP 

COMPOSITE SYNC OIP 

FRAME SYNC D/P 

\ 
TOP VIEW 

,o"-r--\ 

14 LINE fREQUENCY PRESET 

13 LINE FREQUENCY ~APACITDR 
12 PHASE CONTROL CAPACITOR 

11 PHASEPRESET 

10 LINE FLYBACK PULSE lIP 

TIME CONSTANT SWITCH D/P 

SWITCH DELAY CAPACITOR 

Dual·ln·Line Package, Order Number TBA950-Z 
. See NS Package N14A 

Quad·ln·Line Package, Order Number TBA950-ZQ 
Sae NS Package N14C . 

>150'-1 t- I FRAME 

~PULSES 

1 
m1"I-.... ,-------r=::r-------.. v 

D.l3.uF 

VIDEO 
INPUT SIGNAL 

r - - - - - - - -,....----1----..,..-.....,- --
I 

SYNC SEPARATOR 
WITH NOISE 
SUPPREStON 

FRAME 
PULSE 

INTEGRATOR 
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--------l 
OUTPUT 
STAGE 

PHASE CONTROL 
CIRCUIT 
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Absolute Maximum Ratings 
All voltages are r&!erred to pin 1 

13, Supply Current (Figure 6) 
15. Input Current . 

V5, Input Voltage 
12, Output Current 
V2, Output Voltage 
IS. Switch-Over Current for Video Recording 
110, Flyback Peak Pulse Current 
Vll, Phase Correction Voltage 
T A. Ambient Temperature 

45mA 
2mA 
-6V 

22mA 
12V 

5mA 
5mA 

OtoV3 
.6o"C 

Recommended Operating Conditions 
(For operating circuits Figures 4 and 51 

15, Input Current During Sync Pulse 
VIN p.p, Composite Video Input Signal 
110, Input Current During Line Flyback Pulse 
IS, Switch-Over Current 
td, Time Difference Between the Output Pulse 

at Pin 2 and the Line Flyback Pulse at 10 
13"Current Consumption (Figure 6) 
T A. Ambient Operating Temperature Range 

>5~A 
3 (1 t06)V 

0.2 t02 mA 
>2mA 

<201'5 
~45mA 

O°C to +60°C 

Electrical Characteristics T A = 25°C, fa = 15,625 Hz in the test circuit Figure 2 (Note 1) 

SYMBOL CHARACTERISTIC CONDITIONS 

V7 Amplitude of the Frame Pulse 

t7 Frame Pulse Durations 

ROUT7 Output Resistance at Pin 7 

(High State) 

t2 Output Pulse Duration Typical Ranges 

V2 Res Residual Output Voltage 12 = 20 mA 

fa Oscillator Frequency C13/1 = 10 nF, R14/1 = 10.5 kn 

±ilfF Frequency Pull·ln Range 

±ilfH Frequency Holding Range Typical Ranges 

MIN TYP 

>8 

>150 

7.5 10 

25 

<0.55 

14063 15625 

400 

400 

MAX UNITS 

13 

28 

17187 

1000 

1000 

v 

Ils 

,kn 

Ils 

V 

Hz 

Hz 

Hz 

dfo/dtd Slope of Phase Comparator 2 kHz/lls 

Control Loop 

dtd/dtp Gain of Phase Control 20 

tp Phase Shift Between Leading Typical Range 0 3.5 

Edge of Composite Video 

Signal and Line Flyback Pulse 

(Note 2) Adjustable by VII 

Note 1: By modification of the frequency-determining network at pin$. 13 and 14, these les can also be used for other line frequencies. 

Note 2: The limited flyback pulse should overlap the video signal sync pulse on both edges. 

Functional Description 

The sync separator separates the synchronizing pulses 
from the composite video signal. The noise inverter 
circuit, which needs no external components, in can· 
nection with an integrating and differentiating network 
frees the synchronizing signal from distortion and noise, 

The frame sync pulse is obtained by multiple integration 
and limitation of the synchronizing signal, and is avail· 
able at pin 7. The RC network, hitherto required between 
sync separator and frame oscillator is no longer needed. 
Since the frame sync pulse duration at pin 7 is subject 
to production spreads, it is recommended to use the 
leading edge of this pulse for triggering. 

The frequency of the line oscillator is determined by a 
10 nF polystyrene capacitor at pin 13 which is charged 
and discharged periodically by 2 internal current sources. 
The external resistor at pin 14 defines the charging 
current and consequently in conjunction with the ascii· 
lator capacitor the line frequency. 

The phase comparator compares the sawtooth voltage of 
the oscillator with the line sync pulses. Simultaneously, 
an AFC voltage is generated which influences the ascii· 
lator frequency. A frequency range limiter restricts the 
frequency holding range. 

The oscillator sawtooth voltage, which is in a fixed ratio 
to the line sync pulses, is compared with the fly back 
pulse in the phase control circuit, in this way campen· 
sating all. drift of delay times in driver and line output 
stage. The correct phase position and hence the hori· 
zontal position of the picture can be adjusted by the 
10 kn potentiometer connected to pin 11. Within the 
adjustable range the output pulse duration (pin 2) is 
constant. Any larger displacements of the picture, 
e.g., due to non·symmetrical picture tube, should not 
be corrected by the phase potentiometer, since in all 
cases the flyback pulse must overlap the sync pulse on 
both edges (Figure 3). 
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Functional Description. (Continued) 

The switching stage has an auxiliary function:'When the 
2 signals supplied by the sync sep~rator and the phase 
control circuit, respectively,. are in synchronism, a 
saturated transistor is in parallel with the integrated 
2 kn resistor at pin 9. T.hus the time constant of the 
filter network at pin 4 increases and consequently 
reduces the pull-in range of the phase comparator cir­
cuit for the synchronized state to approximately,50 Hz. 
This arrangement ensu'res disturbance-free operation. 

For video recording operation, this automatic switch over 
can be blocked by a positive current fed into pin 8, 
e.g., via a resistor connected to pin 3. It may also be use­
ful to connect a resistor of about 680 n or 1 kn between' 
pin 9 and earth. The capacitor .at pin 4 may be lowered, 
e.g., to 0.1 j./F. These alterations do not significantly 

V1D 

FLYBACK I PULSE 0 

influence the normal operation of the IC' and thus do 
not need to be switched. 

The output stage delivers at pin 2 output pulses ot" 
duration ~nd polarity suitable for drivi~g the line driver 
stage. If the supply voltage goes down (e.g., 'by switching 
off the mains) a built-in protection circuit ensures defined 
line frequency pulses down to V3 = 4V.and shuts off 
when V3 falls below 4V, thus preventing pulses of 
undefined duration and frequency. Conversely, if the 
supply voltage r-ises, pulses defiried in duration and' fre-' 
quency will appear at the output pin as soon as V3 
reaches 4.5V. In the range between V3 = 4.5V and full 
supply the shape and frequency of the output pulses' are 
practically constant. . . . 

~ .. _t 

VIDEO SIGNAL YIN ~ I 
_t 

tl 

L OUTPUT 
PULSE 

TBA95D 

_t 

FIGURE 3. Phase Relationships 

IDm'=rrl 150pS . r FRAME JL-.Il.. PULSES 
RS 

TBA950 BY12a 

*Input circuitry must be optimized 

.FIGURE 4_ Operating Circuit (Thyristor Output Stage) 
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Functional Description (Continued) 

VIDEO INPUT 
SIGNALVIN 

20 m'-r----J 
> 150., --I r- I FRAME 

JlJLPULSES 

10.5k 
.1% 
MET 
FILM 

RS 

LINE FLYBACK 
~~ __ ~ ______ ~~ __ ~ __ ~~ ______ -4~ __ ~ ______ ~~ __ ~~P~U~U~~~~ ____ ~_oV 

*Input circuitty must be optimized 

FIGURE 5. Another Possibility for Line 
Frequency Adjustment (Transistor Output Stage) 

500 
1 

/ / 
~AX 

I / 
1 !/,.IN -J 

11/ 

400 

300 

2 lOD 

/ 
'/ 100 

o 
o 10 20 30 

VB IV) 

FIGURE 6. Graph for De1;,ermining 
the Supply Series Resistor, Rs. 
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~National Audio, Radio and TV Circuits 
~ Semiconductor 
TBA970 Television Video Amplifier 
General Description Feat.ures 

• DC contrast control 

• DC brightness control 

The TBA970 is a monolithic video amplifier for television 
receivers. The, circuitry includes a video preamplifier, 
DC contrast control utilizing a linear potentiometer 
which can be ganged to the chroma gain control, beam 
current limiting via contrast. Beam current limiting 
could be obtained with either positive or negative con­
trol voltage. Black level control is achieved by a clamped 
feedback circuit combined with the brightness control. 
Emitter follower output could be used to directly drive 
the video output stage. A separate NPN transistor (Q40) 
is provided on the chip. 

.. Black level clamping 

• Beam current limiting 

• Low impedance output 

Connection Diagram 
Dual-tn-Line Package 

VIDEO OUT 

V+ 

VIDEO IN 

040 COLLECTOR 

040 BASE 

040 EMITTER 

CONTRAST 
CONTROL 

BEAM CURRENT 
FEEDBACK IN 

TOP VIEW 

Block Diagram 

VIDEO 
INPUT 

o (!) 

BEAM 
CURRENT 

UNIT 

CONTRAST BEAM BEAM 
CONTROL CURRENT CURRENT 

FEEDBACK IN CONTROL 

16 GND 

15 BLACK LEVEL 
FEEDBACK IN 

14, DECOUPLE 

13 BLACK LEVEL 
STORAGE 

lZ BRIGHTNESS 
CONTROL 

11 KEYING 
INZ 

10 KEYING 
IN 1 

9 BEAM 
CURRENT 
CONTROL 

0. 

@)@) 
DECOUPLE 
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BLACK 
LEVEL 
UNIT 

Dual-In-Line Package, Order Number TBA970 
See NS Package N16A 

Quad-In-Line Package, Order Number TBA970Q 
See NS Package N 16C 

SUPPLY 

o 
~------------------~O~~~~T 

BLACK 
LEVEL 
GATE 

BLACK LEVEL 
FEEDBACK IN 

" 



Absolute Maximum Ratings 
Supply Voltage 15.5V VCES 040 

. Internal Power Dissipation 750mW Operating Temperature Range 
Collector Current Q40 lOrnA Storage Temperature Range 
Power Dissipation Q40 20mW· Lead Temperature (Soldering, 10 seconds) 
VCE0040 13.2V 

Electrical Characteristics T A = 25°C, v+ = 15V, See Test Circuit, unless otherwise specified 

SYMBOL PARAMETER 

12 Supply Current 

V3p-p Peak-to-Peak Input Voltage· 

R3 Input Resistance 

Voltage Gain 

3.0 dB Bandwidth 

6.0 dB Bandwidth 

Linearity of Black-to-White Video 

Output Signal 

V15 Low Black Level Voltage 

V15 High Black Level Voltage 

Contrast Control Range 

R12 Input Resistance for Brightness 

. Control 

LlV15 Change of Black Level 

Va,V9 DC Voltage for Beam Current 

Limiting Inputs 

Separate Transistor Q40 Gain 

Note 1: No input signal and at minimum brightness. 

Note 2: With negative-going synchronizing pulse. 

CONDITIONS MIN TYP 

(Note 1) 27 

(Note 2) 

12 

2.4 

6.0 

9.0 

0.9 

3.0 

1.5V:::; V7:::; 4.5\1 36 

200 

(Note 3) 

(Note 4) 2.0 

IC = 14 = 1.0 rnA 40 

15.5V 
-20'C to +45'C 

-55'C to +125'C 
260'C 

MAX UNITS 

36 rnA 

1.6 Vp-p 

kfl 

MHz 

MHz 

0.2 V 

V 

dB 

kfl 

20 mV 

V 

Note 3: With constant brightness setting, due to change of pictUre content, contrast control setting and change in ambient temperature (AT A = 
20' C); black level clamping with Ie = 1 "S, 110 ;:: 0.25 rnA, VII S. 0.3V. 
Note 4: Beam current limiting occurs at va 2:. V9. 

Test Circuit r----...... ~------------_t-015V 

'2k 

CONTRAST 
v,Y 

4.1k ><1---..... INPUT 
(1-25Vp·pl 

HIGH 
VOLTAGE 

, ... 
SQSE -= 
I Uk 

'2k 

21k Uk 

BRIGHTNESS 

"k 

2.1k 

9 I" 

.'."'"'* 
HORIZONTAL 

PULS< 

u 

~ 

DELAY 
LINE 

E • C 

II 

TBA91D 

12 I" 1" 
1.0~~4-IT 
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~ 
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BRIGHTNESS 
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13 
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Lr 
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~National 
~ Semiconductor 
TBA990 Color Demodulator 
General Description 
The TBA990 is an integrated color demo.dulator circuit 
for color television receivers incorporating two active 
synchronous demodulators for the R-Y and B-Y chrom­
inance signals, a matrix (producing the G-Y color 
difference signal), PAL phase switch and flip-flop. It is 

Connection Diagram 

AUdio, Radio and TV Circuits 

suitable' for dc coupled drive to the picture tulie when 
associated with the matrix integrated circuit (TBA530) 
and R·G-B output stages. Special attention has been 
given in the design to minimizing de level drift with 
temperature. 

Dual·ln·Line Package 

Typical Application 

IIlENTIFICATION'NPUT 

II-V sua·CARRIER 2. 
REfERENCE INPUT 
PAL SBUARE WAVE ] 

OUTPUT 17.B tHr) 

A-V SIGNAL OUTPUT 

G-V SIGNAL OUTPUT 

!1ZV) POSITIVE SUPPLY 

a-v SIGNAL OUTPUT 

a-v SUB.CARRIER B 
AEFERENCE INPUT 

TOP VIEW 

1& GND 

11 Ne 

14 LINE PULSE INPUT 
IF lIP·f lOP SYN CHR DNIZING) 

13 R-V CHROMINANCE 
INPUT SIGNAL 

12 R-V DC lEVEL SETTING 

1" G-V DC LEVEL SETTING 

10 a-v CHROMINANCE 
IN,UT SIGNAL 

9 I_V DC LEVEL SETTING 

Dual-ln·Lina Packaga, Drdar Number TBA990 
See NS Package N16A 

Quad-ln·Lina Package, Order Number TBA990Q 
.Sea NS Package N16C 

.ACCVOLTAGE +-... ____ ::�D::EN~T_--IC''':J_-... -., 

5I
P
F;:J; 1 

" 
TBAMO 

UNDELAYED 
SIGNAL 

o t 

DUO 

"/2 
So.U~REWAVE 

"0.' 
10nF ;:J; 

.--___ .......... g:',L"E~ENCE 
OUTPUTS 

56I1F;[; 

r-+-t--.... ----~,....O .. 12V 

22. 

,v~ 
FLlP..fLO'SYNC 
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Pin Function Description 

1. Identification bias. The PAL flip·flop is stopped, for 
identification purposes, when the voltage on pin 1 in­
creases above SV. This threshold is internally generated 
and has a porportional behavior with the 12V supply 
voltage. The threshold level of SV is chosen to match the 
output characteristic of the TBAS40 and has a suffi­
,ciently high safety margin above the zero chroma signal 
level of 4V to eliminate spurious identifying. 

2. R-Y subcarrier reference input. A 1Vp-p signal is 
required via a dc blocking capacitor. Under no cir­
cumstances should this signa" be less'than O.S Vp-p. The 
input resistance at this pin is 'typically S kn. 

3_ PAL square wave output_ The amplitude is 3Vp-p 
from an emitter follower. No external load resistor is 
required. 

4. R-Y signal output (G-Y at pin Sand B-Y alpin 7). 
These outputs require no external dc loads except that 
direct connection must be made via the low, pass filters 
to the appropriate pins on the R-G-B matrix TBAS30. 
In a complete circuit using the TBAS30 and video output 
stages the dc levels of these outputs will be adjusted to 
give the correct setting of the picture tube drive black 
levels. The changes in de level with supply voltllge are 
proportional and track together. 

The unwanted products of demodulatio'n occurring' in 
the color difference outputs are chiefly 8.8-S MHz and 
harmonics together with a small amount of 4.43 MHz 
due to possible unbalance in the demodulators. To' 
avoid possible troubles in the receiver because of radia­
tion of these demodulation products from the R-G-B 
drive circuits, low-pass, filters must be employed in each 
of the color difference outputs. The filters shown have 
a -3 dB bandwidth of 1 MHz, adequate attenuation of 
the 8.8 MHz component, and sufficient attenuation of 
the 4.4 MHz component to give less than 4 Vp-p ampli­
tude at the picture tube cathodes. 

S_ G-Y signal output (see pin 4)_ 

6_ Positive" supply_ The maximum allowable voltage on 
this pin is 13.2V. 

7. B-Y signal output isee pin 4).,' 

8. B-Y subcarrier reference input_ The requ irements here 
are identical with those for pin 2. . 

9_, DC level' setting for B-Y output signal. This is a 
"common 'adjustment" which controls all three output 
dc levels together. 

10_ Chro1'linance !JoY input signal. An input sign,al of 
approximately 3So' mVp-p (color bars) is required at 
this pin. The input resistance is greater than 800n and 
the input capacitance is less than 10 pF. The spread in 
gain of' the internal circuitry in the chrominance channel 
is ±10% maximum. 

11_ DC level setting for G-Y output signal. This adjusts 
the G-Y output dc level relative to the B-Y dc level. 

12. DC level setting for R-Y output signal. This adjusts 
the R-Y output dc level relative to the B-Y dc level. 

13. Chrominance R-Y input signal. An input signal of 
approximately SOO mVp-p (color bars) is required at 
this pin. The input impedance and spread in gain is the 
same as for pin 9. 

14. Line pulse input (flip-flop synchronizing). A wave­
form derived from the line timebase can be used for 
synchronizing providing that its amplitude lies between 
2V and SVp-p_ The trigger point occurs where the' 
negative-going edge crosses approximately +O.SV. Prior 
to this sufficient current must be supplied to pin 14 to 
turn the input transistor fully on. 

15. N.C. This pin should not be used for external 
connections. 

16_ Negative supply (earth). 
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~National 
~ Semiconductor 
TDA440 Video I F Amplifier 
General Description 
The integrated circuit has the following functions 
incorporated: 3 symmetrical I F (broad band) amplifier 
with first and second regulated stages, controlled color 
carrier demodulator; video post-amplifier with low pass 
response and output independent of supply fluctuations; 
gated AGC section for the I F amplifier; delayed regulated 
output voltage for the tuner pre-stage_ 

Features 

• High gain - high stability 
• Constant input impedance indepedent of AGC 

• Poor noise increase due to AGC action 

• Negative video signal hardly affected by supply 
voltage variations 

Connection and Block Diagrams 
Dual-In-Line Package 

IF INPUT 1 1 

DCFEEDBACK2 2 

GNDl ] 

REGULATING .. 
VOLTAGE FILTER 

TUNER 5 
AGt DRIVE 

TUNERAGC & 
DELAY CONTROL 

GATING PULSE 

PARALLEL CIRCUIT B 
3B.9MHz 

TOP VIEW 

16 IF INPUT 

15 DC fEEDBACK 

14 :~~~l:::L~~ ~ABIL1ZED 
13 T06V) 

Vee 

12 VIDEO OUT'UTPOSITIVE 

11 VIDEO OUTPUT NEGATIVE 

10 WHITE LEVEL ADJUST 

9 PARALLEL CIRCUIT 
ll.9MHl 

Audio, Radio and TV Circuits 

• Minimum RF breakthrough to video outputs 
• Fast AGC action - gating I,argely independent of 

pulse shape and amplitude 

• Very low intermodulation products 
• Minimul11 differential error 
• Positive as well as negative video signal available from 

low impedance outputs 

• Integrated temperature compensating circuit 

• DC output component adjustable (peak white) 

Applications 
• Video I F amplifier for color and monochrome 

television receivers 

Dual-In-Lin. Package, Order Number TDA440 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA440Q 
See NS Package N16C 

VIDEO OUTPUTS 

NEGATIVE' 

11 

-wT 
GATING PULSE 
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Absolute Maximum Ratings 
Vs. Supply Voltage Range (Pin 13) 10to 15V VEXT. External Voltage (Pin 4) 3.2V 
IS. Supply Current of Low Voltage Stabilizer (Pin 14) 50mA Power Dissipation 
Va. Open Loop Voltage (Pin 5) 15V PrOT. TA ~ 55·C 700mW 
Video DC Output Current TJ. Junction Tem~erature 125·C 

la. Positive (Pin 12) 5mA T A. Ambient ~empera~re Range -2SoC to +70°C 
la. Positive (Pin 12) 30mA tSTG. Storage Temperature Range -25·C to +125·C 
10. Negative (Pin 11) 5mA 
la. Negative (Pin 11) 30mA Thermal Resistance 

VW. White Level Control (RW) (Pin 10) -1 to+3V RthJA. Junction Ambient 100·C/w Max 

Electrical Characteristics Vs = 12V, TA = 25°C,' Reference point pin.3 unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vs Supply Voltage Pin 13 10 12 15 V 

IS Supply Current Pin 13 , 15 19 25 mA 

Vs Supply Voltage Pin 14. IS = 40 mA 5.5 5.B 6.4 V 

Va Negative Video DC Output Pin 11 5.5 V 

Voltage 

Va With White Level Adjustable Pins 10 and 11, RW == 00 4.B V 

Rw=O 6.5 V 

Va Peak Black Clamping Level for Pin 11 1.75 1.9 2.15 V 

Negative Video DC Output 

Voltage 

la Output DC Current 

Reference Point Pins 11 and 13 3.2 mA 

Va Positive Video DC Output Pin 12 / 5.6 V 

Voltage 

la Available Tuner Control Current Pin 5 3 4.5 mA 

10 dB after Onset of Tuner 

Control Action (Note 1) 

Vi 'Negative Gating Pulse Pin 7 1.5 3 5 VSS 

-Vq Composite Video Output Level Piri 11 

Va = 5.5V 3.3 VSS 
Va = 6.4V 4.2 VSS 

AAUF) AGC Range 50 56 dB 

BVIDEO Video Bandwidth AVVIDEO = -3 dB B 10 MHz 

AVVIDEO Video Frequency Response Change AAUF) =50dB. BVIDEO=0-5MHz 1.0 2.0 dB 

vi Symmetrical Input Voltage Pins 1-16, -Vq = 3.3 VSS (Pin 11) 100 150 220 p.V 

Maximum I F Voltage Level Pins 11 and 12 

Present at Video Outputs Over f= 38.9 MHz 30 mV 

the Full AGe Range f = 17.8 MHz (2. Harm) 50 mV 

Sound IF Voltage Level Present Pin 12. f = 5.S MHz. BTITT = 30 dB 30 mV 

at Video Outputs with Selective 

Circuit 

d Differential Gain of Negative 15 % 
Compo Video Output Signal. for 

Full Black to White Swing 

aiM Suppression of Sound Carrier! 40 dB 

ColorSubcarrier IP (1.07 MHz) 

with Respect to Color Subcarrier 

Level 

Picture Carrier ·0 dB 

I F Color Subcarrier Level -6 dB 

I F Sound Carrier Level -24 dB 

Input Impedance 

Reference Point Pin 16 

Ri AUF) Ma. Pin 1 1.4 kU 

Cj 2 pF 

Ri AUF) Min Pin 1 1.4 kU 

Ci 1.9 pF 

Not. 1: On request ~ 7 mA 
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Test Circuit 

Vi Vs 

~~ 
4.7 nF 25pF 

3.3nF 

VIOEO OUTPUTS 

'POSITIVE NEGATIVE' 

1D"F~ 

lOA44D 

TUNER 

11 

- ---, 
CONTROL 

3hF o <:2Dk 

-vv-t-_..J 
GATING PULSE 

Note. Supply voltage must be disconnected before inserting the integrated circuit in the socket. 

Typical Application 

Improved Tank Circuit to Reduce Audio Interference and Chroma Beat 

T 

47 pF 38.9 MHz 

C = Parasitic capacitance at pins 
8 and 9 should be kept minimum 

Cs = 6-10 pF ~- series capacitance 

fo = 38.9-(1.8-2.75) MHz"':,e,ie, 
resonance frequency 

RS = 1.8-3.3 kn - series resonance 
damping determine the tuning 
characteristics 

22pF 

Le., AS = 2.4 kn tuning range, f = 3 MHz 
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~National . 
~ Semiconductor 

Audio, Radio and TV Circuits 

TDA2522 Color Demodulation Combination 
General Description 
The TDA2522 is an integrated synchronous demodulator 
combination for color television receivers incorporating 
the following features. 

Features 
• 8.8 MHz oscillator followed by a divider giving two 

4.4 M Hz signals used as reference signals 
• Keyed burst phase comparison for optimum noise 

behavior 

Connection Diagram 
. Dual-In-Line Package 

8-Y OUTPUT 

G-V OUTPUT 

R-V OUTPUT 

GND 

8-V CHROMA I/P 

R-V CHROMA I/P 

ose lOOP FILTER 

OSClDOPflLTER 

TOP VIEW 

Block Diagram 

16 KilLER DELAY 
CAPACITOR 

15 SAND CASTlE PULSE 

14 Ace CAPACITOR (2) 

1:1 AceO/P 

12 Ace CAPACITOR {II 

11 SUPPLY 

" OSCfDBK 

9 DSCFDBK 

• ACC detector and amplifier 

• A color killer 
• Two synchronous demodulators for the (B·Y) and 

(R-Y) signals 
• Temperature compensated emitter follower outputs 

• PAL switch and PAL flip·flop with internal identifi­
cation 

• Integrated capacitors in the symmetrical demodu­
lators reduce unwanted carrier-signals at the outputs 

Dual·ln·Line Package, Order Number TDA2522 
See NS Package N16A 

Quad·ln·Line Package, Order Number TDA2522Q 
See NS Package N16C 

CH~~~~~~~~~ ________________________ ~~ ______ ~ 
(B-vl 

" 
BURST GATING AND 
BLANKING PULSE 

14 

13 

IS IZ 
COLOR KILLER 

SWITCH ON 
DELAY 

':t: ACC 

BLANKING 

BLANKING (R-vl 

TDA2622 

" 

':t: ':t: 
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AbsQlute, Maximum Ratings 

V11-4, Supply Voltage 14V 
"TOT, Total Power Dissipation (Note 3) 600mW 
TSTG, Storage Temperature -20°Cto+125°C . , 

T A, Operating Ambient Temperature -20°C to +60°C 

Electrical Characteristics Vll-4 = 12V;TA = 25°<:; 

" PARAMETER MIN TYP MAX UNITS 

Supply Current 40 mA 

Demodulator Section 

Vl-4 
Ratio of Demodulator Signals 

B-Y/R-Y, V3-4 , 1.78 

V2-4 
(Note 1) G-Y/R-Y, V3-4 0,85 

V2-4 
G-Y/R-Y, V3-4 (Note 2) 0,17 

Color Difference Output Signals, Peak-to-Peak 

Values 

R-Y, V3-4 (p-p) 2.40 V 
G-Y, V2-4 (p-p) i 

1,3!i V 
B-Y, Vl-4 (p-p) 3,00 V 

Impedance of Color Difference Signal Outputs 

IZ3-41 250 Q 

IZ2-41 250 Q 

IZl-41 250 Q 

HI2 Ripple at R-Y Output (Peak-to-Peak Value) 10 mV 

V15-4 Burst Keying Pulse (Positive-Going) 1,5 V 
Chrominance Input Signal (Including Burst) 

Peak-to-Peak Value 

R-Y, V6-4 500 mV 
B-Y, V5-4 .350 mV 

Reference Section 

, Phase Difference Between Reference Burst Signals -5 5 Oeg, 

for ±400 Hz Deviation of Crystal Frequency 

Holding Range with Typical Crystal ±500 Hz 
~ 

V13-4 ACC Reference Voltage 7 V 
ACC Voltage with 0:5V Peak-to-Peak Burst 

V14-4 At Correct Phase .5,5 V 
V14-4 With Zero Burst 7,0 V 
V12-4 ACC Amplifier Output with 0,5V Peak-to-Peak 1.5 V 

Burst of Correct Phase 

RG-F Oscillator Input Resistance 270 n 
RH-F Oscillator Output Resistance 200 - Q 

Note 1: The demodulators are driven by a chrominance signal of equal amplitude for the (R-Y) and the (B-Y) components_ The phase of the 
(R-Y) chromlnance signal equals the phase of the (R-Y) reference signal, The same holds for the (B-Y) signals, 
Note 2: As under note 1, but the phase of the (R-Y) reference signal reversed. 

Note 3: For ~operation in ambient temperatures above 25° C, the device must be derated based on a 15cf C maximum junction temperature and a 
thermal resistance of 17SoC/W junction to ambient. 
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~National Audio, Radio and TV Circuits 
~ Semiconductor 

TDA2530, TDA2531 R·G·B Matrix Preamplifiers With 
Clamps 

General Description 

The TDA2530, TDA2531 are integrated R-G-B matrix. 
preamplifiers for ·color television receivers, incorpor­
ating a matrix 'preamplifier for R-G-B cathode drive 
of the picture tube with clamping circuits. The TDA2531 
has an emitter drive circuit while the TDA2530 has a 
base driver amplifier. Also, each channel follows an 
identical layout to ensure equal frequency behavior of 
the 3 channels. 

Connection Diagram 

This integrated circuit has been designed to' be driven 
from the TDA2522 synchronous demodulator and 
oscillator integrated circuit. 

The device is also available in a zig-zag quad-in-line 
package, this version being denoted by the suffix Q, 
i.e., TDA2530Q. I ' 

Dual-In-Line Package 

Reference Data 

LUMA SIGNAL liP..!. . 

-IR-YIINPUT 2-

RED DRIVE ADJUST.2. 

-IG-YIINPUT..! 

GREEN DRIVE ADJUST 2-
6 

-(B·Y) INPUT-

BLUE DRIVE ADJUST.2.. 

CLAMP PULSE liP..!. 

u 

TOP VIEW 
, . 

~GND 

~ RED SIGNAL FEEDBACK 

~REDDIP 

rE- GREEN SIGNAL FEEDBACK 

~GREENOIP 

.!.!. BLUE SIGNAL FEEDBACK 

~BLUED/P 

1-SUPPLY 

Dual-In-Line Package, Order Number TDA2530 or TDA2531 
Sea NS Package N16A 

Quad-In-Line Package, Order Number TDA2530Q or TDA2531Q 
Sae NS Package N16C 

Supp,ly Voltage (Nominal) 
Operating Ambient Temperature Range 
Gain.of Luminance and Color-Difference 
Channels (Typ!cal) 
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Absolute, Maximum Ratings 

Supply Voltage (V8-6 Maximum) 
Storage Temperature, TSTG 
Operating Ambient Temperature, T A 

13.2V 
-25°C to +125°C 

, -25°C to +60°C 

Electrical Characteristics V8-6;' 12V, Vl-16 = 1.5V, TA = 25°C 

PARAMETER CONDITIONS MIN .TVP MAX UNIT,S 

Gain of Color Channels (B·Y; G-Y; R-Y) 

at f = 0.5 MHz (Note 1) 

Ratio of Gain of Luminance Amplifier to 

Color Ampl ifiers 

Input Resistance of Color Difference 

Amplifiers at f = 1 kHz 

I nput Resistance of Luminance Amplifier 

at f = 1 kHz 

G2-16 

G4-16 

G6-16 

R2-6 

R3-6 

R4-6 

R5-6 

100 

100 

100 

0.9 1.1 

100 

100 

100 

100 

Note 1: G is defined as the voltage ratio between the input signals at the pins 2,4 and 6 and the o",tput signals at the collectors of the output trans· 
istars. 

Pin Function Description 

1. Luminance signal input. A 1 V black to white posi­
tive-going luminance input signal is required. Blanking 
level should be at 1.5V and black level at 1. 7V. 

2. -(R-VI input signal- The input signal is required to 
be AC coupled from a low impedance source such as 
the TDA2522. The coupling capacitor also acts as a 
clamp capacitor for the TDA2530 red output. As the 
color difference input impedance is at least 100 kn, 
low value coupling capacitors may be used. 

3_ Red drive adjustment. A gain variation of the red 
channel of at least ±3 dB about the typical, is obtained 
as the DC potential at this pin is varied by ±5V about 
the typical of 5V. If no connection is made to a gain 
controlling pin the channel concerned assumes the 
typical gain. 

4. -(G-V) input signal (see pin 21. 

5. Green drive adjustment (see pin 3). 

6. -(B-V) in'put signal (see pin 21_ 

7. Blue drive adjustnient (see pin 31. 

S. Clamp pulse input. A positive-going line pulse input 
is required and the pulse should exceed a threshold DC 
level set by the TDA2530 of 7V. An input current of 
about 1 mA is required. 

9. Positive 12V supply. 

10. Blue signal output. As far as video output stage 
drive is concerned, there are 2 possible drive modes 
from the output signal pins of the TDA2530. These are: 

a. Type A, output stage base drive, (TDA2530). 
b. Type B, output stage emitter drive, (TDA2531). 

11. Blue signal feedback. The signal gain of both the 
video output stages and IC amplifier are stabilized by 
the feedback circu'its. DC clamping is achieved by 
sampling of the feedback level during blanking_ The 
black level potentials at the collectors of the video 
output stages may be varied independently by adjustable 
DC current sources applied to the feedback input pins. 
The DC levels at these pins are such that the feedback 
resistor and a .resistor network between the 12V supply 
and ea.rth provide a potential of 6V during blanking. 

'12. Green signal output (see pin 10). 

13. Green signal feedback (see pin 11 I. 

14. Red signal output (see pin 101. 

15. Red signal feedback (see pin 111. 

16. Negative supply (earth). 
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Application Information (Peripheral Circuitry) 
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Note 1: Attention should be given to earth paths, avoiding common impedances betwen the input (decoder) side and the output stages. 
Note 2: Printed track area connected to the feedback pins sho~ld be kept to a minimum. 
Note 3: To ensure a matched performance of the video output stages, a symmetrical layout of the 3 stages should be employed. 
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~National ' 
~ Semiconductor 

Audio, Radio' and TV Circuits 

TDA2560 Luminance and Chrominance Control 
Combination 

General Description 

The TDA2560 is a monolithic integrated circ'uit for use 
in decoding systems of color television receivers. The 
circuit ,consists of a luminance and chrominance 'ampli· 
fier. The luminance amplifier has a low input impedance 
so that matching of the luminance delay line is very 
easy. 

Features 

• DC contrast control 
• Brightness control 

• Black level clamp 

Connection Diagram 

• Blanking 
• Additional video output with positive-going sync 

The chrominance amplifier comprises: 

'. Gain controlled amplifier 
• Chrominance gain control tracked with contrast 

control 

• Separate DC saturation control 
• Combined chroma and burst output, burst signal, 

amplitude not affected by contrast and saturation 
control 

• The delay line can directly be driven by the IC 

Dual-In-Line Package 

CHROMA liP (1) ..!. 

CHROMA liP (2) .1. 

ACC liP 2-

CHROMA SAT CONTROL ...! 

GND ...! 

CHROMAIBURST DIP ..!!. 
SANDCASTLE PULSE.2. 

SUPPLY..!. 

u 

TOP VIEW 

~ DC CONTRAST CONTROL 

r!!- LUMA DIP (+VE SYNC) 

~LUMAIIP 

~ LUMA GAIN SET 

~ BLACK LEVEL CLAMP 

r!l- BRIGHTNESS CONTRelL 

~ LUMA DIP (-VE SYNC) 

rL FL ~BACK BLANK 

Dual·ln-Line Package, Order Number TDA2560 
Sae NS Package N16A 

Quad·ln·Line Package, Order Number TDA2560Q 
See NS Package N16C 
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Absolute Maximum Ratings 
VB-5, Supply Voltage 14V 
TSTG, Storage Temperature -55°C to +125°C 

T A, Operating Ambient Temperature -25°C to +70°C 

Electrical Characteristics 
PARAMETER MIN TYP MAX UNITS 

VS-5 Supply Voltage Range ·9 12 14 V 

IS Supply Current 46 mA 

VS-5 (p.p) Allowable Hum on Supply Line (Peak-to-Peak Value) 100 mA 

The following data are measured at VS = 12V, TA = 25°C 

Luminance Amplifier 

IR(p-p) Input Current; Black-to-White Level (Peak-to-Peak Value) ·0.2 mA 

III Input Impedance 75 n 
Gain (pin 01. (Note 1) 

V6-5 Burst Signal (Peak-to-Peak Value) 6 V 

Contrast Control Range 20 dB 

Vl1 Brightness Control Range (Black Level) 1 3 V 

Black Level StabilitY When Changing Contrast, ±20 mV 

Video Cont.nts and Temperature 

B Bandwidth (-3 dB) 5 MHz 

V15-5 Output Voltage (Additional; Positive-Going Sync) 3.4 V 

Peak-to-Peak Value 

, V7-5 Black Level Clall)p Pulse (Note 2) 6 V 

Blanking Pulse (Note 3) 

\1.9 At OV at the Output 2 V 

V9 At 1.5V at the Output 5 V 

Chrominance Amplifier 

Vl-2 (p-p) Input Signal Range (Peak-to-Peak Value) 4 SO mV 

V6-5 (p-p) Obtainable Chrominance Output Signal (Note 4) 2 

Peak-to-Peak Value 

Ratio of Burst and Chrominance at Nominal 

Contrast and Saturation, (Note 5) 

V3-5 ACC Starting Voltage (Note 6) 1.2 V 

ACC Range 30 dB 

Tracking with Contrast Control (10 dB Control) -1 1 dB 

Saturation Control Range 20 dB 

V7-5 Burst Gate Pulse (Note 2) 1.5 V 

SIN Signal to Noise Ratio at Nominal Input Voltage 50 dB 

Phase of Burst to Chrominance -5 5 Deg. 

Note 1: The gain of the luminance amplifier can be adjusted. by setting the gain of the contrast control circuit by selection of discrete resistor RG 
(see also circuits on pages xx and xx). This circuit configuration has been chosen to reduce the spread of the gain to a minimum (main cause of 
spread is now the spread of the ratio of the delay line matching resistors and the resistor RG). At RG = 2.7 kG the output voltage at nominal 
contrast (maximum - 3 dB) is 3V black to white_· 
Note 2: This pin (7) is used for burst gate and black level clamping. The latter function is actuated at a 6\1 level. The input pulse :nust have such 
an amplitude that the clamping circuit is active only during the back porch of the blanking interval. The burst gate. which switches the gain of the 
chroma amplifier to maximum during the flyback time, is actuated at a 1.5V level. 
Note 3: This pin (9) is used for blanking the luminance amplifier. When the input pulse exceeds the 2V level the output signal is blanked to a 
level of about OV. When the input exceeds a SV level, a fixed level of about 1.SV is available at the output. This level can be used for clamping 
purposes. 

'Note 4: The chrominance and burst signal are both available on this pin (6). The burst signal is not affected by the contrast and saturation control 
and is kept constant by the ACC circuit of the TDA2522. The output signal amplitude is, therefore, determined by the losses in the delay line. 
At nominal contrast and saturation setting. the burst to chrominance ratio at the' output is typically identical to the 'ratio at the input. 
Note 5: NorpinaJ contrast is specified as maximum contrast -3 dB. Nominal saturation is specified as maximum saturation -6 dB. 
Note 6: A negative-going control voltage gives a decrease in gain. 
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'Block Diagram 
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Application Information 
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~National 
~ Semiconductor 

Audio, Radio and TV Circuits 

TDA2590 Line Oscillator Combination 

General Description 

The TDA2590 is an integrated line oscillator circuit for 
color tele'vision receivers using thyristor or transistor 
line deflection output stages. 

Features 

• Line oscillator based on the threshold switching 
principle 

• Phase comparison between sync pulse and oscillator 
voltage 

• Phase comparison between line fly back pulse and 
oscillator voltage 

• Switch for changing the filter characteristic and the 
gate circuit (when used for VCR) 

• Coincidence detector 
• Sync separator 
• Noise separator 
• Vertical sync separator 
• Color burst keying an!! line fly back blanking pulse 

generator 

• Phase shifter for the output pulse 
• Output pulse duration switching 
• Output stage for direct drive of thyristor deflection 

circuits 

Reference Data 

Connection Diagram 

Dual·ln·Line Package 

SUPPLV..!. 

.2. 

LINE TRIGGER 2. 

PULSE DU:r~~=.! 
PHASE COMPARISON (I)..! 

LINE FLYBACK..!. 

BURST GATE/BLANKING..! 

VERTICAlp~i~~ ..! 

v 

TOP VIEW 

~GND 

~!) 
~J OSCILLATOR 

~ PHASE COMPARISON (21 

r!!. TIME CONSTANT SWITCH 

r!!-VCRSWITCH 

r!!- NOISE SEPARATOR 

f-VIDEOIIP 

Dual·ln·Line Package, Order Number TDA2590 
Sa. NS Package N16A 

Quad·ln·Line Package, Order Number TDA2590Q 
See NS Package N16C 

PARAMETERS MIN TVP MAX UNITS 

VI-16 Supply Voltage 12 V 

11 Supply Current 30 mA 

I nput Signals 
V9-16 (p.p) Sync Separator Input Voltage (Peak·to·Peak Value) 3 V 
Vl0-16 (p.p) Noise Separator Input Voltage (Peak·to·Peak 'Value) 3 V 

Pulse Duration Switch Input Voltage 

V4-16 t=6J{s 8.2 13.2 V 
V4-16 t = 24 J{S + td \ 0 4.0 V 
V11-16 Voltage for Switching on VCR 9 12 V 

0 1.5 V 

Output Signals 
V8-16 (p.p) Vertical Sync Output 'Pulse (Peak·to·Peak Value) 11 V 
V7-16 (p.p) Burst Gating Output Pulse (Peak·to·Peak Value) II V 
V3-16 (p.p) Line Trigger Pulse (Peak·to·Peak Value) 10.5 V 
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Absolute Maximum Ratings 
Voltages 
Vl-16, Supply Voltage at Pin 1 (When Supplied 13.2V 14- Pin 4 Current lmA 

by the IC) ±16, Pin 6 Current 10mA 
V2-16, Supply Voltage at Pin 2 18V 17. Pin 7 Current 10mA 
V4-16. Pin 4 Voltage o to 13.2V 111. Pin 11 Current 2mA 
V9-16, Pin 9 Voltage -6 to +6V Power Di~sipation 
V 10-16, Pin 10 Voltage -6,to +6V PTOT' Total Power Dissipation (Note 6) 715mW 
Vll-16, Pin 11 Voltage Oto 13,2V Temperatures 
Currents TSTG. Storage Temperature -20°C to +12SoC 

12M, Pin 2 Current (Peak Value) 400mA T A. Operating Ambient Temperature -20°C to +60°C 

13M, Pin 3 Current (Peak Value) 400mA 

Electrical Characteristics Vl-16= 12V;TA=25°C 

PARAMETER I MIN I TYP I MAX I UNITS 

REQUIRED INPUT SIGNALS 

Sy~c Separator 

V9-16 Input Switching Voltage O.B, V 

19 Input Switching Current 5 100 p.A 

'19 Input Blocking Current at V9-16 = -;5V '<1 p.A 

Noise Separator 

Vl'0-16 Input Keying Voltage 1.0 V 

Vl0-16 Input Switching'Voltage 1.4 V 

110 Input Keying Current 5 100 p.A 

110 Input S~itc/1ing Current 150 p.A 

110 Input Blocking Current at Vl0-16 = -5V <1 p.A 

Line Flyback Pulse 

16 I nput Current >10 p.A 

V6-16 Input Switching Voltage O.B V 

V6-16 Input Limiting Voltage --0.7 1.4 V 

R6-16 I nput Resistance 0.4 kO 

Pulse Duration Switch 

For t = 6 p.s 

V4-16 Input Voltage B.2 13.2 V 

14 Input Current >200 p.A 

For t = 24 p.s + td 

V4-16 Input Voltage 0 4.0 V' 

--;14 Input Current >200 p.A 

For t = 0; V4-16 = 0 

V4-16 Input Voltage, (Note 1) 6.0 V 

14 Input Current (Input Open) 0 p.A 

Switching on VCR 

Vll-16 Input Voltage, (Note 2) 0 1.5 V 

Vll-16 9 13.2 V 

-111 I nput Current, (Note 2) >200 p.A 

111 1 2 mA 

DELIVERED OUTPUT SIGNALS 

Vertical Sync Pulse (Positive-Going) 

VB-16 (p.p) Output Voltage (Peak-to-Peak Value) 10 11 V 

RB Output Resistance 5 kO 

Burst Gating Pulse (Positive-Going) 

V7-16 Output Voltage (Peak-to·Peak Value) 10 11 V 

R7 Output Resistance 0.4 kO 
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Electrical Characteristics (Continued) 

PARAMETER I MIN I TVP I MAX I UNITS 

DELIVERED OUTPUT SIGNALS (CONTINUED) 

Blanking Pulse 

V7-16 (p-p) Output Voltage (Peak-to-Peak Value) 3.0 V 

R7 Output Resistance 0.4 kn 

Line Trigger Pulse (Positive-Going) 

V3-16 (p-p) Output Voltage (Peak-to-Peak Value) 10.5 V 

13(AV) Output Current (Average Value), (Note 3) 100 mA 

R3-16 Output Resistance for Leading Edge of Line Pulse 2.5 n 

R3-16 Output Resistance for Trailing Edge of Line Pulse' 20 n 

Oscillator 

V14-16 Threshold Voltage Low Level 4.4 V 

V14-16 Threshold Voltage High Level 7.6 V 

±114 Discharge Current 0.47 mA 

V15-16 Current Source Supply Voltage 6.0 V 

-115 Current Source Supply Current 0.5 mA 

Phase Comparison (t/l1; Sync Pulse-Oscillator) 

V13-16 Control Voltage Range 3.B B.2 V 

±113M Control Current (Peak Value) 1.9 2.1 2.3 mA 

113 Output Blocking Current_ 

AtV13-16=4-BV 1 p.A 

Output Resistance 

At V13-16 = 4-BV,'High Ohmic (Note4) 

At V13-16 < 3_BV or> B.2V, Low Ohmic, 

(Note 5) 

Time Constant Switch 

V12-16 Output Voltage 6 V 

±112 Output Current 1 mA 

Output Resistance 

R12-16 AtV11-16=2.5t07V 0.1 kn 

R12-16 At Vll-16 < lo5V or> 9V 60 kn. 

Coincidence Detector (</>3) 

V11-16 Output Voltage 0.5 6 V 

Output Current (Peak Value) 

111M Without Coincidence 0.1 mA 

-111M With Coincidence 0.5 mA 

Phase Comparison (</>2; Oscillator-Line 

Flyback Pulse) 

V5-16 Control Voltage Range 5.4 7.6 V 

tl5 Control Current (Peak ValulI) l' mA 

Output (Input) Resistance 

At V5-16 = 5.4 to 7.6V,High Ohmic, 

(Note 4) 

R5-16 At V5-16 < 5.4V or> 7.6V B kn 

Input Current at Blocked Phase Detector 

15 V5-16 = 6.5V 5 p.A 

Note 1: Can also be not connected. 
Not. 2: When supplied by the IC. 
Note 3: Higher values are allowed when red4cin9 Ptot . 
Note 4: Current source. 
Note 5: Emitter foilo'!Wr. 
Note 6: For operation in ambient teml?eratures above 25° C, the device must be derated based on a 1500 C maximu", junction temperature and a 
thermal resistance of 17fi'C/W junction to ambient. . 

,. 
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Applications Information .. 

, 

PARAMETER MIN TYP MAX UNITS 

Sync Separator 

V9-16 (p.p) Input Voltage (Without Video; Peak·to·Peak Value) 1 3 7 V 

19 Input Keying Control 100 p.A 

Noise Signal Keying 

Vl0-16 (p.p) Input Voltage (Without Video; Peak·to·Peak Value) 1 3 7 V 

110 I nput Keying Current 100 p.A 

Vn(p·p) Superimposed Noise Voltage (Peak·to·Peak Value) 7 V 

Vertical Sync Pulse Separator 

tON Delay Between Leading Edge of Input and Output· 12 p.s 

Signal 

!OFF Delay Between Trailing Edge"of Input and Output tON p.s 

Signal 

. V8-16 (p.p) Output Voltage (Peak·to·Peak Value) 11 .V 

RB-16 Output Resistance 5 kn 

Oscillator 

fo Frequency; Free Running (C14-6 = 4.7 nF, 15.625 kHz 

R15-16= 12kn) 

Ato/fo Spread of Frequency, (Note 1) <±5 % 

ll.folll.115 Frequency Control Sensitivity 31 Hzlp.A 

Ato/fo Adjustment Range of Network in Figure 1 ±'1O % 

ll.fo/fo Influence of Supply Voltage on Frequency at 
5 % 

ll.VIVTYP Vl-16= 12V, (Note 1) 

Ato Change of Frequency when Vl-16 Drops to 4V 10 % 

Phase Comparison (<1>1; Sync Pulse·Oscillator) 

Control SensitiVity 2 kHzlp.s 

Spread of Control Sensitivity, (Note 1) ±10 % 
At Catching and Holding Range (82 kn) ±7BO Hz 
ll.f/f Spread of Catching and Holding Range, (Note 1) ±10 % 

Phase Comparison (<1>2; Oscillator· Line Flyback Pulse) 

td Permissible Delay Between Leading Edge of Output 15 p.s 

Pulse and Leading Edge of Flyback Pulse 

ll.t/ll.td Static Control Error <0.2 % 

Overall Phase Relation 

t Phase Relation Between Middle of Sync Puls.e and 2.6 p.s 
the Middle of the Flyback Pulse 

Ill.tl Tolerance of Phase Relation 0.7 p.s 

Adjustment Sensitivity, Caused By: (Note 2) 

ll.V5-16/ll.t Adjustment Voltage 0.1 V/p.s 
ll.15/At Adjustment Current 30 p.A/p.s 

Spread of Adjustment Current, (Note 1) <10 % 

Burst Gating Pulse 

t Phase Relation Between Middle of Sync Pulse at 5.B 6.75 7.7 p.s 

the Input and the Trailing Edge of the Burst 

Gating Pulse; V7 -16 = 7V 

t7 Burst Gating Pulse Duration 5 p.s 
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Applicati.ons Information (Continued) 

PARAMETER MIN TYP MAX UNITS 

Line Trigger Pulse 

Output Pulse Duration 

tp At V4-16> B.2V 4.5 6 7.5 !1S 

tp At V4-16<4V 24+td !1S 
Vl-16 Supply Voltage for Switching Off the Output Pulse 4 V 

Internal Gating Pulse 

tp Pulse Duration 7.5 !1S 
Time Between Leading Edge of the Gating Pulse >2.75 !1S 

and the Middle of the Sync Pulse 3.75 !1s 

Time Between Trailing Edge of the Gating Pulse >2.75 !1S 
and the Middle of the Sync Pulse 3.75 !1S 

Note 1: Exclusive external components tolerances. 
Note 2: The adjustment of the overall phase relation and consequently the leading edge of the output pulse occurs automatically by phase control 
cP2. The values beyond this point count if additional adjustment is required. 

VERTICAL SYNC 
PULSE 

llV-II, 

Ov-.J ,L 

VIDEO INPUT 

~ l.Sk 

BURST GATING AND 
BLANKING PULSE 

llVA 3V-' 

OV-

VC~ I (ORT01ZVJ 

PULSE DURATION 
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LINE FLYBACK 
PULSE 

TOAlS90 

FIGURE 1 
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~National 
~ Semiconduclpr 

Transistorl Diode Arrays 

LM194/LM394 Supermatch Pair 
General Description 
The LM194 and LM394 are junction isolated ultra 
well-matched monolithic NPN transistor pairs with an 
order of magnitude improvement in matching over con­
ventional transistor pairs_ This was accomplished by 
advanced linear processing and a unique new device 
structure. 

Electrical characteristics of these devices such as drift. 
versus initial offset voltage, noise, and the exponential 
relationship of base-emitter voltage to collector current 
closely approach those of a theoretical transistor. Extr.in­
sic emitter and base resistances are much lower than 
presently available pairs, either lTlonolithic or discrete, 
giving extremely low noise and theoretical operation over 
a wide current range. Most parameters are guaranteed 

. over a current range of lilA to 1 mA and OV up to 40V 
'collector-base yoltage, ensuring superior performance 
in nearly. all applications. 

To guarantee long term stability of matching parameters, 
internal clamp diodes have been added across the emitter­
base junction of each transistor. These prevent degrada­
tion due to reverse biased emitter current-the most 
common cause of field failures in matched devices. The 
parasitic isolation junction formed by the diodes also 
clamps the substrate region to the most negative e~itter 
to ensure complete isolation between devices. 

Typical Applications 

Low Cost Accurate Square Root Circuit 
lOUT = 10-5 - ,jiOVjjij" 

-15V 
REGULATED 

The LM194 and LM394 will provide a considerable im­
provement in performance in most applications requiring 
a closely matched 'transistor pair. In many cases, trim­
ming cim be eliminated entirely, improving reliability 
and decreasing costs. Additionally, the low noise .and 
high gain make this device attractive even where match­
ing is not critical. 

The LMl94 and LM394/LM394B/LM394C are available 
in an isolated header 6-lead TO-5 metal can package. 
The LM194 is identical to the LM394 except for tighter 
electrical specifications and wider temperature range. 

Features 
• Emitter-base voltage matched to 50llV 

• Offset voltage drift less than O.lIlV I"c 
• Current gain (h FE ) matched to 2% 

• Common-mode rejection ratio greater than 120 dB 

• Parameters guaranteed over lilA to 1 mA collector 
current 

• Extremely low noise 
• Superior logging characteristics compared to conven-

tional pairs . 

• Plug-in replacement for presently available devices 

Low Cost Accurate Squaring Circuit 
lOUT = 10-6 (VINI2 . 

INPUT 
D~VIN::::""DV 

30pF 

-Trim for full scale accuracy 
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Absolute Maximum Ratings 
Collector Current 20mA 
Collector-Emitter Voltage VMAX 
Collector-Emitter Voltage 40V 

LM394C 20V 
Collector-Base Voltage 40V 

LM394C 20V 
Collector-Substrate Voltage 40V 

LM394C 20V 

Electrical Characteristics (TJ = 25°C) 

-

Collector-Collector Voltage 
LM394C 

Base-Emitter Current 
Power Dissipation 
Junction Temperature 

LM194 • 

LM394/t.:M394B/LM394C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

40V 
20V 

±10mA 
500mW 

-55°C to +125°C 
-25° C to +85° C 

-65'C to +150°C 
300°C 

PARAMETER 
LMl94 LM394 ' LM394B/LM394C 

Current Gain (h FE ) 

Curren,t Gain Match (hFE Matcli) 

"" 100 [.6.IB J [hFEIMINd 

Ic 

Emitter·Base Offset'Voltage 

Change in Emitter-Base Offset 

Voltage vs Collector-Base 

Voltage ICMRR) 

Change in Emitter-Base Offset 

Voltage vs Collector Current 

Emitter-Base Offset Voltage 

Temperature Drift 

Logging Conformity 

Collector-Base Leakage 

Collector-Collector leakage 

Input Voltage Noise 

Collector to Emitter Saturation 

Voltage 

CONOITIONS 

Ves "" OV tOYMAX (Note 1) 

Ie:::: 1 rnA 

Ic = 100#A 
Ic = 10#A 
Ie = l#A 

Ves :::: OV to VMAX 

Ie:::: 10.uA to 1 rnA 

Ic=WA 

Ves "" 0 
Ie:::: lp.Ato 1 rnA 

(Note 1) 

Ie "" 1J,lA to 1 rnA, 

Vcs '" OV to VMAX 

Vce = OV. 

Ic = lJ.1.A to 0.3 rnA 

Ie '" 10p.A to ,1 rnA (Note 2) 

le1 = IC2 

Vas Trimmed to 0 at 25Q C 

Ic '" 3 nA to 300.uA. V CB =0. 

(Note 31 

Vce =VMAX 

Vee =VMAX 

Ie = l00p.A, Ves '" av, 
f = 100 Hz to 100 kHz 

Ic:: 1 rnA, Is = 10,uA 

Ie = 1 rnA, 18 "" 100J.l.A 

MIN TYP 

500 700 
400 550 
300 450 
200 300 

0.5 
1.0 

25 

10 

5 

0.08 
0.03 

150 

0.05 

0.1 

1.8 

0,2 

0.1 

MAX MIN TYP MAX MIN 

300 700 225 
250 550 200 
200 450 150 
IsO 300 100 

2 0.5 4 

1.0 

50 25 150 

25 10 50 

25 5 50 

0.3 0.08 1.0 
0.1 0.03 0,3 

150 

'0.25 0.05 0.5 

2.0 0.1 5.0 

1.8 

0.2 

0.1 

Note 1: Coliector.IJase voltage is swept from 0 to VMAX at a collector current of 11lA, 10llA, l00IlA, and 1 mAo 

UNITS 
TYP 'MAX 

,500 

400 
300 
200 

1.0 5 
2.0 

50 200 

10 100 #V 

50 #V 

0.2 1.5 #vl"c 
0.,03 0.5 #vl"c 

150 #V 

0.05 0.5 nA 

0.1 5.0 nA 

1.8 nV/$. 
,. 

0.2 V 

0.1 V 

Note 2: Offset voltage dnft with Vas:::: 0 at T A = 2SoC 15 valid only V'''''len the ratio of lel to IC2 is adjusted to .give the initial zero offset. This 
ratio must be h~ld to within 0.003% over the entire temperature range. Measurements taken at +2Sc C and temperature extremes. 
Note 3: Logging conformity is measured by computing the best fit to a true exponential and expressing the error as a base-emitter voltage 
deviation. 

Typical Applications (Continued) 

I" 

V'N 

Fast, Accurate Logging Amplifier, VIN = 10V to 0.1 mV or liN = 1 mA to 10 nA 

., ,,. 
" 

"..L 
1000pF-r-

,-------------------------1-"M..-vntF 

R1 R4* 

1k ,.. 1-- ..... 6 
L ____ lY" U.U94 ~~ CJ 

l'J... V'.' \ T J"" I '''L-.2 ,-==-~/ '!./ ± r-i.--
'00"" ~ ____ ~ __ ~~~~ __ ~1~~6<~~rL 

11·2 

" 151h 
1% 

~3 

'Tel Labs type QSl +0.3%I"C 

, (VIN) VOUT = -109l0 
VREF 

'6 
10k 
1% 



Typical Applications (Continued) 

t . 

INPUT 

+ 

Voltage Controlled Variable Gain Amplifier 

'lftV 

"' " 

*RS - R10 and 02 povide a temperature 
independent gain control. 
G = ~336 Vl IdB) 

v' 

f" f~· ., . 
HJk v· 

R4 , 

" Jllf 

II, 
so. 

co 
01 

IIlD ,,, 
L..:. __ ......... """.--_"v 

Distortion < 0.1% 
Bandwidth ~ 1 MHz 
100 dB gain range 

Precision Low I:?rift Operational Amplifier 

"' 200k 
01'10 

II, 
1k III 

200k 
01!{. 

11-3 

>' ... ----------3 ..... u OUTPUT 

Common-mode range = t 1 OV 

IBIAS < 25 nA 
lOS < 0.5 nA 
VOS (untrimmed) < 1251'V 
(l,NOS',H) < 0.2I'V('C 
CMRR> 120dB 
AVOL > 2,500,000 

*C = 200 pF for unity gain 
C , 30 pF for AV' = 10 
C = 5 pF for Av = 100 
C = 0 for AV ~ 1000 



Typical Applications (Continued) 

High Accuracy One Quadrant Multiplier/Divider 

(XI INPUT 

R' ... ,% 

R' 2.4M 

GAIN TRIM 

IV) INPUT LJI-""",.... .... '"I 1-'-'~""",....-i..J IZIINPUT 

(X) (y) 
VOUT = ~ ; positive inputs only. 

*Typicallinearity 0.1% 

High Perfonnance Instrumentation Amplifier 

1'""---t---.--o15V 
R1 R2 
BGk aOk 
D.'% 0,'" 

OUTPUT 

Performance Characteristics 

R" 
'" 0.'% 

R" 
2k .,. 

106 
*Gain=-

. RS 

LInearity of Gain (t10V Outputl 
Common-Mode Rejection Ratio 160 Hz) 
Common-Mode Rejection Ratio 11 kHz) 
Power Supply Rejection Ratio 

... Supply 
-Supply 

Bandwidth (-3 pBI 
Slew Rate 

,Offset Voltage Drift·· 
,Common-Mode Input Resistance 
Differential Input Resistance 
Input Referred Nolsa (100 Hz $. f $. 10 kH~) 

Input Bias Current 
Input Offset Current 
Common-Mode Range 
Output Swing (RL'" 10 k!l) 

4+Assumes $. 5 ppmfC tracking of resistors 

11·4 

G -10.000 G" 1.000 

SO.01 SO.Ol 
~ 120 ;:: 120 
:?: 110 ;:: 110 

> 110 >110 
> 110 >110 

50 50 
0.3 0.3 

$. 0.25 
> 109 

:5.0.4 
>109 

>3x108 > 3 x 109 
5 

15 7. 
1.5 1.5 

," ," 
"3 ,,3 

G=1oo 

$.0.02 
;:: 110 
~90 

> 110 
> 90 

50 
0.3 

!>2 
> 109 
> 3 x 108 

12 

,. 
1.5 

," 
'13 

0-10 

SO.05 % 
;::90 dB 
;:: 70 dB 

- > 110 dB 
> 70 dB 

50 kHz 
0.3 V/,.,s 

; ~~g p.vfC 

" > 3x 108 " 70 .!!lL 
,jH, 

7. nA 
1.5 nA 

,'0 V 
"3 V 



Typical Performance Characteristics 

Small Signal Current Gain vs 
Collector Current 

1000 r-T-'-m--r-TTlT"""T""'l-rnrT-'-!"T1 

" ~ ::~;05:l+t-tt-+-t-ttH-+tH 
T. '" 25c C -H*-+-H-IH-+tI.I ~ BOO 

~ ~-H~~~~-H~~~ 
B 600 1-++Hf-+-HJ>..-A-HiH+1-H .. 
~ 400 H'9-Ht-+++It-H-l+H+1-H 

; 200 H+Ht-+++It-H-l+H+1-H 

0.001 0.01 0.1 10 

I 

0.8 

0.6 

U 0.4 

;; 0.2 
.3 

S 
8 -0.2 

:> ' 
.., -0.4 

-0.6 

-0.8 

-I 

Ie - COLLECTOR CURRENT (mAl 

Offset Voltage Drift vs Initial 
Offset Voltage 

./ 
./ 

V 

" 
T. "'25"C 

-200 -100 100 200 

INITIAL OFFSET VOLTAGE (/.IV) 

Small Signal Output Conductance 
vs Collector Current 

.2 0.01 ~:ttlt±i±ltf:j:ttt:t:tj 
0.001 0.01 0.1 10 

Ie - COLLECTOR CURRENT (mAl 

Base Currant Noise vs frequency 
100 

VeE = 5V 

~ 10 
~ 
~ 

~ 

III 1~,-25"C 
III 

'~ 
le=1 mA .... 

z 
~ Ie'" 100/.lA 
~ 
=> 

0.1 u 
I 

Ie'" IO/.lA 

~ 

0.01 
le-l"~-rtt 

0.01 0.1 10 100 

1- FREQUENCV (kHz) 

" ~ .... 
" ~ 
~ 
=> 
u 
u 
c 

~ 

DC Current Gain vs Temperature 
1400 

1200 

1000 

800 

600 

400 

f--Ie 
r'O rnA f 
1-' rnA '- 11/ 
r 'OO"A ......... ~ /. 

r-IO"A~ 
./ 

I--t/.lA 

P' /T 

200 
,. 
;;.... VeE = 5V 

-15 -25 25 15 :. 125 175 

T. -JUNCTION TEMPERATURE rCI 

Base-Emitter On Voltage vs 
Collector Current 

'2 0.7 

" VeE = 5V 

~ T. = 25"C 
> 
~ 0.6 
~ 
w 

~ 
1ll 

,-
a.L.t 0.5 
~ I; 
I 

1;1; ~ 
:: 0.4 

0.001 0.01 0.1 10 

Ie - COLLECTOR CURRENT (mAl 

Collector~Emitter Saturation Voltage 
vs Collector Current 

0.01 
0.001 

Ie '.'.'_~ -rtf!( I. ~ 

Ie = 10 
I. 

IIII 
0.01 0.1 

Ie - COLLECTOR CURRENT (rnA) 

10 

Noise Figure vs Collector Current 

12 ~:::~++"n II~ 1I~:::+~+nn~-VeTE"'."T5T1v'T11f 
111111 

10 1+-1+f+IHlIf.IIII-+-I+IfIHl+ I .1 ' m 
- R,'.' \'~I.I-t+HtlIIII-+++Hllll 
-
-
-

S; 
-
;;;;;; 

0-
0.001 

-

0.01 

IJII'I 

0.1 

Ie - COLLECTOR CURRENT (mAl 

11-5 

~ 
w 
u 

" .. 
to 
~ .... 
=> 

" I 
£ 

~ 

~ 
~ .... 
=> 

" I 
~ 

Unity Gain Frequency (ft ) vs 
Collector Current 

1000 ~~I~~~~~~~m 

0.1 
0.001 0.01 0.1 

Ie - COLLECTOR CURRENT (rnA) 

Small Sig~.1 
Input Resistance 'flie) 
vs Collector Current 

10 
Ve = SV 
f= 100 Hz 

0.1 

0.01 

0.001 
0.001 0.01 0.1 

100 

10 

Ie - COLLECTOR CURRENT (mA) 

Input Voltage Noise vs 
Frequency 

VeE 5V 
Rs -100n 

I~I.LA 
III 

Ie'" 10/.lA 

Ie· IDD~A 
le-1 rnA 

I 
0.01 0.1 10 

40 

f - FREQUENCY (kHz) 

Collector to Collector 
Capacitance VI Reverse 
Bias Voltage 

10 

10 

100 

30 
&:;2~ 

, 
20 

10 
o 10 20 30 40 50 

COLLECTOR TO COLLECTOR VOLTAGE (V) 



Typical Performance Characteristics (Continued) 

Collector to Collector Capacitance 
, vs Collec'tor.Substrate Voltage' 

~ 

" « 
>-
t; 

:t 
~ 

u 
u 

1 
>-
" 
'" '" ~' 
u 

] 

3D 

20 

10 

100 

10 

0,1 

0.01 

05 

O. 

S 03 

E 0,2 

~ 0.1 

'" 0 
~ -0.1 

~ -0.2 
..l -0,3 

-04 

-0,' 

r-Vcco0----t-~= 
,-~' J_ 

:f"" = '0 _ 

10 20 3D 40 '0 

COllECTOR TO SUBSTRATE VOLTAGE (V) 

Collector-Base Leakage vs 
Tempei'"ature 

~'VcB-20V 

V 
, ./ 

V 
V 

, 

/' 

2& '0 " 100 12& 

TI - JUNCTION Temperature'( C) 

Emitter-Base Log Conformity 

c- LCBI~ oJ 
I 

.... 

10-8 10-7 10-G 10-5 10- 4 10-3 

Ie _. COllECTOR CURRENT (A) 

Connection Diagram 

~ 
u 

" « 
>-

~ 
~ 

1 
>-
ill 
.~ 

I 
u 

60 

'0 

40 

100 

10 

0,1 

001 

Em'ittl!r-Base Capacitance vs 
Reverse Bias·Voltage 

"'-
......... ....... 

r- t-. 

o 0,1 0,2 0,3, 0,4 0,' 0,6 

REVERSE BIAS VOLTAGE (V) 

Collector to Collector Leakage 
vs Temperature 

./ 

./ 

+20V 

~ 
2& '0 " 100 12' 

T, - JUNCTION TEMPERA~URE ( C) 

-
u 

" ;: 
t; 

:t 
~ 

20 

10 

Collector-Base Capacitance vs 
Reverse Bias Voltage 

_\. 

""- -
10 20 3D 40 

REVERSE BIAS VOLTAGE eVeel 

Offset Voltage Long Term 
Stability at High Temperature 

'0 

~~ ~ !~~; -+--+--1~f-f-H 
VeE = 4DV -+--+--1f-f-f-H 

I 

0' 
-'~~-+-+-+-r-r~+-i 

200 400 600 800 1000 

TIME (HRS) 

Low Frequency Noise of Differential Pair* 

TIME (SEE GRAPH) 

"Unit must be in still air environment so that 
differential, lead temperature is held to less 
than 0.00030 C. ' 

Metal 'Can Package 

TOPVIEW 

Order Number LM194H. LM394H 
LM394BH or LM394CH 
See NS Package H06e 

11·6, 



~National 
~ Semiconductor 

Transistorl Diode !\rrays 

LM195/LM295/LM395 Ultra Reliable Power Transistors 

General Description 
The LMI95/LM295/LM395 are fast, monolithic 
power transistors with complete overload protec­
tion_ These devices, which act as high gain power 
transistors, have included on the ch ip, current 
limiting, power limiting, and thermal overload 
protection making them virtually impossible to 
destroy from any type of overload_ In the standard 
TO-3 transistor power package, the LM195 will 
deliver load currents in excess of 1.0A and can 
switch 40V in 500 ns. 

The inclusion of thermal limiting, a feature not 
easily available in discrete designs, provides virtually 
absolute protection against overload. Excessive 
power dissipation or inadequate heat sinking 
causes the thermal limiting circuitry to turn off 
the device preventing excessive heating. 

Features 
• Internal thermal limiting 

• Greater than 1.0A output current 

• 3.0J.lA typical base current 

• 500 ns switching time 
• 2.0V, saturation 
• Base can be driven up to 40V without damage 

• Directly interfaces with CMOS or TTL 

• 100% electri"al burn-in 

The LM195 offers a significant increase in reliabil­
ity as well as simplifying power circuitry_ In some 
applications, where protection is unusually difficult, 
such as switching regulators, lamp or solenoid 
drivers where normal power dissipation is low, the 
LM 195 is especially advantageous. 

The LM 195 is easy to use and only a few pre­
cautions need be observed. Excessive collector to 
emitter voltage can destroy' the' LM 195 as' with 
any power transistor. When the device is used as 
an emitter follower with low source impedance, it 
is necessary to, insert a 5.0k resistor in series with 
the base lead to prevent possible emitter follower 
oscillations. Although the device is usually stable 
as an emitter follower, the re'sistor eliminates the 
possibility of trouble without degrading perform­
ance. Finally, since it has good high frequency 
response, supply by passing is recommended. 

The LM195/LM295/LM395 are available in stand­
ard TO-3 power packages and ,solid Kovar TO-,5. 
The LM195 is rated for operation from -55°C to 
+150°C, the LM295 from -25°C to +150°C arid 
the LM395 from O°C to +125°C. 

Simplified Circuit and Connection Diagrams 

I 
I 
I 
I 
I 
I 

---, 

" 

I 
I 
I 
I 
I 
I 
I 
I 
I EMITTER 

~~~----~~.,~ L ________ _ 

Simplified Circuit of the LM195 

TO-3 Metal.Can Package 

BA"CO ."", .. 
CASE IS o EMITTER 

BOTTOM VIEW 

Order Number LM195K, 
LM295K or LM395K 

Sea NS Package K02A 

TO-5 Motal Can Package 

0' EMITTER 

2~BASE 

3 COLLECTOR 

CASE IS EMITTER 
BOTTOM VIEW 

Ordar Numbar LM195H, 
LM295H or LM395H 

Sao NS Package H03B 

11-7 

T()'220 Power Package 

LCOllECTOR 

~'."" 
EMITTER, 

~BASE 
TOPVIEW 

Ordar Number LM395T 
Sea NS Package T03B 

TO-202 Power Packaga 

Er.'llTTER 

I 

10 U' 
FRONT VIEW 

Ordar Number LM395P 
Sea NS Package P03A 

: COllECTOR 
EMITTER 

BASE 



Absolute Maximum Ratings 

Collector to Emitter Voltage 
LM195, LM295 \ 42V 
LM395 36V 

Collector to Base'Voltage ' 
LM195, LM295 42\1 
LM395 36V 

Base to Emitter Voltage (Forward) , . 
LM195, LM295 42V 
LM395 36V 

Base to Emitter Voltage (Reverse) 20V 
Collector Current Internally Limited 
Power Dissipation I nternally Limited 
Operating Temperature Range 

-55°C to,;'150°C LM195 
LM295 -25°C to +150°C 

,LM395 O°C to +125°C 
Storage Temperature Range -65°C to +l50oC 
Lead Temperature (Soldering, 10 seconds) 300°C 

'preconditioning 

100% Burn-In In Thermal Limit 

Electrical Characteristics (Note 1) 

LM195, LM295 LM395 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN 'TYp· MAX 

Collector-Emitter Operating Voltage 10 S; Ie ~ 'MAX 42 36 V 
INo •• 3) 

Base to Emitter Breakdown Voltage O~VCE $',VCEMAX 42 36 60 Il 

Collector Current 
TO·3, TO·220 Vee $ 15V 1,2 2.2 1.0 2,2 A 
TO'5, TO·202 VeE '57.0V 1,2 1.8 1,0 1.8 A 

Saturation Voltage Ie $ 1,OA, TA = 25·C 1.8 2,0 1.8 2,2 V 

Base Current O~lc S; 'MAX 3,0 5.0 3.0 10 pA 
o~ VeE S:VCEMAX 

Quiescent Current (10) V be "" 0 2.0 5,0 2.0 10 mA 
'O'SVce S:VCEMAX 

Base to Emitter Voltage Ie:; 1.0A, TA =+2SoC 0.9 
, 

0.9 V 

Switching Time Vee = 36V, RL = 36!!, 500 '500 ns 
,TA =+25°C 

Thermal Resistance Junction to TO-3 Package 2.3 3.0 2.3 3,0 ·CIW 
Case INo •• 2), TO·S Package 12 15 12 15 ·CIW 

Not. 1: Unless 'otherwise specified, these specifications apply for ·-5S·C $ Tj $ +,50·C for the LM19S, -25"C :$ Tj :$ +15o"C 
"' for the LM295 and O·C:$ +,2So C for the LM39S. 

Not. 2: Without a heat sink, the thermal resistance of the TO·S package is about +1500 C/W. while that of the TO·3 package 
is+35"C/W. 

Nota 3: Selected devices with higher breakdown available. 

I 

11·8 



Typical Performance Characteristics 
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Collector Characteristics 

5 
E 
~ 
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CoLLECTOR·EMITTER VOLTAGE (VI 

Quiescent Current 
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COLLECTOR VOLTAGE (VI 

Satu~ation Voltage 
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~ 
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Short Circuit Current 

2.5 

TO·3 
2.0 

1.5 

1.0 

~ 

~= 
fA '" +125~C 

TA ' -55"C'" .......::: 

0.5 I I 
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Typical Perfo!mance Characteristics (Continued) 
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10V Transfer Function 
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Schematic Diagram 
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Typical Applications 
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Typical Applications (Continued) 

.2 
2.4k 

tSOLID TANTALUM 

>-..... ___ ... _.-_ O~J~~T 
LOA 

L-----------__ ~----_V-

1.0 Amp Negative Regulator 

tSOLID TANTALUM 

V" 
J6V 

1.0 Amp Positive Voltage Regulator 

.-----...... -v+ 

., 
JJk 

OUTPUT 

_ ... __ ..... __ V-

Fast Optically Isolated Switch 

--..... --+12V 

d~ q---
.--'--...... -+ 

., 
J" 

01 
LM195 

Optically Isolated Power Transistor 

DRIVE· 

.--,...-40V 

., 
40 

*DRIVE VOLTAGE OV TO :::: toV S;42V 

CMOS or TTL Lam·p Interface Two Terminal Current Limiter 40V Switch 
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Typical Applications (Continued) 

A. 

V" -""rv-..... --..... ---1>--VOUT 

01 
S.OV 

01 

A2 
1.Ok 

0' 
LM19!) 

6.0V Shunt Regulator with Crowbar 

TURN ON ' 350 mV 
TURN OFF· 200 mV 

12V 

Low Level Power Switch 

--.--v· 
AI 

S.Ok* 
INPUT~'W'It--H 01 

lM195 

",,: 

OUTPUT 

·NEED FOR STABILITY 

Emitter Follower 

--..... --v· 
AI 
~Ok 

INPUT -"",.". ... -1-1 01 
LM195 

OUTPU{ 

v­
·PREVENTS STORAGE WITH FAST FALL 
TIME SQUARE WAVE DRIV~ 

Fast Follower 
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--..... -->15V 
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I-_;-_OUTPUT 

--.... ---15V 
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Typical Applications (Continued) 

RS A1 
10k 10k 

R, ",. 

INPUT_Mr-<I ...... /IIY .... ""I 

RZ 
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+15V 

-15V 

PowerOpAmp 

D1 
LM103 

3.9V 

R1 

'" 

*SIXTY lURNS WOUND ON ARNOLD TYPE A·D8JUlH CORE. 
"FOUR DEVICES IN PARALLEL 
tSOLIDTANTALUM 

OUTPUT 

-ADJUST FOR &II iliA QUIESCENT CURRENT 
tSOLIOTANTALUM 

6.0 Amp Variable Output SWitching Regulator 

\ 
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~National 
~ Semiconductor 

Transistor/Diode Arrays 

LM3045, LM3046, LM3086 Tra~sistor Arrays 

General Description 
The LM3045, LM3046, and LM3086 each consist 
of five general purpose silicon NPN transistors on 
a common monolithic substrate. Two of the tran· 
sistors are internally connected to form a differ­
entially-connected pair. The transistors are well 
suited to a wide variety of applications in low 
power system in the DC through VH F range. They 
may be used as discrete transistors in conventional 
circuits however, in addition, they provide the 
very significant inherent integrated circuit advan­
tages of close electrical and thermal matchin~. The 
LM3045 is supplied in a 14-lead cavity dual-'in-line 
package rated for operation over the full military 
temperature range. The LM3046 and LM3086 are 
electrically identical to the LM3045 but are 
supplied in a 14-lead molded dual-in-Iine package 
for applications requiring only a limited temper­
ature range_ 

Schematic and Connection Diagram 

Features 

• Two matched pairs of transistors 
VSE matched ±5 mV 
Input offset current 2J1A max at Ie = 1 mA 

• Five general purpose monolithic transistors . 
• Operation from DC to 120 MHz 
• Wide operating current range 
• Low noise figure 3.2 dB typ at 1 kHz 
• Full military 

temperature range (LM3045) -55°C to +125°C 

Applications 
• General use in all types of sigrlal processing 

systems· operating anywhere in the frequency 
range from DC to VH F 

• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

Dual-I n-Line Package 

SUBSTRATE 

14 13 12 II 10 

TOP VIEW 

Order Number LM3045J 
See NS Package J14A 

Order Number LM3046N 
or LM3086N 

See NS Package N 14A 
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Absolute Maximum Ratings 

Power Dissipation: 
TA = 25°C 
T A = 25°C to 55°C 
TA > 55°C 
T A = 25°C to 75°C 
TA > 75°C 

Collector to Emitter Voltage, VCEO 

Collector to Base Voltage, VCBO 

Collector to Substrate Voltage, V CIO (Not~ 1) 
Emitter to.Base Voltage, VEBO 

Collector Current, Ic 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

(TA = 25°C) 

LM3045 

Each 
Transistor 

300 

300 

Total 
Package 

750 

750 
Derate at 8 

15 
20 
20 
5 

50 
-55°C to +125°C 
-6SoC to +160°'C 
300 

lM3046/lM3086 

Each 
Transistor 

300 
300 

Total 
Package 

750 
750 

Derate at 6.67 

15 
20 
20 

5 
50 

-40°C to +85°C 
-65°C to +85°C 
300 

Electrical Characteristics (T A = 25°C unless otherwise specified) 
, 

PARAMETER CONDITIONS 

MIN 

Collector to Base Breakdown Voltage IV(BRICBO) Ie::::; 10pA. IE = 0 20 

Collector to Emitter Breakdown Voltage IV (BAICEO) le= 1 rnA, la=O 15 

Collector to Substrate Breakdown Voltage 
Ie'" 10IJA, leI::::; 0 20 

(V(BR1CIOI 

Emitter to Base Breakdown Voltage (V(BR1EBol IE= IOp.A .. lc=O 5 

Collector Cutof.f Current (leBO) Vcs'= lOV,l E '" 0 

Collector Cutoff Current (lceo) VCE :: lOV, Is '" 0 

Static Forward Current Transfer RatiO (Static I'c=10mA 

Beta) (hFE ) VeE = 3V Ie"" 1 mA. 40 
Ic=10~A 

Input Offset Current for Matched Pair 0 1 and O2 V CE '" 3V,Ie = 1 rnA 
1101 -1'02 1 

Base to Emitter Voltage (V SEI .' 
_ {le ::::'lmA 

VCE - 3V Ie:::: 10 mA 

Magnitude of Input Offset Voltage for 
VeE = 3V,le= 1 mA 

Differential Pair IVSE1 - VSE21 

Magnitude of Input Offset Voltage for Isolated 
Transistors IVSE3 - V SE4 1, IVsE4 - VsEsI, V cE =3V,lc = 1 mA 
IVSES -VBE3 1 

Temperature Coefficient of Base to Emitter 

Voltage (fi:;e) VCE = 3V.lc '" 1 rnA 

Collector, to Emitter Saturation Voltage (V CE (SAT) I I B '" 1 rnA, Ic = 10 rnA 

Temperature Coefficient of Input Offset 

Voltage (~'io) Vce=3V,lc= 1 mA 

LIMITS 

LM3045, LM3046 

TVP MAX 

60 

24 

60 

7 

.002 40 

.5 

100 
100 
54 

.3 2 

.715 

.800 

.45 5 

.45 5 

-1.9 

.23 

1.1 

MIN 

·20 

15 

20 

5 

40 

LIMITS 

LM3086 

TVP 

60 

24 

60 

7 

100 
100 
54 

.002 

.715 

.BOO 

-1.9 

.23 

Units 

mW 
mW 

mWfC 
mW 

mW/oC 
V 
V 
V 
V 

rnA 

°c. 

UNITS 

MAX 

V 

V 

V 

V 

100 nA 

5 p.A 

p.A 

v 

mV 

mV 

mvtc 

v 

\ p.vtc 

Note 1: The collector of each transistor of the LM3045, LM3046, and LM3086 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor .action. 
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Electrical Characteristics (Continued) 
" 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Low Frequency NOise Figure (NFl 
f = 1 kHz; VeE = 3V. Ie = 100llA 

3.25 dB 
Rs = 1 kl1 

Low Frequency. Small Signal Equivalent Circuit Characteristics: 

Forward Current Ttansfer Ratio (hfel 

Short Circuit Input Impedance (hlel 

Open Circuit Output Impedance (hoe) 
f = 1 kHz, VeE = 3V, Ie = 1 rnA 

Open Circuit Reverse Voltage Transfer Rat:o Ih re! 

Admittance Characteristics: 

Forward Transfer Admittance (Yfel 

fnput Admittance IV ie) 

Output Admittance (Y oa) 
f = 1 MHz. VeE = 3V, Ie = 1 rnA 

Reverse Transfer Admittance IYrel 

Gain Bandwidth Product (tTl VeE =3V, Ie = 3 rnA 

Emitter to Base Capacitance (CES ) VEe = 3V.IE = 0 

Collector to Base Capacitance (Ces) Vee=3V.le=0 

Collector to Substrate Capacitance (Ccil Ves=3V,le=0 

Typical Performance Characteristics 

10' 

10 

10-1 

10-2 

10-3 

10-4 

Typical Collector To Base Typical Collector To Emitter 
Cutoff Current vs Ambient Curoff Current vs Ambient 
Temperature for Each Temperature for Each 
Transistor Transistor 

~ 10' 
I- 18 = 0 z 

i 10' 

~ 10 
Q 
I-
=> 

'" '" ~ VeE = lOV 
Q 

~ 
10 ' 

5V 

10' 
I 
0 

u 10' 
25 50 75 100 125 0 15 50 75 100 

T. - AMBIENT TEMPERATURE rC) TA - AMBIENT TEMPERATURE ( CI 

Typical Input Offset Current 
for Matched Transistor Pair 
01 02 vs Collector Current' 

10 . 

~, 

110 (LM3045, LM3046) 
(LM3086) 

3.5 kl1 . 

300 

120 

Q 110 

~~ 100 3:'" 

'" '" OW 
~~ gO 
"'z 
~~ 
~~ 80 

~~ 70 

~~ 
60 

so 

15.6 IImho 

1.8xl0-4 

31 - j 1.5 

0.3+j 0.04 

O.OO1+j 0.03 

See curve 

550 

.6 pF 

.58 pF 

2.8 pF 

Typical Static Forward 
Current-Transfer Ratio and 
Beta Ratio for Transistors 01 
and 02 vs Emitter Current 

VeE ~ lV, III I 
TAI=12~ l~dl!_ I 

/ 
IhFE1\ OR IhfU\ 
hFE2 hf~ 

'}' 
h" I 
II 

V 11 
125 .01 10 

.B 

IE - EMITTER (rnA) 

Typical Static Base To Emitter 
Voltage Characteristic and Input 
Offset Voltage for Differential 
Pair and Paired Isolated 
Transistors'vs Emitter Curreht 

VeE =]V I 
TA ~ 25°C 

".. 

. ' 

< 

= m 
;; 

0_9 :::D 
:to 
g 

O.B 

5 "' .7 

~ 
.1 

t- V., 

'.1 

.01 

.01 .1 10 

Ie - COLLECTOR (mA) 

1li 
Q 
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0 

:i\ 
I 
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Typical Performance Characteristics (Continued) 

~ ,9 

'" ~ .8 

~ := .7 

~ .. ' 
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J .5 

• 4 

Tvpical Sase To Emitter 
Voltage Characteristic for 
Each Transistor vs Ambient 
Temperature 

VCE=3V 

~~ 
R ~ ~ 

r-
IE"3mAI~"" ~ I:::--r- ImA 
o.~mAr I'" ~ 

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

30 

25 

20 

TA - AMBIENT TEMPERATURE ( CI 

Typical Noise Figure vs 
Collector Current 

VeE =3V 
As -IUUUn T.· 25"C 

15 1-++t-tttHt-rbl"Ttltlj 
1'0.1 kHz V 

10 
V 1kHz 

~~B8~~~£?EttMnB'UffkrrnH oL 
.01 .1 

Ie - COLLECTOR (mA) 

Typical Forward Transfer 
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Typical Input Offset Voltage 
Characteristics for Differential 
Pair and Paired Isolated 
Transistors YS Ambient 
Temperature 

,VeE =3V I ,/ 

..... Ie =10 jA 

I 
IJA ,/ 

.1 mA 

I 
-75 -50 -25 0 25 50 75 100 125 
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30 

25 

20 

15 

10 

Typical Noise Figure vs 
Collector Currant 

VeE =3V 
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\l O.lkH./ 
V 
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o 
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o 
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vs Frequency 
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Typical Performance Characteristics (Continued) 

.. 

Typical Reverse Transfer 
Admittance vs Frequency 
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~ 
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10 100 
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~National . 
~ Semiconductor 

Transi~tor/Diode Arrays 

LM3146 High Voltage Transistor Array 

. General Description 
The LM3146 consists of five high voltage general' pur­
pose silicon NPN transistors on a common monolithic 
substrate. Two of the transistors are internally con-­
nected to form a differllntially-connected pair. The 
transistors are well suited to a wide variety of appli­
cations in low power system in the dc through VHF 
range. They may be used as discrete transistors in 
conventional circuits however, in addition, they pro­
vide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 
The LM3146 is supplied in a 14-lead molded dual-in­
line package for applications requiring only a limited 
temperature range. 

Connection Diagram 

Features 
• High voltage matched pairs of transistors, V BE 

matched ±5 mV, input offset current 21lA max at 
Ie = 1 mA 

• Five general purpose'monolithic transistors 
• Operation from dc to 120 MHz 
• Wide operating current range 
• Low noise figure 3.2 dB typ at 1 kHz 

Applications 
• General use in all types of signal processing systems 

operating anywhere in the frequency range from dc to 
VHF 

• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

Dual-I n-line Package 

SUBI,RATE 

14 13 1Z 11 I.. 

1 

~ ~ 
~ yz 
T 

Z 
13 

4 S 

TOP VIEW 

Order Number LM3146N 
Sea NS Package N14A 
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Absolute Maximum Ratings 

LM3146 UNITS 

Power Dissipation: Each Transistor 
TA = 25°C to 55°C 300 mW 
TA > 55°C Derate at 6.67 mW/oC 

Power Dissipation: Total Package 
TA = 25°C 500 mW 
TA > 25°C Derate at 6.67 mWfC 

Collet:tor to Emitter Voltage, VCEO 30 V 
Collector to Base Voltage, V CBO 40 - V 
Cqllector to Substrate Voltage, VCIO (Note 1) 40 V 
Emitter to Base Voltage, VEBO (Note 2) 5 V 
Collector Current, Ic 50 mA 
Operating Temperature Range -40 to +85 °c 
Storage Temperature Range -65 to +150 °c 
Lead Temperature (Soldering, 10 seconds) 300 °c .-

DC Electrical Characteristics TA = 25°C 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Collector to Base Breakdown Ic = 101lA. IE = 0 40 72 V 

Voltage (V(aRlcao) 

Collector to Emitter Breakdown Ic = 1 rnA, la = 0 30 56 V 

Voltage (V(SRICEO) 

Collector to Substrate Breakdown ICI = 101lA, la = 0, 40 72 V 

Voltage (VISRICIO) IE =0 

Emitter to Base Breakdown Voltage Ic =0, IE = 10J.tA 5 7 V 
(VIBRIEao) (Note 2) 

Collector Cutoff Current (lcso) Vca = 10V, IE = 0 0.002 100 nA 

Collector Cutoff Current (ICED) VCE = 10V, Is = 0 (Note 3) 5 IlA 

Static Forward Current Transfer Ic = lOrnA, VCE = 5V 85 
Ratio (Static Beta) (hFE ) Ic = 1 rnA, VCE = 5V 30 100 

Ic = 10J.tA, VCE = 5V 90 

Input Offset Current for Matched Ic, = IC2 = 1 rnA, 0.3 2 IJA 
Pair 01 and 02 Ila, - la21 VCE = 5V 

Base to Emitter Voltage (VaE ) Ic = 1 rnA, VCE = 3V 0.63 0.73 0.83 V 

Magnitude of Input Offset Voltage VCE = 5V, IE = 1 ~A 0.48 5 mV 
for Differential Pair IVBE , - VaE21 

Temperature Coefficient of Base VCE = 5V, IE = 1 rnA -1.9 mVfC 
to Emitter Voltage (~VaE/~T) 

Collector to Emitter Saturation Ic = 10 rnA, la = 1 rnA 0.33 V 

Voltage IV CEISA TI) 

Temperature Coefficient of Input Ic = 1 rnA. VCE =5V 1.1 Ilvfc 
Offset Voltage (~V,o/~T) 

Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors. the substrate terminal should be maintained at either de or signal (ae) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 
Note 2: If the transistors are forced into zener breakdown (V(BR)EBO), degradation 01 forward transfer current ratio {hFEJ can occur. 

Note 3: See curve. 
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AC Electrical Characteristics 

PARAMETER CONDITIONS 
LIMITS 

UNITS 
MIN TVP MAX 

Low Frequency Noise Figure (NF) f= 1 kHz, V CE = SV, 3.2S dB 
Ic = 100llA, Rs = 1 kn 

Gain Bandwidth Product (fT ) VCE = SV, Ic = 3 mA 300 SOO MHz 

Emitter to Base Capacitance (CEe ) VEe = SV, IE = 0 0.70 pF 

Collector to Base Capacitance (Cce ) VcB=SV,lc=O 0.37 pF 

Collector to Substrate Capacitance VCI = SV, Ic = 0 2.2 pF 
(Ccd' 

, , 

LOW FREQUENCV, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 

Forward Current Transfer Ratio (hf.) f= 1 kHz, VeE = 3V, 100 
Ic = 1 mA . 

\ 

Short Circuit Input Impedance (hie) f= 1 kHz, VCE = 3V, 3.S kn 
Ie = 1 mA 

Open Circuit Output Impedance (hoe) f= 1 kHz, VCE = 3V, lS.6 IImho 

, Ie = 1 mA 

Open Circuit Reverse Voltage f= 1 kHz, VeE = 3V, 1.8x 
Transfer Ratio (hr.) 

, 
10-4 Ic=l mA 

ADMITTANCE CHARACTERISTICS 

Forward Transfer Admittance (V te) f= 1 MHz, VeE = 3V, 31- mmho 
Ic=l mA j 1.S 

mmho 
Input Admittance (Vie) f= 1 MHz, VeE = 3V, 0.3+ 

Ie = 1 mAo jO.04 

mmho 
Output Admittance (Voe) f= 1 MHz, VeE = 3V, 0.001 + 

Ic =1 mA jO.03 

Reverse Transfer Admittance (V reI f= 1 MHz, VCE =-3V, (Note 3) mmho 
Ic=l mA 

Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor act jon. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either de or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(BRIEBOI, degradation of forward transfer current ratio (hFEI can occur. '. 
Note 3: See curve. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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I. RELIABILITY vs. QUALITY 

The words "reliability" and "quality" are often used 
interchangeably, as though they connoted identical 
facets of a product's merit. But reliability and quality are 
different, and IC users must understand the essential 
difference between the two concepts in order to properly 
evaluate which of National's extended screening 
programs, A+ or B+ will offer the most cost effective 
product improvement for his application. 

QUALITY 

The concept of QUALITY gives'us information about the 
population of faulty IC devices among good devices, 
and generally relates to the numberof faulty devices 
that arrive at a user's plant. Looked at in another way, 
quality then relates to the number of faulty IC's that 
escape detection at the IC vendor's plant. 

At National, it is the charter of the Quality Control (QC) 
Operation to continually monitor and reduce the number 
of faulty IC's that escape detection. QC does this by 
testing the outgoing parts on an Acceptance Quality 
Level (AQL) basis.1 The tighter the AQL testing, the 
more difficult it becomes for a defective part to escape 
detection, thus the quality of the shipped product 
increases. 

RELIABILITY 

The concept of RELIABILITY, on the other hand, refers 
to how well a part that is initially good will withstand its 
environment. Reliability cannot be tested into a device. 
Reliability is principally a function of device design, die 
size, power dissipation, assembly methods and material, 
etc. Still there are tests and procedures that an IC 
vendor can implement which will subject the IC to stress 
in excess of what it will endure in actual use, which will 
eliminate marginal, short-life parts. 

On this basis, it is easily seen that it is possible that' 
high qu'ality IC's may, in fa'ct, have low reliability, while 
low quality IC's may have high reliability. The object of 
extended screening programs is: (1) to enhance the 
quality by reducing the population of faulty devices 
among good devices and by so doing, eliminate the 
costly requirement of incoming tests by the user, and 
(2) provide maximum long term reliability minimizing 
equipment down-time, costly repairs and maintenance. 

II. QUALITY SAVES YOU MONEY 

When an IC vendor specifies 100% final testing of his 
parts then, in theory, every shipped part should be a 
good part. However, in any population of mass­
produced items there does exist a small percentage of 
defective parts. 

One of the best ways to reduce the number of such 
faulty parts is, simply, to retest the parts prior to 
shipment. Thus, if there is a one percent chance that a 
bad part will escape detection initially, retesting the 
parts reduces that probability to only 0.01 percent. This 
is exactly what tightening of the outgoing AQL level 
achieves. 
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WHAT IS AQL? 

A good example of savings which can be achieved by 
taking advantage of tighter AQL(l) inspection levels is 
illustrated as follows: 

Assume a system uses 100 devices of a certain type 
which are procurred to a 1% AQL level, and no 
incoming inspection/testing is done by the user. 
Statistically it can be shown that the number of 
systems that will require rework will be 80% of all 
systems manufactured! If enough devices are 
purchased to manufacture 100 systems (10,000 
devices) and the cost to trouble shoot and repair each 
system is $30.00, the total cost of repair will be 

. $2,400 (80% of 100 systems at $30.00 each). 

Thus, the .need for some preliminary component 
screening prior to system assembly becomes obvious. 

However, if the same devices are procurred to a 0.14% 
AQL level, which is seven times tighter than originally 
assumed, it can be shown that the number of systems 
requiring rework is reduced by a factor of four, without 
the need for incoming inspection. 

Thus, on a 100 system basis, 20 systems will require 
repair at $30.00 per system, or a total of $600.00. A 
savings of $1,800 is realized, and the user need not 
invest in expensive capital equipment, procedures, and 
paper work. 

On a "savings per device" basis, this is a savings of 18" 
per device. Indeed, Quality· saves you money! 

This is th~ value added by the A+ and B+ Linear 
programs. 

III. RELIABILITY SAVES YOU MONEY 

With the increased population of integrated circuits in 
modern electronics systems has come an increased 
concern with IC failures. And rightly so, for at least two 
major reasons. Firsi, the effect of component reliability 
on system reliability can be quite dramatic. For 
example, suppose that you, as a system manufacturer, 
were to choose an IC that is 99% reliable. You would 
find that if your system used only 70 such IC's the 
overall reliablility of the system's IC portion would be 
only 50%. . 

In other words, one out of every two systems in the field 
would fail. The result? A system that is very costly to 
produce, costly to maintain, and probably very difficult to 
sell. 

Second, whether the system is large or small you 
cannot afford unnecessary maintenance costs. Not only 
have labor, repair and rework costs risen - and 
promise to continue to rise - but also, field replacement 
may be prohibitively expensive or impOSSible. Jf you ship 
a system that contains a marginally performing IC, and 
that IC later fails in the field, the cost of repair and 
replacement may be literally hundreds of times more 
than the cost of the failed IC itself. 

(1) AQL testing is not to be confused with "in process" or electrical 
parameter testing in the normal product flow. AU National prod­
ucts are 100% tested for electrical data sheet parameters. 
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IV. IMPROVING THE RELIABILITY OF SHIPPED 
PARTS 

As was previously mentioned, reliability, in the true 
sense cannot be tested into a product. The most 
important factors that affect reliability are design, 
construction, materials and the assembly method. 
However, many of these can be examined and 
monitored by testing. As a matter of routine, National 
frequently performs 1000 hour burn-in life test and 
accelerated life tests to continually guarantee the quality 
and reliability of the linear product which is being 
shipped to customers. For example, the quality of the 
die attach for voltage regulators can be monitored by 
observing the thermal characteristics associated with 
"pulse loading" the regulator. This is a technique which 
National Linear pioneered over 10 years ago and still 
performs on a 100% basis on three terminal regulators 
at no additional cost to the user. Many such tests, 
including destructive and non-destructive wire bond pull 
tests are a matter of routine with National. 

Further, in any test of reliability, the weaker parts' will fail 
first. Stress tests will accelerate, or shorten the time of 
failure of the weak parts. Because the stress test 
causes weak parts to fail prior to shipment, the 
population of shipped parts will,in fact demonstrate a 
higher reliability. 

One of, if not the most effective screening procedures in 
the'Semiconductor industry, is the use of a burn-in to 
stress and accelerate the failure of weak. parts. 

Thus, burn-in screen plus the tightened AOL outgoing 
testing, is the key to the A+ Linear Program. 

QUALITY AND RELIABILITY PROGRAMS FOR 
MOLDED LINEAR PRODUCTS' 

One concern, with regard to, quality and reliability in 
molded plastic products, is the problem of thermal 
intermittents. This problem first came to light in 1970 
and plagued all semiconductor manufacturers. Since 
that time considerable efforts have been focused on 
improving lead bonding and lead frames to make them 
stronger and more reliable as well as improvements in 
the package molding material itself. 

To better understand the problems a brief discussion of 
thermal intermittents is in order. 

Because wires and bonds are completely imbedded in 
plastic, molded integrated circuits\are extremely 
rugged devices. They can survive mechanical shock 
and vibration conditions which would literally tear the 
bonds and wires to pieces in a cavity type package. 
However, the non-cavity construction does present a 
unique problem. Sould a bond fracture or a wire 
break for some reason, the broken bond will remain in 
contact as long as the surrounding encapsulant 
continues to exert a compressive force on the. bond. 
However, as the temperature increases, the 
compressive forces tend to relax due to the thermal 
mismatches between the lead frame, die, wires and 
the plastic. 

Ultimately, if a high enough temperature is reached, 
the broken bond will separate, causing an electrical 
discontinuity. The phenomenon is frequently 
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reversible, that is, as temperature decreases, 
electrical continuity is restored. This type of 
discont,inuity is commonly referred to as a THERMAL 
INTERMITIENT OPEN. If electrical continuity does 
not return when the package temperature returns to 
ambient, then a permanent open has o.ccurred. 

If such defects occur during the manufacturing cycle 
of the device, and are not screened out by the 
manufacturer's testing sequence or by some 
screening test imposed by the user, they will show up 
as infant mortality failures in the user's equipment. If 
they occur during the user's equipment manufacturing 
cycle (due to solder heat exposure, for example) t!'ley 
will also show up as infant mortality failure. 

The best way to screen for this phenomenon is to 
perform temperature cycling and "Hot Rail" testing after 
the device has been manufactured. The temperature 
cycling will stress the package mechanically to force the 
intermittent to occur if such a failure exists. The "Hot 
Rail" testing is performed to determine the functionality 
of the device at 10boc to ensure there are no open 
bonds at the worst case condition. 

NATIONAL'S B+ LINEAR PROGRAM GETS 
IT ALL TOGETHER 
We have stated that the B+ program improves both the 
quality and reliability of National's molded integrated 
circuits, and pointed out the difference between those 
two concepts. Now, how do we bring them together? 
The answer 'is in the B+ program processing, which is a 
continuum of stress and double testing. With the 
exception of the final OC inspection, which is a 
tightened sample program, all steps of the B+ process 
are performed on 100% of the parts. The following flow 
chart shows how we do it, step by step. 

EPOXY B PROCESSiNG FOR ALL MOLDED 
PARTS -
At National, all molded semiconductors, 
including IC's have been built by this process 
for some time. All processing steps, 
inspections and OC 'monitoring are designed to 
provide highly reliable products. (Reliability 
reports are available that give, in deta'iI, the 
background of Epoxy B, the reason for its, 
selection at National and reliability data that 
proves its success.) 

SIX HOUR, 150°C BAKE -
This stress places the die bond and all wire, 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(OOC to 1000C) 
Exercising the circuits over a 100°C 
temperature range further stresses the bonds 
and eliminates marginal bonds missed during 
the bake. ' 

ELECTRICAL TESTING 
These room-teniperature functional and 
parametric tests are the normal final tests 

. through which all National products pass. 



HIGH TE;MPERATURE (100~C) FUN'CTIONAL 
ELECTRICAL TEST - . 
A high temperature test such as this with 
voltages applied places the die under the most 
severe stress possible. The test is actually 
performed at 100'C - 30'C higher than the 
commercial ambient limit. All devices are 
thoroughly exercised at the 100'C ambient. 
(Even though Epoxy B processing has virtually 
eliminated thermal intermittents, we perform 
this test to ensure against even thEl remote 
possibility of such a problem.) . 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS -
This is the second time that room-temperature 
functional and parametric tests are performed 
to National data sheet electrical limits. 

TIG~TER-THAN-NORMAL QC INSPECTION 
PLANS -
Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AOL. When 
you specify the B+ program, however, not only 
do we sample your parts to a 0.28o/c AOL for 
all data sheet dc parameters, but they receive 
a 0.14% AOL for functionality as well. 
(Functional failures - not parameter shifts -
cause most system failures.) Thus, the five to 
seven-times tightening of the AOL procedure 
gives a substantially higher quality to your B+ 
parts. And you can rely on the integrity of your 
received IC's without incoming tests 'at your . 
facility. 

SHIP PARTS 

Here are the OC Procedures used in our B+ test 
program: 

TEST 
Electrical Functionality 
Parametric, dc 

TEMPERATURE 
25'C 
25'C 

.AQL 
0.14,* 
0.28o/c 
0.25% Major Mechanical 

Minor Mechanical 
25'C 
25'C 

NATIONAL'S A+ LINEAR PROGRAM 
THE ULTIMATE IN QUALITY AND 
RELlABI",ITY 

1% 

National has combined the s~ccessful B+ prograiTI with 
the Military/Aerospace processing specifications and 
provides the A+ program as the best cost-effective 
approach to maximum quality and reliability on molded 
devices, The following flow chart shows how we do it 
step by step. The major difference between B + and the 
A + is the burn-in associated with the A + program. 

SEM -
Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

EPOXY B SEAL -
At National, all molded semiconductors, 
including IC's have been built by this process 
for some time. All processing steps, 
inspections and OC monitoring are designed to 
provide highly reliable products. 
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SIX HOUR, 150'C BAKE -
This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(O'C to 100'C) -
Exercising the circuits over 100'C temperature 
range further stresses the bonds and . 
eliminates any marginal bonqs missed during 
the bake. 

ELECTRICAL TESTING -
These room-temperature functional and 
parametric tests are the normal final tests 
through which all National products pass. 

BURN-IN TEST - . 
Devices are stressed at m'aximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STD-883A, Method 
1015.1. 

HIGH TEMPERATURE .(100'C) FUNCTIONAL 
ELECTRICAL TEST -
A high temperature test with voltages applied 
places the die under the most severe stress 
possible. The test is actually performed at 
100'C·- 30'C higher than the commercial.· 
ambient limit. All devices are thoroughly 
exercised at the 100'C ambient. 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS -
This is the second time that room-temperature 
-functional and parametric tests are performed 
to National data sheet electrical limits. 

TIGHTER-THAN-NORMAL QC 
INSPE'CTION PLANS -
Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AqL. Whim 
you specify the A+ program, howeVer, not only 
do we sample your parts to a '0.28% AOL for 
all data sheet dc parameters, but they receive 
0.14% AOL for functionality as well. (Functional 
failures - not parameter shifts beyond spec -
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling AQL' 
procedure gives a substantially higher quality 
to your A+ paris. And you can rely on' the 
integrity of your received IC's without incoming 
tests a! your facility. 

SHIP PARTS 

Here is the ac procedure used in our A+ tesl"progra~: 

TEST' TEMPERATURE AQL 
Electrical Functionality .. 25'C 0.14% 
Parametric, dc 25'C 0.28% 
Major Mechanical 25'C 0.25% 
Minor Mechanical 25'C . 1% 

QUALITY AND RELIABILITY PROGRAM FOR 
HERMETIC PACKAGED LINEAR PRODUCT . 

An improved quality and reliability program, similar to 
that which is available for molded products;is also 
available for commercial temperature range hermetic' 
packages. 
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There is one major difference between the molded A+ 
program and the hermetic package A+ program. Since 
there is no material in contact with the wire bOnds in a 
hermetic package, the need for "Hot Rail" functional 
testing at 100·C is of no benefil and therefore not 
included. The devices are electrically tested (100%), 
then burned-in and then 100% electrically tested again. 
If a bond failure were to occur during burn-in, there is 
no material In contact with the bond (such as plastic in 
the case of molded products) that would tend to restore 
the bond when the device cooled. The result is that a 
weak bonding wire, once broken causing an "open" will 
remain open and be caught at the second 10Q% 
electrical screening. 

The A+ hermetic package program flow chart is shown 
below. 

NATIONAL'S A+ PROGRAM FLOW CHART 
FOR HERMETIC PACKAGES 
Nationai' has extended the successful B+ and A+ 
molded product programs to hermetic packages. We 
believe this to be the best practical approach to 
maximum quality and reliability for commercial devices. 
The following flow chart explains this program step by 
step. 

SEM.-
Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

ASSEMBLY AND SEAL -

ELECTRICAL TESTING -
Every device.will be 100% tested at 2S·C for 
functional and dc parameters. 

BURN-IN -
Devices are stressed at maximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STO-883A method 
1015.1. 

, DC FUNCTIONAL AND 
,PARAMETRIC TESTS-
These room temperature functional and 
parametric tests are the normal, final tests 
through which all National products pass. This 
fs the second time 100% electrical tesling is 
performed. " , 

TIGHTER-THAN-NORMAL QC 
INSPECTION PLANS -
Most vendors sample inspect outgoing parts to 
a 0,65% (or in some cases a 1%) AQL. When 
you specify the A+ program, however, not only 
do we sample your parts to a 0.28%AQL for 
all data sheet dc parameters, but they receive 
0.14% AQL for functionality as well. (Functional 
failures - not parameter shifts beyond spec -
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling 
procedure gives the highest quality to your A + 
parts. And you can rely on the integrity of your 
received IC's without incoming tests at your 
facility. 

SHIP PARTS All proceSSing steps, inspections, and QC 
monitoring are designed to provide highly, 
reliable products. MIL-STD-883 is the guideline 
by which all linear products are manufactured. 

, Here are, the QC Sampling plans used in 
our A+ test program, 

SIX HOUR,ISO"C BAKE- TEST TEMPERATURE AQL 
Electrical Functionality 
Parametric,' dc 

This stress places the die bond and all wire 
bonds into a combined 'tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

. Major Mechanical 

FIVE TEMPERATURE CYCLES 
(O"C to 1 OO·C) - , 
Exercising the circuits over loo·C temperature 
range further stresses the bonds and 
,eliminates any marginal bonds missed during 
the bake. 

PROCESS FLOW 

DESCRIPTION 

100% High Temperature Storage - 6 Hours @ 150·C 
100% Temperature Cycling, 5 Cycles - O· to 100·C 
100% Burn-in per MIL-STD-883A, Method 1015.1 
100% High Temperature Test for Functionality at 100% 
100% DC Functional parametric Tests at Room Temperature 
Tightened QC Inspection Plan 

Minor'Mechanical 

MOLDED 
N PACKAGE 

A+ B+ 

X X 
X X 
X 
X X 
X X 
X X 

Q.C. SAMPLE PLAN 

TEST 

Electrical Functionality 
ParametriC, dc 
Major Mechanical 
Minor Mechanical 

TEMPERATURE 

25·C 
25·C 
25·C 
25·C 
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AQL 

0.14% 
0.28% 
0.25% 

1% 

2S·C 
2S·C 
25·C 
25·C 

0.14% 
0.28% 
0.25% 

1'7f 

HERMETIC 
HANDJ 

PACKAGE 

A+ 

X 
X 
X 

X 
X 



A synopsis of the A+ and B+ programs is shown on 
the preceding page. Also shown below is a listing of 
some of the most popular devices which are processed 
to this program and are readily available. 

For more information about this, or other National Linear 
programs, please contact your local representative. 

LF13331 
LF13741 
LF347 
LF351 
LF353 
LF355 
LF356 
LF357 

lM1458 LM307 LM324 
LM1496 lM308 lM3301 
lM2900 LM3080 lM3302 
lM2901 lM310 lM339 
LM2902 lM311 LM3401 
LM2903 LM318 lM346 
lM2904 LM319 lM348 
lM301A LM358 

lM3900 LM723C 
LM393 lM725C 
LM4250C LM733 
LM555C lM741C 
LM556 LM747C 
LM566 lM748C 

SUMMARY 

LM360 
LM361 

LM567 
LM709C 

The B+ program, although offering improved Reliability 
attendent with additional stress testing, is primarily 
aimed at enhancing the quality of incoming devices and 
thus eliminating the need for incoming testing by the 
user. This program offers significant cost savings to the 
user and eliminates the need for the investment in 
expensive capital equipment to perform this testing. For 
all general, but relatively non-critical circuits, the B+ 
program is the most cost-effective. 
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The A+ program incorporates not only the quality 
inherent with B+ program, but also adds burn-in for the 
ultimate in Reliability testing. The A+ program is 
recommended as the most cost-effective program for 
components which the user deems to be the most 
critical in his system. 

Both programs, A+ and B+, incorporate high 
temperature stress, double testing, and very tight 
out-gOing AOL OC proceedures. 

ORDER INFORMATION 

Any of the devices listed molded or hermetic package, 
may be ordered to the A+ program simply by adding 
the term A+ behind the device number, with a slash (I) 
in between. 

Examples: 

LM348N/A+ 

LF356H/A+ 

lM1458J/A+ 

likewise, any molded (N package) product may be 
ordered to the B+ program by adding the term B+ 
behind the device number. 

Examples: 

lF351N/B+ 

LM741CN/B+ 

For devices not listed, contact your local National 
Semicond~ctor Sales office for information" on 
availability and ordering information. 
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~National 
~ Semiconductor 
MI L-STD-883 
Mil-Standard-883 is a Test Methods and Procedures 
Document for Microelectronic Circuits_ It was 
derived from MIL-S-19500, MIL-STD-750, and 
MIL-STD-202C for transistors and diodes at about 
the time that National Semiconductor Corporation 
was entering the military microelectronics market_ 
As a result, our standard quality control operations 
are written around MIL-STD-883. The bonding 
control, visual inspections, and post seal screening 
requirements set forth by 883 (as well as added 
control procedures beyond the requirements of 
8831 have been part of National's quality control 
procedures almost from the start. Our _ Quality 
Assurance Procedures Manual is available upon 
request. 

We offer a complete line of Iinear/883 (Class BI 
products as standard, off-the-shelf items. Special 
Linear 1883 data sheets have been prepared to 
reflect this capability. They show process flow, 
electrical parameters, end of test criteria, and test 
circuits. We save you the problem of specifying test­
and inspection procedures, and offer significaAt 
cost savings by having an off-the-shelf, "to the 
letter" 883 ,program. I n addition, we will test any 
of our integrated circuits to any class of MIL­
STD-883. 

MIL-M-38510 

MIL-M-38510 specifies the general requirements 
for supplying microcircuits. These are; product 
assurance, which includes screening and quality 
conformance inspection; design and construction; 
marking; and workmanship. The screening and 
quality conformance inspection are conducted in 
accordance with MIL-STD-883. 

Screening 

All microcircuits delivered in accordance with MIL­
M-38510 must have been subjected to, and passed 
all the screening tests detailed in Method 5004 of 
MI L-STD-883 for the type of microcircuit and 
product assurance level. 

The device electrical and package requirements of 
MIL-M-38510are detailed by a device specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit electrical performance and mech­
anical requirements. Each device listed on a slash_ 
sheet is referred to as a slash number and the group 
of the microcircuits contained on a slash sheet is 
defined as a family of devices. The device may be 
Class B o~ C as defined by MI L-STD-883, Method 
5004 and 5005. Three lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 

The MI.L-M-38510 specs for standard linear devices 
require 100% DC testing at 25°C, _55°C and 
+125°C. AC testing- is performed at +25°C. The 
electrical parameters specified are tighter than the 
normal data sheet guaranteed limits. Additionally, 
MI L-M-38510 requires device traceability, exten­
sive documentation and closely matched mainten­
ance. 

12-6 

Quality Conformance 
Quality conformance inspection is conducted in 
accordance with the applicable requ irements of 
Group A, (electrical test), Group Band C, (environ­
mental test) of Method 5005, MI L-STD-883. These 
tests are co'nducted on a sample basis with GroupA 
performed on each sublot, Group B on each lot, 
and Group C as specified (usually every three 
monthsl. 

To supply devices to MIL-M-38510, the IC manu­
facturer must qualify the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's intent 
to qualify to MIL-M-38510. After passing compre­
hensive audits of facilities and documentation 
systems, the IC manufacturer will subject the 
device to and demonstrate that they satisfy all of 
the Group A, B, and C requirements of Method 
5005 of IIi1IL-STD-883 for the specified classes and 
types of IC. The qualification tests shall be moni­
tored by the qualifying agency. Finally the IC 
manufacturer shall prepare and submit qualifica­
tiOD test data to the qualifying agency. Groups A, 
B, and C inspections then shall be performed at 
intervals no greater than three months. 

The purpose of qualification testing is to assure 
that the device and lot quality conform to certain 
standard limits. In effect, lot qualification tests 
tend to ensure that once a particular device type 
is demonstrated to be acceptable,_ it's production, 
including materials, processing, and testing will 
continue to be acceptable. These limits are speci­
fied in MIL-STD-883 in terms of L TP[j's (Lot 
Tolerance Percent Defective) for the various qual i- , 
fication test sub-groups. Qualification testing is 
performed on a sample of devices' which are chosen 
at random from a lot of devices that has satisfac­
torily completed the screening of Method 5004 
must be performed on each device, i.e. on a 100% 
basis as opposed to qualification testing (Method 
50051 which occurs on a random sample basis. 

In summary, the entire purpose of MIL-M-38510 
and MIL-STD-883 is to provide the military, 
through its contractors with standard devices. 

We at National Semiconductor have supplied and 
are supplying devices to the MIL-M-38510 specifi­
cations. To order a MIL-M-38510 microcircuit, 
specify the following: 

For example; to specify an LM741 in a DIP 
processed to the requirements of MIL-M-38510, 
Class B, with gold plated leads, specify M-385101 
10101BCC. 

MM3851DI xxx xx X x x -. -,- -,- -,- -,- -,-
Specifies the Slash Device Device Case Lead 

General Require- Sheet Type Class Outline Finish 
mentsaf No. 

MIL·M·38510 



National 
Device No. Function Direct 

Replacement 

FAIRCHILD 

"Al01AFM General Purpose Op Amp LM101AF 
"A101AHM General Purpose Op Amp LM101AH 
"Al02HM Voltage Follower LM102H 
"Al04HM Negative Voltage Regulator LM104H 
"A 105HM Voltage Regulator LM105H 
"Al07HM General Purpose Op Amp LM107H 
"Al0BAHM Super Beta Op Amp LM10BAH 
"Al0BHM Super Beta Op Amp LM108H 
"All0HM Voltage Comparator LMll0H 
"AlllHM Voltage Comparator LM111H 
"All1RM Voltage Campara tor LM111J·8 
J!A201AHM General Purpose Op Amp LM201AH 
,A201AT General Purpose Op Amp LM201AN 
,A207HM General Purpose Op Amp LM20lH 
"A20BAHM Super Beta Op Amp LM20BAH 
,A20BHM Super Beta Op Amp LM20BH 
,A301AHC General Purpose Op Amp LM301AH 
,A301ATC General Purpose Op Amp LM301AN 
"A302HC Voltage Follower LM302H 
,A304HC Negative Voltage Regulator LM304H 
j,A305AHC Voltage Regulator LM305AH 
rA305HC Voltage Regulator LM305H 
rA307HC General Purpose Cp Amp LM307H 
"A30lTC General Purpose Op Amp LM307N 
"A308AHC Super Beta ap Amp LM30BAH 
r A30BHC Super Beta Op Amp LM30BH 
"A309KC 5 Volt Regulator LM309KC 
"A310HC Voltage Follower LM310H 
.A311HC' Voltage Comparator LM311H 
"A31 tR Voltage Comparator LM311J·B 
}lA311TC Voltage Comparator LM311N 
rA324PC Quad Op Amp LM324N 
.A339APC Quad Comparator LM339AN 
I,A339PC Quad Comparator LM339N 
rA376TC Voltage Regulator LM376N 
"A555HC Single Timing Circuit LM555CH 
1.A555HM Single Timing CirCUIt LM555H 
r A555TC Single Timing Circuit LM555CN 
"A556PC Dual Timing Circuit LM556CN 
I,A709AHM High Performance Cp Amp LM709AH 
"A709HC High Performance Cp Amp LM709CH 
"A709HM High Performance Op Amp LM709H 
I,A709PC High Performance Op Amp LM709CN 
j,A709Te High Performance Op Amp LM709CN·B 
,LA710FM High Speed Differential Comparator LM710F 
r A710HC High Speed Differential Comparator LM710CH 
"A710HM High Speed Differential Comparator LM710H 
r A710PC High Speed Differential Comparator LM710CN 
I,A711HC Dual Comparator LM711CH 
"A711HM Dual Comparator LM711H 
,A711PC Dual Comparator LM711CN 
,A 723DC Precision Vollage Regulator LM723CJ 
"A723DM PreCision Voltage Regulator LM723J 
"A723HC Precision Voltage Regulator LM723CH 
,A723HM Precision Voltage Regulator LM723H 
"A723PC Precision Voltage Regulator LM723CN 
,A725AHM Instrumentation Op Amp LM725AH 
"A72~HC Instrumentation Op Amp LM725CH 
,A725HM Instrumentation Op Amp LM725H 
"A733HC Differential Video LM733CH 
"A733HM Differential Video LM733H 
~741AFM Frequency Compensated Op ~mp LM741AF 
j,A741AHM Frequency Compensated Op Amp LM741AH 
,A741DC Frequency Compensated Op Amp LM741CJ·14 
,A741EHC Frequency Compensated Op Amp LM741EH 
,A741HC Frequency Compensated Op Amp LM741CH 
,A741HM Frequency Compensated Op Amp LM741H 
~741PC Frequency Compensated Op Amp LM741CN·14 
~741RC Frequency Compensated Op Amp LM741CJ 
~741TC Frequency Compensated Op Amp LM741CN 
"A746PC Chroma Demodulator LM746N 
~747AHM Dual Frequency Compensated Op Amp LM747AH 
~747EHC Dual Frequency Compensated Op Amp LM747EH 
"A747HC Dual Frequency Compensated Op Amp LM747CH 
,A747HM Dual Frequency Compensated Op Amp LM74lH 
pA747PC Dual Frequency Compensated Op Amp LM747CN 
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Device No. Function 

FAIRCHILD (Continued) 

"A74BHC Op Amp 
!,A74BHM Op Amp 
"A74BTC Op Amp 
j,A760HC HIgh Speed DifferentIal Comparator 
"A796HC 3·Terminal PosItive Voltage Regulator 
jtA79SPC 3·Termmal Positive Voltage Regulator 
,.A79BHM Dual Op Amp 
I,A1558HM Dual Internally Compensated Op Amp 
"A2901PC Dual Internally Compensated Op Amp 
j,A3046DC Transistor Array 
"A3064PC TV Automatic Fme·Tunlng CirCUit 
"A3075PC FM IF Limiter/Detector/AudIO Proampllfler 
"A30B6PC Transistor Array 
,A3301P Quad Smgle Supply Amplifier 
"A3302P Quad Comparator 
"A3401P Quad Single Supply Amplifier 
,AFlllHM Voltage Comparator 
"AF155AHM Monolithic JFET Input Op Amp 
"AF155HM Monolithic JFET Input Op Amp 
,AF156AHM Wideband Mono. JFET Input Op Amp 
"AF156HM Wideband Mono. JFET Input Op Amp 
r AF1 57AHM Wideband Mono. JFET Input Op Amp 
,AF15lHM Wldeband Mono. JFET Input Op Amp 
,AF211HM Voltage Comparator 
"AF311HC Voltage Comparator 
"AF355AHC Monolithic JFET Input Op Amp 
,AF355HC Monolithic JFET Input Cp Amp 
,AF356AHC Wideband Mono JFET Input Op Amp 
,AF356HC Wideband Mono JFET Input Op Amp 
,AF357AHC Wideband Mono ~FET Input Op Amp 
,AF357HC Wideband Mono JFET Input Cp Amp 

MOTOROLA 

LF155AH Monolithic JFET Op Amp 
LF155H Monolithic JFET Cp Amp 
LF156AH Monolithic JFET Cp Amp 
LF156H Monolithic JFET Op Amp 
LF157AH Monolithic JFET Cp Amp 
LF157H Monolithic JFET Op Amp 
LF355AH Monolithic JFET ap Amp 
LF355H Monolithic JFET ap Amp 
LF355N Monolithic JFET Op Amp 
LF356AH MonolithiC JFET Op Amp 
LF356H Monolithic JFET Op Amp 
LF356N Monolithic JFET Op Amp 
LM117H 3·Terminal Adj. Positive Regulator 
LM117K 3·Terminal Adj. Positive Regulator 
LM123K Positive Voltage Regulator 
LM317H 3·Terminal Adj. Positive Regulator 
LM317K 3·Terminal Adj. Positive Regulator 
LM317T 3·Terminal Adj. POSitive Regulator 
MC1303P Dual Stereo Preamplifier 
MC1310P FM Stereo Demodulator 
MC1408L6 8·Blt Multiplying DIA Converter 
MC140BL7 8·Bit Multiplying D/A Converter 
MC140BLB 8·Bit Multiplying D/A Converter 
MC1408P6 B·Bit Multiplying D/A Converter 
MC140BP7 8·Bit Multiplying D/A Converter 
MC140BPB 8·Bit Multiplying O/A Converter 
MC1414L Dual Differential Comparator 
MC1414P Dual Differential Comparator 
MC1496G Balanced Modulator·Demodulator 
MC1496P Balanced Modulator·Demodulator 
MC150BLB 8·Bit Multiplying DIA Converter 
MC1514L Dual Differential Comparator 
MC1596G Slanced Modulator·Demodulator 
MC1710AG Differential Comparator -
MC1710CG Differential Comparator 
MC1710CP Differential Comparator 
MC1710G Differential Comparator 
MC1711CG Dual Differential Comparator 
MC1711CP Dual Differential Comparator 
MC1711G Dual Differential Comparator 
MCl723CL Adj. Positive or Negative Volt. Regulator 
MCl723CP Adj. Positive or Negative Volt. Regulator 
MCl723L Adj. POSItive or Negative Volt. Regulator 

National 
Direct 

Replacement 

LM74BCH 
LM74BH 
LM74BCN 
LM760CH 
LM1496H 
LM1496M 
LM35BH 
LM155BH 
LM2901N 
LM3046N 
LM3064N 
LM3075N 
LM30B6N 
LM3301N' 
LM3302N 
LM3401N 
LFlllH 
LF155AH 
LF155H 
LF156AH 
LF156H 
LF157AH 
LF157H 
LF211H 
LF311H 
LF355AH 
LF355H 
LF356AH 
LF356H 
LF357AH 
LF357H 

LF155AH 
LF155H 
LF156AH 
LF156H 
LF157AH 
LF157H 
LF355AH 
LF355H 
LF355N 
LF356AH 
LF353H 
LF355N 
LMl17H 
LMl17K 
LM123K 
LM31lH 
LM317K 
LM317T 
LM1303N 
LM1310N 
LM140BJ·6 
LM 140BJ.7 
LM140BJ·B 
LM140BN·6 
LM140BN·7 
LM140BN·B 
LM1414J 
LM1414N 
LM1496H 
LM1496N 
LM1508D·B 
LM1514J 
LM1596H 
LM710AH 
LM710CH 
LM710CN 
LM710H 
LM711CH 
LM711CN 
LM711H 
LM723CJ 
LM723CN 
LM723J 
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Device No. Function 

MOTOROLA (Continued) 

MC1733CG Differential Video Amp 
MC1733CP Differential Video Amp 
MC1733G Differential Video Amp 
MC1741CG General Purpose Op Amp 
MC1741CL General Purpose Cp Amp 
MC1741CPl General Purpose Cp Amp 
MC1741CP2 Generla Purpose Op Amp 
MC1741G General Purpose Cp Amp 
MC1741L General Purpose Cp Amp 
MC1741U General Purpose ap Amp 
MC1747CG Dual MC1741 Op Amp 
MC1747CL Dual MC1741 Op Amp 
MC1747CP2 Dual MC1741 Op Amp 
MC1747G Dual MC1741 Op Amp 
MC1747L Dual MC1741 Op Amp 
MC174BCG G,eneral Purpose Op Amp 
MC174BCPl General Purpose Op Amp 
MC174BCU General Purpose Op Amp 
MC174BG General Purpose Op Amp 
MC174BU General Purpose Op Amp 
MC2901P Quad Comparator 
MC2902P Quad Op Amp 
MC3301P Quad Op Amp 
MC3302P Quad Comparator 
MC3401P Quad Op Amp 
MC7BXXCK Positive Voltage Regulator 
MC7BXXCT Positive Voltage Regulator 
MC78LXXACG Positive Voltage Regulator 
MC7BLXXACP Positive Voltage Regulator 
MC78LXXCG Positive Voltage Regulator 
MC7BLXXCP Positive Voltage Regulator 
MC79XXCK Negative Voltage Regulator 
MC79XXCT Negative Voltage Regulator 
MC79LXXACP Negative Voltage Regulator 
MC79LXXCP Negative Voltage Regulator 
MLM101AG Gen. Purpose Adj. Op Amp 
MLM101AU Gen. Purpose Adj. Op Amp 
MLM104G Adjustable Negative Volt. Regulator 
MLM105G Adjustable Positiv'e Volt. Regulator 
MLM107G General Purpose Op Amp 
MLM107U General Purpose Op Amp 
MLM10BAG Precision Op Amp 
MLM10BAU Precision Op Amp 
MLM109G PO~itive Voltage Regulator 
MlMll0G Unity Gain Op Amp 
MLMll0U Unity Gam Op Amp 
ML~lll.G Voltage Comparator 
MLMlllL Voltage Comparator 
MLMlllU Voltage Comparator 
MLM124L Quad Op Amp 
MLM124P Quad Op Amp 
MLM139AL Quad Comparator 
MLM139L Quad Comparator 
MLM15BG Dual Op Amp 
MLM201AG General Purpose Op Amp 
MLM201API General Purpose Op Amp 
MLM204G Adjustable Negative Voltage Regulator 
MLM205G Adjustable Positive Voltage Regulator 
MLM207G General Purpose Op Amp 
MLM207U Genera! Purpose Op Amp 
MLM20BAG Precision Op Amp 
MLM20BAL Precision Op Amp 
MLM20BAU Precision Op Amp 
MLM20BG PrecisIon Op Amp 
MLM208L PreCIsion Op Amp 
MLM20BU Precision Op Amp 
MLM209G Positive Voltage Regulator 
MLM211G Voltage Comparator 
MLM211L Voltage Comparator 
MLM211U Voltage Comparator 
MLM224L Quad Op Amp 
MLM239AL Quad Comparator 
MLM239L Quad Comparator 
MLM25BG Dual Op Amp 
MLM301AG General Purpose Op Amp 
MLM301API General Purpose Op Amp 

National 
Direct 

Replacement 

LM733CH 
LM733CN 
LM733H 
LM741CH 
LM741CJ·14· 
LM741CN 
LM741CN·14 
LM741H 
LM741J·14 
LM741J 
LM747CH 
LM747CJ 
LM747CN 
LM747H 
LM747J 
LM74BCH 
LM74BCN 
LM74BCJ 
LM74BH 
LM74BJ 
LM2901N 
LM2902N 
LM3301N 
LM3302N 
LM3401N 
LM78XXCK 
LM7BXXCT 
LM7BLXXACH 
LM7BLXXACZ 
LM7BLXXCH 
LM7BLXXCZ 
LM79XXCK 
LM79XXCT 
LM79LXXACZ 
LM79LXXCZ 

·LM101AH 
LM101AJ 
LM104H 
LM105H 
LM107H 
LM107J 
LM10BAH 
LM108AJ 
LM109H 
LM110H 
LMll0J·B 
LMlllH 
LMlllJ 
LMlllJ·B 
LM124J 
LM124N 
LM139AJ 
LM139J 
LM15BH 
LM201AH 

·LM201AN 
LM204H 
LM205H 
LM207H 
LM207J 
LM20BAH 
LM20BAJ 
LM20BAJ·B 
LM20BH 
LM20BJ 
LM20BJ·B 
LM209H 
LM211H 
LM211J 
LM211J·B 
LM224J 
LM239AJ 
LM239J 
LM25BH 
LM301AH 
LM301AN 

National 
Device No. Function Direct 

Replacement 

MOTOROLA (Continued) 

MLM304G Adjustable Negative Voltage Regulator LM304H 
MLM305G Adjustable Positive Voltage Regulator LM305H 
MLM307G General Purpose Cp Amp LM307H 
MLM307PI General Purpose Op Amp LM307N 
MLM307U General Purpose Cp Amp LM307J 
MLM30BAG Precision Op Amp LM30BAH 
MLM30BAL Precision Cp Amp LM30BAJ 
MLM30BAPI Precision Op Amp LM30BAN 
MLM30BAU Precision Cp Amp LM30BAJ·8 
MLM308G Precision Op Amp LM308H 
MLM30BL Precision Cp Amp LM30BJ 
MLM30BPI Precision Op Amp LM30BN 
MLM30BU Precision Op Amp LM30BJ·B 
MLM309G Positive Voltage Regulator LM309H 
MLM309K Positive Voltage Regulator LM309K 
MLM310G Unity Gain Op Amp LM310H 
MLM310PI Unity Gain Op Amp LM310N 
MLM310U Unity Gain Op Amp LM310J·B 
MLM311G Voltage Comparator LM311H 
MLM311L Voltage Comparator LM311J 
MLM311PI Voltage Comparator LM311N 
MLM311U Voltage Comparator LM311J·B 
MLM324L Quad Op Amp LM324J 
MLM324P Quad Op Amp LM324N 
MLM339AL Quad Comparator LM339AJ 
MLM339AP Quad Comparator LM339AN 
MLM339L Quad Comparator LM339J 
MLM339P Quad Comparator LM339N 
MLM358G Dual Op Amp LM35BH 
MLM35BPI Dual Op Amp LM35BN 
MLM565CP Phase Locked Loop LM565CN 

PMI 

PM10BAJ Operational Amplifier LM10BAH 
PM10BJ Operational Amplifier LM10BH 
PM155AJ JFET Input Op Amp LF155AH 
PM155J JFET Input Op Amp LF155H 
PM 156AJ JFET Input Op Amp LF156AH 
PM156J JFET Input Op Amp LF156H 
PM157AJ JFET Input Op Amp LF157AH 
PM157J JFET Input Op Amp LF157H 
PM20BAJ Operational ~mplifjer LM20BAH 
PM208J Operational Amplifier LM20BH 
PM255J JFET Input Op Amp LF255H 
PM256J JFET Input Op Amp LF256H 
PM257J JFET Input Op Amp LF257H 
PM30BAJ Operational Amplifier LM30BAH 
PM308J Operational Amplifier LM308H 
PM355AJ JFET Inpul Op Amp LF355AH 
PM355J JFET Input Op Amp LF355H 
PM356AJ JFET Input Op Amp LF356AH 
PM356J JFET Input Op Amp LF356H 
PM357AJ JFET Input Op Amp LF357AH 
PM357J JFET Input Op Amp LF357H 
PM725CJ Operational Amplifier LM725CH 
PM725J Operational Amplifier LM725H 
PM741CJ ' Compensated Op Amp LM741CH 
PM741J Compensated Op Amp LM741H 
PM747CJ Dual Compensated Op Amp LM747CH 
PM747J Dual Compensated Op Amp LM747H 
PM 1558J Dual Compensated Op Amp LM155BH 

SIGNETICS 

.A709AT Operalional Amplifier LM709AH 

.A709CN Operational Amplifier LM709CN·B 

.A709CN·14 Operational Amplifier LM709CN 

.A709CT Operational Amplifier LM709CH 

.A709T Operational Amplifier LM709H 

.A710CN·14 Differential Voltage Comparator LM710CN 

.A71 OCT Differential Voltage Comparator LM710CH 

.A710T Differential Voltage Comparator LM710H 

.A711CN Dual Voltage Comparator LM711CN 

.A711CT Dual Voltage Comparator LM711CH· 

.A711K Dual Voltage Comparator LM711H 

.A723CF Precision Voltage Regulator LM723CJ 

.A723CL Precision Voltage Regulator LM723CH 
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National' 
Device No. Function Direct 

Replacement 

SIGNETICS (Continued) 

"A723CN Precision Voltage Regulator LN723CN 
"A723F Precision Voltage Regulator LM723J 
"A723L Precision Voltage Regulator LM723H 
"A733CN Differential Video Amp LM733CN 
"A733CT Differential Video Amp LM733CH 
~733F Differential Video Amp LM733H 
"A741CF General Purpose Op Amp LM741CJ·14 
"A741CN General Purpose Op Amp LM741CN 
"A741CN·14 General Purpose Op Amp LM741CN·14 
~741CT General Purpose Op Amp LM741CH 
.A741F General Purpose Op Amp LM741J·14 
"A741T General Purpose Op Amp LM741H 
"A747CN Dual Op Amp LM747CN 

. "A748CF General Purpose Op Amp LM74BCJ 
~74BCN General Purpose Op Amp LM74BCN 
.A74BCT General Purpose Op Amp LM748CH 
.A74BF General Purpose Op Amp LM74BJ·14 
"A748T ,General Purpose Op Amp LM74BH 
78XXCU 3·Terminal Positive Voltage Regulator LM7BXXCT 
7BXXDA 3·Terminal Positive Voltage Regulator LM7BXXCK 
7BLXXACS 3·Terminal Positive Voltage Regulator LM78XXACZ 
7BLXXADB 3·Terminai Positive Votlage Regulator LM78LXXACH 
7BLXXCDB 3·Terminal Positive Voltage Regulator LM7BLXXCH 
7BLXXCS 3·Terminal Positive Votlage Regulator LM7BLXXCZ 
79XXCU 3·Terminal Negative Voltage Regulator LM79XXCT 
79XXDA 3·Terrninal Negative Voltage Regulator LM79XXCK 
LF155AT Hi Performance JFET Input Op Amp LF155AH 
LF155T Hi Performance JFET Input Op Amp LF155H 
LF156AT Hi Performance JFET Input Op Amp LF156AH 
LF156T Hi Performance J FET Input Op Amp LF156H 
LF157AT Hi Performance JFET Input Op Amp LF157AH 
LF157T Hi Performance JFET Input Op Amp LF157H 
LF255T Hi Performance JFET Input Op Amp LF255H 
LF256T Hi Performance JFET Input Op Amp LF256H 
LF257T 'Hi Performance JFET Input Op Amp LF257H 
LF355AT Hi Performance JFET Input Op Amp LF355AH 
LF355T Hi Performance JFET Input Op Amp LF355H 
LF356AT Hi Performance jFET Input Op Amp LF356AH 
LF356T Hi Performance J FET Input Op Amp LF356H 
LF357AT Hi Performance JFET Input Op Amp LF357AH 
LF357T Hi Performance JFET Input Op Amp LF357H 
LM101AF High Performance Amplifier LM101AJ·14 
LM101AT High Performance Amplifier LM101AH 
LM107F General Purpose Op Amp LM107J·14 
LMt07T General Purpose Op Amp LM107H 
LMlOBAF PreCision Op Amp LM108AJ 
LM10BAT Precision Op Amp' LM10BAH 
LM10BF Precision Op Amp LM10BJ 
LM10BT Precision Op Amp LM108H 
LM109DB 5 Volt Regulator LM109H 
LMll1F Voltage Comparator LMlllJ 
LMll1T Voltage Comparator LM111H 
LMl19F Dual Voltage Comparator LMl19J 
LMl19K Dual Voltage Comparator LMl19H 
LM124AF Gen Purpose Single Supply Op Amp LM124AJ 
LM124F Gen Purpose Single Supply Op Amp LM124J 

, LM124N Gen Purpose Single Supply Op Amp LM124N 
LM139AF Quad Voltage Comparator LM139AJ 
LM139F Quad Voltage Comparator LM139J 
LM193AT Low Power Dual Voltage Comparator LM193AH 
LM193T Low Power Dual Voltage Comparator LM193H 
LM201AF High Performance Amplifier LM201AJ·14 
LM201AN High Performance Amplifier LM201AN 
LM201AT High Performance Amplifier LM201H 
LM207F General Purpose Op Amp LM207J·14 
LM207T General Purpose Op Amp LM207H 
LM20BAF General Purpose Op Amp LM20BAJ 
LM20BAT Precision Operational Amp LM20BAH 
LM20BF Precision Operational Amp LM20BJ 
LM20BT PreCision Operational Amp LM20BH 
LM209DB 5 Volt Regulator LM209H 
LM211F Voltage Comparator LM211J 
LM211T Voltage Comparator LM211H 
LM219F Dual Voltage Comparator LM219J 
LM219K Dual Voltage Comparator LM219H 
LM224AF Gen Purpose Single Supply Op Amp LM224AJ 
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Device No. Function 

SIGNETICS (Continued) 

LM224AN Gen Purpose Single Supply Op Amp 
LM224F Gen Purpose Single Supply Op Amp 
LM239AF Quad Voltage Comparator 
LM239F Quad Voltage Comparator 
LM25BT Gen Purpose Single Supply Op Amp 
LM293T Low Power Dual Voltage Comp~rator 
LM301AF High Performance Amplifier 
LM301AN High Performance Amplifier 
LM301AT High Performance Amplifier 
LM307F General Purpose Op Amp 
LM307N General Purpose Op Amp 
LM307T General Purpose Op Amp 
LM30BAF Precision Op Amp 
LM30BAN Precision Op Amp 
LM30BAT Precision Op Amp 
LM30BF Precision Op Amp 
LM30BN Precision Op Amp 
LM30BT Precision Op Amp 
LM309DA 5 Volt Regulator 
LM309DB 5 Volt Regulator 
LM311F Voltage Comparator 
LM311N Voltage Comparator 
LM311N·14 Voltage Comparata:r 
LM311T Voltage Comparator 
LM319F Dual Voltage Comparator 
LM319K Dual Voltage Comparat~H 
LM319N Dual Voltage Comparator 
LM324AF Gen Purpose Single Supply Op Amp 
LM324AN GenPorpose Single Supply Op Amp 
LM324F Gen Purpose Single Supply Op Amp 
LM324N Gen Purpose Single Supply Op Amp 
LM339AF Quad Voltage Comparator 
LM339AN Quad Voltage Comparator 
LM339F Quad Voltage Comparator 
LM339N Quad Voltage Comparator 
LM340XXDA 3·Terminal Positive Voltage Regulator 
LM340XXLL 3·Terminai Positive Voltage Regulator 
LM381AN Dual Low NOise Preamplifier 
LM3B1N Dual Low Noise Preamplifier 
LM3B2N Dual Low Noise Preamplifier 
LM387N Dual Low Noise Preamplifier 
LM393AN Low Power Dual Voltage Comparator 
LM393AT Low Power Dual Voltage Comparator 
LM393N Low Power Dual Voltage Comparator 
LM393T Low Power Dual Voltage Comparator 
LM2901F Quad Voltage Comparator 
LM290lN Quad Voltage Comparator 
LM2903N Low Power Dual Voltage Comparator 
MC1408·7F a·Sit Multiplying D/A Converter 
MC1408:8F 8·8it Multiplying D/A Converter 
MC140B·7N 8·Bit Multiplying DIA Converter 
MC140B·BN 8-Bit Multiplying OiA Converter 
MC1496K Balanced Modulator Demodulator 
MC1496N Balanced Modulator Demodulator 
MC1596K Balanced Modulator Demodulator 
MC3302N Quad Voltage Comparator 
NE555T Timer 
NE555N Timer 
NE556N Dual Timer 
NE556F Dual Timer 
NE565K Phase locked Loop 
NE565N Phase Locked Loop 
NE566N Function Generator 
NE567T Tone Decoder/Phase Locked Loop 
NE567N Tone Decoder/Phase Locked Loop 
SE555T Timer 
SE565K Phase Locked Loop 
SE567T Tone Decoder/Pha"se Locked Loop 
TBA120N FM IF Amp & Demodulator 
TBA120S·2 8·Stage Amp w/Balanced Demodulator 
TBA120S·3 a·Stage Amp ~/Balanced Demodulator 
TBA120S·4 a·Stage Amp w/Balanced Demodulator 
TBA120S·5 8·Stage Amp w/Balanced Demodulator 
TBA120SN 8-Stage w/Balanced Demodulator 
TBA120S·2N a·Stage w/Balanced Demodulator 
TBA120S·3N 8·Stage w/Balanced Demodulator 

National 
Direct 

Replacement 

LM224AN 
LM224J 
LM239AJ 
LM239J 
LM25BH 
LM293H 
LM301AJ·14 
LM301AN 
LM301H 
LM307J·14 
LM307N 
LM307H 
LM30BAJ 
LM30BAN 
LM30BAH 
LM30BJ 
LM30BN 
LM30BH 
LM309K 
LM309H 
LM311J 
LM311N 
LM311N·14 
LM311H 
LM319J 
LM319H 
LM319N 
LM324AJ 
LM324AN 
LM324J 
LM324N 
LM339AJ 
LM339AN 
LM339J 
LM339N 
LM340KXX 
LM340TXX 
LM3B1AN 
LM3B1N 
LM3B2N 
LM3B7N 
LM393AN 
LM393AH 
LM393N 
LM393H 
LM2901J 
LM2901N 
LM2903N 
LM1407J·7 
LM140BJ·B 
LM140BN·7 
LM140BN·B 
LM1496H 
LM1496N 
LM1596H 
LM3302N 
LM555CH 
LM555CN 
LM556CN 
LM556J 
LM565CH 
LM565CN 
LM566CN 
LM567CH 
LM567CN 
LM555H 
LM565H 
LM567H 
TBA120T 
TBA120S II 
TBA120S III 
TBA120S IV 
TBA120S V 
TBA120SQ 
TBA120SQ II 
TBA120SQ III 
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Device No. Function 

SIGNETICS (Continued) 
TBAI20S·4N a-Stage w/Balanced Demodulator 
TBAI205-5N a·Stage w/Balanced Demodulator 
TBA120U FM IF Amp & Demodulator 
TBA120UN FM IF Amp & Demodulator 

TEXAS INSTRUMENTS 

"A70AML OpAmp 
.A709CL OpAmp 
.A709CN OpAmp 
"A709CP Op Amp 
"A709ML OpAmp 
.A710ML Comparator 

, 
.A711CL Dual Comparator 
.A711CN Dual Comparator 
.A711ML Dual Comparator 
.A723CJ Voltage Regulator 
"A723CL Voltage Regulator 
.A723CN Voltage Regulator 
"A723MJ Voltage Regulator 
.A723ML Voltage Regulator 
.A733CL Video Amp 
.A733CN Video Amp 
.A733ML Video Amp 
.A741CJ Compensated Op Amp 
.A741CJ Compensated Op ~mp 
.A741CJG Compensated Op ,Amp, 
.A741CL Compensated Op Amp 
~741CP Compensated Op Amp 
"A741MJ Compensated Op Amp 
.A741MJG Compensated ap Amp 
I,A741ML Compensated Op Amp 
.A74BCJG Op Am·p 

"A748CL Op Amp 
.A748CN OpAmp 
.A748MJ Op Amp 
.A748MJG Op Amp 
"A74BML OpAmp 
.A7BXXCKA Positive Voltage Regulator 
.A78XXCKC Positive Voltage Regulator 
"A78LXXACL Positive Voltage Regulator 
"A7BLXXCLP Positive Voltage Regulator 
"A78MXXCKD POSitive Voltag~ Regulator 
.A79XXCKA Negati\le Voltage Regulator 
.A79XXCKC Negative Voltage Regulator 
"A79MXXCKD· Negative Voltage Regulator 
.A79MXXCLA Negative Voltage Regulator 
~79MXXLA Negative Voltage Regula!or 
LF155AL JFET Input Op Amp 
LF155L JFET Input Op Amp 
LF156AL JFET Input ,Op Amp 
LFI56L JFET Input Op Amp 
LF157AL JFET Inpul Op Amp 
LF157L JFET Input Op Amp 
LF255L JFET Input Op Amp 
LF25SL JFET Input Op Amp 
LF257L JFET Input Op Amp 
LF355AL JFET Input Op Amp 
LF355L JFET Input Op Amp 
LF355P JFET Input Op Amp 
LF35SAL JFET Input Op Amp 
LF356L JFET Input Op Amp 
LF356P 'JFET Input Op Amp 
LM101AJ !mproved Op Amp 
LM101AJG Improved Op Amp 
LM101AL Improved Op Amp 
LM101AU Improved Op Amp 
LM104L Negative Voltage Regu,lator 
LM105L Positive Voltage Regulator 
LM10SL Voltage Comparator 
LM107J Compensated Op Amp 
LM107JG Compensa'ted Op Amp 
LM107L Compensated ap Amp 
LM109LA 5V Regulator 
LMlllJ Voltage Comparator 
LMlllJG Voltage Comparator 
LMlllL Voltage Comparator 
LMI17KA 3·Terminal Adjustable Regulator 

National 
Direct 

Replacement 

TBA120SQ IV 
TBA120SQ V 
TBA120U 
TBA120UQ 

LM709AH 
LM709CH 
LM709CN 
LM709CN·8 
LM709H 
LM710H 
LM711CH 
LM711CN 
LM711H 
LM723CJ 
LM723CH 
LM723CN 
LM723J 
LM723H 
LM733CH 
LM733CN 
LM733H 
LM741CJ·14 
LM741CN·14 
LM741CJ 
LM741CH 
LM741CN 
LM741J·14 
LM741J 
LM741H 
LM748CJ 
IM748CH 
LM74BCN 
LM748J·14 
LM748J 
LM748H 
LM78XXCK 
LM78XXCT 
LM78LXXACZ 
LM78LXXCZ 
LM78MXXCP 
LM79XXCK 

. LM79XXCT 
LM79MXXCP 
LM79MXXCH 
LM79MXXH 
LF155AH 
LF155H 
LF15SAH 
LF15SH , 
LF157AH 
LF157H 
LF255H 
LF25SH 
LF257H 
LF355AH 
LF355H 
LF355N 
LF356AH 
LF356H 
LF35SN 
LM101AJ·14 
LM101AJ 
LM101AH 
LM101AF 
LM104H 
LM105H' 
LM106H 
LM107J·14 
LM107J 
LM107H 
LM109H 
LMlllJ 
LMlllJ·8 
LMlllH 
LMI17K 

National 
Device No. Func,ion Direct 

Replacement 

TEXAS INSTRUMENTS (Continued) 
LMI17LA 3·Terminal Adjustable Regulator LMII7H 
LM118JG High Slew Rate Op Amp LM118J 
LM118L High Slew Rate Cp Amp LM118H 
LM124J Quad Op Amp LM124J 
LM124N Quad Op Amp LM1$24N 
LM139J Quad Comparator LM139J 
LM158L Dual Op Amp ¢LMI58H • 
LM193L Dual Comparator LM193H 
LM201AJ improved Op Amp LM201AJ·14 
LM201AJG Improved Op Amp LM201AJ 
LM201AL Improved Op Amp LM201AH 
LM201AN Improved Op Amp LM201AN 
LM204L Negative Voltage Regulator LM204H 
LM205L Positive Voltage Regulator LM205H 
LM20SL Voltage Comparator LM20SH 
LM207J Compensated Op Amp LM207J·14 
LM207JG Cor:npensated Op Amp LM207J 
LM207L Compensated,Op Amp LM207H 
LM209LA 5V Regulator LM209H 
LM217H 3-Terminal Adjustable Regulator LM217LA 
LM217KA 3·Terminal Adjustable Regulator, LM217K 
LM218JG High Slew Rate Op Amp LM218J·8 
LM218L High SleW Rate Op Amp LM21BH 
LM224J Quad Op Amp LM224J 
LM239J Quad Comparator LM239J 
LM258L Dual Op Amp LM258H 
LM293L Dual Comparator LM293H 
LM301AJ Impro\led Op Amp LM301AJ·14 
LM301AJG Impro\led Op Amp LM301.AJ 
Livl301AL Impro\led ap Amp LM301AH 
LM301AN Impro\led ap Amp LM301AN. 
LM304L Negative Voltage Regulator LM304H 
LM305AL Positive Voltage Regulator LM305AH 
LM305L Positive Voltage Regulator LM305H 
LM306L Voltage Comparator LM30SH 
LM307J Compensated Op Amp LM307J·14 
LM307JG Compensated ap Amp LM307J 
LM307L Compensated Op Amp LM307H 
LM307N Compensated Op Amp LM307N 
LM309LA 5V Regulator LM309H 
LM311J Voltage Comparator LM311J 
LM311JG Voltage Comparator, LM311J·8 
LM311L Voltage Comparator LM311H 

, LM311N, Voltage Comparator LM311N·14 
LM311P Voltage Comparator LM311N 
LM317KA 3·Terminal Adjustable Regulator LM317K 
LM317KC 3-Terminal Adjustable Regulator LM317T 
LM317LA 3·Terminal Adjustable Regulator LM317H 
LM318JG High Slew Rate Op Amp LM31BJ·8 
LM318L High Slew Rate Op Amp LM318H 
LM318P High Slew Rate Op Amp LM318N 
LM324J Quad Op Amp LM324J 
LM324N Quad Op Amp LM324N 
LM339J Quad Comparator LM339J 
LM339N Quad Comparator LM339N 
LM358L Dual Op Amp LM35BH 
LM358P Dual Op Amp LM358N 
LM376P POSiti\le Voltage Regulator LM37SN 
LM393L Dual Comparator LM393H 
LM393P Dual Comparator LM393N 
LM2901N Quad Comparator LM2901N 
LM2902J Quad Op Amp LM2902J 
LM2902N Quad Op Amp LM2902N 
LM2903P Dual Comparator LM2903N 
LM2904P DualOp.Amp LM2904N 
MC1558JG Dual Compensated Op Amp LM1558J 
MCI556L Dual Compensated Op Amp LM15518H 
NE555CJG Timer LM555CJ 
NE555CL Timer LM555CH 
SE555JG Timer LM555J 
SE555L Timer LM555H 
TL081ACL Single Low Cost Bi·Fet Op Amp LF351AH 
TLOB1ACN Single Low Cost Bi·Fet Op Amp LF351AN 
TL081CL Single Low Cost BI·Fet Op Amp LF351H 
TL081CN Single Low Cost Bi·Fet Op Amp LF351N 
TL710CL Comparator LM710CH 
TL710CN Comparator LM710CN 
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~NaHonal- See Physical Dimensions Addendum on page 12-24 for late additions. 

~ Semiconductor 

PINNO.I 
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r:r:~4) 
:-=~~l...!lilWlll!LJ.!J.J..!..L..l--r GLASS 

'291 

IU", 

~~~~~~~~~~ 

fUM} OUO +0 005 II.ZDU 

'29'-'.32' I-- MAX ·M· """ 
-I I • ..;--'"' i 1" 

W '--l-'--.JL~\\. SEALA.T iOiOi=iJiii 

-l :~::::::, ~ I::.;J j t(:~:::':1 I::~~) 
~:H'''J r~~-f:~ 
I-~--I ~ 

(9.119±0.636) (2..540) 
MAX BOTH ENDS (3.1151 

MI' 

BOTH D.1OD ;to.OIU MIN 
ENDS (2.5401D.2541 

NS Package J08A 
8-Lead Cavity DIP (J) 

0.1&0 GLASS 0.200 1 '.Z&O-U20 tl' SEALA.T IS."" 

I~~~~~ Je;~S~=~~;3;t~ 1 ~~ 
13.115) 

D.100±O.010 MIN 

0.025 

CD.ii5i 
RAD 

--I j"f.;l9"E' I- I1MA.2IOX' j L,:A··:::::,-ll- 0.125 

~ NS Package J16A 
16-Lead Cavity DIP (J) 

GLASS 
SEALANT 

95 '5 0.oa8-O.o12 J 
- IU03-O.305' 

0.315 tlUI25 MAX 0.0&0 ~ (WI ,0.835) ~ BOTH END. i1.ii4j ~ 8.125 
13.115) 
MI' 

0.025 

iD.i3si 
'AD 

NS Package J18A 
18-Lead Cavity DIP (J) 

12-16 

NS Package J14A 
14-Lead Cavity DIP (J) 

17.3911 
MAX 

L".,..,.,...,.."rr.T,..,.,...,..,.,..,..,..,.,.;J--.i.. 

t:::.!!!!..~' 0.310 
(Z~rxll r~:41 

11 11 15 14 13 12 11 ,GLASS 

U91 

i73iii 

~~~~~~~~~~ 



1.zao I .... 
r-~~~~~~~~~~~~~~~ .L~ 

. i~:~4D· 
0.02:5 
ji.ilsj RA. 0.515-0.525 

~r.T~r;,TT~r.r;,n"rc~orToM,"rrr~(13·"'r13~51 

f-- 0.SlID-O.U2D ---1 

H=1i, . 
0.001-0.012 J I ~~25 ~ 

0.615 "".060 0.060-0.100 

f--(17309~.'3,)--l ~ 
. -1.5Z4 

f- ..... '.< .. I 
IZ.540±0.254)-i 

02 .. 

NS Package J24A 
24-Lead Cavity DIP (J} 

1---+11:~:~:'::5) OIA 
0.325-0.352 

11.255-1,941) 1~.!!:1 @ MAX 

;:==:r::::::SEATlNG . 

U::~:~:21 0.031-8.143 PLANE 

--f I- 10 .... - •• 01121 

0.660-0.610 
(18.764-11.811) 

2 MOUNTING HOLES 
O.151-D.161 

(3.835-4.019) 
O.A 

~R 
(12.441-12.1541 

NS Package K02A 
2-Lead TO-3 Metal Can Package (K} 

(Steel} 

0.092 
12.3371 

.. A 
NOM 

NS Package N08A 
8-Lead Molded Mini-DIP (N} 

12-17 

OIAMAX -

0.115 i (20.701 

~+~=:C~~;;~=:I=={:SEATINGPLANE 
~ 0.11' 

(2.9911 
1IA3D MAX 
110.92) 
M •• 

DIA 2 PINS 

I-----+-~~~;:~::) 

0.174 
(U191 RAB MAX 

0.151-8.159 2MOUNTING 
(3.9&%-4.D39' HOLES 

NS Package KC02A 
2-Lead TO-3 Metal Can Package (KC} 

(Aluminum} 

.0.030 
(0.1621 
MAX 

..... 
~I1D.161 MAX:l n"'" D.DIIO G.25D±D.OD5 

12.0321 ::10.1211 

1 2 J 4 

0.040 

/1.&511 _TV' ~30UO.'2". 7~ ... -
~ 13.1151 'J ~U25 (8.ZZI-D'.3811 ~ MIN 

0.325+0·025 I D.D4UD.OI5 J ~1-1L~ (D;,~I 
~ I-- (1.143±11.381)...J L.. (DASh".07'. 

(1255 ::f.:) /::~:I· 
TV. 

NS Package NOSB 
8-Lead Molded Mini-DIP;(N} 



o c o 
"en c 
CD 
E 
is 
"iii 
(J 

"en 
~ 
Q. 

'0.030 

B.OBD 

ml 

NS Package NlOB 
10-Lead Molded DIP (N) 

D.091 

iffili 
DlA NOM 

..... 
("86, 

NOM 

ptN NO.1 IDENT 

NS Package N14A 
14-Lead Molded DIP (N) -

0.065 D.13G:tD.D06 

rE~ __________ -tt-'-=-jf"V' 

NS Package N14C 
14-Lead Molded DIP (N-01) 

(StBggered Leads) 

12-18 

..... 
(0.6011 
MI. 

I 

D.IIIG 
12.548) 
MI. 



0.030 
(0.762) 

0.300-O.3Z0 MAX 0.065 

I~:::H "~ K o.OOD-O.", J 
10.229-0.3811 I 0.015fO.OI5 I- +0.025 11.905,0.3811 0.3ZS_0.o15 

(USS ~~:;:~) 

NS Package N16:(N) 
16-Lead Molded 01 

O.200-,-,--~_ 

~ 

'~'~ 11.6511 _ ~ 

~o 'J O100iD.o.ii ~ "18 !0003 i254ai MIN (0Z29-:.::~1.t0.01S J I- t--l1-~ MIN 15.0101 
TV' 

0.300 

(7.6201 

TV' 

1':90' ".3", :J. I::::, TV' 

, NS Package ~1~fN-01) 
16-Lead Molded ) 

(Staggered Leads 

0.180 

D.DDD-fJ -(!9~~~ 
'(2., .. , "'i1Iii1r.i1Ii1I._, 

NOM 'Ii.. 0250,0.005 
0.092 DIANOM~ '-t'" (6.35'0.121) (2.331) + V -.J. 

PIN NO. I IOENT~~~~':F'F.T=r.nmilr1lr 
, 

0.130 
(0.1621 

uno - o.3Zo MAX ~ 

r:'·' I I ~ 5",,' ~ Jr-J (Ool29-o.3111 

D.03~ 

+0.025 frnZ 1:0~~'OG :10.010 TVP O.32S~.:: ~ 
~.2S5:-D~81) 

N16E ' NS Packagll (N) 
16-Lead Molded DIP 
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en c o 
"0 
c 
CD 
E 
C 
"i 
(.) 

£ 
D.. 

0.300-0.3%0 

11.62.-'.128) 

.... , 
U7) 

DIA NOM 
PIN NO. , IDENT 

0.110 

iii.iiiJ----j 
MAX iii fiiI ffi1 nil I 

~~~II~I~'~"~I~'~"~I~I~' ---r 
0.250tO.005 

ii3i'ii'±i.WI 
1ffi=r.;Fffi''ffi9rr=rn=m=F.f. ~, --.i 

NS Packge N18A 
18-Lead Molded DIP IN) 

..... 
12.3371 

DIA NOM 

PIN NO. 1 !DENT 

1------t2~~7~J'------l 
MAX 

O.13D±D.Oas 

•• 030 
10.762) , 
MAX 

~~--------rr--------'~ 

(1.8115tO.121) 

I •. 1 •• ,0.01. I 
1-(2.54(1t0.2541--1 

•• 002 
i1.iffi 

RA. 

NS Package N20A 
20-Lead Molded DIP IN) 

Z2 " 

1 
D.54DtO.DDS 

~rr9f.r~=F,~~~~9mFF.~~~~~::Jl'.'1271 

NS Package N24A 
24-Lead Molded DIP IN) 
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0.24;1-U.260 
161l96-M!l4J 

11 
B.435 

"'[ 
1.210 

0.062 

0.515) 
RAD 

1 
0.55010.005 

PIN NO. 1IOElH~""'.,.",."...=..,..,.rr.""""""'=-r:1rr."''''=-r.:,"",,:rr:-:r-'J1271 

0.030 

(O.762)~ - 0.050 

•. ~<.~ :_::L~."r' ~ •.• '".' f~}~*=f-r ~(L 
i 0.625+0.025 --\\--(~::::=~:~~~)J ~O 
l----~-----l 0.015&015 I r I O.HIO -II 0.01B±0.003 0.125 (a.50B) 

(15.B75~:;~~) (1.905~O.J81) r- --J [--(2.540) I-tO.457tO.076) (3.115) MIN 
TVP MIN 

NS Package N28A 
28·Lead Molded DIP (NI 

I::~:::::'l.",_.~~, 
n 12194-3Il.u) 

'( 0411D-1I.520 

I:::;~;;::I "'''I"~O'' 

0285-0.315 

Lu,,:T'1e;r;F.l-.J '::1:::' 
":r~41 C.2!S_Q,lI5 

,~;n';Tir,'r~~:I0Glt 
121D ,i~:, I: '''''T'''' 

(~:~=~:~,~:" ~ ~ ~ I:::::::::' --11-,:::::::::, 
, TY' [l,U9S-0.11l5 .. 

O.U5-0.205 12.4IJ-lSS1) 

/4953-52011 

0095-0.105 

(2.413_2&51) 

, ~' , ,~~~::" 
~ -I I 001!1_0028 

0041-0.049 r--- (UIl-~.6il) 
(1.194-1.2151 (5"]-

I 

NS Package P03A 
3·Lead TO·202 Power Package (PI 

! 
0.46J·0.(I(l5 

/11.7601+(0.127) 

f1~5~~~--_--./ 
RAD 

0.05010.015 

~J 

NS Package P11A 

TVP '(~ 0-065...Q01& ""-I (1.S$1-UII5J 

B 
0.195-0205 

~I 

(9474-95151 

, , 3 

NS Package P03E 
Tab Formed 3·Lead 

TO·202 Power Package (P) 

D.12Bf3.2Sll 

O.IJ2fJ.JSJ) DIA 

O.050X4S" 

/1170)X45° 

11·Lead Single·ln·Line Package (PI 
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(I) 
c o 

"iii 
c 
CD 
E 
o 
"i 
CJ 
"~ 
s::. a.. 

PIN NO.1 INDENT 

(6.350-0.127) 

{~:~~:l 0.130-'0005 TVP ~ 
0.125 

(l.ns) RAD 

, TVP . (3.JOliO.12l) (1.016) 

j~, . -r-----r-"'",. -rr"" "T'""1: ,+H-...,.-;-+--r-~~ 
=_;:....JI-=j=-II..; D.396 -0.010 ·-L1-1-'I~tt~~~~~~;r=::":I~i+:h 

~-.-l- ~----" {'.90"'.'54' -.,-- -I 
0.110'0.010 I 

(4.318 -0254) 

-, I I "18 ""'1' 1_. -~. f--{:::: ::;:, J~ 
{','.'.,",'.'.",','" • __ 11.981'O"21~11 1_ D01B'0.003 ~ r (0451'00761 

10.229-0.381) ~D'710 
0.325 ::~~: 0.015 -0015 - (19.558) MAX 

(8.255+,".','.',) (1.90S'O.JB11 1.1Bo-O.020 
(Z9.972:'-O.!i08J 

NS Package S14A 
14-Lead "SGS" Type Power DIP IS) 

0.151'0.002 

~'~~l ·'n ~O"80'O'D05 DlA (10.033-10.4141 0250 '0.010 (4.512 -0.1271 

1'" .' 16.350,0.254). I 0.050-0.003 

~ til (t.Z10~D.076) 
0110'0010 l 0.025-

/~~:~~NG 

0.151\0.002 

(3835 '0.051) 

0050 

I 
__ 0.250!0,010 

(':"·n"~54.') I D' f/~v~J5I' l' -

0.340'0.010 

1."0-0'10 L{··6J]'~_ 

f (6.350'0.254) 

1F==9-1--L . 

'26.'62 '''54, ~ ) 0225 0025 (""\ 

I I' -- ~~:r::, !,.O1' 

~-I -0001 

I 

I 

0.340'0.010 

(8.636-0.254) 

~ I!;=;=;=;mm~--l-·l 
___ ~ 0035'0005 

0.180'0.005 

H-(4'!i7Z'U.'Z1I 

I-I ~ (:~;~ ::~=, 

i_I Illcll~.m.]'"~ L 
OOS00003tj I 1081301211 001S +0010 

J-' 0100 0010 ('J8"~~2i)--I L0105+0010 
.. 0.015 

(2.667+:.~~) 

~.' I, I'l(::::~~i;)-f--
I (0889'01271 

(~~:~ ::::::, --- I----+--~ 
0.2000010 _ -(2540 0.254) 

(5.080-0.254) 

NS Package T03B NS Package T05S 
3-Lead TO-220 Power Package IT) 5-Lead TO-220 Power Package IT) 
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0.151±0.00Z 
13.835 ±0.05H 

I 
O.Z50±0.010 rr ~ 

I 
..!:!.!!.. F====;t-.---'-

~ 
0.0"'0.00' -l ~J L 

(1.101 to.121,TVP , 

~TYP 
(0.819±0.1271 

NS Package T05C 
5-Lead T~-220 Power Package ITI 

0.115-0.185 0.175-0.185 

('.44~'_U'" P('.44'-'~'''~ 
. 10: r>NOM 

.EATIN. L ___ J ~ J 
PLANE 

0.500 o.D90 -----:Is 5° NOM 

MIN NOM MAX iii3ii (2.21&) ~ ~ ~ i.ii51 ~ 
I UNCONTROLLED L--d 1t,,::,:1A II '."45-'.'15' 1--- 18.4511 TVP ---II---~ TV' 
~ BEFORE LEAD FINISH 
11.143-1.3911 11.1115-0.105 

~I 

O.MS-G.OSS 

NS Package Z03A 
3-Lead TO-92 Plastic Pac"age (ZI 

12-23 

0.D5D-0.D80~ I" 
11.210-2.0321 

0.004-0.006 

~1~1t 
0.010-0.OZ5 0.050.1:0.005 

(0'54-11.63" 11-~' i
(:::~:=~:~:'-

lII!i14131%1Il111 

D3DO 
(1.&201 
MAX 

GLASS 

~_I~ ~,J 

PIN NO.1 
IOENT~ 

"'~71'friI' '\i'ri',,'nr' w'L--L 

0.940-0.960 

~I 

~ 
~II 
(O.3BI-OAI2I-i~ 

NS Package W16A 
16-Lead Flat Package (WI 

n~~::.' 
.i.?~1 !.~~:'I -'- (2.540, 

(~ 3MAX 

J!.m.. 
(0.6351 

MIN 

..!:!!!:!!!!.II ~ "'.DI5' 
(0.358-8.4081--1 ~ (3.116-4.5121 --l ~ (0.3111 

3 lEADS 10" NO ~~:'J 3 LEADS 

~ DIA PIN CIRCLE 

\!!Y 

NS Package Z03D 
3-Lead TO-92 Plastic Package (ZI 

c §j. 
CD 
::J o o· 
::J o 



e 
:::I 
'0 
C 
CD 
'0 
~. 
o 
6 
"iii 
c 
CD e 
is 
"ii 
u 

£ c.. 

0.200 i5.iiDi MAX 

0.190 
(4.82&1 MIN 

0.015-0.020 ii.'ii1-i5oir DIA 

l 
(::~~:, MAX 

NS Package D16D 
16-Lead Cavity DIP (DI 

(~~28~1-------I1 
MM . 

1 
0.&98 

fii.iiii 

NO. llDENT _.-it::;;T"'I':T"'1r.r.;:;::;:;:;=r.;r;:;;:::r.;:n;:"".,.-=""rlj 

0.050 0.520 0.115 

~ -0'--1 
7 • I ! uno '0.010 

T 
I 0A2D 

iii.i7I 

!~~ 
~RTVP 
12.0321 

11.270) 1ii3.iiiii~ (4.111) 

~ i I I t TV. '-Fl.rL-'L-",CL ~~ 1-t= 
D.DOI-CI.OI5 

. IO.2G3-G.JIH 0.125 

I . 00 I O.101HD.1I10 I I 'II ~ ~j~51 
1---(1~.241--l 12.540+0.254)--1 I- --U-'0.381-0.584) 

REF 

NS Package D24C 
24-Lead Cavity DIP (DI 

(13.843-14.0971 
OIA t=~I' 

r-~ O.ICI-o'l81 

~ .-l 

D ... ±: .::r.03D 
liZ.'00~~ ~ ~ ~ ~ 1O.5"-1!.1&2' 

-J l.-(::=::~I 

0.595-0.&05 
iii'i'i3-"i5.3i) 

Oi. -'---'le-

I 

NS Package H12B 
12-Lead TO-8 Metal Can Package (HI 
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(2.540) 

TV. 

~ 

rr='22""'0254I~ 
O.100±O.Dl0 

~~---I 

0.025 
10.635) 

"AD 

0.015 
(O.6l5,RAO 

0.175 
'(4.445) 

EPOXY SEAL 

0.050-0,060 

~ 
r;:;=====::::::!:~----.J 

=:] 
1----- 0.900 I .!!!!. 

NS Package HY08A 
8-Lead Cavity 01., (J) (Hybrid) . 

(22.UOI (3.1751 
MIN 

r-1!!I.~~!u~I!!I.J!!I...J.!!U!!LJl!!Ll!!I...I.!!ll!ll..J.!!Ll!!I"'; MAX GLASS "i";~~D1 

NS Package J28A 
28-Lead Cavity Dip (J) 

O.055±O.OOS 

0.515-0.525 

0.048-0.055 

~{t~t~'~'1D ~"5D8_"JJBI 

0.125 
(3.175) 

M'. 

1-------------,:;~:.,------------i·1 
MAX " 

~ 
0.530-0.550 

~ 

Lr~~~~~TT~~~~~~~~~~~~~~~~~~J~~ 

0.005-0.025 ~r;~~~;;"J~~~;;;;;;;;;:;~;;;;;;;;;:;~:;:;;;;;;;~~;;:;;;r-l-
1D·,_21..lI_··'_"_'_L....L __ t 

I 0.685 ± O.D25 I r-U7.4DD±D.B35)---1 

t 

NS Package J40A 
40-Lead Cavity DIP (J) 
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~I 
(2.540 ± D.254)--t 

TV. 

"'tJ 

f 
~r -
52 
3 
CD 
::::I o 
C)" 
:::s o 

6: 
0.,­
CD 
:::s 
Q. 
C 
3 



E = "C 
C 
CD 

"'0 

~ 
C/) 
c 
. 2 
C/) 
c 
CD 
E .-c 
as 
(,) 

~ 
0. 

0.1&0-0.715 

119.304_19· .. "-+1-----.1 
MAX DIA 

·,:,::,::'t~r . ~ 
~ TSEATI'G'lA~' 
(5.51.-1.1121 .,116 . 

I/-- 0.040 i2.94ai 
~ (1.016) TYP MAX 

(:~:~~~:I RAD 

LEAD CIRCLE 

NS Package K08A 
8-Lead TOol Metal Can Package (K) 

0.062 

iUrn 
RAD 

1 
II.ISO±O.DDS 

PIN NO. 11DENT 

6rn9F,FTff~Fr.~~Trr~Fr.~~r.rr9ffiFrr.~ffi=ffir;ffi=ffi~ffi=ffifTffi~~D.12" 
0.030 

0.050 0.068 IUI2. 

ff--~):-1~l~X 0.130''''05 Ir-- r-==r---r ~r-______________________________ ~ ______ ~~-++-~I~.12~ 

O,OO9-0.o15j 
+0.025 11.229-0.311) I--- 0.825 41.015 -I D.D75:tO.D15 

(IU75::~::) ~ 
1- 11.100 

[.i4i1 
TV' 

NS Package N40A 
4D-Lead Molded DIP IN) 
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The Data 
Bookshelf: Tools 
For The Design 
Engineer 

National Semiconductor's Data 
Bookshelf is a compendium of 
information about a product line 
unmatched in its breadth in the 
industry. The many Data Books 
referenced here represent 
National's entire line of devices, 
devices that span the entire 
spectrum of semiconductor 
processes, and that range· from 
the simplest of discrete 
transistors to microprocessors -
those most-sophisticated 
marvels of modern integrated­
c.ircuit technology. 

Active and passive devices and 
circuits; hybrid and monolithic 
structures; discrete and 
integrated components ... 
Complete electrical and 
mechanical specifications; 
charts, graphs, and tables; test 
circuits and waveforms; design 
and application information ... 
Whatever you need you'll find in 
the designer's ultimate reference 
source - National 
Semiconductor's Data Bookshelf. 

Ordering 
Information 

All orders must be prepaid. 
Domestic orders must be 
accompanied by a check or a 
money order made payable to 
National Semiconductor Corp.; 
orders destined for shipment 
outside of the U.S. must be 
accompanied by U.S. funds. 
Orders will be shipped by 
postage·paid Third Class mail. 
Please allow approximately 6-8 
weeks for domestic delivery, 
longer for delivery outside of the 
U.S. 

~National 

',; 

a Semiconductor 

. ,~ 



"NationaYi Data Bookshelf 
Order Form 

Please send me the volumes of the National Semiconductor DATA BOOKSHELF that I have 
selected below. I have enclosed a check or money order for the total amount of the order, 
made payable to National Semiconductor Corp. 

Name _......,-_____________ Purchase Order # ----' ______ _ 

Street Address _----''--____ ~------------------
City _________ . State/Country _________ Zip ____ _ 

___ copies @ $6.0.0., CMOS Databook .... ' ................. Total $ __ _ 

___ copies @ $7.0.0., Data Acquisition Handbook ........... Total $ __ _ 

___ copies @ $6.0.0., Interface Databook .. : ................ Total $ __ _ 

___ copies @ $16.0.0., Linear Applications Handbook ......... Total $ __ _ 

___ copies @ $9.0.0., Linear Databook ..................... Total $ __ _ 

___ copies @ $7.0.0., Voltage Regulator Handbook .......... Total $ __ _ 

~ __ copies @ $6.0.0., Memory Databook ................... Total $ __ _ 

_ ,.....-_ copies @ $11.0.0., Memory Applications ................. Total $ __ _ 

___ copies @ $3.0.0., Microprocessor Applications in 
Business, Science and Industry ........ Total $ __ _ 

___ copies @ $4.0.0., SC/MP Microprocessor 
":"" .• ' ,. Applications ........................ Total $ __ --'-
" .. $.... dO'::'; 

---'l+/---',':C:~'~Je~1:~ .. ~~.QO, MOS/LSI, Databook " .................. Total $ --..,,-
'!I')\¢QPJe~J:@ .$$:QQ,Discrete:Databook ................... Total $ __ _ 

~_" .. _"., ~~~i~~ ~ :$5.60, Microco;"puter Systems 
Series/8Q Databook .................. Total $ __ ~ 

___ copies @ $6.0.0., Series 80.0.0. Microprocessor 
Family Handbook .................... Total $ __ _ 

___ copies @ $20..0.0., Reliability Handbook ................. Total $ __ _ 

___ copies @ $6.0.0., Special Func'tions Databook ........... Total $ __ _ 

___ copies @ $3.0.0., Pressure Transducer Handbook ........ Total $ __ _ 

Subtotal $ === 

(California residents add 6% Sales Tax~) $ __ _ 

Mall to: National Semiconductor Corp. 
P.O. Box 60876 
Sunnyvale, CA 94088 

Grand Total $ __ _ 

Prices of booklets include postage. Please allow 4-6 weeks for delivery. All orders subject to availability. All prices 
subject to change without notice. 
·San Francisco Bay Area residents add 6'12 % Sales Tax. 




