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Here is the new Special Function Analog and Digital Circuits data book. It contains detailed
information for specifying and applying special amplifiers, buffers, clock drivers, analog
switches, and D/A-A/D converter products.

For information regarding newer devices introduced since the printing of this handbook, or for
further information on the listed parts, please contact our local representatave distributor or
regional office. .

Amplifiers

Buffers

Sample and Hold Amplifiers
Comparators
Analog Switches
MOS Clock Drivers
Digital Drivers
D/A-A/D Products
Resistor Arrays
Active Filters
Future Products

Physical Dimensions and Mlscellaneous Hardware

@ “National Semiconductor Corp. . aned in US.A.

Manufactured under one or more of the following U.S. patents: 3083262, 3189758, 3231797, 3303356, 3317671, 3323071, 3381071 3408542, 3421025, 3426423, 3440438, 3518750, 3519897, 3557431, 3560765,

3566218, 3571630, 3575609, 3579058, 3593069, 3597640, 3607469, 36}7559 3631312, 3633052, 3638131, 3648071, 3651565,

. National does not assume any responsibility for use of any circurtry described; no circuit patent licenses are mplied; and National reserves the night, at any time without notice, to change said circuitry.
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DEVICE FAMILY

— Hybrid Analog to Digital Converter
— Active Filter o

— Hybrid Analog Switch

— Monolithic Analog Switch

— Hybrid Digital to Analog Converter
— Hybrid Digital Driver

— Monolithic Bipolar Digital Product
— Monolithic BI-FET Product

— Hybrid Linear Circuit

. — Monolithic Linear Product

— Clock Driver
— Monolithic MOS Product
— Resistor Array

Ordering Information

For available packages, consult each data sheet. Then refer to the package drawings in the back
of the book. ‘

The ordering information for National devices covered in this catalog is as follows:

PACKAGE
DEVICE NUMBER

DEVICE FAMILY

PACKAGE

D — Glass/Metal Dual-In-Line Package
F — Flat Package .

G — TO-8 (12 lead) Metal Can

H — TO-5 (multi-lead) Metal Can

J — Glass/Glass Dual-In-Line Package
K — TO-3 (8 lead) Metal Can

N — Molded Dual-In-Line Package

DEVICE NUMBER
2 to 6 digit number.

Suffix Indicators are used to define
specific electrical grades. Consult indi-
vidual data sheet.
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National Semiconductor Corp. * 2900 Semiconductor Drive * Santa Clara, California 95051 * (408) 732-5000, TWX: (910) 339~92@




Table of Contents

NATIONAL

Edge Index by Function .

Ordering Information .
Alpha-Numerical Index

Military Hybrid Op Amp Selectlon Gmde

Industrial and Commercial Hybrid Op Amp Select|on Gunde .

FET Op Amp Cross Reference Guide .
Analog Switch Cross Reference Guide .
Resistor Cross Reference Guide .
Application Note Guide .

AMPLIFIERS — SECTION 1

LHO001 Low Power Op. Amp . . .
LHOO01A/LHO001AC Micropower Op Amp .
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RA28 — 28 Resistor Terminator Array
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Alpha-Numerical Index
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AD1200 Series 12 Bit A/D Converter Building Block .
AD1210 12 Bit CMOS A/D Converter . .
AF 100 Universal Bi-Quad Active Filter

AF 120 Generalized Impedance Converter .
AHO0014/AH0014C DPDT MOS FET Switch .
AH0015/AH0015C Quad SPST MOS FET Switch .
AHO0019/AH0019C Dual DPST MOS FET SW|tch
AHO0120 Series JFET Switches . . .o
AH2114/AH2114C DPST JFET Swutch .

AHB5009 Series Low Cost JFET Switches

AM1000 High Speed JFET Switch .

AM1001 High Speed JFET Switch .

AM1002 High Speed JFET Switch . . .
AM2009/AM2009C Six Channel MOS Multlplexer .
AM3705/AM3705C Eight Channel MOS Multiplexer .

AM9709/AM97C09 Monolithic Analog Current Switch .

DA1200 Series 12 Bit D/A Converter . . .
DHO0006/DH0006C 1.5 Amp Relay/Lamp Drlver
DH0008/DH0008C 3 Amp Relay/Lamp Driver .
DHO0011/DH0011C 40V, 250mA Driver .
DHO0016C 70V, 250mA Driver .
DHO0017C 50V, 500mA Driver
DHO0018C 100V, 500mA Driver .
DH0028C Hammer Driver . . .
DH0034/DH0034C High Speed Dua| Level Translator
DH0035/DH0035C Pin Diode Driver . o
DH3467C Quad PNP Core Driver
DH3725C Quad NPN Core Driver
DH6376C Quad NPN Core Driver .
DM2502 8 Bit Successive Approximation Reglster .
DM2503 8 Bit Successive Approximation Register .
DM2504 12 Bit Successive Approximation Register
DM7700/DM8700 One Chip 2% Digit Panel Meter .
LF11300 Dual Slope A/D Analog Bulldmg Block
LH0001 Low Power Op Amp . . .
LHO0001A/LHO001AC Micropower Op Amp
LHO0002/LH0002C Current Booster
LH0003/LH0003C Wide Bandwidth Op Amp
LLHO004/LH0004C High Voltage Op Amp .
LHO0005/LHO005A Wide Band Op Amp .
‘LHO005C Wide Band Op Amp. .
LH0020/LH0020C High Gain Instrumentatlon Amp .
LH0021/LH0021C 1.0 Amp Power Amp. . .
LH0022/LH0022C High Performance FET Op Amp
LHO0023/LH0023C Precision Sample and Hold
- LH0024/LH0024C High Slew Rate Bipolar Op Amp .
LLH0032/LH0032C High Slew Rate FET Op Amp,
LHO033/LHO033C Fast FET Buffer . .
. LH0036/LH0036C Low Power Instrumentatlon Amp.
LHO0037/LH0037C Low Cost Instrumentation Amp
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LH0041/LH0041C 0.2 Amp Power Op Amp .
LH0042/L.H0042C Low Cost FET Op Amp
LHO0043/LH0043C Fast Sample and Hold

LLHO044 Family Precision Low Noise Op Amp
LHO0045/LH0045C Two Wire Transmitter .
LHO0052/LH0052C Precision FET Op Amp . .
LHO0053/LH0053C Very Fast Sample and Hold .
LHO0061/LH0061C 0.5 Amp Wide Band Op Amp
LH0062/LH0062C High Speed FET Op Amp .
LH0063/LH0063C Damn Fast FET Buffer . . . .
LHO0070 Series Precision BCD Buffered Reference .
LHOO071 Series Precision Binary Buffered Reference
LH740A/LH740AC FETOp Amp . . . -
LH2101A/LH2201A/LH2301A Dual LM101A
LH2108/LH2208/LH2308 Dual LM108 . . .
LH2108A/LH2208A/LLH2308A Dual LM108A
LH2110/LH2210/LH2310 Dual LM110 .
LH2111/LH2211/LH2311 Dual LM111 .
LH24250/LH24250C Dual LM4250

LM11340 Quad Current Switch . . .
MH0007/MH0007C DC Coupled MOS Clock Drlver

MHO0009/MHO0009C DC Coupled Two Phase Clock Driver

MHO0012/MH0012C High Speed Clock Driver .
MHO0013/MHO0013C Two Phase Clock Driver . .
MM450/MM550 Dual Differential MOS FET Switch
MM451/MM551 Four Channel MOS FET Switch .
MM452/MM552 Four Transistor MOS FET Package
.MM454/MM554 Four Channel MOS FET Commutator .
MM455/MM555 Three Transistor MOS FET Package .
MM4357/MM5357 Low Cost 8 Bit A/D Converter .
MM4504/MM5504 Six Channel MOS Multiplexer
MM5330 4% Digit Panel Meter Logic Block

MM5863 12 Bit Binary Dual Slope A/D Dlgltai Bunldlng Block
MM54C905/MM74C905 12 Bit Successive Approxtmatuon Reglster

RAOQ7 — 7 Independent Resistor Array
RAOQO8 — 8 Independent Resistor Array .
RA12 — 12 Resistor Array, One Side Common
RA13 — 13 Resistor Array, One Side Common
RA14 — 14 Resistor Array, One Side Common
RA15 — 15 Resistor Array, One Side Common
RA24 — 24 Resistor Terminator Array
RA28 — 28 Resistor Terminator Array
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~ Military Hybrid Op Amp Selection Guide

1A

MILITARY TEMPERATURE RANGE: -55°C t6 +125°C
‘Input Input Input Input . i . . )
Offset ~ Offset Offset Bias Vglatia:e Bzx\dv:u:(h Sl;:w 5‘:‘9 Output  Supply Voltage C:II":::“ D'f::;i':"al g::)rg:yt Compensation .
Device  Voltage. Voltage Drift Current ~ Current " v v Current  Min . Max Package Types
Min Typ Typ Range Voltage Max Components
Max T\//g Max Max (Volts/V) (MHz) (V/us) (mA) (V) (\% ) W) (mW)
(mV) - (uv/°C) (nA) (nA)
LHO0001 1 ) 4 2 100 25,000 1 .25 +5 +5. +20 Vg 7 5 2 TO-5
LHO001A 2.5 -3 20 100 25,000 1 .25 5 5 +20 Vg +7 5 2 TO-5DIPF,P
LH0002 30 (Note2)  10x10° 10% .95 50 100 +100 5 +22 +Vg (Note 2) 100 0 TO-5DIP
LH0003 3 4 200 2,000 15 ot (o) 150 t5 20 *Vg 7 30 2 TO:5
LHO0004 1 4 20 100 30 1 .25 +15 5 +45 +Vg +7 "5 2 TO-5
: 30 20 * : .
LHO0005 10 - 20 20 50 2 (Note 1) (Note 1) +50 t‘9 +20 Vg 15 920 3 TO-5
LH0020 2.5 210 50 250 100,000 1 .25 +40 15 +22 Vg +30 50 2 TO-5
LH0021 3 3 100 300 100,000 1 3 +1,000 15 18 Vg +30 35 0 TO-3
LH0022 4 5 .002 .01 100,000 1 3 ) +10 +5 +22 Vg +30 35 0 TO-5DIPF,P
LH0024 4 20 3x10° 20 x 10° 4,000 50 400 +100 9 +18 Vg +5 252 1 TO-5
LH0032 5 25 .01 .02 1,000 50 500 100 %5 18 Vg 30 200 2 TO-8
LH0033 10 (Note 3) (Note 3) A (Note 3)'97 100 1,500 +100 +5 +20 Vg (Note 3) 220 0 TO-88PINJ
LHO0041 3 3 100 300 100,000 1 3 +200 +5 +18 Vg +30 35 0 TO-88PINJ
LH0042 20 5 .005 .025 50,000 1 3 +10 5 +22 Vg +30 35 0 TO-5DIPF, P .
LHO0044 050 .2 5 30 500,000 4 .06 1.3 3 20 Vg 15 4 0 TO-5°
LHO044A .025 A .25 15 1,000,000 4 .06 +1.3 3 +20 Vg *+15 3 0 T0% )
LH0052 5 2 ~.0001 .001 100,000 1 3 +10 %5 22 Vg +30 . 25 0 TO-5DIP
© LHO0061 4 5 100 © 300 50,000 15 .70 500 5 +18 Vg (Note 4) 100 1 TO-3 -
LH0062 5 5 .001 1025 50,000 15 70 +6 5 +20 Vg +30 80 0 TO-5DIP
LH0063 25 (Note 1) (Note 3) 2 (Note é)’% 150 6,000 +400 *5 18 Vg (Note 3) 500 0 TO-3
LH2101A 3 15 20 100 50,000 1 5 75 #3 22 12 +30 3 1 DIPF, P
LH2108 3 15 4 3 50,000 1 .3 1 +2 +20 14 (Note 4) .6 1 DIPF,P
LH2108A 1 5 4 3 80,000 1 3 1 +2 +20 +14 (Note 4) 6 1 DIPF, P
LH2110 6 127 10 999 20 30 1 5 18 +10 . 5.5 0 - DIPF,P
LH24250 4 5 15 100,000 .25 16 .75 1 +18 12 +15 .03 set 0 DIPF, P
Note 1: Specified for Ay = -10. Note 3:“Voltage follower. .
‘)te 2: Current booster. _ Note 4: Inputs have shunt-diode protection; current must be limited.-
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Industrial and Commercial Hybrid Op Amp Selection :Guidg

INDUSTRIAL TEMPERATURE RANGE: -25°C to +85°C
Input Input * Input Input . 3 )
Offset Offset Offset Bias Vglatiage B?:dv:n‘ilth S:W S:te Output  Supply Voltage c?w";?o" D'f:eren:'a! gu"p“(( c ti
Device Voltage Voltage Drift Current Current . v v Current  Min Max e npu urren ompensation Package Types
Min Typ Typ Range Voltage Max Components

Max Ty Max Max Wolts/V)  (MHz) (V) ™A V) v ) W) (mW)

mV)  (v/c) (nA) (nA)
LHOO01AC 5 3 60 200 .25 1 .25 5 %5 20 Vg +7 1.3 TO-5DIPF, P
LH0002C 30 (Note 2) 10 x 10° 10* (Note 2)'95 50 100 +100 +5 +22 Vg (Note 2) 100 0 TO-5DIP

30 30
LH0003C 3 4 200 2,000 15,000 (Note 1) (Note 1) +50 +5 +20 Vg +7 30 2 TO-5
LH0004C 1.5 4 45 120 30,000 1 .25 *15 +5 45 Vg +7 1.5 2 TO-5
30 20
LH0005C 10 25 25 -100 2,000 (Note 1) (Note 1) 50 +9 +20 Vg 15 90 3 TO-5
LHO0020C 6 10 200 500 50,000 1 .25 +100 +5 18 Vg +30 50 2 TO-5
LHO0021C 6 5° 200 500 100,000 1 3 +1,000 5 +18 Vg +30 40 0 TO-3
LH0022C 6 5 .005 .025 75,000 1 3 +10 15 +22 Vg +30 24 0 TO-5DIPF, P
LH0024C 8 25 5x 10° 22 x 10° 3,500 50 400 £100.. 9 +18 Vg +5 252 1 TO-5
LHO32C 15 25 02 5 700 50 500 £100 15 +20 Vg +30 220 2 TO-8
LH0033C 20 (Note 3) (Note 3) A5 (Note 3)‘96 100 1,500 +100 =15 +20 *Vg (Note 3) 240 0 TO-88PINJ
LHO0041C 6 5 200 500 100,000 1 3 +200 5 18 Vs *30 40 0 TO-88PINJ
LHO0042C 20 10 .01 * .05 25,000 1 3 10 5 22 Vg +30 28 0 TO-5DIPF, P
LHO044AC .025 5 2.5 15 1,000,000 4 .06 1.3 3 +20 Vg 15 3 0 TO-5
LHO0044B .050 .5 5 30 - 500,000 4 .06 1.3 3 +20 Vg 115 4 0 TO-5
LHO044C .150 1 5 30 500,000 4 .06 “+1.3  £3 20 Vg 15 4 0 TO-5
LH0052C 1 5 0002 .005 75,000 1 3 10 5 +22 *Vg +30 30 0 TO-5DIP
LHO061C 10 5 200 200 25,000 15 70 +500 +5 18 Vg (Note 4) 150 1 TO-3
LH0062C 15 10 .002 .065 25,000 15 70 +6 +5 +20 Vg +30 120 0 TO-5 DIP
LH0063C 50 - (Note 3) (Note 3) 2 (Note 3)‘96 150 6,000 +400 5 +18 Vg (Note 3) 500 0 TO-3
LH2201A 2 15 20 75 25,000 1 5 5 +3 +22 +12 +30 3 1 DIPF,P
LH2208 2 15 2 2 50,000 1 3 1 +2 +20 +14 (Note 4) 4 1 DIPF, P
LH2208A 5 5 2 2 80,000 1 .3 1 2 20 +14 (Note 4) 4 1 DIPF, P
LH2210 4 3 999 20 30 1 +5 +18 +10 E 5.5 0 DIPF, P
Note 1: Specified for Ay = -10. Note 2: Current booster. Note 3: Voitage follower. Note 4: Inputs have shunt-diode protection; current must be limited.
COMMERCIAL TEMPERATURE RANGE: 0°C to +70°C

LH2301A 75 30 50 250 25,000 1 5 5 3 18 +12 +30 3 1 DIPF,P
LH2308 75 30 1, 7 25,000 1 3 1 +2 18 14 (Note 1) .8 1 DIPF, P
LH2308A 5 5 1 7 80,000 1 3 1 +2 +20 14 (Note 1) 8 1 DIRF, P
LH2310 . 7.5 * o 7 999 20 30 1 +5 +18 10 * 5.5 0 DIPF, P
LH24250C 6 * 10 30 75,000 .25 .16 .75 £1 +18 12 *15 .03 set 0 DIPF, P
*Not specified. TGuaranteed at +25°C. Note 1: Inputs have shunt-diode protection; current must be limited.
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Fet OP Amp Cross Reference Guide

National Nearest National Nearest National Nearest -
evice No. Package Pin for Pin National Device No. Package Pin for Pin National |, Device No. Package Pin for Pin National
D
. Equival Equival, . Equivalent Equivalent - Equival Equival
Analog Devices Helex . - Siliconix
AD503J,K  .TO5 L'M0042CH XH0032 TO-8 LH0032CG L120A T0-5 LHO042H
AD503S 705 LHO042H Harris L120C TO05 ® L HO042CH
AD506J, K, L TO-5 LH0022CH HA2050 T0-99 LHO0042H L137AA TO-5 ’ LHO022H
AD506S TO-5 LHO0022H . HA2055 TO-99 LHO042CH L137CA - TO-5 LHO0022CH
ADS511 MoD LH0042 - HA2050A TO-99 LHO0022H Teledyne Philbrick Nexus
AD513J, K T05 LHO042CH HA2055A TO-99 LHO0042CH QFT MOD LHO0042CH
AD513S T05 LHO042H - HA2060 T0-99 LHO062H QFT-2 MOD LH0042CH
AD514J, K, L TO-5 LH0042CH HA2065 T0-99 LH0062CH QFT-2A MOD LH0022CH
AD514S T05 : LHO042H HA2060A 70-99 LHO062H QFT-2B MOD LHO052CH
AD516J, K T05 LHO0022CH : HA2065A T0-99 LH0062CH QFT-5 MOD - LH0042CH
AD516S TO-5 LHO0022H Intech Q25AH TO-8 LH0042CH
AD523J,K, L TO5 LHO052CH o MOD LH0042 PPO5A MOD CHO045CH
AD528J, K TO-5 LH0062CH A-101 MO . LHO042CH 1003 MOD LHO0052CH
AD528S TO5 ) LHO062H ) MoB LHO0226H 100301 MOD LHO052GH
AD540J, K TO-5 LHO0042CH A—103 MOD LH0022GH 1006 MOD LHO0042CH
AD540S TO-5 LHO042H A.1 22 MO LHO052CH 1008 MOD LHO0042CH
7 MOD LHO0042CH % Moo CHo0s3¢H 1009 MOD : : LHO0042CH
M501A, B, C TO-8 LH0022CH A“I %5 MOD LHO082GH 100901 MOD LH0042CH
’ TO-8 LHOQ042CH A1 MOD LHO082CH 100902 . MOD LH0042CH
413K, L MOD LHO052CH Al g? Moo LHogezcH 1011 MOD LHO062GH
42), K, L MOD LHO052CH A-‘l 36 MOD LHO062GH 101101 MOD LHO062CH
43J MOoD LH0022CH A.‘I 37l MOD LHO062CH 101102 MOD LHO0062CH
444, K Moo LHOOB2CH A148A,B,C  MOD LHO042CH 1021 MOD LH0022CH
45J, K MOD LH0062CH 1 '1102 ] MOD LH0022CH 1023 MOD LHO0052CH
142A,8,C  MOD LHOO42CH - | 11026 e CHooacH 102301 MOD LHO052CH
1464, K MOD LH0022CH Py 1025 MOD LHO0032CG
149J, K MOD : LHO062CH Intersil 1408 MOD : . LHO0052GH
Bell and Howell 1CH8500 T05 tﬂgoggn ‘ 140801 MOD LHO052CH
20-008 MOD LHO042CH 'CH85°°é T05 . LH0852CH 140802 ~ MOD . . LHO052CH
20-108 MOD LH0042CH 'gﬂgg"o T05 I 140810 TO-8 . LH0052CH
20-208 TO-8 LH0022H ieHe 87,\011 }g-g o032 1402 TO8 LH0042CH
20-248 TO-8 : LHO0022CH ieHgoM, 192 LHo0a2H 140201 T0-8 . LH0042CH
Burt-Brown © ICL8007AC  TO- LHO042CH v 130202 To8 LHO042CH
3521L - T0-99 ‘LH0022CH Intronics - 1407 T08 LH0042CH
3542J TO-99 LHO0042CH ron MOD LHO062CH 140701 TO-8 LH0042CH
36428 To9 LHOo42H FA531 MOD LHO062CH 1414 yop LHo0g2cH
35425Q TO-99 1LH0042H/883 FAR30 MOD * CHOOG5GH 141410 bip LH0062CH
3506J TO-99 LH0022CH ‘ FAB4T MoB A 1421 TO5 LH0042CH
3508J T0-99 LHO062CH > . Zeltex
3348/03 DIL LH0022CD Optical Electronics, Inc. (OEI) ZA801/M1/M2/M3 MOD LH0042CH
3349/03 DIL LH0022CD - 9712 MOD LHO0032CG ZA801T1 TO-8 LHO042CH
3350/03 DIL : . LH0042CD 9725 MOD LHO0032CG ZA801D1 DIL . LH0042CH
3503A TO-99 LHO0042CH 9731 MOD LH0032G ZAB01E1 DIL LHO042CH
3503B T0-99 LHO0042H 9738 MOD LH0032G ZA802M1,M2 MOD LH0022CH
3503C TO-99 LH0022CH . 9718 MOD : LH0062CH ZA803M1 MOD LHO042CH
3503R TO-99 LH0022H 9726 MOD LH0062CH ZA804M1, M2 MOD LHO0042CH
3503S T0-99 LH0052CH . 9727 MOD LH0062CH ZA903M1,M2 MOD LH0042CH
3503T T0-99 LHO052H 9715 MOD LHO062CH ZA910M MOD LHO0062CH
Avia 0042 873 MoD Lhooeacr - 13303 Mob LHops2GH
AM405-2 TO-99 LH0042CH - 2
AM406-2 T0-99 LHO042CH §73s Moo LHoos2cH 13304 MoD LHO022CH
AM100A MOD LH0062H 3758 MoB LHoosscH 134 MOD LHO042CH
AM1008B MOD LHO062CH 729 134D Mgu : L,P_:OOA: CH
A0z MoB : CHO0G3EH © Sunser TO5 LHO042CH 138 Moo LrooszcH
’;:?,L?,ﬁﬁ moD NE536T 705 LHO042CH
UBB7740312 SU740T 705 LH740ACH
> A740 0.5’ LH740AH NE740T TO-5 LH740ACH
U5B7740393
(uA740C) TO-5 LH740ACH
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- Analog Switch Cross Reference Guide

Device Functi l;latior}al , Device . National Devi National
i . ; evic ) ,
Number Equmatont Number Function Function Number Function Eaateont
Dixon Teledyne Semiconductor (Amelco)
DAS2114 SPDT - 100 ohm AH2114 (pin for pin) DG169 Obsolete — see DG173 AH0014 2107BE SPST - 100 ohm 1/2 AHO126
DAS2126 SPDT - 50 ohm AHO162 DG171 SPST - 100 ohm AM1000 2110BE SPST — 500 ohm 1/2 AHO126
DAS2128 Quad SPST - 50 ohm 2-AH0152 DG172 4CH MUX - 400 ohm AHO0015 2114BF SPDT — 100 ohm AH2114 (pin for pin)
DAS2132 Dual SPST - 50 ohm AH0152 DG173 DPDT - 400 ohm AH0014 2126BG SPDT — 500 ohm AH0162
DAS2133 Dual SPST — 50 ohm AHO0152 DG175 SPDT - 200 ohm 1/2 AH0015 21278G SPDT — 500 ohm AHO162
DAS2136 Dual SPST ~ 50 ohm AH0152 DG181 Dual SPST — 30 ohm AHO0133 21278BG DPST — 500 ohm AHO152
DAS2137 Dual SPST - 50 ohm AHO152 DG182 Dual SPST - 80 ohm AHO134 21288G Quad SPST — 500 ohm 2-AH0152
o : DG184 Dual DPST — 30 ohm AH0129 21308BG Dual'SPST — 50 ohm AH0152
Fairchild DG185 Dual DPST — 80 ohm AHO126 21378F SPDT — 200 ohm AHO146
A3F3700 (xxx) 4CH MOS Switch MM450 Series DG187 SPDT — 30 onm AHO144 2138BE Dual SPST — 500 ohm NS8035 (pin for pin)
A313701 (xxx) 6CH MOS MUX AM2009 DG188 SPDT - 80 ohm AH0143 21398E Dual SPST — 500 ohm AHO152
A6J3705 (xxx) 8CH MOS MUX AM3705 (pin for pin) DG190 Dual SPST - 30 ohm 2-AH0144 2141BF/BH Dual SPST — 500 ohm AHO152
ABJ3708 (xxx) 8CH MOS MUX AM3705 (pin for pin) DG191" Dual SPDT - 80 ohm 2.AH0143 2145BE Dual SPST — 50 ohm AHO152
HAG3001 (1xx) 4PST (obsolete) AHO0015 DG400 Series  Dual SPDT ~ 80 ohm See note 2 2147BE Dual SPST — 500 ohm AH01562
HAG3002 (xxx) SPDT - 400 ohm AHO0014, AH0019 DGS01 8CH MUX — 200 ohm 2.AH0015
DG502 Dual 4CH MUX - 200 ohm  2-AH0015 Texas Instrument
General Instrument DG503 8CH MUX -- 400 ohm AM3705 TMS6000 10CH MOS MUX AM3705
MEM2009 6CH MOS MUX AM2008 (pin for pin) DG506 8CH MUX -- 400 ohm AM3705 TMS6002 6CH MOS MUX AM2009
MEM2017 6CH MOS MUX AM2008 (pin for pin) DG507 8CH MUX — 400 ohm AM3705 TMS6005 6CH MOS MUX AM2009
MEM3705 8CH MUX with Decode AM3705 (pin for pin) DG510 8CH MUX - 400 ohm AM3705 TMS6009 6CH MOS MUX AM2009 (pin for pin)
NC450 Dual SPST - 500 ohm AH0152 DG511 Dual 4CH MUX — 400 ohm  2-AH0015
NC451 Dual SPST - 100 ohm AHO134 G114 thru Muttiple P-MOS Transistors  MM450 thru MM454 Series
NC2114 SPDT — 100 ohm AH2114 (pin for pin) G124 Series and AM2009
NC2126 SPDT - 50 ohm AH0162 G125 thru Multiple J-FET Transistors ~ AH5009 thru
NC2137 SPDT - 20 ohm AH0146 G135 Series AHB5024 Series
13001 DPST - 500 ohm 1/2 AH0019
Intersil S13002 SPDT — 500 ohm 1/2 AH0015
IH5001 SPST — 30 ohm 1/2 AH0133 SI3705 8CH MUX - 400-ohm AM3705 (pin for pin)
1H5002 SPST - 50 ohm 1/2 AH0152
1H5003 Dual SPST - 30 ohm AHO133
1H5004 Dual SPST — 50 ohm AH0152
IH5009 thru  TTL Compatible — JFET  AH5009 thru Teledyne — Crystalonics
IH5024 Series  Analog Current Switches AH5024 Series (pin for pin) CAG6 SPST — 100 ohm 1/2 AHO134
DG126 thru TTL Compatible - JFET  AHO0126 thru CAG? SPDT — 100 ohm AHO143
DG162 Series Analog \/‘o|tage Switches &ll-lr?:oﬁ:lpsi:nessee ot 1) CAG10 SPST — 500 ohm AM1000
G114 thru Multiple P-MOS Transistors MM450 thru MM454 Series CAGI3 Dual SPST - 500 ohm AHO134,1/2 AHOO15
G124 Series and AM2009 CAG14 SPST — 500 ohm AM1000
CAG20 Dual SPST - 500 ohm AHO0134, 1/2 AH0015
Sitconix ca21 Dusl OPST - 500nm  AHOIS4 ot 1 e e v o e dsanons ey gt e
DG110 Dual SPST — 400 ohm 1/2 AH0015 CAG22 Dual DPST - 300 ohm AHO154, AH0019
DGM111 Dual SPST — 400 ohm 1/2 AHO015 €AG23 Dual DPST -- 500 ohm AHO0019 Sirconie National
DG112 Dual SPST — 400 ohm 1/2 AHO015 CAG24 Dual SPST - 300 ohm AHO134, 1/2 AH0015 Designations Designations
DG116 Obsolete - see DG172 1/2 AH0015 CAG27 Dual SPST - 100 ohm AH0134 Letter “A"” = Military temperature range = No letter
DG118 Obsolete — see DG172 AHO015 CAG30 SPST - 600 ohm 1/4 AHO015 i 'Fndus‘”al temperature range = Letter “C"
DG120 Obsolete — see DG502 AHO015 CAGS13 Dual SPST - 500 ohm 1/2 AH0015 o e
DG121 Obsolete - see DG502  2-AH0015 ChA1 SPST — 100 ohm 1/2 AHO134 Examples:
DGM122 Dual 2CH MUX ~ 400 ohm  AH0015 CbA2 Dual SPST — 300 ohm  1/2 AHO015 0G129AL - AHO129F (pin for pin)
DGM123 Obsolete — see DGSOT ~ AM3705 CDA4 SPST — 100 ohm 1/2 AHO134 DG1348P = AHOT34CO (pin for pin)
DG125 Obsolete — see DGO AM3705 CDAS SPST — 200 ohm 172 AHO134
DG126 thru TTL Compatible — JFET  AHO0126 thru CDA6 SPST — 100 ohm 1/2 AH0134 Note 2: 400" series used to denote industrial temperature range product.
DG164 Series  Analog Voltage Switches ~ AHO0164 Series CDAT1 SPST — 100 ohm 1/2 AHO134 Coding was changed to uje "100" series and letter “B."
(pin for pin — see note 1) CDA18 SPST — 50 chm AM1000 Example: DG426 DG1268 AHO126C.
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DIP Resistor Array Cross Reference Guide

Allen-

Line Terminators

Description National Bradley Beckman Bourns . CTS Centralab Dale Mepco Sprague ,

7 Independent ) : :
Resistors. 14 Pins RAO?-XXXN 34B-XXX4 - 899-3-RXXX 4114R-001-XXXS 760-3-XXX  MEC-2-XXX CDP1401-XXXG  D14G02-XXXX 914CXXXX5SR
8 Independent )
Resistors. 16 Pins RAO08-XXXN 36D-XXX4  898-3-RXXX 4116R-001-XXXS - 761-3-XXX  MEC-3-XXX CDP1601-XXXG  D16H12-XXXX 916CXXXX5SR
12 Resistors, .
Pins 7 and 14 RA12-XXXN 914CXXXX5PD
Common, 14 Pins
13 Resistors,
Pin 14 Common, RA13-XXXN 34A-XXX4  899-1-RXXX 4114R-002-XXXS 760-1-XXX  MEC-1-XXX CDP1402-XXXG  D14MO1-XXXX 914CXXXX5PE
14 Pins ’
14 Resistors, .
Pins 8 and 16 RA14-XXXN 916CXXXX5PE
Common, 16 Pins
15 Resistors, \ .
Pin 16.Common, RA15-XXXN 36C-XXX4  898-1-RXXX , 4116R-002-XXXS 761-1-XXX CDP1602-XXXG  D16011-XXXX 916CXXXX5PE
16 Pins : :
24 Resistors, 3 .

. . RA24-ABCN 34E-XXXX  899-5-RXXX 4114R-003-XXXX 760-5-RXXXX 9T4CTRXXXXSTR
Line Terminator ) :
28 Resistors, ) .

RA28-ABCN 36E-XXXX  898-5-RXXX 47116R-003-XXXX 761-5-RXXXX 916CTRXXXXSTR

Note: XXX represents resistor values; all resistors are the same value within a package. Tolerance is +2% or +22, whichever is larger. Custom arrays are available. For terminator arrays, ABC represents
resistor ratio values. Tolerance is +5%. : ’ .
TERMINATOR ARRAY VALUES

All of these resistance values are available in each array configuration except terminators (all values in ohms): Part Number R1 R2
22 47 100. . 220 470 1k 2.2k 4.7k 9.1k 20k RA24 — 220/270N 220 270
24 51 110 240 510 1.1k 2.4k 5.1k 10k 22k RA24 — 220/330N 220 330
27 56 120 270 560 1.2k 2.7k 5.6k 11k 33k RA24 — 330/500N 390. 500
30 62 130 300 620 1.3k 3k 6k 12k 47k RA24 — 3k/6.2kN 3k 6.2k
33 68 150 330 680 1.5k 3.3k 6.2k 13k 68k RA28 — 220/270N 220 270
36 75 160 360 750 1.6k 3.6k 6.8k 15k . 100k ! RA28 — 220/330N 220 330
39 82 180 390 820 1.8k 3.9k 7.5k 16k RA28 — 390/500N 390 500 °
43 91 200 43 910 2k 43k 82k 18k RAZS — 36/6.2KN 3 62k

Resistance tolerance is +5%. Values are listed in ohms. ~

aping aouaxa;eg sso01) Aeny 103sisay dia



vy, Application Note Guide
NATIONAL

Many of the products included within this catalog are described in one or more of the following
application notes. Copies are available through your local National Sales Office.

AN-13  LHO0002 Current Amplifier 9/68
AN-18  MOS Clock Driver 3/69
AN-28  High-Speed MOS Commutators 2/70
AN-33  Analog-Signal Commutation 2/70
AN-34  How to Bias the Monolithic JFET Dual 3/70
AN-38 MOS Analog Switches 4/70
AN-48  Applications for a New Ultra-High Speed Buffer - 8/71
AN-49  Pin Diode Drivers 8/71
AN-53  High Speed Analog Switches 9/71

AN-63  New Design Techniques for FET Operational Amplifiers 3/72
AN-75  Applications for a High Speed FET Operational Amplifier 12/72

AN-76  Applying Modern Clock Drivers to MOS Memories 2/73
AN-155 Digital Voltmeters and the MM5330 11/75
MB-5 MOS Clock Savers . . 1971
MB-9 MOS Clock Drivers 1971

Xiii







NATIONAL

Aniplifiers

.

LHOOO01* low power operational amplifier

general description

The LHO001 is a general purpose operational
amplifier designed for extremely low quiescent
power. Typical NO-load dissipation at 25°C is
2 milliwatts at Vg = 15 volts, and 0.5 milliwatts
at Vg = 5 volts. Even with this low power dissipa-
tion, the LHO001 will deliver £10 volts into a 2K
load with +15 volt supplies, and typical short cir-
cuit currents of 20 to 30 milliamps. Additional
features are:

m Qperation from 5V to £20V

m Very low offset voltage: typically 200 uV
at 25°C, 600 uV at -55°C to 125°C

® Very low input offset current: typically 3 nA
at 25°C, 6 nA at -55°C

®  Low noise: typically 3 uV rms
®  Frequency compensation with 2 small capacitors
m Qutput-may be clamped at any desired level

® Qutput is continuously short circuit proof

The LHO0001 is ideally suited for space borne
applications or where battery operated equipment
requires extremely low power dissipation.

o

schematic and connection diagrams

v
9
R6 R7
50K 50K
a7 a8 s
8
4 OUTPUT
INPUTS
2t 0 04 a1
10
| come | CLAMP
AND
comp COMPENSATION
5 L2 s o6
>
R}l < < R4 >
b3 2 < RS
3001(1» < 300K $ 50k
3
e
typical applications
Voltage Follower
. . R1*
AAA
WA
(3]
p—— 0UTPUT

c2
I 22pF  *May be zero or equal to source

= resistance for minimum offset.
Integrator with Bias Current Compensation

CF
RIN 4
INPUT —=AAA
OUTPUT
R 2
7
2N2484 +5 =
tome $R2 c2
I 22 pF
-15V - *Adjust for zero integrator drift.

*Previously called NHO001

COMPENSATION

TOP VIEW

Note: Pin 7 must be grounded or connected to a voltage at least
5 volts more negative than the positive supply (Pin 9). Pin 7 may
be connected to the negative supply however the standby current
will be increased. A resistor may be inserted in series with Pin 7
up to a maximum of 100 k2 per volt for the voltage difference
between Pin 3 and Pin 9.

Order Number LHOO01H
See Package 11

Voltage Comparator for Driving MOS Circuits

+10VOLTS

INPUTS
2

—t— -V,
LV,
(V41>V}
-30 VOLTS
External Current Limiting Method
D1 D2
INPUTS L—- OUTPUT
2 Rum
v, *V = average forward
lout S—RL#‘ voltage drop of

diodes D1 to D4
at 20 to 50 pA.
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o
o absolute maximum ratings
3 Supply Voltage +20V
Powey, Dissipation (see Curve) : . 400 mW
Differential Input Voltage : 7V
Input Voltage . Equal to supply
Short Circuit Duration (Note 1) . Continuous. .
Operating Temperature Range . -55°C to +125°C
Storage Temperature Range -65°C to +150°C
,  Lead Temperature (Soldering 10 sec.) 300°C
electrical characteristics (Note 2) ,
PARAMETER TEMP (°C) CONDITIONS MIN | TYP | MAX | UNITS .
Input Offset Voltage g 25 | Rg<5K ’ 0.2 1.0 mV
% -55t0 125 | Rg < 5K 0.6 2.0 mV
Input Offset Current 25to 125 _ 20 nA
-55 ) 100 nA
Input Bias Current . 25 to 125 . 100 ‘nA
-55 . 300 nA
Supply -Current (+) 25 | Vg =+20V 90 125 uA
125 | Vg =+20V 1. 70 - | 100 HA
-55 Vg = +20V 100 150 HA
Supply Current (=) 25 | Vg =120V 60 90 HA
125 | Vg = +20V 45 75 HA
. | -85 Vg = +20V 75 125 MA
Voltage Gain -551t025 | R_=100 K, Vg = £16V, Vot = 10V 25 60 V/imV
_ 125 | R_ =100 K$2, Vg = +15V, Vg1 = £10V 10 30 V/mV
" Vour - 25 | Vg=+15V, R =2K 10 1.5 2
-55 Vg =2*15V, R =2K . 9 10.5 Y,
126 | Vg=+*15V, R =2K 1 12.5 \Y
Common Mode -551t0 125 | Vg=#*15V, V| =210V, Rg<5K . 70 90 dB
Rejection Ratio
Power Supply -55t0 125 | Vg=+15V, AV =5V to 20V, Ré =<5K 70 90 dB
Rejection Ratio ) ®
Input Resistance . 25 ) 0.5 1.5 MQ
Average Temperature -55t0 1256 | Rg< 5K . 4 uv/°c
Coefficient of Offset -
Voltage i
Average Temperature -55to 125 . .04 uA/°C
Coefficient of Bias :
Current
Equivalent Input i 25 | Rg= 1K, f=5Hz to 1000 Hz, Vg = £15V" 3.0 MV rms
Noise Voltage ’
Note 1: Bésed on maximum short circuit current of 50 mA, device may be operated at
any combination of supply voltages, and temperature to be within rated power dissipation
(see Curve).
Note 2: These specifications apply for Pin 7 grounded, for +5V < Vg < #20V, with
\ Capacitor C1 = 39 pF from Pin T te Pin 10, and C2 = 22 pF from Pin 5 to ground, unless
- otherwise specified. .
guaranteed performance N
Input Voitage Range Small Signal Voltage Gain , Maximum Power Dissipation
8 ! T T
! A= 100K TO THE
16 9% NEGATIVE SUPPLY 800 ;
s - g m CASE
I = Y vs- a0y To 20V g 6w
E 10 ) é [ wmimom N\ g 5w -
g s > - & g5l Vs=:5V 'g’ 00 AMBIENT
5 s / é MINIMUM \\ \ : £
H
= : 80 \, S
Ta= -55°C TO +125°C .
. 2 - . \ 100
0 l % i . - 0
.5 10 15 2 -50 0 450 4100 +150 % 50 % AL F)
SUPPLY VOLTAGE (:V) TEMPERATURE (°C) ) © TEMPERATURE (°C)
N .
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typical performance characteristics

OUTPUT VOLTAGE (-V) INPUT BIAS CURRENT (nA) NEGATIVE SUPPLY CURRENT (uA)

VOLTAGE GAIN (dB)

Negative Supply Current
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LHOO0O01A/LHO001AC
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NATIONAL

* Amplifiers

LHOOO1‘A/LHOOO1AC micropower operational amplifier

general description

The LHOOO1A/LHOO01AC is a micropower, high
performance integrated circuit operational ampli-
fier designed to have a no load power dissipation
of less than 0.5 mW at Vg = 5V and less than .
2 mW at Vg = +20V. Open foop gain is greater
than 50k and input bias current is typically 20 nA.

features

® 1.0 mV Typical low offset voltage
5 nA Typical low offset current

3 uVrms Typical low noise
Simple frequency compensation
Moderate bandwidth and slewrate

® Qutput.short circuit proof

The LHOOOTA/LHO001AC . may. be substituted
directly for the LHO001/LH0001C. Low power
consumption, high open loop gain, and excellent
input characteristics make the LHOOO1A an ideal
amplifier for many low power applications such
as battery powered instrument or transducer
amplifiers. .

The LHOOO1A is specified for operation over the
-55°C to +125°C military temperature range. The
LHOOO1AC is specified for operation over the 0°C
to +85°C temperature range.

schematic diagram*

10
CLAMP AND
O gureut come

1
0UTPUT
coweensaTion O—

L N as

Qs
INPUT COMPENSATION

*Pin shown for TO-5 package

connection diagrams

Metal Can Package

LHO0D1AH/LHOOD1ACH
COMP & CLAMP

INPUT COMP
TOP VIEW

Order Number
LHO001AH or LHOOO1ACH
See Package 11

typical application”

c1

p—ouTPUT,

€2
T

v *Adyust for zero integrator dft

Integrator with Bias Compensation

Cavity Dual-In-Line Package

LHO001AD/LHO001ACD
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ne—H "L outeut comp
COMP & CLAMP— (LI
Ne— EI
8
OUTPUT meed e NC

TOP VIEW
Order Number
LHO001AD or LHO001ACD
See Package 1




absolute maximum ratings
Supply Voltage 20V
Power Dissipation (See curve) 400 mw
Differential Input Voltage 7V
Input Voltage *Vg
Short Circuit Duration Continuous
Operating Temperature Range LHO001A -55°C to 125°C
LHO001AC -25°C to 85°C
Storage Temperature Range -65°C to 150°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
LHO001A 0001
PARAMETERS CONDITIONS LHOO0TAC UNITS
MIN | TYP | MAX | MIN | TYP | MAX )
Input Offset Voltage Rs <1k, Tao = 25°C 1.0 25 20 5.0 mV
4.0 7.0 mV
Input Bias Current Ta =25°C 20 100 20 200 nA
) 300 300 nA
Input Offset Current Ta=25°C . 5 20 20 60 nA
100 100 nA
Supply Current Vg = +20V, To = 25°C 80 125 80 125 A
Vg =220V 150 150 pA
Voltage Gain Vg = £15V, Vour = 10V, R = 100k, 25 | 60 25 | 60 V/mV
=25°C 25 | 60 25 | 60
Vg =15V, VouT =10V, R = 100k 10 | 30 10 V/mV
Output Voltage Vg = +16V, R =2k, T4 = 25°C 10 | 115 10 | 115 \
Vg = £15V, R = 2k 9 9 \
Common Mode Rejection Ratio | Vg =*15V, V,y = 10V, Rg = 1k 70 | 90 70 | 90 db
Power Supply Rejection Ratio Vs =%15V, Rg = 1k, Vg = +5V 70 | 90 70 | 90 db
to +20V
Equivalent Input Noise Voltage Vg =115V, Rg =1k, Tp = 25°C 3.0 3.0 MuVrms
f=500Hz to 5 kHz :
Average Temperature Coefficient | Rg < 1k 3.0 3.0 uv/°c
of Offset Voltage g
Average Temperature Coefficient 0.3 0.3 nA/°C
of Bias Current
Note 1: The specifications apply for :5V < Vg < 20V, with output compensation capacitor, .
Cy = 39 pF, input compensation capacitor, Cp = 22 pF, -55°C to 125°C for the LHOO01A and
-25°C to +85°C for the LHOOO1AC unless otherwise specified.
typical applications
R1*
01
c1
e
R1=R2 15V lour~ gy
399f p
p——-0UTPUT —0UTPUT

15V -

TTL/DTL Compatible Comparator

INPUT.

2
“May be zero ohms or equal to source Tzzpi

resstance for minmunm offset.

Voltage Follower

*V, -~ Average forward drop of
diodes D1 1o D3 a1 20 10 50 A

External Output Current Limiting
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LHOO01A/LHO001AC

typical performance characteristics

Maximum Power Dissipation
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Amplifiers

LHO003/LHO0003C* wide bandwidth operational amplifier

general description

The LHO003/LHO003C is a general purpose opera-
tional amplifier which features: slewing rate up to
70 volts/usec, a gain bandwidth of up to 30 MHz,
and high output currents. Other features are:

m Very low offset voltage Typically 0.4 mV

> +10V into 1002
load

®  |arge output swing

= High CMRR Typically > 90 dB

50 kHz to 400 kHz de-
pending on compensa-
tion

The LHO003 is specified for operation over the
-55°C to +125°C military temperature range. The
LHO003C is specified for operation over the 0°C

m Good large signal
frequency response

to +85°C temperature range.

schematic and connection diagrams

v

AND
COMPENSATION

typical applications

High Slew Rate Unity Gain Inverting Amplifier

r_—0|"pu|

>
>
S

1®
——AAA— INPUT

*Previously called NHOO03/NHO0003C

TOP VIEW

Order Number LHOOO3H o LHC003CH
See Package 11

C, C; Slew Rate Full Output Frequency
Circunt Gan | pf of Ry > 20062, Viusec R, 2008 Viyy 10V
~ 40 0 0 70 400
210 s 30 30 350 (
Y 15 30 15 250 > kHr
> 50 50 5 100
o 90 EY 2 50

Typical Compensation

Unity Gain Follower

INPUT

p— OUTPUT

JOE£000H1/€000H1



TTRTRIET IR,

LH0003/LH0003C

absolute maximum ratings

Supply Voltage

Power Dissipation
Differential Input Voltage
Input Voltage

Load Current

Operating Temperature Range LHOOD3

120V
See curve
r7V

Equal to-supply

120 mA

-55°C to +125°C

LH0003C 0°C t6+85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature {Soldering, 10 sec) 300°C :
electrical characteristics (Notes 1 &2)
PARAMETER CONDITIONS MIN TYP MAX “UNITS
input Offset Voltage Rs < 1k 04 3.0 mv
Input Offset Current 002 0.2 HA
Input Bias Current B 04 20 uA
Supply Current tvg 20V 12 3 mA
Vo‘l(age/Gam R, - 100k, Vs 15V, Voyr © 410V 20 70 Vimv
Voltage Gain L= 2k, Vg = t15V, Vo - *10V 15 40 Vimv
Output Voitage Swing Vg *15 R_ . 1000 10 12 \
Input Resistance 100 kS2
Average Temperature
Coefficient of Offset Rs < 5k ) uvsi.c
Voltage . .
Average Temperature .
Coefficient of Bias 8 nA/°C
Current 3
CMRR Rs< 1k, Vg *V, .V, 10V 70 90 d8
PSRR Rs < 1k, Vs - 16V, AV 5V to 20V 70 90 a8
Equivalent Input Rs 1K, f 10 kHz to 100 kHz 18 vems
Noise Voltage Vs *15Vdc

Note 1.

These specifications apply for Pin 7 grounded, for 5V < Vg < 20V, with capacitor

=90 pF from Pin 1 to Pin 10 and C, =90 pF from Pin 5 to ground over
the specified operating temperature range, unless otherwise specified.

Note 2.

typical performance

TFypical values are for topmgienT = 25°C unless otherwise specified.

TEMPERATURE (°C)

M Power Di: Large Signal Frequency Response
1000 16
T ] [T
. CASE ' ik BRI
- 800 N\ s 12 L d ; /:A 25°C
z B z I Ry = 2000 ||
Eom 18 e TN
£ g 8 {czp; W T
G oo || AV 5 30 prL{LLILCT = 0
H g ° c2-=0
B S 4 [c1=90pF
g w ) R EEETIANE]
oL i LTI NN
%5 50 75 100 125 104 108 108 107
FREQUENCY (Hz)

120

VOLTAGE GAIN (dB)

100 £

80
60
a0

2

Open Loop Fyequemy Response
T T
+— Vs =15V

Ry = 100k t s 25°C

Ry = 2002

100 10" 102 103 10 105 105 107 108

FREQUENCY (Hz)
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NATIONAL

Amplifiers

LHO004/LH0004C* high voltage operatuonal amplifier

general description

The LHO004/LHO0004C is a general purpose opera-
tional amplifier designed to operate from supply
voltages up to. *40V. The device dissipates ex-
tremely low quiescent power, typically 8 mW at
25°C and Vg = +40V. Additional features include:

® Capable of operation over the range of *5V to
+40V.

® |arge output voltage typically *35V for the
LHO0004 and 33V for the LHO004C into a
5K load with =40V supplies

® Low input offset current typically 20 nA for
 the LHO004 and 45 nA for the LH0004C

® Low input offset voltage typically 0.3 mV

8 Frequency
capacitors.

compensation with two small

® Low power consumption 8 mW at 40V

The LH0004's high gain and wide range of oper-
ating voltages make it ideal for applications
requiring large output swing and low power
dissipation.

The LHOO004 is specified for operation over the
-55°C to +125°C military temperature range. The
LHO004C is specified for operation over the 0°C
to +85°C temperature range.

applications

B Precision high voltage power supply.
® Resolver excitation.

= Wideband high voltage amplifier.

® Transducer power supply.

schematic and connection diagrams

ains

et &
2

+INPUT ) '
N

comp

cLAMP
12 awo

come

S St <SS
b: 3 3
S0k Sk S

typical applications

Voltage Follower

Input Offset
Voltage Adjust

INPUTS

*May be zero or equal to )
source resistance for
minimum offset.

*Previously called NHO004/NH0004C

External Current Limiting Method

COMPENSATION

COMPENSATION
ToP ViEw

Note: Pin 7 must be grounded or connected to a
voitage at least 5 volts more negative than the pos:-
tive supply (Pin 8). Pin 7 may be connected to the
negative supply, however, the standby current will
be increased. A resistor may be inserted in series
with Pin 7 to Pin 9 The value of the resistor should
be a maximum of 100 KQ per volt of potential
between Pin 3 and Pin 9.

Order Number LH0004H or LHO004CH
See Package 11

High Compliance Current Source

1o
° VK

*V,= average forward
voltage drop of
diodes D1 to D4
at 20 to 50 yA.

19
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~absolute maximum ratings

LHO0004/LH0004C

Supply Voltage, Continuous +45V !
- Supply Voltage, Transient (<0.1 sec, no load) 60V
Power Dissipation (See curve) . 400 mW
Differential Input Voltage R 7V
Input Voltage : Equal to supply
Short Circuit Duration ’ 3 sec
Operating Temperature Range LH0004 -55°C to +125°C
' LHooO4C . 0°C 10 85°C
Storage Temperature Range -65°C t6'+150°C
Lead Temperature (Soldering, 10 sec) " 300°C

electrical characteristics (Note 1)

' : LH0004 " LHOo04C
) PARAMET_ER CONDITIONS MIN] TYP | MAX | MIN] TYP | MAX UNITS
Input Offset Voltage Rs = 1008, Ta = 25°C, Vg = +40V 03| 10 03| 15| mv
Rg = 1009, Vg = +40V 2.0 3.0] mv
Input Bias Current . |[Ta = 25°C ' 20 | 100 30 | 120 | nA
. ) Ta =-55°C 300 300 nA
Input Offset Current Ta =25°C : 3 20 10 45 | nA
Ta =-55°C : 100 150 | nA
Positive Supply Current Vg = 40V, Tp = 25°C 110 150 110 150 MA
Vg = 40V 176 175 MA
Negative Supply Current Vs =40V, Tp = 25°C 80 | 100 | 80 | 100 | uA
\ -7 |vs=xa0v 7 135 : 135 | uA
1 =" = = © .
Voltage Gain Vg =40V, Ry = 100k2,Tp=25"C 20! 60 30 | 60 V/mV
‘ Vour = #30V
Vg = *40V, R = 100kS2 10 w0l vsmy
VouT = ¥30V .
Output Voltage Vs = +40V, R|_ = 5kQ +30 | +35. +30 | £33 v
CMRR Vg = 40V, Rg = 1008 70| 90 | 70|90 | dB
» VN = £33V - : :
. PSRR Vg = 140V, Rg = 10052 70 | .90 70 | 90 ' ~dB
‘ - AV =20V to 40V )
Average Temperature ’ o
< - . 4.
Coefficient Offset Voltage Rs SkQ 7 4.0 0 Ve
'Average Temperature )
Coefficient of : 0.4 04| uA/SC
Offset Current
‘Equivalent Input Rs = 1k{2, Vg = +40V » o
: . .0 V
Noise Voltage " |§ = 500Hz to BkHz, T = 25°C 3.0 3 pvrms

0

Note 1: These specifications apply for #5V <Vg<#40V, Pin7 grounded, with capacitors
C1 =39 pF between Pin 1 and Pin 10, C2 = 22 pF between Pin 5 and ground, -55°C to 125°C for the
LHO004, and 0°C to 85°C for the LHO004C unless otherwise specified.




typical performance

NEGATIVE SUPPLY CURRENT (uA) INPUT VOLTAGE (+V)

VOLTAGE GAIN (dB)

2
&

w
&

~
&

&

o
=3

I
S

&
t3

160

120

40

0

Input Voltage Range

7
A
/S
// A
1/
/

5

15 25 35 45
SUPPLY VOLTAGE (*V)

Negative Supply Current

TA=-55°CJ
Ta =25 L_
Taz125°C D ]
—tT"T )J/
o\
T |
0 10 20 30 ap

SUPPLY VOLTAGE (£V)

Open Loop Frequency

Response
Vg = +40V
R, =100k
N c1=c2=0
R =2
C1=39pF
C2=22pF
01 10 13 100k 10M

FREQUENCY (Hz)

OUTPUT SWING (+V)

INPUT BIAS CURRENT (nA)

POSITIVE SUPPLY CURRENT (uA)

a0

20

160

120

40

40

30

20

input Bias Current

1
Ta = -55C
Ta =25°C
P— A
I
T T
Ta =125°C
R e - |
| [T
0 10 20 30 40
SUPPLY VOLTAGE (+V)
Positive Supply Current
~_sse
Ta = -55°C ; | rr
—[ Ta =25°C : L -
Ta = 125°C -
= M
]
B /)
L1
0 10 20 30 40
SUPPLY VOLTAGE (+V)
Large Signal
Frequency Response
Vs = 40V
\ Ta =25"C 4
c1-305F | \c1-c2-0
—{—C2=22pF \ -
RN
0.1 10 1k 100k 100M
FREQUENCY (Hz)

OUTPUT VOLTAGE (+V) VOLTAGE GAIN (dB)

POWER DISSIPATION (mW)

100

70

a5

30

400

200

Voltage Gain

R, = 100k TO

MINUS SOURCE |
1 1 1 1

0 10 20 30

SUPPLY VOLTAGE (+V)

Output Voltage

40

Ta=125C
Ta=25C

0 15 30
SUPPLY VOLTAGE (+V)

Package Power Dissipation

45

CASE

AMBIENT

50 100
TEMPERATURE ( C)

150

O¥000H1/7000H1

1-1




LHO005/LHO005A

NATIONAL

Amplifiers

LHO005/LHO005A* operational amplifier

general description

The LHO005/L.LHOOO5A is a hybrid integrated cir-
cuit operational amplifier employing thick film
resistors and discrete silicon semiconductors in its
design. The select matching of the input pairs of
transistors results in low input bias currents and a
very low input offset current, both of which ex-
hibit excellent temperature tracking. In addition,
the device features: )

® Very high output c;arrent capability: £50 mA
into a 100 ohm load

® Low standby: power  dissipation:
60 mW at £12V

#
® High input resistance: typically 2M at 25°C

typically

® Full operating range: -55°C to +125°C

® Good high frequency response: unity gai“n at
30 MHz )

With no external roll-off network, the amplifier is
stable with a feedback ratio of 10 or greater. By
adding a 200 pF capacitor between pins 9 and 10,
and a 200 ohm resistor in series Wwith a 75 pF
capacitor from pin 4 1o ground, the amplifier is
stable to-unity gain. The unity gain loop phase
margin with the above compensation is typically
70 degrees. With a gain of 10 and no compensation
the loop phase margin is typically 50 degrees.

schgmatic and connection diagrams

INPUT FREQUENCY OUTPUT FREQUENCY
COMPENSATION COMPENSATION
w] |4

> | > |
< < <

10K > 10K 2 2K
< <
S b3 b3

1
+
INPUTS i

°3

S : >
Q1K D41

Gﬁl‘)l.lnlyll)
typical applications

Voltage Follower

ouTPUT

*May be zero or equal'to the

'

COMPENSATION

0 O
oUTPUT INPUT ouTPUT
COMPENSATION GROUND
NC
4 TOP VIEW

Order Number LHO005H or LHOO05AH
- See Package 11

External Current Limiting

*V; = Average forward voltage drop
of diodes D, to D4 at approx.’
1mA. .
For continuous short circuit
protection (Vg = 12V,
-55°C < T, < +100°C)

v
input resistance for minimum lour S Rl Ruim = 5092
o . .
**To minimize crossover distortion .
at higher frequencies. May be Integrator with Bias Current Compensation
I 7 0F omitted for low frequency ) =
= application or selected to suit 1S
. design requirements P
. 2009F
Offset Balancing Circuit .
50 100K ! )
P QUTPUT
*Typical value, Rg = 100K.
Rg may be increased for greater 1]
sensitivity with reduction in I
range. =
*Adjust Rp fd¥ zero integration

*Previously called NHO005/NHOO05A

drift. -

* 1-12




absolute maximum ratings

Supply Voltage

Power Dissipation (see Curve)
Differential Input Voltage
Input Voltage

Peak Load Current

Storage Temperature Range
Operating Temperature Range

20V

400 mW

Equal to supply vo
£10
-65°C to +1

+15V
Itages
0 mA
50°C

-55°C to +125°C

Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
LHO0005 LHO005A
_PARAMETER CONDITIONS MIN | TYP [ MAX|MIN|TYP| MAX | UNITS
Input Offset Voltage
25°C Rg <20 k2 5| 10 1 3 {mV
-55°C, 125°C Rs <20 kQ 10 4 |mv
Input Offset Current
25°Cto 125°C 10 20 2 5 | nA
-55°C 251 75 10 25 | nA
Input Bias Current .
25°C to 125°C 15| 50 8 25 | nA
-55°C 100 | 250 60 | 125 |nA
Large Signal Voltage Gain :
-55°C to 25°C R_ = 10K, R2= 3K, Vout = t5V 4 4| 55 V/mV
125°C . 15 3 3l 5 V/mV
Output Voltage Swing
-55°C to 125°C R =10k -10 +6 [ =10 +6 |V
25°C to 125°C R, =100 -5 +5 | -5 +5 |V
-55°C R_ = 10082 -4 +4 | -4 +4 |V
Input Reéistance
25°C 12 1) 2 M
Common Mode Rejection Ratio :
25°C Vi = £4V, RS < 20kQ 55 | 60 60|66 dB
Power Supply Rejection Ratio
25°C 55 | 60 60 |66 dB
Supply Current (+)
-55°C to 125°C 3 5 3 5 | mA
Supply Current (-)
-55°C to 125°C 2 4 2 4 | mA
Average Temperature' Coefficient
of Input Offset Voltage
-55°C t0 125°C Rs <20 kQ 20 10 uv/°c
QOutput Resistance o
25°C 70 70 Q-

Note 1: These specifications apply for pin 6 groundéd, Vg = 112V,‘with Resistor Rq = 200Q2 in series
with Capacitor Cq = 75 pF from pin 4 to ground, and Cp = 200 pF between pins 9 and 10 unless

otherwise specified.

VS000H1/S000H1




LHO005/LHO005A

INPUT BIAS CURRENT (nA)

guaranteed performance characteristics

Supply Current
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typical performance characteristics
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Frequency Response
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NATIONAL

LHOOO5C" operational amplifier

. general description

The LHOO005C is a hybrid integrated circuit opera-
tional amplifier employing thick film resistors
and discrete silicon semiconductors in its design.
The select matching of the input pairs of transis-
tors results in low input bias currents and a very
low input offset current both of which exhibit
excellent temperature tracking. In addition, the
device features:

® Very high output current capability: £40 mA
into a 100 ohm load ’

m Low standby power dissipation:
60 mW at £12V

8 High input resistance: typically 2M at 25°C

typically

Amplifiers

® Operating range: 0° to 70°C

® Good high frequency response: unity gain at
30 MHz ‘

With no external roll-off network, the amplifier is
stable with a feedback ratio of 10 or greater. By
adding a 200 pF capacitor between pins 9 and 10,
and a 200 ohm resistor in series with a 75 pF
capacitor from pin 4 to ground, the amplifier is
stable to unity gain. The unity gain loop phase
margin with the above compensation is typically
70 degrees. With a gain of 10 and no compensation
the loop phase margin is typically 50 degrees.

schematic and connection diagrams

INPUT FREQUENCY OUTPUT FREQUENCY
COMPENSATION COMPENSATION
0] | L]
2
v+
> >
< < <
> 10K > 10K > 2K
< < <
‘P ‘i >
;e
1 - QUTPUT
.
INPUTS
)
> ) L
S 2k
1’ 1,
8
v
5
GROUND

typical applications

Voltage Follower

*May be zero or equal to the input
resstance for mimmum offset.
**To miiimize crossover distortion
at hugher frequencies. May be
omitted for tow frequency apph-

o
I 75 pF

cation or selected to suit design
requirements. .

Offset Balancing Circuit
7

50 - 100K

ouTPUT
*Typical value, Rg = 100K,

*Previously called NHO005C

Rg may be mcreased for greater
sensitwaty “with reduction m range.

COMPENSATION

TOP VIEW

Order Number LHO0O05CH
See Package 11

External Current Limiting

— outePuT

Vet
lout < fr

For continuous short circurt *Vj = Average forward voltage diop
protection (Vs = 12V, of diodes D, to Dy at approx.
0°C<T,<70C ° 1mA

Rum > 5092

Integrator With Bias Current Compensation

‘N
I

3
200 pF
Lot

- RG

p—ouTPUT

1

75 pF

= “Adust Rp for zero
integration dnft.

JS000H1




LH0005C

absolute maximum ratings

Supply Voltage - ' +20V
Power Dissipation (see Curve) ' ’ 400 mW
Differential Input Voltage +15V
Input Voltage Equal to supply voltages
Peak Load Current +100 mA
Storage Temperature Range ‘ -55°C to +125°C
Operating Temperature Range 0°C to 85°C
" Lead Temperature (soldering, 10 sec) 300°C

electrical characteristics

Supply Current (-)

. LHO0005C
PARAMETER CONDITIONS MIN TYP MAX UNITS
‘ (Note 2)
Input Offset Voltage\ ' Rs < 20 k2 3 10 mV
Input Offset Current .5 25 nA
Input Bias Current 20 100 " nA
Large Signal VOItage Gain . R = 10K, R2=3K, Vout = 6V 2 5 V/mV
QOutput Voltage Swing ’ 7 RL =10k -10 +6 \Y
' R = 10082 4 +6 14 v
Input Re§istance Ta =25°C 0.5 2 MQ
Common Mode Rejection Ratio | V=4V, Rg< 20k, T, =25°C| 50 60 dB
: Povs;er Supply Rejection Ratio Ta= 25°C ‘ ' 50 60 dB
éupply Current (+) 3 5 mA
2 4 mA

Note 1: ‘These specifications apply for pin 6 grounded, Vg = +12V, with Resistor R1 = 200 in series
with Capacitor C1 = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10, over the

temperature range of 0°C to +85°C unless otherwise specified.
Note 2: Typical values are for 25°C only.

1000
900
s 800
=
= 1700
z N CASE
S 600 NG
2
£ s
H
‘g 400
N
g 300
200
e AMBIENT
100 T
]

0 25 50 7% 100

TEMPERATURE ( C)

Maximum Power Dissipation

125
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NATIONAL

Amplifers

LHO020/LHO020C"* high gain instrumentation

operational amplifier

general description

The LH0020/LH0020C is a general purpose opera-
tional amplifier designed to source and'sink 50 mA
output currents. In addition to its high output
capability, the LH0020/LH0020C exhibits excel-
lent open loop gain, typically in excess of 100 dB.

The parameters of the LH0020 are guaranteed

over the temperature range of -55°C to +125°C

and 5V < Vg < *22V, while those of the

LHO020C are guaranteed over the temperature

range of 0°C to 85°C and < +5V < Vg < +18V.

Additional features include:

® |ow offset voltage typically 1.0 mV at 25°C
over the entire common mode voltage range.

® Low offset current typically 10 nA at 256°C for
the LHO020 and 30 nA for the LH0020C.

m Offset voltage is adjustable to zero with a single
potentiometer.

m +14V, 50 mA output capability.

Output current capability, excellent input char-
acteristics, and large open loop gain make the
LH0020/LH0020C suitable for application in a
wide variety of applications from precision dc
power supplies to precision medium power
comparator.

schematic and connection diagrams

COMPENSATION
30

v
12
l ouTPUT

FREQUENCY
INVERTING COMPENSATION

INPUT AA 2
W

6
NON INVERTING ; * Ty ouTRUT

INPUT
T

1
OFFSET ADJUST N 9 “)T
8 INPUT  GND

COMPEN-
SATION

typical applications

Offset Adjustment

1 OUTPUT

Ry = 3000

*Previously called NH0O020/NH0020C

COMPENSATION

INPUT
COMPENSATION

NON INVERTING
INPUT

INVERTING
INPUT

TOP VIEW

Order Number LH0020G or LH0020CG
See Package 6

Unity Gain Frequency Compensation

“Rs €2=3X 107

*c2
300 pF

J0Z00H1/0200H1



LH0020/LH0020C

-absolute maximum ratings

Supply Voltage +22V
Power Dissipation . 15W
Differential Input Voltage +30V
Input'Voltage (Note 1) +15V
Output Short Circuit Duration Continuous
Operating Temperature Range LH0020 -55°C to +125°C
LH0020C 0°Ct0 85°C
Storage Temperature -65°C to +150:C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics
. ' ‘ LH0020 LH0020C
PARAMETER CONDITIONS - UNITS
TEMPC |MIN TYP MAX|TEMP'C|MIN TYP MAX
Input Offset Rg < 10k 25 1.0 25 25 1.0 v 6.0f mV:
Voltage -551t0 +125 20 40| 0to85 3.0 7.5 mv
Input Offset 25 10 50 25 30 200 nA
Current -551t0 +125 100 0 to 85 300 nA
Input Bias 25 G‘O 250 25 . 200 500 nA
Current -551t0 +125 500 0to 85 800 nA
Supply Current | Vg = 15V 25 35 5.0 25 3.6 6.0] mA
Input Resistance 25 0.6 1.0 25 . 03 1.0 mMQ
& ' )
Large Signal Vg=%15V, R =300, Vo =£10V]| 25 100 300 25 50 150 V/mV
Voltage Gain Vs =+15V, R =300§2, Vg = +10V| -55 to +125 | 50 0to 85 30 V/mV
Output Voltage |Vg = +15V, R, = 30012 25 142 145 25 140 142 Y
Swing -55t0 +125| 140 0to 85 135 V-
Output Short | Vg = £15V 25 100 - 130 25 25 120 140 | mA
Circuit Current | R = 052
Input Voltage Vg =15V ~ -551t0 +125 |12 0to85 |+12 \
Range , \%
Common Mode |Rg < 10k -55t0 +125 | 90 96 ‘0to 85 | 90 96 dB
Rejection Ratio
\ : .
Power Supply Rs < 10k -551t0 +125 | 90 96 -0to85 | 90 96 dB
Rejection Ratio ,

Note 1: 'For supply.voltages less than ﬂsv, the absolute maximum input voltage is equal to the

supply voltage. .

Note 2: These specifications apply for 5V < Vg < 22V for the LH0020, 5V < Vg < +18V for
the LH0020C, pin 9 grounded, and a 5000 pF capacitor between pins 2and 3, unless otherwise specified.




NATIONAL

Amplifiers

LHO021/LHO021C 1.0 amp power operational amplifier
LHOO041/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 LH0041
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 overioad. The devices are compen-
sated with a single external capacitor and are free
of any unusual oscillation or latch-up problems.

features

Output current

1.0 Amp (LH0021)

0.2 Amp (LHO041)

Output voltage swing *12V into 1052 (LH0021)

+14V into 10082 (LH0041)

Wide full power bandwidth

® |ow standby power

Low input offset
voltage and current

15 kHz
100 mW at +15V

1 mV and 20 nA

® High slew rate
® High open loop gain

3.0V/us
100 dB

The excellent input characteristics and high out-
put capability of the LH0021 make it an idea!
choice for power applications such as DC servos,
capstan drivers, deflection yoke drivers, and pro-
grammable power'supplies.

The LHO041 is particularly suited for applications
such as torque driver for internal 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
LHO0041 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 LHO041 are guaranteed over the
temperature range of -55°C to +125°C while the
LH0021C and LHO041C are guaranteed from -25°C
to +85°C

schematic and connection

INVERTING
WeyT

NON Iy

" TO-3 Package

CASE IS
outPuT

Tor view
Order Number
LH0021K or LH0021CK
See Package 14

diagrams

\ O

o
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R,’-|‘ wsn Yo

O oureur
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OFFSET NULL OFFSETNULL

10K EXTERNAL NULL POT

TO-8 Package

oFFsEr
NULL OFFSET

Order Number
LHO0041G or LH0041CG
See Package 6

&—ov

*Rsc external on T0-8 and T0-3 packages. Rgc internal on “J” package.
Offset Null connections available only an TO-8 “G" package.

Ceramic DIP
- 1 8 NON-INV
v — = wpuT
2 1wy
Ne—= Wr
L & outeur
vt b comp

TOP VIEW

Order Number
LHO0041CJ
See Package 12
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I3 2 9 )
g 8 absolute maximum ratings ; T
o9 : . _
B e
< ; Supply Voltage +18V
- o Power Dissipation See curves
g (=] Differential Input Voltage +30V
= Input Voltage (Note 1) ' +15V
= o 5 Peak Output Current. (Note 2) LH0021/LH0021C 2.0 Amps
-l LHO0041/LH0041C 0.5 Amips
Output Short Circuit Duration (Note 3) . Continuous
Operating Temperature Range LH0021/LH0041 -55°C to +125°C
- LH0021C/LH0041C -25°C to +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec)’ 300°C

dc electrical characteristics for LH0021/LH0021C (Note 4)

LIMITS
PARAMETER CONDITIONS TH0021 ‘ THO021C UNITS
) MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rs< 10 k2, T¢ = 25°C 1.0 3.0 30 6.0 mv
Rs < 10 k§2 5.0 75 mV
Voltage Drift with Temperature - Rs < 10 k§2 . 3 25 5 30 uv/’c
Offset Voltage Drift with Time 5 5 uV/week
Offset Voltage Change with Output Power . 5 . 15 ) 5 20 uViwatt
Input Offset Current Te =25°C ’ 30 100 50 200 nA
: N 300 500 nA
Offset Current Drift with Temperature ! 0.1 10 0.2 1.0 nA/°C
- Offset Current Drift with Time 2 : 2 nA/week
- Input Bias Current Te =25°C : ) 100 300 200 500 nA
) ; 1.0 1.0 HA
Input Resistance Te=25°C 0.3 1.0 03 1.0 . MQ
Input Capacitance . 3 3 pF.
Common Mode Rejection Ratio . Rs < 10 kS2, AV = £10V - 70 90 70 90 dB
Input Voltage Range Vg = :15V +12 12 v
Power Supply Rejection Ratio Rs < 10 k§2, AVg = 10V 80 96 70 dB
Voitage Gain Vg = +15V, Vg = £10V .
R.= 1kQ,Te =25°C, 100 200 100 200 V/mV
Vg = £15V, Vg = £10V ' '
. Ry= 10082, . 25 20 VimVv
Output Voltage Swing Vs = %15V, Ry = 1002 +135 14 +13 +14 \2
’ Vg =%15V, R = 108, T¢.= 25°C +11.0 | *12 ' +10 +12. v
Output Short Circuit Current Vg = #15V, T¢ = 25°C Rgc = 0.5§2 0.8 1.2 1.6 0.8 1.2 1.6 Amps
Power Supply Current Vg =15V, Vour=0 25 35 3.0 4.0 mA
Power Consumption Vg =15V, Vot =0 75 105 90’ 120 mw

ac electrical characteristics for LH0021/LH0021C (T, = 25°C, Vg = +15V, Cc = 3000 pF)

Slew Rate Ay =+1, hL = 10082 1.5 " 30 © 1.0 3.0 Vius
Power Bandwidth R, = 10082 40 ] 40 kHz
Small Signal Transient Response 0.3 1.0 . 0.3 1.5 s
Small Signal Overshoot  * . . 5 20 10 1 30 %
Settling Time (0.1%) AVin =10V, Ay = +1 ‘ s 4 . 4 Hs

! Overload Recovery Time NE . 3 ' 3 ! us
Harmonic Distortion f= 1kHz, Po = 0.6W _ 0.2 o ‘0.2 %
Input Noise Voltage Rg= 509, B.W. = 10 Hz to 10 kHz . 5 7 5 uV/rms
Input Noise Current B.W. = 10 Hz to 10 kHz 0.05 0.05 nA/rms




IT
dc electrical ch isti 88
c electrical characteristics for LH0041/LH0041C (Note 4) ' (< =)
&N
-t b
N ~
LIMITS - r
PARAMETER CONDITIONS LH0041 LHD041C : UNITS IT
MIN TYP MAX - MIN TYP MAX o °
Input Offset Voltage Rs< 10KSL, Ty = 25°C 1.0 30 30 6.0 mv [« <)
Rs < 10 k§2 50 | 75 mv LN
-
Voltage Drift with Temperature Rs < 10 kQ2 3 ) 5 uv/°c o) 8
Offset Voltage Drift with Time 5 5 uV/week
Offset Voltage Change with Output Power 15 15 MV /watt
Offset Voltage Adjustment Range (Note 5) 20 20 mV
Input Offset Current: Ta=25C 30 100 50 200 nA
300 500 nA
Offset Current Drift with Temperature 0.1 1.0 0.2 10 nA/°C
Offset Current Drift with Time 2 2 nA/week
Input Bias Current Ta=25C 100 300 200 500 nA
10 1.0 RA
Input Resistance Ta=25C 03 1.0 0.3 1.0 MQ
Input Capacitance 3 3 pF
Common Mode Rejection Ratio Rs < 10 k2, AVewm = £10V 70 90 ) 70 90 dB
Input Voltage Range Vg = *15V 12 +12 \2
Power Supply Rejection Ratio Rg < 10 k§2, AVg = £10V 80 96 70 90 dB
Voltage Gain Vg = 16V, Vg = +10V
. R =1kQ, Tyh=25"C 100 200 100 200 VimVv
Vg = 15V, Vg = 10V
Ry =100 25 20 V/mV
Output Voltage Swing Vg = £16V, R_ = 10082 +130 14.0 +13.0 +14.0 \2
Output Short Circuit Current Vg = £16V, T, - 25°C 200 300 200 . 300 mA
(Note 6)
Power Supply Current Vg = £18V, Vour = 0 25 35 30 40 mA
Power Consumption Vg = +18V, Vour =0 75 105 920 120 mw

ac electrical characteristics for LH0041/LH0041C (T, = 25°C, Vg = 15V, Cc = 3000 pF)

Slew Rate Ay = +1, R_=100Q2 1.5 3.0 1.0 3.0 Vius
Power Bandwidth R = 10092 40 40 kHz
Small Signal Transient Response 0.3 1.0 0.3 1.5 s
Small Signal Overshoot 5 20 10 30 %
Settling Time {(0.1%) AV =10V, Ay = +1 a 4 us
Overload Recovery Time 3 3 Hs
Harmonic Distortion f=1kHz, Po=0.5W ! 0.2 0.2 %
Input Noise Voltage Rs = 5082, B.W. = 10 Hz to 10 kHz 5 5 uV/rms
Input Noise Current B.W. =10 Hz to 10 kHz 0.05 ' 0.05 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 LH0041G and LH0021K with Rgc = 0Q2.

Note 3: Rating applies as long as package power rating is not exceeded.

Note 4: Specifications apply for +6V < Vg £18V, and -55°C <Tc=< 125°C for LHO021K and LHO041G, and ~25°C <
Tc < +85°C for LHO021CK, LH0041CG and LH0041CJ uniess otherwise specified. Typical values are for 25°C only.

Note 5: TO-8 “G" packages only.

Note 6: Rating applies for *'J”" DIP package and for TO-8 “G" package with Rgc = 3.3 ohms.




LH0021/LH0021C,

LH0041/LH0041C

OUTPUT VOLTAGE (:V)

POWER DISSIPATION (W)

OUTPUT VOLTAGE (V)

SHORT CIRCUIT CURRENT (mA) .

typical pérformance characteristics
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typical performance characteristics (con’t)

OLYOOH1/LYOOHT
‘OLZO0H1/LZ00HT

INPUT CURRENT (nA)
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typical appliéations (con’t)

LH0021/LH0021C
LH0041/LH0041C

N ‘
1670 436V O vl
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+15V. n
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0 15V
2M3089 . qpﬁnzm - -
ml:‘ Vour, * E““nz( o VwO
6.2V [’ DEFLECTION YOKE
Vi
. . 5000 pF four * /Y
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G <
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15K
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Dual Tracking One Amp Power Supply . CRT Deflection Y oke Driver
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N 50K
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*Type 327 Limp
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auxiliary circuits

OLYOOH1/LYO0H1
‘OLZ00H1/LZ00H1

b—O ouTPuT

= 210mA

LHO0021 Unity Gain Circuit with LHO0041G Unity Gain with
Short Circuit Limiting Short Circuit Limiting

= A3
R2
= At gy

LH0041/LH0021 Offset Voltage Null Circuit LH0041G Offset Voltage Null Circuit
(LHO0041CJ Pin Connections Shown)*

POSITIVE NEGATIVE

BV V0V

VOV

W SIS Vour VeIV

wan

<]
S0V VT -36V

Operation from Non-Symmetrical Supplies

*For additional offset null circuit techniques see National Linear Applications Handbook.
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LH0022/LH0022C . LH0042/
LH0042C.LH0052/LH0052C

NATIONAL

Amplifiers

LH0022/LH0022C* high performance FET op amp
LHO042/LH0042C low cost FET op amp
'LH0O052/LH0052C precision FET op amp

general descriptioﬁ'

The LH0022/LH0042/LHO052 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' noise, .common .mode rejection

ratio, open loop gain, or slew rate. The internally’

laser nulled LHO052 offers 200 microvolts maxi-

mum offset and 5 uV/°C offset drift. Input offset

current is less than 500 femtoamps at room tem-

perature and 100 pA maximum at 125°C. The

LH0022 and LH0042 are not internally nulled but
offer comparable matching characteristics. All de-
vices 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 LHO0052 are specified
for operation over the —55°C to +125°C military
temperature range. The LH0022C, LH0042C and
LHO052C are specified for operation over the
-25°C to +85°C temperature range.

features
® | ow input offset c'urrent—‘500 femtoamps max.
(LHO0052)

Low input offset drift—5uV/°C max (LH0052)
Low input offset voltage. — 100 microvolts-typ.
High open loop gain — 100 dB typ.
Excellent slew rate — 3.0 V/us typ.
Internal 6 dB/octave frequency compensation

Pin compatible with standard IC op amps (TO-5
package)

The LH0022/LH0042/LH0052 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
LHO052 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-
pedance buffers.

Special electrical parameter 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.

schematic and connection diagrams

Dual-In-Line Package
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Order Number LH0022D or
LH0022CD or LH0042D or
LH0042CD or LH0052D or

S
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Metal Can Package

"
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Tor view

Order Number LHO022H or LH0022CH or
LHO042H or LHO042CH or LHO052H or

LH0052CH
See Package 9

LH0052CD
See Package 1

*Previously Called NH0022/NH0022C
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absolute maximum ratings 8 g
Supply Voltage +22V l% s
Power Dissipation (see graph) 500 mW oD
Input Voltage (Note 1) . +15V N =
Differential Input Voltage (Note 2) +30V E g
Voltage Between Offset Null and V™ +0.5V oo
Short Circuit Duration Continuous oN
Operating Temperature Range a b
LH0022, LH0042, LH0052 -55°C to +125°C N O
LH0022C, LH0042C, LH0052C -25°C to +85°C -
Storage Temperature Range -65°C to +150°C I I
Lead Temperature (Soldering, 10 sec) 300°C (=] 8
S s

. .. NN

dc electrical characteristics For LH0022/LH0022C (Note 3) o>

LIMITS
PARAMETER CONDITIONS LH0022 LH0022C UNITS
MIN | TYP | MAX | MIN | TYP | mAX
Input Offset Voltage Rs < 100 k§2; T, =25°C, 20 4.0 35 6.0 mv
Vg = 15V
Rs < 100 k2, Vg = £15V 50 7.0 ey
Temperature Coefficient of Rg < 100 kQ2 5 10 5 15 uv/c
Input Offset Voltage
Offset Voltage Drift with Time 3 a 1V /week
Input Offset Current Ta=25°C 0.2 20 1.0 5.0 pA
2.0 0.5 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Offset Current
Offset Current Drift with Time 0.1 0.1 pA/week
Input Bias Current Ta=25"C 5 10 10 25 pA
10 25 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Bias Current .
Differential Input Resistance 10'? 10'2 Q
Common Mode Input Resistance 10'? 10'2 Q
Input Capacitance 4.0 4.0 pF
Input Voltage Range Vg = 16V +12 | +135 $12 | 135 \
Common Mode Rejection Ratio | Rg < 10 k€2, V= £10V 80 90 70 90 d8
Supply Voltage Rejection Ratio | Rs < 10 kS, 5V < Vg < +16V 80 90 70 90 dB
Large Signal Voltage Gain Ry = 2k, Vour = £10V, 100 | 200 75 | 160 V/mv
Ta=25°C, Vg = 215V ’
Ry = 2kQ, Vour = 10V, 50 50 V/mv
Vg = $15V
Output Voltage Swing Ry =1k, To =25°C, 10 | *125 T 110 £12 \
Vg = +15V
Ry =2kQ, Vg = 215V *10 10 \ :
Output Current Swing Vout =10V, T4 = 25°C +10 +15 *10 *15 mA
Output Resistance 75 75 Q
Output Short Circuit Current 25 25 mA
Supply Current Vg = 16V 20 25 24 2.8 mA
Power Consumption . Vg = +15V 75 85 mW
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3¢ «
g 0 dc electrical characteristics for LHO042/LHOO42C ~ y
o 8 (Ta = 25°C, Vg = £15V; unless otherwise specified)
5 5 . LIMITS i
RS PARAMETER CONDITIONS LH0042 LH0042C unITs
'y N MmN | TYP | max | min TYP | MAX
Q To] Input Offset Voltage - | Rs< 100k 5.0 20 60 | .20 mv
2 o Temperature Coefficient of Rg < 100 k§2 5 10 uv/oc
o . input Offset Voltage . f
8 T Offset Voltage Drift with Time 7 10  uViweek
T -1 Input Offset Current . 1 5 2 10 A
—J o Temperature Coefficient of N Doubles ever\( 10°C © Doubles every 10°C |
\ ~ Inpu’( Offset Current |
N ¢ Offset Current Drift with Time 0.1 0.1 pA/week
N o Input Bias Current . 10 25 15 50 PA
o o Temperature Coefficient of Doubles every 10°C Doubles every 10°C
[=] T Input Bias Current .
5 - Differential Input Resistance . 10'? 10" Q
Common Mode Input Resistance 10'? 10"? Q
Input Capacitance . 4.0 4.0 PF
Input Voltage Range : +12 +13.5 12 +135 v
Common Mode Rejection Ratio” | Rg<.10kS2, Viy = £10V 70 86 70 80 dB
! . Supply Voltage Rejection Ratio Rg < 10kS2, B8V < Vg < *15V 70 86 . 70 80 dB
\ Large Signal Voltage Gain Ry = 1k, Vour = 10V 50 150 25 100 VimV
Output Voltage Swing Ry =1k +10 125 +10 12 \%
Output Current Swing Vour = £10V ’ £10 115 £10 115 mA
Qutput Resistance - 75 75 Q
Output Short Circuit Current 20 20 mA
Supply Current 25 35 28 4.0 mA
Power Consumption 105 . 120 mw

dc electrical characteristics For LH0052/LH0052C (Note 3)

X " LIMITS |
PARAMETER CONDITIONS LH0052 LH0052C UNITS
MmN | Tve | max | min | Tye | mAx
- . Input Offset Voltage Rs < 100 k§2; Vg = +15V, 01 0.5 0.2 1.0 mv
Ta-25C
Rs < 100 kS2, Vg = * 15V 1.0 15 mv
Temperature Coefficient of Rg <100 k€2, Vg = 115V 2 5 5 10 uv/’c
Input Offset Voltage
Offset Voltage Drift with Time , 2 4 | uV/week
Input Offset Current Ta=26C - 001| 05 002 10| pA
! 100 ' 100 PA
Temperature Coefficient of Doubles every 10°C ‘ Doubles every 10°C '
Input Offset Current
Offset Current Drift with Time N <0.1 <0.1 pA/week
‘Input Bias Current Ta=25C 0.5 25 1.0 50 |- pA
25 . 0.5 nA "
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Bias Current
Differential Input Resistance . ‘ 10'2 102 Q
Common Mode Input Resistance : ' 10" ' 10" . Q
Input Capacitance . 4.0 4.0 oF
Input Voltage Range Vg = 116V €12 | +135 12 | +13s v
Common Mode Rejection Ratio | Rg < 10 k€2, Vyy = £10V 80 | 90 i 76 | 90 a8
Supply Voltage Rejection Ratio | Rg < 10 kS, +5V < Vg < +15V 80 90 76 90 dB
Large Signal Voltage Gain Ry = 2K, Vour = £10V, 100 | 200 75 | 160 Vimv
Vg =t16V,To=25"C )
Ry = 2k, Vour = +10V, 50 50 V/mv
Vg=t18V - i
Output Voltage Swing Ry =1k, To=25C . 410 +12.6 +10 +12 v
Vg = +15V )
1 RL=2kR2, Vg= 15V +10 +10 v
Output Current Swing | Vour=#10V,Ta=25°C £10 +15 -1 10 | +18 mA”
Output Resistance ! T 18 75 Q
Output Short Circuit Current ) - 25 25 mA
Supply Current Vg = 15V 3.0 35 3.0 38 mA
Power Consumption Vg = $15V . 105 114 mw
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TI

ac electrical characteristics For all amplifiers (T = 25°C, Vg = £15V) 8 8

H N

LIMITS 8 Q

PARAMETER CONDITIONS LH0022/42/52 LH0022C/42C/52C UNITS e

min | Tve | max | min | Ttve | max E g

Slew Rate Voltage Follower 15 3.0 1.0 3.0 Vius oo

Large Signal Bandwidth Voltage Follower 40 40 kHz (o] N

Small Signal Bandwidth 1.0 1.0 MHz a b

Rise Time 0.3 1.5 0.3 1.5 s Q p

Overshoot 10 30 15 40 % -~ r

Settling Time (0.1 %) AV = 10V ! 45 45 us I X

Overload Recovery : 4.0 4.0 us g 8

Input Noise Voltage Rs = 10 kS2, f, = 10 Hz 150 150 nVA/Hz b

Input Noise Voltage Rs = 10 kS, fo = 100 Hz 55 : 56 nVA/HZ NN

Input Noise Voltage Rg = 10 k2, f, =1 kHz 35 35 nV/\/E o ~

Input Noise Voltage ~ * Rs = 10 k2, f, = 10 kHz 30 30 nVA/Hz

Input Noise Voltage BW = 10 Hz t0 10 kHz, Rg = 10 k2 12 12 uVrms
Input Noise Current BW =10 Hz to 10 kHz <A <A1 pArms

Note 1: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.
Note 2: Rating applies for minmimum source resistance of 10 kS2, for source resistances less than 10 k§2, maximum differential
input voltage is +5V.

Note 3: Unless otherwise specified, these specifications apply for t5V < Vg < +20V and -55°C < Ta < +125°C for the

LH0022, LH0042 and LH0052 and -25°C < Ta +85°C for the LH0022C, LH0042C and LHO052C. Typical values are given for
Ta =25°C.

auxiliary: circuits (shown for TO-5 pin out)

INPUT

INPUT

Note. All diodes are ultra low leakage v

Offset Null Protecting Inputs From + 150V Transients

INPUT

Boosting Qutput Drive to +100 mA

typical applications
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LHO0022/LH0022C- LHO0042/

LH0042C.LH0052/LH0052C

typical appliéatio'ns (con’t)
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LH0022/LH0022C. LH0042/
LH0042C,LH0052/LH0052C

TR

typical performance characteristics (con‘t)
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NATIONAL

Amplifiers

LH0024/LH0024C high slew rate operational amplifier

general description

The LH0024/LH0024C is a very wide bandwidth,
high slew rate operational amplifier intended to
fulfill a wide variety of high speed applications
such as buffers to A to D and D to A converters
and high speed comparators. The device exhibits
useful gain in excess of 50 MHz making it possible
to use in video applications requiring higher gain
accuracy than is usually associated with such
amplifiers.

features

® Very high slew rate — 500 V/us 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 mV
®  Pin compatible with standard IC op ampé

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 high speed general purpose
applications.

The LHO0024 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
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v
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3 )
¥ SR o OUTPUT
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' 9 LY
3
+ [ ag ‘\
13
INPUTS s @——0 ouTPUT
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typical applications
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INPUT Qe AAA ~4
100 2 1
Vi O AAA ] —_A* 22369

Metal Can Package

COMP/NULL

TOP VIEW

Note: For heat sink use
Thermalloy 22305 series.

Order Number LH0024H or LH0024CH
See Package 9

Video Amplifier
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LH0024/LH0024C

absolute maximum ratings

Supply Voltage
Input Voltage

Differential input Voltage

Power Dissipation

Operating Temperature Range

LH0024
LH0024C

Storage Temperature Range

+18V

Equal to Supply

5V

600 mW

-55°C to +125°C
-25°C to +85°C
-65°C'to +150°C

Lead Temperature (Soldering, 10 sec) 300°C
dc electrical characteristics (Note 1)
LH0024 LH0024C
PARAMETER CONDITIONS - UNITS
. MIN TYP MAX | MIN TYP MAX
Input Offset Voltage Rg =500, T, = 25°C 20 4.0 5.0 8.0 mV
Rg = 5082 6.0 10.0 mv
Average Temperature Vg = %15V, Rg = 5002 —20 —-25 uv/°c
Coefficient of Input -55°C to 125°C
Offset Voltage
Input Offset Current | Tp = 256°C 2.0 5.0 4.0 | 15.0 uA
. "10.0 200 uA
Input Bias Cuirent Ta=25C 15 | 30 18 40 KA
) 40 50 A
Supply Current 12.5 13.5 125 13.5 mA
Large Signal Vvoltage Vg=%16V, R = 1k, T5 = 25°C- 4 5 3. 4. . V/mV
Gain Vg=2%15V, R = 1k 3 25 V/mVv
Input Voltage Range Vg =%£15V +12 *13 12 13 \
Output Voltage Vg=%15V, R_= 1k,TA=25°C‘ 12 +13 +10 +13. \
Swing Vg=%15V, R =1k +10 +10 \%
Slew Rate Vg =215V, R_ = 1k, 400 500 250 400 V/us
Cy=C,=30pF
Ay =+1, T, =25°C
Common Mode Vg =215V, AV |y = £10V 60 60 dB
Rejection Ratio Rs = 5082 ‘
Power Supply +5V < vg< 18V 60 60 dB
Rejection Ratio Rg = 5082

Note 1: These specifications apply forVg = +15V and -556°C to +125°C for the LH0024 and -25°C to +85°C for the LH0024C.

frequency

compensation
TABLE |
T CcLOSED
LoopGain | 1 C2 | Cs
. 100 0 0o | o
20 0 0 0
10 0 20pF | 1pF
1 30.pF | 30pF | 3pF

*

Frequency Compensation Circuit

5]

L

A2

ouTPUT
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typical performance characteristics
Large Signal Frequency

Open Loop Frequency

Maximum Power Dissipation Response Response
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applications information
1. Layout Considerations

The LHO0024/L.H0024C,like most high speed cir-
cuitry, is sensitive to layout and stray capacitance.
Power supplies should be by-passed as near the
device as is practicable with at least "01 uF disc
type capacitors. Compensating capacitors should
also be placed as.close to device as possible.

2. Compensation Recommendations

Compensation schemes recommended in Table 1
work well under typical conditions. However, poor
layout and long lead lengths can degrade the per-
formance of the LH0024 or cause the device to
oscillate. Slight adjustments in the values for
C1, C2, and C3 may be necessary for a given
layout. In particular, when operating at a gain of

4 6 8 10 12 14 16 18
SUPPLY VOLTAGE (+V)

-1, C3 may require adjustment in order to per-
fectly cancel the input capacitance of the device.
When operating the LH0024/LH0024C at a gain
of +1, the value of R'1 should be at least 1K ohm.
The case of the LH0024 is electrically isolated from
the circuit; hence, it may be advantageous to drive
the case in order to minimize stray capacitances.

&
3. Heat Sinking

. The LH0024/LH0024C is specified for operation

without the use of an explicit heat sink. However,
internal power dissipation does cause a significant
temperature rise. Improved offset voltage drift
can be obtained by limiting the temperature rise
with a clip-on heat sink such as the Theérmalloy
2228B or equivalent.

1-35

OVZO00HT/YZ00H1



LHO0032/LH0032C

NATIONAL

Amplifiers

LH0032/LH0032C ultra fast FET operational amblifier

general description

The LH0032/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
capability 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
shaping into the megahertz region.

features

8 High slew rate 500 V/us
® High bandwidth 70 MHz
& High input impedance 10'2Q

® | ow input bias current 20 pA max
® Offset null with single pot
® | ow input offset voltage 2mV max

® No compensation for gains above 50

The LH0032'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’s, buffers in data acquisition
systems, and sample and hold circuits. 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.

schematic and connection diagrams
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typical applications
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Note:  For heat sink use thermalloy
2240 series or Wakefield 215-XX series.

Order Number LH0032G or LH0032CG
See Package 6
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absolute maximum ratings

Supply Voltage 18V
Input Voltage Vg
Differential Input Voltage +30V
Power Dissipation See curve

Operating Temperature Range LH0032

-55°C to +125°C

LHO0032C -25°C to +85°C

Storage Temperature Range

-65°C to +150°C

Lead Temperature (Soldering, 10 sec) 300°C
dc electrical characteristics (Note 1)
PARAMETER CONDITIONS I L:3232 A T wiN u-]l’(\)l(:‘azc NAX UNITS
Input Offset Voltage Ta = 25°C 2 5 5 15 mV
. 10 4 20 mV
Average Offset Voltage Drift 25 25 uv/°c
Input Bias Current Ta=25°C 10 100 25 200 pA
50 15.0 nA
Input Offset Current Ta=25°C 5 25 10 50 PA
25 5 nA
Large Signal Voltage Gain VouT =Q1mv, f=1kHz, R =1k, 60 70 60 70 dB
Ta =25°C .
7V0U7=:10v,7=1kHz, RL =1k 57 57 dB
Input Voltage Range ’ +10 12 +10 12 A\
Output Voltage Swing R - 1kQ 10 +13.5 +10 13 Y
Power Supply Rejection Ratio AVg = 10V 50 60 50 60 dB
Common Mode Rejection Ratio | AVy = 10V 50 60 50 60 dB
Supply Current Ta=25°C 18 20 20 22 mA
ac electrical characteristics (Note 2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Slew Rate Ay = +1, AVN = 20V 350 500 V/us
Settling Time to 1% of Final Value Ay = -1, AV N = 20V 100 ns
Settling Time to 0.1% of Final Value Ay = -1, AV,y = 20V 300 ns
Small Signal Rise Time Ay =+1, AV =1V 8 20 ns
Small Signal Delay Time Ay =+1,AV,y =1V 10 25 ns

Note 1: These specifications apply at Vg = 15V and over ~55°C to +125°C for the

LHO0032C, unless otherwise specified.

Note 2:  These specifications apply for Vg = +15V, R_= 1kQ and Tp = 25°C,

LH0032 and -25°C to +85°C for the
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LH0032/LH0032C

INPUT VOLTAGE (V)

typical performance characteristics
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auxiliary circuits

Offset Null

10K

"
INPUTS QuTPUT

typical applications (con’t)

Unity Gain Amplifier

p— OUTPUT

1000

100X Buffer Amplifier

INPUT

Output Short Circuit Protection

v

10X Buffer Amplifier

INPUT

Non-Compensated Unity Gain Inverter

10K
INPUT = AAA-
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LH0032/LH0032C

typical applications (con’t)

High Speed Sample and Hold _

p—0O ouTPUT

Current Mode Multiplexer

R
10k
ANALOG INPUT - 100V

natag

T0 ADDITIONAL SWITCHES

PO OUTPUT

2
2

applications information

Power Supply Decoupling

The LH0032/LH0032C like most high speed cir-
cuits is sensitive 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 uF disc ceramics. Compen-
sation components should also be located close to
the appropriate pins to minimize 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. ' '

I—L:)—“—@»WV-

Re
v R
oot - o

In the non-inverting configuration, 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 require adjustment of
circuit compensation values. '
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NATIONAL

Amplifiers

LHO036/LHO036C instrumentation amplifier

general description

The LHO036/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 M2 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 LHO0036 is specified for operation over the
-565°C to +125°C temperature range and the

LHO036C is specified for operation over the
-25°C to +85°C temperature range.

features

® High input impedance 300 MQ
= High CMRR 100 dB
® Single resistor gain adjust 1 to 1000
8 Low power 90uwW
® Wide supply range +1V to £18V
® Adjustable input bias current

® Adjustable output bandwidth

® Guard drive output

equivalent circuit and connection diagrams
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TOP VIEW

Order Number LH0036 or LHO036C

See Package 6
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LH0036/LH0036C

absolute maximum ratings

. . Continuous

Supply Voltage +18V Short Circuit Duration
Differential Input Voltage +30V Operating Temperature Range .
Input Voltage Range A LH0036 -55°C to +125°C
Shield Dfive Voltage 1Vg LHO0036C ~25°C to #85°C
CMRR Preset Vi;ltage Vg Storage Temperature Range -65°C to +150°C
CMRR Trim Voltage Vg Lead Temperature, Soldering 10 seconds 300°C
Power Dissipation (Note 3) 1.5W .
electrical characteristics ‘(Notes1and2)
LIMITS
PARAMETER CONDITIONS LHO0036 LH0036C UNITS
' MIN TYP MAX MIN TYP _MAX
Input Offset Voltage Rs = 1.0k§2, T4 = 25°C 0.5 1.0 1.0 20 mv
- (Vios) Rs ='1.0kQ2 2.0 3.0 mV
Output Offset Voltage Rg = 1.0kS2, T4 = 25°C 2.0 5.0 i ‘5.0 10 mV
(Voos) Rs = 1.0kQ 6.0 12 mv
Input Offset Voltage Rs < 1.0kQ 10 10 uv/°C.
Tempco (AVog/AT)
Output Offset Voltage 15 15 uv/°c
Tempco (AVgos/AT) :
Overall Offset Referred Ay =1.0 25 - . 6.0 mV
to Input (Vog) Ay =10 0.7 15 Y
. Ay =100 0.52 © 1.0 ‘ mV
Ay = 1000 0.502 1.005 mv
input éias Current Ta= 25°C ' 40 100 50 125 nA
(1g) 150 200 nA
Input Offset Current . Ta=25°C \ 10 40 . 20° 50 nA
(los) 80 100 nA
Small Signal Bandwidth | Ay'=1.0, R, = 10k 350 ) 30 [ " KkHz
Ay =10, R, = 10kQ 35 : 35 kHz
Ay =100, R = 10kQ 35 ) 35 kHz
Ay = 1000, Ry = 10k2 350 © 350 Hz
Full Power Bandwidth Vin =210V, R = 10k, 5.0 5.0 kHz
. Ay =1
Input Voltage Range Differential +10 +12 ) +10 +12 v
Common Mode 10 2 +10 +12 \2
Gain Nonlinearity 0.03 . 0.03 %
Deviation From Gain Ay =1 to 1000 ©+0.3 +1.0 h +1.0 +3.0 %
Equation Formula :
PSRR £5.0V < Vg <15V, 1.0 25 1.0 5.0 mv/vV
Ay =1.0 )
5.0V < Vg <15V, : 0.05 0.25 0.10 0.50 mv/V
Ay =100
CMRR Ay =10 DC to 1.0 25 ' 25 5.0 mV/V
Ay =10 100 Hz, 0.1 0.25 . 0.25 0.50 mV/V
R Ay =100 ARg = 1.0k 50 100 50 100 uv/v
Output Voltage Vs =+15V, R = 10k§2, | +10 +135 +10 - +135 Y
Vs =+1.5V, R = 100k$2 +0.6 0.8 0.6 +0.8 \
Output Resistance ' 0.5 05 . Q
Supply Current 300 | 400 400 600 A
’, Equivalent Input Noise 20 20 uV/ip-p
Voltage 5 .
Slew Rate AV)y =10V, 03 03 ' Vius
R = 10kQ, Ay = 1.0
Settling Time To#10mV, R = 10k,
AVour = 1.0V )
Ay =10 38 38 us
Ay =100 180 180 us

Note 1: Unless otherwise specified, all spécifications épply for Vg = £16V, Pins 1, 3, and 9 grounded, —25°C to +85°C for the
LH0036C and —55°C to +125°C for the LH0036.

Note 2: All typical values are for Ta = 25°C.

Note 3: The maximum junction. temperature is 150°C. For operation at elevated temperature derate the G package on a
thermal resistance of 90°C/W, above 25°C. : '
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typical performance characteristics

CLOSED LOOP GAIN (V/V) OUTPUT VOLTAGE (Vp.p) SUPPLY CURRENT (uA)

INPUT BIAS CURRENT (nA)

Supply Current vs Temperature
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10 100 1.0k 10k 100k
Rg — GAIN SET RESISTOR ()
Input Bias Current
50
PINS 1,3, & 9 GROUNDED
40 a—
Vg = +15V N
30
20
10 =315V
) - —
-55 -26 0 25 S50 75 100 125

TEMPERATURE (°C)

SUPPLY CURRENT (uA)

dd
CMRR (dB) (4°97) 39¥LI0A LNdLNO

" OUTPUT VOLTAGE (Vo)

Supply Current vs Supply Voltage
1000

FTa=25°C
FPINS1,3,89

100

OUTPUT VOLTAGE (Vp p)

10
0 20 40 6.0 80 10 12 14 16 18

SUPPLY VOLTAGE (+V)

Total Input Noise Voltage*
vs Frequency

)

300
270

240
210 \

180

T
|| Vs =215V
PIN 1

120
%0 Lt B = 100k
50
30— R

/
Z
VOLTAGE GAIN (dB)

TOTAL INPUT NOISE VOLTAGE (nV/s

10 100 1.0k
FREQUENCY (Hz)

10k

“Noise voltage includes contribution from source resistance

CMRR vs Frequency

T
it Ave = 100 —

100 Vs = +15V

MAXIMUM PEAK-TO-PEAK
COMMON MODE VOLTAGE (V)

1.0k

10k
FREQUENCY (Hz)

Output Volitage Swing vs
Frequency

M
. |
14 Aycy =100
u i m
i

| vs=+15v A
| R, =10k
Ta=25°C
[ PINS 1,3 & GROUNDED

1.0k 10k
FREQUENCY (Hz2)

OUTPUT VOLTAGE (V)

100 100k

60

50

40

+10

Output Voltage Swing vs
Supply Voltage

T
L Ry =10k
| Ta=28C
PIN 1,3 & 9 GROUNDED
2
,
A
A
Ve
4
20 60 +10 14 18

SUPPLY VOLTAGE (V)

Closed Loop Voltage
Gain vs Frequency

[TV = +15v

10k
FREQUENCY (Hz)

Common Mode Voltage vs
Supply Voltage

—
Ry = 10k ’
[ =14 Hz

| Ta=25C
PINS 1,3, & 9 GROUNDED

/

+5.0 +10 +15
SUPPLY VOLTAGE (2V)

20

Large Signal Pulse Response

/
—LL Ro- 10k \

Avcr = 1.0
PINS 1,3, & 9 GROUNDED

120 160 200 240 280
TIME (us)

0 40 80

1-43

O9€00HT1/9€00H1




LH0036/LH0036C

typical applications

0 V* = 430V TO 415V
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applications information
THEORY OF OPERATION

FIGURE 1. Simplified LH0036

The LHOO036 is a 2 stage amplifier with a high
input impedance gain stage comprised of A; and
A, and a differential to single-ended unity gain
stage, Agz. Operational amplifier, A, receives
differential input signal, e, and amplifies it by a
factor equal to (R1 + Rg)/Rg.

A, also receives input e, via A, and R2. e, is seen
as an inverting signal with a gain of R1/Rg. A,
also receives the common mode signal ecy and
processes it with a gain of +1.

Hence:
R1+ Rg R1 )
= e——, — — g, te 1
1 Ro 1 Ra 2 tecm

By similar analysis V, is seen to be:

R2+ Rg R2 o
= ——e, — — g, +e
2 Ro 2 Ro 1t ecm
For R1 = R2:
2R1
Vo=V =|l—)+1](es—eq) (3)
Rg

Also, for R3 = R5 = R4 = R, the gain of Az=1,
and:

. 2R1
eo = (1{Vy = V) = (e3 —&q) [1 + (-———) ] 4)
Re

As can be seen for identically matched resistors,
ecm is cancelled out, and the differential gain is
dictated by equation (4).

For the LH0036, equation (4) reduces to:
eg © 50k

=1+ — (5a)
ez —€q Re

AvcL =

The closed loop gain may be set to any value from
1 (Rg = ) to 1000 (Rg = 5082). Equation (5a)
re-arranged in more convenient form may be used
to select Rg for a desired gain:

50k
Rg = —— (5b)
Aver — 1

USE OF BANDWIDTH CONTROL (pin 1)

In the standard configuration, pin 1 of the LH0036
is simply grounded. The amplifier’s slew rate in
this configuration is -typically 0.3V/us and small

signal bandwidth 350 kHz for Ay, = 1. In some
applications, particularly at low frequency, it may
be desirable to limit bandwidth in order to mini-
mize the overall noise bandwidth of the device. A
resistor Rgw may be placed between pin 1 and
ground to accomplish this purpose. Figure 2 shows
typical small signal bandwidth versus Rgyy.

m

100k

BANDWIDTH (Hz)

10k

01M  1.0M 10M  100M  1000M
Rgw — RESISTANCE FROM PIN 1 TO GROUND (<)
FIGURE 2. Bandwidth vs Rgyy

It also should be noted that large signal bandwidth
and slew rate may be adjusted down by use of
Rgw. Figure 3 is plot of slew rate versus Rgy.

0.01

SLEW RATE (V/us)

0.001

10k 100k 1.0M 1M 100M°
Rgw — RESISTANCE FROM PIN 1 TO GROUND (02)

FIGURE 3. Output Slew Rate vs Rgy
CMRR CONSIDERATIONS
Use of Pin 9, CMRR Preset

Pin 9 should be grounded for nominal operation.
An internal factory trimmed resistor, R6, will
yield aCMRR in excess of 80 dB (for Ayc = 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 circuit shown in
Figure 4.

INPUTS

FIGURE 4. Vpog Adjustment Circuit

Pin 8 is also used to improve the common mode
rejection ratio as shown in Figure 5. Null is

D9E00HT1/9€00H1
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LHO036/LH0036C

oV, +10v,

applications information (con’‘t)

achieved by alternately applying 10V (for vt &

V = 15V) to the inputs and adjusting R1 for
minimum change at the output.

+15V

" Civeut
sov O

\
FIGURE 5. CMRR Adjustment Circuit

The circuits of Figure 4 and 5 may be combined
as shown in Figure 6 to accomplish both Vgg
and CMRR null. However, the Vog and CMRR
adjustment are interactive and several iterations
are required. The procedure for null should start
with the inputs grounded.

+5V

weur
+ov ©

-15v

FIGURE 6. Combined CMRR, Vog Adjustment Circuit

R2 is adjusted for Vog null. An input of +10V
is then applied and R1 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 case, R2 is adjusted
first for output null of the LH0036: R1 is then
adjusted for output null with +10V input. It is

. always a good idea to check CMRR null with a

=10V input. The optimum null achievable will
yield the highest CMRR over the amplifiers com-
mon mode range.

415V

INPUT o

~1ov
p—O +15V

R2
>
> 100k

O -15v
* NOTE: NOMINAL VALUE R1 TO ACHIEVE OPTIMUM CMRR IS 3.0 k2.

FIGURE 7. Improved Vgg, CMRR Nulling Circuit

AC CMRR Considerations

The ac CMRR may be improved using the circuit
of Figure 8.

415V,

5
- 12
0
"a:: LH0036 I ouTPUT
<7 g
)|
.
R2 0% (B
1.0M
""
om (N, |
1000 pF e

FIGURE 8. Improved AC CMRR Circuit

After adjusting R1-for best dc CMRR as before,
R2 should be adjusted for minimum peak-to-peak
voltage at the dutput while applying an. ac
common mode signal of the maximum amplitude
and- frequency of interest.

INPUT BIAS CURRENT CONTROL

Under nominal operating conditions (pin 3 ground-
ed), the LHOO36 requires input currents of 40 nA.
The input current may be reduced by inserting a
resistor (Rg) between 3 and ground or, alter-
natively, between 3 and V. For Rg returned to
ground, the input bias current may be predicted
by:

| vt-o05 .
= — a
BIAS™ 4x 10° + 800 Rg
or
Vvt — 05— (4x 108) (Igas)
Rg = BIAS A (6b)
800 Ig s

Where:

Igias = Input Bias Current (nA)

Rg = External Resistor connected between
pin 3 and ground (Ohms)

vt = positive Supply Voltage (Volts)

Figure 9 is a plot of input bias current versus Rg.

laias (nA)

AR RSB

o UL TR T T
10k 100k 1.0M 10M 100M
Rg — RESISTANCE FROM PIN 3 TO GROUND ()

FIGURE 9. Input Bias Current as a Function of Rg

‘As indicated above, Rg may be returned to the

negative supply voltage. Input bias cufrent may
then be predicted by:

“wvt-v)-o05

| ~
BIAS ™ 4% 10% + 800 Rg
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applications information (con’t)

or
(VF=V7) — 0.5 — (4 x 10%)(Ig1as)
Rg = @8
800 Igias
Where:

Igias = Input Bias Current (nA)

Rg = External resistor connected between
pin 3and V™ (Ohms)

vt = Positive Supply Voltage (Volts)
V™ = Negative Supply Voltage (Volts)

Iaias (nA)

il 1 |
"Hii ] Il
(AT
10k 100k 1.0M 1M 100M
Rg — RESISTANCE FROMPIN 3 V™ ()

FIGURE 10. Input Bias Current as a Function of Rg

Figure 10 is a plot of input bias current versus
Rg returned to V' it should be noted that band-
width is affected by changes in Rg. Figure 11isa
plot of bandwidth versus Rg.

1.0M

100k

10k

1.0k

UNITY GAIN BANDWIDTH (Hz)

100
10k 100k 1.0M 10M 100M

Rg — RESISTANCE FROM PIN 3 TO GROUND (22)

FIGURE 11. Unity Gain Bandwidth as a Function of Rg
BIAS CURRENT RETURN
PATH CONSIDERATIONS

The LHO0036 exhibits input bias currents typically
in the 40 nA region in each input. This current
must flow through Rigo as shown in Figure 12.

+15V.

FIGURE 12. Bias Current Return Path

In a typical application, Vg = £15V, lgq = lgy =
40 nA, the total current, |1, would flow through
Riso causing a voltage rise at point A. For values
of Rigo > 150 MS2, the voltage at point A exceeds
the +12V common range of the device. Clearly,
for Rigo = ©, the LHO0036 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 worst case conditions:
Vemr — Vem
Rso £ — (9)
I
Where:
Vemr = Common Mode Range (10V for
the LHO0036)

Vem = Common Mode Voltage
It =lg1 * lg2
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 LHOO036 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 looking into
pin 2 is approximately 15 kS2. Proper use of the
guard/shield pin is shown in Figure 13.

5V

5= 5N
| =
3 IR " .
o "3 gy 0 0uTRT
P =T
" S :

IO
§
I

-5V

FIGURE 13. Use of Guard

For applications requiring a lower source impedance
than 15 k£2, a unity gain buffer, such as the
LH0002 may be inserted between pin 2 and the
input shields as shown in Figure 14.

LHO002

5V

= SIN?
p
N v
o Ao LHOO36 outPuT
7
— s
v g v Lot 3
ecm

~15V

FIGURE 14. Guard Pin With Buffer
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LH0036/LH0036C

definition of terms

Bandwidth: The frequency at which the voltage
gain is reduced to 0.707 of the low frequency
(dc) value.

Closed Loop Gain, AycL: The ratio of the output
voltage 'swing to the input voltage swing deter-
mined by AycL = 1 + (60k/Rg). Where: Rg =
Gain Set Resistor.

Common Mode Rejection. Ratio: The ratio of
input voltage range to the peak-to-peak change in
offsg't voltage over this range.

Gain Equation Accuracy: The deviation of the
actual closed loop gain from the predicted closed
loop gain, AycL =1+ (SOK/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 =

g — Ig.

input Stage Offset Voltage, Vigs: The voltage
which must be applied to the input pins to force
the output to zero volts for Aycyp = 100.

Output Stage Offset Voltage, Vgos: 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 V,os.

Voos = |V =1v )
oos [ OS|AVCL=‘1] [ OstAch=1000]

Overall Offset Voltage: -

Voos

Vos =Vios *+
AvcL

Power Supply Rejection Ratio: The ratio of the
change in offset voltage, Vog, to the change in
supply voltage producing it.

Resisior, Rg: An optional resistor placed between
pin° 3 of the LH0036 and ground (or V') to
reduce the input bias current. '

Resistor, Rgw: An optional resistor placed be-
tween pin 1 of the LH0036 and ground (or V™)
to reduce the bandwidth of the output stage.

Resistor, Rg: A gain setting resistor connected
between pins 4 and 7 of the LHO036 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 specmed
error band of the final output voltage.
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Amplifiers

LHO037/LH0037C low cost instrumentation amplifier

general description

The LHO037/LHO037C is a true instrumentation ampli-
fier designed for precision differential signal proc-
essing. Extremely high accuracy can be obtained due to
the 300 M 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 *5V and +22V.

The LHO0037 is specified for operation over the
—55°C to +125°C temperature range and the LHO037C

is specified for operation over the —25°C to +85°C
temperature range.

features

8 High input impedance 300 MQ2
= High CMRR 100 dB
® Single resistor gain adjust 1 to 1000
® | ow power 250 mW
® Wide supply range 5V to +22V
® Guard drive output

equivalent circuit and connection diagrams
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Metal Can Package
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TOP VIEW

Order Number LH0037G or LH0037CG

"OPTICAL

ouTPUT

FLOATING ELECTRONICS

Isolation Amplifier for Medical Telemetry
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LHO037/LH037C

absolute maximum

'

ratings

Supply Vbltage 122V Short Circuit D‘uration . Continuous
Differential Input Voltage +30V Operating Temperature Range
Input Voltage Range Vg LH0037 -55°C to +125°C
Shield Drive Voltage +Vg LH0037C -25°C to +85°C
CMRR Preset Voltage +Vg Storage Temperature Range —65°C to +150°C
CMRR Trim Voltage S Lead Temperature (Soldering, 10 seconds) 300°C
Power Dissipation (Note 3) 1.5W
electrical characteristics (Notes 1and 2)
LIMITS
PARAMETER CONDITIONS LH0037 o LHO0037C . UNITS
' MIN TYP MAX MIN TYP MAX
Input Offset Voltage (V,og) ‘Rg = 1.0k, To =25°C ) 0.5 1.0 1.0 2.0 mV
s = 1.0kQ 2.0 3.0 mv
Output Offset Voltage (Voog) s = 1.0kQ, Tp =25°C ° 2.0 5.0 5.0 10 mV
Rs = 1.0 k§2 6.0 12 mv
Input Offset Voltage Rg <1.0kQ 10 10 uv/°c
Tempco (AV 0g/AT)
Output Offset Voltage 15 15 uv/°c
Tempco (AV os/AT)
Overall Offset Referred to Ay =10 25 6.0 mV
Input (Vog) Ay =10 0.7 15 mV
Ay =100 0.52 1.05 mV
Ay = 1000 0.502 1.005 mV
Input Bias Current (Ig) T =25°C 200 500 200 500 nA
) 15 038 A
Input Offset Current (log) Ta =25°C 100 250 nA
Small Signal Bandwidth Ay =10, R_=2kQ 350 350 kHz
Ay =10, RL=2kQ 35 35 kHz
=100, R_=2kQ 35 35 kHz
Ay =1000, R =2kQ 350 350 Hz
Full Power Bandwidth Vin = £10V, R =2k 5.0. 5.0 kHz
Ay =1
Input Voltage Range Differential 12 12 Vv
. Common Mode 12 12 \
Gain Nonlinearity 0.03 0.03 %
Deviation From Gain Ay =1 to 1000 +0.3 1.0 %
Equation Formula
PSRR 5.0V < Vg <215V, 1.0 10 mV/
Ay =10 : )
5.0V < Vg < %15V, 0.05 4 025 0.10 mV/V
Ay =100
CMRR Ay =10 DCto 1.0 25 25 5.0 mV/V
Ay =10 100 Hz 0.1 0.25 0.25 1.0 mV/V
Ay =100 ARg = 1.0k 26 100 25 100 uVv/Iv
Output Voltage L=2kQ 12 14 12 14 \
Ta=25°C, R_=1kQ 10 13 10 13 \Y
Qutput Resistance 05 0.5 Q
Supply Current 45 84 45 84 mA
Slew Rate AV =210V, 05 05 V/us
RL=2kQ, Ay =1.0 ’
Settling Time To 10 mV, R =2kQ2
AVoyut = 1.0V
Ay =1.0 38 38 s
! Ay =100 180 180 us

Note 1: Unless otherwise specified, all specifications apply for Vg-= +15V pin 9 grounded, ~25°C to +85°C for the LH0037C and <65°C to +125 C

for the LH0037.

Note 2: All typical values are for TA= 25°C.
Note 3: The maximum junction temperature is 150°C. For operatlon at eIevated temperature derate the G package on a thermal resistance of

90°C/W, above 25°C.
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typical performance characteristics

Output Voltage Swing vs

Closed Loop Voltage Gain Frequency Large Signal Pulse Response
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[o S
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— I I
> ' 10k GAIN
oy :: 50 LHO037 | |
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— I I 0707
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=10V . Note Al resistors are 0 1%
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5 L e .o
L 27 Rg Cg
— - 1 Fri 2 function of selected Aye,
TRIM =

Pre MUX Signal Conditioning

High Pass Filter
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LHO044

NATIONAL

general description - \

The LHO0044 Series is a low noise, ultra-stable, high gain,

* precision operational amplifier family intended to replace

either chopper-stabilized .monolithic or modular ampli-
fiers. The devices are particularly suited for differential

- Amplifiers

, LHOO44 series precjsion low noise operational ampl'ifiers‘ e

guaranteed over the temperature range of -55°C. to
+125°C, and the LHO044AC, LH0044B, and LH0044C
are guaranteed from —25°C to +85°C. The device is-
available in standard  TO-5 op amp pin out and is

mode, inverting, and non-inverting mode applications compatible with LM108A, LM725, and LM741 type

. requiring very low initial offset, low offset drift, very amplifiers.
high .gain, high CMRR, and high PSRR. In addition,
the LHO0044 Series’ low initial offset and offset drift
“ eliminate costly and time consuming null adjustments
at the systems level. The superior performance afforded features
by the LHO0044 ‘Series is made possible by advanced ) .
processing and testing techniques, as well as active =~ ™ Lowinput offset voltage " 25uV max
_laser trim of critical metal film resistors to minimize ~ W Excellent long-term stability +1uV/month max
offset voltage and drift. Unique construction eliminates ‘m Low offset drift 0.51V/°C max
thermal feedback- effects. " Very low noise 0.7uVp-p max 0.1 Hzto 10 Hz
" The -LH0044 Series is an excellent choice for a wide " H{gh CMRR and P,SRR 120d8 mm
~range of precision applications including strain gauge ® High open loop gain 120 dB min
~ bridges, thermocouple amplifiers, and ultrastable refer- = Wide common-mode range *13V min
® Wide supply voltage range

ence amplifiers. The LH0044 and LHO044A are +2V to £20V

equivalent circuit and connection diagram

OVER COMP

1 7

7

& 50k

>
e
50k 1
\

Ay > £ OUTPUT

A
MA

comp O 2

Metal Can Package

OUTPUT

NON-INVERTING
INPUT 0 ne

INVERTING
INPUT ()

v

TOP VIEW

NON. Case is electrically isolated

3 (500
ING 03 AN
INPUT MA S

Note: Compensation is not normally required. However, for maximum_
stability, a 0.01uF capacitor should be placed between pins 7.and 8 when
device s used below closed loop gain's of 10,

TO-5 Metal Can Package (H)
Order Number LHO044AH or LH0044H
 {-B5°C to +125°C)
* Order Number LHO044ACH, LH0044BH
or LHO044CH (~25°C to +85°C)
See Package 9
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absolute maximum ratings

Supply Voltage +20V Operating Temperature Range
Power Dissipation 600 mW LHO044, LHO044A —55°C to +125°C
Differential Input Voltage (Note 4) +15V LHO044AC, LHO00448, LH0044C —25°C to +85°C
Input Voltage (Note 5) +15V Storage Temperature Range —65°C to +150°C
Output Short-Circuit Duration Continuous Lead Temperature (Soldering, 10 seconds) 300°C
dc electrical characteristics (Note 1)
LIMITS
PARAMETER CONDITIONS LHO0044A/LHO0044AC LH0044/LH0044B/LH0044C UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Ta = 25°C, Rg = 508, Ve = OV 8 25 12 50 Ny
LHO0044C Only 100 uv
Input Offset Voltage Rg =508, Ve =0V 50 150 uv
LHO044A and LH00448 Only 75 75 uv
Average Input Offset Voltage Drift | Ty <Ta <Tmax 0.1 0.5 0.2 1.0 uv/°C
LHO00448 Only 0.5 uv/°c
Long-Term Stability (Note 2) 0.2 1 0.3 2 uV/month
Input Noise Voltage (Note 3) BW = 0.1 Hz to 10 Hz, Rg = 50 0.35 0.7 0.35 0.8 uVp-p
Rg = 10 k§2 Imbalance 0.50 0.9 0.50 1.0 uVp-p
Thermal Feedback Coefficient 0.005 0.005 uVv/mw
Open Loop Voltage Gain R =10k 120 145 114 140 dB
Common-Mode Rejection Ratio =10V <Vem <+ 10V 120 145 114 140 dB
Power Supply Rejection Ratio +3V < Vg <+18V 120 145 114 140 dB
Input Voltage Range +13 +13.8 +12 +13.5 \Y
Output Voltage Swing R_ =10k&2 *13 +13.7 +12 +13.5
Input Offset Current 25°C<Ta < Tmax 1.0 25 1.5 5.0 nA
Tmin <Ta <25°C 5.0 10.0 nA
Average Input Offset Current Drift 5 40 15 80 pA/°C
Input Bias Current 25°C< Ta < Tmax 8.5 15 10 30 nA
Tain <Ta <25°C 50 100 nA
Average Input Bias Current Drift 50 300 100 600 pA/°C
Differential Input Impedance 5 10 2.5 8 MQ
Common-Mode Input Impedance 2x 10" 2x 10" Q
Supply Current IL=0 0.9 3.0 1.0 4.0 mA
Power Dissipation 27 90 30 120 mW
ac electrical characteristics T, =25°C, vg =15V
PARAMETER CONDITIONS TYP UNITS
Input Noise Voltage Rs =1k, fg =10Hz 1 nV/\/E
Rg = 1kQ, fo = 1 kHz 9 nVA/Hz
Slew Rate Ay =+1, R_ =10k, V,y =*10V 0.06 V/us
Large Signal Bandwidth Ay =+1, R_ =10k, V,y =£10V 1 kHz
Overload Recovery Time v = +100, Vin =—100 mV, AV,y =200 mV 5 Hus
Small Signal Bandwidth Ay =+1, L=10kQ 400 kHz
Small Signal Rise Time Ay =+1, R_ =10k, Viy =10mV .25 us
Overshoot Ay =+1, R_=10kQ, Viy =10mV,C_=100pF 10 %

Note 1: All specifications apply for all device grades, at Vg =

16V, and from TMIN to TMAX unless otherwise specified. TpN is ~55°C and

TMAX is +125°C for the LHOO44A and LH0044. T is —25°C and Tpax is +85°C for the LHO044AC, LHO044B and LH0044C. Typicals are

given for Ta = 25°C.

Note 2: This parameter is not 100% tested; however, 90% of the devices are guaranteed to meet this specification after one month of operation

and after initial turn-on stabilization.

Note 3: Noise is 100% tested on the LHO044A, LHO044AC and LHO044B only. 90% of the LH0044 and LH0044C devices are gusranteed 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 1V. Input current should be limited to less than 1 mA.

Note 5: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

1-63

YYOOH1




LHOO044

typical performance characteristics

Total Input Noise
Voltage vs Frequency
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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 LHO0044. 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 cireuit
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.
>— +15V
I I+ Joowr |
10 N 3|
VW |
Sha {s AN
ISOTHERMAL < DT >—Vouv =
RN S 77w
10k | os
3
LAAA- + f

|
%}— 15V
T 0.14F l
~-o- \
OVEN, -55°C < Tp < +125°C /l: |

*Wirewound construction (TCR < 10 ppp/°C)

EDGE
CONNECTOR

FIGURE 1. LH0044 Temperature Test Circuit

OVER COMPENSATION

The LHO044 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:

4x107°
fo —— {Hz}
100 pF + Ceyq PF -

typical applications

Buffered Output for Heavy Loads

COMPENSATION

For closed loop gains in excess of 10, no external com-
ponents are required for frequency stability. However,
for gains of 10 or less, a 0.01uF 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 0.01uF capacitor.

OFFSET NULL

In general, further nulling of LHO044 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 vt
This technique will usually result in reduced gain and
increased offset drift due to mismatch in the TCR of
the pot and R1 and R2. The technique is, therefore, not
generally recommended.

The recommended technique for offset nulling the
LHO0044 is shown in Figure 2. Null is accomplished in
A, and all errors are divided by the closed loop gain of
the LHO0044. Additional offset and drift incurred due
to use of A, is less than 1uV/V for V* and V- changes
and 0.01uV/°C drift for the values shown in Figure 2.

™
AAA
VWVN—

+15V

1k 2
Vin O—AAMA—— - U/
Ay
LHO0a8
1k +15V
_I-_—‘M_S‘ + 1
= _sv 10k

15V

FIGURE 2. LH0044 Null Technique

R1
25M*
—b-  Gain= g, Ry

- =02x1072 (R1+R2) for Vyy <10mV

*Wire-wound resistors

X1000 Instrumentation Amp
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3
. . . '
o | typical applications (con‘t) ‘
2
- \
-'n’.x 04 N O +5V OUTPUT
3 Vour = 22 (R:: R3)
uF
lour <100 mA
R1
10k
2l 0.1%
I L ) 1/4 MMas2
T an0F < lour <100 mA O
< ~15V
b —" STANDARD
/ '_TL- CELL
-1V _15V QUTPUT ’ 10V Reference Supply
win O 2N4030 o : .
“Wire-wound for minimum drift.
Line and foed regulation'< 0.005%
Precision Dual Tracking Regulator
)
R2 R3
o 271k 03 25k 9.
AA AN
VWV VWA
[ Q
262.5 5 1] 7
LA~ > RA RG
25k 6.25k
| tooss LA ‘
R RE
INVERTING o 3 / 5
INPUT
ouTPUT
NON-INVERTING 3
Inpyy O+ a1z
) ARK
a8 LHo084 VW
15 2525 2 (38 R13
WA - 25k 6.25k
- A10 12 1 10
wm d <
M ) b 13
o o
' * Al resistors are part of National's RA201 resistor array.
OVERALL INPUT STAGE QUTPUT STAGE JUMPER PINS
GAIN . GAIN GAIN ON RA201
X1 X1 X1 -
X2 X1 X2 5t07,12t0 10
X8 X1 X5 6to7,11t0 10
X10 _X10 X1 21015
X20 X10 X2 2t015,5t07,12t0 10.
X50 X10. X5 2t015,6t07,11t0 10
X100 X100 X1, 11016 .
X200 X100 X2 1t016,51t07,12t0 10 :
X500 X100 X5 1t016,6t07,11t0 10
X996 . X199 X5 1t014,6t07,11t0 10
Précision Instrumentation Amplifier !
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noise test circuit

YYOOH1

0.1 Hz HIGH PASS FILTER 10 Hz LOW PASS FILTER

1uF
POLYSTYRENE

+
3
<)
<
>
<]
<
+

Lm07 p—O Vour = 10%e,

: L
= - 10k | _'lr'_

He—AAA
i

1
g
l ‘

BE VERT: 200 nV/DIV
HORIZ: § SEC/DIV
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LHO045/LH0045C

NATIONAL

Amplifiers

LH0045/LH0045C two wire transmitter

general description

The LHO0045/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 LHO0045 and LHO0045C 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 mA or 10 mA to 50 mA.

Designed for use with various sensors, the LH0045/
LHO0045C will interface with thermocouples, strain
gauges, or thermistors. The-use of the power
supply leads as the signal output eliminates two
or three extra wires in remote signal applications.
Also, current output minimizes susceptibility to
voltage noise spikes and eliminates line drop
problems.

features
m High sensitivity > 10 uA/uv
® | ow input offset voltage 1.0mV
® Low input bias current l 2.0 nA
® Single supply operation 10V to 50V

® Programmable bridge reference 5.0V to 30V
(LH0045G)

® Non-interactive span and null adjust
® Qver compensation capability

® Supply reversal protection

The LH0045/LH0045C is intended to fulfill a wide
variety of process control, instrumentation, and
data acquisition applications. The LHO0045 is
guaranteed over the temperature range of -55°C to
+125°C; whereas the LH0045C is guaranteed from
-25°Cto +85°C.  °

equivalent schematic and connection diagrams

Vaer O U r
>
R1 < )
S l '
o] E;
o—4 +

4
»

Vaer R2 “
ADJUST ) 6.0k :.
5
o l/
S
EBS i’ "
¢ 2 S 7 o

INVERTING 11

1.0k
\
eyt (o) T MV +

I
:4 O L1 -

100
‘.‘.‘ﬁzf) L2 Lrwh

A, at
R4 ? l\.
1.0k
NONINVERTING 10 aan
INPUT >
INPUT (+) S
ok
RS ¢
’ X Tmo F
BRIDGE 4 .".:iv > ¢
RETURN 8 _L 3
= COMMON

OVER
COMPENSATION
*NOTE: PINS SHOWN ARE FOR THE
12PIN TO-8(“G") PACKAGE.

BRIDGE
RETURN

INVERTING
INPUT ()

NON-INVERTING
INPUT (+)

Vaer
ouTPUT

OVER
COMPENSATION
TOP VIEW

*NOTE: PIN 5 1S SHORTED TO PIN 6 TO OBTAIN A
NOMINAL +5.1, Vger. LEFT OPEN Vger = +10V.

THE CASE IS ISOLATED FROM THE CIRCUIT
FOR BOTH T0-3 AND T0-8

Order Number LH0045G or LH0045CG
See Package 6

TO-3

INVERTING
INPUT (=)

NON-INVERTING
INPUT (+)

OVER
COMPENSATION

BRIDGE

RETURN Vaer OUTPUT

TOP VIEW

Order Number LH0045K or LH0045CK
See Package 14 ’




absolute maximum ratings

Supply Voltage (L1 to common) +60V
Input Current 20 mA
Input Voltage (Either Input to Common) 0OV to VRer
Differential Input Voltage 20 V ,
Output Current (Either L1 or L2) 50 mA
Reference Output Current 5.0 mA
Power Dissipation
LHO0045G 1.5W
LH0045K 3.0W
Operating Temperature Range
LH0045 -55°C to +125°C
LHO0045C —25°C to +85°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics (Note 1)
LIMITS
PARAMETER CONDITIONS LH0045 LH0045C UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage (Vog) s =4.0mA, T4 =25°C 0.7 2.0 2.0 7.5 mv
Is =4.0mA 3.0 10 mv
Offset Voltage Temperature Ig = 4.0mA 3.0 6.0 wv/°c
Coefficient (AVog/AT)
Input Bias Current {ig) Ta =25°C 0.8 2.0 15 7.0 nA
3.0 10 nA
Input Offset Current (log) Ta =25°C 0.05 0.2 0.2 1.0 nA
0.4 1.5 nA
Open Loop Alg = 4.0 mA to 20 mA 108 107 108 107 s
Transconductance (gumoy ) Alg = 10 mA to 50 mA 2x10° 2x107 2x10° 2x107 us
Supply Voltage Range (Vg) 9.0 50 9.0 50 \
LHO0045G pins 5 and 6 open 15 50 15 50 \
Input Voltage Range (Vn) 1.0 33 1.0 33 \
LH0045G pins 5 and 6 open 1.0 7.6 1.0 7.6 \
Open Loop Output Vs =10V to 45V, Ig = 4.0 mA, 1.0 1.0 MQ
Impedance (Royrt) Ta=25°C
Common Mode Rejection AV = 1.0V to 3.3V, 0.1 0.05 0.1 0.05 mV/V
Ratio (CMRR) Is = 12mA
Power Supply Rejection AVg =10V to 45V, Ig = 12 mA 0.1 0.01 0.1 0.01 mV/V
Ratio (PSRR) :
Open Loop Supply Current Vg = 50V 2.0 3.0 20 3.0 mA
(IsoL)
Reference Voltage Load Alggr = 0mA to 2.0mA, 0.05 0.2 0.05 0.2 %
Regulation (AVger/Alger) Ta=25°C
Reference Voltage Line AVg = 10V to 45V, 0.3 0.5 0.3 0.5 mV/V
Regulation (AVgeg/AVg) Tp =25°C
Reference Voltage Temperature| lgge = 2.0 mA 0.004 0.004 %/°C
Coefficient (AVgee/AT) .
Reference Voltage (Vger) Iger = 20 mA, T = 25°C 43 5.1 5.9 4.3 5.1 5.9 \Z
Iner =2.0mA, Tp = 25°C, 8.6 10.3 12 8.6 10.3 12 v
LH0045G pins 5 and 6 open
Resistor R9 z Tlg=12mA, T = 26°C 95 100 105 95 100 105 Q
Average Temperature Is =12 mA 50 300 50 300 PPM/°C
Coefficient of R9 (TCRg) )
Resistor RS ls=1.0mA, Ty = 25°C 950 1000 1050 950 1000 1050 Q
Average Temperature I = 1.0mA 50 300 50 | 300 PPM/°C
Coefficient of R5 (TCRs)
Input Resistance (R)y) Ta =25°C 50 50 MQ

Note 1: Unless otherwise specified, these specifications apply for +10V < Vg < +50V, pin 5 shorted to pin 6 on the LH0045G,
over the temperature range ~55°C to +125°C for the LH0045 and —25°C to +85°C for the LH0045C.
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LH0045/LH0045C

Vrer — REFERENCE VOLTAGE (V)

typical performance characteristics
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typical applications”

51V}

(L <
LD 4 40k & 46M
S b3 S

R
9.2k
V

Il
Thov

| e W |

| IS
COLD JUNCTION

- 800G
ATTHIS
NODE
b3 1.0k
S
1.04A (FULL SCALE)

COMPENSATION

FOR 1uA FULL SCALE, Ryy = Viu/11A = SOURCE IMPEDANCE @ PIN 11
e, Viy (FULL SCALE) = 10 mV, Ryy = 10k

BRIDGE IMPEDANCE = 0.8k,

R=10k - 0.8k = 8.2k

Ther ple Input Tr itter

R1
25k §

(2v)

SENSOR +

185k
Ay= s 1600
20mA 60k (2.561(120)
STRAIN GAUGE OR SPAN eg. 3R4=1=FULL SCALE
RESISTANCE ER
Resistance Bridge Input Transmitter
r________._._.._1 -
. | v I
I ol !
7[1 L% n
| <3 10k SN
| 3 Jear
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LX5600

16M
1.0% %

AAA
Vv

|
I
“Tiomerx
|
|
.

Electronic Temperature Sensor

51V) .
Z‘Eﬂ‘:l: :, :& 4%k S
b3 b3 S
SLom 33k 4.2k
— AAA AA
W VWA~
i
} T
T 4 S 1M 3
| S J —AMV- » 100k
coLp JuncTioN sPAN [
COMPENSATION S
S ok 0.25V = 25°C
126V = 125°C

Vg

R

4.0mA=0%=0°C

20mA = 100% = 100°C
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typical applicétions’(con‘t)
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Instrumentation Amplifier Transmitter

applications information

CIRCUIT DESCRIPTION AND OPERATION

A simplified schematic of the LH0045/LH0045C
is shown in Figure 1. Differential amplifier, A,
converts very low level signals to an output current
via transistor Q1. Reference voltage diode D1 is
used to supply voltage for operation of A, and
to bias an external bridge. Current source I,
minimizes fluctuation in the bridge reference
voltage due to changes in Vg.

In normal operation, the LH0045/LH0045C is
used in conjunction -with an external bridge
comprised of Rg; through Rgys. The bridge
resistors in conjunction with bridge return resistor,
Rb5, bias A, in its linear region and sense the input
signal; e.g. Rg4 might be a strain sensitive resistor
in astrain gauge bridge..R+ is adjusted to purposely
unbalance. the bridge for 4.0 mA output (null)
for zero signal input.  This is accomplished by
forcing 2.5uA more through Rgs than Rgg.

The 2.5uA imbalance causes a voltage rise of
(2.5A) x (10082) or 250uV at the top of Rgsz.
Terminal L2 may be viewed as the output of an
op amp whose closed loop gain is approximately
RF/R33 = 1600. .

The 250uV rise at the top of Rgz causes a
voltage drop of (1600) x (250uV) or —0.4V across
R9. An output current, Ig, equal to 0.4V/R9 or
4.0 mA is thus established in Q1. If Rgy is now
decreased by 1.0§2 {due to application of a strain
force), a —1.0 mV change in input voltag'g: will
result. This causes L2 to drop to —2.0V. The"
output current would then be 2.0V/100£2 or 20 mA
(Full Scale). If Rgz is a resistor of the same
material as Rgy but not subjected to the strain,
temperature drift effects will be equal in the two
legs and will cancel.

In actual practice the loading effects of Rgy on
the gain (span) and Rge on output current must be
taken into account.

Is =4.0 mA (NULL, 0%)
Is = 20 mA (100% FULL SCALE)

1.0mA 1.0 mA
] o
3m 3 I
: R .3
I T
ot
|
S 3 w |
10 /; 100 l .
VA'AV
-

Viz = -0.4V (NULL)
Viz = -2.0V (FULL SCALE)

FIGURE 1. LH0045 Simplified Schematic
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applications information (con’t)

THERMAL CONSIDERATIONS

The power output transistor of the LHO0045 is
thermally isolated from the signal amplifier, A,.
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 Wakefield
#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
nearly 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 10082 load
resistance. The power at 4.0 mA is (23.6V) x (4.0°
mA) = 94.4 mW while at full scale the power is
(22V) x (20 mA) = 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 A,.

If the optimum load resistance of 800£2 (from
Figure 2) is used, the power at null is [24V —
(4.0 mA) x (800£2)] (4.0 mA) = 83 mW. The
power at full scale is [24V — (20 mA) x (80092)]
(20 mA) = 160 mW. The net change is 77 mW.
This change is significantly less than 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 (1.95k)] (4.0 mA) = 160.8

Is=4 - 20mA

V.

1.0 / /

05 A
) //|S=1u-5omA
[ R

[} 10 20 30 40 50 60
SUPPLY VOLTAGE (V)

OPTIMUM LOAD RESISTANCE (k<)
b

FIGURE 2. Opti Load R vs Supply Voltage

mW and the power at full scale is [48 — (20) x
(1.95k)] (20 mA) = 180 mW for a net change of
19.2 mW.

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.

AUXILIARY PINS

The LHOO045 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 Vggg — Pins 5 and 6 (LH0045G
Only)

The LHO045G 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
LHO0045K).

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
VRger isgivenin the typical electrical characteristics
section. Vgygg may be adjusted about its nominal
value by arranging a pot from Vggg 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 4.0V. )

Bridge Return

‘An applications resistor is provided in the LH0045

with a nominal value of 1.0 k. The primary

" application for the resistor is to maintain the

minimum common mode input voltage (1.0V)
required by the signal amplifier, A,. A typical
input application might utilize a strain gauge or
thermistor bridge where the resistance of the
sensor is 100€2. Since only 1.0 mA may be drawn
from Vgeg, the 1.0 k&2 bridge return resistor is
used to bias A, in its linear region as shown in
Figure 3.
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1.0mA
<
< <
> >
2 S sy
"
05mA Y
105V & 55 mA
10
P 4 .
>
100 ﬁ,n,usv S0
1.0mA

1.0mA X 1.0k =10V

FIGURE 3. Use of Bridge Return

Over Compensation — Pin 8 (LHOMSG)
Pin 6 (LH0045K)

‘Over compensation of the signal amplifier, A; may
be desirable in dc applications where the noise-
bandwidth must be minimized. A capacitor should
be placed between pin 8 (pin 6 on the LHO045K)
and pin 3, common.

Typically,
1
Fade = G+ Conr)
where:
R =400 MQ

C1 = Internal Compensation Capacitor = 100 pF

CexT = External (over-compensation)
Capacitor

Input Guard — Pins 9 and 12 (LH0045G)

Pins 9 and 12 have no internal connection what-
ever and thus need not be used. In some critical
low current applications 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 span
potentiometer adjusted for the desired full scale.
Then, to adjust the null, apply a zero percent
signal to the sensor and adjust the null potentio-
meter for the desired zero percent current
indication. o

If,it‘ is impractical to cycle the sensor during the
calibration procedure, the signal may be simulated
electrically with two cautions: 1) the calibration

signal must be floating and 2) the calibration thus
achieved does not account for sensor inaccuracies
and/or errors in the signal generator.

SENSOR SELECTION

Generally it is easiest to use an insulated sensor.
If it is necessary to use 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 general design example which
may be extended to specific cases.

Circuit Requirements

Output Characteristics

a. 0% = 4.0 mA (NULL)

b. 100% = 20 mA (SPAN = 16 mA)
c. 'Supply Voltage = 24V

Input (Sensor) Characteristics
a. Viy = 100 mV (Full Scale) ~
b. Vin.= 0 mV (Zero Scale)
c. Source Impedance < 1.0

General Characteristics
a. 0°C < T, < +75°C
b. Overall Accuracy < 0.5%

Veer =51V

Rg; § Ros §
4.0k 46M <
o b b3
RS R 4 4.0 mA (NULL)
_1.0 00k b 20mA (FS)
—AAA AAA
VWA~
Vv, - 1.0V +
— 20V
Vin ‘I‘
Yy = 1.0V
P LI -L
I Vi (NULL) = 0.4V
82 .) = =20
i: 1.0k Vv (F.8) = =20V
. ”
12 span = 1.00A 1.6M
—AAA

Iz wurL = 0.8764A

FIGURE 4. Design Example Circuit

‘Selection of Rg

Input bias current to the LHO045C is guaranteed

less than 10 nA. Furthermore, the change in Ig

over the temperature range of interest is typicaily

under 1.0 nA. If 15 gpan is selected to be 1.0uA

(1000 A Ig) errors due to A Ig/A T will be less
than 0.1%. For SPAN =16 mA.

VsPAN = AV, == (16 mA)(R9) = —-1.6V
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where R9 = Internal Current Set Resistor = 1002
Forl; span = 1.0uA,

Re = Vspan _ ~1.6V 16M
F- — =1
I2span 1.00A

Reg = 1.6 MQ
Selection of Rgq and Rgz

The minimum input common mode voltage, Vi n
required at the pin 10 input of A, is 1.0V.
Furthermore, the maximum open loop supply
current (lgo ) drawn by the LH0045 is 3.0 mA.
That leaves lyny = 4.0 mA — 3.0 mA = 1.0 mA
left to bias the bridge at null. Hence:

Vuin, 1.0V
Imin 1.0 mA

= 1.0kQ

Re2 2

And,

Vrer Raa
Rg1 + Rga

= 1.0V

Vger — 1.0V
RB1 = RB‘Z __-—“1—&/—

=1.0k (5.1 - 1.0)
Raq = 4.0k

Alternatively, an LM113, 1.22V reference diode,
or an op amp such as the LM108 may be used to
bias the signal amplifier, A, as shown in Figure 5.
These techniques have the advantage of lowering
the impedance seen at pin 10.

Selection of Rpg

Ros is. selected to provide the null current of
4.0 mA, V4 nute. = 40 mA x 10022 = 0.4V.
From previous calculations we know that Vi =
1.0V. The voltage pin 11, V5 is: )

Va2 =Vmin + Vos = Vuin

for V,N =0V

5.1V

Hence, the current required to generate the null
voltage, 15 yuLL ISt

_ Vv ~Vinuen
lanuLL = ———F——
. Re

1.0V — (-0.4V)
= ————— = 0.875uA
1.6 MQ

This current rﬁust be provided by Rpg from
Vgeg: hence: '

~ Verer “Vmin
Ros = ——
la nuLL
The nominal value for Vgee is 5.1V, therefore
the nominal value for Rpg is:

5.1V — 1.0V

— e or
0.875uA

Ros = 4.6 MQ

It should be noted however, that the variation of
Vgeg may be as high as 5.9V or as low as 4.3V.
Furthermore, the tolerances of R9 (10082), Rg;.

Rga, and the input Vog of A, would predict values .

for Ros as low as 3.98M and as high as 5.43M. The
implication is that in the specific case, Rog should
be implemented with a pot, of appropriate value,
in order to accommodate the tolerances of Vggg,
R9, Vos, Rg1, Rgo, etc.

Selection of R

SPAN is required to be 16 mA. From feedback
theory and the gain equation we know:

Re 1
Ispan =ViN — X —

R R9
where:

R = total impedance in signal path between
pin 10 and pin 11

R9 = Current setting resistor = 10082

Vin = Full scale input voltage = 100 mV

Rs

—AAA

VWA~
V|N6
1.22v
|,
13 "f 3

FIGURE 5. Alternate Biasing Techniques
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(Vin) (Rg)

(kspan) (R9)

"~ (100 mV) (1.6 M)

(16 mA) (10092)
R = 100 kQ2

As before, uncertainties in device parameters might
dictate that R be made a pot of appropriate
value.

Summary of the Steps to Determine
External Resistor Values

1. Select lryLL scaLe = InuLL * Ispan for the
desired application. (IyyrL is frequently

4.0 mA and lpyLL scaLe is frequently
20 mA.)

2. Select I gpan SO ihat it is large compared to
Alg. 1000 Alg is a good value.

3. Determine Vgpan = AV, = (lgpan)(R9).

4. Determine Rg = (Vgpan/l2 span)

5. Select
Vmin
Re2 2>
Imin
1VOLT
Re2 2 ——
InuLL ~ IsoL
Where:
Vmin = minimum common mode input
voltage
Imin = minimum available bridge current
lso. = maximum open loop supply
current

6. Determine

Veer ~ Vmin
Rg1 = Rgz ———
Vmin

7. Determine V, nure = Inuce R9
8. Determine

Vumin ~Va nuLL

2 nuLL = R
F

9. Determine

_ Veer ~Vmin
lanuLL

10. Determine

- (Vin) (Rg)
(Ispan) (R9)

Where:

Vin = Sensor full scale output voltage

ERROR BUDGET ANALYSIS
Errors Due to Change in VRer (AVREE)

There are several factors which could cause a
change in Vggg. First, as the ambient temperature
changes, a Vggg -drift of 0.2 mV/°C might
be expected. Secondly, supply voltage variations
could cause a 0.5 mV/V change in Vggg. Lastly,
self-heating due to power dissipation variations
can cause drift of the reference.

“An overall expression for change in Vggg is:

AVger
AVger = [(0)(APpisg) + ATp] ———
N AT
Y
Thermal Effects
AV
+ REF (AVs)
AVg
Supply Voltage Effects
Where:
6 = Thermal resistance, either
junction-to-ambient to junction

to case
APpss = Change in avg. power dissipation
AT, = Change in ambient temperature

AVger Reference voltage drift
AT (in mVv/°C)

AVger

XA = Line regulation of Vgeg

Several steps may be taken to. minimize the
bracketed terms in the equation above. For
example, operating the LH0045G with a heat-sink
reduces the thermal resistance from 0, = 83°C/W
to 0,c = 60°C/W. For the LHO045K (TO-3)
0,4 = 40°C/W may be reduced to 0,c = 25°C/W
by using a heat sink. The APp g5 term may be
significantly reduced using the power minimiza-
tion technique described under ‘“Thermal Con-
siderations.” For the design example, APpss is
reduced from 384 mW to 77 mW (R, = 800%2.)
Evaluating the LHO0045G with a heat-sink and

R_ = 800 yields.
c . \[0.2mV
(0.077W) + 75 C)( < )

o

60
AVgeg = W

o

0.5mV
+

(16V)

AVger = 24 mV

The LHO045K (TO-3) under the same operating
conditions would exhibit a AVgegr = 23 mV.
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An expression for error in the output current
due to AVRge is:

Alg (K) (Ros ) (AVgee) = {(1-KIAVRee H(RE)

(%) = 100
Ispan (R9)(Ros ) Ispan)

Where:
AVgegg = Total change in Vggr
Re2
K D ——r—
Rg1 + Ra2
R9 = Current set resistor
lspan = Change in output current from

0% to 100%

For example, AVgegg = 24 mV, K = 0.2, R9 =
10082, lgpan = 16 mA. Hence, a 0.12% worst case
error might be expected in output currents due to
AVger effects.

Error Due to Vg Drift

One of the primary causes of error in g is caused
by Vg drift. Drift may be induced either by
self heating of the device or ambient temperature
changes. The input offset voltage drift, AVog/AT,
is nominally 3.3uV/°C per millivolt of initial offset.
An expression for the total temperature dependent
driftis:

AVopg

AVos = [(0)(AP ) + AT
os = [(0)(APp s Al T

Where:

0 = Thermal resistance either junction-

to-ambient or junction-to-case
APpigs = Change in average power dissipation
AT, = Change in ambient temperature

The bracketed term may be minimized by
heat sinking and using the power minimiza-
tion technigue described under ‘“‘Thermal
Considerations.” For the LH0045G design
example, AVgg = 0.352 mV under ambient
conditions and 0.263 mV using a heat-sink
and R, = 8002. Comparable Vgg for the
LHO0045K would be 0.254 mV.

The error in output current due to AVgg is:

Al '
S (in%)=100x AVos

VIN (FULL SCALE)

Ispan
. Re -

X o
(R)(R9)(Ispan)

’

=100

For the design example, AVgg = 0.263 mV, V
(Full Scale) = 100 mV. 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.

Alg ‘AR9
(in %) = 100 —— (0 Pps5 + ATA)
Ispan AT
Where:

0 = Thermal resistance either from
junction-to-ambient or junction-to-
case

APpss = Change in average power dissipation
AT, = Change in ambient temperature
AR9
—— = TCR of R9

AT

Using the LHO045G design example, AR9/AT =
0.03%/°C, 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_ = 800%2,
reduces Alg/lgpan to 2.3%. Comparable error for
the LHO0045K 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 1002 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 ppm/°C versus
50 ppm/°C typical drift for R9.

External Causes of Error

The components external to the LH0045 are also
critical in determining errors. Specifically, the
composition of resistors Rgq, Ros, Rg, R, etc.
in the design example will influence 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/°C) may
be used for fixed resistor applications.
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Error Analysis Summary

The overall -errors attributable to the LH0045
may - be minimized using heat sinking, and utiliza- -
tion of an external load resistor. Aithough R
reduces the compliance of the circuit, its use is
generally advisable in precision applications. Ex-

* ternal components should be selected for low

TCR and Iongterm stabxllty

The design example errors, using an external
1002 wire wound resistor for R9 equal:" -

Alg

= 0.12% + 0.26% + 0.08% = 0.46%
— S—

-~
AVos  AR9

lspan
AVger

definition of terms

Input Offset Voltage, Vog: 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 Ig: The average of the two
input currents. :

Input Offset Current, lgg: The difference in the
current into the two input terminals when the
supply (output) current is 4.0 mA.

Input Resistance, Ryy: The ratio of the change
in input voltage to the changé in_input current at
either input with the other input connected to
1.0 Vdc.

Open Loop Transconductance, gyop: The ratio -
of the supply (output) current SPAN to the input .
voltage required to produce that SPAN: o

Open Loop Output Resistance, Royt: The ratio
of a specified supply (output) voltage change to
the resulting change in supply {output) current at
the specified current level. .

Common Mode Rejection Ratio, CMRR: The 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, Vyy: The range of voltages

on the input terminals for which the device
operates wnhm specn‘lcatnons

Open Loop Supply Current, Ig: The supply current
required with the signal amplifier A, biased off
(inverting input positive, non-inverting input nega-
tive) and no Ioad on the Vgeg termlnal

This represents a measure of the minimum low
end signal current. '

Reference Voltage Line Regulation, AVggg/AVg:
The ratio of the chande in Vggg to the peak-to-
peak change in supply (output) voltage producing
it.

Reference Voltage Load Regulation, AVRgg/
Alggp: The change in Vgge for a stipulated
change in Iggg.
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NATIONAL

Amplifers

LHO061/LHO0061C 0.5 amp wide band operational amplifier

general description

The LHO061/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

LHO0061 is guaranteed over the temperature range
-55°C to +125°C; whereas, the LHO061C is guar-
anteed from -25°C to +85°C.

single external capacitor. With a suitable heat sink features
the device is rated at 20 Watts. ® QOutput current 0.5 Amp
The wide bandwidth and high output power capa- " W_'de large signal bandwidth 1 MHz
bilities of the LH0061/LH0061C make it ideal for ® High slew rate 70V/us
such applications as AC servos, deflection yoke ® Low standby power 240 mW
drivers, capstan drivers, and audio amplifiers. The ® Low input current 300 nA Max
schematic and connection diagrams
v
: v @ -
< R } R
b4M $ “’
-
:u
INV. INPUT @—-—q -®D--1

-
case TN

ouTPUT
n K 02 Shn
S 150
>
O
+ GND
NON-INV. INPUT (6
® . -
R8
s
'S
- S 012 -
R7 12v 8 >
M s
)
¢ . ® D=
Y

TO-3 Package

© TOP VIEW

CASE IS
OUTPUT

Order Numbers:
LHO0061K (-55°C to +125°C)
LHO061CK (~25°C to +85°C)

See Package 14
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'LHO0061/LH0061C

absolute maximum ratings

Supply Voltage +18Vv
Power Dissipation See Curve
Differential Input Current (Note 2) +10 mA
Input Voltage (Note 3) +15V
Peak Output Current 2A
Output Short Circuit Duration (Note.4) Contlnuous
Operating Temperature Range LH0061 -55°C to +125°C
LHO0061C -25°C to +85°C
O (<]
Storage Temperature Range ) -65"C to+150°C
. O
Lead Temperature (Soldering, 10 sec) 300°C
dc electrical characteristics (Note1)
LIMITS
PARAMETER CONDITIONS LH0061 LH0061C UNITS
' MIN TYP | mMAX [ miNn TYP | MAX
Input Offset Voltage Rs < 10k, T¢ = 25°C, Vg = 16V 1.0 4.0 3.0 10 mV
Rs < 10 k2, Vg = +15V 6.0 15 mv
Voltage Drift with Temperature Rs <10 k2 5 5 uv/°c
Offset Voltage Change with Output Power 5 5 KV /watt
Input Offset Current Te =25°C , 30 100 50 200 nA
- 300 500 nA
Offset Current Drift with Temperature 1 1 nA/’C
Input Bias Current Tc=25°C 100 300 200 500 nA
1.0 1.0 MA
Input Resistance Tc=25C 03 1.0 03 1.0 mMQ
Input Capacitance 3 3 pF
Common Mode Rejection Ratio Rs < 10 k€2, AVey = £10V - | 70 90 60 80 dB
Input Voltage Range Vg = +15V 1 11 \
Power Supply Rejection Ratio Rs < 10 k2, AVg = +10V 70 80 50 70 dB
Voltage Gain Vs =16V, Vg = £10V
Ry =1k, T¢ = 25°C 50 100 25 50 Vimv
Vs = +15V, Vg = 10V L
R = 200 5 2.5 V/mv
Output Voltage Swing Vg = +15V, R = 20Q : +10 +12 10 £12 Y
Output Short Circuit Current Vs = #15V, T¢ = 26°C, Rge = 1.0 600 600 mA
Power Supply Current Vs = £15V, Vour = 0 7 10 10 15 mA
Power Consumption Vg = $15V, Vo1 = 0 . 210 300 300 450 mw
. 4 - o
ac electrical characteristics (Tc=25°C, V=15V, Cc = 3000 pF)
Slew Rate = +1, R = 10082 25 70 25 70 V/us
Power Bandwidth Ry = 10092 1 1 MHz
Small Signal Transient Response 30 30 ns
Small Signal Overshoot 5 20 10 30 %
Settling Time (0.1%) AViy = 10V, Ay = +1 0.8 038 us
Overload Recovery Time 1 1 Hs
\
Harmonic Distortion f=1kHz, Pg = 0.5W 0.2 0.2 %

Note 1: Specifications apply for 5V < Vg < +18V, Cc = 3000 pF, and ~55°C < Tc < +125°C for the LHO061K and
-25°C < Tc< +85°C for the LH0061CK. Typical values are for Tec= 25°C.
Note 2:" The inputs are shunted with back-to-back diodes for overvoltage protection. Excessnve current will flow if a differ-
ential voltage in excess of 1V is applied between the inputs without limiting resistors.

Note 3: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: Rating applies as long as package power rating is not exceeded.




typical performance characteristics
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LH0062/LH0062C

%

NATIONAL

Amplifiers

LH0062/LH0062C high speed FET op amp

general description

The LH0062/LH0062C is a precision, high speed
FET input operational amplifier with more than
an order of magnitude improvement in slew rate
and bandwidth over conventional FET IC op
amps. In addition it features very closely matched
input 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/us and almost double the bandwidth.
(See LB-2, LB-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 bandwidth is not
needed. Further, a single capacitor can be added to
reduce the 0.1% settling time to under 1us. In
addition it is free of latch-up and may be simply
offset nulled with negligible effect on offset drift
or CMRR.

The LH0062 is designed for applications requiring
wide bandwidth, high slew rate and fast settling
time while at the same time demanding the high
input impedance and low input currents character-
istic of FET inputs. Thus it is particularly suited
for such applications as video amplifiers, sample/ .
hold circuits, high speed integrators, and buffers
for A/D conversion and multiplex system. The
LHO0062 is specified for the full military tempera-
ture range of -55° to +125°C while the LH0062C
is specified to operate over a -25°C to +85°C
temperature range.

- features
= High slew rate 70 V/us
® Wide bandwidth 15 MHz
® Settling time (0.1%) 1us
® Low input of(sg/t’ voltage 2mV
® | ow input off;et current 1pA
® . Wide supply range +5V to +20V

® |nternal 6 dB/octave frequency compensation

® Pin compatible with std Ic op ahps (TO-5 pkg)

schematic and connection diagrams*
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Metal Can Package
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Order Number
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_ See Package 9
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*Pin Numbers Shown for TO-5 Package

LH0062D or LH0062CD
See Package 1




absolute maximum ratings

Supply Voltage +20V Operating Temperature

Power Dissipation (see graph) 500 mW LH0062, -55°C to +125°C
Input Voltage (Note 1) +15V LHOoO62C, -25°C to +85°C
Differential Input Voltage (Note 2) +30V Storage Temperature Range -65°C to +150°C
Short Circuit Duration Continuous Lead Temperature (Soldering, 10 sec) 300°C

dc electrical characteristics (Note3)

JZ900H1/Z900H1

LIMITS
PARAMETER CONDITIONS LH0062 LH0062C UNITS
MIN TYP MAX MIN TYP MAX
Input Offset Voltage Rg < 100kS2; T4 = 25°C 2 5 10 15 mv
Rs < 100 k2 7 20 mv
Temperature Coefficient of Rg < 100 k2 5 25 10 35 uv/°c
Input Offset Voltage
Offset Voltage Drift with Time i 4 5 HV/week
Input Offset Current Ta=25°C 0.2 2 1 5 pA
2 0.2 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Offset Current
Offset Current Drift with Time 0.1 0.1 pA/week
laput Bias Current Ta=25°C 5 10 10 65 pA
10 2 nA
Temperature Coefficient of Doubles every 10°C Doubles every 10°C
Input Bias Current
Differential Input Resistance 10"? ' 10'? Q
Common Mode Input Resistance 10"? 102 Q
Input Capacitance 4 4 pF
Input Voltage Range Vg = 15V +10 12 *10 +12 v
Common Mode Rejection Ratio Rs < 10 k2, Vi = 10V 80 90 70 90 dB
" Supply Voltage Rejection Ratio | Rg < 10 k€2, +5V < Vg < £16V 80 -| 9 70 90 dB
Large Signal Voltage Gain Ry = 2kQ, Vgur = 10V, 50 200 25 160 V/mV
Ta=26°C, Vg = 15V
Ry =2kQ, Vour = £10V, 25 25 V/mV
Vg = £15V
Output Voltage Swing Ry =2k, Tp = 25°C, +12 13 12 | £13 v
Vg = £15V
Ry = 2kQ, Vg = £16V +10 +10 v
Output Current Swing Vour =10V, T = 25°C +10 15 *10 %15 mA
Output Resistance 75 75 Q
Output Short Circuit Current Ta =25°C . 25 25 mA
Supply Current Vg = 15V A 5 8 7 12 mA
Power Consumption Vg =15V 240 360 mwW
.ac electrical characteristics (T, =25°C, Vg = #15V)
LIMITS
PARAMETER CONDITIONS LH0062 LH0062C UNITS
MIN TYP MAX MIN TYP MAX
Slew Rate Voltage Follower - 50 70 50 70 Vius
Large Signal Bandwidth Voltage Follower 2 2 MHz
Small Signal Bandwidth 15 15 MHz
Rise Time 25 . ¢ 25 ns
Overshoot 0 15 %
Settling Time (0.1%) AVin = 10V 1 1 Hus
Qverload Recovery 09 09 s
Input Noise Voltage Rg = 10k, f, = 10 Hz : 150 150 nVA/MHz
Input Noise Voltage Rs = 10k, f, = 100 Hz 55 55 ﬁV/\/Pl_z
Input Noise Voltage ‘ Rg = 10k, f, = 1 kHz 35 35 nVA/Hz
Input Noise Voltage Rg = 10k, f, = 10 kHz 30 30" nV/A/Hz
Input Noise Voltage BW = 10 Hz to 10 kHz, Rg = 10 k2 12 12 HVrms
Input Noise Current BW = 10 Hz to 10 kHz <1 <1 pArms

Note 1: For'supply voltages less than £ 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 2: Rating applies for minimum source resistance of 10 k2, for source resistances less than 10 k€2, maximum differential
nput voltage is +5V.

Note 3: Unless ise specified, these apply for 5V < Vg < +20V and ~55°C < Tp < +125°C for the
LHO0062 and -25°C < Tp < +85°C for LH0062C. Typical values are given for TA =25°C. Power supplies should be by passed
with 0.1 uF ceramic capacitors.
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-LH0062/LH0062C
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typical performénce
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LH0062/LH0062C

auxiliary circuits (con’t)
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typical applications® (con’t)
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LH740A/LH740AC

Amplifiers
NATIONAL

LH740A/LH740AC FET input operational amplifier

general description

The LH740A/LH740AC is a FET input, general L] Outpyt is continuously short-circuit proof
purpose operational amplifier with: high input = Excellent open loop gain, typically in excess of
impedance, closely matched input characteristics, 100 dB .

and good slew rates. Input offset voltage is typi- :

cally 10.0 mV at 25°C, while input bias current is ® Guaranteed over the full military temperature

less than 100 pA at 25°C. Offset current is typi- range

cally less than 40 pA at 25°C. Other important

design features include:

m |nternal 6 dB/octave fréquency compensation The LH740A/LH740AC is intended to fulfill a

wide variety of applications requiring extremely

8 Unity gain slew rate in excess of 6 V/us X .
low bias currents such as integrators, sample and

® Unity gain bandwidth of 1 MHz _ hold amplifiers, and general purpose operational
® Input offset is adjustable with a single 10k pot amplifier applications.
® Pin compatible with LM741, LM709, LM101A,

The LH740A is specified for operation over the

and “AMQ -55°C to +125°C military temperature range. The
m Excellent offset current match over tempera- LH740AC is specified for operation over the 0°C
ture, typically 100 pA to +85"C temperature range.

connection diagram

OFFSET
ADJUST

TOP VIEW
Order Number LH740AH or LH740ACH
See Package 9

typical applications

Integrator Transient Response

Offset Null

INPUT
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absolute maximum ratings

Supply Voltage 122V

* Maximum Power Dissipation 500 mW
Differential Input Voltage 5V

Input Voltage *15V

Short Circuit Duration Continuous

Operating Temperature Range LH740A -55°C to +125°C

LH740AC 0°C to +85°C

Storage Temperature Range -65°C to +150°C

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

electrical characteristics (Note 1) (Vg = 15V, T = 25°C unless otherwise noted)

LH740A LH740AC
PARAMETER CONDITIONS MIN TYP | MAX MIN | TYP MAX UNITS

Input Offset Voltage Rg < 100 k2 0] 15 10| 20 mv
Input Offset Current 40 | 100 60 | 150 PA
Input Current (either input) 100 | 200 100 | s00 PA
Input Resistance 1,000,000 1,000,000 mMQ
Large Signal Voltage Gain Ry > 2KS2, Vour = 10V 50,000 | 100,000 50,000 | 100,000 vV
Output Resistance 75 7% Q
Output Short-Circuit Current 20 20 mA
Common Mode Rejection Ratio 80 80 d8
Supply Voltage Rejection Ratio 80 80 dB
Supply Current 30{ 40 30 4.0 mA
Slew Rate 6.0 60 Vius
Unity Gain Bandwidth 10 10 MHz
Transient Response (Unity Gain) C_ <100 pF, R = 2k2, Vyy = 100 mV

Risetime 110 300 ns

Overshoot 10| 20 10 %
(These specifications apply for -55°C < T, < 125 C for the LH740A and 0°C < T, < 85°C for the LH740AC unless otherwise noted.)
Input Voltage Range 12 212 v
Comman Mode Rejection Ratio 80 80 d8
Supply Voltage Rejection Ratio 80 80 d8
Large Signal Voltage Gain 40,000 40,000 VIV
Output Voltage Swing RL > 10kS +12 +14 £12 14 v

Ry > 2k +10 13 10 13 v

Input Offset Voltage 15 | 20 30 mv
Input Offset Current 100|500 60 | 500 PA
Input Current (either input) 25| a0 1 50 nA
Offset Voltage Drift Rs < 100K 5.0 50 uv/rC

Note 1: For supply voltages-less than +10V, the absolute maximum input voltage is equal to the

supply voltage.

typical performance characteristics
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Dissipation
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LH2101A/LH2201A/LH2301A

NATIONAL

Amplifiers

LH2101A/LH2201A/LH2301A dual high performance op amp

general description v

The LH2101A series of dual operational amplifiers
are two LM101A type op amps in a single hermetic
package. Featuring all the same performance char-
acteristics of the 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 LM101A data
sheet and National’s Linear Application Handbook.

The LH2101A is specified for operation over the
-55°C to +125°C military temperature range. The
LH2201A s specified for operation over: the

~25°C to +85°C temperature range. The LH2301A
is specified for operation over the 0°C to +70°C
temperature range.

features

= | ow offset voltage

® |ow offset current

= Guaranteed drift characteristics
]

Offsets guaranteed over entire common mode
and supply voltage ranges

connection diagram

INV. INPUT oi——

® Slew rate of 10V/us as a summing amplifier

OUTPUT
COMPENSATION
OuTPUT

30 AL TION

NON-INV. INPUT O=

INV. INPUT o_IZ____

NON-INV. INPUT oﬂ—-————{

COMPENSATION
ouTPUT

BAL/COMPENSATION
v

Order Number LH2101AD or
LH2201AD or LH2301AD
See Package 2

auxiliary circuits

Inverting Amplifier with Balancing Circuit

1
30pF
1tMay be zero o equal to parallel combination
of R1 and R2 for minimum offset

Two Pole Compensation

o Re
0> 511101:g 10K
Cs = 30pF -

Alternate Balancing Circuit

Single Pole Compensation

R2

—8-Vour

Feedforward Compensation

€2
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. . N
absolute maximum ratings a
Supply vmiage 22V Operating Temperature Range  LH2101A -55°C to 125°C Py
Power Dissipation (Note 1) 500 mW LH2201A -25°C 10 85°C >
Diitferential Input Voltage . +30V LH2301A 0°C to 70°C ~
Input Voltage (Note 2) +16V Storage Temperature Range -65’C to 150°C -~
Output Short-Circuit Duration Continuous Lead Temperature (Soldering, 10 sec) | 300°C I
electrical characteristics each side (Note 3) N
: e LIMITS ONITS (o]
PARAMET ONDITION:
AMETER s LH2101A LH2201A LH2301A '>"
Input Offset Voltage Ta =25°C, Rg < 50 k2 2.0 2.0 75 mV Max ;
Input Offset Current Ta =25°C 10 10 50 nA Max o
Input Bias Current Ta=25°C 75 75 250 nA Max N
tnput Resistance Ta=25°C 1.5 1.5 05 M£2 Min 8
Supply Current Ta=25°C, Vg = £20V 3.0 33 3.0 mA Max —>l
) Ta =25°C, Vg = £15V )
. 50 50 25 V/mV Min
Large Signal Voltage Gain Vour = £10V, R, > 2k
Input Offset Voltage Rs < 50 k2 3.0 3.0 10 mV Max
Average Temperature .
Coefficient of Input 15 15 30 “V/C Max
Offset Voltage
Input Offset Current 20 20 70 nA Max
2::;:_95 Tt:m:)e'ra(u:e 25°C < T, < 125°C 0.1 0.1 03 nA/°C Max
icient of Inpu _EE° ° 0.2 0.6 nA/°C Max
Offset Current S5C<Ta<25°C 02
Input Bias Current 100 100 300 nA Max
Supply Current Ta =+125°C, Vg = 20V 25 25 mA Max
" ) Vs = £15V, Vo = +10V 25 15 V/mV Min
Large Signal Voltage Gain Ry > 2 kO 25
o Vs = 15V, R = 10k 12 +12 +12 V Min
Output Voltage Swing RL=2kQ 10 +10 +10 V Min
Input Voltage Range Vg = £20V 15 15 +12 V Min
Common Mode .
70 dB Min
Rejection Ratio Rs <50 kQ2 80 80 !
Supply Voltage i
R 80 80 70 dB Min
Rejection Ratio s <50k

Note 1: The maximum junction temperature of the LH2101A is 150°C, while that of the LH2201A is 100°C. For operating
temperatures, devices in the flat package, the derating is based on a thermal resistance of 185°C/W when mounted on a
1/16-inch-thick epoxy glass board with 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 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 3: These specifications apply for +5V < Vg < +20V and -65°C < Ta < 125°C, unless otherwise specified. With the
LH2201A, however, all temperature specifications are limited to -25°C < Ta < 85°C. For the LH2301A these specifications
apply for 0°C < Ta < 70°C, +5V and < Vg < +15V. Supply current and input voltage range are specified as Vg = +15V for
the LH2301A. Cq = 30 pF unless otherwise specified.
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H2108/LH2208/ LH2308,
LH2108A/LH2208A/LH2308A

dual super beta op amp
general description

The LH2108A/LH2208A/LH2308A and LH2108/
LH2208/LH2308 series of dual operational amp-
lifiers are two LM108A or LM108 type op amps
in a 'single hermetic package. Featuring all the
same performance characteristics of the single

Amplifiers

'LH2108/LH2208/LH2308, LH2108A/LH2208A/LH2308A

range. The LH2308A/LH2308 is specified for
~operation over the 0°C to +70°C temperature
range. | ‘

features

device, these duals also offer closer thermal track- - . /

ing, lower weight, reduced insertion cost, and = Low offset current 50 pA
smaller size than two single devices. For additional )
information see the LM108A or LM108 data sheet = Low offset voltage 0.7mV
and National’s Linear Application Handbook. - Low_offset voltage LH2108A 0.3mv
The LH2108A/LH2108 is specified for operation LH2108 0.7:mV
over the -55°C to +125°C military temperature ® Wide input voltage range +15V
range. The LH2208A/LH2208 is specified for ’

+3V to 20V

operation over the —25°C,to +85°C temperature ® Wide operating supply range

connection diagram

INV

INPUT ()—-—— - QUTPUT

COMP
OUTPUT
INPUT

NON-INV 0 comP

INPUT

NV

oﬁ-—-—.—‘ ouTPUT
INPUT

comp
QUTPUT
‘comp
INPUT
v

NON-INV
INPUT

Order Number LH2108AD, LH2208AD
LH2308AD, or LH2108D, LH2208D,
or LH2308D

See Package 2

auxiliary circuits

Feedforward Compensation

on
...... R \

Standard Compensation Circuit | * Alternate * Frequency Compensation

Rl R2 Rl A2
Vi -Vin
R2
Vins oAAA o
VW@
12
b—vour —Vour 16,8 Your
i Wiy ' " 3
NS R1Co 513 Cs 5,
N - U2ETvR *impraves rejection of 100 pF 13
=30 pF power supply noise by R3
o Co =305 2 actor of ten :__E :
' c
= 150 pF
2= 5!
T, A2
o = 3MHz
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absolute maximum ratings 33
Supply Voltage 120V Operating Temperature Range 0 0
Power Dissipation (Note 1) . 500 mW LH2108A/LH2108 -55°C to +125°C > ~
Differential Input Current (Note 2) £10 mA LH2208A/LH2208 —25°C to +85°C S
Input Voltage (Note 3) £15V LH2308A/LH2308 0°C to +70°C - I
Qutput Short Circuit Duration Continuous Storage Temperature Range —65°C to +150°C LN
Lead Temperature (Soldering, 10 sec) 300°C NN
| cal . _ N O
electrical characteristics each side (Note 4) o.®
0 >
LIMITS > -
PARAMETER CONDITIONS UNITS I
LH2108 LH2208 LH2308 ~N N
Input Offset Voltage Ta=25C 2.0 2.0 7.5 mV Max E w
Input Offset Current Ta=25C 0.2 02 10 nA Max N O
Input Bias Current Ta=25C 20 20 7.0 nA Max w P
Input Resistance Ta=25"C . 30 30 10 MQ Min 8
Supply Current Ta=25"C 0.6 0.6 08 mA Max >
Large Signal Voltage Gain TaA=25CVg= t15V 50 50 25 V/mV Min
Vour = t10V, R, > 10 kQ
Input Offset Voltage 30 3.0 10 mV Max
Average Temperature Coefficient 15 15 30 UV/°C Max
of Input Offset Voltage
Input Offset Current 0.4 0.4 1.5 nA Max
Average Temperature Coefficient 25 25 10 PA/°C Max
of Input Offset Current
Input Bias Current 30 30 10 nA Max
Supply Current Ta=+125°C : 04 0.4 - mA Max
Large Signal Voltage Gain Vg =*15V, Voyt = *10V 25 25 15 V/mV Min
R, > 10 k2
Output Voltage Swing Vg =115V, R = 10 k{2 *13 +13 +13 V Min
Input Voltage Range Vg = +15V 135 135 114 V Min
Common Mode Rejection Ratio 85 85 80 dB Min
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=25C 05 . 05 05 mV Max
Input Offset Current Tao=25C 02 02 1.0 nA Max
Input Bias Current Ta=25C 20 20 7.0 nA Max
Input Resistance Ta=25C 30 30 10 MQ Min
Supply Current Ta=25C 06 0.6 o8 mA Max
Large Signal Voltage Gain Ta=25CVg= *15V 80 80 80 V/mV Min
Vour = £10V, R_ > 10 kQ
Input Offset Voltage ’ 10 1.0 0.73 mV Max
Average Temperature Coefficient 5 5 5 uV/°C Max
of Input Offset Voltage
Input Offset Current 04 04 1.5 nA Max
Average Temperature Coefficient 25 25 10 pA/°C Max
of Input Offset Current
Input Bias Current 30 30 10 nA Max
Supply Current Ta=+125"C 04 04 - mA Max
Large Signa! Voltage Gain Vg =*15V, Vgyr = 10V 40 40 60 V/mV Min
R, > 10kQ2
Output Voltage Swing Vg =15V, R = 10 k{2 13 13 13 V Min
Input Voltage Range Vg=*15V 135 +13.5 14 V Min
Common Mode Rejection Ratio 96 96 96 dB Min
Supply Voltage Rejection Ratio 96 96 96 dB Min
Note 1: The maximum junction temperature of the LH2108A/LH2108 s 150°C, while that of the LH2208A/LH2208 is
100°C and the LH2308A/LH2308 i1s 85°C. For operating at elevated temperatures, devices in the flat package, the derating is
based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce
cooper conductors. The thermal resistance of the dual-in-line package 1s 1002C/W, junction to ambient.
Note 2: The‘ inputs are shunted with back-to-back diodes for o ge protection. Tl . ive current will flow if
a differential input voltage in excess of 1V 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 < Vg < #20V and -556°C < Tp < 125°C, unless otherwise specified. With
the LH2208A/LH2208, however, all temperature specifications are hmited to —25°C < Ta < 85°C and with the LH2308A/
LH2308 for +5V < Vg < 15V and 0°C < Tpa < 70°C.
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LH24250/LH24250C

NATIONAL

Amplifiers

LH24250/LH24250C dual programmable micropower op amp

general description

The LH24250/LH24250C series of dual program-
mable 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/LH24250C
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 uW

@ QOffset current programmable from less than
0.5 nA to 30 nA T

® Programmable slew rate

® May be shut-down using standard open'collector
TTL '

® |nternally compensated and short circuit proof

connection diagram and auxiliary circuit

v

! BALANCE

f

ouTPUT

INV_ 4
INPUT o

NON-INV L] Ises
INPUT

v-

" BALANCE

J

OuTPUT

INV o 12
INPUT

Iser

v

NON-INV 13
fo S R—
INPUT *

Order Number LH242500 or LH24250CD
See Package 2

typical quiescent current setting

(Pin 8 to V-)

Ve 10uA 30 uA 100 uA 300 uA
15 15MQ 470kQ 150 k&2

3 33MQ 1LIMQ 330kQ 100 kQ2
1 26MQ 27MQ 750 k2 220kQ
9. 13MR amQ 13m0 350 k2
12 18MQ 5.6 MQ 15MQ 510k
15 22MQ 7.5MQ 22MQ 620 k02

Offset Null Circuit

resistor

e
11T
pwe,
o= 104A

lo= 30uA
1l

et
AT 1g.= 100 A

Rser (PIN8 TO V) ()

ook 1A L]

0 2 4 6 8 1012 14 16 18
SUPPLY VOLTAGE — Vs (V).
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absolute maximum ratings b
Supply Voltage . 118V Operating Temperature Range [$,]
Power Dissipation (Note 1) 500 mW LH24250 -55"C 10 +125'C [=)
Differential Input Voltage (Note 2) BLY LH24250C 0'Cto+70°C ~
Input Voltage (Note 3) Y Storage Temperature Range -65' C to +150'C -~
QOutput Short Circurt Duration Contimuous Lead Temperature (Soldering, 10 sec) 300°C :
electrical characteristics — each side (Note 4) N
- o
LIMITS o
PARAMETER CONDITIONS UNITS
. ) LH24250 LH24250C (@)
Input Offset Voltage Ta 25 °C, Rg < 100 k§2 30 60 mV Max
Input Offset Current Ta=25C 5 10 nA Max
Input Bias Current Ta - 25C 15 30 nA Max
Input Resistance Ta = 25°C 3 3 MO Min
Power Consumption Ta=25C, Vo= 0, Rgey = 27 MQ 480 600 HW Max
Large Signal Voltage Gain Ta =25 C, R 2> 10 k§2 100 75 V/mV Min
Input Offset Voltage Rg > 10 kQ2 40 75 mV Max
Input Offset Current 5 15 nA Max
Input Bias Current 15 50 nA Max
Large Signal Voltage Gain Ry~ 10 k§2 50 50 VimV Min
Output Voltage Swing R > 10 k2, Vg = +15V 110 10 V Min
Input Voltage Range Ta = 25°C, Vg = 116V 112 +12 V Min
Common Mode Rejection Ratio Ta =25 C, Rg < 10 kS2 70 70 dB Min
Supply Voltage Rejection Ratio Ta - 25°C, Rg < 10 k§2 76 76 dB Min

Note 1: Derate linearly 2 mW/'C case temperature above 25 C.

Note 2: This rating applies to maximum voltage differential between input terminals. The maximum input voltage on either
input terminal is limited to +Vgup to +15V.

Note 3: This rating limited to * supply voltage to a maximum of +15V.

Note 4: These specifications apply for Vg = t6V, Iq = 30 uA, and -55'C < Tp < +125"C unless otherwise specified. With t\he
LH24250C, however, all temperature specifications are imited to 0 C < Tp < 70 'C.
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NATIONAL

Buffers

LHO002/LH0002C* current amplifier

general description

The LH0002/LH0002C is a general purpose thick
film hybrid current amplifier that is built on a
single substrate. The circuit features:

400 k2
682

High Input Impedance
Low Qutput impedance
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/us
® QOperation 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 symmetrical

output portion of the circuit also provides a low
output impedance for both the positive and nega-
tive slopes of output pulses.

The LHO0002 is available in an 8-lead low-profile
TO-5 header; the LHO002C is also available in an
8-lead TO-5, and a 10-pin molded dual-in-line
package. .

The LHO0002 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 D/A conversion
Instrumentation buffer
Precision current source

schematic and connection diagrams

v, Vo'
12) p

< R2
Sk

80)
INPUT

[}

€, (6)

a1
5K

70
vy

Pin numbers in parentheses denote pin
connections for dual-inline package.

typical applications

High Current Operational Amplifier

R2 Vg= +5V T0 *15V

R1
INPUT ——AAA~4

AA

A
=W\

*Previously called NHO002/NH0002C

Dual-In-Line Package

Metal Can Package

INPUT

N
>

5 ouTPUT
TOP VIEW

Order Number LHO0O02CN
See Package 16

p— outPuT

TOPVIEW

Order Number LHO002H or LHO002CH
See Package 9

Line Driver

SELECT CAPACITOR TO ADJUST
TIME RESPONSE OF PULSE.

50Q CABLE
Vin

502 LOAD
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absolute maximum ratings

Supply Voltage ) 22V

LH0002/LH0002C

Power Dissipation Ambient : : 600 mW
Input Voltage (Equal to Power Supply Voltage)

Storage Temperature Range -65°C to +150°C

Operating Temperature Range LH0002 © -55°C to +125°C

LHO0002C 0°C to +85°C

Steady State Output Current +100 mA

. Pulsed Output Current (50 ms On/1 sec Off) +400 mA

electrical characteristics (Note 1)

PARAMETERS CONDITIONS MIN TYP MAX UNITS

Voltage Gain | R¢=10kR2, Ry = 1.0kQ .95 97
\ Vin'= 3.0 Vpp, £= 1.0 kHz
Ta =-55°C t0.125°C’

AC Current Gain Vin=10 Vs 40 ' A/mA
f=1.0kHz - ’
Input Impedance Rs =200k, Vin = 1.0 Vs, 180 400 - k2
f= 1.0 kHz, R_ = 1.0 kQ 1 '
Output Impedance Vin =10V, f=1.0kHz - 6 10 Q
Ry =508, Rg = 10 kQ
Output Voltage Swing R = 1.0k, f=1.0kHz £10 ESE I - v
Output Voltage Swing Vs =215V, Vy = 10V, _ +9.5V

=10082 , Ta=25°C

DC Output Offset Voltage | Rg = 30052, R_= 1.0 kQ = 10 - %30 mV
Ta =-55°C to 126°C

DC Input Offset Current Rs =10k, R = 1.0k - . 16.0 £10 HA
Ta =-55°C to 125°C

Harmonic Distortion Vin = 5.0 Vg, f = 1.0 kHz - 01 | - %

Rise Time RL = 5092, AVy = 100mV 7 12 ns

Positive Supply Current Rg=10 kQ,‘RL =1kQ - +6.0 4100 mA

Negative Supply Current | Rg =10k, R, = 1k - -6.0 100 mA

Note 1: Specification applies forTa= 26°C with +12V on Plns 1 and 2; =12V on Pins 6 and 7 for the
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 LH0002C apply over the temperature range of 0°c
to +8';'L°C while parameters for the LHO002 are guaranteed over the temperature range -55°C
to 125°C.
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typical performance =S
. R o
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LHO033/LH0033C, LHO063/LH0063C

/Y

NATIONAL

| Buffers

LH0033/LH0033C, LHO063/LH0063C
fast and damn fast buffer amplifiers

general description

The LH0033/L.HO033C and LH0063/LHO063C 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/
LHO0033C will provide +10 mA into 1 k2 .loads
(100 mA peak) at slew rates of 1500V/us. The
LH0063/LH0063C will provide *250 mA into
5082 loads (500 mA peak) at slew rates of up to
6000V /us. In addition, both exhibit excellent
phase linearity up to 20 MHz.

Both are intended to fulfill a wide range 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

for high speed A .to D’s and comparators. In .

addition, the LH0O063/L.H0O063C can continuously
drive 5052 coaxial cables or be used as a diddle
yoke driver for high resolution CRT displays. For
additional applications information, see AN-48.

advantages
® Only +10V supply needed for 5 Vp_p video out
® Speed does not degrade system performance

® Wide data rate range for phase encoded systems

® Qutput drive adequate.for most loads

m Single pre-calibrated pack'age

features

® Damn fast (LHO063) 6000V /us

® Wide range single or dual supply operation
® Wide power bandwidth DC to 100 MHz
® High output drive +10V with 5082 load
® | ow phase non-linearity 2 degrees
® Fast rise times ‘2 ns
® High current gain 120 dB
® High input resistance 10'°Q

These devices are constructed using specially
selected junction FET’s and active laser trimming
to achieve guaranteed performance specifications.
The LHO033 and LHO063 are specified for opera-
tion from —565°C to +125°C; whereas, the LH0033C
and LHO063C are specified from —25°C to +85°C.
The LHO0033/LHO033C 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 LH0063/
LHOO063C is available in a 5W 8-pin TO-3 package.

connection diagrams

LH0033/LH0033C
Metal Can Package

NC

Vet

LHO0033/LH0033C
Dual-In-Line Package

LHO0063/LH0063C
Metal Can Package

1
% INPUT, =]

OFFSET ___2
PRESET

oFFseT 3|
ADJUST

QUTPUT =

OFFSET ~

L O

; Ve V:Ic\7 m \\,cv
:vc ' A &
O\ Yofo ey

PRESET

OFFSET
ADJUST NC

TOP VIEW

CASE IS ELECTRICALLY
ISOLATED

Order Number LHO0033G or LH0033CG
See Package 6

TOP VIEW

Order Number LH0033J or LH0033CJ
. See Package 12

/- OFFSET
NPUT W PRESET
TOP VIEW
CASE ISELECTRICALLY
ISOLATED
Order Number LH0063K or LH0063CK
See Package 14

24




2-5

[l
33
absolute maximum ratings o0
‘ 0w
Supply Voltage (V V) 40V Peak Output Current W W
Maximum Power Dissipation (See Curves) LH0063/LH0063C +500 mA ; ~
LH0063/LH0063C 5W LH0033/LH0033C +250 mA T E
LHO0033/LH0033C 1.5W Operating Temperature Range [~ X=)
Maximum Junction Temperature 175°C LHO0033 and LH0063 -56°C to +126°C <=
Input Voltage Equal to Supplies LH0033C and LH0063C -25°C to +85°C oW
Continuous Output Cutrent Storage Temperature Range —65°C to +150°C w W
LHO0063/LHO063C 250 mA Lead Temperature (Soldering, 10 sec) 300°C 00
LH0033/LH0033C +100 mA N
dc electrical characteristics LH0033/LH0033C: (Note 1)
LIMITS
PARAMETER CONDITIONS LH0033 LH0033C UNITS
MiN TYP MAX MIN TYP MAX
Rs = 100 k{2, T¢ = 26°C 5 10 12 20 mv
Output Offset Voltage Rq = 100 kS2 15 25 .y
Average Temperature Coefficient Rg = 100 k{2, o
o 5
of Offset Voltage -55°C < T < 126°C 50 0 HvIe
o 05 R .05 15 nA
Input Bias Current Tc=25C 10 5 A
Vin = 1Vrms, f = 1 kHz,
Voltage Gain Ry = 1Kk, R = 100 k2 .97 .98 1 .96 98 1 VIV
Input Impedance Ry © kS 10" 10" 10'° 10" Q
Vi = 1Vrms, £= 1 kHz,
Output Impedance Rg = 100 k&2, R, = 1k(2 6 10 6 10 Q
Ry =1k, 12 +13 +12 +13 \2
Output Voltage Swing R_ =100, T = 25°C 9 *9 \
Vg = #5V, R = 1 k{2 6 6 Vep
Vin =0V, Vg = 15V 20 22 21 24 mA
Supply Current Vg = 46V 18 18 mA
power Consumption Vin =0V, Vg = £15V 600 660 630 720 mw
ower Lonsumptio Vg = 6V 180 180 mw
ac electrical characteristics
LHO0033/LH0033C (T¢ = 25°C, Vg = #15V, Rg = 508, R, = 1 k)
LIMITS
PARAMETER . CONDITIONS LH0033 LH0033C UNITS
MIN TYP MAX MIN TYP MAX
"Slew Rate Vg =210V 1000 1500 1000 1400 Vlps
Bandwidth Vin = 1Vrms 100 100 MHz )
Phase Non-Linearity BW =1 to 20 MHz 2 2 degrees
Rise Time AVy = 0.5V 29 3.2 ns
Propagation Delay AV = 05V 1.2 1.5 ns
Harmonic Distortion <0.1 <0.1 %
_Note 1: Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, ~15V applied to pins 9 and
10, and pin 6 shorted to pin 7 for the LH0033/L.HO033C For the LHO063/LHO063C, specifications apply for #15V applied
to pins 1 and 2, -15V applied to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a
temperature range of ~55°C < T¢ < +125°C for the LH0033 and LH0063; and -25°C < T¢ < +856°C for the LH0033C and
LH0063C Typical values shown are for T = 25°C. .




LHO033/LH0033C, LHO063/LH0063C

dc electrical characteristics

LH0063/LH0063C (Note 1)

LIMITS
PARAMETER CONDITIONS LH0063 LH0063C UNITS
' MIN TYP MAX MIN TYP MAX
Rs <100k, Tc =25°C 10 25 10 50 mV
Output Offset Voltage Re < 100 k§2 100 100 ‘mV
Average Temperature Coefficient °
Rs <100 k2 300 300 V/°C
of Output Offset Voltage S = u
— T. = 25°C R 2 Rl 2 nA
Input Bias Current c=25 10 5 nA
=+ ‘ .
Voltage Gain V'“, 10V, Rs <100 k2, .96 .98 1 96 .98 1 \7\%
Ry = 1kQ
. Vin = #10V, Rg < 100 k2,
. . k .98 92 .96 98 VIV
Volfage Gain Ry =50, T - 25°C 94 ) 96 9
Input Resistance 10" 10" 10'° 10" Q
Input Capacitance Case Shorted to Output 8 8 pF
Qutput Impedance Voyg = 10V, Rg =100 kQ2 1 4 1 4 Q
Output Current Swing Vin = £10V, Rg < 100 k2 2 .25 2 .25 Amps
Output Voltage Swing R =509 10 13 +10 +13 \%
. Vg = 5V, R =509,
Output Voltage Swing Tz - 25°C L 5 7 5 7 Vep
T = 25°C, R =<, '
7 0 80 A
Supply Current Vg = +15V 60 5 6 m.
Supply Current Vg = 5V 50 50 mA
= © = 00
Power Consumption Tc=26C R, =<, 1.80 2.25 1.80 2.40 w
Vg = 15V
Power Consumption Vg = 5V 500 500 mW
ac electrical characteristics
LHO0063/LH0063C: (T = 25°C, Vg = 15V, Rg = 5082, R, = 5082)
LIMITS
PARAMETER CONDITIONS LH0063 LHO0063C - UNITS
MIN TYP MAX MIN TYP MAX
Slew Rate Ry = 1kQ, Viy = 210V 6000 6000 V/us
Slew Rate R =502 Vi = £10V 2000 | 4000 .| 2000 | 4000 Vius
Te=25"C
Bandwidth Vin =1 Vrms 200 200 MHz
Phase Non-Linearity BW =1 to 20 MHz 2 2 degrees
Rise Time AV = .5V 1.6 19 ns
Propagation Delay AV y = .5V 19 21 ns
Harmonic Distortion <0.1 <01 %

Note 1: Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, —15V applied to pins 9 and
10, and pin 6 shorted to pin 7 for the LH0033/LH0033C For the LHO063/LH0063C, specifications apply for +15V applied
to pins 1 and 2, ~15V applied to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a
temperature range of ~55°C < T¢ < +125°C for the LH0033 and LH0063; and -25°C < T < +85°C for the LHO033C and
LHO063C. Typical values shown are for Tg = 25°C.
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typical performance characteristics
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TIME {ns)
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INPUT BIAS CURRENT (nA)

LH0033/LH0033C, LHO063/LH0063C

typical performance characteristics (con’t)

LHO0033 Input Bias Current
"vs Temperature LHO0063 Input Current ) LHO0063 Frequency Response

10k 220

Z 180
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6 / 120

i

i
I
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T
<
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100

INPUT BIAS CURRENT (xpA)

VOLTAGE GAIN (V/V)
g
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—
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N

25 50 75 100 125 0 25 50 75 100 125 1 10 100 1000
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LHO0063 Small Signal Rise
Time
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300 7 . 4
by
2 wl ] i
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application hints

Recommended Layout Precautions: RF/video
printed circuit board layout rules should be fol-
lowed when using the LH0O033 and LHO063 since
they will provide power gain to frequencies over Hi 18
100 MHz. Ground planes are recommended and (oFEN)
power supplies should be decoupled at each device : pritd
with low 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- FIGURE 1. Offset Zero Adjust for LH0033 (Pin nos.
tance. shown for TO-8)

Offset Voltage Adjustment: Both the LH0033's
and LHO0063's offset voltages have been actively
" trimmed by laser to meet guaranteed specifications )
when the offset preset pin is shorted to the offset INPUT O
adjust pin. This pre-calibration allows the devices " oFrsET
to be used in most DC or AC applications without (OPEN)
individually offset nulling each device. If offset OFFSET
null is desirable,.it is simply obtained by leaving ARIUST
the offset preset pin open and connecting a trim
pot of 10082 for the LHO033 or 1k for the
LHO0063 between the offset adjust pin and V~
as illustrated in Figures 1 and 2. FIGURE 2. Offset Zero Adjust for LH0063

1k
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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 vt = 48V and V7 = —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:

(vt-v7)

AV = (1-Ay) =.005 (V" -V7)

where:
Ay = No load voltage gain, typically .99

v* = Positive supply voltage

V™ = Negative supply voltage

For the above example, AVy would be =35 mV.
This may be adjusted to zero as described in
Section 2. For AC coupled applications, no addi-
tional 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 LHO0033
and LHO0063. Short circuit protection may be
added by inserting appropriate value resistors
petween V' and V¢ pins and V™ and V¢ pins

FIGURE 3. LHO0033 Using Resistor Current Limiting

FIGURE 4. LH0063 Using Resi

as illustrated in Figures 3 and 4. Resistor values
may be predicted by:

vi v
Rim = = —
ISC |SC
where: Isc < 100 mA for LH0033

N

lsc < 250 mA for LH0063

The inclusion of limiting resistors in the collectors
of the output transistors reduces output voltage
swing. Decoupling V¢ and V¢~ 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¢ pins. Under fault conditions, the voltage de-
creases as required by the overload. For Figure 5:

In Figure 6, quad transistor arrays are used to
minimize can count and:

Vee (Y g
13 (lgc)  1/3 (200 mA) .

2Q

Rim =

Current Limiti

O€900H1/E€900H1
'‘OEE00HT/EE00HT




TETETELTYE

LHO033/LH0033C, LHO063/LH0063C

application hints (con’t)

+H5V

at=
a-=

D1uF

Q2 = 2N2905
04 = 2N2219

FIGURE 5. LHO0033 Current Limiting Using Current

Sources

O.+15V

DH3467

b0 0uTPUT

0

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 (C'de/d() shou!q be
limited below absolute maximum peak current
ratings for the devices. )

Thus for the LH0033:

AV
(—A—:—“)XCL < igur < £250mA

and for the LH0063:

<

AV,N) X C. < lgur < 500 mA
i) . ,

-2.10




application hints (con’t)

In addition, power dissipation resulting from
driving capacitative loads plus standby power
should be kept below total package power rating:

Pais 2 Poc * Pac

pkg

Pais = (VF=V7T) X Ig + Pac
pkg

Pac = (Vpp)2 X f X C_

where  Vpp = Peak-to-peak output voltage swing
f = frequency
C, = Load Capacitance

Operation Within an Op Amp Loop: Both devices
may be used as a current booster or isolation
buffer within a closed loop with op amps such
as LHO0032, LHO0062, or LM118. An isolation

schematic diagrams

LHO0033/LH0033C

NORMALLY
SHORTED

INPUT O

\
]

O oUTPUT INPUT O——t

/5

\ NORMALLY
/‘ SHORTED

ADJUST Mo’ PRESET
NORMALLY

SHORTED
PIN NUMBERS SHOWN FOR T0-8 (“G") PACKAGE.

resistor of 47K should be used between the op
amp output and the input of LHO033. The wide
bandwidths and high slew rates of the LH0033
and LHO063 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.

ACHTUNG!

Power supply bypassing is necessary to prevent
oscillation with both the LHO033 and LHO0063 in
all circuits. Low inductance ceramic disc capacitors
with the shortest practical lead lengths must be
connected from each supply lead (within < % to
%' of the device package) to a ground plane.
Capacitors should be one or two 0.1uF in parallel
for the LHO0033; adding a 4.7uF solid tantalum
capacitor will help in troublesome instances. For
the LH0063, two 0.tuF ceramic and one 4.7uF
solid tantalum capacitors in parallel will be neces-
sary on each supply lead.

LHO0063/LH0063C

‘ NORMALLY
SHORTED

3
OUTPUT

<
] <: R8

sc-

3

02
\
R1 NORMALLY
SHORTED
7
* 07
g 6
\\ //
NORMALLY

SHORTED

JE€900H1/E€900H1
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LHO033/LH0033C, LHO063/LH0063C

typical applications

i N
i

High Speed Automatic Test Equipment
Forcing Function Generator

r——=—71

Vrert

LOGIC “1”
THRESHOLD

Lo M )

r————/1 JNU

k.
| LHO063
L
1 3
-
L - i 7
ADDITIONAL LEVELS. -
IF REQUIRED

= -

COMPUTER E:E)—DO-—'—
CONTROLLED
NPUT ‘ l
TEST | o 8
J

—

Vrerz

LOGIC "2
THRESHOLD

L “oH003
4 5 !m
25v = +5V

Gamma Ray Pulse Integrator

+15

SCINTILLATION 2m
YSTAL 1 4
I
////; . ::w
%
.////// o I
// Sm AH5024
GAMMA 7 1 L —
RAY ~ D //// "\AH F
~> k
/ 7
L
1
[
PHOTOMULTIPLIER T
TUBE :: ™
. -
!
<
>
Sm
L—oqnv

p—O +10v

—0 20v
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typical applications (con’t)
Nuclear Particle Detector

Hey +150v
PARTICLE .

LARGE AREA
SILICON DIODE
Q +15V

LHGQJJA O ouTPuT

O 15V

.

Isolation Buffer

OVERALL FEEDBACK

+16V
o)

j REACTIVE

LOAD

High Input Impedance AC Coupled Amplifier

.001 uF

INPUT

HAAA @
I~ VVy

fH - 100 MHz

Coaxial Cable Driver

+15V

Coaxial Cable Driver

*Select C For Optimum Pulse Response

1W CW Final Amplifier

O +30V

—AAA
V

INPUT 100pF

Hh—AAA L
VW

LH0063 Wesn,

JE€900H1/E900H1
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LH0033/LH0033C, LHO063/LH0063C

typical applications (con’t)

High Input Impedance Comparator
With Offset Adjust

INPUT O

)
OFFSET V-
ADJ.

Single Supply AC Amplifier

Vee =120V

m

>
001 4F §

—a

NO GO = LOGIC "1"
GO = LOGIC “0”

Instrumentation Shield/Line Driver

INPUT O

4.5 MHz Notch Filter

R1 R1 L
2209 2200

High Speed Sample & Hold

ANALOG
INPUT

LoGic
INPUT

" 1/2 OHo034

I 7

*Polycarbonate or Teflon

1

fo = ZeRicH
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NATIONAL

Buffers

LH2110/LH2210/LH2310 dual voltage follower

general description

The LH2110 series of dual voltage followers are
two LM110 type followers in a single hermetic
package. Featuring all the same performance char-
acteristics of the single, these duals offer in addi-

fied for operation over the 0°C to +70°C temper-
ature range.

tion closer thermal tracking, lower weight, reduced features
insertion cost and smaller size than two singles.
For additional information, see the LM110 data ® Low input current 1nA
sheet and National’s Linear Application Notebook. ® High input resistance 107° ohms
® High slew rate 30V /us
The LH2110 is specified for operation over the ® Wide bandwidth 20 MHz
-55°C to +125°C military temperature range. The ) ) .
LH2210 is specified for operation over the -25°C ® Wide operating supply range *5V to *18V
to +85°C temperature range. The LH2310 is speci- ® Qutput short circuit proof
connection diagram auxiliary circuits
o v
° EBALANBE OuTPUT
INPUT O OUTPUT
O BOOSTER
v *May be added to reduce
' internal dissipation.
% BALANCE Increasing Negative Swing Under Load
INPUT O O OuTPUT
O BOOSTER
O vt
Order Number LH2111D or INPUT
LH2211D or LH2311D )
OUTPUT

See Package 2

Offset Balancing Circuit

OLECHT/OLZZHT/0LLCH



LH2110/LH 2210/LH 2310

absolute maximum ratings

Supply Voltage ’ 18V 'Operating Temperature Range LH2110 -55°C to 125°C
Power Dissipation (Note 1) 500 mW LH2210 -25°C t0 85°C
Input Voltage (Note 2) +15V LH2310 0°C to 70°C
Output Short Circuit Duration (Note 3) Continuous Storage Temperature Range -65°C to 150°C
, N o Lead Temperature (Soldering, 10 sec) : 300°C
electrical characteristics Each side (Note 4)
‘ LIMITS §
PARAMETER CONDITIONS UNITS
LH2110 LH2210 LH2310
Input Offset Voltage Ta=256°C 4.0 40 7.5 mV Max
Input Bias Current Ta=25°C 3.0 3.0 7.0 nA Max
- Input Resistance : Ta=25°C 100 . 100 . 10'° Q Min.
Input Capacitance 1.5 1.5 1.5 pF Typ
Large Signal Voltage Gain : Ta=25°C, Vg=t15V 999 .999 .999 V/V Min
Vour = +10V, R, = 8kQ
Output Resistance Ta=26°C 25 |° 25 25  Max
Supply Current (Each Amphfrer) Ta=25"C 5.5 5.5 5.5 mA Max
Input Offset Voltage 6.0 6.0 10 mV.Max
Offset Voltage -55°C < To < 85°C 6 6 10 - uv/rC Typ
Temperature Drift T =125°C 12 - 12 - uVv/°C Typ
Input Bias Current 10 10 10 nA Max
Large Signal Voltage Gain Vg= +15V Vout = +10V .999 .999 i 999 V/V Min
RL =10k
Output Voltage Swingv(Note 5) = +15V, R = 10 k2 10 +10 +10 V Min
Supply Current (Each Amplifier) TA =125°C 4.0 4.0 R mA Max
Supply Voltage Rejection Ratio 5V < Vg< +18V 70 70 70 dB Min

Note 1: The maximum junction temperature of the LH2110 1s 150"C, while that of the LH22101s 100"C and the LH2310 s
85°C. For operating at elevated temperatures, devices in the flat package, the derating i1s based on a thermal resistance of
185 C/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The
thermal resistance of the dual-in-line package 1s 100 C/W, junction’ to ambient

Note 2: For supply voltages less than + 15V, the absolute maximum input voltage s equal to the supply voltage.
Note 3: Continuous short circuit 1s allowed for case temperatures to 125°C and ambient temperatures to 70°C. It is necessary
to insert a resistor greater than 2 k{2 in series with the input when the amplifier i1s driven from low impedance sources to pre-

vent damage when the output is shorted.

Note 4: These specifications apply for +5V < Vg <'+18Vand -55 C < Tp < 125°C, unless otherwise sDeC|fled With the -
LM210, however, all (emperature specifications are mited to -25'C < Ta < 85'C and for the LH2310, all temperature

specifications are himited to 0°C < TA<70°C

Note 5: Increased output swing under load can be obtamed by connecnng an external resistor between the booster and V~

terminals.

2-16




Samplée and Hold Amplifiers

NATIONAL

LH0023/LH0023C, LH0043/LH0043C sample and hold circuits

general description

The LHO0023/LH0023C and LH0043/LH0043C
are complete sample and hold circuits including
input buffer amplifier, FET output amplifier,
analog signal sampling gate, TTL compatible logic
circuitry and level shifting. They are designed to
operate from standard 15V DC supplies, but
provision is made on the LH0023/LH0023C for
connection of a separate +5V logic supply in
minimum noise applications. The principal differ-
ence between the LH0023/LH0023C and the
LH0043/LH0043C is a 10:1 trade-off in perfor-
mance on sample accuracy vs sample acquisition
time. Devices are pin compatible except that TTL
logic is inverted between the two types.

The LH0023/LH0023C and LH0043/LH0043C
are ideally suited for a wide variety of sample and

features

LH0023/LH0023C

Sample accuracy—0.01% max

Hold drift rate—0.5 mV/sec typ

Sample acquisition time—100 us max for 20V
Aperture time—150 ns typ

Wide analog range—+10V min

Logic input—TTL/DTL

Offset adjustable to zero with single 10k pot
Output short circuit proof

hold applications including data acquisition,
analog to digital conversion, synchronous demodu-
lation, and automatic test setup. They offer
significant cost and size reduction over equivalent
module or discrete designs. Each device is available
in a hermetic TO-8 package and are completely
specified over both full military and instrument
temperature ranges.

The LH0023 and LHO0043 are specified for opera-
tion over the -55°C to +125°C military tempera-
ture range. The LHO0023C and LHO0043C are
specified for operation over the -25°C to +85°C
temperature range.

For information on other National analog prod-
ucts, see Available Linear Applications Literature.

features

LHO0043/LH0043C

® Sample acquisition time—15 us max for 20V
4 us typ for 5V

Aperture time—20 nS typ

Hold drift rate—1 mV/sec typ

Sample accuracy—0.1% max

Wide analog range—+10V min

Logic input—TTL/DTL

Offset adjustable to zero with single 10k pot

Output short circuit proof

block and connection diagrams

LH0023/LH0023C

ne STORAGE
car

4 oureur

Order Number LH0023G or

LH0043/LH0043C

Ne STORAGE
cap

oFFsET
ADJUST

-~ outeur

GROUND

TiepinTtopin8  pupnt e LH0023CG or LH0043G or oew
for operation : Torview LH0043CG
N without 5V supply. See Package 6

b0 oumrut

|
' —
| EEE— I
106 12
4

Logic 8 v
eyt )

*Tie to pin 8 for operation without V¢ supply. )

OFFSET ADIUST
T

ANALOG - ]
] -

|
| Sstonuce
|

a

caraciTon

Looic &, l > —_ 3w
weuT v
10
—OV"
)
—O GND
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absolute maximum ratings

Supply Voltage (V* and V™) +20V
Logic Supply Voltage (Vee) LHO023, LH0023C +7.0V P
Logic Input Voltage (Vg) +5.5V
Analog Input Voltage (V) +15V
Power Dissipation . See graph
Qutput Short Circuit Duration Continuous

Operating Temperature Range LH0023, LH0043  -55°C to +125°C

v LH0023C, LH0043C -25°C to +85°C
Storage Temperature -Range —65°C to +150°C
Lead Soldering (10 sec) C 300°C

electrical characteristics LH0023/LH0023C (Note 1)

LH0023/LH0023C,LH0043/LH0043C

LIMITS . -
PARAMETER CONDITIONS LH0023 - LH0023C JUNITS
) ‘ MIN TYP MAX | MIN TYP * | MAX
Sample (Logic “1") Vee = 4.5V . 2.0 20 ‘ \
Input Voltage .
Sample (Logic 1) Vg = 2.4V, Vce = 5.5V . 50 |- 5.0 MA
Input Current
Hold (Logic '0") Vce = 4.5V . ' 0.8 08 \
Input Voltage
Hold (Logic "'0") Vg = 0.4V, Ve = 5.6V 05 0.5 mA
Input Current '
Analog Input +10 1 +10 1 \
Voltage Range ‘ .
Supply Current — I3 | Vg =0V, Vg =2V, 4.5 6 45 | 8 | mA
V,, =0V . . ’
Supply Current — 1495 Vg =0V, Vg =04V, Lo 4.5 6 4.5 6 mA
Vi, =0V .
Supply Current — Ia\ Vg =5.0V, Vg =0 1.0 1.6 1.0 1.6 mA
Sample Accuracy Vour = ¥#10V (Full Scale) 0.002 0.01 0.002 0.02 %
DC Input Resistance Sample Mode 500 1000 300 1000 k2
Hold Mode 20 25 20 25 k2
Input Current — Ig Sample Mode 0.2 1.0 0.3 15 MA
Input Capacitance . 3.0 3.0 pF
Leakage Current — Vg = £10V; V , = £10V, 100 ° | 200 200 500 pA
pin 1 T, =25°C
Vg = 10V, V,, =+10V 0.6 1.0 1.0 2 nA
Drift Rate Vour = £5V, Cg = 0.01 uF, 0.5 0.5 mv/s
Tp =25°C .
Drift Rate Vour = 10V, 10 20 20 50 mV/s
Cg <0.01 uF, T, =25°C i
Drift Rate Vour = £10V, 0.1 : . 0.2 | mV/ms
. Cq =0.01 uF . '
Aperture Time 150 150 ns
Sample Acquisition AVq,r =20V, 50 100 50 100 us
Time Cg =0.01 uF '
Output Amplifier 15| :30 1.5 3.0 V/us
Slew Rate ) )
Output Offset Voltage Rg < 10k, Vg =0V, Vg = 0V - +20 +20 mv
(without null) v .
Analog Voltage R_> 1k, To=25°C 10 1 +10 +11 \Y
Output Range RL > 2k . +10 +12 10 12 - \
NOTE 1: Unless otherwise noted, these specifications apply for V' = +15v, Veg = *5V, VT = ~15V, pin 9. grounded, ’

a 0.01 uF capacitor connected between pin 1 and ground over the temperature range -55"C to +125°C for the LH0023, and
-25°C to 85°C for the LH0023C. All typical values are for T4 = 25"C.




electrical characteristics LH0043/LH0043C: (Note 2)

LIMITS
LHO0043 LH0043C
‘PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Hold (Logic “1”) 2.0 2.0 Vv
Input Voltage
Hold (Logic "1"") Vg = 2.4V 5.0 50| uA
Input Current
Sample (Logic "'0"') 0.8 0.8 Vv
Input Voltage
Sample (Logic “'0"') Vg = 0.4V 15 1.6 | mA
Input Current
Analog Input +10 +11 +10 1 \%
Voltage Range
Supply Current Vg =0V, Vg =2V, V,,y =0V 20 22 20 22 mA
Vg =0V, Vg =04V, 14 18 14 18 mA
Vi =0V
Sample Accuracy Vour = $10V (Full Scale) 0.02 0.1 0.02 0.3 %
DC Input Resistance | T¢ =25°C 1070 1012 10'0 1012 Q
Input Current — Ig 1.0 5.0 2.0 10.0 nA
Input Capacitance 1.5 1.5 pF
Leakage Current— Vg = £10V; V4, = %10, 10 25 20 50 pA
pin 1 Tc =25°C
Vg = £10V; V= £10V 10 25 2 5 nA
Drift Rate Vour = ¥10V, Cg = 0.001 uF, 10 25 20 50 mV/s
Ta=25°C -
Drift Rate Vout = ¥10V, Cg = 0.001 uF 10 25 2 mV/ms
Drift Rate Vgur = *10V, Cg = 0.01 4F, 1 25 2 mv/s
Ta=25°C
Drift Rate Vour = #10V, C5 = 0.01 uF 1 25 0.2 0.5 [mV/ms
Aperture Time o : 20 60 20 60 ns
Sample Acquisition AVgyt =20V, Cg = 0.001 uF 10 15 10 15 us
Time AVgyt =20V, Cg = 0.01 pF 30 50 30 50 us
AVoyr =5V, Cs = 0.001 uF 4 4 us
Output Amplifier Vout = 5V, Cg = 0.001 uF 15 3.0 1.5 3.0 V/us
Slew Rate
Output Offset Voltage Rg < 10k, Vg = 0V, Vg =0V +40 +40 mV
(without null)
Analog Voltage R > 1k, To = 25°C +10 +11 +10 £11 \
Output Range RL>2k +1 +1 10 +12 \
Note 2: Unless otherwise noted, these specifications apply for V' = +16V, V™ = =15V, pin 9 grounded, a 5000 pF capacitor connected

between pin 1 and ground over the temperature range -55°C to +125°C for the LH0043, and -25°C to 85°C for the LH0043C. All
typical values are for T = 26°C.
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Q
™ ) .
g typical performance characteristics
o
T Sample Acquisition Sample Acquisition
- Power Dissipation Time—LH0043 Time—LHO0043
N 20 ——
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typical applications

v (-15V)

7 8 1 9 |2I
t—4——4— Vs

|

[

[ e | 05T e |

[ T T T crouwo

—_—_—————————— N
Note 1: €115 polystyrene
Note 2: €2, C3, C4 are ceramic disc
Note 3: Jumper 7-8 and C4 not required for L H0043
Note 4: R1 optional of zero trum 1s required

How to Build a Sample and Hold Module

34



rI-
. . . B
typical applications (con’t) 8
LOGIC
PIN SELECT N
' s w
! | ~
l DEMULTIPLEXER —

DIGITAL | oA :":‘:;:- Il ! 55&53 DEVICE o
INeuT | CONVERTER Jriedind ! MATRIX PINS X
Cooe ) AM2008° SaH 1 AH0120 SERIES o

L0023 o
' i N
Forcing Function Setup for Automatic Test Gear w
~
-
1 1 e o
— : o
T
| ANALOG SWITCH o
ANALOG 1 DATA : MULTIPLEXERS li:n;a w0 — Y
AHOD15, _— / [ [ owima
INPUTS | AMPLIFIERS* | AM3T05, — 0R CONVERTER — [ outeuts w
| | AM2009, LH0043 f—
N N OR AH0120 SERIES N
] l/ | r
H " /M LOGIC I
CHANNEL SELECT o
*See op amp selection guide for details. Most popular types include LH0052, LH1725, LM108, LM122 and LM116. g
Data Acquisition System w

ANALOG I
PULSE 'I JvoLTace AT, “~ A DIGITAL
INPUT L0043 I ] I T [Lconvenr [Toureurs
vourace s, | e

LH0043 ] I

VOLTAGE AT t, I \-‘
| |
ANALOG
I ouTPUTS
| | : |

VOLTAGE AT t,,

LH0043

MULTIPLEXER
S— ' s
SEQUENCER-DMS5493 L — e e

TRIGGER AND DM54154

CLOCK

Single Pulse Sampler
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schematic diagrams .
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applications information
1.0 Drift Error Minimization

In order to minimize drift error, care in selection
of Cg and layout of the printed circuit board is
required. The capacitor should be of high quality
Teflon, polycarbonate, or polystyrene construc-
tion. Board cleanliness and layout are critical
particularly at elevated temperatures. See AN-63
for detailed recommendations. A guard conductor
connected to the output surrounding the storage
node (pin 1) will be helpful in meeting severe
environmental conditions which would otherwise
cause leakage across the printed circuit board.

2.0 Capacitor Selection

The size of the capacitor is dictated by the re-
quired drift rate and acquisition time. The drift is
determined by the leakage current at pin 1 and

dv 1 .
may be calculated by rTE where | is the
s .

total ‘Ieakage current at pin 1 of the device, and
Cs is the value of the storage capacitor.

2.1 Capacitor Selection — LH0023

At room temperature leakage current for the
LHO0023 is approximately 100 pA. A drift rate of
10 mV/sec would require a 0.01 uF capacitor.

For values of Cg up to 0.01 uF the acquisition
time is limited by the slew rate of the input buffer
amplifier, A1, typically 0.5 V/us. Beyond this
point, current availability to charge Cg also enters
the picture. The acquisition time is given by:

V22%RCs ), 103yAegRE,

A=V 55 x 106

i

where: R = the internal resistance in series with Cg
Aeg = change in voltage sampled

An average value for R is approximately
600 ohms. The expression for t, reduces to:

For a -10V to +10V change and Cg = .05 uF,
acquisition time is typically 50 us.

2.2 Capacitor Selection—LH0043

At 25°C case temperature, the leakage current for
the LHO043G is approximately 10 pA, so a drift
rate of 5mV/s would require a capacitor of
Cg =10 -10"'%/5 - 10~ = 2000 pF or larger.

‘For values of Cs below about 5000 pF, the
acquisition time of the LH0043G will be limited
by the slew rate of the output amplifier (the
signal will be acquired, in the sense that the voltage

will be stored on the capacitor, in much less time as
dictated by the slew rate and current capacity of
the input amplifier, but it will not be available at
the output). For larger values of storage capaci-
tance, the limitation is the current sinking capabil-
ity of the input amplifier, typically 10 mA. With
Cs =0.01 uF, the slew rate can be estimated by
(% = 0-————181 106 - 1V/us or a slewing time for a
5 volt signal change of 5us.

3.0 Offset Null

Provision is made to null both the LH0023 and
LHO0043 by use of a 10k pot between pins 3 and 4.
Offset null should be accomplished in the sample
mode at one half the input voltage range for
minimum average error.

4.0 Switching Spike Minimization—LH0043

A capacitive divider is formed by the storage
capacitor and the capacitance of the internal FET
switch which causes a small error current to be
injected into the storage capacitor at the termina-
tion of the sample interval. This can be considered
a negative DC offset and nulled out as described in
(3.0), or the transient may be nulled by coupling
an equal but opposite signal to the storage
capacitor. This may be accomplished by connect-
ing a capacitor of about 30 pF (or a trimmer)
between the logic input (pin 6) and the storage
capacitor (pin 1). Note that this capacitor must be
chosen as carefully as the storage capacitor itself
with respect to leakage. The LH0023 has switch
spike minimization circuitry built into the device.

5.0 Elimination of the 5V Logic Supply—LH0023

The 5V logic supply may be eliminated by
shorting pin 7 to pin 8 which connects a 10k
dropping resistor between the +15V and V.

Decoupling pin 8 to ground through 0.1 uF disc*

capacitor is recommended in order to minimize
transients in the output.

6.0 Heat Sinking

The LH0023 and LH0043G may be operated
without damage throughout the military tempera-
ture range of -55 to +125°C (=25 to +85°C.for
the LH0023CG and LH0043CG) with no explicit
heat sink, however power dissipation will cause the

. internal temperature to rise above ambient. A

simple clip-on heat sink such as Wakefield
#215-1.9 or equivalent will reduce the internal
temperature about 20°C thereby cutting the leak-
age current and drift rate by one fourth at max.
ambient. There is no internal electrical connection
to the case, so it may be mounted directly to a
grounded heat sink.

7.0 Theory of Operation—LH0023

The LHO0023/LH0023C is comprised of' input
buffer amplifier, A1, analog switches, S1 and S2, a

JE€YO00HT1/EYOOHT IEZO0HT/EZO00HT
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| LH0023/LH0023C,LH0043/LH0043C

applications information (con’t)

TTL to MOS level translator, and output buffer
amplifier, A2, In the “sample” mode, the logic
input is raised to logic “1” (Vg 2> 2.0V) which
closes S1 and opens S2. Storage capacitor, Cg, is
charged to the input voltage through S1 and the
output slews to the input voltage. In the “hold”
mode, the logic input is lowered to logic 0"
(Vg < 0.8V) opening S1 and closing S2. Cg
retains the sample voltage which is applied to the
output via A2. Since S1 is open, the input signal
is overridden, and leakage across the MOS switch is
therefore minimized. With S1 open, drift is prima-
rily determined by :nput bias current of A2,
typically 100 pA at 25°C.

7.1 Theory of Operation—LH0043

The LHO0043/LH0043C is comprised of input
buffer amplifier A1, FET switch S1 operated by a
TTL compatible level translator, and output buffer
amplifier A2. To enter .the “‘sample’”’ mode, the
logic input is taken to the TTL logic “0" state
(Ve = 0.8V) which commands the. switch S1

ANALOG
INPUT

wet [LONNANNMNn |

ANALOG

ouTPUT -
4 \

closed and allows A1 to make the storage capaci-
tor voltage equal to the analog input voltage. In
the “hold” mode (Vg = 2.0V), S1 is opened
isolating the storage capacitor from the input and
leaving ‘it charged to a voltage equal to the last
analog input voltage before entering the hold
mode. The storage capacitor voltage is brought to
the output by low leakage amplifier A2.

8.0 Definitions

Vg:  The voltage at pin 5 e.g., the analog
input voltage.

Vg:  The voltage at pin 6, eg., the logic
_control input signal.
V,,: The voltage at pin 11, e.g., the output

signal.

T,: The temperature of the ambient air.

Te:  The temperature of the device case at
the center of the bottom of the header.

Acquisition Time:

The time required for the output (pin 11) to settle
within the rated accuracy after a specified input
change is applied to the input (pin 5) with’the
logic input (pin 6) in the low state.

Aperture Time:

The time indeterminacy when switching from
sample mode to hold including the delay from the
time the mode control 'signal (pin 6) passes
through its threshold (1.4 volts) to the time the
circuit actually enters the hold mode.

Qutput Offset Voltage:

The voltage at the output terminal (pin 11) with
‘the analog input (pin 5) at ground and logic input
(pin 6) in the “'sample’”” mode. This will always be
adjustable to zero using a 10k pot between pins 3
and 4 with the wiper arm returned to V™.
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Sample and Hold Amplifiers

LHO053/LHO0053C high speed sample and hold amplifier

general description

The LHO053/LH0053C is a high speed sample
and hold circuit capable of acquiring a 20V step
signal in under 5.0us. -

The device is ideaily suited for a variety of high
speed data acquisition applications including analog
buffer memories for A to D conversion and
synchronous demodulation.

An auxiliary switch within the device extends its
usefulness in applications such as preset integrators..

features

® Sample acquisition time 5.0us max for 20V
signal

® FET switch for preset or reset function
® Sample accuracy null

® Offset adjust to OV

® DTL/TTL compatible FET gate

® Single storage capacitor

schematic and connection

STORAGE
CAPACITOR

v
T (=}
5

FEEDBACK

1 =4,

>-

diagrams

Metal Can Package

OFFSET
ADJUST

FEEDBACK

OFFSET
ADJUST
ANALOG

INPUT ~

STORAGE

CAPACITOR ouTPUT

ouTPyT

GaTE1 "

10 6 8 7 9
O

v GATE1  PRESET

ac test circuit

O
GATE2 GND

PRESET

TOP VIEW

Order Number LH0053G or LH0O053CG
See Package 6

_

Acquisition Time Test Circuit
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LHO053/LH0053C

absolute maximum ratings

Supply Voltage (V¥ and V7)
Gate Input Voltage (Vg and V)
Analog Input Voltage (V,4)
Input Current (ig and Ig)
Power Dissipation

Output Short Circuit Duration
Operating Temperature Range

+18V
+20V
15V

10 mA
1.5W
Continuous

~ LH0053 .~55°C to +125°C -
LH0053C —25°C to +85°C

Storage Temperature Range —65°C to +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Note 1)

“ ) LIMITS
PARAMETER CONDITIONS LHO0053 LH0053C UNITS
MIN TYP MAX MIN TYP MAX :

Sample (Gate '0") 0.5 05 Y

Input Voltage )

Sample (Gate "0") Vg = 0.5V, T, =25°C -5.0 . -5.0 WA

Input Current Vg =0.5 =100 ~100 uA

Hold (Gate “1") 45 . 45 v

{nput Voltage )

Hold (Gate "'1"") Vg =4.5V, Ty = 25°C 1.0 1.0 nA
- Input Current Vg =4.5V 1.0 - 1.0 MA

Analog Input +10 £11 +10 KSR \2

Voltage Range

Supply Current V4 =0V 13 18 13 18 mA

Vi = 0.5V

Input Bias Current V4 =0V, T, =25°C 120 |- 250 150 500 nA

(l4)

Input Resistance. 9.0 10 11 T 90 © 10 11 3%}

Analog Output Ry = 2.0k +10 12 +10 £12 X Vv

Voltage Range \

Qutput Offset V4 =0V, Vg =05V, T, = 25°C 5.0 7.0 50- 10 mv

Voltage V4 =0V, Vg = 0.5V 10 o 15 mv

Sample Accuracy V4 =210V, Vg = 0.5V, T4 = 25°C 0.1 0.2 0.1 0.3 %

{Note 2) .

Aperture Time AVg =45V, T =25°C 10 25 10 25 ns

Sample Acquisition 4 =*10V, T4 = 25°C, 5.0 10 8.0 15 us

Time . Ce = 1000 pF B N

Sample Acquisition Vg4 =210V, Tp = 25°C, 40 - 40 us

Time Ce =100 pF .

Qutput Slew Rate AV = £10V, T, = 25°C, 20 20 A " Vlius

B Cg = 1000 pF |

Large Signal Vgq =210V, Ty = 25°C, 200 200 . kHz

Bandwidth Ce = 1000 pF !

Leakage Current Va =210V, Ty = 2’5°C, 6.0 30 10 50 PA

(Pin 5) : V4 = %10V 30 3.0 nA

Drift Rate , V4 =210V, Ty = 25°C, ‘ 6.0 30 10 50 mV/s

Ce = 1000 pF

Drift Rate Va4 = %10V, C¢ = 1000 pF 30 ! 3.0 Vis

Q2 Switch ON V; =05V, Ig = 1.0 mA, T = 25°C - 100 300 100 300 Q

Resistance '

Note 1: Unless otherwise noted, these specifications apply for Vg ='+15V, pin 9 grounded, a 1000 pF capacitor between pin
5 and pin 11, pin 3 shorted to pin 11, over the temperature range —55°C to +125°C for the LH0053 and ~25°C to +85°C for

the LHO053C. All typlcal values are for Ty = 25°C.

Note 2: Sample accuracy mav be nulled by inserting a potennometer in the feedback loop. This compensates for source

impedance and feedback resistor tolerances.
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typical performance characteristics

Power Dissipation
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LHO053/LH0053C

typical applications (con’t)
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applications information
SOURCE IMPEDANCE COMPENSATION

The gain accuracy (linearity) of the LHO0053/
LHO053C is se't by two internal precision resistors.
Circuit applications in which the source impedance
is non-zero will result in a closed loop gain.error,
e.g. if Rg = 1082, a gain error of 0.1% results.
Figure 1 and 2 show methods for accommodating
non-zero source impedance.

' DRIFT ERROR MINIMIZATION

-In order to minimize drift error, care in selection

Ce and layout of the printed circuit board . is
required. The capacitor should be of high quality
teflon, polycarbonate or polystyrene construction.

Board layout and clean lines are critical particularly

' at elevated temperature.

A ground guard (shield) surrounding pin 5 will
minimize leakage currents to and from the summing
junction, arising from extraneous signals. See
AN-63 for detailed recommendations.

CAPACITOR SELECTION

.The size of the capacitor is determined by the

required drift rate usually at the expense of
acquisition time.

The drift is dictated by leakage current at pin 5
and is given by: ) :
dv '

dt Cg
Where I is the leakage current at pin 5 and Cg
is the value of the capacitance. The room tempera-
ture leakage of the LH0053.is typical 6.0 pA, and
a 1000 pF capacitor will yield a drift rate of
6.0 mV per second.

For values of Cg below 1000 pF acquisition for
the LHOO053 is primarily governed by the slew
rate of the .input amplifier (200V/us) and the
setting time of output amplifier (= 1.0us). For
values above Cg = 1000 pF, acquisition time is
given by:

Cg AV

+ 1g2
- lpss
Where:

Cg = The value of the capacitor
AV = The magnitude of the input step; .
e.g. 20V

Ipss = The ON current of switch Q1
= 5.0 mA

tso = The setting time of output amplifier
= 1.0us




applications information (con’t)

JESO00H1/€S00HT

FIGURE 1. Non-Zero Source Impedance Compensation

]
|

FIGURE 2. Non-Zero Source Impedance Buffering

GATE INPUT CONSIDERATIONS
5.0V TTL Applications

The LHO053 Gate inputs Gate 1 (pin 6) and Gate
2 (pin 7) will interface directly with 5.0V TTL.
However, TTL gates typically pull up to 2.5V in
the logic ‘1" state. It is therefore advisable to
use a 10k pull-up resistor between the 5.0V, V¢,
and the output of the gate as shown in Figure 3.

+5.0V

10K Sk
GATE 54/74 >

LH0053

O—

FIGURE 3. TTL Logic Compatibility

CMOS Applications

The LHOO053 gate inputs may be interfaced directly
with 74C, CMOS operating off of Vcc's from
5.0V to 15V. However transient currents of
several milliamps can flow on the rising and
falling edges of the input signal. It is, therefore,
advisable to parallel the outputs of two 54C/74C
gates as shown in Figure 4.

It should be noted that leakage at pin 5 in the
hold mode will be increased by a factor of 2 to 3
when operating into 15V logic levels.

Unused Switch, Q2

In applications when switch Q2 is not used the
logic input (pin 7) should be returned to +5.0V
(or +15V for HTL applications) through a 10k2
resistor. Analog Input, preset (pin 8) should be
grounded.

Vee 5.0V TO 15V

A INPYT P

LH0053

B INPUT O

00 U U

MM74C00

FIGURE 4. CMOS Logic Compatibility

HEAT SINKING

The LHO053 may be operated over the military
temperature range, -55°C to +125°C, without
incurring damage to the device. However, a clip
on heat sink such as the Wakefield 215 Series or
Thermolloy 2240 will reduce the internal tempera-
ture rise by about 20°C. The result is a two-fold
improvement in drift rate at temperature.
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LHO053/LH0053C

applications information (con‘t)

Since the case of the device is electrically isolated
from the circuit, the LH0053 may be mounted
directly to a grounded heat sink. -

POWER SUPPLY DECOUPLING

Amplifiers A1 and A2 within the LHO053 are very
wide band devices and are sensitive to power supply
inductance. It is advisable to:by-pase V* (pin 12)
and V™ (pin 10) to ground with O0:1uF disc

capacitors in order to prevent oscillation. Should
this procedure prove inadequate, the disc capacitors
should be paralled with 4.7uF solid tantalum

electrolytic capacitors. ) e

DC OFFSET ADJUST

Output offset error may be adjusted to zero using
the circuit shown in Figure 5. Offset null should

‘be accomplished in the sample mode (Vg < 0.5V)

and analog input (pin 4) equal to zero volts.

sV

200%

b——0 oureur

FIGURE 5. Offset Null Circuit

definition of terms

Voltage, V4: The voltage at pin‘4, i.e., the analog
input voltage.

Voltage, Vg: The voltage at pin 6, i.e., the logic
control signal. A logic “1" input, Vg < 4.5V,
places the LH0053 in the HOLD mode; a logic
“0” input (Vg < 0.5V) places the device in
sample mode.

Acquisition Time: The time required for thee output
(pin 11) to settle within the rated accuracy after a
specified input change is applied to Analog Input 1

(pin 4) with logic input, Gate 1, (pin 6) in the
logic 0" state.

Aperture Time: The time indeterminacy when
switching from the “sample’’ mode to the HOLD
mode measured from time the logic input passes
through it's threshold (2.0V) to the time the device
actually enters the HOLD mode.

Sample Accuracy: Difference bgtwegnﬁ_iqputivquit-
age and output voltage while in the sample mode,
expressed as a percent of input voltage.
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Comparators

NATIONAL

LH2111/LH2211/LH2311 dual voltage comparator
general description

LLEZHT/LLZZHT/LLLZHT

The LH2111 series of dual voltage comparators are - fied for operation over the 0°C to 70°C tempera-
two LM111 type comparators in a single hermetic ture range.

package. Featuring all the same performance char-

acteristics of the single, these duals offer in addi- features

tion closer thermal tracking, lower weight, reduced ' X X

insertion cost and smaller size than two singles. ® Wide operating supply range 15V toa
For additional information see the LM111 data single +5V
sheet and National’s Linear Application Handbook. ® | ow input currents 6 nA
Theo LH2111 12 specified for operation over the & High sensitivity 1M0uVv
-55"C to +125°C military temperature range. The - . -

LH2211 is specified for operation over the -25°C ® Wide differential input range 30V
to +85°C temperature range. The LH2311 is speci- ® High output drive 50 mA, 50V

connection diagram auxiliary circuits

v

[T —
ouTPUT

GND (EMITTER)

NON NV iNpUT O]
1
BAL/STROBE
BALANCE
-

o
NV INPUT oﬁ_\ N
oureut
8
5_-@ 10.GND (EMITTER)

"
NON INV INPUT O——rd +

BAL/STROBE
BALANCE

Offset Balancing Strobing

Order Number LH2110D or
LH2210D or LH2310D
See Package 2

- FROM

NETWORK

oz Y

INPUTS®

*Increases typical common mode
slew from 7.0V/ps to 18V/ps.

Increasing Input Stage Current* Driving Ground-Referred Load

FROM D/A NETWORK

ANALOG
NPUT
R ToTTLLOGIC
@

T
SAMPLE STROBE *Values shown are for a
0 to 30V logic swing and

2 15V threshold

tMay be added to control
speed and reduce susceptibility
10 noise sprkes.

*Typical input current is
50 pA with inputs strobed off T

|
1

Comparator and Solenoid Driver Strobing off Both Input* TTL Interface with High Level Logic
and Output Stages
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absolute maximum ratings

LH2111/LH2211/LH2311

Total Supply Voltage (V* - v7) ' 36V QOutput Short Circuit Duration 10 séc
Output to Negative Supply Voltage (Vout - V') 50V Operating Temperature Range LH2111 -55°C to 125°C
Ground to Negative Supply Voltage (GND - V) 30v ' LH2211 -25°C to 85°C
Differential Input Voltage +30V . . LH2311 0°C to 70°C
Input Voltage (Note 1) 16V Storage Temperature Range . -65°C 10 150°C
Power Dissipation (Note 2) 500 mW Lead Temperature (Soldering, 10 sec)’ 300°C
electrical characteristics - eachside (Note 3)
X LIMITS .
PARAMETER CONDITLONS UNITS
LH2111 LH2211 LH2311
Input Offset Voltage (Note 4) Ta=25°C, Rg< 50k 3.0 3.0 7.5 mV Max
Input Offset Current (Note 4) Ta=25°C 10 10 50 nA Max
Input Bias Current Ta=25°C . 100 100 250 nA Max
Voltage Gain Ta=25°C . 200 . 200 200 V/mV Typ
Response Time (Note 5) Ta=25°C 200 200 200 ns Typ
Saturation Voltage Vin <-5mV, loyr = 50 mA 1.5 . 1.5 1.5 V Max
Ta=25°C ) . ;
Strobe On Current Ta= 25°C 3.0 3.0 3.0 mA Tyb
Output Leakage Current Vin >5mV, Vour = 35V 10 : 10 50 nA Max
=25°C
Input Offset Voltage (Note 4) Rs < 50k 40 4.0 10 mV Max
Input Offset Current (Note 4) 20 . 20 70 nA Max
Input Bias Current 150 150 300 nA Max
Input Voltage Range +14 114 +14 . VTyp
Saturation Voltage vi>45v,v =0 . 04 0.4 0.4 V Max
Vin<-5mV, Igink <8 mA _ .
Positive Supply Current Ta=25C . 6.0 6.0 75 mA Max
Negative Supply Current Ta=25°C 5.0 5.0 ' 5.0 mA Max

Note 1: Thls‘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 is 150°C. For operating at elevated temperatures, devices in the flat package, the
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch-
wide, 2 ounce copper conductor. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient.

Note 3: These specifications apply for Vg = +15V and -55°C < Ta < 125°C for the LH2111,-25°C < Ta< 85°C for the
LH2211, and 0°C < T < 70°C for the LH2311, unless otherwise stated. The offset voltage, offset current and bias current
specifications apply for any supply voltage from a single 5V supply up to +15V supplies. For the LH2311, V)N =+10mV.
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 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 is for a 100 mV input step with 5 mV overdrive.




NATIONAL

Analog Switches

AHO0014/AH0014C* DPDT, AH0015/AH0015C quad SPST,
AHO019/AH0019C* dual DPST-TTL/DTL compatible

MOS analog switches
general description

This series of TTL/DTL compatible MOS analog
switches feature high speed’ with internal level
shifting and driving. The package contains two
monolithic integrated circuit chips: the MOS ana-
log chip is similar to the MM450 type which
consists of four MOS analog switch transistors;
the second chip is a bipolar I.C. gate and level
shifter. The series is available in both hermetic
dual-in-line package and flatpack.

features

® |arge analog voltage switching 10V
= Fast switching speed 500 ns
m Qperation over wide range of power supplies
= | ow ON resistance 20092
m High OFF resistance 10''Q

® Fully compatible with DTL or TTL logic
® [ncludes gating and level shifting

These switches are particularly suited for use
in both military and industrial applications such
as commutators in data acquisition systems, multi-
plexers, A/D and D/A converters, long time
constant integrators, sample and hold circuits,
modulators/demodulators, and other analog signal
switching applications. For information on other
National analog switches and analog interface ele-
ments, see listing on last page.

The AH0014, AH0015 and AH0O019 are specified
for operation over the ~55°C to +125°C military
temperature range. The AH0014C, AH0015C and
AHO0019C are specified for operation over the
-25°C to +85°C temperature range.

block and connection diagrams

Fom—— oo -
AnaLo ;z;_ 1
R 14 anALo
AnaL0s 13, j——T1
—7—’—‘ i
I
auaLo0 ) ! !
| S AL
Awatos 10 ! T
i ! v
| Hv-
1 VCC
L oND
mm Nﬂt!. Al logic inputs

mm shawnatlngic “1.”

Order Number AH0014D or AH0014CD
“ See Package 1

Quad SPST

anatog ul = I auatos
awatos 0} o Auasos
AwaLo =~ nmnc
AnAmE _J\,_G_*__t___mmn
i H hev
| & HLv-
Hvee
| [ER
- o
T is
LOGIC LOGIC LOGIC LOGIE
Fa e R
Note: All logic inputs shown at logic “1.”

Order Number AH0015D or AH0015CD
See Package 2
Order Number AHO01 5CN
See Package 18

typical applications
Integrator

Mmll!'(}

5
5[ Hoo22>-8—e-vour

*Previously called NH0014/NH0014C and NHO019/NH0019C

anavos s |
WAl “"'—*\ 0_anALOG
AnaLog _'_. outt
1
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AnaLo _1— ! |

. 5 anaLOG
nmmc ! o2
¥ iy
1 oy-
! Hvee v
' [ '
Lo -
LG Nnte: All logic inputs

Alozc  shown at logic “1.”
s

Order Number AH0014D or AH0014CD
See Package 1
Order Number AHO014CN
See Package 17

Dual DPST

anag_ s T T T T T -

War I
anatog 71 !s_awawos
o] T ouT
i 1
|
!

ANALOG _S ! !
R |

anaLog_8 10_awasos
We = T 0urs

]
I
I Ly
i L:‘V_\,
i e
| Bl " Note: Pin connections are identical
Mot Mo Tor DIP and Flatfack. All logic
B 82 inputs shown at logic “1.”
Order Number AH001SD or AHO0019CD
See Package 1
Order Number AHO019CN
See Package 17

Reset Stabuluzed Amplifier
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o
[=2] .
= absolute maximum ratings
[=}
I
-4 Vce Supply Voltage 7.0V
~ V; Supply Voltage -30V
2} V" Supply Voltage +30V
- P,
(=) V7/V~ Voltage Differential 40v
o Logic Input Voltage 5.5V
I Storage Temperature Range ~65°C to +150°C
< Operating Temperature Range
N AH0014, AH0015, AH0019 -55°C to +125°C
o AH0014C, AH0015C, AH0019C -25°Cto +85°C
& Lead Temperature (Soldering, 10 sec) 300°C
(=}
o - ) - 3
1<: electrical characteristics (Notes 1 and 2)
)
s PARAMETER CONDITIONS MIN TYP MAX UNITS
o e ' - :
T Logical 1" Input Voltage Vee = 4.5V 20 \
L~ ¢ Logical ““0” Input Voltage Vee = 4.5V 08 \Y
d Logical 1" Input Current Vee = 5.5V Vin =24V 5 MA
$ Logical 1" Input Current Vee 7 5.5V Vin = 5.5V 1 mA
8 Logical 0" Input Current Vee = 5.5V Vin = 0.4V 0.2 04 mA
I Power Supply Current Logical 1" Vee = 5.5V VN = 4.5V 0.85 1.6 mA
s Input — each gate (Note 3) )
< Power Supply Current Logical 0" Vee = 5.5V Vin =0V
. Input — each gate (Note 3)
o
o AHO0014, AH0014C 1.5, 3.0 mA
T AHO0015, AH0015C 0.22 0.41 mA
L~ ¢ AH0019, AH0019C 0.22 0.41 mA
Analog Switch ON Resistance — each gate | Vin (Analog) = +10V 75 200 Q
Vin (Analog) = =10V 150 600 Q
Analog Switch OFF Resistance 10" Q
Analog Switch Input Leakage Current — Vin=-10V
each input (Note 4)
AH0014, AH0015, AH0019 Ta=25°C 25 - 200 pA
Ta=125°C 25 200 nA -
AH0014C, AH0015C, AHOQ19C Ta =25°C 0.1 10 nA
Ta=70°C 30 100 nA
Analog Switch Output Leakage Vour =-10V
Cutrent — each output (Note 4)
AH0014, AHO015, AH0019 Ta=25°C 40 400 pA -
: Ta=125°C 40 400 nA
AHO0014C, AH0015C, AH0019C Ta=25°C 0.05 10 nA
: Ta=70°C 4 50 nA
Analog Input (Drain) Capacitance 1 MHz @ Zero Bias 8 10 pF
Output Source Capacitance 1 MHz @ Zero Bias " 13 pF
. Analog Turn-OFF Time — tore See test circuit; Tp = 25°C 400 500 ns
Analog Turn-ON Time — ton See test circuit; To = 25°C
AHO0014, AH0014C : 350 425 ns
AH0015, AH0015C 100 150 ns
AHO0019, AH0019C 100 150 ns
Note 1: Min/max limits apply across the guaranteed temperature range of -55°C to +125°C for
AHO0014, AHO015, AHO019 and -25°C to +85°C for AHO014C, AH0015C, AHO019C. V™ = -20V.
vt = +10V and an analog test current of 1 mA unless otherwise specified.
Note 2: All typical values are measured at Tp = 25°C with Vcg = 5.0V. vt =410V, VT = 222V,
Note 3: Current measured is drawn from Vg supply.
Note 4: All analog switch pins except measurement pin are tied to v,
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3
analog switch characteristics (Note2) o
-
' »
RON vs Temperature RON vs Temperature RON vs Temperature ;
128 T T BT S LA T
- Vil = Vour = H10V - Vin = Vour = OV HVin = Vour = -10V o
7w g o0 g 20 o
£ ) - 2 -—h
w 75 P g 1 8 s &
z = H o
= % % -
2 5 T 2 50 2 150
g & g P >
Y g z o X
S 2 T ® 12 — o
' S
0 o 100 T
-§5°C  -15°  28° 65°  105° -65° 15" 25" 65°  105° 557 -15°  25° 65°  105° Ny
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE °C) :>|:
. o
Cinvs ViIN Leakage vs Vy (Channel “OFF") Driver Gate V| vs VouT o
g
_ 15 ———T _+10 T
IMES====== N vy s [ Vec -0V a
L N o s s e s S s 50 N V7= NO EFFECT | W +— V=222V :
CHANNEL “ON" — CHANNEL “ON" —] < N = - e V=80V
2 | v=-20v —V=-0v = 2 2 0 t - >
iy \ =3 > 25°C 4o -56°
o : : N 5 >
S 10 y 0 N g b=y
H ] z N g -1 Q
2 s ' £ 2 o
H X o < x - ~
& o H
2 [FCHANNEL “ON” T~ CHANNEL “OFF" - !} >
Vo= 10V V=20V H X
1 e -15 -25 o
S0 -8 6 -4 -2 0 +2 +4 +6 +8 +10 +10 0 -10 0 05 10 15 20 25 30 35 o
ANALOG V,y (V) ANALOG V,y (V) INPUT VOLTAGE (V) z-s
(9}
/
Schematic (Single Driver Gate
and MOS Switch Shown) Analog Switching Time Test Circuit
+10.0V Vour

ANALOG
A w

ANALOG
ut

e

selecting power supply voltage

The graph shows the boundary conditions which
must be used for proper operation of the unit.
The range of operation for power supply V™ is
shown on the X axis. It must be between —25V
and -8V. The allowable range for power supply
V* is governed by supply V™. With a value chosen
for V7, V* may be selected as any value along a
vertical line passing through the V™ value and
terminated by the boundaries of the operating
region. A voltage difference between power sup-
plies of at least 5V should be maintained for
adequate signal swing.
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Analog Switches

NATIONAL |

AH0120/AH0130/AH0140/AH0150/AH0160
series analog switches

general description

The AHO100 series represents a complete family = Gate to drain bleed resistors eliminated
8 of junction FET analog switches. The inherent = Fast switching, ton is typically 0.4 us, tdFF is
flexibility of the family allows the "designer to 1.0 us
tailor the device selection to the particular appli- " 0
. . ! A N . peration from standard op amp supply volt-
cation. Switch configurations available include dual . ages, 15V, available. (AHO150/AH0160 series)

DPST, dual SPST, DPDT, and SPDT. rgson) ranges
from 10 ohms through 100 ohms. The series is
available in both 14 lead flat pack and 14 lead

= Pin compatible with the popular DG 100 series

cavity DIP. Important design features include: o The AHO100 series is designed to fulfill a wide
* TTL/DTL and RTL compatible logic inputs variety of analog switching applioations including
= Up to 20V p-p analog input signal commutators, multiplexers, D/A converters,'sample

and hold circuits, and modulators/demodulators.
- kﬂg'}'&B Ii:?_mah:g) 10©2 (AHO0140, AHO141, The AHO0100 series is guaranteed over the tempera-

AT ture . range -55°C to +125°C; whereas, the
* Analogsignals in excess of 1 MHz AHO100C series is guaranteed over the temperature
= “OFF" power less than 1 mW range -25°C to +85°C

schematic diagrams . :
DUAL DPST and DUAL SPST DPDT (diff.) and SPDT (diff.)
vt

Wy n[j

AHO0120/AH0130 /AH0140 / AH0150/ AHO160 Series

v

. In

I r

1 304 I
) —o 54t

1 2 'l :

: ' . Ny S ,

L- o4 |

o] | ”

-[W | sw:" ] sw:“
(ENABLE) 1 8 . , 3
. T ‘ T

Note: Dotted line portions are not applicable to Note: Dotted line portions are not applicable to
the dual SPST. the SPDT (differential).

Order any of the devices below using the part numhey with a D suffix. See Package 1.
AHO0133C, AH0134C, AH0151C, AH0152C available in N Package also.

logic and connection diagrams

-
r

DUAL SPST
DUAL DPST * Pinned out in N Package only. DPDT (diff.). . SPDT (diff.)
v+ Vvt GATE1* vt
fu fu Ts . T“ in
8 ol - 8 ot ! .
) ——e— - T S roon o o — Loomy
: et sl e o DR T e
Nz o1} i e i : . ! wy o2 SN 4o
: 9 H 1 - H B :
' Wpo———y N 4 '
MO 5 T : Y
: GATE 2 Nz i ViNg =25V BIAS
[n I [0 -lu T lu I [z
VR(ENABLE) v- VR (ENABLE) VR (ENABLE) V- Vg (ENABLE)

HIGH LEVEL (+10V) . HIGH LEVEL (""IOV) " HIGH LEVEL (£10V) ’ HIGH LEVEL (x10V)
AH0140 (10Q) AHO0141 (10Q) AHO0145 (1092) . AH0146 (10Q)
AHO0129 (30Q) AHO0133 (30Q2) AHO0139 (309) AH0144 (30Q
AH0126 (80%2) AHO0134 (80Q2) : AHO0142 (80) . AH0143 (80

MEDIUM LEVEL (:7.5V) MEDIUM LEVEL (+7.5V) MEDIUM LEVEL (£7.5V) MEDIUM LEVEL (7. 5V)
AHO153 (152) - HO0151 (150) AHO0163 (1592) AHO0161 (1592)

AH0154 (5052) AH0152 (509) - AHO0164 (5092) AHO0162 (50%2)




absolute maximum ratings

High Medium

Level Level
Total Supply Voltage (V" - V7) 36V 34V
Analog Signal Voltage (V' = VA or Va - V7) 30V 25V
Positive Supply Voltage to Reference (V' - Vg) 25V 25V
Negative Supply Voltage to Reference (Vg - V™) 22V 22V
Positive Supply Voltage to Input (V' - V|y) 25V 25V
Input Voltage to Reference (V5 - VR) 6V 6V
Differential Input Voltage (V N - Vn2) 16V 6V
Input Current, Any Terminal 30 mA 30 mA
Power Dissipation See Curve

Operating Temperature Range AHO0100 Series ~ -55°C to +125°C

AH0100C Series ~ -25°C to +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics for “HIGH LEVEL" Switches (Note 1)

S 09L0OHV/0SLOHVY/ OYLOHV / OELOHV / OZLOHY

DEVICE TYPE CONDITIONS LIMITS
PARAMETER symeoL [ T Cual | oror | sror 20y v e 120w Ve ~00v v e UNITS
DPST SPST |- (DIFF) | (DIFF) oV OV, Va =0
Logic “1" ) Ta=25C 20 | 60 uA
Input Current finion Al Circurts Note 2 Over Temp, Range 20 A -4
Logic "0 . Ta = 25°C 01 A A -
Input Current IinoFF) Al Cireurts Note 2 Over Temp, Range 20 | WA 3
Positive Supply Current | . Ta = 25°C 22 30 | mA L
| T
Switch ON (ON) All Circuits One Driver ON Note 2 Gver Temp. Range 33 A
Negative Supply - Ta=25°C -1.0 -1.8 mA
Current Switch ON om Al Cireutts One Driver ON Note 2 Guer Temp Range 20 | mA
Reference Input Ta=25°C <10 | 14| ma
(Enaole) ON Current | 'RION! All Cireurts One Driver ON Note 2 Over Temp, Range | =16 | mA
Positve Supply . Taz25°c_ | 10 10 | pA
Current Switch OFF Viore) Al Circurts Viny ~ Ving = 0.8V Over Temp, Range 25 WA
Negative Supply - _ _ Ta =25°C -1.0 -10 HA
Current Switch OFF More) All Cureurts Vint = Ving = 08V Over Temp. Range 25 uA
Reference Input . Ta=25°C -1.0 -10 WA
(Enable) OFF Current | 'RIOFF) Al Crreunts Vi = Vinz - 08V Over Temp Range 25 WA
Vp = 10V Ta=25°C 5 80 Q .
tch 1
Switch ON Resistance | rasionn AHO126 | AHO134 | AHO142 | AHO143 ° A Oner Tomp. Range 150 p
; Vp = 10V Ta=25°C 25 30 Q
Switch ON Resistance | rasionn AHO129 | AHO133 | AH0139 | AHO144 A I = 5
o= 10V Ta=25°C 8 10 Q
Switch ON Reslsla’nce fasion) AH0140 | AHO141 | AHO145 | AHO146  mA oot Toms Fanw 0 5
g Ta=25°C .01 1 nA
Driver Leakage Current | (Ip + Ishon All Circurts Vo = Vg = -10V S Tons o &5 =
Switch Leakage Isiorr) OR | AH0126 | AHO134 | AHO142 | AHO143 Ve - £20V Ta=25°C 08 1 nA
Current lotorF) AHO129 | AHO133 | AHO139 | AHO144 os == Over Temp. Range 100 nA
Switch Leakage Isiorr) OR _ Ta=25°C 4 10 nA
conrom Sorn AH0140 | AHO141 | AHO145 | AHO146 Vos - £20V oerTams Fangs oA
) . AH0126 | AHO134 | AHO142 | AHO143 See Test Circuit 0s 08 .
Switch Turn-ON Time | ton AHO129 | AH0133 | AH0139 | AHO144 Va=$10V  Ta=25°C g - #
. . - See Test Circuit /
Switch Turn-ON Time [ ton AHO140 [ AHO141 | AHOT4S | AHOT4G | Va0V TassC 08 10| ws
. AHO0126 | AHO134 | AHO142 | AHO143 See Test Circuit
Switch Turn-OFF Time  tore AH0129 | AHO133 | AHO139 | AHO144 Va=210V Ty =25°C 09 161 ws
o o - See Test Circuit
Switch Turn-OF F Time | tore AH0140 | AHO141 | AHO145 | AHO146 VattOv T e28°C RS 25 | us

Note 1: Unless otherwise specified ' these limits apply for -55°C to +125°C for the AH0100 serles
and -25°C to +85°C for the AHO100C series. All typical values are for T 5 = 25°C. - ,

Note 2: For the DPST and Dual DPST, the ON condition 1s for V|n = 2.5V; the OFF condition
is for V| = 0.8V. For the differential switches and SW1 and 2 ON, V|N2 2.5V, VN7 = 3.0V.
For SW3 and 4 ON, Vin2 = 2.5V, VN7 = 2.0V.
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electrical characteristics for “MEDIUM LEVEL" Switches (Note 1)

AHO0120/AHO0130/AH0140/AH0150/AHO0160 Series

DEVICE TYPE CONDITIONS LIMITS
PARAMETER symeoL [~ oo T ouaL | oual | seor eSOV = 15, Ve v vo | e UNITS
' DPST SPST OPDT | (DIFF) o YR
Logic “1" T, 25°C 20 60 uA
Input Cutrent Iinom Al Circurts Note 2 Over Temp Range 20 WA
Logc 0" . - 25°C 01| 01| wa
Input Current liniore) Al Cireurts Note 2 Over Temp. Range 2 WA
Positive Supply . . a=25°C 22 30 | mA
Current Switch ON o All Crreunts One Drver ONNote 2 G0 e Range 33 [ A
Negative Supply - a=25°C -1.0 -1.8 mA
Current Switch ON om Al Cireurts One Driver ON Note 2 Dver Temp. Range 20 A
Reference Input =25'C -1.0 -1.4 mA
(Enable) ON Current | 'R(OW All Cireurts One Driver ON Note 2 Over Temp. Range 16 | mA
Positive Supply . = 25°C 1.0 10 WA
Current Switch OFF | ! ©OFF) Al Circurts Ving © Vinz - 08V Over Temp. Range % WA
Negative Supply - A= 25°C -1.0 -10 uA
Current Switch OF F ! ore Al Crreuits Ving - Vinz - 0.8V Over Temp. Range -25 HA
Reference Input , a=25°C -10 -10 uA
(Enable) OFF Current | 'RIOFF) All Circurts Ving Ving 08V Over Temp. Range 25 uA
Vo 75V -25°C 10 15 Q
Switch ON Resistance | rasion) AH0153 | AHO0151 | AHO163 | AHO161 s 1A O Toms R % a
. o - 75V = 25°C 45 50 Q
Switch ON Resistance | rasion) AHO0154 | AH0152 | AHO164 | AHO162 o 1mA Grer Tomp Forge 190 T
. = 25°C .01 2 nA'

Driver Leakage Current | (Ip + Islon Al Circuits , Vp - Vg -'=7.5V uer Temp. Range 500 A
Switch Leakage loiore) OR = 25°C 5 ‘10 nA
P rore AHO153 | AHO151 | AHO163 | AHO161 Vos - 118V Ovar rems T oA
Switch Leakage lowrr OR | N Ta=256°C 1.0 2.0 nA
ooy oot AH0154 | AH0152 | AHO164 | AHO162 Vps - $15.0V Coor Tems s 566 =

See Test Circuit
Switch Turn-ON Time | ton AH0153 | AHO151 | AH0163 | AHO161 Va =75V 0.8 10 | s
' a=25°C ‘

See Test Circuit
Switch Turn-ON Time ton AHO154 | AHD152 | AHO164 | AHO162 0.5 08 Hus

See Test Circuit
Switch Turn-OFF Time | toge AH0153 | AHO151 | AHO163 | AHO161 Va = £7.5V 1 25 | s

Ta =25°C

See Test Circuit

Switch Turn-OFF Time | tors AHO154 | AHO152 | AHO164 | AHO162 Va =275V 09 15 | us
Ta=25C :

Note 1: Unless otherwise specified, these limits apply for -556°C to +125°C for the AHO100 series
and -25°C to +85°C for the AHO100C series. All typical values are for Ta = 25°C.

Note 2: For the DPST and Dual DPST, the ON condition. is for VN =
is for Vyy = 0.8V. For the differential switches and SW1 and 2 ON, VN2 = 2.5V, VN1
For SW3 and 4 ON, VN2 = 2.5V, VN1

=2.0V.

2.5V; the OFF condition
=3.0V.
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typical performance characteristics

Power Dissipation
vs Temperature

ON Supply Current
vs Temperature

rds(ON) vs Temperature
AHO0120 thru AH0140 Series
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" AI-:IO120/AH0130/AH0140/AH 0150/AHO0160 Series

applications information

1. INPUT LOGIC COMPATIBILITY

A. Voltage Considerations

In general, the AHO100 series is compatible with )
‘most DTL, . TTL, and RTL logic families. The ON-

input threshold is determined by the Vge of the
input transistor plus the V¢ of the diode in the
emitter leg, plus | x Rj, plus Vg. At room
temperature and Vg = 0V, the nominal ON thres-
hold is:0.7V+0.7V+0.2V,=1.6V.Over temperature
and manufacturing tolerances, the threshold may

be as high as 2.5V and as low as 0.8V. The rules

for proper operation are:
Vin = VR > 2.5V All switches ON
Vin = Vr < 0.8V All switches OFF

B. Input Current Considerations

linton), the current drawn by the driver with
Vin. = 2.5V is typically 20 uA at 25°C and is guar-
anteed less than 120 uA over. temperature. DTL,
such as the DM930 series can supply 180 uA at
logic 1" voltages in excess of 2.5V. TTL output
levels are comparable at 400 uA. The DTL and
TTL can drive the AH0100 series directly. qu—

ever, at low temperature, DC noise margin in the -

logic 1" state is eroded with DTL. A pull-up re-
sistor of 10 k§2 is recommended when using DTL
over military temperature range.

If more than one driver is to be driven by a DM930
series (6K) gate, an external pull-up resistor should
be added. The value is given by:

Rp = for N>2

11
N-1
where:

Rp = value of the pull-up resistor in k2

N = number of drivers.

C. Input Slew Rate

The slew rate of the logic input must be in excess
of 0.3V/us in order to assure proper operation of
the analog switch. DTL, TTL, and RTL output
rise times are far in excess of the minimum slew
rate requirements. Discrete logic designs, however,
should include consideration of input rise time.

2. ENABLE CONTROL

The application of a positive signal at the Vg

tern)i'nal will open all switches. The Vg (ENABLE)
signal must be capable of rising to within 0.8V of

* Vin(on) in the OFF state and of sinking Igon)

milliamps in the ON state (at Vinon) = VR >
2.5V). The Vg terminal can be driven from most
TTL and DTL gates.

3. DIFFERENTIAL INPUT CONSIDERATIONS ~

The differential switch driver is essentially a differ-
ential amplifier. The input requirements for proper
operation are:

IVin1 = Ving| > 0.3V

25 < (Vinr or Ving) = VR < BV

‘The differential driver may be furnished by a DC

level as shown below. The level may be derived
from a voltage divider to V™ or the 5V V¢ of
the DTL logic. In order to assure proper operation,
the divider should be “'stiff” with respect to I;n2.
Bypassing R1 with a 0.1 uF disc capacitor will
prevent degradation of ton and toge.

v

onra00

s

f
L
Ig Tt I

v

s I

Alternatively, the differential driver may be driven
from a TTL flip-flop or inverter.

Vi

OMEATo 116 OMs404

Sl I w2

_< ‘
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Wi o<
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Connection of a 1 mA current source between Vg
and V™ will allow operatlon over a 210V common
mode range. Differential input voltage must be less
than the 6V breakdown, and input threshold of
2.5V and 300mV differential overdrive still prevail.

it TIPS
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4. ANALOG VOLTAGE CONSIDERATIONS

The rules for operating the AHO100 series at
supply voltages other than those specified essen-
tially breakdowf into OFF and ON considerations.
The OFF considerations are dictated by the maxi-
mum negative swing of the analog signal and the
pinch off of the JFET switch. In the OFF state,
the gate of the FET is at V™ + Vgg + Vgat OF
about 1.0V above the V™ potential. The maximum
Vp of the FET switches is 7V. The most negative
analog voltage, V, swing which can be accomo-
dated for any given supply voltage is:

IVAl<IVTI= Vp - Vgg = Vgar or
IVAIKIVTI-8.0 or IVTI>IV,4I+8.0V

For the standard high level switches, Vo <I- 18]
+8 = -10V. The value for V' is dictated by the
maximum positive swing of the analog input volt-
age. Essentially ‘the collector to base junction of
the turn-on PNP must remain reversed biased for
all positive value of analog input voltage. The base
of the PNP is at V' - Vgat - Vge or V' = 1.0V.
The PNP’s collector base junction should have at
least 1.0V reverse bias. Hence, the most positive
analog voltage swing which may be accommodated
for a given value of V* is:

typical applications

Programmable One Amp

VA<V = Vgar - Vge - 1.0V or

VA<V =2.0Vor V>V, + 2.0V

For the standard high level switches, Vo =12 -
2.0V =+10V.

5. SWITCHING TRANSIENTS

Due to charge stored in the gate-to-source and
gate-to-drain capacitances of the FET switch, tran-
sients may appear in the output during switching.
This is -particularly true during the OFF to ON
transition. The magnitude and duration of the
transient may be minimized by making source
and load impedance levels as small as practical.

anaoL___ 4 ¢
et

:{>J¢

Furthermore, transients may be minimized by
operating the switches in the differential mode;
i.e., the charge delivered to the load during the
ON to OFF transition is, to a large extent, can-
celled by the OFF to ON transition.

[

Power Supply
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l l Setting Time: 1 s
e = Accuracy: 0.2%

*Note: All resistors are 0.1%
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AHO0120/AH0130/AH0140/AH0150/AH0160 Series

typical appliéations (con’t)

Four Channel Differential Transducer Commutator
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Note: $1 must be open for 50us min to take first reading with I, = 50 mA. Second reading is J,-
taken with S2 closed. With S1 and other setup forcing functions under computer control, system

will measure line and load regulation on voltage uyxlnors voitage gain, offset current, CMRR and

PSRR on op amps as well as other circuits nqumng measurement of the change of a parameter

with the change of a forcing function.

Precision Long Time Constant Integrator with Rasst .

© noweanace
JYar)
LAY
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aasos

Analog Input Range — 7.5V
Eour = 10x (Analog Input 2 — Analog Input 1)
Error Rate — 0.01% F.S./sec

Four Channel Commutator

awnn 10k

ot

*Integration Error = 100uV
Reset Time: 30us

”"g::b_d t*j

*Note: Vps adjusted to zero o

L
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ion Internal = 10 sec I
.

Analog Signal Range: 15Vp

Ty

Py Sample Rate: 1 MHz -

Acquisition Time: 20us
Drift Rate: 0.5 mV/sec
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Analog Switches

AH2114 /AH2114C DPST analog switch |

general description

The AH2114 is a DPST analog switch circuit com-
prised of two junction FET switches and their
associated driver. The AH2114 is designed to fulfill
a wide variety of high level analog switching appli-
cations including multiplexers, A to D Converters,
integrators, and choppers. Design features include:
. ® Low ON resistance, typically 7582
= High OFF resistance, typicalty 10"'$2

® Large output voltage swing, typically 210V

® Powered from standard op-amp supply voltages
of 15V

® |nput signals in excess of 1 MHz

® Turn-ON and turn-OFF times typically 1 us

The AH2114 is guaranteed over the temperature
range -55°C to +125°C whereas the AH2114C is
guaranteed over the temperature range 0°C to
+85°C.

schematic and connection diagrams

Y. s— o
o )
our,
3
w,
3
108K 9 @
A @ a
out
a1 s :
108K >
" a SR
S 1 44K
P 3
4]
P4y™
A5
108K 5
A @
on 2
v v

ac test circuit and waveforms

Vi 15V

FIGURE 1.

Metal Can Package

Nz v NC

Circuitis shown
with Vg logic “1.”

0P ViEw,

Order Number AH2114G or AH2114CG
See Package 7

FIGURE 2.
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absolute maximum ratings

Vplus Supply Voltage +25V
Vminus Supply Voltage -25V
Vplus--Vminus Differential Voltage . 40V
Logic Input Voltage ! 25V
Power Dissipaticn (Note 3) 1.36W

Operating Temperature Range

AH214/AH2114C

. AH2114 -55°C to +125°C

AH2114C 0°C to +85°C

Storage Temperature Range -65°C to +125°C
Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristic‘s (Notes 1 and 2) : -

AH2114 AH2114C
PARAMETER CONDITIONS UNITS
MIN TYP MAX | MIN TYP MAX

Static Drain-Source Ip=1.0mA, Vgs = 0V, Ta = 25°C 75 100 T 75 125 L

“On" Resistance Ip = 1.0 mA, Vgg = 0V 150 160 Q

Drain-Gate Vps = 20V, Vgg = -7V, Ta = 25°C 0.2 1.0 0.2 5.0 nA

Leakage Current . 60 60 nA

FET Gate-Source I = 1.0LA 35 35 v

Breakdown Voltage Vps - OV

Drain-Gate Vog = 20V, Is = 0 40 50 40 50 pF

Capacitance f=1.0MHz, T = 25°C

Source-Gate Vog = 20V, I =0 40 50| 40 50 pF

Capacitance f=1.0MHz, Tp=25C

Input 1 Turn-ON Time |Vn; < 10V, T4 <25 C 35 60 35 60 ns .
(See Figure 1)

Input 2 Turn-ON Time |Vinz = 10V, T4 -25°C 1.2 1.5 1.2 1.2 Hs
(See Figure i)

. Input 1 Turn-OFF Time|V,n; = 10V, T, = 25°C 06 0.75 C.6 0.75 s

(See Figure 1) 1

Input 2 Turn-OFF Time|Ving = 10V, T - 25 C 50 80 50 80 ns
(See Figure 1)

DC Voltage Range Ta=25°C 9.0 +10.0 +9.0 +10.0 \Y
(See Figure 2)

AC Voltage Range Ta=25°C #9.0 :10.0 £9.0 +10.0 A
(See Figure 2)

Note 1: Unless otherwise specified these specifications apply for pin 12 connected to +15V, pin 2
connected to =15V, -55°C to 126°C for the AH2114, and 0°C to 85°C for the AH2114C.

Note 2: All typical values are for Tp = 25°C.
Note 3: Derate linearly at 100°C/W above 25°C.
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Analog Switches

NATIONAL
AM9709/AM97C09/AH5009 series monolithic analog current switches

general description

A versatile family of monolithic JFET analog switches
designed to economically fulfill a wide variety of muiti-
plexing and analog switching applications.

Active filters

Signal multiplexers/demultiplexers
Multiple channel AGC

Quad compressors/expanders

Even numbered switches may be driven directly from
Choppers/demodulators

standard 5V logic, whereas the odd numbered switches
are intended for applications utilizing 10V or 15V logic.
The monolithic construction guarantees tight resistance
match and track.

Programmable gain amplifiers
High impedance voltage buffer
Sample and hold

The AM97CQ9 series is specifically intended to be driven features
from ’CMOS providing the best performance at lowest | ¢ ith dard TTL and CMOS
cost. nterfaces with standar an

® On-resistance match 2 ohms
apphc ations ® Low “ON" resistance 100 ohms
= AD/DA converters m Very low leakage 50 pA
® Micropower converters ® |arge analog signal range +10V peak
®  |ndustrial controllers ® High switching speed 150 ns
® Position controllers m Excellent isolation between 80 dB
® Data acquisition channels at 1 kHz
connection d|agrams . Dual-In-Line Package
Dual-In-Line Package 1 U P‘G—
i U L3 4 A3
d 1K} =y LR
=1 ’i 4 8
=l AL 5] TK
- o ] o
3 1 L LR
7 8 8 9
- - i 1S
TOP VIEW TOP VIEW
Order Numbers ' Order Numbers
AM9709CN, AM97C09CN, AH5009CN, AH5013CN, AM9711CN, AM97C11CN, AH5011CN, AH5015CN,
AM9710CN, AM97C10CN, AH5010CN, AH5014CN AM9712CN, AM97C12CN, AH5012CN, AH5016CN
See Package 17 See Package 18
functional and schematic diagrams (Additional type on other pages)
MUX Switches SPST Switches MUX Switches SPST Switches
(4-Channel Version Shown) (Quad Version Shown) (4-Channel Version Shown) (Quad Version Shown)

COMPENSATING FET

zo—o/;A————-——ou 30—0/:A——o| . 2 0—4 ° ;s 4 3 O~y 1
10-—~—4d 20-==d A j_ﬂ-o A
so—c/:A—-r—J\O-—Ol eo—o{_—oa 10 : 10

1o-—-4 7om-=+ 5 O—"q 60— 8
9 :A—-< no—o/:&—-os #

80-——d 100-—— —o0 1

«:o—o{‘— : Mo—-o/L—ow e

10—

14 o— 50— = 9 O—dq

120

14 O—4

13 O 6

S

130

SR

14
COMMON DRAINS UNCOMMITTED DRAINS
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8 | absolute maximum ratings

0
=

<

a Input Voltage

o AM9709-12CN, AH5009—24CN 30V
O AM97C09—12CN . . 25V
S Positive Analog Signal Voltage . ’ 30V
E Negative Analog Signal Voltage -15V
g Diode Current 10 mA
N Drain Current 30 mA
g Power Dissipation ) 500 mW
N Operating Temperature Range —25°C to +85°C
g Storage Temperature Range ' '~ —65°C.to +150°C
< Lead Temperature (Soldering, 10 seconds) 300°C .

electrical characteristics

AM9709, AM97C09, AH5009 (Notes 1 and 2)

5V TTL SV TTL 5V—-10V CMOS

PARAMETER CONDITIONS AM9710CN AH5010-16 AM97C10CN UNITS
‘ . AM9712CN (EVEN SERIES) AM9712CN

TYP MAX TYP MAX TYP MAX
lesx Input Current “OFF” Vap = 11V, Vgp = 0.7V 0.01 2 0.01 0.2 i nA
Ta=85C . 100 10 nA
lgsx Input Current “OFF'’ Vgp = 15V, Vgp = 0.7V 0.01 2 nA
’ Ta =85°C . 100 nA
IpoFr) Leakage Current “OFF" Vgp = 0.7V, Vgg = 3.8V 0.01 0.2 0.01 0.2 ’ nA
T, =85°C 10 ' 10 nA
IooFE) Leakage Current "OFF” Vsp = 0.7V, Vgg =4.3V 0.01 .2 nA
T =85C . 100 nA
lson)  Leakage Current “ON?" Vep =0V, Ig = 1mA 0.08 1 0.08 1 0.08 1 nA
Ta=85"C 200 200 200 nA
lcon) Leakage Current “ON"’ Vgp =0V, Ig =2mA 0.13 5 1000 0.13 5 . nA
Ta =85°C 10 - 10 10 uA
lcon)  Leakage Current “ON" Vgo =0V, Ig = -2 mA 0.1 10 100 010 | 10 nA
) Ta =85°C 20 © 100 20 A
rDs(oN) Drain-Source Resistance Vgs =0.35V, Ig =2 mA 920 150 90 150 . Q
Ta=+85"C 240 240 Q
rDS(ON) Drain-Source Resistance Vgs =0V, Ig =2mA . 90 150 Q

Ta =85°C : 240
Vpiope .Forward Diode Drop Ip =05mA 0.8 . 0.8 \2

rpsoN) Match Vgs =0, 1p =1mA 4 20 50 4 20

Ton Turn “ON" Time See ac Test Circuit 150 500 150 - 500 150 500 ns
Toer Turn-“OFF" Time See ac Test Circuit 300 500 300 500 300 500 ns
CcT Cross Talk See ac Test Circuit 120 120 120 dB

Note 1: Test conditions 25°C unless otherwise noted.
Note 2: "“OFF" and “ON* notation refers to the conduction state of the FET switch.
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electrical characteristics (con’‘t)

15V TTL 15V TTL 10-15V CMOS
AM9709CN AH5009-15 AM97CO09CN
PARAMETER CONDITIONS AM9711CN (0DD SERIES) AM97C11CN UNITS
TYP MAX TYP MAX TYP MAX
lgsx Input Current “OFF" Vgp =11V, Vgp = 0.7V 0.01 2 0.01 0.2 nA
Ta =85°C 100 10 nA
losx Input Current “OFF" Vgp = 15V, Vgp =0.7V 0.01 2 nA
Ta =85°C 100 nA
loors) Leakage Current “OFF"’ Vgp =0.7V, Vgg = 9.3V 0.01 2 nA
T, =85C 100 nA
Io0FF) Leakage Current “OFF" Vgp = 0.7V, Vgg = 10.3V 0.01 2 0.01 0.2 nA
Ta =85°C 10 10 nA
I Leakage Current “ON" Vgp =0V, Is =1 mA 0.04 05 0.04 05 0.04 05 nA
Ta =85°C 100 100 100 nA
lgon) Leakage Current “ON"’ Vgp =0V, Ig =2mA 0.07 2 2 0.07 2 nA
Ta=85C 1 2 1 uA
lsony Leakage Current “ON" Vgp =0V, lg=—2mA 0.05 5 100 0.05 5 nA
Ta =85°C 2 20 2 uA
rBSION) Drain-Source Resistance Vgs =0V, Ig =2mA 60 100 Q
Ta =85°C 160 Q
rDS(ON) Drain-Source Resistance Vgs = 1.5V, Ig =2mA 60 100 60 100 Q
Ta =85°C 160 160 Q
Vpiope  Forward Diode Drop Ip =0.5mA 0.8 0.8 A
rosiony)  Match Vas = 0,15 =1mA 2 10 . 50 2 10 Q
Ton Turn “ON" Time See ac Test Circuit 150 500 150 500 150 500 ns
Tore Turn “OFF" Time See ac Test Circuit 300 500 300 500 300 500 ns
CcT Cross Talk See ac Test Circuit 120 120 120 dB
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AM9709/AM97C09/AH5009

schematic diagrams and pin connections

Four Channel

AMBS7CO9CN (Rpg(oN) < 10082, 10—15V CMOS) AMS7C11CN (Rpg(oN) < 1002, 10—15V CMOS)
AM97C10CN (Rps(ON) < 15082, 5-10V CMOS) . AM97C12CN (Rps(ON) < 15082, 5—10V CMOS)
AM9709CN, AH5009CN (Rps(oN) < 1002, 15V TTL) AM9711CN, AH5011CN (Rps(on) < 10022, 15V TTL)

AM9710CN, AH5010CN (Rps(ON) < 150<2, 5V TTL) AM9712CN, AH5012CN (Rpg(oN) < 15022, 5V TTL)

. : o o
zo——cv——jjlr | L— .

1

" 9

12 O———4 10
13 ' 14 16
12 Ot 14 13 Ot 15
14-Pin DIP 16-Pin DIP
Three-Channel
AH5013CN (Rps(on) < 1009, 16V TTL) AH5015CN (Rpg(oN) < 10092, 15V TTL)
AHS5014CN (Rps(oN) < 15082, 5V TTL) AH5016CN (Rpg(on) < 15082, 5V TTL)

©2

.
L

4 O—-q

5 Ot

10 O——t 8 12 O——tg 10

14-Pin DIP 16-Pin DIP
test circuits and switching time waveforms

Cross Talk Test Circuit ac Test Circuit

+5V or +15V
Vin

t, =t < 0.1us 7Z 50% - 50% N

V=10V
A o

-

v 0.8V
our -
Va =+10V
10%
Vour W
(C, <10 pF) = o) [~ toFF

OV ey

10%
= = Vour

90%
Va=-10V =1V

o)
+5V or +15V

=1 o) =1 lorr)
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DRAIN “ON" RESISTANCE (Q)

typical performance characteristics

Leakage Current, ID(QOFF)
vs Temperature

Parameter Interaction

On Resistance, rps(ON)
vs Temperature
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applications information

Theory of Operation

The AM/AH series of analog switches are primarily
intended for operation in current mode switch appli'ca-
tions; i.e., the drains of the FET switch are held at or
near ground by operating into_the summing junction of
an operational amplifier. Limiting the drain voltage to
under a few hundred millivolts eliminates the need for a
special gate driver, allowing the switches to be driven
directly by standard TTL (AM9710), 5V—10V CMOS

IWas/Vasore)| ~ NORMALIZED GATE- -
TO-SOURCE VOLTAGE (V)

(AMQ7C10), open collector 15V TTL (AM9709), and
10—15V CMOS (AM97C09).

Two basic switch configurations are available: multiple
independent switches (N by SPST) and multiple pole
switches used for multiplexing (NPST-MUX). The MUX
versions such as the AM9709 offer common drains and
include a series FET operated at Vgg =.0V. The addi-
tional FET is placed in feedback path in order to
compensate for the “ON’’ resistance of the switch FET
as shown in Figure 1.

600SHV/600L6WNV/60L6WNY




AM9709/AM97C09/AH5009

applications information (con’t)
The closed-loop gain of Figure 1 is: ‘

R2 + rpgonjaz
AvcL —_—
R1 + rpsionas -
For R1 = R2, gain accuracy is determined by the
rps(on) Match between Q1 and Q2. Typical match
between Q1 and Q2 is 4 ohms resulting in a -gain
accuracy of 0.06% {for R1 = R2 = 10 kQ).

" Noise Immunity

The switches with the source diodes grounded exhibit
improved noise immunity for positive analog signals in
the “OFF" state. With V| = 15V and the V, = 10V,
the source of Q1 is clamped to about 0.7V by the diode
- (Vgs = 14.3V) ensuring that ac signals imposed on the
10V will not gate the FET “ON.”

Selection of Gain Setting Resistors

Since the AM/AH series of analog switches are operated
current mode, it is generally advisable to make ‘the signal
current as large as possible. However, current through
the FET switch tends to forward bias the source to gate

In a typical application, V,, might = 10V, Ap = 0.1%,
0°C < Ta < 85°C. The criterion of equation (2b)

predicts:
R1(MlN) 2 - 1ov = 5k9 ’
20 mA :
10

junction and the signal shunting diode resulting in

‘leakage through these junctions. As shown'in Figure 2,
la(on) represents a finite error in the current reaching
the summing junction of the op amp.

Secondly, the rpgon) of the EET begins to ““round’’ as
Is approaches Ipgs. A practical rule of thumb is to
maintain Ig at less than 1/10 of Ipgs.

Combining the criteria from the above discussion yields:

Vamax) Ap

© Rtving 2 | (2a)
G(ON)
or:
Vamax) (2b)
Ioss/10

whichever is worse.

Where: Vamax) = Peak amplitude of the analog
input’ signal
Ap = Desired accuracy
laon) = Leakage at a given Ig
Ipss = Saturation current of the FET
“switch
= 20 mA
COMPENSATION
FET
SERIES =
R1 ELEMENT , L
R2
gD

FIGURE 1. Use of Compensation FET

For R1 = 5k, Ig = 10V/5k or 2 .mA. The electrical
characteristics guarantee an Igion) < THA at 85°C for
the AM9710. Per the criterion of equation (2a):

(10v)(1073)
R‘](MIN) Z "W 2

10 kQ

Since equation (2a) predicts a higher value, the 10k
resistor should be used. .

e “OFF" condition of the FET -also affects gain
accuracy. As shown in Figure 3, the leakage across Q2,
Iporr) represents a finite error in the curfent arrlvmg
at the summing junction of the op amp.

Accordingly:
Vaminy Ap
Rimax) € ————
(N) Ipiorr)
‘Where: Vamin) = Minimum value for the .analog
input signal
Ap = Desired accuracy
N ‘= Number of channels
Inorr) = “OFF" leakage of a given FET
switch
As an example, if N = 10, Ap = 0.1%, and Ip(ors)

\/

. OANALOG
ouTPUT

< 10 nA at 85°C for the AM9709, Rilmax) Is:

"1 < aviao®
MAX) = q0)(10x 10°9)

Selection of R2, of course, depends on the gain desired
and for unity gain R1 = R2.

Lastly, the foregoing discussion has ignored resistor
tolerances, input bias current and offset voltage of the
op amp-—all of which should be considered in setting the
overall gain accuracy of the circuit.

Va
> ﬁ Ip =I5 - laion
—

R1
a =410V O—W»—v

<}
<

“ANY OP AMP"

y ‘lGIONI

FIGURE 2. On Leakage Current, iG(ON) .

R2
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applications information (con’t)
TTL Compatibility

Two input logic drive versions of AM/AH series are
available: the even numbered part types are specified to
be driven from standard 5V-TTL logic and the odd
numbered types from 15V open collector TTL.

Standard TTL gates pull-up to about 3.5V (no load).
In order to ensure turn-off of the even numbered switches
such as AM9710, a pull-up resistor, Rgxt, of at least
10 k&2 should be placed between the 5V V¢ and the
gate output as shown in Figure 4.

Likewise, the open-collector, high voltage TTL outputs
should use a pull-up resistor as shown in Figure 5. In

both cases, t(ogg) is improved for lower values of Rgxt
and the expense of power dissipation in the low state.

CMOS Compatibility

The cost effective AM97C09 series of switches is
optimized for CMOS drive without resistor pull-up. The
AM97C10’s and AM97C12’s are specified for 5V—10V
operation while the AM97C09’s and AM97C11’s are
specified for 10V—15V operation.

Definition of Terms

The terms referred to in the electrical characteristics
tables are as defined in Figure 6.

~ vA
s= 4 Io > s * loiorr)
Vo M e u —
?' “ANY OP AMP”
Vin
a = oo o -
O—AM—O
“OFF"
¥ |
6
Vi = 5V
FIGURE 3.
ANALOG
INPUT (V)
r +5V
I 10k
<
I < Rexr
' 2k o ANALOG
1 T0 ouTPUT
! 10k)
2 ! i LOGIC
INPUT
(Vin)

600SHV/60J0L6WNV/60L6NV

=

FIGURE 4. Interfacing with +5V TTL

Iiﬁl. GATE

+5V OR +15V

ANALOG
INPUT (V)

b

<
>
>10l(

{ o ANALOG

ouTPUT

FIGURE 5. Interfacing with +15V Open Collector TTL
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AM9709/AM97C09/AH5009

applications information (con’t)

Rosion) COMPENSATING
E

. LEMENT
SERIES
ELEMENT

Va

SHUNT _—"

ELEMENT

~ FIGURE 6. Definition of Terms
typical applications
Gain Programmable Amplifier

10k

1
- g S i A
| B
l s |
I = !a 100k
l 1 1 |
’
|
I | i
l = | 9
| ¥
| ful
| = !11 10M
to—AA—
‘ y |
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typical applications (con’t)

16-Channel Multiplexer
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CHARACTERISTICS:

ERROR = 0.4.V TYPICAL @ 25°C
104V TYPICAL @ 70°C

Note: The analog switch between the op amp and the 16 input
switches reduces the errors due to leakage.

Al resistors are 10k




typical applications (con‘t)
. 4 o é-Bit Binary (BCD) M‘ultiplying D/A Converter
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Analog Switches

AM1000,AM1001,AM1002 silicon N-channel

high speed analog switch

general description

The AM1000 series are junction FET integrated cir-
cuit analog switches. These devices commutate
faster and with less voltage spiking than any other
analog switch presently available. By comparison,
discrete JFET switches require elaborate drive cir-
cuits to obtain reasonable performance for high
toggle rates. Encapsulated in a four pin TO-72
package, these units require a minimum of circuit
board area. Switching transients are greatly reduced
by a monolithic integrated circuit process. The
resulting analog switch device provides the follow-
ing features:

= Low ON Resistance 3002
® High Analog Signal Frequency 100 MHz

High Toggle Rate 4 MHz
Low Leakage Current 250 pA
Large Analog Signal Swing 15V
Break Before Make Action

The AM1000 series of analog switches are particu-
larly suitable for the following applications:

High Speed Commutators
Multiplexers

Sample and Hold Circuits
Reset Switching

Video Switching

schematic and connection diagram

TO-72 Package

ToP viEW

Order Number AM1000H
or AM1001H or AM1002H
See Package 8

typical applications

+10 Volt Swing Analog Switch 0.5% Accuracy

ANALOG.
ouTRuT

CHANNEL
SELECT
INPUTS

Lowasos tmansiaron, __ _J

-2V -0y

equivalent circuit

ANALOG ANALOG
oy O———O~T$O——0 g1
1 O

v DRIVE
EXTERNAL
EXTERNAL
OIODE REQUIRED DIODE REQUIRED
FOR ORIVERS

WITAPULLUP IS
ciRcuIT

+15 Volt Swing Analog Switch

CHANNEL e
SELECT

T
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absolute maximum ratings

'AM1000. AM1001. AM1002

AM1000 . Power Dissipation @ T4 = 25°C 300 mW.
AM1001 AM1002 Linear Derating Factor 1.7 mW/°C
Vy (Note 1) +50V 140V Power Dissipation @ T¢ = 125°C ) 150m°W
Vour (Note 1) 50V +40V Linear Derating Factor . 6 mW/°C
Vorive (Note 1) ~50V _40v + Maximum Junction Operating Temperature -55°C to *150°C
Vgias (Note 1) +50V +40V Storage Temperature +200°C
. Lead Temperature (Soldering, 10 sec) * +300°C
electrical characteristics
ON CHARACTERISTICS (Note 2)
PARAMETER CONDITION MIN TYP MAX UNITS
Ron Vonive = +15V, Vgias = ~15V AM1001 20 40 * s0 Q.
lin = 1mMA, Vour = 0V
Ron Vorive = +10V, Vgiag = ~10V AM1000 20 25 30 Q
lin = 1MA, Vot = OV AM1002 20 50 100 Q
OFF CHARACTERISTICS
AM1000 AM1002
PARAMETER CONDITION AM1001 UNITS *
MIN | TYP | MAX MIN | TYP | MAX
louT (0FF) Vorive = =20V, Vgjag = -10V
- Vin = - 10V, Vour = +10V
Ta=+25°C 05 25 05 1 nA
Ta=+125°C 025 [ .25 0.2 1 WA
louT (0kF) Vorive = ~20V, Vgias = =10V
Vin = +10V, Vour = -10V )
Ta=+25C" 05 25 0.5 1 nA
Ta=+125C ¢ .05 25 0.2 1 KA
DRIVE CHARACTERISTICS (Note 3)
PARAMETER CONDITION MIN TYP MAX UNITS
lorive Vogive = -20V, Vgias = -10V  AM1000, 1001, 1002 5 10 mA
(Switch OFF) Vin = 210V, Vour = £10V - R
SWITCHING CHARACTERISTICS
AM1000 AM1001 AM1002
PARAMETER ONDITION UNIT:
¢ MAX MAX MAX s
t
aN See Switching Time 100 150 20 ns
tore Test Circuit 100 100 100 ns

Note 1: The maximum voltage ratings may be applied between any pin or pins simultaneously .- Power

not cause excessive power dissipation even in a “D.C."”" switching application.

- dissipation may be exceeded in some modes if the.voltage pulse exceeds 10 ms. Normal operation will

Note 2: All parameters are measured with external silicon diodes. See electrical connection diagram

for proper diode placement.

Note 3: | gjas (Switch OFF) is equal to | pRrivE (Switch OFF). I(gias) (Switch ON), is equal

to external diode leakage.
Note 4: Rise and fall times of VpR|yE shall be 15 ns maximum for switching time testing

switching time test circuit and waveforms

10V

Vomve

5:24°
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Analog Switches

AM2009/AM2009C/MMA4504/MM5504
six channel MOS multiplex switches

general description

The AM2009/AM2009C/MM4504/MM5504 are six
channel multiplex switches constructed on a single
silicon chip using low threshold P-channel MOS

process. The gate of each MOS device is protected -

by a diode circuit.

features
® Typical low “on’’ resistance 15002
Typical low "off” leakage 100 pA
10V

Zero inherent offset voltage

[]
® Typical large analog voltage range

]

® Normally off with zero gate voltage

The AM2009/AM2009C/MM4504/MM5504 are de-
signed for applications such as time division multi-
plexing of analog or digital signals. Switching
speeds are primarly determined by conditions
external to the device such as signal source imped-
ance, capacitive loading and the total number of
channels used in parallel.

The AM2009/MM4504 are specified for operation
over the -55°C to +125°C military temperature
range. The AM2009C/MM5504 are specified for
operation over the -25°C to +85°C temperature
range.

schematic diagram

s M

BuLK
oo L t ~ > A A
]—l—{_ 7Y X A 7'y /Y c S .
in numbers in parenthesis
0 0'3_3 apply for the MM5404/
1 MM5504 only.
o |
L LW
— p——1—O SOURCE
"
0o
1
0 —
050 1] |
06 0 114
A
| c b . l —
o ]
61 &2 63 64 65 11

. Order Number
AM2009F or AM2009CF
MMA4504F or MM5504F
See Package 4

typical applications

ANALOG INPUTS

m AM2009/AM2009¢ NALOG
NPUTS 2 DM7800 MMA504/MMS504 —‘:urv:T

5 DM7800

TTL Compatible 6 Channel MUX

Order Number
AM2009D or AM2009CD
MM4504D or MM5504D
See Package 1

INPUT
CHANNELS

[

MMA4504/MM5504

ANALOG

AM2009/AM2009C |
ouTPUT

MM4504/MM5504

T

ADDRESS SELECT

INPUT 77N 6
CHANNELS MMA504/MM5504

ADDRESS SELECT

1
1
1 1 |
I
I

32 Channel MUX

YOSSWIN/YOSYWW/J600CNV/600ZNV



AM2009/AM2009C/MM4504/MM5504

absolute maximum ratings (vgy < =0V) =

Voltage on Any Source or Drain -30V Total Power Dissipation (at T4 = 25°C) 900 mW
Voltage on Any Gate -35V Power Dissipation — each gate circuit 160 mW
Positive Voltage on Any Pin +0.3v Operating Temperature Range  AM2009 -55°C to +125°C
Source or Drain Current 50 mA AM2009C ~25°C to +85°C
Gate Current (forward direction of zener clamp) 0.1 mA Storage Temperature Range -65°C to +150°C
, Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
LIMITS
PARAMETER _CONDITIONS UNITS
) MIN TYP MAX
Threshold Voltage Vgs = Vps. Ips = =1 MA -1.0 -3.0 \
DC ON Resistance Vgs = =20V, Ipg = =100 pA, .
Ta=25°C 150 250 Q
DC ON Resistance Vgs = =10V, Vgg = =20V,
Ips=-100 uA, T4 = 25°C 500 1250 Q
DC ON Resistance Vgs = =20V, lpg = -100 uA 325 Q
DC ON Resistance Vgs =-10V, Vgg = -20V, .
Ips = ~100 uA 1500 Q
Gate Leakage Vgs = -20V, Note 2 1.0 HA
Vgs = =20V, Note 2, T, = 25°C 100 . pA
Input Leakage Vps = ~20V, Note 2 ' 1.0 uA
Vps = =20V, Note 2, T, = 25°C 100 pA
Output Leakage Vsp = -20V, Note.2 3.0 HA
. Vsp = -20V, Note 2, To = 25'C 500 pA
Gate-Bulk Breakdown Igg = -10 uA, Note 2 -35 Vv
Voltage C
Source-Drain Breakdown Isp = =10 KA, Vgp.= 0,
_ Voltage ) Note 2 -30 \2
Drain-Source Breakdow: lps = -10 uA, Vgs = 0,
Voltage . Note 2 -30 \
. Transconductance - 4000 mhos
Gate Capacitance Note 3, f = 1 MHz 4.7 8 pF
- Input Capacitance Note 3, f = 1 MHz 4.6 8 pF
Output Capacitance Note 3, f'= 1 MHz % 20 . PF

Note 1:
Note 2: All other pins grounded

Note 3:

Ratings apply over the specified temperature range and Vgypk = O, unless otherwise spécified.

typical performance characteristics

T 1
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““ON"" Resistance vs Gate-to-
Source Voltage

““ON’"" Resistance
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vsT

1

Row (1)

Vgs = -10V; Vgg = +2
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Vs = ~20V; Vgs = 0V —
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LEAKAGE CURRENT (pA)

Capacitance measured on dual-in-hine package between pin ‘under measurement to all other pins Capacitances are guaranteed by design.

Input Leakage Current vs
Temperature

g

TEMPERATURE { C)
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Analog Switches

AM3705/AM3705C 8-channel MOS analog multiplexer

general description

The AM3705/AM3705C is an eight-channel MOS
analog multiplex switch. TTL compatible logic
inputs that require no level shifting or input
pull-up resistors and operation over a wide range
of supply voltages is obtained by constructing the
device with low threshold P-channel enhancement
MOS technology. To simplify external logic re-
quirements, a one-of-eight decoder and an output
enable are included in the device.

Important design features include:

TTL/DTL compatible input logic levels
Operation from standard +5V and - 15V supplies
Wide analog voltage range — *5V

One-of-eight decoder on chip

Output enable control

® Low ON resistance — 1502
® [nput gate protection
® Low leakage currents — 0.5 nA

The AM3705/AM3705C is designed as a low cost
analog multiplex switch to fulfill a wide variety of
data acquisition and data distribution applications
including cross-point switching, MUX front ends
for A/D converters, process controllers, automatic
test gear, programmable power supplies and other
military or industrial instrumentation applications.

The AM3705 is specified for operation over the
-55°C to +125°C military temperature range. The
AM3705C is specified for operation over the ~25°C
to +85°C temperature range.

‘JG0LEWV/SOLEWY

schematic and connection diagrams

: 1
ST L LTl b BT LT R R TR
T e s
o e ) ] .
£ ot T k " o
o = o . I
O ?.-T ?J ?J ?»—7 o= j:: :‘: :
:[j'-] ?’J ?J ?’J Orde:'wl\:'::'nber
= I T 1 2k 1l F AM37505FPorkA:/|3$OSCF
" See Package 5

block diagram (miL-STD-8068)

DATA INPUT

CHANNELNO § -

DATA QUTPUT
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ONE-OUT OF-EIGHT DECODER

T T ]

2 2 2 ouTPuT
ENABLE

v

— Voo

*Both Vg lies are intesnally
connected, erther one or
both may be used

LOGIC INPUT

AM3705CN
See Package 18

truth table
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typical application
Buffered 8-Channel Multiplex, Sample and Hold

Analog Signal Range: +5V

ey T & Acquisition Time: 25 ns
= Drift Rate: 0.5 mV/sec

Aperature Time: 250 ns

&

En
3
AT *Polystyrene dielectric
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AM3705/AM3705C

absolute maximum ratings

Positive Voltage on Any Pin (Note 1).
Negative Voltage on Any Pin (Note 1)

Source to Drain Current
Logic Input Current
Power Dissipation (Note 2)

Operating Temperature Range AM3705
AM3705C

Storage Temperature Range

+0.3V
-35V

+30 mA

+0.1 mA

500 mW

-55°C to +125°C
-25°C to +85°C
~65°C to +150°C

Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 3)
- LIMITS -
AMETER
PAR SYMBOL CONDITIONS MIN TYP MAX UNITS
ON Resistance Ron Vin = Vss: louT = 100 A 80 250 Q
ON Resistance Ron Vin = =5V lgyT = =100 uA 160 400 Q
ON Resistance Ron Vin = -5V, lgyt = -100 A
AM3705 Ta-#125'C 400 Q
AM3705C Ta =470 C 400 Q
ON Resistance Ron Vin  +5V;Vpp - -15V,
: louT.” 100 gA 100 Q
ON Resistance Ron Vin 70V, Vpp - -15V, |
. lout - -100 LA 150 Q
ON Resistance Ron Vin~ -5V Vpp = =15V; '
loyt = -100 uA 250 Q-
-OFF Resistance Rorr 1010 Q
Output Leakage Current o Vss - Vour = 15V 05 10 nA
AM3705 o Vs - Vour = 15V; T, = 125°C 150 500 nA
AM3705C o Vss = Vour = 16V: To = 70°C 35 500 nA
Data Input Leakage Current Lot Vgs - Vin = 15V 0.1 3.0 nA
AM3705 ol Vss - Vin = 16V; Ta = 125°C 25 500 nA
AM3705C ILow Vss - Vin = 15V, T = 70°C 05 500 nA
Logic Input Leakage Current I Vss = Viogien = 15V .001 1 HA
AM3705 o Vss = Viogern = 16V:To = 125'C 05 10 uA
AM3705C " Vss = Viogein = 16V; T = 70°C 05 10 LA
Logic Input LOW Level Vi Vgg = +5.0V 05 1.0 \
Logic Input LOW Leve! VL Voo Vss - 4.0 \%
Logic Input HIGH Level Vg Vgg = 6.0V 3.0 35 A
Logic Input HIGH Leve! Vig Vgs - 2.0 Vss + 0.3 \%
Channel Switching Time-Positive t+ I Switching Time 300 ns
Channel Switching Time-Negative t I Test Circuit 600 ns
Channel Separation f=1kHz 62 dB
Output Capacitance Cab Vgs - Vout =0;f=1MHz 35 pF
Data Input Capacitance Cs Vgs = Vpip = 0; f=1MHz 6.0 pF
“Logic Input Capacitance Ceq Vss = Viogicin = 0; f =1 MHz 6.0 pF
Power Dissipation Pp Vpp = =31V, Vgg = OV ) 125 175 mwW

Note 1: All voltages referenced to Vgs.

Note 2: Rating applies for ambient temperatures to +25°C, derate finearly at 3 mW/°C for ambient

temperatures above +25°C.

Note 3: Specifications apply for To=25°C, ~24V < Vpp < -20V, and +5.0V < Vs < +7.0V; unless
otherwise specified (all voltages are referenced to ground).
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typical performance characteristics

ON Resistance vs Analog ON Resistance vs ON Resistance vs Vpp
Input Voltage Ambient Temperature Supply Voltage
300 T T TR T T
Von - -20V oy | Voo " 20V 1L T Ta=25C
250 ¢— TEST POINT |—— Vss =47V | Vss =47V \ 250 Vss= 48V
Th-e25C 350 | lour = ~1004A RIMpFal lour = 100 A |
20 lour = 100 A | 100 TESTPOINTS || 200 N \C —
= _ 250 l I = ™ \:’ouv =-5.0v—
150 TEST POINT —4 g Vineur = -5V | |47 150
S N z 4
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v =0.0v
50 50 =11 Vinpor = 47V || 50 Iouv 0
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INPUT (V) TEMPERATURE ( C) Vpp SUPPLY (V)
Output Leakage Current vs switching time test circuit
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typical applications (con’t.)
Differential Input MUX 16-Channel Commutator
Wl | o IS SV B
ENABLE L A oML}
w s,
st | °T =
|
cuanes |y = Voltage Gan: 200 4
Differential Input Resistance: 1070¢2 o =
CMRR: 100 dB
Input Current: 0.5 nA
8-Channel D Itipl with Sample and Hold Wide Input Range Analog Switch
ot wrren
—
e o =
f cunnnes
[ par el
= o

644 Analog Input Range: +25V
CHARNEC = v Slew Rate: 5V/us
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MM450/MM550. MM451/MM551,

MM452/MM552, MM455/MM555

NATIONAL

MM450/MM550, MM451/MM551
MM452/MM552, MM455/MM555

general description

The MMA450 and MM550 series each contain four p
channel MOS enhancement mode transistors built on a
single monolithic chip. The four transistors are arranged
as follows:
MM450, MM550
MM451, MM551
MM452, MM552
MM455, MM555

These devices are useful in many airborne and ground
support systems requiring multiplexing, analog trans-
mission, and numerous signal routing applications. The
use of low threshold transistors (V1 = 2 volts) permits
operations with large analog input swings (10 volts) at
low gate voltages (-20 volts). Significant features, then,
include: ) .

Dual Differential Switch

Four Channel Switch

Four MOS Transistor Package
Three MOS Transistor Package

Analog Switches

MOS analog switches

+10 Volts

VBuULK = %"10 Volts
VIN =-10V, 15082
VlN =+10V, 150Q2
200 pA @ 25°C

= Large Analog Input Swing
= Low Supply Voltage
= Low ON Resistance

= |ow Leakage Current
* Input Gate Protection
= Zero Offset Voltage .
Each gate input is protected from static charge build-up
by the incorporation of zener diode protective devices
connected between the gate input and device bulk.
The MM450, MM451, MM4052 and MMI(}SB are specified
for operation over the -65°C to +125 C military tem-
perature range. The MM550, MM551, MM552 and
MM555 are specified for operation over the -25°C to
+70°C temperature range.

schematic and connection diagrams

TOP VIEW

BULK

NOTE: Pin § connected to case and device bulk.
MM450, MM550

Order Number MM450H or MM550H
See Package 10

ToP VIEW

BULK
NOTE: Pin 5 connected to case and device bulk
Drain and Source may be interchanged.

1 TOPVIEW "
BULK .

1 I
2 5
oA 1—24 2 Gatea
3 2
Gare |__i b5 oRaIN e
“

1
SOURCE

I
orain2—2] l--"—cm )
5 s
oan—4 2 onans

z | T

3

SOURCE x

NOTE 1: Pins 1 and 8 connected to case and
device bulk. Drain and Source may be
interchianged. MM452F, MMS52F.

NOTE 2: MM4520 and MMS520 (dual-in-ne
packages) have same pin connections as
MMA52F and MM552F shown above.

Order Number MM452F or MM552F
. See Package 4

Order Number MM452D or MM552D
See Package 1

ToPViEw

oyTeuT
(SOURCE)

INPUT 1
(ORAIN 1)

INPUT 2
(ORAIN 2)

suLK

NOTE: Pin § connected to case and device bulk.

5. MMS5S MMAS1, MMSS1
Order Number MM455H or MM555H Order Number MM451H or MM551H
See Package 10 See Package 10
typical applications
YpP pp SWITCH 22 SWITCH #1
EQUIVALENT INPUTS INPUTS
CIRCUIT
I I'Tni?c* R 1.
| |
B - |
..... | |
To66Le O— L 2 |
INPUT Oy |
|
S 4 _J
SWITCH #1 SWITCH 2
outruT O ouTPUT

DPDT Analog Switch
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absolute maximum ratings

Gate Voltage (Vgg)
Bulk Voltage (Vgy k!
Analog Input (V)
Power Dissipation
Operating Temperature
Storage Temperature

electrical characteristics
STATIC CHARACTERISTICS (Note 1)

MM450, MM451, MM452, MM455

MM5E50, MM551, MM552, MM555

+10V to =30V

£10V

+10V to -20V

200 mw

-56°C to +125°C
-65°C to +150°C

+10V to -30V

+10V

+10V to 20V

200 mwW

-26°C to 70°C
-65°C to +150°C

PARAMETER CONDITION MIN| TYP | MAX | UNITS
Analog Input Voltage 10 \%
Threshold Voltage (V ggt)) Vog =0, Ip =1 pA 1.0 2.2 3.0 \%
ON Resistance Vin = =10V 150 600 Q
ON Resistance Vin = Vss 75 200 Q
OFF Resistance 10'° Q
Gate Leakage Current (Iggg) Vgs = -25V, Vgs =0, T, =25°C 20 pA
Input (Drain) Leakage Current
MM450, MM451, MM452, MM455 Ta=25"C .025| 100 nA
T, =85°C .002 1.0 A
Ta=125°C .025 1.0 uA
Input (Drain) Leakage Current
MM550, MM551, MM552, MM555 Ta=25"C 0.1 100 nA
' - TA=70"C .030 1.0 MA
"Output (Source) Leakage Current
MM450, MM451, MM452, MM455 Ta = 25°C .040 100 nA
Output (Source) Leakage Current
MM450 TA=85"C 1.0  mA
MM451 Ta=85"C 1.0] uA
MM452, MM455 Ta=85C 1.0 A
MM450, MM451, MM452, MM455 T =125°C 1.0 UA
Output (Source) Leakage Current
MMS550 Ta=70°C 1.0  uA
MM551 Ta=70°C 1.0  pA
MM552, MM555 Ta=70°C 1.0 WA
DYNAMIC CHARACTERISTICS
Large Signal Transconductance VES1 :k;‘ZOV’ 'p=10mA 4000 umhos
CAPACITANCE CHARACTERISTICS (Note 2)
PARAMETER DEVICE TYPE MIN | TYP MAX | UNITS
Analog Input (Drain) Capacitance (Cpg) ALL 8 10 pF
MM450, MM550 m 14 pF
. MM451, MM551 20 24 pF
Output (Source) Capacitance (Cgg) MM452, MM552 75 1 oF
MM455, MM555 7.5 1 pF
MM450, MM550 10 13 pF
. MM451, MM551 5.5 8 pF
Gate Input C tance (C ‘
ate Input Capacitance (Cge) MM452, MM562 5.5 9 | pF
MM455, MM555 5.5 9 pF
Gate to Output Capacitance (Cgs) ALL 3.0 5 pF

Note 1: The resistance specifications apply for -65°C < Tp < + 85°C, Vgg = -20V, Vgy_k =
+10V, and a test current of 1 mA. Leakage current i1s measured with all pins held at ground except
the pin being measured which 1s biased at -25V.

Note 2: All capacitance measurements are made at O volts bias at 1 MHz.
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ss typicaldynamic input.characteristics (T4 = 25°C Unless Otherwise Noted)
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typical input capacitance characteristics

Ci (pF)
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INTELLIGENCE

4-Channel Multiplexer*

“Expansion in the number of data input hines 1s
possible by using multiple level series switches
allowing the same decode gates to be used for
all lower rank decodung.
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MM454/MM554

NATIONAL

Analog Switches

MM454/MM554 four- channel commutator -

general description

The MM454/MM554 is a four-channel analog com-
mutator capable of switching four analeg input
channels sequentially onto an output line. The
device is constructed on a single silicon chip using
MOS P Channel enhancement transistors; it con-
tains all-the digital circuitry necessary to sequen-
tially turn ON the four analog switch transistors
permitting multiplexing of the analog input data.’
The device features:

®m High Analog Voltage Handling 10V
® High Commutating Rate 500 kHz
® Low Leakage Current (T = 25°C) 200 pA

(Ta=85°C) 50 nA

"m All Channel Blanking input provided

® Reset capability provided .
® Low ON Resistance & 20082

In addition, the MM454/MM554 can easily be
applied where submultiplexing is required since a
4:1 clock countdown signal is provided which can
drive the clock mput of’ subsequent MM454/MM554
units. -

The MMA454 is -specified for operation over the’
-55°C to +125°C military temperature range. The
MM554 is specified for operation over the —25°C
to +70°C temperature range.

schematic and connection diagrams

ANALOG
INPUTS
4 LI
-
3 LT ANALOG
T QUTPUT
2 LT <
1 T L
— -
ALL CHANNEL
BLANKING .
IN -

cLoCK > on
INPUT
A
@ H

8| ouTPUT
P g 4:1
_ COUNTDOWN

RESET: s
4
NO CONNECTION =t 1 [ B Voo
Voo =4 B outeuran
3 FOUR BIT y 12
CLOCK INPUT mmd (000 _| 12— NO 1 ANALOG INPUT
AND -
DECODER
RESET o] _”:‘——-'—'— NO.2 ANALDG INPUT
S5 o] 10 y
ALL CHANNEL BL, 1 f—— NO 3ANALOG INPUT
5 [ o
NO CONNECTION ===y [ ND 4 ANALOG INPUT
BULK ) d
Vs 1 L & ANALOG OUTPUT

Note: Pin 7 connected to case and to device bulk. Nominal Operating Vnmges VQG =-24V;
Vpp = 0V; Vss = +12V, RESET BIAS = +12V (OV for RESET), ALL CHANNEL BLANKING

BIAS = +12V (0V for BLANKING)

Order Number MM454F or MM554F
See Package 4
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<

absolute maximum ratings (Note 1) E
Gate Voltage (Vgg) +10V to -30V g
Bulk Voltage (Vsg) . +10V N
Analog Input (V) +10V to -20V <
Power Dissipation 200 mW <
Operating Temperature MM454 -55°C to +125°C o
MM554 ) -25°Cto +70°C o

Storage Temperature -65°C to +150°C »

static characteristics (note2)

PARAMETER CONDITION MIN TYP MAX UNITS
Analog Input Voltage ’ i'\lO \
ON Resistance Vin = -10V 170 600 Q
ON Resistance Vin = Vss 90 200 Q
OFF Resistance 10'° Q
Analog Input Leakade Current MM454 Ta=25"C .050 100 nA
MM454 Ta=85C .006 1.0 MA
MMS554 T =25°C .0001 100 nA
MM554 Ta =70°C .030 1.0 A
Analog Output Leakage Current MM454 T =25°C 0.100 100 nA
MM454 T, =85°C 30 1.0 A
MM554 Ta=25°C .0001 | 100 nA
MMS554 Ta=70°C 030 1.0 HA
Vs Supply Current Drain Vgs = +12V 38 55 mA
Vs Supply Current Drain Vgg = -24V 24 35 mA

capacitance characteristics

PARAMETER CONDITION MiIN TYP MAX UNIT
Analog Input Capacitance Channel OFF In =0 4 6 pF ﬂ
Analog Input Capacitance Channel ON hny =0 20 24 pF
Analog Output Capacitance Iin =0 20 24 pF
Clock Input Voo = +12V 20 pF
Reset Input . VgeseT = +12V 20 pF
Blanking Input VgiLank = +12V 20 pF

clock characteristics (Note3)

PARAMETER CONDITION MIN TYP MAX UNIT
Clock Input (HIGH)(*) . Vgg - 2 Vss \
Clock Input (LOW) ’ -5 0 +5 v
Clock Input Rise Time (POS GOING) No requirement
Clock Input Fall Time (NEG GOING) 20 usec
Countdown Output (POS) Vo, Vgs -2 Vss v
Countdown Output (NEG) Vo 0 \
Maximum Commutation Rate 05 20 - MHz
Vss ’ +10.0 +12 +14 v

Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages
referenced to Vpp = 0. ’

Note 2: These specifications apply over the indicated operating temperature range for Vgg = -24V,
Vpp = 0V, Vgg = +12V, VRESET = +12V, VBLANK = +12V. ON resistance measured at 1 mA,
OFF resistance and leakage measured with all analog inputs and output common. Capacitance measured
at 1 MHz.

Note 3: Operating conditions in Note 2 apply. Vgg to Vpp (0V) voltage is applied to counting and
gating circuits. VGG is required only for analog switch biasing. All logic inputs are high resistance and
are essentially capacitive.

Note 4: Logic input voltage must not be more positive than Vgs.
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‘MM454/MM554

typical performance characteristics

RON vs Analog Voltage
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NATIONAL

Mos Clock Drivers

MHO0007/MHO0007C dc coupled MOS clock driver

general description

The MHO0007 is a voltage translator and power
booster designed for interfacing between conven-
tional TTL or DTL voltage levels and those levels
associated with inputs or clocks of MOS FET type
devices. The design allows the user a wide latitude
in selection. of supply voltages, and is especially
useful in normally “off” applications, since power
dissipation is typically only 5 milliwatts in the
“off" state.

features

® 30 volts (max) output swing

® Standard 5V power supply

® Peak currents in excess of +300 mA available
® Compatible with all MOS devices

® High speed: 5 MHz with nominal load

® External trimming possible for increased per-
formance

schematic and connection diagram

INPUT

INPUT

2 R4
> 1.5 k2

S R2
< 5000
‘h

10 Pin TO-100 Package

typical applications

Switching Time Test Configuration

+5.0 VOLTS

o= 50m) ¢ .
g"anm} Cu = 200

7 OUTPUT
TOP VIEW
Order Number MHO007H
or MHO007CH
See Package 11
6 Vv

High Speed Operation

+5.0 VOLTS

INPUT st 68 pF

UTPUT

ton =30 ns
ton =40 ns

} =200 pF
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MH0007/MH0007C

absolute maximum ratmgs
Ve Supply Voltage

V™ Supply Voltage

V* Supply Voltage

(V* < V7) Voltage Differential

Input Voltage

Power Dissipation (T 5 = 25 C)

Peak Output Current

Storage Temperature Range

Operating Temperature Range MH0007

8V
-40V
+28V
30V
5.5V
800 mW
1500 mA

 65°C to +150°C

-55°C to +125"C

] MHO0007C 0°C to +85°C
Lead Temperature (Soldering, 10 sec) 300°C
electrical characteristics (Note 1)
) TYP
PARAMETER CONDITIONS MIN (Note 2) MAX UNITS
Logical “1” Input Voltage Vee = 4.5V 2.2 Y
Logical ‘0" Input Voltage Vee = 4.5V 0.8 Vv
Logical “'1” Input Current Vee=5.5V, V=55V 100 HA
Logical “0” Input Current Vee =5.5V, V iy = 0.4V 1.0 1.5 mA
Logical “1" Output Voltage | Ve = 5.5V, loyr = 30 mA, Vi = 0.8V | V' - 4.0 \%
Vec=55V, lour=1mA, Viy =08V | V' -2.0 v
Logical ‘0" Output Voltage | Vee = 4.5V, loyr = 30 mA, V= 2.2V v +20]| Vv
Transition Time to ‘
Logical 0" Output ' Cy =200 pF (Note 3) 50 ns
Transition Time to R )
Logical 1" Output . C. = 200 pF (Note 3) 75

ns

Note 1: Min/max limits apply across the guaranteed range of -565°C to +125 C for the MH0007, and
from 0°C to +85°C for the MHOOO7C, for all allowable values of V™ and vt
Note 2: Al typical values measured at Ta = 25°C with Vcg = 5.0 volts, V = -25 volts, V¥ = 0 volts.

Note 3: Transition time measured from time V)y =

final value.

Allowable Values for V™ and V*

v
vours [ 40

OPERATING
* REGION

50% value until VoyT has reached 80% of

M Power Dissi
1.2
10
E
Z 03 CASE
=
S N
2 06 N
e na | AMBIENT
w 0.
=
S —
* 02 L\
0

0 25 50 75 .100
TEMPERATURE (°C)
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Mos Clock Drivers
NATIONAL

MHO0009/MHO0009C dc coupled two phase MOS clock driver

J6000HN/6000HIA

general description features

The MHO009/MHO0009C is high speed, DC coupled, ® DC logically controlled operation
dual ‘MOS clock driver designed to operate in
conjunction with high speed line drivers such as
the DM8830, DM7440, or DM7093. The transition ! ® Qutput Currents — in excess of +500 mA
from TTL/DTL to MOS logic level is accomplished
by PNP input transistors which also assure accurate
control of the output pulse width. ® | ow standby power

8 Qutput Swings — to 30V

® High rep rate — in excess of 2 MHz

schematic and connection diagrams

¢1BIAS 3 2 9, INPUTA
12-Lead TO-8 Package

12 67 OUTPUT
4y INPUT A
64 BIAS NC
s \ /

01 INPUTB 4 (% ) INPUT B @@@ ouTPUT
' < S ' ~ <
P ON©
< 91
Vs 1 L v @ MH0009 @ v
> 200 <
S S @
67 INPUTB 6 0 ~ ~
, INPUT B 92 OUTPUT

06 > <
7 BIAS NC
INPUT A
10 ¢, OUTPUT 42 INPU.
V= 5.0V

¢, BIAS 7 8 92 INPUTA . vV a2y

Order Number MH0009G
or MH0009CG

typical application See Package 8

FIGURE 1
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absolute maximum ratings

V™ Supply Voltage: Differential (Pin 5 to Pin 3) or

MH0009/MHO0009C

(Pin 5 to Pin 7) . -40V

V*Supply Voltage: Differential (Pin 11 to Pin 5) 30V
Input Current: (Pin2,4,6 or 8) +75 mA
Peak Output Current 500 mA
Power Dissipation (Note 2 and Figure 2) R 1)
Storage Temperature -65°C to +150°C
Operating Temperature: MH0009 ) -55°C to +125°C
MHO0009C | 0°C to 85°C

- Lead Temperature (Soldering, 10 Sec.) =~ 300°C

electrical characteristics (Note 1)

PARAMETER CONDITIONS MIN TYP | MAX NI
ton ‘ Cin ; 0022 uF  C_-=.001 uF 10 35 ns'
tee Cin = 0022 4iF  C_ = 001 uF ‘ 40 50 | ns
Pulse Width (50% to 50%) Cin = 0022 uF C_ = .001 uF 340 a00 | 440 ns
tran Ciny = 0022 uF  C_ = .001 uF ' 80 120 ns
taetay Cin=600pF  C, =200 pF ’ 10 ‘ ' s
trie Ci =600pF  C_ =200 pF ‘ 15 hs
Pulse Width (50% to 50%) Ciy =600 pF  C_ =200 pF 40 70 | 120 ns
ttan ' ~Cyn = 600 pF C,_ =200 pF ’ 40 ns

Note 1: Characteristics apply for circuit of Figure 1. With V™ = -20volts; V+ =0volts; Voc = 5.0
volts. Minimum and maximum limits apply from -55°C to +125°C for the MH0009 and from 0°C to
+85°C for the MHO009C. Typical values are for Tp = 25°C. ’

Note 2:. Transient power is given by P = fC|_ (V* - V") 2 watts, where: f = repetition rate, C|_ = load
capacitance, and (V¥ = V7) = output swing.

Note 3: For typical performance data see the MH0013/MHO0013C data sheet.

TN
o

POWER DISSIPATION (w)

o
N
i

[}

0 25 50 75 100 125 150 T
TEMPERATURE ( C)

FIGUEE 2. Maximum Power Dissipation
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NATIONAL

Mos Clock Drivers

MHO0012/MHO0012C high speed MOS clock driver

general description

The MHO0012/MH0012C is a high performance
clock driver that is designed to be driven by the
DM7830/DM8830 or other line drivers or buffers
with high output current capability. It will pro-
vide a fixed width pulse suitable for driving MOS
shift registers and other clocked MOS devices.

features

® High output voltage swings—12 to 30 volts

® High output current drive capability—1000 mA
peak

® High repetition rate—10 MHz at 18 volts into
100 pF

8 |ow standby power—less than 30 mW

schematic and connection diagrams

RO <
470°S

12-lead TO-8 Package

on

oUTPUT

INPUT 2

comp

typical application (ac test circuit)

———
| % omrs30/0mes3n

012

TOP VIEW
Order Numper MH0012G
or MH0012CG
See Package 6

timing diagram
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MHO0012/MHO0012C

absolute maximum ratings

V7 Supply Vol‘tage: Differential {Pin 1 0or 2 to

Maximum Qutput Load-See Figure 2

Pin 5) ~40V Power Dissipation--See Figure 1 1.5W
V* Supply Voltage: Ditferential (Pin 8 or 9 Storage Temperature ~65’ Cto +150°C
to Pin 1 0r2) 30V Operating Temperature: MH0012 -55°C to +125°C
Input Current: (Pin 3.or 7) +75 mA MHO0012C 0'C to +85°C
Peak Output Current 411000 mA Lead Temperature (Soldering, 10 sec) 300°C
dc electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Logic “1"" Input Voltage V' -VT =20V, Voup <V b 2V 10 20 v
(Pins 7 and 3)
Logic 0" Input Voltage V'SV =20V, Vour >V - 18V 04 06 v
(Pins 7 and 3)
Logic 1" Output Voltage V' =VT=20V, gyt = TmA, Vi +1.0 V' +20 v
. Vi = 2.0V
Logic 0" Output Voltage v =20V, loyt = - TMA, vi-1s v .07 \Y
Viy = 0.4V
loc (V™ Supply) V' -V =20V, V= 2.0V 34 60 mA
ac electrical characteristics
PARAMETER CONDITIONS (Note 3) MIN TYP MAX UNITS
Turn-On Delay (ton) 10 15 ns
- V' =V =20V, Ve =50V
Rise Time (t,) CL =200 pF, £~ 1.0 MHz 5 10 ns
Turn-Off Delay (tore) Ta=25'C 35 50 ns
Fall Time (t,) ) 35 45 ns

.Note 1: Characteristics apply for circuit of Figure 1. Min and max limits apply from -55°C to +125°C
for the MH0012 and from 0°C to +85°C for the MH0012C. Typical values are for T 5 = 26°C.

Note 2: Due to the .very fast rise and fall times, and the high currents involved, extremely short con-
nections and good by passing techniques are required.

Note 3: All conditions apply for each parameter.

Power Dissipatién

15
CIRT)
-4
=
H
o

5

0 25 50 75 100 125 150 175
AMBIENT TEMPERATURE (°C)
Figure 1.

Maximum Output Load
vs Voltage Swing ys Rise Times

applications information

Power Dissipation Considerations

The power dissipated by the MH0012 may be
divided into three areas of operation = ON, OFF
and switching. The OFF power i$ approximately
30 mW and is dissipated by R, when Pin 3'is in
the logic 1" state. The OFF power is neglible and
will be ignored in the subsequent discussion. The
ON power is dissipated primarily by Q3 and Rg
and is given by:
+_y-j2
Por = [Nl + ‘—‘f-?‘il1 oc ()

T T T
- Ipeak t,
SV

» 30

2

o}

o

>

2 2

)

>

[

EY

= 10

0 400 800 1200 1600
MAXIMUM OUTPUT LOAD (pF)
Figure 2.
Where: ON Ti
- ime
BC = Duty Cyele = 5N Time & OFF Time
Vin-V

Iy is given by ._L':‘TEEQ and equation (1)
becomes:

V- Veea) VT v -T2
- Ry Ry

For VN =25V, Vgg3=0.7V, V' =0V, V™ = 220V,
and DC = 20%, Pon = 200 mW.

Pon DC (2)

Rise and Fall Times vs
Load Capacitance

——‘L mul

Y

N
=

@
&
A

w
S

b

I
<
.

Vo= 20v
| Ta=25C

&

-

RISE TIME & FALL TIME (ns)
- ~
=1 S

\r

@

)

200 400 600 800 1000
LOAD CAPACITANCE, Cy (pF)

The transient power incurred during swi}ching is.
given by:
Pac = (V' -VT)2C f- (3)

For V¥ = 0V, V™ = =20V, C_ = 200 pF, and
f = 5.0 MHz, Poc = 400 mW.
The total power is given by:

Py = Pac + Pon (4)

Pr < Puax ‘
For the above example, Py = 600 mW.
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NATIONAL

Mos Clock Drivers

MHO0013/MHO0013C two phase MOS clock driver

general description

The MHO0013/MH0013C is a general purpose clock
driver that is designed to be driven by DTL or
TTL line drivers or buffers with high output cur-
rent capability. It will provide fixed width clock
pulses for both high threshold and low threshold
MOS devices. Two external input coupling capa-
citors set the pulse width maximum, below which
the output pulse width will closely follow the
input pulse width or logic control of output pulse
width may be obtained by using larger value input
capacitors and no input resistors.

features

® High Output Voltage Swings—up to 30V

® High Output Current Drive Capability—up to
500 mA

® High Repetition Rate—up to 5.0 MHz
® Pin Compatible with the MH0O009/MH0009C

= ““Zero” Quiescent Power

OELOOHW/ELOOHW

schematic and connection diagrams

INPUT A,

INPUTA, 4

INPUT B, 6

INPUT B,

typical applications

12-Lead TO-8 Package

INPUT A,

INPUT A, ~ OUTPUT A

N
INPUT m/ QUTPUT B
INPUT B,
ToP VIEW

Order Number MH0013G or MH0013CG
See Package 6

Rin
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1/2 DM7830/DM8830
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QuTPUT
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MH0013/MH0013C

absolute maximum ratings

(V* = V7) Voltage Differential 30V
Input Current (Pin 2,4, 6 or 8) 75 mA
Peak Output Current +600 mA
Power Dissipation (Figure 7) : 1.5W
Storage Temperature —65°C to +150°C
Operating Temperature MH0013 -56°C to +125°C

MHO0013C 0°C to +86°C
Lead Temperature (Soldering, 10 sec 1/16"" from Case) 300°C

electrical characteristics (Note 1 and Figure 8)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Logical 0" Output Voltage lout =-50mA Iy = 1.0mA v'-30 vi-10 v
lout =-10mA I,y =1.0mA vi-07 V'-05 v
Logical “1” Qutput Voltage loyT =50mA Iy = 10mA VT +15 V7420 v
\
Power Supply, Leakage Current (V*-Vv7) =30V 1.0 100 HA
lout =lhn =0mA
Negative Input Voltage Clamp iy =-10mA VT-1.2 vV -08 v
tyon \ 20 35 ns
trise 35 50 ns
Cyn =0.0022 uF
tg oFfF (Note 2) Rix = 002 30 60 ns
ttan (Note 2) Cy = 0.001 uF 40 50 80 ns
teanl (Nf)tei!) ) 40 70 120 ns
Pulse Width (50% to 50%) (Note 3) 340 420 490 ns
trse C,n =500 pF 15 ns
tran Rin =02 20 ns
Pulse Width (50% to 50%) (Note 3) CL =200pF 110 ’ ns
Positive Output Voltage Swing vt-07v
.Negative Output Voltage Swing VT +07V : v

Note 1: Min/Max limits apply over guaranteed operating temperature range of -55°C to +125°C for
MHO0013 and 0°C to +85°C for MHO013C, with V™ = -20V and V" = OV unless otherwise specified.

Typical values are for 25°C.

Note 2: Parameter values apply for clock pulse width determined by input pulse width.
Note 3: Parameter values apply for input pulse width greater than output clock pulse width.

TABLE 1. Typical Drive Capability of One Half MH0013 at 70°C Ambient

V3-Va) FREQUENCY PULSE WIDTH TYPICAL Ry TYPICAL Ciy OUTPUT DRIVE RISE TIME
VOLTS MHz ns 2 pF CAPABILITY IN pF' LIMIT ns?
28 50 -
20 4.0 100 0 750 200 7
16 350 10
28 100 5
20 20 200 10 1600 400 14.
»16 700 19
28 . 400 19
20 10 200 o 2300 . 1000 34
16 : 1700 45
28 . 2800 130
20 05 500 10 4000 5500 183
16 9300 248

Note 1: Output load is the maximum load that can be driven at 70°C without exceeding the package

rating under the given conditions.

Note 2: The rise time given is the minimum that can be used without exceeding the peak transient

output current for the full rated output load.

circuit-operation

Input current forced into the base of Q1 through
the coupling capacitor C,y causes Q1 to be driven
in;o saturation, swinging the output to
V™ + Ve (SAT) + Vpiope-

When the input current has decayed, or haé been
switched, such that Q1 turns off, Q2 receives base

drive through R2, turning Q2 on. This supplies
current to the load and the output swings positive
to V' - Vge. )

It may be noted that Q1 always switches off
before Q2 begins to supply current; hence, high’
internal transient currents from V* to V"~ cannot
occur.
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typical performance characteristics

FIGURE 1. Output Load vs Voltage
Swing
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'FIGURE 2. Transient Power vs Rep.
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MHO0013/MH0013C

pulse width

Maximum ou_tput' pulse width is a function of the
input driver
capacitance and resistance. After being turned on,
the input current must fall from its initial value
li;n peak to below the input threshold current
Iin min =~ Vge/R1 for the clock driver to turn
off. For example, referring to the test circuit of
Figure 8, the output pulse width, 50% to 50%, is
given by

1
PWouT = 7 (trise + tran)

Iin peak

+RoCin In - =400 ns.

hinm .
For operation with the input pulse shorter than
the above maximum pulse width, the output pulse
width will be directly determined by the input
pulse width.

PWouT = PWin + taorr * taon t 5 (tfau + trige)

Typical maximum pulse width for various C, and
Ry values are given in Figure 6.

fan-out calculation

The drive capability of the MHOO13 is a function
of system requirements, i.e., speed, ambient tem-
perature, voltage swing, drive circuitry, and stray
wiring capacity.

The following equations cover the necessary calcu-
lations to enable the fan-out to be calculated for
any system condition. Some typical fan-outs for
conditions are given in Table 1.

Transient Current

The maximum peak output current of the MH0013
is given as 600 mA. Average transient current re-
quired from the driver can be calculated from:

C (Vi -V))

I = Th (1)

This can give a maximum limit to the load.
Figure 1 shows maximum voltage swing and
capacitive load for various rise times.

1. Transient Qutput Power

The average transient power “(Pac) dissipated is
equal to the energy needed to charge and discharge
the output capacitive load (C, ) multiplied by the
frequency of operation (F).

Pac=CLx (V' =V )2xF (2)
Figures 2 and 3 show transient power for two dif-
ferent values of (V" ~ V7) versus output load and
frequency. ’

2. Internal Power

“0” State
Negligible (<3 mW)
17 State
(V' -v7)?
PinT = T x-Duty Cycle. (3)

characteristics and the couplmg

Figure 4 gives various values of internal power
versus ouptut voltage and duty cycle.

3. V'/nput Power

The average input power is a function of the input
current and duty cycle. Due to. input voltage
clamping, this power contribution js small and can
therefore be neglected. At maximum duty cycle of
50%, at 25 C, the average input power is less than

10 mW . per phase for R;NC,n controlled pulse

widths. For pulse widths much shorter than
R/nCin. and maximum duty cycle of 50%, input
power could be as high as 30 mW, since |, peak is
maintained for the full duration of the pulse
width.

4. Package Power Dissipation

Total Average Power = Transient Output Power +

Internal Power + Input
Power
Typical Example Calculation for ~One Half
MHO0013C

How many MMS506 shift regnsters can be driven by
an MHO0013C driver at 1 MHz using a clock pulse
width -of 400 ns, rise time 30-50 ns and 16 volts
amplitude over the temperature range 0- 70°C?

Power Dissipation

From the graph of power dissipation versus tem-

perature, Figure7;, it can be seen that an
MHO0013C at 70°C can dissipate 1W without a heat
sink ; therefore, each half can dissipate 500 mW.

Transient Peak Current Limitation

From Figure 1 (equation 1), it can be seen that
at 16V and 30 ns, the maximum load that can be
driven is limited to 1140 pF.

Average Internal Power

Figure 4 (equation 3) gives an average power of
102 mW at 16V 40% duty cycle.

Input power will be a maximum of 8 mW.

Transient Output Power
For one half of the MHO013C
500 mW = 102 mW + 8 mW

+ transient output power
390 mW = transient output power .
Using Figure 2 (equation 2) at 16V, 1 MHz and
390 mW, each half of the MHO013C can drive a
1520 pF load. This is, however, in excess of the
load derived from the transient current limitation
(Figure 1, equation 1), and so a maximum Ioad
of 1140 pF would prevail.
From- the data sheet for the MM506, the average
clock pulse load is 80 pF. Therefore the number
of devices driven is —8—0(-) or 14 registers.

For nonsymmetrical clock widths, drive capability
is improved.

.
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Digital Drivers

DHO0O06/DHO006C *current driver

general description

The DHOO006/DHO006C is an integrated high
voltage, high current driver designed to accept
standard DTL or TTL logic levels and drive
a load of up to 400 mA at 28 volts. AND inputs
are provided along with an Expander connection,
should additional gating be required. The addition
of an external capacitor provides control of
the rise and fall times of the output in order to
decrease cold lamp surges or to minimize electro-
magnetic interference if long lines are driven.

Since one side of the load is normally grounded,

*Previously called NHO006/NH0006C

there is less likelihood of false turn-on due to an .

inadvertent short in the drive line.

features

® QOperation from a Single +10V to +45V Power
Supply. '

® | ow Standby Power Dissipation of only 35 mW
for 28V Power Supply.

= 1.5A, 50 ms, Pulse Current Capability.

schematic and connection diagrams
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>
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<
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>
[ >

\ 4 9—OVcc

Metal Can Package

TOP VIEW
Order Number DHOO06H

ouTPUT or DHOOO6CH

See Package 11

Dual-In-Line Package

INPUT O—K—lb b0 | ResPONSE
O s | TIME CONTROL .
weur O—j—@ Vee ! L outeur
EXPANDER Qi) ) .
INPUT O—HD INPUT RESPONSE
’ N . TIME
INPUT O—“—J INPUT ] | J CONTROL
e ~OGROUND ' -
EXPANDER 4 7 GROUND
INPUT
[}
INPUT INPUT
Order Number DHOO06CN

typical applications

Relay Driver
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DTL/TTL —
LoGIC
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EXPANDER INPUT

See Package 16

Lamp Driver with' Expanded Inputs

Vee
+28V

OUTPUT

DTL/TTL
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TesT

321
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DH0006/DHO0006C

Storage Temperature

absolute maximum ratings

Peak Power Supply Voltage (for 0.1 sec) 60V
Continuous Supply Voltage 45V
1nput Voltage ; ’ o 5.5V
Input Extender Current 5.0 mA
Peak Qutput Current (50 ms On/1 sec Off) “1.6A

Operating Temperature
DHO0006
DHO0006C, DHO006CN

-55°C to +125°C
0°C to +70°C
-65°C to +150°C

electrical characteristics (Note 1)

PARAMETEIEC ~ CONDITIONS MIN '(NT)::Z) MAX UNITS
Logical “1” Input Voltage Vce =45V to 10V 2.0 \
~Logical “0” Input Volitage Vee =45V to 10V 0.8 \Y
Logical 1" Output Voltage Vee =28V, Viy = 2.0V, Igyt =400 mA| 26.5 270 \
Logical “0” Output Voltage | Vcc =45V, V=08V, R = 1K .001 .01 \
Logical “1”” Output Voltage | Ve = 10V, Vi = 2.0V, Igyr = 150 mA| 8.8 9.2 v
Logical 0" Input Current Vee =45V, V) = av -0.8 .—1.0 mA
Logical 1" Irjput Current Vce =45V, V |y =24V 0.\5 5.0 MA
Vee =45V, Vi =565V 100 uA
“*Off"” Power Supply Current | Vo =45V, V,y =0.8V 1.6 2.0 mA
“On"’ Power Supply Current'| Vee = 45V, V= 2.0V, Igyt = 0 mA 8 mA
Rise Time Vce =28V, R, =820 '0.10 us
Fall Time Vee =28V, R = 8202 - 038 us
Ton Vee =28V, R =820 0.26 us
Tos Vee =28V, R, =820 2.2 us

Note 1: Unless otherwise specified, limits shown apply from -55°C to 125°C for DH0006 and 0°C to
70°C for DHOOO6C. ’
Note 2: Typical values are for 25°C ambuen/t.

Note 3: Power ratings for the TO-5 based on a maximum junction temperature of +175°C and a dia
of 210°C/W. '

Note 4: Power rating for the DHOOOBCN Molded DIP based on a maximum junction temperature of
+150°C and a thermal resistance of 175°C/W when mounted in a standard DIP socket.

Note 5: Power rating for the DHOOO6CN Molded DIP based on a maximum junction temperature of
+150°C and a thermal resistance of 160°C/W when mounted on a 1/16 inch thick, epoxy-glass board
with ten 0.03 inch wide 2 ounce copper conductors.

switching time waveforms

—f t ety [

PULSE -
INPUT

0%

e Torr

PULSE OUTPUT
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typkalpedonnance
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DH0008/DH0008C

NATIONAL _
DH0008/DH0008C*

high voltage, high current driver

general description

The DHO008/DHO008C is an integrated high volt-

age, high current driver, designed to accept stan-

dard DTL or TTL input levels and provide a pulsed
load of up to 3A from a continuous supply voltage
up to 45V. AND inputs are provided with an EX-
PANDER connection, should additional gating be
required.

Since one side of the load is normally grounded,
there is less likelihood of false turn-on due to an
inadvertent short in the drive line.

The high pulse current capability makes the
DH0008/DH0008C ideal for driving nonlinear
resistive loads such as incandescent lamps. The
*Previously called'NHO008/NH0008C .

Digital Drivers

circuit also requires only one power supply for
circuit functional operation.

The DHOQO8 is available in a 10-pin TO-5 package;
the DHOOQO8C is also available in a 10-pin TO-5, in
addition to a 10-lead molded dual-in-line package.

features

® QOperation from a Single +10V to +45V Power
Supply.

® [ ow Standby Power Dissipation of only 35 mW
for 28V Power Supply.

® 3.0A, 50 ms, Pulse Current Capability.

schematic and connection diagrams
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Switching Sequence

Step A B C D
1 1 0 1 0
2 1 [ 0 1
3 [ 1 0 1
4 0 1 1 [
1 1 ] 1 0

To reverse the direction use a 4, 3, 2, 1
sequence -




absolute maximum ratings

Peak Power Supply Voltage (for 0.1 sec) 60V .
Continuous Supply Voltage 45V
Input Voltage 5.5V
Input Extender Current 5.0 mA
Peak Output Current .
(50 msec On/1 sec Off) 3.0 Amp

Continudus Output Current
(See continuous operating curves.)
Operating Temperature

J8000HA/8000HA

DHO0008 -55°C to +125°C
DH0008C 0°C to +70°C
Storage Temperature -65°C to +150°C

electrical characteristics (Note 1)

: P
PARAMETER CONDITIONS MIN Tv MAX UNITS
(Note 2) .
Logical 1" Input Voltage Ve =45V to 10V 20 \Y
Logical 0" Input Voltage Vee =45V to 10V 0.8 \Y,
Logical “1”" Output Voltage Vee =45V, Viy = 2.0V, loyr = 1.6A 43 435 \Y

50 ms On/1 sec Off
Logical 0" Output Voltage | Vcc =45V, Vy =0.8V, R =1K 0.02 0.1 \%
Vee =28V, Vi = 2.0V, Igyt = 0.8A

Logical “1"" Output Voltage 50 ms On/1 sec Off 26.5 27.1 \
Logical 0" Input Current Vee =45V, V |y =04V -0.8 -1.0 mA
Logical “1”" Input Current Vee =45V, V iy =24V 0.5 5.0 A

Vee =45V, Vg =55V 100 uA
“Off"" Power Supply Current | Voc =45V, V| =0V 1.6 2.0 mA
Rise Time Vee =28V, R =399, V,y = 5.0V 0.2 us
Fall Time Vee =28V, R =399, V,y = 5.0V 3.0 us
Ton Vee =28V, R =399, V,y = 5.0V ' 0.4 us
Tore Vee =28V, Ry =399, V,y = 5.0V 7.0 us

Note 1: Unless otherwise specified limits shown apply from -55°C to 125°C for DH0008 and 0°C to
70°C for DHO008C.

Note 2: Typical values are 25°C ambient.

Note 3: Power ratings for the TO-5 based on a maximum junction temperature of +175°C and a ¢ JA
of 210°C/w.

Note 4: Power ratings for the DHOOO8CN Molded DIP based on a maximum junction temperature of
150°C and a thermal resistance of 150°C/w when mounted in a staridard DIP socket.

Note 5: Power ratings for the DHOOOS8CN Moided DIP based on a maximum junction temperature of
150°C and a thermal resistance of 115°C/w when mounted on a 1/16 inch thick, epoxy-glass board
with ten 0.03 inch wide 2 ounce copper conductors.

switching time waveforms
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DH0008/DH0008C

_typical performance
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DHOO11*(SH2001)
DHOO011C*(SH2002)
DHOO1ICN*(SH2002P)

high voltage high current drivers

general description

The DHOO11 high voltage, high current driver
family consists of hybrid integrated circuits which
provide a wide range of variations in temperature
range, package, and output current drive capa-
bility. A summary of the variations is listed below.

*Previously called NHO011, NHOO11C, NHO011CN

Digital Drivers

Applications include driving lamps, relays, cores,
and other devices requiring several hundred milli-
amp currents at voltages up to 40V. Logic flexi-
bility is provided through a 4-input NAND gate, a
NOR input and an input which bypasses the gating
and connects the base of the output transistor.

logic diagram

Vee

ordering information

NSC I ATION | SHE IATION | PACKAGE | TEMPERATURE RANGE OU;:‘;:;{’:::"T
DHO011H SH2001 1 -55°C to +125°C 250 mA
DHO011CH SH2002 1 0°Cto +70°C 150 mA
DHOO11CN SH2002 P 16 0°Cto +70°C 150 mA

NOLLOOHA/JLL00HA/LLO0HAa




DHO0011/DHO011C/DHOOTCN

absolute maximum ratings

Vee

Collector Voltage (Output)

Input Reverse Current
Power Dissipation

Operating Temperature Range DHO011 ‘
DHO0011C/DHO011CN

Storage Temperature

electrical characteristics

8V
40v

1.0 mA

800 mW
-55°C to +125°C
0°C to +70°C
-65°C to 150°C

TESTNO. [PIN1|PIN2 |PIN3 |PIN4 |PIN5 [PING|{PIN7 | PIN8 | PIN9 | PIN 10 | SENSE | MiN | MAX
1 Vin | Vin Vin Vin GND GND | lopa Veeo Vg Vou
2 Vi GND GND | Iorr | Vie | Veer Vg Voo
3 Vi GND | lop2 Veed Ve Vourz
4 Vi GND | loL2 Veeu Ve Voiz2
5 Vi GND | loL2 Veeo Vs Vou2
6 Vie | GND | loc2 Veeo Ve Voi2
7 GND | GND | lo.2 Vin | Vecl Ve Voi2

'8 Ve | GND | GND | GND | GND Veen Iy In

9 GND | Vg | GND | GND | GND Veen I In

10 GND | GND | Vg | GND | GND Vecn I In
1 GND | GND | GND | Vg | GND Veen I In
12 GND Va | Veen o In
13 Ve |Ve |Vs |Vs |GND Veen Ih -lg
14 Va | Ve |Va |Vva |GND Veen | 1o -lg
15 Ve | Ve |Ve |Vs |GND Veen I3 -lg
16 Va Vg Ve ['Ve GND Veen 1, -lg
17 GND | GND Ve | Veen | 1o -1
18 GND GND Veel Ve | Vou
19 GND GND GND | Vox Veel Is lox
20 GND GND Veo ho lpoH
21 GND GND Vumax | 1o Imax
22* GND Veo ton
23* GND Veo torr

*See Test Circuits and Waveforms on Page 4.

forcing functions (Note 1) DH0011
PARAMETER -55°C +25°C +125°C UNITS
Veel 45 45 45 v
Veen 55 55 5.5 v
Veo 5.0 v
Vimax 8.0 v
Vi 14 1.1 038 v
Vin 2.1 19 17 v
Vi 40 40 40 v
Ve 0.0 0.0 0.0 v
lout 250 250 250 mA
loL2 8.0 8.0 75 N mA
Vox 400 40.0 40.0 v

Note 1: Temperature Range -55°C to +125°C
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forcing functions (note 2) DHOO11C, DHOO11CN g
PARAMETER 0°c +25°C +70°C UNITS =
Veel 5.00 5.0 5.0 \Y B
Veen 5.00 5.0 5.0 v I
Veo 5.0 v o
Vmax 80 v 2
Vi 1.20 11 95 v )
Vg 2.00 19 1.8 Y ~
Vg 4.00 4.0 40 V. g
Ve 0.45 0.45 05 v o
loLs 150 150 150 mA Q
loLa 8.0 8.0 75 mA )
Vox 40.00 400 40.0 % 2

test limits (Note 1) DHOO11

== P T
PARAMETER MIN = cMAx MIN &l MAX MIN e CMAX UNITS
Vous 0.45 04 0.45 v
Vois 0.45 04 0.45 v
Vou | 220 | 200 1.80 v
Ig o 20 5.0 uA
Ie 1.60 16 15 mA
|ox 5.0 200 MA
leon 306 mA
Imax 29.6 mA
ton 160 ns
torr 220 ns

test limits (Note 2) DH0011C, DHOO11CN

S ppec g
PARAMETER MIN i MAX MIN Bt MAX MIN & CMAX UNITS
Vous 045 045 05 v
Vols 045 0.45 05 v
Vou . 205 195 1.85 . v
In 50 10.0 uA
~lg 1.40 14 1.35 mA
lox 5.0 200 uA
[ : 30.6 ' mA
IMAX 340 mA

Note 1: Temperature Range -55°C to +125°C
Note 2: Temperature Range 0°C to +70°C

switching time test circuit

Typical Switching Times

O ouTPuUT

C =10 pF = WIRING
CAP.

FREQ. = 100 kHz
DUTY CYCLE = 50% PIN5, PIN 7 GND

TIME (ns)

switching time waveforms

-50°C 25°C 125°C
TEMPERATURE (°C)
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DHO0016CN,DHO017CN,DH0018CN

NATIONAL

DHOO16CN* ,
DHOO17CN*(SH2200P)
DHOO018CN*

high voltage high current drivers

general description

This high-voltage, high-current driver family con-
sists of hybrid integrated circuits which provide a
wide range of output currents and output voltages.
Applications include driving lamps, relays, cores,
and other devices requiring up to 500 mA and

*Previously called NHO016CN, NH0O017CN, NHOO18CN

‘Digital Drivers

withstanding voltages up to 100V. Logic flexi-
bility is provided through a 4-input NAND gate, a.
NOR input and an input which bypasses the gating”
and connects to the base of the output transistor.

logic diagram

Vee

ordering information

NSC DESIGNATION | SH DESIGNATION | PACKAGE OUTPUT CHARACTERISTICS

DHOO16CN N/A

" DHO017CN SH2200P
DHO018CN N/A

Maximum Standoff '
Voltage Current
70v 250 mA
50V 500 mA
100V 500 mA




O
I
absolute maximum ratings 8
-
Vece 8V [}
Input Voltage 8V (@]
Collector Voltage ~ DHO016CN 70V 2
DHO017CN 50V b
DHO0018CN 100V T
Output Surge Current ~ DHO016CN 1.0A o
) DHO017CN & DHO018CN 2.0A o
Power Dissipation 455mW -
Operating Temperature Range 0°C to +70°C ~N
Storage Temperature -65°C to +150°C g
electrical characteristics O
I
T:gT PIN1| PIN2| PIN3 | PIN4| PIN5|PING | PIN7| PIN 8| PIN9| PIN 10 | SENSE MI:IIMHI-VSIAX 8
-
2 | Viu| Vin| Vm Vi | GND GND | loLy Vee Vg Vor1 g
3 | Vi . GND GND | loL1| Vie | Vee Vs Voui 2
4 " GND GND | lops Vie Vee Vg ‘I Vou1
5 Ve ' GND GND | lops Ve Vee Vg Vori
6 ViL | GND GND | loL1| Vie | Vee Vg Vori
7| Vi GND | lo2 Vee Ve Vorz
8 Vie GND | loL2 Vee Ve Vorz
9 Vie GND | loL2 | Vee Vs ) Vorz2
10 ‘ i Vi | GND | lop2 Vee Ve Vor2
1 GND | GND | loLs Vin | Vee Ve Vois
12 | Vi | GND | GND | GND | GND Vee I In
13 |GND| Vs | GND | GND | GND Vee Iy In
14 |GND | GND | Vi | GND | GND Vee Is In
15 |GND | GND | GND | Vg | GND Vee e In
16 GND Va | Vec ls In
17| Ve | Va | Va | Va | GND Vee I e
18| Ve | Ve | Va | Va | GND Vee N .
19| Va | Va | Ve | Va | GND Vee Is e
20| Va | Va | Va | Ve | GND Vee la e
21 GND | GND Ve | Vee o -
22 GND GND Vee Vg Vorr|
23 |[GND | GND | lois | GND | Vox Vee ls lox
24 ‘ GND Veo lo o
25 | GND GND GND | Vayax | o I Ax
forcing functions
SYMBOL 0°C +25°C +70°C UNITS
Vee 5.0 5.0 5.0 v
Veo 5.0 v
Viax 8.0 v
Vi : 0.85 0.85 0585 v
Viu 1.9 1.8 1.6 \Y
Ve 45 45 45 v
Ve 0.45 . 045 0.45 \
Vox (DHOO16CN) 70 70 \%
Vox (DHOO17CN) - 50 50 \%
Vox (DHOO18CN) : 100 100 v
loL1 (DHO017CN, DHOO18CN) 500 500 500 mA
lous (DHOO16CN) 250 250 250 mA
loLa 16 16 16 mA
loLs 8.0 | mA




. test limits

DHOO16CN,DHO017CN,DHO018CN

SYMBOL 0°c +25°C +70°C UNITS
Voui : ) 0.6 0.6 0.6° \
Vouz ) 0.45 0.45 v 0.45 \%
Vou : 1.95 - 1.85 - 1.65 \%
Ir - 60 . 60 MA
-l 1.6 1.6 ) 1.6 mA
lox 5.0 200 MA
lpp ‘ : 12.2 mA"
IMAX ' ' 10 mA
‘/
Typical Output Voltages vs Temperature Typical Switching Times I¢ = 250 mA Typical Switching Times Ic =500 mA
DHO0016CN . . * DHOO17CN, DHOO18CN
= .04
S T
T T T T T F
- DHO017CN, DHOO18CN I = 500 mA _
s 03 T 0o 3
g R = -
§ 0.2 DHODTGCN I =250 mA — 2 a0 - § 20 | -
= = FF
3 & a0 3 o
2 ] = 1
S o1 & 200 & 10
e .
E 100 to[N ton
o [1] < - —
0 25 50 5 ] 25 50 75 ] 25 ‘50 75
TEMPERATURE ( C) TEMPERATURE ( €) ) TEMPERATURE (°C)
switching time test circuit
50V
Rl
PIN10= Vg = 5V O ouTPUT

. € =10 pF = WIRING
: Q CAP.

FREQ. = 100 kHz

DUTYCYCLE=50%  PIN5 PIN7GND

. few 1 . R1 = 20052 (DHO016CN)
‘ R1 =100 (DHOD17CN,
. . DHOO18CN)

switching time waveform

50V
OUTPUT
INPUT .

ton
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N ‘Digital Drivers
NATIONAL
DH0028C/DH0028CN "hammer driver

general description features
The DHO0028C/DH0028CN is a high current
hammer driver designed for utilization in a wide
variety of printer applications. The device is
capable of driving 6 amp pulsed loads at duty
cycles up to 10% (1 ms ON/10ms OFF). The
input is DTL/TTL compatible and requires only a
single voltage supply in the range of 10V to 45V.

® |ow standby power: 45 mW at V¢c =36V,
35 mW at Ve = 28V.

® AND input with
flexibility.

expander affords logic

® Fast turn-on, typically 200 ns.

*Previously called NHO028C/NH0028CN

connection diagrams

Metal Can Package

Molded Dual-In-Line Package

ouTPUT
. Vee 1 = — 10 outeut
NTERNAL INPUT 2 ] — s e
CONNECTION Tean
IN AL
ne INPUT 3 = [~ 8 CcoNNECTION
GROUND EXPANDER 4 == b— 7 GROUND
INPUT 5 6 INPUT
TOP VIEW
Order Number DH0028CH Order Number DH0O028CN
See Package 11 See Package 16
typical application
COLUMN ONE COLUMN TWO
INPUT INPUT
Y
&—D
- +36V.
-"I‘ anF
T\ outvevoe
/ CONTROL
DHO028CN DHO028CN
ONE SHOT —
N\, [ - B AN
INHIBIT 7 g - 7
20 0
w - w
HAMMER 1 o HAMMER 2 v
= N =

*Use one decoupling capacitor per six hammer drivers for improved AC noise immunity.
**Zener is used to contvol the dynamics of the hammer.

NO8200HA/08200HA




DH0028C/DH0028CN

absolute maximum ratings

Continuous Supply Voltage
Instantaneous Peak Supply Voltage
(Pin 1 to Ground for 0.1 sec)

Input Voltage

Expander Input Current

Peak Output Current (1 ms ON/10 ms OFF)
Continuous Output Current DH0028C at 25°C

Operating Temperature
Storage Temperature

DHOO028CN at 25°C

45V

60V
5.5V

5.0 mA
6.5A
750 mA
1000.mA

0°C to 70°C

-65°C to +175°C

Lead Soldering Temperature (10 sec) 300°C
electrical characteristics (Note 1)
PARAMETER CONDITIONS MIN TYP MAX UNITS
. (Note 1)
Logical “1” Input Voltage Vee = 10V to 45V 20 v
Logical “0" Input Voltage Ve = 10V to 45V 0.8 \
Logical “0" Input Current Vee =45V, Vi = 0.4v 08 1.0 mA
Logical “1”" Input Current Vee =45V, V) = 2.4V 0.5 5.0 HA
Vee = 45V, Vi = 55V 100.0 HA
Logical 1" Output Voltage Vee =45V, V= 20V,
lout = 1.6A 430 435 v
Vee = 36V, Viy = 20V,
lout = 5A 335 340 v
(Note 2)
Logical 0" Output Voltage Vee = 45V, R = 1k, V, = 0.8V .020 100 \
OFF Power Supply Current Vee = 45V, V, = 0.0V 16 20 mA
Rise Time (10% to 90%) Vee = 45V, R = 3982 0.2 us
Vin = 5.0V peak, PRF = 1 kHz '
Fall Time (90% to 10%) Ve = 45V; R = 3902 3.0 Hs
V,n = 5.0V peak, PRF = 1 kHz
Ton Vee = 45V, R, = 3982 04 us
Vin = 5.0V peak, PRF = 1 kHz °
Tore Vee = 45V, R = 396 70 us

Vin = 5.0V peak, PRF = 1 kHz

Note 1: These specifications apply for ambient temperatures from 0°C to 70°C unless otherwise
specified. All typical values are for 25°C ambient

Note 2: Measurement made at 1 ms ON and 10 ms OFF X
Note 3: Power ratings for the DHO028C are based on a maximum junction temperature of 175°C and

a thermal resistance of 210°C/W.

Note 4: Power ratings for the DHOO28CN are based on a maximum junction temperature of 175°C

and a thermal resistance of 150°C/W.

typical performance characteristics

Waveforms for Typical
Drum Printer Hammer

40 ) ——
) I
s Vee = 36V
s 20— Ton=1ms
x4 m__y'ro;;{lﬂms
| Ta=25C v,
0 A A
NN
~10 T HAMMER R
~ E_A_RELEASE\' t
<
- [} L
=3
E \
0

02 04 06 08 10 12 14 16

TIME (ms)
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NATIONAL

Digital Drivers

DH0034/DH0034C high speed dual level translator

general description

The DH0034/DH0034C is a high speed level trans-
lator suitable for interfacing to MOS or junction
FET analog switches. It may also be used as a
universal logic level shifter capable of accepting
TTL/DTL input levels and shifting to CML, MOS,
or SLT levels.

features

Fast switching, t,qq: typically 15 ns; t4q:
typically 35 ns :

Large output voltage range: 25V
Input is TTL/DTL compatible

Low output leakage: typically 0.1 uA
High output currents: up.to 2100 mA

schematic and connection diagrams

Metal Can Package

OUTPUT

S A2
S 300

% Circuit Shown GND v

Order Number DH0O034H
or DHO034CH
See Package 11

typical applications

5 MHz Analog Switch

2N4931

ANALOG
ouT

ANALOG _1

<
> 100K
b3

1/2 DHOO34
2N4831

+1ov

TOP VIEW

Dual-in-Line Package

[IRES =14 vec

A2 13 A,

B, 3= f—12 8,

NC 4] =11 nc

V- 5—f —10 v
0UTPUT1 6] —s  outPuT2

oND 71— b—8  NC

TOP VIEW
Order Number DH0034D
or DH0034CD
See Package 1

TTL to 1BM (SLT) Logic Levels

50V

L—— OUTPUT 1

b v

INPUT 1

1
INPUT 2
1
1

oUTPUT 2

510

Jv€00HA/YEOOHA
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< ’ B

8 absolute maximum ratings ‘

o o o

I Vee Supply Voltage 7.0V

e Negative Supply Voltage -30V

< Positive Supply Voltage +25V

(2] Differential. Supply Voltage ’ ) . 25V

8 ‘ Maximum Output. Current 100 mA

T Input Voltage . +5.5V

a Operating Temperature Range: DH0034 - -55°C to +125°C

DH0034C 0°Cto +85°C

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

electrical characteristics (see Notes 1 & 2)

DH0034 DH0034C

PARAMETER CONDITIONS MIN TYP MAX MiN TYP MAX UNITS
Logical “1" Vee = 45V 20 ' v
Input Voltage Vce = 475V : 20
Logical “0" Vee = 5.5V 08 v
Input Voltage - Vee = 4.75V 08
Logical “1* Vee =55V, Vi = 24V ‘ 40 HA
Input Current Vee =5.25V, Vi =24V 40
Logical 1" | Vee =55V, Vi =55V 1o mA
Input Current Vce =56.28V, V) =65V - ’ : 1.0 -
Logical “0" . Vee =55V, Vi =04V : 1.6 mA
Input Current Vge =5.25V, V |y = 0.4V 1.6

. Power Supply (Note 3) ) ’
Current Vee =55V, Vi =45V 30 38 . | mA
Logic 0" Vee =5.25V, Vi = 45V 30 38
Power Supply {Note 3)
Current Vee =55V, Vin =0V | a7 48 mA
Logic “1” Vee =525V, Vi =0V - ., 37 48
Logical 0" Vee = 4.5V, lgyt = 100 mA V™ +.60|V™+.75 V- +.50( V™ +.80 \
Output Voltage Vee =45V, lgut =50 mA VT+3 {V™+.50 V- +.3 | VT +.66 \
Output Leakage Vee =5.5V, Viy =0.8V 0.1 5 S04 5 HA
Current vt.v-=25v : )
Transition Timeto | Ve = 5.0V, V5= 0V,To=25°C 15 25 ) 1% - 35 ns
Logical 0" V- =-256V, R, =5100)
Transition Timeto | Voo =5.0V, Ta = 25°C 35 60 35 75 ns
Logical 1" V™ =-25V, R =510Q '

Note 1: These specifications apply over the temperature range -55°C to +125°C for the DH0034
and 0°C to +85°C. for the DH0034C with a 510 ohm resistor connected between output and ground,
and V™~ connected to —25V, unless otherwise specified.

* Note 2: All typical va!ues are for Tp = 25°C.
Note 3: Current measured is total drawn from Ve supply.




theory of operation

When both inputs of the DH0034 are raised to About 2 mA of Q1's collector current is drawn off

OYE00HA/YEOOHA

logic ‘1", the input AND gate is turned “‘on” by pull down resistor, R2. The balance, 5 mA, is
allowing Q1's emitter to become forward biased. available as base drive to Q2 and to charge its
Q1 provides a level shift and constant output cur- associated Miller capacitance. The output is pulled
rent. The collector current is essentially the same to within a Vgat of V7. When either (or both)

. L Vee - Ve input to the DHO034 is lowered to logic ’0,” the
as’ the emitter which is given by R1 AND gate output drops to 0.2V turning Q1 off.
Approximately 7.0 mA flows out of Q1's col- Deprived of base drive Q2 rapidly turns off causing
lector. the output to rise to the V3 supply voltage. Since

Q2's emitter operates between 0.6V and 0.2V, the
speed of the DHO034 is greatly enhanced.

applications information

1. Paralleling the Outputs boundaries of the operating region. For example, a

| fv- | to -6V Id di f
The outputs of the DH0034 may be paralleled to value o equat to wou ictate values o

increase output drive capability or to accomplish 25
the “wire OR". In order to prevent current hog-
ging by one output transistor or the other, resis-
tors of 2 ohms/100 mA value should be inserted
between the emitters of the output transistors and
the minus supply.

V- <-3v A
vhovT <5y

5 e
o OPERATING REGION

2. Recommended Output Voltage Swing

POSITIVE SUPPLY VOLTAGE (+V)

The graph shows boundary conditions which
govern proper operation of the DHO0034. The
range of operation for the negative supply is 24 18 12 -6 0

shown on the X axis and must be between -3V NEGATIVE SUPPLY VOLTAGE (-V)

and -25V. The allowable range for the positive

supply is governed by the value chosen for V™. V V* petween -5V and +19V. In general, it is de-
may be selected by drawing a vertical line through sirable to maintain at least 5V difference between
the selected value for V™ and terminated by the . the supplies.

switching time waveforms

F Rl

OUTPUT 50% 50%

-25V

—»| tpdq tadg
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DH0035/DH0035C

77

NATIONAL

Digital Drivers

DHO0035/DHO0035C PIN diode switch driver

general description

The DHO0035/DHO0035C is a high speed digital
driver designed to drive PIN diodes in RF modula-
tors and switches. The device is-used in conjunction
with an input buffer such as the DM7830/DM8830
or DM5440/DM7440.

features

® Large output voltage swing — 30V
® Peak output current in excess of 1 Amp
® |nputs TTL/DTL compatible

® Short propogation delay — 10 ns

® High repetition rate — 5 MHz

The DHO0035/DH0035C is capable of driving a
variety of PIN diode types including parallel,
serial, anode grounded and cathode grounded. For
additional information, -see AN-49 PIN Diode
Drivers.

The DHO035 is guaranteed over the temperature
range -55°C to +125°C whereas the DHOO35C is
guaranteed from 0°C to 85°C.

schematic and connection diagrams

INPUT A COMP.

R o
B n outpuT
INPUT A O AAA——4 o
A
INPUT B COMP
4
9
~ )
INPUT B O—‘\N\v—- anl j__a 0
A
cR3 p:
A b3
5 OGN

typical applications

Grounded Cathode Design

Metal Can Package

WUt A
comp

TOP VIEW
Order Number DH0035G
or DH0035CG
See Package 6

V=410V

——f—_—————

1/2 DM8830

r
|
|
|
I
|
L

’D__L_I

Bt

Vo=-tov

Note: Cathode grounded PIN diode: Rp. = 6262 limits diode forward current to 100 mA. Typical
switching for HP33604A, RF turn-on 25 s, turn-off 5 ns. C2 = 250 pF, Rp = 02, €1 = 0.1F.
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absolute maximum ratings

V™ Supply Voltage Differential (Pin 6 to Pin 1 or 2) 40V Storage Temperature Range -65°C to +150°C
V' Supply Voltage Differential (Pin 1 or 2 to Pin 8 or 9) 30V Operating Temperature Range DHO0035 _55°C to +125°C
Input Current (Pin 3 or 7) +75 mA o °

Peak Output Current £1.0 Amps DHO035C 0°Cto +85°C

Power Dissipation (Note 3) 1.5W Lead Temperature (Soldering, 10 sec) 300°C

electrical characteristics (Notes 1, 2)

OGE€00HA/SE00HA

LIMITS

PARAMETER CONDITIONS N VP MAX UNITS

Input Logic ““1" Threshold Vour = -8V, R = 10082 1.5 \%

Input Logic ‘0" Threshold Vour = +8V, R, = 10012 0.4 v

Positive Output Swing louTt = 100 MA 7.0 +8.0 v

Negative Output Swing lout = 100 mA -8.0 -7.0 \Y

Positive Short Circuit Current Vin = 0V, R = 082 400 800 mA
(Pulse Test; Duty Cycle < 3%)

Negative Short Circuit Current Vin = 1.5V, I)y = 50 mA, R = 02 800 -1000 mA
(Pulse Test, Duty Cycle < 3%)

Turn-On Delay Vin = 1.5V, Voyr = -3V 10 15 ns

Turn-Off Delay Vin = 1.5V, Vgyur = +3V 15 30 ns

On Supply Current Vin = 1.5V 45 60 mA

Note 1: Unless otherwise specified, these specifications apply for V+ =10.0V, V" = -10.0V, pin &
grounded, over the temperature range -55°C to +125°C for the DH0035, and 0°C to 85°C for the
DHO0035C.

Note 2: All typical values are for T p = 25°C.

Note 3: Derate linearly at 10 mW/°C for ambient temperatures above 25°C.

typical applications (cont.)

Grounded Anode Design
V=10V

Vo= -100V

Note: Anode Grounded PIN diode: Ry = 562 limits diode forward current to 100 mA. Typicai”
switching for HP33622A, RF turn-on 5 ns; turn-off 4 ns. C1 =470 pF, €2 = 0.1 uF, Ry = 0.

Alternate Current Limiting

i

DHO035 c

Inel

PIN
R DIODE

I e ]
R=="%0R =

v 1 ]




DH3467C

- Digital Drivers

NATIONAL

DH3467C quad PNP core driver

general description typical charabteristiqs '

The DH3467C consists of four 2N3467 type PNP Turn-ON Time 18 ns
transistors mounted in a 14-pin molded dual-in-line Turn-OFF Time 45 ns
package. The device is primarily intended for core Collector Current 1A
memory application requiring operating currents
in the ampere range, high stand-off voltage, and Collector-Base Breakdown_VoItage 120V typ.
fast turn-on and turn-off times. Collector Saturation Voltage
atlc=1A 0.55V
" Collector Saturation Voltage -
at lc = 0.6A 0.31Vv
connection diagram
Dual-In-Line Package
O,
'E 3 12 £
NC —4- ' 2- NC
E 5 10 €
g—“.-—GJ ub—i-a
¢ - LI
TOP VIEW
Order Number DH3467CN
See Package 17
-30V
-30v
+8.8V
5902
. _ SCOPE v
: | . - — — —_—— SCOPE
I
Lo 2<1, <500us 2002
: : tp<5ns
~-11.2v | . 1; w =
——‘ e DUT::(::&M 108V :‘TSEZ':'?“"‘
o f tg e

FIGURE 1.

+3V

Turn-On Equivalent Test Circuit

Ve = -30V

= DUTY CYCLE =2%

FIGURE 2. Turn-Off Equivalent Test Circuit

DUTY CYCLE=2%
596

18092

av VWA~
-10v —L o—e <
— 0w
AN
500 pF MAX =

FIGURE 3. Qr Test Circuit
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absolute maximum ratings

JL9VEHA

Collector to Base Voltage 40V
Collector to Emitter Voltage 40v
Collector to Emitter Voltage (Note 1) 40V
Emitter to Base Voltage 5V
Collector Current — Continuous 1.0A
Power Dissipation (T4 = 25°C) (each device) 0.85W
Power Dissipation (T, = 25°C) (total package) 2.5W
Operating Junction Temperature 150°C Max
Operating Temperature Range . 0°C to +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec.) 300°C

electrical characteristics (T, = 25°C, unless otherwise specified)

LIMITS
PARAMETER CONDITIONS MIN MAX UNITS
Collector to Base Breakdown Voltage (BVgo) - lc=10pA Ig=0 -40 \Z
Emitter to Base Breakdown Voltage (BVggo) lg=10uA Ic=0 -5.0 \%
Collector to Emitter Breakdown Voltage lc=10mA Ig=0 -40 \%
(Note 1) (BV¢go)
DC Pulse Current Gain (Note 1) (heg) ) lc =150 MA Vg = -1.0V 40
DC Pulse Current Gain (Note 1) (heg) Ic =500 mA Vce =-1.0V 40 120
DC Pulse Current Gain (Note 1) (hgg) Ic = 1.0A V¢g = -5.0V 40
Pulsed Collector Saturation Voltage (Note 1) (Vcg(san) Ic=150 mA 1g=15mA -0.30 v
Pulsed Collector Saturation Voltage (Note 1) (Vg (ean) Ic =500 mA 1g=50mA -0.50 \
Pulsed Collector Saturation Voltage (Note 1) (Vg (ean) Ic = 1.0A Ig =100 mA -1.0 \%
Pulsed Base Saturation Voltage (Note 1) (Vgg(eay) lc =150 mA Ig=156mA -1.0 \Z
Pulsed Base Saturation Voltage (Note 1) (Vgg(gay) Ic =500 mA 1g =50 mA -0.8 -1.2 \%
Pulsed Base Saturation Voltage (Note 1) (Vgg (can) lc=1.0A 1g=100 mA -1.6 v
Collector Cutoff Current {lcgo) Veg=-30V 1g=0 100 nA 7
Collector Cutoff Current (Icaoi100°c) Veg=-30V Ig=0 15 A
Collector Cutoff Current (Icgx) Veg =-30V Vgg =30V 100 nA
Base Cutoff Current (ig) ) Vcg =-30V Vgg = -3.0V 120 nA
Total Control Charge (Figure 3) (Qy) Ic =500 mA lg =50 mA 6.0 nC
Turn On Delay Time (Figure 1) (ty) Ic =500 mA g, = 50 mA 10 ns
Rise Time (Figure 1) (t,) Ic =500 mA lgy = 50 mA 30 ns
Storage Time (Figure 2) (t) Ic =500 mA lg; = lg; =50 mA 60 ns
Fall Time (Figure 2) (t) Ic =500 mA 1gy = lg; = 50 mA 30 ns
Output Capacitance (f = 100 kHz) (Cgy) lg =0 Vgg=-10V 25 pF
Input Capacitance (f = 100 kHz) (Cy,) Ic=0 Veg=-0.5V 100 . oF
High Frequency Current Gain (f = 100 MHz) (hg) lc =50 mA Ve = 10V 1.75

Note 1: Puised test, PW = 300us, duty cycle = 1%
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DH3725C

NATIONAL

‘DH3725C quad NPN core driver

general description

The DH3725C consists of four 2N3725 type NPN
transistors mounted in a 14-pin molded dual-in-line
package. The device is primarily intended for core
memory application requiring operating currents
in the ampere range, high stand-off voltage, and
fast turn-on and turn-off times.

Digital Drivers

typical characteristics

Turn-ON Time

Turn-OFF Time

Collector Current

Collector-Base Breakdown Voltage

Collector Saturation Voltage
atic=1A

- Collector Saturation Voltage

atlc = 0.5A

18 ns

45 ns

1A

120V typ.

0.55V

0.31Vv

connection diagram

Dual-In-Line Package

1
c

2 13

B Q1 Q2 b= B
12

E 2 E

E

\ " 9

: ﬂirl'\fa .,;}__.,,
¢ LIy

TOP VIEW

Order Number DH3725CN
See Package 17

.

switching time test circuit

-38v

1KQ

Vin o
Vi =497 . 620
L&Yy <lns
PW=~1pus A =
Z,\ =500
DUTY CYCLE < 2%

+30V

1uF
I'—-O Vour

TO SAMPLING SCOPE
t,<tinms
| Ziy > 100k

Ic =~ 500 mA, Ig1 ~ 50 mA, Ig2 =~ -60 mA
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absolute maximum ratings

Cdllector to Base Voltage

Collector to Emitter Voltage
Collector to Emitter Voltage (Note 1)
Emitter to Base Voltage

Collector Current — Continuous
Power Dissipation (T, = 25°C)
Power Dissipation (T¢ = 25°C)
Operating Junction Temperature
Operating Temperature Range
Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

80V
80V
50V

6V
1.0A

0.6W -

1.5W

150°C Max

0°C to +85°C
-65°C to +150°C
300°C

electrical characteristics— Each transistor (T, = 25°C, unless otherwise specified)

Capacitance

PARAMETER CONDITIONS LIMITS
MIN TYP MAX | UNITS
Collector to Emitter lc=10mA, 1g=0 50 \Y
Sustaining Voltage (Vcgo (sust) ‘
Collector to Emitter lc =10 A, Vge =0 80 \
Breakdown Voltage (BVgs)
Collector to Base Ic=10uA, Ig=0 80 \Y
Breakdown Voltage (BVCBO)
Emitter to Base 1c=0, g =10uA 6.0 \%
Breakdown Voltage (BVggg)
Collector Saturation Ic= 1A, Ig = 100 mA 0.55 0.95 \
Voltage (Vce (g,, ) (Note 2) Ic = 0.5A, Ig =50 mA 0.31 0.52 \Y
Ic=0.1A, 1 =10 mA 0.19 0.26 v
DC Pulse Current Gain (h.¢) (Note 2) lc = 1A, Vgg =6V 25 65
1c=0.5A, Vcg =1V 35 45
1c=0.1A, Vg =1V 60 90 150
Base Saturation I = 1A, Ig = 100 mA 1.10 1.70 \Y
Voltage (Vg (Sat) (Note 2) lc=0.6A, Ig =50 mA 0.95 1.20 \Y
1c=0.1A, Ig =10 mA 0.75 0.86 \
Collector Cutoff Current (I.g) lg =0, Veg = 60V 0.33 1.70 HA
Turn-ON Time Ic=0.5A, Ig; = 50 mA 18 30 ns
: (See test circuit)
Turn-OFF Time Ic =0.5A, Ig; = 50 mA 45 60 ns
Igo = 50 mA «
(See test circuit)
_ High frequency Current Gain f=100 MHz, Ic =50 mA, | 25 45
o ’ Vce = 10V
Common Base, Open Circuit, Output le =0, Vgg = 10V 48 10 pF
Capacitance : )
Common Base, Open Circuit, Input 1c=0, Vge =05V 40 55 pF

Note 1: Ratings refer to a high-current point where collector-to-emitter voltage is lowest.
Note 2: Pulse conditions: Length = 300 us, duty cycle = 1%.
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DH6376C quad NPN core driver

DESCRIPTION

The DH6376C consists of four 2N6376 type NPN
transistors mounted in a 14-pin molded dual-in-line
package. The device is primarily intended for core
memory application requiring operating currents
in the ampere range, and fast turn-on and turn-off
times. Also available in ceramic dual-in-line as
DH6376.

TYPICAL CHARACTERISTICS

Turn-On Time 12ns
Turn-Off Time 28 ns
Collector Current 1A

Collector-Base Breakdown Voltage 110V typ.
Collector Saturation Voltage

atlc = 1A 0.48Vv
Collector Saturation Voltage

atlc = 0.5A ' 0.31V

Digital Drivers

CONNECTION DIAGRAM

Dual-In-Line Package

1 L‘J 14

C C
2 13

B i ['}} Q2 pee B
3 12

E E
n
5 10

E E
6 9

_._r: ;F-

¢ 7 8 ¢

TOP VIEW |

Order Number DH6376CN
See Package 17

ABSOLUTE MAXIMUM RATINGS

Collector to Base Voltage . . ... .......... ....................... 75V

Collector to Emitter Voltage (NOte) . . ..o cvve v e il 40V
Emitter to Base VOItage . . . . . oo v it it et e e e e e 6V
Collector Current — Continuous. . .. ...... e 1.0A
Power Dissipation (Tp =25°C) each device. . . ... oo i inne o 0.85W
Power Dissipétion (Ta = 25°C) total package . .« .. o oo v 2.5W
Operating Junction Temperature . .. .. .. .. ..ot in i 1150°C Max
- Opérating Temperature Range . . . .. .. .. .iveouen. ... ....... 0°Cto+85°C
Storage Temperature Range . ... .........eouuuuenennannn —65°C to +150°C
Lead Temperature (Soldering, 10 seconds). . . .. .. ...t v i i i e 300°C

Note: Ratings refer to a high-current point where collector-to-emitter voltage is lowest.
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~
ELECTRICAL CHARACTERISTICS )
Each transistor (T = 25°C, unless otherwise specified) o
LIMITS
PARAMETER CONDITIONS UNITS
MIN TYP MAX
Collector to Emitter Sustaining Voltage lc =10mA, Ig =0 40 \
{Vceo (sust))
Collector to Base Breakdown Voltage lc =10uA, Ig =0 75 \
(BVcgo)
Emitter to Base Breakdown Voltage le =0,1g = 10pA 6.0 \%
(BVego) ' ’
Collector Saturation Voltage (Vg sat)) Ic = 1A, 1g = 100 mA 0.48 0.55 \
(Note 1) Ic =0.5A, I =50 mA 0.31 0.4 v
Ie =0.1A, Ig = 10 mA 0.19 0.25 v
DC Pulse Current Gain (heg) (Note 1) lc = 1A, Vg = 1V 20
Ic = 05A, Veg = 1V 30 | 9
Ic = 0.1A, Ve = 1V 60
Base Saturation Voltage (Vgg (sa1)) (Note 1) Ic = 1A, lg = 100 mA . 1.05 1.20 \
Ic = 0.5A, Ig = 50 mA 0.93 1.00 v
Ic = 0.1A, Ig = 10 mA 0.75 0.80 \
Collector Cutoff Current (Icgo) le =0, Veg = 60V 0.5 MA
Turn-ON Time lc = 0.5A, 1g; =50 mA 10 12 20 ns
' (See test circuit)
Turn-OFF Time . lc =0.5A, 134 =50 mA, lgy = 50 mA 20 28 35 ns
(See test circuit) '
High Frequency Current Gain f=100MHz, Ic =50 mA, Vee =10V 3.0
Common Base, Open Circuit, Qutput Capacitance lg =0, Vg = 10V 9 pF
Common Base, Open Circuit, Input Capacitance ch =0, Vgg = 0.5V 60 pF
Note 1: Pulse conditions: Length = 300us, duty cycle = 1%.
TYPICAL PERFORMANCE CURVES (each transistor)
DC Current Gain vs VCE(SAT). Collector VBE(SAT). Base
Collector Current Saturation Voltage Saturation Voltage
120 T :v; )|‘vv| 06 T 13 ™
- 196°1 134 F =10 . 1
=z 0 Ty =125 [T 5 05 —:—:- =10 u e /
: i
= 8 - 04 = v
E L ?; T -2 3= 09 1T, = 85 =g
3 % [Ta-25C 3 03 IR i H el ”
o ) \:\ i Ta ! ||1H 5 oo |2 ~
T o = L — > To=125°C
w Th = -55° TN TR A T
Bl iR NI B |
[] | 2 N 03
10 100 1000 10 00 1000 10 100 1000
I = COLLECTOR CURRENT (mA) Ic ~ COLLECTOR GURRENT (mA) Ic - COLLECTOR CURRENT (mA)
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DH6376C

TYPICAL PERFORMANCE CURVES (Con't) (each transistor) -

VBE(ON). Base Emitter
On Voltage

TT
Ve =1V
Ta=25°C

Vaeon), (V)

0 100 1000
Ic — COLLECTOR CURRENT (mA)

Capacitance vs Reverse
Bias Voltage
100

CAPACITANCE (pF)
I
T
3
T
i
t

0.1 1.0 10.0 50.0
REVERSE BIAS VOLTAGE (V)

toff vs Ambient
Temperature

100

50 [~ ic =300 mA
40 1 ic =500 mA
[ Jic=1a

o (ns)
8

20

1

1]
% % 0 3 60 9% 120
Ta — AMBIENT TEMPERATURE (°C)

Pomax) — MAXIMUM POWER DISSIPATION (mW)

BUcen, (V)

TIME (ns)

BVCER vs RBE

10 TTTI
i = 10 mA

10

w \

n

50

0

) 100 *® 10k 100k

Switching Times vs
Collector Current

« - Ve =30V
ce = il
3 1g = 1c/10
30 :
N |
25
v -

N\

5 L u
]
] s
100 300 500 1000

Ic — COLLECTOR CURRENT (mA)

Maximum Power
Dissipation vs
Ambient Temperature

1600

m.

200

000

800 ‘im

500 ™
NN

a0 ] N

20 eI

| N

100 150 200
Ta — AMBIENT TEMPERATURE (°C)

Pomax) — MAXIMUM POWER DISSIPATION (W)

Ic = COLLECTOR CURRENT (mA)

TIME (ns)

Safe Operating Area
1000 -
N 2 AT Cola T
™~ AN\ H
NGNS HH
ALY
SN
100
N AW
N
! ul
Ta=25C
10 L1
10 ] 4 100
Vee. (V)

Turn On and Turn Off
Times vs Collector Current

“ T TTTT
3 PN | Vee =30V

’ Ig =1c/10
30 Topt

o 1]
AN Y
2
15

t

10 ]
5
]
100 . 200 500 1000

Ic — COLLECTOR CURRENT (mA)

Maximum Power
Dissipation vs
Case Temperature

8
7
6
5 1039
4
3
2
~~]
1 T
] s 10 150 200

T — CASE TEMPERATURE (°C)
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D/A-A/D Products

LHOO70 series precision BCD buffered reference
LHOO71 series precision binary buffered reference

general description

The LHOO070 and LHOO71 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 LHO0070 has a
10.000V nominal output to provide equal step sizes in
BCD applications. The LH0O071 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 LHO070 and LHOO071 series combine excellent
long term stability, ease of application, and low cost,

making them ideal choices as reference voltages in
precision D to A and A to D systems.

features

®  Accurate output voltage

LH0070 10V £0.02%
LHO071 10.24V £0.02%
Single supply operation 12.5V to 40V
Low output impedance 0.1
Excellent line regulation 0.1 mV/V
Low zener noise 100uVp-p

3-lead TO-5 (pin compatible with the LM109)
Short circuit proof
Low standby current

3mA

equivalent schematic

1
O Vin

p——0 Vour

O3
GND
(CASE)

typical applications

+15V O—@

! ! .

100
2 A

0.1uF LHO070 LH0070

2
LH0070 VWA

connection diagram

TO-5 Metal Can Package

ouTPUT
(CASE)
wpux\‘ /

BOTTOM VIEW

See Package 19
Order Numbers:

LHO070 — 1H  LH0071 — 1H
LHO0070 —2H LH0071 — 2H

+15V

1

LHoozo, |2 ov :
LHO071 our

OPTIONAL

Statistical Voltage Standard

R1 3 R2
3 2.5k
-15V
b R3
- 10k, 10T
10.00V “Note: The output of the LHO070 and LHOO71 may be adjusted to a
—O qutPut precise voltage by using the above circuit since the supply current of
+ the devices is relatively small and constant with temperature and input
b voltage. For the circuit shown, supply sensitivities are degraded slightly
-I— to 0.01%/V change in Voyr for changes in Vyy and V™,

p—— An additional temperature drift of 0.0001%/'C is added due to the

vanation of supply current with temperature of the LH0070 and
LHOD071.Sensitivity to the value of R1, R2 and R3 isless than 0.001%/%.

*Qutput Voitage Fine Adjustment
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§ absolute. maximum ratings

: E Supply Voltage a0v
~ | Power Dissipation (See Curve) 600 mW
. ,9 Short Circuit Duration . Continuous
(=] Output Current ) +20 mA
g Operating Temperature Range ) —55°C to +125°C
- Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics (Note 1)

PARAMETER ’ CONDITIONS ~ MIN TYP . MAX UNITS
‘Output Voltage - Ta =25°C
LHoO70 : ' 10.000 ' \%
LHO071 10.240 Vv
Output Accuracy , Ta =25C »
- , , +0.03 +0.1 %
-2 . +0.02 +0.05 %
Output Accuracy )
=1 ) : - 40.3 %
-2 +0.2 %
Output Voltage Change With (Note 2)
Temperature .
-1 . +0.02 +0.1 %
-2 ‘ ! £0.01 - $0.04 %
Line Regulation 13V < Vi <33V, Te = 25°C : .
-1 o 0.02 0.1 %
-2 ‘ . : 0.01 . 003 %
Input Voltage Range 12.5 40 \
Load Regulation OmA <lgyutr <5mA ‘ 0.01 0.03 %
' Quiescent Current 13V <Vy <33V, gyt =0mA 2 .3 . 5 mA
Change In Quiescent Current AV |y = 20V From 13V To 33V 0.75 1.5 ’ mA
Output Noise Volfage ' BW = 0.1 Hz to 10 Hz, T, = 25°C 100 uVp-p
Ripple Rejection f=120 Hz 0.01 “%/Vp-p
Output Resistance . ok - | 1 Q
Long Term Stability . - Ta = 25°C (Note 3) :
-1 ’ 0.2 %/yr.
) C : | $0.05 Wlyr.

Note 1: Unlesslotherwise specified, these specifications apply for Vin = 15.0V, R = 10 kQ, and over the temperature range of -55°C < Ta <
+125°C. o
Note 2: This specification is the difference in output voltage measured at Tp = +85°C and at TaA = —25°C with readings taken after oven and
device-under-test stabilization at temperature using a suitable precision voltmeter.
Note 3: This parameter is guaranteed by design and not tested.
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T
typical performance characteristics o
o
Quiescent Current vs Input Normalized Output Voltage ~J
Maximum Power Dissipation Voltage vs Temperature _o
o 100° S 03 E
_ 1o’ 1800 | Ta=-55"C
600 foe = =y < Tapna = 150°6 Tp =+25°C = (=)
z 200°C I b AR < g 02 e
= 500 0sn = W e < 1 -é 3
= \ it // B_-// (= z -1
2 a00 N z 3 5 .E_
3.; \ > 5z 0
2 300 © EE
a \ E o &
&
g 0 N ] SR
H g i 3
[ 2 1 =
100 < £ 02
2
- -0.3
0 25 50 75 100 125 150 0 5 10 15 20 25 30 35 -50 -26 0 25 50 75 100 125
AMBIENT TEMPERATURE (°C) INPUT VOLTAGE (V) CASE TEMPERATURE (°C)

Output Short Circuit
Step Load Response Characteristics

. i 12 T T
$ s . I 13V < Vyy < 30V
s o 10 ——t
e = Tp = +125°C
§ C,=10pF w 8 —-TA;*ZEQ“ \
H @ Tp = -55°C \\ \
=) ot \]
w a 6 \y
2 g
= 500 -
o €, = 0.004F 5
g o 5
- >
2 -500 e
E | DELTA CURRENT = 5 mA 2
3 PULSE WIDTH = 2us
RO
[] 1 2 3 4 5 0 5 10 15 20 25 30
TIME (us) OUTPUT CURRENT (mA}
Noise Voltage
vear: 2V
T oo
2SEC
HORIZ: =
. DIV,

BW=0.1HzT0 10 Hz

typical applications (con’t)

1N4004

1 140-180V PEAK
' 1

NOMINAL +
117Vrms L
AC LINE 200V~

1k
130V CAL.
>

<
1/3“wk :: 0.014F 0-1mAMETER 3
9 OmA =100V ACrms  §

1 mA =130V ACrms

E 4

E i Scale ac V
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LHO0070,LHOO7

typical applications (con‘t)

27-32 Ve
RAW INPUT

o

QUTPUT 1
0-25V '

4

LM195

OUTPUT 2
0-25V

ol

.

I |: 2n2222 w2 P a2

I
1

Dual Qutput Bench Power Supply

+15V

FROM 2 WIRE TRANSMITTER

40-200 mV

SIMILAR TO A LH0045

4-20 mﬂ
NPUT 1840

- p—— Vour: 10V FOR 20 mA
I2 100k OV FOR4mA
LH0070 AAA
p 15V
<
>
0%
™ N
AAA. S sk
vV > SPAN
f <
Jm -+
‘L -

Precision Process Control Interface
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D/A-A/D Products

LM199/LM299/LM399 precision reference

general description

The LM199/LM299/L.M399 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 0.582 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 LM199 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
LM 199 is free of voltage shifts due to stress on the leads.
Finally, since 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,

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°C
while the LM299 is rated for operation from —25°C to
+85°C and the LM399 is rated from 0°C to +70°C.

features

Guaranteed 0.0001%/°C temperature coefficient
Low dynamic impedance — 0.5Q2

Initial tolerance on breakdown voltage — 2%
Sharp breakdown at 400uA

Wide operating current — 500uA 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

schematic diagrams

2%

il

A v 7:’ :zzv

Temperature Stabilizer

connection diagram

Metal Can Package

Order Number
() ) LM199H
‘ u’ LM299H
LM399H
) () See Package 25

TOP VIEW

Reference

functional block diagram
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LM199/LM299/LM399

-absolute maximum ratings

Temperature Stabilizer Voltage 40V -
Reverse Breakdown Current 20 mA '
Forward Current 1 mA
Reference to Substrate Voltage V(gg) (Note 1) +40V'
. -0.1v
Operating Temperature Range
LM199 -55°C to +125°C
LM299 —25°C to +85°C
‘LM399 - 0°C to +70°C
Storage Temperature Range —55°C to +150°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 |0.56 mA <lg <10 mA ! 6.8 16.95 7.1 66 |6.95 | 7.3 \Y
Reverse Breakdown Voltage | 0.5 mA <1 <10 mA . |6 9 6 12 mV
Change With Current
Reverse Dynamic Impedance | g = 1 mA 05 1 05 15 Q
Reverse Breakdown -55°C < TA <85°C LM199 0.00003 | 0.0001 %/°C
Temperature Coefficient | 85°C < T, < 125°C 0.0005 | 0.0015 %/°C
—25°C< T, <85°C  LM299| - 0.00003 | 0.0001 %/°C
0°C < T, <70°C LM399 ) 0.00003 | 0.0002 %/°C
RMS Noise 10Hz< f< 10 kHz 7 20 7 50 v
Long Term Stability Stabilized, 22°C < TA <28°c, 20 20 ppm
1000 Hours, Ig = 1 mA *0.1% '
Temperature Stabilizer Ta = 25°C, Still Air, Vg =30V 85 14- 8.5 15 A
o m
Supply Current Tao=-55C 22 28
Temperature Stabilizer 9 | 40 9 ' 40 Y
Supply Voltage (Note 3) '
Warm-Up Time to 0.05% Vg =30V, T, =25°C 3 3 Seconds
Initial Turn-on Current 9< Vg <40, T, =25°C 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 0.1V 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 < Tp < +85°C
for the LM299 and 0°C < T < +70°C for the LM399. .
Note 3: CAUTION. If the device is operated for more than 60 seconds with heater supply voltage between 2V and 9V the heater temperature control

circuitry is not properly biased and the device can rise to approximately +150°C. '
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typical performance characteristics

Reverse Characteristics
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LM199/LM299/LM399

typical applications

Single Supply Operation

9V T0 40V

TEMPERATURE
STABILIZER

6.95V

Negative Heater Supply with
Positive Reference

+15V

Split Supply Operation

_]EV—J

<
Q 7.5k
S

<

TEMPERATURE
STABILIZER

6.95V

Buffered Reference
With Single Supply

”W————WL 15V

< 9
Sk A
‘b

VVv

:: 7.5k
<
i —
TEMPERATURE
STABILIZER

sAssv’xl

TEMPERATURE
STABILIZER

74
6.95V

-8V T0 I

-33v

' Positive Current Source

10V T0
> 35
<
> 0.1%
S
TEMPERATURE
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<
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T0 20V
> .
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typical applications (con’t)

Negative Current Source

= <
‘: 7.5k
9 ouTPUT
CURRENT 10-20 mA
ADJUST
<
< 3 bS
TEMPERATURE 0k +
STABILIZER < . N2905
.95V LM112 2N4193
1 g1
LM199
s
06
* >
< 300
>
bS
-25v
Portable Calibrator*
Square Wave Voltage Reference A'
—A ? 8.8k
1%
+15V AvAv.A
104F
7.5k 50k +] e
AN AA— P | OUTPUT 200k ‘: ) 2 ;
< -
_’EZ"““ VT — M2 5 4 oureur
TEMPERATURE 18Y —— 10V
STABILIZER 100k T 3
ey MV l/ 4
6.95V 5k
N857 AMNV—
LM193 e
TEMPERATURE Sk
STABILIZER L]
L ¥
= 070 -10V 895V
INPUT xS
SQUARE WAVE LM199 TRIMS
*Warm-up time 10 seconds; intermittant operation does not degrade long term stability.
14V Reference Precision Clamp*
14K CLAMP
v MW vl INPUT
Rs
TEMPERATURE
STABILIZER P—
uTPY
sssv’x
+15V 1Ng14
LM199
<
| 15k
1
TEMPERATURE
sTABiLizeR | .
TEMPERATURE
5'95"3 STABILIZER
LM199 6.95V
LM199 1Ng14

*Clamp will sink -5 mA when input goes more positive than reference.
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LM199/LM299/LM399

typical applications (con’t)

0V to 20V Power Reference

25V TO 40V 3
<
>
< 6k
LM185K
TEMPERATURE
STABILIZER
-
6.95V
‘ 0V T0 20V
LM199 MYLAR vvv 0ATO1A
e P
< 20k 100 pF S
< - <
-5V
Bipolar Output Reference
50k
+15V AAA/
<
3 75k
<
50k
AAA
VW
p—— QUTPUT :6.9V
TEMPERATURE
STABILIZER >
4 50k Q¢
.95V > 10 TURN
: OUTPUT
ADJUST
LM199 -15V 30 pF
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LM199A/LM299A/LM399A 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 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 0.5§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.

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 0°C to +70°C.

features

m Guaranteed 0.00005%/°C temperature coefficient
® |ow dynamic impedance — 0.5Q2

® |nitial tolerance on breakdown voltage — 2%

® Sharp breakdown at 400uA

® \Wide operating current — 500uA to 10 mA

® \Wide supply range for temperature stabilizer

®  Guaranteed low noise

® | ow power for stabilization — 300 mW at 25°C
® | ong term stability — 20 ppm

schematic diagrams

\AA

02
63V

Temperature Stabilizer

connection diagram

Metal Can Package
Order Number
0. (2 LM199AH
ﬂ: LM299AH
LM399AH
& () See Package 25

TOP VIEW

an

e

Reference

functional block diagram

V66EWT/V66ZINT/VE6LNT




LM199A/LM299A/LM399A

absolute maximum ratings .

Temperature Stabilizer Voltage

Reverse Breakdown Current

Forward Current

Reference to Substrate Voltage V(rg) (Note 1)

Operating Temperature Range”

LM199A
LM299A
LM399A

Storage Temperature Range

40V

20 mA
1mA
+40V
0.1V

—55°C to +125°C
-25°C to +85°C
0°C to +70°C
-55°C to +150°C
300°C

Lead Temperature (Soldering, 10 seconds)

electrical characteristics (Note 2)

) LM199A, LM299A .~ LM399A
PARAMETER CONDITIONS . UNITS
. MIN TYP MAX MIN TYP MAX
Reverse Breakdown Voltage 0.5 mA <lg <10 mA 6.8 16.95 71 6.6 |6.95 7.3 \
Reverse Breakdown Voltage [0.5 mA <Ig <10 mA 6 9 6 12 mV
Change With Current
Reverse Dynamic Impedance |lg =1 mA 0.5 1 0.5 1.5 Q
Reverse Breakdown —55°C < T, <85°C LM199A 0.00002 | 0.00005 %/°C
Temperature Coefficient 85°C < Ta < 125°C 0.0005 0.0010 %/°C
—25°C< T, <85°C LM299A 0.00002 | 0.00005 %/°C
0°C < T, <70°C LM399A 0.00003 | 0.0001 %/°C
RMS Noise 10 Hz<f<10kHz 7 20 7 50 uv
Long Term Stability Stabilized, 22°C < Ta <28°C, 20 20 ppm
1000 Hours, Ig = 1 mA *0.1%
Temperature Stabilizer A = 25°C, Still Air, Vg =30V 8.5 14 8.5 15 A
m
Supply Current TA =-55°C 22 28
Temperature Stabilizer 9 40 9 40 Vv
Supply Voltage (Note 3)
Warm-Up Time to 0.05% Vg =30V, Ta = 25°C 3 13 Seconds
Initial Turn-on Current 9< Vg <40, Ty =25°C 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 0.1V 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 LM199A; —25°C < Tp <
+85°C for the LM299A and 0°C < T < +70°C for.the LM399A.
Note 3: CAUTION. If the device is operated for more than 60 seconds with heater supply voltage between 2V and 9V the heater temperature
control circuitry is not properly biased and the device can rise to approximately +150°C.
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LM199A/LM299A/LM399A

typical applications

Single Supply Operation

9V TO 40V
2 R,
QN
<
*r— .
TEMPERATURE
STABILIZER

sgsv'xl

Negative Heater Supply with
Positive Reference

+15V

+15V

Split Supply Operation

v

<

> 7.5k
<
<

TEMPERATURE
STABILIZER

s,asv’xl

Buffered Reference
With Single Supply

+15V

7.5k

"
-

TEMPERATURE
STABILIZER

L
s.ssv’K

9k

<
g 75k AA
$ Wy

TEMPERATURE
STABILIZER
6.5V *

-9V T0 I

-33v J'_—”“
= =
N e
Positive Current Source -
10V TO 40\ o
,
TEMPERATURE )
STABILIZER a2zt
6.95V
LIIS9A oUTPUT
10 mA
Standard Cell Repl
15V
T0 20V
4: 7.5k
S
ouTPUT o
ADJUST v
Sz 3 100k
< 0.1% <
TEMPERATURE
STABILIZER
' 20
6.95V AAN-
\A4
<
LM199A Q2%
Q0%
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typical applications (con’t)

Negative Current Source

||}—1
V66EW1/V66ZNT/VE6LNT

:: 75k
91 ouTPUT
CURRENT 10-20 mA
ABJUST
< r/ 3
TEMPERATURE W + 7
STABILIZER | < s 2905
5.95V M1z 2N4193
2
LM199A P 4
s
20k &
b3 e
S a0
bS
-25V
Portable Calibrator*
Square Wave Voltage Reference . _l_
— A A g
8.8k
1%
a5y AAA
10.F

7.5k 50k \
+ .
WAL A Y % I-—-ouwm 200 :: ! 2 B
< -
2N4193 1
12vTo T = . L1z L] OUTPUT
TEMPERATURE 18V 10v
STABILIZER 100k T 3 l/

» S 1
E.Qﬁ\l’l 5k
1N4as7 A
LM199A S
S 19
TEMPERATURE D5
J_ STABILIZER » %
-
= 070 -10v o.95v AN
INPUT 3k
SQUARE WAVE LM198K TRIM
*Warm-up time 10 seconds; intermittant operation does not degrade long term stability.
14V Reference Precision Clamp*
14k CLAMP
28V A ouTPUT
WA o INPUT
Rs
TEMPERATURE
STABILIZER
,K, oUTPUT
6.95V
+15V 2 1Ng14
LM199
T <
15 Q
- ‘h
3
TEMPERATURE
sTABILIZER |
TEMPERATURE
“5",1 STABILIZER
A
LM199A 6.95V
LM199A i Ng14 .

*Clamp will sink 5 mA when input goes more positive than reference.
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LM199A/LM299A/LM399A

typical applications (con’t)

25V T0 40V

0V to 20V Power Reference

<
>
< 6k
‘b
Y [ imesk
TEMPERATURE L zu
ABILIZER < o
STAB 1t | xS M
695V 9
1F 0V T0 20V
LM199 MYLAR Vv 0ATO 1A
e
20k 100 pF 4:"(

<

-5V
Bipolar Output Reference
50k
o15v-———<—_ﬁ< AAA
> 7.5k
b3
50k 2
90— AN
TEMPERATURE
STABILIZER 3
= T 2 ——
6.95v AN 10 TURN
ouTPUT
ADJUST

LM199

v

-15V

30 pF

p—— QUTPUT '6.95V
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MM5330 4 1/2-digit panel meter logic block

general description

The MM5330 is a monolithic integrated circuit which
provides the logic circuitry to implement a 4-1/2 digit
panel meter. The MM5330 utilizes P-channel low thres-
hold enhancement mode devices and ion-implanted
depletion mode devices. All inputs and outputs are TTL
compatible with BCD output for direct interface with
various display drivers.

features

dc to 400 kHz operation

TTL compatible inputs and outputs
BCD output code

Overrange blanking

Valid sign bit during overrange
Standard supply voltages; +5, —15V

connection and block diagrams

Dual-In-Line Package
ssD TSD LSD  RESET TRANSFER CLOCK  INT  Vgo
16 15 14 13 12 1 10 9
1 2 3 0 5 6 7 8
mMsD  BCD  BCD  BCD  SGN  BCD 10k Vss
yer g pir g
TOP VIEW

Order Number MM5330N
See Package 18

—{>— it

]

—1

r-D

cLacx—D——{

JESTE |b:jto+

|

LATCHES

L@@L

_i

L-:H
I

LATCHES LATCHES

TRANSFER I 470 1 MULTIPLEXER

?—

pd(

MODULO 4

BCD TRUE
ORY'S

COMPLEMENT

e
A

YYYY

LSD TSD SSD MSD
——
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MM5330

absolute maximum ratings

Voltage at Any Pin

Operating Temperature

Storage Temperature

Lead Temperature (Soldering, 10 seconds)

electrical characteristics

Vgs + 0.3V to Vgg — 25V
0°C to +75°C

—-40°C to +125°C

300°C

Ta within operatiné range, Vgs =4.75V to 5.25V, Vpp =—16.5V to ~13,5V unless otherwise specified.

PARAMETER 'CONDITIONS ~ MIN TYP MAX UNITS
Power Supply Voltage (Vgs) 4.75 5 5.25 \%
Power Supply Voltage (Vpp) -16.5 -15 -13.5 v
Power Supply Current (lgg) No Load 30 mA
Input Frequency dc 400 kHz
Reset or Transfer Pulse Width 200 ns
Input Voltage Levels Vgs =BV, Vpp =—15V
Logic ‘1" Inputs Driven by TTL or Square Waves 3 5 \Y
Logic 0" Inputs Driven by TTL or Square Waves =15 0.8 \
Clock Input Voltage Levels
Logic 1" Driven by Sinewave Vgs—0.5 Vgst0.3 \%
Logic 0" Driven by Sinewave Vss—25 Vgg—4.5 v
Output Current Levels Vgs =5V, Vpp =—15V
Digit Output State
Logic 1" Vo Forced To 4.75V 100 MA
Logic “0” V. Forced To 4.5V -5 =20 mA
All Other Outputs '
Logic ‘1" Vo Forced To 3V 100 MA
Logic 0" Vo Forced To 0.4V -2 mA
Delay From Digit Output to BCD Output 0.1 . 5 s

FUNCTIONAL DESCRIPTION

Counters: The MM5330 has four +10 counters, one
+4 counter, and one +2 for a. count of 80,000 clock
pulses. A ripple carry is provided and all counter flip-
flops are synchronous with the negative transition of
the input clock. The last flip-flop in the divider chain
(+2 in the block diagram) triggers with the “0" to ‘1"
transition of the_previous flip-flop. The count sequence
is shown in the first column of the count diagram.

Reset: All counter stages are reset to ‘0"’ and the INT
flip-flop (driving the INT output) is set to ‘1" on the
first negative clock transition after a ‘0"’ is applied to
the Reset input. The internal reset is removed on the
first negative clock transition after the internal reset
has occured and a ‘1"’ has been applied to the Reset
input. This timing provides an on-chip reset at least one
clock cycle wide and a one cycle delay to remove reset
before counting Begins-.

Transfer: Data in the “counters is transferred to the
latches when the Transfer input is at "0.”” If the
Transfer input is held low the state of the counters is
continuously displayed (see count diagram). Data will
cease to transfer to the latches on the first positive clock

transition after the first negative clock transition after a
1" is applied to the Transfer input. This provides a
transfer pulse at least one half clock cycle wide and a
half clock cycle delay to remove the transfer signal
before the counters change state.

INT: The integrate output is used to set ihe charge time

on a dual slope integrator. INT is “1"" from reset to the
18,000th clock pulse, then 0" until the next reset. The
dual slope integrator is the voltage monitoring part of
the external circuitry needed for a DPM. It charges a-
capacitor at a rate proportional to the measured voltage
while INT is ““1,” then discharges at a rate proportional
to a fixed reference as shown in the dual slope diagram.
When the output of the integrator reaches OV a pulse is
generated and fed into the Transfer input of the chip.
As the dual slope diagram indicates, the number in the
latches is proportional to the measured voltage.

Multiplexing: The modulo 4 multiplex counter is
triggered by the carry from the second decade counter,
making the multiplex rate one hundredth the counting
rate (4 kHz for a 400 kHz clock). The LSD, TSD, SSD
and MSD (least significdnt, third significant, second
significant and most significant digits) outputs indicate
by a low level which decade latch is displayed at th

BCD outputs. :




FUNCTIONAL DESCRIPTION (Continued)

Overrange Blanking and Sign: The data in the latch for
the +2 counter is used to detect an out-of-range voltage.
If this latch is "0’ the BCD and 10k outputs are forced
to all “1's” and the SGN output is inverted. When the
data in the overrange latch and the sign bit latch are /1"
the sign bit generates the 9's complement of the decade
latches and the complement of the 10k latch at the
respective outputs. When the overrange bit is ‘1" and
the sign bit is 0’ true BCD of the decade latches and
the uncomplemented 10k latch appear at the outputs.

APPLICATIONS INFORMATION

The MM5330 is the display and control for a modified
dual slope system. It contains the counters and latches,
together with a multiplexing system to provide 4 digits
of display with one decoder driver. It also provides a

count diagram

INTERNAL STATES OUTPUTS WITH TRANSFER LOW
h': ~ N r % N
[22]
st
Ow [+4
L £
=45 e Ee BCD
€L > @ DECADE b DECADE
> (3] X - x
252 2 COUNTERS tu g 2 OUTPUTS
(0 0 0 0 0 0 O (1 1
0o 0 0 0 0 0 1 11
L0 0 0o 0 0 2 111
[ ] [ ]
L] [ ]
[ d < e -
0 0 0 9 9 9 9 111
BLANKING ] 6 o0 1 0 0 0 0 oot OUTPUT
ZONE i ®  BLANKED
L) °
[ [ ]
o 0 1 7 9 9 9 111 r
0O 0 1.8 0 0 O o 1 1 (
e POSITIVE hd
° OVERRANGE .
L] L)
Lo 0 1 9 9 9 g o 1 1
(1 1 0 0 0 0 0) (0 1 1 9 9 9 9
] [ )
[ ) L]
COMPLEMENT ° [d
output 4 11 0 9 9 9 9 POSITIVE ] 0 1 1 0 0 0 ©
INTERVAL 1 1 1 0 0 0 0 VALUE 0 1 0 9 9 9 9 CONTINUOUS
) COUNT
° L]
L] L]
° . .
L1 1 1 9 9 9 o [DiseLay Lo 1 o 0 o o0 o
(1 0 0o 0 0 0 o0 {ZONE (0 0 0 0 0 0 o© v
L] (]
[ ] [ ]
TRUE ' L3 (3
1’0 0 9 9 9 9 NEGATIVE 0 9o 0 9 9 9 9
OUTPUT ¢ VALUE 3
INTERVAL 10 1 0 0 0 0 6 0 1 0 0 0 O
° [ )
] *
] L ]
L1 0o 1 9 9 9 9] Lo o 1 9 9 9 o9
01 0 0 0 0 O 0o o0 1
BLANKING . NEGATIVE .
ZONE L4 OVERRANGE L4
® ®o
L6 J T v

sign digit, either plus or minus, and a ten-thousand
counts digit for full display of £19999. By eliminating
the right-most digits it may also be used as a 2-1/2 or
3-1/2 digit DVM chip.

The basic modified dual slope system for which the
MMB330 is designed, is shown in Figure 1. The integrator
is now used in a non-inverting mode and is biased to
integrate negatively for all voltages below Vpax. Thus
if the maximum positive voltage at V,y is 1.9999V, then
Vmax would be set at 2.200V. In this way, all voltages
measured are below Vi x. This eliminates the need for
reference switching and provides automatic polarity with
no additional components. Also, it can be shown that
the amplifier input bias currents which cause errors in
conventional dual slope systems are eliminated by merely
zeroing the display. Thus low bias current op amps are
not necessarily required unless a high input impedance is
desired at V.
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MM5330

APPLICATIONS INFORMATION (Continued)

Secondly, the use of -a conventional op amp for a
comparator allows zeroing of all voltage offsets in both
the op amp and comparator. This is achieved by zeroing
the voltage on the capacitor through the use of the
comparator as part of a negative feedback loop. During
the zeroing period, the non-inverting input of the
integrator is at Vggg. As this voltage is within the active
common-mode range of the integrator the loop will
respond by placing the integrator and comparator in the
active region. The voltage on the capacitor is no longer
equal to zero, but rather to a voltage which is the sum
of both the op amp and comparator offset voltages.
Because of the intrinsic nature of an integrator, this
constant voltage remains throughout the integrating.
cycle and serves to eliminate even large offset voltages.

_Thé waveforms at the output of the integrator are as

shown. The voltage at A is the comparator threshold just
discussed. Simultaneously, with the opening of switch A,
Vin is connected to the input of the integrator via
switch B. The output then slews to V. Integration then
begins for the reference period, after which time the
reference voltage is again applied to the input. The
output again slews the difference between Vggg and
Vin and integrates for the unknown period until the

‘comparator threshold is crossed. At this point, the

accumulated counts are transferred from the counters
to the latches and zeroing begins until the next
conversion interval.

It may be obvious, however, that while we have
eliminated several of the basic dual slope circuits
disadvantages, we have created another—the number
of counts are no longer proportional to V,y but rather
to (Vmax—Vin). In fact, when we short V y to ground
we are actually measuring our own 2.2000 Vpax.

What is done in the MM5330 is to code convert the
number of counts as shown in the count diagram. This
chart shows a code conversion starting at the time of a
reset. The first 18,000 counts are the reference period
after which time the integrator changes slope. If a com-

dual slope diagram

18,000 : : POSITIVE OVERRANGE
BLANKING ZGNE\I ‘ 1 POSITIVE VALUES
|1

|
|
: DURING INTEGRATION

parator crossing is detected within the next 2000
counts, a plus overrange condition will occur at the
display.  This condition results in a lit '+ sign;.a lit 1"’
and four blanked rightmost digits. A transfer at 20,000
however, will create a reading of +1.9999, at 20,001 a
reading of 19.998 and so on, until at 39,999 a reading
of +0000 would be displayed. A transfer occuring at
40,000 would cause a —0000 display and so on until
60,000 counts were entered at which time a —1 with
four blanked digits would be displayed indicating a
minus overrange condition. :

A typical circuit for a low cost 4 1/2 digit DPM is
shown in Figure 2. The display interface used isa TTL,
7-segment decoder driver and four P-type transistors.
The *1 digit is driven directly by CMOS. The clock=
synchronous reset and transfer functions prevent any
cyclic digit variations and present a blink-free, flicker-
free display. CMOS analog switches are used as reference,
zero, and input switches and used also in the comparator
slew rate circuit.

A problem with all dual slope systems occurs when short
integrating times and high clock frequencies are used.
Because of the very slow rise time of the ramp into the
comparator, the output of the comparator will normally
ramp at approximately 1/10 of its actual slew rate.
Thus, a significant number of extra counts are displayed
due to the slow rate of rise of the comparator. A
technique to improve this consists of capacitor Cg and
analog switch four. An unstable positive loop is created
by this capacitor when the comparator comes out of
saturation. This causes the output to rise at its slew rate
to the comparator threshold. As soon as this threshold
is reached the analog switch opens and zeroing is initiated
as previously discussed. )

A simplified approach to performing the modified dual
slope function combines the MM5330 and the LF11300
dual slope analog block as in Figure 3. The LF11300
provides the front analog circuitry required. This
includes a FET input amplifier, analog switches, inte-
grator and. comparator. The. LF11300 provides auto
zero, > 1000 MS2 input impedance, and a +10V analog
range.

1
| NEGATIVE
| OVERRANGE

NEGATIVE VALUES

Vy 15 the analog voltage
1o be converted. :
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COMPARATOR
THRESHOLD N |- Tzeno~|

ZEROING
SWITCH

TRANSFER
+Vmax
2.200v

FIGURE 1. Modified Dual Slope
0-189.99k

TERMINALS
—_——————

15V
Q 220k
0.1% 2.200v 1
o AAA

VWA
2
C 1/a1M324 AAA—AA—ANN- LHO070
| Vzero
+ = 10.000V
AAA—AAA——AAA - 3
< _[ 'S
= S L i =
aMMs61s S = 85V
OHMS O 1/4 MMS5616 100 pF .
10k
VOLTS O I 1/4 LM324 —AAA—O +5V
v
19999V 1/8 LM324
T
1.9999v J
D—-DO—‘ ¢ -1V
— 0474Fd 910 pF 1/4 MM5616
MYLAR
5%
1/4 MM5616
d 33
AAA
_ v
MM74C00
INTEGRATE 10k “
—————AAM—————O +
-15v +5V A
12% ) 100 pF
5% ]
300 pF 1
5% 9 10 8 |RESET
13 1uFd
- n 124TRANS T
MM74C18 Sio ; =
= . 5 MMS5330 .
04 10k 4
7
6
16 15 14
+5V O-
2Naa03 2N4403 2Naa03 2N4403 |
100¢
. — — — - “AAA
—— —— ——y AN —O +5V
— ] — AVA'AV
45V O] NSN73  fomed NSNT1 : NSNT1 f——  NSNT1  f———f  NSNTI AN DM7446
— — AAA
e — — AAA-
] — — AN
RAD7-100N =

FIGURE 2. Typical Application Low Cost 4 1/2 Digit Volt-Ohm Meter
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MM5330

FLOATED ANALOG GND

.‘*’;V 22V - o 0 Vho
: - IN
p {m "Lo.uuur /J?
2 VW NV A
LHO070 154k 1% 500 4.02k 1% +15V 15V
-~ £ 3
3
< 7 v
>11?%-“ 4.0V VR l
>
l 0.0474F 0.0474F
78.7k 1% ’-{ I
"-F“” L ECON LA N =
! AG 15
™
14
5V 15V 10k
3.3m 10k 4+ +5Y
3 . " .
AR AMN— 2 LF11300 0022
A 13 I
3
10k oc
N N M ——AAA—D 15V DIGITAL GNO [~
. PW SUP GND
. comp -1
RESET 100 pF out Coct  Coca  Cocs -
12 | 3 |m ln Iv
CLOCK IN TRANS 3
MM5330 . 2 A
2 povanity aco |2 B
4 c
. 6 ]
1 16 15 |10
B
>
<
>
Q33
& <'
2N4403 24403 2N4403 2N4403 ) ..L
. DIGITAL GND ==
ey 6 12 |1 |7 4 -
' 100
2 'A'A
— g ||y c— 113 g 5 DN 38 > sV ANALOG cm)/J7
3
—— — ""
—( :  — .-E_‘ d VAA .
— L | : VWA *AVAILABLE JULY 1875
] e 'TZF e A B
— g L VA
- **POLYSTYRENE
NSN73 NSNT1 NSNT1 NSNT1 NSNT1 RAO7-100N DM7476 CAPACITOR

FIGURE 3. DPM Using MM5330 and LF11300

8-22




NATIONAL

D/A-A/D Products

DM2502, DM2503, DM2504 successive approximation registers

general description

The DM2502, DM2503 and DM2504 are 8-bit and 12-bit
TTL registers designed for use in successive approxima-
tion A/D converters. These devices contain all the logic
and control circuits necessary in combination with a
D/A converter to perform successive approximation
analog-to-digital conversions.

The DM2502 has 8 bits with serial capability and is not
expandable.

The DM2503 has 8 bits and is expéndable without serial
capability.

The DM2504 has 12 bits with serial capability and
expandability.

All three devicves are available in ceramic DIP, ceramic
flatpak, and molded Epoxy-B DIPs. The DM2502,

DM2503 and DM2504 operate over —55°C to +125°C;
the DM2502C, DM2503C and DM2504C operate over
0°C to +70°C.

features

m Complete logic for successive approximation A/D
converters

8-bit and 12-bit registers

Capable of short cycle or expanded operation
Continuous or start-stop operation

Compatible with D/A converters using any logic code
Active low or active high logic outputs

Use as general purpose serial-to-parallel converter or
ring counter

logic diagram

D0 s
(DM2502, a () -

DM2504)

Q6 (10)

EE NOTE 1)

I Br7ss (@101

) Oge

a cp—-{}“f
=

Q 0s a S 0 .
DS 02| ol 02
(DM2503, DM2504) @ R i T Je @
a7 I
H
0o Note 1: Cell logic is repeated for register stages.
a @5 to Q1 DM2502, DM2503
—d | Q9 to 01 DM2504
Note 2: Numbers in parentheses are for DM2504.
‘connection d iag rams (Dual-in-Line and Flat Packages)

DM2502, DM2503

Vee a7 a7 a8 [\ Qs cP
16 15 14 13 12 11 10 l 9
1 2 3 Ta 5 5 7 [a
(DMDZSM) Occ ag 1 a2 a3 GND
(DM2503)
£ TOP VIEW
Order Numbers
DM2502J DM25034
DM2502CJ DM2503CJ
DM2502CN DM2503CN
pm2502w DM2503W
DM2502CW DM2503CW

See Packages 18 and 22

DM2504
c @1 NC Q1 Q10 03 08 Q7 Q6 NC 3

Ve
JZG 23 J22 J21n J20 j19 Ji8 17 J16 J15 j1a i3

~
3
S
=
3
)
©
3

|Il|
E D0 O Q0 01 02 03 Q4 Q5 NC D GND

TOP VIEW
Order Numbers
DM2504J
DM2504CJ
DM2504CN
See Packages 20 and 23
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<
Q| absolute maximum ratings (Note 1) operating conditions
N : .
= MIN MAX UNITS
Q Supply Voltage v Supply Voltage, Vo
@ | !Input Voltage 5.5V DM2502C, DM2503C, 475 6525 v
o Output Voltage 5.5V - DM2504C '
H Storage Temperature Range —65°C to +150°C DM2502, DM2503, . 45 55 Vv
N Lead Temperature (Soldering, 10 seconds) 300°C DM2504
g Ternper&ture, TA

3 DM2502C, DM2503C, 0 +70 °c
N DM2504C
8 DM2502, DM2503, -85 4125 °c
~ DM2504 Co
a | electrical characteristics (Notes 2and 3) Vcc = 5.0V, T = 25°C, C,_ = 15 pF, unless otherwise specified.

PARAMETER CONDITIONS MIN- TYP MAX UNITS

Logical ““1” Input Voltage (V) Vee = Min 2.0 \Y
Logical “1”” Input Current () Vee = Max

CP Input Viy = 24V 6 40 uA

"D, E, S Inputs Vi =24V 6 80 MA

All Inputs Vi = 6.5V 1.0 mA
Logical “0" Input Voltage (V) Vee = Min 0.8 v
Logical 0" Input Current (1) Vce = Max

CP,§ Inputs V. =04V -1.0 -1.6 mA

D, E Inputs V=04V -1.0 -3.2 mA
Logical 1" Output Voltage (Vgu) Vee = Min, lgy = ~0.48 mA 24 ' 36 Vv
Output Short Circuit Current Vee = Max; Vour = 0.0V; =10 -20 -45 mA
(Note 4) (Ios) : Output High; CP, D, S, High; ’

E Low

Logical "“0" Output Voltage (Vo) Vee = Min, 1o, =9.6 mA 0.2 0.4 Y
Supply Current (Igc) Ve = Max, All Outputs Low o

DM2502C v 65 95 mA

DM2502 65 85 mA

DM2503C 60 90 mA

DM2503 60 80 mA

DM2504C ' 90 124 mA

DM2504 90 110 mA
Propagation Delay to a Logical “0" 10 18 28 ins
From CP to Any Output (tsgo)

. . ° .
Propag_ation Delay to a Logical 0" CP High, § Low ) 16 24 ns
From E to Q7 (Q11) Output (tpge) DM2503, DM2503C, DM2504,

DM2504C Only
Propagation Delay to a Logical 1" 10 26 38 ns
From CP to Any Output (tpg)
Propagation Delay to a Logical 1" CP High, S Low 13 19 ns
From E to Q7 (Q11) Output (tpqq) DM2503, DM2503C, DM2504,

DM2504C Only
Set-Up Time Data Input (typ,) -10 4 8 ns
Set-Up Time Start Input (tg)) 0 9 16 ns
Minimum Low CP Width (tpy, ) 30 42 ns
Minimum High CP Width (teyyy) 17 24 ns
Maximum Clock Frequency (fpax) 15 21 MHz

Note 1: “‘Absolute Maximﬁm 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: Unless otherwise specified min/max limits apply across the —55°C to +125°C temperature range for the DM2502, DM2503 and DM2504,

. and across the 0°C to +70°C range for the DM2502C, DM2503C and DM2504C. All typicals are given for Vcc = 5.0V and T = 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 butput at a time should be shorted.
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application information
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-low 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 transition. 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
synchronously resets to the state Q7 (11) low, and all
the remaining register outputs high. The Qcc (Conver-
sion 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 Q7 (11) register bit and the Q6 (10) register
bit is set to a low ready for the next clock cycle. On the
next clock low-to-high transition data enters the Q6 (10)
register bit and Q5 (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 QO, the Qcc
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 various logic
codes. Two’s complement code is used by offsetting the
comparator 1/2 full range + 1/2 LSB and using the
complement of the MSB (Q7 or Q11) with a binary D/A
converter. Offset binary is used in the same manner but
with the MSB (Q7 or Q11). 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 turn 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 Qcc 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 Q7 (11) bit high and
inhibiting the register from accepting data until the
previous register is full and its Qcc goes low. If only
one register is used the E input should be held at a low
logic level.

DM2502, DM2503
(e MMM M M oo
o_] 1 | 1 [ 1 1 | L |
(T
ol T L]
oI T 1
w] ] | N
sornns | B —1
L L
wf 1
) )
ee] ] L
o] T ] 1 1 | L ] L
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8 application information (con’t) definition of terms
E SHORT CYCLE ) CP: The clock input of the register.
0 . : ‘D:' The serial data input of the register.
™ If all bits are not .requlred, the reglfte_r may t_’e truncatedi DO: The serial data out. (The D input delayed one bit).
o and conversion time saved by using a register output = i R L
\n. | going low rather than the Qg signal to indicate the end E: The register enable. This input is used to expand the
N | of conversion. If the register is truncated and operated length of the register and when high forces the Q7 (11)
b in the continuous conversion mode, a lock-up condition register output high and inhibits conversion. When not
o may occur on power turn-on. This condition can be = used for expansion the enable is held at a low logic level
o avoided by making the start input the OR function of (ground).
o Qcc .and the appropriate register output. Qji=7 (1) to 0: The outputs of the l'engtEI'
n Qcc: The conversion -complete output.: This output
N remains high during a conversion and goes low when a
E conversion is complete.
Q | .OMPARATOR BIAS © Q7 (11): The true output of the MSB of the register.
o Q7 (11): The complement output of the MSB of the
To minimize the digital error below *1/2 LSB, the reglster )
comparator must be biased. If a D/A converter is used S: The start input. If the start input is héld low for at
which requires a low voltage level to turn -on, the least a clock period the register will be reset to Q7 (11)
comparator should be biased +1/2 LSB. If the D/A low and all the remaining outputs high. A start pulse that
converter requires. a high logic level to turn on, the is low for a shorter perlod of time can be used if |t
comparator must be biased —1/2 LSB. meets the set-up time requirements of the S input.
truth table : DM2502, DM2503
TIME | iNPUTS ouTPUTS'
t, D B B2 po® Q7 06 05 04 Q3 @2 o Q0 Qcc
0 X L L X X - X X X X X X X X
1 D7 H L X L H H H H H H H H
2 D6 H L . D7 D7 L H H H H H H H
3 D5 H L D6 . D7 D6 L H H H H H H
4 D4 H L D5 D7 D6 D5 L H H “H H H
5 D3 H L D4 D7  .D6 D5 D4 L H H H: H
6 D2 H L D3 D7 - D6 D5 D4 D3 L H “H H
7. D1 H L D2 D7 D6 D5 D4 D3 D2 L “H H
8 DO H L D1 D7 D6 D5 D4 D3 D2 D1 L H
9 X H L DO D7 - D6. D5 D4 D3 D2 D1 DO L
10 X X L X D7 D6 D5 D4 D3 D2 D1 DO. L
X X H X H *© NC NC NC NC NC ~ NC NC NC
Note 1: Truth table for DM2504 is extended ‘to include 12 outputs. H =High Voltage Level
' Note 2: Truth table for DM2502 does hot include E column or last line in truth table shown. L = Low Voitage Level
Note 3: Truth table for DM2503 does not include DO column. X =Don'tCare
. NC = No Change
typical applications '
] s 5
00 p—
CLOCK=4 CP DM2502 CLOCK— . . DM2502
[ .
Q7 06 05 04 03 02 M ODC : Q7 @6 Q5 04 Q3 02 Q1 Q0
- COMPARATOR COMPARATOR
D/A CONVERTER | D/A CONVERTER >
Active High N " Active Low
: BCD lllegal Code Suppression

826



typical applications (con’t)
High Speed 12-Bit A/D Converter

5V 5V
5V .an IGV

Y0SZWA’'€0S2NA‘'C0SZNA
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I I I | I | I Vee H Qcc
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|14 s{e[ 7] a[re[17f18]19]20f{21
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—— 2 0-2mA
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switching time waveforms
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-MM54C905/MM74C905

NATIONAL

- D/A-A/D Products

MM54C905/MM74C905 12-bit successive approximation régister

general description

The MM54C905/MM74C905 CMOS 12-bit successive @ Guaranteed noise margin 1.0V

approximation register contaips all the djgit §on'trol and’ ® High noise immuriity 0.45 Ve typ
storage necessary for successive approximation analog- .

to-digital conversion. Because of the unique capability, " Low pO.W?r TTL ’ far? 9“ sz
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
“control and storage element in repetitive routines.

features

8 Wide supply voltage range

Provision for register extension or truncation

® Operates in START/STOP or continuous conversion
mode

® Drive ladder switches directly. For 10 bits or less

3.0V to 15V with 50k/100k R/2R ladder network

connection diagram

Vec @11 NC @11 @10 @9 08 Q7 Q6 NC cP

2 |23’

Dual-In-Line Package

22 f21 |20 19 |18 J17 B16 Ji5 J1a 13

1 2 f3 Ja s s [7 8 [o fio [n [12
E [ ] 1 02 a3 a4 Qa5 NC GND

Order Numbers

MMS54C905D

MM74C905D

MM74C905N

See Packages 20 and 21
truth table '
TIME INPUTS ) OUTPUTS

to D s E Do Q11 Q10 Q9 08 "-Q7 06 Qs 04 Q3 Q2 Q1 Qo cc
0 X L L X X X X X X X X X X X X X X
1 D1 H L S X L H H H H H H H H H H H H
2 | bio H L D11 DN L H " H H H HH H H H H H
3 D9 H L D10 D11 D10 L H H H H  H H H H H H
4 D8 H L D9 DIl D10 .D9 L H H H H H H H H H
5 D7 H L-| b8 D11 DO DI D8 L H H H H H H H H
6 D6 H L D7 D11 DO D9 D8 D7 L H H H H H “H H
7 D5 H L D6 ' D11 DO D9 D8 D7 D6~ L H H H H H H
8 D4 H L D5 DI1 D10 ' D9 D8 D7 D6 D5 L H H H H H
9 D3 H L D4 . D11 DO D9 D8 D7 D6 DS D4 L H H H H
10 D2 H L D3 D11 DO D9 D8 D7 D6~ DS D4 D3 L H H H
1 D1 H Lt D2 D11 D10 D9 D8 D7 D6 DS D4 ., D3 D2 L H H
12 00 H L D1 D11 D10 D9 D8 D7 . D6 D5 D4 D3 D2 D1 L H
13 X H L D0 D11 DO D9 D8 D7 D6 D5 D4 D3 D2 D1 DO L
14 X X L X D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 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
Operating Temperature Range
MM54C905
MM74C905
Storage Temperature Range
Package Dissipation
Operating Ve Range
Absolute Maximum V¢

Lead Temperature (Soldering, 10 seconds)

~0.3V to V¢ +0.3V

-55°C to +125°C
-40°C to +85°C
—65°C to +150°C
500 mW

3.0V to 15V

16V

300°C

dc electrical characteristics Min/max limits apply across temperature range, unless otherwise noted.

PARAMETER l CONDITIONS I MIN I TYP r MAX I UNITS
CMOS TO CMOS
Logical 1" Input Voltage (V (1)) Vee = 5.0V 3.5 \%
Vee = 10V 8.0 \Y
Logical 0" Input Voltage (Vy(0)) Vee = 5.0V 1.5 \
Vee = 10V 20 \Y
Logical "1 Output Voltage (VoyT(1)) Vee = 5.0V, Ig = —10pA 45 \
Vee = 10V, Ig = —10uA 9.0 \Y
Logical 0" Output Voltage (Vour(o) Vee = 5.0V, lg = 10uA 05 v
Vee = 10V, g = 10uA 1.0 %
Logical "*1” Input Current (l;nq)) ‘ Vee =15V, Vi =15V 0.005 1.0 MA
Logical ""0” Input Current (l;nq)) Vee = 168V, Vi =0V -1.0 ~0.005 HA
Supply Current (lcc) Vee = 15V 0.05 300 HA
CMOS/LPTTL INTERFACE
Logical "*1" Input Voltage (V n(1))
MM54C905 Vee = 4.5V Vee—1.5 \
MM74C905 Vee = 4.75V Vee—1.5 Vv
Logical 0" Input Voltage (V)
MM54C905 Vee = 4.5V 0.8 \
MM74C905 Vee = 4.75V 0.8 \%
Logical 1" Output Voltage (VoyT(1))
MM54C905 Vee =45V, 1o = —360uA 24 \Y
MM74C905 Vee =4.75V, |, = —360uA 24 \
Logical 0" Output Voltage (VoyT(0)
MM54C905 Vee = 4.5V, lg =360uA° 0.4 \Y
MM74C905 Vee =4.75V, 15 = 360uA 04 \Y
OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet)
Output Source Current (lgoyprce) Vee = 5.0V, Voyur =0V -1.75 -3.3 mA
(P-Channel) Ta =25°C
Output Source Current (Isource) Vee = 10V, Vout =0V -8.0 =15 mA
(P-Channel) . Ta=25°C
Output Sink Current (lg;nk) h Vee =5.0V, Vout = Vee 1.75 3.6 mA
(N-Channel) - Ta =25°C
Output Sink Current (Ig;nk) Vee =10V, Vout = Ve 8.0 16 mA
(N-Channel) T =25°C
Q11-Q0 Outputs Vee = 10V £5%
Rsource Vout = Vee — 0.3V 150 350 Q
Ta =25°C
Rsink Vee = 10V £5%
Vour = 0.3V 80 230 Q
Ta =25°C
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ac electrical characteristics T, =25°C, C_ =50 pF, unless otherwise specified.

MM54C905/MM74C905

: PARAMETER CONDITIONS MIN TYP MAX UNITS
Propagation Delay Time From Clock Vee = 5.0V : 200 | 350 ns
Input To Outputs (Q0—Q11) (tpy(q)) Vee = 10V 80 150 - ns
Propagation Delay Time From Clock Vee = 5.0V 180 325 ns
Input To Do (tpa(ng)) Vee = 10V 70 125 ns
Propagation Delay Time From Register Vee =5.0V 190 350 ns
Enable (E) To Output (Q11) (tpgeE) , Vee = 10V 75 150 o ns
Pro;ﬁgation Delay Time From Clock Vee = 5.0V 190 350 ns
To CC (tpgce) Vee = 10V 75 0.50 ns
Data Input Set-Up Time (tpg) N Vee = 5.0V 80 ns

Vee = 10V 30 - ns

Start Input Set-Up Time (tgg) Vge = 5.0V 80 ns .
Vee = 10V 30 ns
Minimum Clock Pulse Width (tpw  tpwn) | Vcc = 5.0V 250 125 ns
) : Vee = 10V 100 50 ns
Maximum Clock Rise and Fall Time (t,, t;) Vce =5.0V 15 us
' ! Vee = 10V . 5 us
Maximum Clock Frequency (fpax) Vee = 5.0V 2 4 © MHz
) Vee = 10V 5 10 MHz
Clock Input Capacitance (Ccp k) Clock Input (Note 2) 10 ' pF
Input Capacitance (Cy) Any Other Input (Note 2) 5 pF
Power Dissipation Capacitance (Cpp) (Note 3) 100 pF

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. :

Note 2: Capacitance is guaranteed by periodic testing.

Note 3: Cpp determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics
application note, AN-90.

typical performance characteristics

RsiNK vs Temperature RSOQURCE Vs Temperature
NERRD | “ITTT]
500 |— Vec = 10V +5% ‘ 500 ‘|— Ve = 10V 5%
a0 ) 5 400 %
 3m - ¢ 300
H B 7 H
L o
) '7777 A ) 7 Ao
100 100
[} : 0
~55-35 15 5 25 45 65 85 105 125 -55-35-15 .5 25 45 G5 85 105 125
Ta = AMBIENT TEMPERATURE (°C) Ta — AMBIENT TEMPERATURE (°C)

@ These points are guaranteed by automatic testing. @ These points are guaranteed by automatic testing.
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timing diagram
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R

MM54C905/MM74C905

USER NOTES FOR A/D 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 resulting 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 switches 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

12-Bit S

range +1/2 LSB and usmg the complement of the MSB
Q11 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/100k R/2R ladder network directly for Vgc = 10V
or higher. In order to drive the 12-bit 50k/100k ladder
network and have the +1/2 LSB resolution, the
MM54C902/MM74C902 or MM54C904/MM74C904 is
used as buffers, three buffers for MSB (Q11), two buffers
for Q10, and one buffer for Q9.

A-to-D C ter, Operating in Continuous

App .
Mode, Drives the 50k/100k Ladder Network Directly

12-Bit Successive Approximation A-to-D Converter Vaer = “’V——] ]
Operating in C 8-Bit Tr d Mode I F Ve D 5
= MMS4C305/MM74C905 ] Dszm AL
Vier = 10V —— CLOCK—C® 4y g0 09 a8 @ @ 05 0 a3 e a1 o Co[>0AA
1 1/4 MM5AC32
Ve D
in b :
= MM54C905/MM74C905 3 PARALLEL
SERIAL /Mu?‘ﬂu DATA OUT
oLoex—1 Do DaTA oR :Mi:g:gi / ‘7
11010 09 08 07 05 05 04 03 02 01 nln our furaries [

—

PARALLEL DATA OUT

R-2R LADDER

ANALOG INPUT
COMPARATOR

ANALOG INPUT

definition of terms

CP: Register clock input.

CC: Conversion complete—this output remains at
Vou‘ru) during a conversion and goes to VoUT(o) when
conversion is complete.

D: Serial data input—connected to comparator output in
A-to-D applications.

E: Register enable—this input is used to expand the
length of the register. When E is at Vin(1y Q11 is forced
to Vour(1y_and inhibits conversion. When not used for
expansion E must be connected to Vo) (GND).
Q11: True register MSB output.

>
100k 100k

50k 50k
100k
R-2R LADDER

2 1/4 MM54C909

Q11: Complement of register MSB output.
Qi (i=0to 11):

S: Start input—holding start input at Vg for at least
one clock period will initiate a conversion by setting
MSB (Q11) at Voyr(g) and all other output (Q10-—-Q0)
at Vouyr(1). If set-up time requirements are met, a con-
version may be initiated by holding start input at Vin(o
for less than one clock period.

Register outputs.

DO: Serial data output—D input delayed by one clock
period.

8-32




D/A-A/D Products

PRELIMINARY DATA: MARCH 1876

NATIONAL
MM4357/MM5357 8-bit A/D converter

general description

LSESWIN/LSEYWIN

The MMA4357/MM5357 is an 8-bit monolithic A/D ® No missing codes
converter using P-channel ion-implanted MOS techno- ® High input impedance
logy. It contains a high input impedance comparator, ® Ratiometric conversion
256 series resistors and analgg SYVItCheS, control.loglc = TRISTATE outputs
and output latches. Conversion is performed using a

successive approximation technique where the unknown -

analog voltage is compared to the resistor tie points -

using analog switches. When the appropriate tie point n

voltage matches the unknown voltage, conversion is

complete and the digital outputs contain an 8-bit com-

plementary binary word corresponding to the unknown.

The binary output is TRI-STATE to permit bussing on key specs
common data lines.

Fast
Contains output latches
TTL compatible

The MMA4357 is specified over —55°C to +125°C and the " Resolution 8 bits
MMB5357 is specified over 0°C to +70°C. B Linearity +1/2 LSB

®m Conversion speed 40us
features ® Input impedance >100 M)
® Low cost 8 Supply voltages +5V, —12V, GND
® 5V, 10V input ranges ® Clock range 5.0 kHz to 2.0 MHz

connection diagram

Dual-In-Line Package

LsB
Voo s 25 HVpg 27 2® Vin  CLOCK  Vss

18 17 16 15 14 13 12 n 10

Order Part Numbers:
MM4357D
MM4357BD
MM5357D
MM5357BD

— ] MM5357N

MM53578BN
See Packages 26 and 27

1 2 3 4 5 6 17 8 9

¢ 2% 2?2 27" R STAT OUTPUT Vge  EOC
MSB NET-  CONV ENABLE
WRK
TOP VIEW
typical applications o
B
1
0V -t2v cLOCK
oot | SV Qv 12V CLOCK
B Fs 4/
. 50»
15 1 18 8 n
k W uTeuT ENABLE 7[= OUTPUT ENABLE
MM4357 6 p——sC - MM43s7 §— s¢
) . g EOC
5 12 . 12 X
. 8.81TWORD
l l 8:81T WORD 2680 &/ l (
-5V, 500 &
N Vin :
VN range = 5V v Vi range = 5V
TTL outputs P e TTL outputs
3K (:
General Connection ~12v High Accuracy Connection
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MM4357/MM5357

absolute maximum ratings

Supply Voltage (Vpp)
Supply Voltage (Vgg)
Voltage at Any Input

Operating Temperature

Vss — 22V
Vs — 22V
Vgs +0.3V to Vigg — 22V

MM4357/MM4357B ~55°C to +125°C
MM5357/MM53578 0°C to +70°C
Storage Temperature 150°C
Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics (Note 1) .
PARAMETER CONDITIONS MIN TYP MAX UNITS
Nonlinearity (Note 2) Ta = 25°C, MM4357/MM5357 +1/4 +1/2 LSB
MM4357/MM5357 £1/2 + LSB
T, =25°C, MM4357B/MM53578 +1/2 +1 LSB
MM4357B/MM5357B +1 +2 LSB
Differential Nonlinearity MM4357/MM5357 +1/8 +1/4 LSB
MM4357B/MM5357B +1/4 +1/2 LSB
Quantization Error ‘ ti/Z LSB
Zero Error (Not Adjusted) TA =25°C
MM4357/MM5357 +1/2 *1 LSB
MM4357B/MM5357B +1 +2 LSB
Zero Error Temperature Coefficient 0.0005 0.001 %/°C
Full Scale Error Ta =25°C
MM4357/MM5357 ° +1/2 +1 LSB
MM4357B/MM5357B +1 +2 LSB
Full Scale Error Temperaturé Coefficient 0.0005 0.001 %/°C
Input Impedance ) 100 mMQ
Power Supply Rejection 165V < (Vgs — Vgg) < 18.5V 0.005 0.01 %/V
Logical “1”.Input Voltage All Inputs Vgs—1.5 | Vgs—2.5 | Vgst0.3 \
Logical “0” Input Voltage All Inputs Voo Vgg—4.2 v
Logical Input Leékage All Inputs, T4 = 25°C, V= Vgg—10V 0.01 0.5 MA
Logical ““1’’ Output Voltage All Outputs, loy = 100uA 24 4.5
Logical ““0"" Output Voltage All Outputs, I = 1.6 mA 04
Disabled Output Leakage All Outputs, Ty = 25°C, Vo, = Vgs—10V 2 MA
Minimum Clock Frequency 0°C < T, <+70°C 5 50 kHz
-B5°C < T, <+125°C 10 100 kHz
Maximum Clock Frequency 0°C < T, <+70°C 1000 2000 kHz -
-55° < T, <+125°C 500 1000 kHz
Clock Pulse Width 500 150 S
TRI-STATE Enable/Disable Time 500 1000 ns
Conversion Time Ta =25°C 20 40 us
80_ us
Power Supply Current Ta =25°C 10 15 mA
23 ~mA
Guaranteed Supply Range (Note 3) 13 21 \%

Note 1: These specifications apply for Vgg = +5V, VGG = —12V, and Vpp = OV; over —55°C to +125°C for the MM4357/MM4357B and over
0°C to +70°C for the MM5357/MM53578 unless otherwise specified.
Note 2: This specification is measured with 5009 potentiometers connected to pins 5 and 15, VRgF = 10.00V, and with zero error and full
scale error corrected to.zero at Tp = 25°C. Temperature specifications apply with no readjustment made in the zero and full scale pots.

Note 3: This specification defines the range over which functional operation is guaranteed.
Note 4: Zero error and full scale error for the MM4357/MM5357 are guaranteed to be adjustable to zero. -
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OPERATION

The MM4357 contains a network with 256—30082
resistors in series. Analog switch taps are made at the
junction of each resistor and at each end of the network.
In operation, a reference (10.00V) is applied across this
network of 256 resistors. An analog input (V,y) is first
compared to the center point of the ladder via the
appropriate switch. If V,y is larger than Vgge/2, the
internal logic changes the switch points and now com-
pares V |y and 3/4 Vggg. This process, known as succes-
sive approximation, continues until the best match of
Vin and Vgee/N is made. N now defines a specific
tap on the resistor network. When the conversion is
complete, the logic loads a binary word corresponding
to this tap into the output latch and an end of conver-
sion (EOC) logic level appears. The output latches
hold this valid data 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.

REFERENCE

The reference applied across the 256 resistor network
determines the analog input range. Vggg = 10.00V with
the top of the reference connected to +5V gives a
+5V range. The reference can be level shifted between
Vgg and Vgg. However, the Vgge pin (pin 15) must
not exceed Vgg and the R network pin (pin 5) must
not go below Vgg + 5V.

Other reference voltages may be used (such as 10.24V).
If a BV 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 desireable to operate with at
least a 10V reference.

POWER SUPPLIES

Standard supplies are Vgg = +5V, Vgg = —12V and
Vpp = OV. Device accuracy is dependent on stability

timing diagram
CLOCK
INPUT

START
CONVERSION

of the reference voltage and has slight sensitivity to
Vgs — Vgg, typically 0.005%/V. Vp has no effect on
accuracy.

The output logic levels swing from Vgg to V. Thus,
TTL levels are generated with the standard supplies
or CMOS levels occur with Vgg = 10V, Vgg = -7V
and Vpp =0V.

Maximum supply voltage, Vgs — Vgg, is 22V without
damage to the device. The maximum operating voltage
at which accuracy specs are measured is Vgg = Vgg =
18.5V. Functional operation is guaranteed over 13V to
21V.

CLOCK

The MM4357 requires a T’I’L level (referenced to Vsgs)
clock with guaranteed minimum pulse width of 500 ns.
Duty cycle is not critical. Conversion time is {1/f) x 40.

ZERO AND FULL SCALE ADJUSTMENT

In many applications, sufficient accuracy can be obtained
by connecting pin 15 directly to the top of the reference.
If maximum accuracy is desired, 50082 pots should be
used at both ends of the network and adjusted for zero
and full scale.

The top and bottom resistors in the ladder are somewhat
less than the nominal 30052 used throughout the ladder.
This permits zero and full scale adjust range with only
one pot and no extra supplies. Common practice for
zero adjust is to set the transition from 11111111 to
11111110 to occur at 1/2 LSB (20 mV for a 10.24V
scale).

To set full scale, adjust the 50082 pot on pin 15 until
the 00000001 to 00000000 transition occurs 1 1/2 LSB
from full scale (60 mV less than full scale for a 10.24V
scale).

mhhhnhhhihl

+BV :]_—
ov

+51 =)
£0C \ 20X (1/9) / '
w
+5V
ouTPUT \
ENABLE 7{““" K 50%
o
4
v T 90%
DATA = = s — 1< - -
o
ENABLE DISABLE |/
DELAY T \" - pELAY —| [~

Data is complementary binary (full scale is all “0's"’ output).
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MM4357/MM5357

typical applications (con’t)

POTENTIOMETRIC @ U

TRANSDUCER €7

+5V
[o]
L,
< <
> > 12 /
< :,1 k /, 500
W 15 10
12
MMa357
5 8 18
8-BIT WORD
500 ol
S
Q 68k

Ratiometric Input Signal with Tracking Reference

{
45V
(]
Rl
i:,m
k‘L{:ULLSCALE
%
15 10
10.00v
Vaer MM4357
s |8 |1z
/ i 8-8IT WORD
g zen0 .
Vin

-12v

R1 and R2 change the effective
input range by 1V/10 k2.

. PERCENT OF Vgee (%)

85

. HOV
o

=V

Vi

12

MmM4357

0V to 10V V| Range
0V to 10V Output Levels

8-BIT WORD-

Hi-Volitage CMOS Outbut Levels

Level Shifted Input Signal

Range

Level Shifted Zero and Full Scale for Transducers

Vin (%)

100
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typical applications (con’t)

+15V

1

LH0070

+15V 12V
0 @

+5V

+5Y
o

Vin

MM5357

Ground Referenced Input Signal

typical performance characteristics

Power Supply Current

120
ALL OUTPUTS
AT Vpp
1.0 [
Ta=-55°C
= a ,//'/
R . /T,l =25°C
0
8.0
T Ta=125C
16.0 170 18.0
Vss = Vgg (V)
CMOS Sink Current
6.0 T
Vpp =0V
I Vgg = -1.0V
£ Vgg = +10V
5 40 =1, =25¢C
-3
3
=2
3
x
Z . e
I/GUARA NTEED|
v | DRIVE
0

0 01 02 03 04 05 06
Vor = Vpo (V)

SINK CURRENT (mA)

SOURCE CURRENT (mA)

6.0

4.0

20

6.0

4.0

TTL Sink Current

U KB
500 8.81T WORD
L v
sV -

T T
Vpp = 0V

—— Vgs = +5V
Ta=25°C

/

/

Vgg = ‘12V/y

4
AV/GG =-10v

/--UARANTEE[

DRIVE

VoL — Vpp (V)

Source Current

0 01 02 03 04 05 06

T T
Vss = +5.0V

= Vpp = 0V
Vgg = ~12V /

GUARANTEED

SOURCE

CURRENT —

Vss = Vour (V)

0 05 10 15 20 25 30
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MM4357/MM5357

block diagram

r

Ves cLock

Vrer
o
15
r_ —_—— — — —
>
<
>
' "3 r-\ : I
) 256R '
S NETWORK |
I w0 J
L ] — —
l ) I ANALOG I 1 : . |
S SWITCHES | - SELECTION
. wg 1 AND
| | [ ~— —] CONTROL
T LoGIC
<
l 300 l ' . ._.1_.0
RN - ——
I T
€ ) .
150
R g
[I——
' v v l
| o i
LATCH
. 3 ra B £ £ 0 )
(e}
R NETWORK Vi M8 LSB

START .
CONVERSION

END
CONVERSION

ouTPUT
ENABLE
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NATIONAL
RAOQ7, RAO8, RA12, RA13, RA14, RA15

general description

The RA07, RAO8, RA12, RA13, RA14 and RA15 are
arrays of 7 to 15 equal value resistors packaged in high
reliability Epoxy B dual-in-line packages.

Each array is manufactured using precision automatic
laser trimming of high stability thin films. The thin film
array is then mounted on a high power dissipation lead

Resistor Arrays

resistor arrays

Possible options include unequal values, different con-
figurations and tight tolerances to 0.01%.

Resistor array applications range from pull-up and
pull-down networks to line terminations and LED
current limiting.

frame and molded in the same Epoxy B used for features
National’s semiconductor products. Complete automatic ® Low cost
testing and inexpensive Epoxy B packages provide low m Six configurations 7 to 15 Resistors
;o;\gsun;recedented in the resistor in('iusltrfy. The RA07% m Wide resistance range 229 to 100 k2
f , A12 and RA14 are symmetrical for goof-proo = Tight tolerance £2% or £2€0, max
insertions.
® Excellent tracking 2 ppm/°C
Custom resistor arrays are also available from National. ® Four symmetrical configurations
connection diagrams (Dual-In-Line Packages)
RA07 RA12 RA14
14 13 12 11 10 9 8 14 13 12 11 10 9 8 16 15 14 13 12 1 10 9
e > > e < > > > p. >
R RS RZ. RS RS RS Rg RS RZ ARG RS RS RIS
9 < < < 9 < < E: <
R R RS R:’ RS 83 R3S
e > o > $3 > o 5 P4 > > g
3H SR SR SR 3R SR SR SR SR SR SR 2ZH s R
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 8
TOP VIEW TOP VIEW TOP VIEW
RA08 RA13 RA15
16 15 14 13 12 11 10 9 14 13 12 11 10 9 8 16 15 14 13 12 1 10 9
RS 8RS RS RS RS RS RS RS A3 RS RS RS RS
< < < < < < < < < < < <
s 5 5 L L L4
:n SR "R S R Sk :a JRR‘:
> > > o 2 3 > > 23 > >
SR Rg RS RS RS RS RS SRAg RS A 3 RS RS RS RS
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 1 2 3 4 5 6 7 []
TOP VIEW TOP VIEW TOP VIEW
ordering information Value Listings
All of these resistance values are available in each array
configuration. (All values in ohms):
s "i’{A07 — 10KN 22 47 100 220 470 1k 2.2k 4.7k 9.1k 20k
Resistor Array | 24 51 110 240 510 1.1k 2.4k 5.1k 10k 22k
) . 27 56 120 270 560 1.2k 2.7k 5.6k 11k 33k
Configuration Number 30 62 130 300 620 1.3k 3k 6k 12k 47k
Resistance Value 33 68 150 330 680 1.5k 3.3k 6.2k 13k 68k
Molded Epoxy — B DIP Package 36 75 160 360 750 1.6k 3.6k 6.8k 15k 100k
39 82 180 390 820 1.8k 3.9k 7.5k 16k
See Packages 17 and 18 43 91 200 430 910 2k 4.3k 8.2k 18k

Resistance values are £2% or *202, whichever is larger.
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absolute maximum ratings

RA07,RA08,RA12,RA13,RA14,RA1IS

" Rated Voltage . (Note 1)
Package Power at 25°C (See curve) 20w
Operating Temperature Range —55°C to +125°C
Storage Temperature Range -55°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
electrical characteristics
PARAMETER . CONDITIONS MIN TYP MAX UNITS
Resistor Tolerance Ta =25°C - +1 +2 %
or
+2 Q
Resistor Matching T =25°C 02 %
Absolute Tempco —55°C to +125°C 80 ppm/°C
Matching Tempco ~55°C to +125°C 2 ppm/°C
Resistance Voltage Coefficient . ) Negligible uv /v
Overload Resistance Shift 2.5 x rated voltage for 0.5 %
) 5 seconds, T, = 25°C
Rise Time . 5 ns

2
‘ I
Note 1: Rated voltage is determined from maximum package power dissipation and resistance (Ppax > 2 (——) ). Maximum power
per resistor is 1/4 watt. i

typical performance characteristics

Power Derating

£
= 20
= N
£
g
w15
] \
2
P £ 10
=
£ N
% 0.5
=
-50 -10 30 70 110 150

Ta- AMBIENT TEMPERATURE ('C)




NATIONAL

Resistor Arrays

RA24, RA28 resistor termination networks

general description

The RA24 and RA28 are arrays of 24 or 28 resistors
designed for use as digital transmission line terminators.
The RA24-—-3k/6.2kN and RA28—3k/6.2kN are specifi-
cally tailored for programmable instrumentation ter-
minations per IEEE specification 488-1975 for bus
organized peripheral control.

Each array is manufactured using precision automatic
laser trimming of high stability thin films. The thin film
is then mounted on a high power dissipation lead frame
and molded in the same Epoxy B used for National’s
semiconductor products. Complete automatic testing

and inexpensive Epoxy B packages provide low costs
unprecedented in the resistor industry.

Custom resistor arrays are also available from National.
Possible options include unequal values, different
configurations and tight tolerances to 0.01%.

features

= |ow Cost
= Excellent tracking 2 ppm/°C

® | ow inductance

connection diagrams (Dual-In-Line Packages)

16 15 14' 13| 12 1 ml 9

>
<
Rz(m R2

E—O p 2 )
> > > >
< < < <
r1gR2QRISR2 1S R2SR1 QA2 RI SH2 SR SRS RISRIS
IR AR AR 2R 2R R R SR R 2 2R 2

> 3 L o > VS 58 5

> P > >
R2QR1QR2SRISR2SRICR2ZRICR2ZS RIQR2 R1iﬂ2§m

> 2 e > >
R1GR2 QR nz{minz?m R2 2 R1
|\ |2 I: |4 _Is Is 7
See Package 17

ordering information

RA24 — 220/270N

Resistor Array.

Configuration Number

Resistance Value

Molded Epoxy — B DIP Package

It lz I3 |4 |5 IE |7 8

See Package 18

Resistance Values

PART NUMBER R1 R2
RA24 — 220/270N 220 270
RA24 — 220/33QN 220 330
RA24 — 390/500N 390 500
RA24 — 3k/6.2kN 3k 6.2k
RA28 — 220/270N 220 270
RA28 — 220/330N 220 330
RA28 — 390/500N 390 500
RA28 — 3k/6.2kN 3k 6.2k

Resistance tolerance is +5%.
Values are listed in ohms.

93
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RA24,RA28

absolute maximum ratings

Rated Voltage (Note 1)
Package Power at 25°C (See curve) 20w
Operating Temperature Range -58°C to +125°C
Storage Temperature Range ) -55°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

electrical characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resistor Tolerance Ta =25°C *1 +5 %
Resistor Matching Ta =25°C ) 0.2 . %
Absolute Tempco ~55°C to +125°C 80 ppm/°C
Matching Tempco ~55°C to +125°C 2 ppm/°C
Resistance Voltage Coefficient ‘ Negligible uv/v
Overload Resistance Shift 2.5 x rated voltage for 0.5 %

5 seconds, T, = 25°C
Rise Time -5 ns

v.2
Note 1: Rated voltage is determined from maximum package power dissipation and resistance (Ppmax > > z ). Maximum power
per resistor is 1/4 watt. F‘i ’

typical performance characteristics

Power Derating

MAXIMUM PACKAGE POWER (W)

-58  -10 3 ] 18 158
Ta — AMBIENT TEMPERATURE (°C)

9-4




NATIONAL

AF100 universal active filter

general description

The AF100 state variable active filter is a general second
order lumped RC network. Only four external resistors
program the AF100 for specific second order functions.
Lowpass, highpass, and bandpass functions are available
simultaneously at separate outputs. Notch and allpass
functions are available by summing the outputs in the
uncommitted output summing amplifier. Higher order
systems are realized by cascading AF100 active filters
with appropriate programming resistors.

Any of the classical filter configurations, such as Butter-
worth, Bessel, Cauer, and Chebyshev can be formed.

Active Filters

features

Military or commercial specifications

Independent Q, frequency, gain adjustments

Low sensitivity to external component variation
Separate lowpass, highpass, bandpass outputs

Inputs may be differential, inverting, or non-inverting

Allpass and notch outputs may be formed using
uncommitted amplifier

Operates to 10 kHz

Q range to 500

Power supply range +5V to +18V
Frequency accuracy +1% unadjusted
Q frequency product < 50,000

connection diagrams

Dual-In-Line Package

NO NO BANDPASS AMP AmP

PIN PIN INT 1 OUTPUT -V OUTPUT - INPUT GND

'15 15 14 13 12 1 10 9
1000 pF

100k
JV""
< j: - -—<
VW . 1000 pF
o I
"
1 2 3 4 5 6 7 8

INPUT  INPUT HIGHPASS +V  LOWPASS AMP INT 2 NO
ouTPUT OUTPUT +INPUT PIN

TOP VIEW
Package 24

Order Numbers
AF100-1CJ
AF100-2CJ

Metal Can Package

BANDPASS
ouTPUT

INPUT 1 o GND
INPUT 2

HIGHPASS AMP
ouTPUT

LOWPASS,
OUTPUT  yT2

TOP VIEW
Package 6

Order Numbers
AF100-1CG
AF100-1G
AF100-2CG
AF100-2G

101
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AF100

--absolute maximum ratings

Supply Voltage +18V Operating Temperature )
Power Dissipation 900 mW/Package (500 mW/Amp) AF 100-1CJ/AF 100-2CJ/AF 100-1CG/AF100-2CG * —25°C to +85°C
Differential Input Voltage +36V AF100-1G, AF100-2G -55°C to +125°C
Output Short Circuit Duration (Note 1) Infinite Storage Temperature
Lead Temperature (Soldering, 10 seconds) 300°C AF100-1G, AF100-2G, —65°C to +1 255C
AF100-1CG, AF100-2CG
AF100-1CJ, AF100-2CJ -25°C to +100°C

electrical characteristics (Complete Active Filter) (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Frequency Range fC‘ x Q < 50,000 . 10k Hz
Q Range fc x Q@ < 50,000 ' 500 Hz/Hz
fo Accuracy ’

AF100-1, AF100-1C fc x @< 10,000, T = 25°C +2.5 %

AF100-2, AF100-2C fo'x @< 10,000, T = 25°C +1.0° %
fo Temperature Coefficient +50 +150 ppm/°C
Q Accuracy ' fo x Q< 10,000, T = 25°C +7.5 %
Q Temperature Coefficient +300 +750 ppm/°C

’ Power Supply Current Vg =15V 25 4.5 mA

electrical characteristics (internal Op Amp) (Note 3)

PARAMETER ‘ CONDITIONS ) MIN CTYP MAX UNITS

Input Offset Voltage Rs <10kQ 1.0 © 60 mV
Input Offset Current - ' 4 50 nA
Input Bias Current 30 200 nA
Input Resistance . : 25 ‘ MQ
Large Signal Voltage Gain RL > 2k ' 25 160 V/mV

' Vour = 10V

Output Voltage Swing ~ RL=10kQ | B P +14 N \%
} ) RL =2k ) 10 13 v

Input Voltage Range : } +12 \)
Common Mode Rejection Ratio Rg < 10kQ2 70 90 dB
Supply Voltage Rejection Ratio |  Rs < 10kS2 77 96 ' a8
Output Short Circuit Current 25 . mA
Slew Rate (Unity G‘ain) 06 . V/us
Small Sigr;al Bandwidth ' 1 MHz
Phase Margin ) ‘ ' ‘ 60 ) Degrees

Note 1: Any of the amplifiers 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: Specifications apply for Vg = +15V, over —25°C to +85°C for the AF100-1C and AF100-2C and over —55°C to +125°C for the AF100-1 -
and AF100-2, unless otherwise specified.

Note 3: Specifications apply for Vg = 15V, Tp = 25°C.
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applications information

LOWPASS AMPIN -

HIGHPASS BANDPASS
- -
100k
IN2 Oy AAA
I 10k

>
>

<
<
<

\/

IN1O= -

F-To4-9F -

1000 pF

>

FIGURE 1. AF 100 Schematic

CIRCUIT DESCRIPTION AND OPERATION

A schematic of the AF100 is shown in Figure 1.
Amplifier A1 is a summing amplifier with inputs from
iftegrator A2 to the non-inverting input and integrator
A3 to the inverting input. Amplifier A4 is an uncommitted
amplifier.

By adding external resistors the circuit can be used to
generate the second order system

azs? + aps + a,
Ts) = ———
s +bys+ by

The denominator coefficients determine the complex
pole pair location and the quality of the poles where

wg =+/by = the radian center frequency

w
Q= -b—o = the quality of the complex pole pair
2

If the output is taken from the output of A1, numerator
coefficients a; and a, equal zero, and the transfer func-
tion becomes:

2

an s
T(s) = S

0
$2 + — s+ wg
Q

(highpass)
2

If the output is taken from the output of A2, numerator
coefficients a; and a3 equal zero and the transfer func-
tion becomes:

TIs) = ——2°

o
$2+ — s+ w2
a .

(bandpass)

If the output is taken from the output of A3, numerator
coefficients a3 and a, equal zero and the transfer func-
tion becomes:

Tie) =

(1]
s2 + —s+0wg?
Q

(lowpass)

Using proper input and output connections the circuit
can also be used to generate the transfer functions for a
notch and allpass filter.

In the transfer function for a notch function a, becomes
zero, a; equals 1, and a3 equals wzz. The transfer
function becomes:
2 2
s+ Wz
T(s) =

w

o

s2+—s+wo
Q

(notch)
2

In the allpass transfer function a; = 1, ap = —wqg/Q and
ag = wg2. The transfer function becomes:

> w,

0 2
s~ —s+wg

T(s) =

0
$2+ —s5+wg
Q

(allpass)
2

COMMON CONFIGURATIONS

The specific transfer functions for some of the most
useful circuit configurations using the AF100 are ill-
ustrated in Figures 2 through 8. Also included are the
gain equations for each transfer function in the fre-
quency band of interest, the Q equation, center fre-

quency equation and the Q determining resistor
equation.
100k
A
1000 pl 1000 pF
10k RF 1* l RF 2*
Rk ——]| -
o~ ™
A p
AA 4,
1 O~AN/
Rin*
100k
AN
VA~
S
S RO
< -
= O Oe o
HIGHPASS BANDPASS

LOWPASS
*External components

FIGURE 2. Non-inverting Input (Q > Qpyn,
See Q Tuning Section)
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a) Non-inverting input (Figure 2) transfer equations are: b) Non-inverting input (Figure 3) transfer equations are:
1.1 : E . 1
Szl —R———R— . . i 51.1*'%‘0‘,
e e, P o . 2 —
e, 10 RQ . o RiN
_—_— = (highpass) el T+ — .
eN . A J o L ey 10 .
; ) LIRS S (highpass)
11 : e A
=5 Wy )
P R A ‘ _ o
ey 10° RQ ' ’ - : 11+ E‘;
— = ———=—————=— (bandpass) " RQ
€N A - : : -5 W, JE—
' . Rin
e 1.1 T+— J
" .
— = WyWwy -—-—R————R— (lowpass) € - L 10 (bandpass)
e
N ) + l:- AL &N A
10 RQ '
10° 10° ] 10° ]
wy = Wy = —— 1.1+ —
Req Re2
wWq W2
where . 14 FM
2 N - AN SIS L
Asre | e | Ot enes A owpas)
T — + —
RQ Ry
) 10° 10°
eq 11 Wy == Wy = ——
- B — . Rep . Reo
en| s>0 Rin  Rin i
1+ — t =
10 RQ where A
10%
ep 11 11+ —
— = > RQ
en| s> ( Rin  Rin A=5"+5 0w, e +0.1 wywy
R
10° . RQJ 1+ —
Rin
( 105 10°
ot —
ey RQ Ry 10t
= == T+ —
el w=wgp (1+RIN RIN) e BQ -
=+ — = =
10°  RQ enl o oy (1+Et._,:>
wo =v0.1 Wy w,
J 5 10%
1 E + B. - 1.1+ —
Rn RQ / Ws en RQ
Q= 0.1 {— - =
Coa w BiNlsoo 4, Rin
10°
108
5
Ra- 1.1Q L 10° 1+ o
rn N e, Rin
.12 Rin = =
. W, Nlow=we 14 _'z
0
R v ‘
VWA—— - oo
éﬂu. . ﬁllﬂﬂ pF . 1000 pF wo 0 w1 wz
= 10°
14— .
R w
a- N Vo2
wy
1.1+ —
RQ
. ‘ 10* )
& RQ =
Oen ) o O 108 /01 W2\ |
HIGHPASS N BANDPASS LOWPASS 14+ — AT -1.1
B *External components Rin @
FIGURE 3. Non-Inverting Input (Q < Qppy, See Q Tuning Section) . Q
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100k

AAA
VWV

1000 pF 1000 pF
10k RF 1 RF 2*

Ty P B

>
<

>

5
<
<
<

o
- HIGHPASS
*External components

oe

[N .
BANDPASS LOWPASS

FIGURE 4. Inverting Input

c) Inverting input (Figure 4) transfer function equations

are:
10*
—2
en Rin (highpass)
—_ = — ighpass
o A ghp:
10*
s W, .
[
PR A L (bandpass)
e A
104
T Wy W2
e Rin " )
_ wpass
eN A owp
10° 10°
Wy = — Wy = —
REq Re2
where
10%
1.1+ E_
IN
A=s%+5 0w, 00 +0.1 wiw,
14—
Ra
ey 10°®
— = — {lowpass)
ein Rin
s—>0
en 10*
— == — {highpass)
e Rin 9
g —> 00
104 10°
— l1+—
e R
> SRML ; (bandpass)
en 10
w=wg 1.1+ —
Rin
wgo =V0.1 wyw,
108 ‘
1+ —
RQ Wy
Q= —_— V0.1 —
10 wy
1.1+ —
Rin
108
RQ =
Q 10%
1.1+ E— -1
W
012 N
W1

1000 pF 1000 pF

10k | RF 1 1 RF 2*
NN A . | . I s
VWA VA 1
Ry 2
A
WY S
e R 1° a1 p
O=AAA [

100k
%
>
<
>Ro*
1)
i . .

ey 'y
HIGHPASS BANDPASS LOWPASS

*External components
FIGURE 5. Differential Input

d) Differential input (Figure 5) transfer function equa-

tions are:
10*
52 R
e )
u w2 {highpass)
en A
10*
5wy —
ey Rinz
—_— ————— (bandpass)
en A
10°
Wiy ——
e_Q_ - Rinz 0 )
o —'——‘—A lowpass
10° 10°
Wy = — p = —
Res Re2
10*
where 11+ =
IN2
A=s?+5w, s 05 +0.1 wywsy
14 — P
RQ Ry
e L
ein Rinz
en 10%
en Rinz
S .
10° 108
01 {1+ — + —
ey Rint RQ
T . 10*
N =g 114+ —
Rinz
0% 10°-
RQ R w
- L IV
10 Wy
11+ —
Rinz
108
RQ=
Q
104 10°

oy ([1is—) -1-—
01— Rinz Rinz
w
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100K o
MWy - ———1 0 $2 + w22
1000 pF 1000 pF e Cz
I —=
VW W 1.1 RQ
! 245 w4 3 w°2
p 10° + RQ
10° 10°
L Wy = — Wy = —
= Req Re2
Vv
3o e RF2x 109
1 19 . Wz =W -?—C——— wo =vV0.1wiw,
= Ry* 3 zCz
“External components Y ’ ) _M O
b en ALK Rz Cz
= enl Lo RF2x 107
w
FIGURE 6. Output Notch Using All Four Amplifiers
. ’ . . e
e) Output notch (Figure 6) transfer function equations - =
are: en -
1.1 AMA
R R R
(s +wz?) | 1+ ;2 + -2 10K " RF1* 1eeF RF 2* 1
e, 10° RQ | Ry 9
eIn 11 N ™
. A1 A2
+5 Wy 10° 10° o Ao |+
T+ — +0.1 wyw,
RQ ™ :
L e AR
10° 10° VWA~ VW~ W
Wy = — = wo =V0.1T wywy 4V I
Res Reo [ VWA >
::Ro' »
/10 Ry .]..
Wz = Wo = =

Re *External components
ol I L i FIGURE 8. Allpass
e Rin . Rin) Re e . . .
-0 1+ prel + 70 g) Allpass (Figure 8) transfer function equations are:
1.1
€n - 1.1 Rg $2 =5 w, = +wg?
e (1+R'_N+Rﬂ) Rn 248
10°  RQ € _ _ RQ
e 5 1.1
e sC+sw, R + Wy
n
e -0 LI
€N _ RQ
= wy
10°
2+ —
RQ Wy
Q= 0.1 —
1.1 wq
10° 10° +
W = —— 2=
Req Re2
Wy =v0.1 wywy
| _ 20
Ra® Time delay at wq = w— seconds
0
= ) o

. *External components FREQUENCY TUNING
FIGURE 7. Input Notch Using Three Amplifiers ’

: To tune the AF100 two resistors are required for

i) Input notch - (Figure 7) transfer function equations frequencies between 200 Hz and 10 kHz. For lower
are: - frequencies “T" tuning or addition of external capacitors
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is required. Using external capacitors allows the user to
go as low in frequency as he desires. T’ tuning and
external capacitors can be used together.

Two resistor tuning for 200 Hz to 10 kHz
50.33 x 108
S0
fo

AF100J

r i

Ry

R¢

FIGURE 9. Resistive Tuning

GRAPH A. Resistive Tuning
1000

i

i

Re-RESISTANCE (k$2)
/]

100 1k 10k 100k
fc-FREQUENCY (Hz)

“T" resistive tuning for fo <200 Hz

2
R, Re
Ry = ————— Ry < —
R — 2R, 2
AF1008
3 14 13 7
< < 3. <
&RT <,RT <SRT SRT
RS RS

FIGURE 10. T Tuning

GRAPH B. “T" Tuning

100k
i
117
_ 1
<] || Ry = 100k
g " ==
= T
< T T
= T
2 I
& = 50k
T o
b
-
100
1 10 100 1k

FREQUENCY (Hz)

RC tuning for fo <200 Hz

B 0.05033

Reme =
T (C+1x1079)

c bl
b
>
< —
> R C
S
3 1 13 1 5

AF100)

FIGURE 11. Low Frequency RC Tuning

Q TUNING

To tune the Q of an AF100 requires one resistor from
pins 1 or 2 to ground. The value of the Q tuning resistor
depends on the input connection and input resistance
as well asethe value of the Q. The Q of the unit is
inversely proportional to resistance to ground at pin 1
and directly proportional to resistance to ground from
pin 2.

GRAPH C. QN
Non-Inverting Input

108 1
== e \
L Wi T B
S— Q, -
win * 7
10°
o
Qmm
104
! IIII\\
108 I“-L
0.1 1.0 10 100
a

For Q> Qpyn in non-inverting mode:

. 10°
- 10°
348Q-1- —
Rin
Rin 1
| + AF100
Ra

FIGURE 12. Q Tuning for Q@ > Q-
Non-Inverting Input
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GRAPHD.Q>Omn, .
Non-Inverting Input

100k
Ry = 100k=FH
-
ey 7&% 10k
10k iR = 1B
o =
o«
I
* -
il i
100 W

(K] 1 10 100
' i

For Q < Qyy in non-inverting mode:

RO 10*
10°
1+ —
Rin
0.3162 — -—-1.1
. - Q
/ Rin 1
Oo—AA—+
AF100
2 -
Ra
FIGURE 13. Q Tuning for Q < QumN.
Non-Inverting Input
GRAPH E. Q < Qpin.
Non-lnverting Input
100k
{ H
Y
i i
= 100k
10k £
P -
=] 1 11
o« V4 11
/[|R = 10k
& IN
100 UIL

0.01 0.1 1.0 10
Q

For any Q in inverting mode:

RO- 10°
10° .
3.16Q {11+ —}) -1
‘ Rin
Riv
o—AA—Y-
AF100

1

+
Ra

FIGURE 14. Q Tuning Inverting Input

GRAPH F. Q Tuning,
Inverting Input

™ £
i

100k
=]
=

10k

T N
01 t 10 100

NOTCH TUNING

Two methods to generate notches are the RC input and

- lowpass/highpass summing. The RC input method re-

quires adding a capacitor and resistor connected to the
two integrator inputs. The capacitor connects to “Int 1"
and the resistor connects to “‘Int 2.” The output summing
requires two resistors connected to the lowpass and

highpass output.
For input RC notch tuning:

f 2
Ry = Cy Re x 10° (—c’)

AF1004

1
[ 6 outur

14

T Cz
INPUT O-

FIGURE 15. Input RC Notch

GRAPH G. Input RC Notch

10
YT
A1
1111 1
C,=C
! =
3 i |
X
o
01
0.01
o0 1 10 100
fc/tz
For output notch tuning:
2\ % Rpp
Riup = |+— -—
fo 10
RK'
HP
AF1004 p——-0O 0UTPUT
LP
Rep

FIGURE 16. Output Notch
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GRAPH H. Output Notch

=i

Rup/Rip

f2/to

TUNING TIPS

In applications where 2 to 3% accuracy is not sufficient
to provide the required filter response, the AF100 stages
can be tuned by adding trim pots or trim resistors in
series or parallel with one of the frequency determining
resistors and the Q determining resistor.

When tuning a filter section, no matter what output
configuration is to be used in the circuit, measurements
are made between the input and the bandpass (pin 13)
output.

Before any tuning is attempted the lowpass (pin 7)
output should be checked to see that the output is not
clipping. At the center frequency of the section the
lowpass output is 10 dB higher than the bandpass output
and 20 dB higher than the highpass. This should be kept
in mind because if clipping occurs the results obtained
when tuning will be incorrect.

Frequency Tuning

By adjusting the resistance between pins 7 and 13 the
center frequency of a section can be adjusted. If the
input is through pin 1 the phase shift at center frequency
will be 180° and if the input is through pin 2 the phase
shift at center frequency will be 0°. Adjusting center
frequency by phase is the most accurate but tuning for
maximum gain is also correct.

““Q" Tuning

The “Q" is tuned by adjusting the resistance between
pin 1 or 2 and ground. Low Q tuning resistors will be
from pin 2 to ground (Q < 0.6). High Q tuning
resistors will be from pin 1 to ground. To tune the Q
correctly the signal source must have an output im-
pedance very much lower than the input resistance of
the filter since the input resistance affects the Q. The
input must be driven through the same resistance the
circuit will see to obtain precise adjustment.

The lower 3 dB (45°) frequency, f_, and the upper
3 dB (45°) frequency, fy, can be calculated by the
following equations:

o 1+ 1)’ 1 (fo)
= — — ) + X
" 20 20 °

where fg = center frequency

Do)
_— +1-— %
20 20 °

When adjusting the Q, set the signal source to either f,
or f_ and adjust for 45° phase change or a 3 dB gain
change.

fL =

Notch Tuning

If a circuit has a jw axis zero pair the notch can be
tuned by adjusting the ratio of the summing resistors
(lowpass/highpass summing) or the input resistance
(input RC).

Ineither case the signal is connected to the input and the
proper resistor is adjusted for a null at the output.

Special Cases

When using the input RC notch the unit cannot be tuned
through the normal input so an additional 100k resistor
can be added at pin 1 and the unit can be tuned
normally. Then the 100k " input resistor should be
grounded and the notch tuned through the normal
RC input.

An alternative way of tuning is to tune using the Q
resistor as the input. This requires the Q resistor be
lifted from ground and connecting the signal source to
the normally grounded end of the Q resistor. This has
the problem that when the Q resistor is grounded after
tuning, its value is decreased by the output impedance of
the source. This technique has the advantage of not
requiring an additional resistor.

TUNING PROCEDURE (See Figure 17)

Center Frequency Tuning

Set oscillator to center frequency desired for the filter
section, adjust amplitude and check that clipping does
not occur at the lowpass output pin 5 (AF100J).

Adjust the resistance between pins 13 and 7 until the
phase shift between input and bandpass output is 180°.

Q Tuning

Set oscillator to upper or lower 45° frequency (see
tuning tips) and tune the Q resistor until the phase
shift is 135° (upper 45° frequency) or 225° (lower 45°
frequency).

Zero Tuning

Set the oscillator output to the zero frequency and
tune the zero resistor for a null at the output of the
summing amplifier. ’

Gain Adjust

Set the oscillator to any desired frequency and the gain

can be adjusted by measuring the output of the summing
amplifier and adjusting the feedback resistance.
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OSCILLATOR

COUNTER 2

- VYWW\——W

ZERO
AA AAA AXA
VWA VWA VW
e AAA
VWA
14 3 5 GAIN
HP LP
10 R
v
1 AF1008 .
1 -
AmP
BP
13- 7 AC VOLTMETER
AA AAA , .
VW——ANN
FREQUENCY L |
PHASE METER

FIGURE 17. Filter TuninqSetup

N Ve
RF1 RF2 b .
l—wv—-‘ |—~w—l p Vé A
3 L L LI |3 In Iw Is [
< 100k <& 100k
. c . . R . \ - $
AN 1] 6 .
A 0 9
o—k—. vy . AF100) ——d AF100G
3
$ > -l—
< 2 100k <
(B3 m Lm TQ I'Z b3S — 100k ,-[ 0.1uF
v — = =
VI2 (PSEUDO GROUND) ) -
FIGURE 18. Single Power Supply Connection Using FIGURE 19. Single Power Supply
Uncommitted Amplifier to Split Supply Connection Using Resistive Dividers
\;* A
1. 1
11 R 1 2 11 R
100k A >
< <
- AF10M 10 :: 100 AF100 10 g1k
1.034k 5 1|ka 1,034k 5 100k LJP
AA AA
VWA~ VW
13 |z m 9|7 13]iz]ia 3 .
ae 81k 4881k 9630k 50.87k 50.87k 10.37k
= V- :
Performance
0.1 dB ripple passhand
0.1 dB notch width = 100 Hz
40 dB notch width = 6.25 Hz

GAIN (dB)

FIGURE 20.

FILTER DESIGN .

Since most filter tables are in terms of a normalized
lowpass pratotype, ‘the filter to be designed is usually
reduced to a lowpass prototype. After the lowpass

4th Order 1010 Hz Notch

N
-10 N
\

|
£ &
—

960 980 1000 : 1020 1040
FREQUENCY (H2)

1010 Hz Notch—Telephone Holding Tone Raject‘Filtet

transfer functlon is found, it is transformed to obtain the

transfer function for the actual. filter desired. Graph /
shows the lowpass amplitude response which can be
defined by four quantities.
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GRAPH |. Lowp:

Prototype Resp

5 Amax
=
<
(-}
fe fs
LOG FREQUENCY
Amax = the maximum peak to peak ripple in the
passband.
Amin the minimum attenuation in the stopband.
fc = the passband cutoff frequency.

fs = the stopband start frequency.

By defining these four quantities for the lowpass
prototype the normalized pole and zero locations and
the Q (quality) of the poles can be determined from
tables or by computer programs.

To obtain the lowpass prototype for the_highpass filter
(Graph J) Amax and Ayyn are the same as for the
lowpass case but fo = 1/f, and fg = 1/f;.

GRAPH J. Highpass Response

1

=

Amax

Avin

i

To obtain the lowpass prototype for a bandpass filter
(Graph K) Amax and Ay are the same as for the
lowpass case but

fg — f
foo= 1 fg= =
fa—1a
where 3 =+/f; f5 =+/f5 f; i.e. geometric symmetry
fs — 14 Amin bandwidth
f4s —f, = Ripple bandwidth

GRAPH K. Bandpass Response

i

}

Amax

Avin

f1f, fa fufs

To obtain the lowpass prototype for the notch filter
(Graph L) Awax and Ay n -are the same as for the
lowpass case and

fg — f
fo=1 fg=— 1
£, —f,
where fz =+/f; f5 =/ T,

GRAPH L. Notch Response

i
-

Amax

Avin

f; B f3 fafg

Normalized Lowpass Transformed To Un-Normalized
Lowpass

The normalized lowpass filter has the passband edge
normalized to unity. The un-normalized lowpass filter
instead has the passband edge at fc. The normalized and
un-normalized lowpass filters are related by the trans-
formation s = sw..  This transforms the normalized
passband edge s = j to the un-normalized passband
edge s = jwe.

Normalized Lowpass Transformed To Un-Normalized
Highpass

The transformation that can be used for lowpass to
highpass is S = w¢/s. Since S is inversely proportional to
s, the low frequency and high frequency responses are
interchanged. The normalized lowpass 1/(S% + S/Q+1)
transforms to the un-normalized highpass

S2

Wc
s2 +——s+c,.>c2
Q

Normalized Lowpass Transformed To Un-Normalized
Bandpass

The transformation that can be used for lowpass to
bandpass is S = s2 + wg 2/BWs where wg? is the center
frequency of the desired bandpass filter and BW is the
ripple bandwidth.

Normalized Lowpass Transformed To Un-Normalized
Bandstop (Or Notch)

The bandstop filter has a reciprocal response to a
bandpass filter. Therefore a bandstop filter can be
obtained by first transforming the lowpass prototype
to a highpass and then performing the bandpass
transformation.

SELECTION OF TRANSFER FUNCTION

The selection of a function which approximates the
shape of the response desired is a complicated process.
Except in the simplest cases it requires the use of tables
or computer programs. The form of the transfer func-
tion desired is in terms of the pole and zero locations.
The most common- approximations found in tabies are
Butterworth, Tschebycheff, Elliptic, and Bessel. The
decision as to which approximation to use is usually
a function of the requirements and system objectives.
Butterworth filters are the simplest but have the dis-
advantage of requiring high order transfer functions to
obtain sharp roll-offs.
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The Tschebycheff function is a min/max approximation
in the passband. This approximation has the property
that it is equiripple which means that the error oscillates
between maximums and minimums of equal amplitude
in the passband. The Tschebycheff approximation, be-
cause of its equiripple nature, has a much steeper trans-
ition region than the Butterworth approximation.

The elliptic filter, also known as Cauer or Zolotarev
filters, are equiripple in the.passband and stopband and
have a steeper transition region than the Butterworth or
the Tschqbycheff.

For a specific lowpass filter three quantities can be used
to determine the degree of the transfer function: the
maximum passband ripple, the minimum stopband
attenuation, and the transition ratio (tr = wg/we).
Decreasing Ayax, increasing Ay, Or decreasing tr
will increase the degree of the transfer function. But
for the same requirements the elliptic filter will require
the lowest order transfer function. Tables and graphs
are available in reference books such as ‘’Reference
Data for Radio Engineers,” Howard W. Sams & Co., Inc.,
6th Edition, 1970 and Erich Christian and Egon Eisen-
mann, “Filter Design Tables and Graphs,” John Wiley
and Sons, 1966.

For specific transfer functions and their pole locations
such text as Louis Weinberg, “Network Analysis and
Synthesis,” McGraw Hill Book Company, 1962 and
Richard W. Daniels, ''Approximation Methods for Elec-
tronic Filter Design,”” McGraw-Hill Book Company,
1974, are available.

-~ DESIGN OF .CASCADED MULTISECTION FILLI'ERS

The first step in designing is to define the response
required and define the performance specifications:

1. Type of filter:
Lowpass, highpass, bandpass, notch, alipass

2. Attenuation and frequency response

3. Performance
Center frequency/corner frequency plus tolerance
and stability

Insertion loss/gain plus tolerance and stability
Source impedance

Load impedance

Maximum output noise

Power consumption

Power supply voltage
Dynamic range
Maximum output level

Second step is to find the pole and zero location for
the transfer function which meet the above require-

ments. This can be done by using tables and graphs or

network synthesis. The form of the transfer function
which is easiest to convert to a cascaded filter is a
product of first-and second order terms in these forms:

First Order Second Order
K K
77 (low pass)
S+t w : W,
R §2 + =25 + g2
Q
Ks ' Ks?
(highpass) -
s+ wg 5 Wo 2
s*t—s+wg
Q
Ks
) ” (bandpass)
82 + =5 + wg?
. Q>
K(s? + wzz) }
_— (notch)
W
R we?
Q
@Wo
§2 ——s+ wg?
Q
(allpass)

Wo
§2 + —s+ wp?
Q

Each of the second order functions is realizable by
tuning an AF100 stage. By cascading these stages the
desired transfer function is realized.

CASCADING SECOND ORDER STAGES

The primary concern in cascading second order stages
is to minimize the maximum difference in amplitude
from input to output over the frequencies of interest.
A computer program is probably required in very com-
plicated cases but some general rules that can be used
that will usually give satisfactory results are:

;

GRAPH M. Generalized Model Response

RIPPLE ___ dB (Ayax) 3

f /

-3dBAT __ Hz

Amin __ dB

NN

4

N

s fo___Hz fgfy fo___ Hz

s
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1. The highest “Q"" pole péir should be paired with 3. In cascaded filters of more than two sections the
the zero pair closest in frequency. first section should be the section with Q"' closest
2. If highpass and lowpass stages are cascaded the to 0.707 and then additional stages should be
lowpass sections should be the higher frequency added in order of least difference between first
and highpass sections the lower frequency. stage Q and their Q.
Re3
776k 405k 100k
Res Rez VWV M WAL
48.3k 16.3k 54.9k 33.0k 100k
14 3 1 3 1 3 I5 10
100k . 100k 2 100k 2 11
AF100 AVAA AF100 3 AF100 —O
1 1
|7 I I l 3 I l 3 6
san 13 7 1 7 1 __L
Ry 108 Rez 50.8k Rrs
— 48.3k 54.9k 77.6k
Lowpass Elliptic Filter
Fe=1
Fs=13
Amax =0.1dB
Apin =40 dB
6th Order Elliptic Filter
N=6 iy 2
fo;=1.0415 Q,=7.88 fz=1.329 fy/f; =128 (;) =1.63 . il
o -6 i
: 2\ 2 -12
fop =0.9165 Q=179 fy, =1664 f/fo =182 = =3.30 8
o
-2
f2\ 2 -30
fo3=0.649 Q3=0625 fyy=4.1285 f,/f; =6.36 = =405 3
o
-2
) —a8 T
(5033) (503.3) 5 (503.3) -5
F1= x10°  Rgp = 0 F3= 0.01 0.1 1 10
for xfc foz xfc foa xfe FREQUENCY (kH2)
at 1000 Hz = f¢
Rey =43.3k Reo = 54.9k Req = 77.6k
FIGURE 21. Lowpass Elliptic Filter Example
v+
Ta Iu Im - 500/1000 Hz Switchable
100k Butterworth Lowpass Filter
INPUT O—AAA, ! +6
< AF1004 1> 0 outpur o
21k 8 O
< -6
I b
IR E 14 lu 7 13 -1z
= 18
._I V- 2 N
L P g p. z -
= 5033k @ 50.33%kQ  50.33k 50.33k = N
> o —-30
-36 N \
S 2 . Y
26.15 & 25.15k _ag N
-54
100 1000 10,000
Gain atdc = +13d8 fo) o

Gam at 1 kHz/500 Hz = 10 dB

FREQUENCY (Hz)

FIGURE 22. Switchable Filter Example: 500 Hz/1000 Hz Butterworth Lowpass
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applications information (con‘t)

v+ ! v+
! 4
11 AR 1 1 N
o v »
VW P4 l
AF1005 10 :: 100k AF100 10 :: 100k
< L" < - 100k L0
8818k & S AAA 24 8 5 AAA
3 44 b4 W
57 131z 14 3 - 9|7 131214 3
100k 88.8k
4 4 4 AAA
W
> S > > > > >
e < < < . - < < < S
= 150k Bk Qg | 0k Q150K = WS IS | S50k S 150k
|,5m‘% %1.5!31« 1.350k 1.350k
= = = Ve =
EEG Delta Filter
+6
0
-6
-12
g -18
N 2z -2
<<
© -30 /
-36
-42
-a8
—-54
1 10 100 1000
FREQUENCY (Hz)
FIGURE 23. EEG Delta Filter—3 Hz Lowpass
Limits and Conditions for Use with Test Circuit
TEST CONDITION LMt SWITCH POSITION
fe ‘Phase Shift 180° 503.3 Hz +1% 2
fC
Q Q=— 20 £7.5% 2
BW
BW =1 45" ~fiag
App Measured at fe 2k load -10dB #0.15 dB 1
Agp Measured at fo 2k load 0+0.15dB 2
Ap Measured at fe 2k load +10 dB £0.15 dB 3
Aave Measured at fc 2k load 0+0.1dB 4
DC Offset Input Level OV +200 mV max 3

Power Supply Current

No Input Signal

4.5 mA max

POWER SUPPLY
CURRENT
——t———

3
T_l,
<
210
<

v+

VW

. E——"' 100k
0.014F T |-—'V\/\r—<‘
INPUT =
100 Ve INT1 WP P awp b
O AN + out :)
AP AF100G or AF100J 1k
1500 IN+ <
= GND AP L&
V- INT2 8P IN-

' FIGURE 24. Device Test Fixture

OuTPUT

Al resistors 0.1% metat film
Power supply <15V (decoupled at sacket)
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applications information (con’t)

FREQUENCY oC
COUNTER VOLTMETER

SINE WAVE

SIGNAL INPUT 0SCILLOSCOPE
GENERATOR TEST FIXTURE

QUTPUT

PHASE METER

! level 1V 4BV
nput level 1V rms 0 115V DC
POWER
AC VOLTMETER

SUPPLY

FIGURE 25. Test Circuit Block Diagram

COMPUTER AIDED DESIGN EXAMPLE* ' The steps in the design of this filter are:

This design is an example of a 60 Hz notch filter. The 1. Design a lowpass “'prototype’ for the filter.

response is to have the following specifications: 2. Transformation of the lowpass prototype into a

tch filter design.
Maximum passband ripple 0.1 dB notch Tilter design . )
3. Using the pole and zero locations found in step

Minimum rejection 35 dB two calculate the value of the resistors required

to build the filter.
0.1 dB bandwidth 15 Hz max . . .
4. Draw a schematic of filter using values obtained

-35dB banqwidth 1.5 Hz min in step three.

*Computer programs shown are user interactive. Underlined copy is user input, non-underlined copy is computer response, and line
indications in parenthesis are included for easy identification of data common to several programs.

PROGRAM NO. 1
RUN

THIS PROGRAM DESIGNS BUTTERWORTH CHEBYCHEFF OR ELLIPTIC NORMALIZED
LOWPASS FILTERS

WHAT TYPE OF FILTER ? B-C-E :
ELLIPTIC :
DO YOU KNOW THE ORDER OF THE FILTER ? Y/N
2 NO
INPUT FC,FS,AMAX,AMIN
?1,10,.1,35
FC 1.000
FS 10.000
AMAX 100
AMIN 35.000
N 2.000
ATT ATFS -35671  (ATTENUATION IN dB)
IS THIS SATISFACTORY ? Y/N
? YES
F aQ
1.823 (Line 1.1) 775 (Line 1.2)
z

14.124 (Line 1.3)

10-15
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applications information (con’t)

PROGRAM NO. 2
(DETERMINES UN-NORMALIZED
POLE + ZERO LOCATIONS OF FIRST SECTION)
(DATA ENTERED FROM PROGRAM NO. 1)
RUN
WHAT TYPE FILTER BANDPASS OR NOTCH

? NOTCH
ENTER # OF POLE PAIRS? 1

ENTER # OF JW AXIS ZEROS? 1
ENTER # OF REAL POLES? 0
ENTER # OF ZEROS AT ZERO? 0
ENTER #OF COMPLEX ZEROS? 0

ENTER # OF REAL ZEROS? 0

ENTER F & Q OF EACH POLE PAIR |,
? 1.823, 775 (FROM LINE 1.1 AND LINE 1.2)

ENTER VALUES OF JW AXIS ZEROS
?14.124 (FROM LINE 1.3/ '

ENTER FREQUENCY SCALING FACTOR
71

ENTER THE # OF FILTERS TO BE DESIGNED
21

ENTER THE C.F. AND BW OF EACH FILTER
? 60,15

OUTPUT OF PROGRAM NO. 2
TRANSFORMED POLE/ZERO LOCATIONS
FIRST SECTION

POLE LOCATIONS
CENTER FREQ. Q

56.93601 (From Line 2.3)
63.228877 (From Line 2.5)
JW AXIS ZEROS

11.31813 (From Line 2.4)
11.31813 (From Line 2.6)

59.471339 (From Line 2.1)
60.533361 (From Line 22

" PROGRAM NO. 3
(CHECK OF FILTER RESPONSE USING
PROGRAM NO. 2 DATA BASE)

RUN

NUMERATOR (ZEROS)
A(1)SA2+R(1)S+Z(1) A2

1 0. 59471339
1 o] 60.533361
REAL POLE

COMPLEX POLE PAIRS

(From Line 2.1)
(From Line 2.2)

F Q
1 56.93601 11.31813  (From Lines 2.3 and 2.4)

2 63.228877 11.31813  (From Lines 2.5 and 2.6)

FREQUENCY NOR. GAIN (DB) PHASE'

RUN

40.000 032 347.69 - .002275 5.847169
45.000 .060 34220 .004107 8.749738
50.000 .100° 330.70 .009983 21.268142
55.000 —-.795 290.54  .046620 99.324027
56.000 —2.298 270.61  .063945 136.234562
57.000 -5.813 24551 .072894 1565.299278
58.000 ' —12.748 220.19 .065758 140.096912
68.200 -14.740 21554 .063369 135.006390
58.400 =17.032 211.06 .060979 129.914831
58.600 =19.722 206.76  .058692 ©  125.043324
58.800 ~22.983 202.61 .056588 120.561087
59.000 T —27.72 198.60 .054724 116.589928
59.200 —33.235 19472 .053139 113.212012
69.400 —46.300 190.94 .051856 110.478482
59.600 —42.909 7.24 050888 108.417405
59.800 —36.897 3.60 .050242 107.040235
60.00 - —35.567 360.00 .049916 106.346516
60.200 —36.887 356.41  .049907 106.326777
60.400 —42.757 362.81 .050206 106.963750

DELAY NOR.DELAY | FREQUENCY NOR. GAIN (DB) . PHASE

DELAY NOR.DELAY

60.600 -47.102 169.17 .050801

108.232021
60.800 —33.650 16548 .051677 110.096278
61.000 -27.577 161.72 .052809 112.5608334
61.200 -23.418 157.87 .054167. 115.403169
61.400 -20.198 163.92 .055712 118.694436
61.600 —17.554 149.85 .057391 122.270086
61.800 —15.308 145.65 .059136 125.989157
62.000 -13.362 141.33 .060869 129.681062
63.000 —6.557 - 118.23  .065975 140.5659984
64.000 -2.936 95.30 .059402 126.556312
65.000 -1.215 76.38 .045424 96.774832
66.000 -.463 6243 .032614 69.484716
67.000 -.138 52.44 .023498 50.062947
70.000 , .091 3543 .010452 22.267368
75.000 .085 23.44 .004250 9.054574
80.000 - .060 17.80 .002310 4.921727
85.000 .043 1450 .001460 3.110493

90.000 .032 12.31  .00101 2.154297
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PROGRAM NO. 4
DESIGN OF FIRST SECTION

YRUN.

WHICH FILTER AF100 -J OR G ?

?2J

WHAT TYPE OF FILTER SECTION? HIGHPASS-BANDPASS-LOWPASS-NOTCH-ALLPASS
? NOTCH

INPUT FC AND Q VALUES

? 56,93601, 11.31813 (FROM LINES 2.3 AND 2.4)

INPUT REAL POLE AND CAPACITOR VALUES IF NONE ENTER 0 .
20

INPUT ZERO LOCATION

?59.471339  (FROM LINE 2.1)

ARE TUNING INSTRUCTIONS REQUIRED ?
? YES

TUNING INSTRUCTION

PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE 180 DEG. AT 56.93601 HZ.
IF TUNING IS REQUIRED, RF2 FROM PINS 7 TO 13 SHOULD BE ADJUSTED.
PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE 135 DEG. AT 59.506798HZ.
OR 225 DEG. AT 54.476284 HZ.

IF TUNING IS REQUIRED RQ FROM 1 OR 2 TO GROUND SHOULD BE ADJUSTED
GAIN AT PIN 11 AT 59.471339 SHOULD BE 0 IF NOT

ADJUST RHP FROM PIN 3 TO 10 FOR NULL

FC= 56.93601 Q= 11.31813  F(L-3DB) = 54.476284 F(H-3DB) = 59.506798
GAIN AT F)) FC= .00DB
FUNCTION CONNECTION VALUE OF EXTERNAL
FROM TO RESISTORS IN OHMS
R IN INPUT 1 100000.000
RQ 1 GND 2675.931
RF1 3 14 883960.996
RF2 7 13 883960.996
RLP 5 10 100000.000
RHP 3 10 10910.418
RG 10 11 357910.697 m
+V ’ : 4 . :
ny _ 12
GND \ 9
GND 6
OUTPUT PIN 11

10:17 .
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PROGRAM NO. 4
DESIGN OF SECOND SECTION

WHAT TYPE OF FILTER SECTION? HIGHPASS-BANDPASS-LOWPASS-NOTCH-ALLPASS

? NOTCH
INPUT FC AND Q VALUES
?63.228877, 11.31813 (FROM LINES 2.5 AND 2.6)

INPUT REAL POLE AND CAPACITOR VALUES IF NONE ENTER 0

20
INPUT ZERO LOCATION
?60.533361 (FROM LINE 2.2)

ARE TUNING INSTRUCTIONS REQUIRED ?
? YES

TUNING INSTRUCTION

PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE 180 DEG. AT 63.228877 HZ.
IF TUNING IS REQUIRED RF2 FROM PINS 7 TO 13 SHOULD BE ADJUSTED
PHASE SHIFT FROM INPUT TO PIN 13 SHOULD BE 135 DEG. AT 66.083802 HZ.

OR 225 DEG. AT 60.497289 HZ.

IF TUNING IS REQUIRED RQ FROM 1 OR 2 TO GROUND SHOULD BE ADJUSTED

GAIN AT PIN 11 AT60.533361 SHOULD BE 0 IF NOT
ADJUST RHP FROM PIN 3 TO 10 FOR NULL

FC= 63.228877 Q0= 11.31813  F(L-3DB)= 60.497289

GAIN AT F ((FC= .00DB
FUNCTION . CONNECTION
FROM TO
RIN INPUT 1
RQ , 1 GND
RF1 3 14
RF2 7 13
RLP 5 10
RHP 3 10
RG 10 ' 1
+V | 4
-v ' 12
GND 9
GND ' 6
OUTPUT PIN 11

F (H-3DB) = 66.083802

VALUE OF EXTERNAL
RESISTORS IN OHMS

100000.000
2675.931
795984.596
795984.596 - ‘
100000.000
9165.552

328044.920
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applications information (con‘t)

! STAGE 1

INPUT AF1004 1

STAGE 2
AF1004 1

OuTPUT

RF2 -

*Tuning Resistors

0.1 dB bandwidth 15 Hz
—35 dB bandwidth 1.5 Hz

4th Order 60 Hz Notch Filter

GAIN (dB)
N
w
S
et

40 50 6

0 70 80 ' 90,
FREQUENCY (Hz)

FIGURE 26. Implementation of a 60 Hz Notch From Computer Calculations

TEST PROCEDURE (Ref. Figure 24)
Center Frequency

The center frequency is measured by adjusted the signal
generator for a 180° phase shift and then reading the
input frequency-on the counter.

Q

The Q is measured by measuring the bandwidth and
dividing into the center frequency. To measure the band-
width, increase the frequency of the signal generator
until the phase shift reads 180°—45° (135°) and read the
frequency on the frequency counter. This is f_4g°.
Decrease the frequency of the signal generator until the
phase meter reads 180° + 45 (225°) and read the fre-
quency on the frequency counter. This is f, 45°.

To calculate the Q:

fo (center frequency)
fage — figse (BW)

Q=

Gain

To measure the gain, set the amplitude of the signal
generator to 1V RMS (0 dBV) and set the frequency to
the center frequency of the filter. Then read the output
on the ac voltmeter. The output amplitude at highpass
output is —10 dBV #0.15 dB, which equals 0.316V
+0.006V RMS. The output amplitude -at bandpass
output is 0 dBV *0.15 dB, which equals 1.000V
+0.017V RMS. The output amplitude at lowpass output
is +10 dBV *0.15.dB, which equals 3.16V *0.06V RMS.

) The output at the amplifier output is 0 dBV *0.1 dB,

which equals OV £0.01V RMS.

DC Offset

The dc offset is measured with the DVM connected to
the lowpass output by setting the input signal level to
zero and reading the DVM. :

PS Current

The power supply current is measured by connecting the
DVM across a 10£2 resistor in the positive power supply
lead with the input level set to zero. The DVM should
read less than 45 mV.

10-19
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applications information (con‘t)

DEFINITION OF TERMS

Amax
Amin
fz

fo

Maximum passband peak-to-peak ripple
Minimum stopband loss

Frequency of jw axis pair

Frequency of complex pole pair
Quality of pole

Passband edge

Stopband edge

Gain from input to highpass output
Gain from input to bandpass output .
Gain from input to lowpass output
Gain from input to output of amplifier
Pole frequency determining resistance
Zero Frequency determining resistance
Pole Quality determining resistance

Frequency above center frequency at which
the gain-decreases by 3 dB for a bandpass filter

Frequency below center frequency at which
the gain decreases by 3 dB for a bandpass filter

The bandwidth of a bandpass filter

Order of the denominator of a transfer function

BIBLIOGRAPHY:

R. W. Daniels: “Approximation Methods for Electronic
Filter Design,” McGraw-Hill Book Co., New York, 1974

’”

G.S. Moschytz: “Linear Integrated Networks Design,
Van Norstrand Reinhold Co., New York, 1975

E. Christian and E. Eisenmann, “Filter Design Tables
and Graphs,”” John Wiley & Sons, New York, 1966

A. |. Zverev, “Handbook of Filter Synthesis,” John
Wiley & Sons, New York, 1967

Burr-Brown Research Corp., “Handbook of Operational

" Amplifier Design and Applications,”” McGraw-Hill Book

Co., New York, 1971

G. J. Estep, “The State Variable Active Filter Con-
figuration Handbook,”” Second Edition, Agoura, Ca.,
1974.
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NATIONAL

Active Filters

AF120 generalized impedance converter, GIC

general description

The AF120 contains a pair of operational amplifiers and
four precision thin film resistors connected as shown
below. A gyrator may be formed by adding one external
capacitor; ora frequency dependent negative resistance
FDNR may be formed by adding two external capacitors.
In the gyrator mode, Z) « jwC, which is equivalent to
a grounded inductor. In the FDNR mode, Z;,y < — 1/
w2C1C2. The AF120 may also be used in pairs to form
ungrounded inductors or inductor networks. Thus,
with appropriate transformations, the GIC makes
possible an active realization of any low-frequency
ladder filter network. The advantage of ladder filters
being, of course, that they exhibit lower sensitivity
to component variations than any other type of filter
realization. Temperature coefficient of the internal
resistors is equal and opposite in sign to that of poly-

styrene capacitors, thus RC products exhibit approxi-
mately zero TC.

features

® Matched internal resistors 750082 £0.1%
® Resistor TC = +110 30 ppm/°C
® Supply voltage £5 to £18V

® |nput impedance 750082

applications

® Gyrator, Z <s
®m Frequency dependent negative resistance, Z & 1/s2
® Use in low-frequency active ladder filter networks

schematic and connection diagrams

—ABn  tAw Rour
o] O

10 ?7

R2

R4

v +By R4 Ne vt

2123275
2224

TO-100
Metal Can Package

Order Numbers AF120H, AF120CH
See Package 10
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AF120

absolute maximum ratings
Supply Voltage, Vg

Power Dissipation, T5 = 25°C

Derate 18 mW/°C above 60°C
Operating Temperature, Tp

AF120

AF120C
Storage Temperature, Tgtg
Lead Temperature (Soldering, 10 seconds)

electrical characteristics T, = 25°C, Vg = #5 to £15V, except as noted

‘

+18V
500 mW

—-55°C to +125°C
—25°C to +85°C
-65°C to +150°C
300°C

AF120 AF120C )
PARAMETER CONDITIONS . UNITS
MIN TYP MAX TYP MAX )
IZ,NI Input Impedance 7425 7500 7577,5 7500 7650
: ! .
) Phase (Note 1) 89.5 90 90.5 90 91
(Figure 1)
Vos DC Voltage measured - 1 8 1 10
at Input Terminal
R1,R2, R3, R4 7485 7500 7515 7500 7530
R2/R3 0.999 1.000 1.001 1.000 1.002
TC Resistor Temp. Coeff. 80 110 140 110 170 ppm/°C
Vo. Op Amp Output Voltage Vg=£15V, Ry = 2k 0 " | 13 13
Isc Op Amp Short-Circuit Vg =15V 20 20
Output Current '
lg Supply Current Vg'=*15V 3 5.6 3 5.6
Note 1: 90° indicates that connection actually simulates a pure inductor.
typical performance characteristics
Equivalent Inductance vs
Frequency i FDNR Value vs Frequency
o )
100 = 10"
1F .
10 | 108 [o1uF
: — RESONANT \ \ ;
w1 - = 105 N
= <
H 0.014F < 01
S 10 | T o N,
g L AN
= 1000 pF
102 100 pF ] 10 N
I \
10-3 10aF 1 A
1 100 1k 10k 100k 1 1k 10k 100k

100

INDUCTANCE (Hy)

102

107!

FREQUENCY (Hz)

Equivalent L and D vs Capacitor

CAPACITOR VALUE

Values
1077
I
c1=c2 /
1072
/ =
/ 9
"ow” ~
D% 5
/ o
”'»!3 3
7 g
/ a
- 107"
Y/ CURVATURE DUE TO
/ STRAY CAPACITANCE
1 Il L ”]—!7
10pF 100 pF 1000 pF 0.014F 0.14F  1uF

100

RIs1i7e

enmax) (Vims)

10-2 ////

1073

Maximum Terminal Voltage
vs Frequency

100

ST
1 1u7 /L.—mur //

10 ey

4 / // //1000pr

envimax) (Vrms)

GYRATOR
|

1 10 100 1k 10k 100k

FREQUENCY (Hz2)

FREQUENCY (Hz)

Maximum Terminal Voltage
vs Frequency

FDNR

0.01uF

WF \

o
£
B

1 10 100 1k 10k
FREQUENCY (Hz) .
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applications information

The generalized impedance converter GIC is a versatile
tool for realization of inductive components in low-
sensitivity filters. The driving point impedance is
Zi(s) = k(s) Z_(s). The input impedance of the AF120
is

212325

" 7224
which reduces to
2125

Z2

since Z3 = R3, Z4 = R2 and R2 = R3. No more than
one or two of Z1, Z2 and Z5 may be external capacitors.
Internal resistor R4 is available for use as Z5, and
internal resistor R1 may be used as either Z1 or Z2.
External resistors of other values may be substituted
for R1 or R4 if proper attention is paid to temperature
coefficients. The TC of internal resistors is +110

(Refer to Figure 2)

VN < 1Vrms @ 1053 Hz

FIGURE 1. Test Circuit

—O0Z,
Z; = jwR1R4C2
where R1 = R4 = 7500
R1R4 =5.625 x 107

FIGURE 3. Gvr"atog' {Inductive Element)

+30 ppm/°C to compensate for the TC of polystyrene
capacitors.

The AF120 may be used for the following impedance
conversions:

Positive impedance converter (PIC) — k(s) is positive
and real

Z2=R1,2Z5=R4, k=R4/R1=+1,

Zi(w) =Z1(w) (trivial case)

Positive impedance inverter (PIl) — k(s) is positive
and real

Z1=R1,25= R4, k = R1R4 = (7500)2

Z,(w) = R1R4/Z2(w)

If Z2 is an external capacitor, then Zj (w) =
R1R2jwC, and Zj(s) =« (s)

212325

Zj
z224
But 23 = R3
24=R2
R2 = R3
2125

~Zi=
22

—0z
~1

Z- - —
' Ww2RiCICSH
where R1 = 750002

C1C5R1=D

FIGURE 4. FDNR (D Element)
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applications information (con’t)

1000

(a) Prototype

0.1uF 0.1uF

1000
50 mH 1000

RO=1kQ
fo = 1590 Hz c2
we=10%

(b) Filter after Frequency and
[} d Transfor

1000

L 0.05H Note: C2 can be set to a standard value
—— = by adding resistance in series or parallel _
R1R4 R1R4 with R1 and/or R4.

(c) GIC Active Realization

FIGURE 5. Third-Order Butterworth Highpass Filter

) Frequency dependent negative resistance (FDNR)

Z2=R1,k=1/R1
Z; = Z1(w)Z5(w)/R1

If Z1 and Z5 are both external capacitors, then
; ==1/R1w2C1C5, and Z;(s) « —1/52

GIC elements are especially useful for active simulation
of low-sensitivity passive ladder filters. Symmetrically
terminated ladder filters exhibit an exceptionally low
sensitivity to changes in network element value; in fact,
they exhibit the lowest sensitivity of any filter type.
This means that practical realization of multistage filter
functions may be achieved with moderate tolerance
components, and that component shifts due to
temperature variations will have minimal effect on the
filter transfer function. Additionally, a great deal of
ladder filter design information exists in handbook form;
hencé the value of the GIC as a network element.
Several examples are given on the following pages for
the realization of filters with grounded inductors, with
ungrounded inductors, and with both grounded and
ungrounded inductors.

Highpass Filter (with Grounded Inductors)

Figure 5 shows the development of the GIC active
realization of the prototype ladder filter of Figure 5(a).
The network is first designed with normalized values
for all components. Next, the component values are
transformed according to the desired characteristic
impedance and cutoff frequency of the filter. To trans-
form from prototype normalized values where RO = 1
and w, =1,

Multiply all R and L by RO ‘ R =RORy
Divide all C by RO to obtain { L = RO Ly/w,
Divide all. L and C by w, l C =Cn/ROw¢

where N subscripts indicate,originai normalized values.
Lowpass Filter (with Ungrounded Inductors)

Since the simple GIC realfzation of an inductor results
only in a grounded inductor, a network transformation
is necessary in order to use the GIC in a lowpass filter.
Figure 6 shows the frequency and impedance transfor- -
mation of the prototype lowpass filter, followed by a’
1/s impedance transformation. When this 1/s transfor-
mation is made, the performance of the filter is
unchanged, therefore the transformation is valid. The
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applications information (con’t)

resultant circuit shown in Figure 6(c) allows the
realization of the prototype ungrounded inductor
circuit with a grounded D element (FDNR). To make
the 1/s transformation, each impedance is multiplied
by 1/s so that

each R is replaced by a C = 1/wR,
each L is replaced by an R = w_L, and
each C is replaced by a D = C/w,,

Examination of the GIC realization of an FDNR in
Figure 4 will reveal that a resistive path from FDNR
terminal 10 must exist to ground in order to supply
bias current to the internal amplifiers. The circuit of
Figure 6(c) is, therefore, incomplete as no resistive path
exists from D element to ground. If a large R were
shunted across D, that R would appear in Figure 6(b)

Ly=1 =1

Ry=1

T

(a) Prototype

1000 1000

. 0.1uF
D=20x10""2 I

(c) Filter after 1/s Transformation

0.1uF

L an

1000

0.1u4F

as an inductor across the C. The solution is to place
large R's across the C's in Figure 6(c) which appear as
large inductors across RO of Figure 6(b), and thus do
not significantly affect the transfer function except
near w = 0. The resultant network appears in Figure 6(d).
The transfer function at w = 0 is T(0) = 0.5, therefore
resistors R, and Rg must be chosen to affect this value.
Then T(0) = 0.5 = Rg/(Ra + Rg + 2R0).

The GIC realization of the lowpass filter, complete
with low-frequency compensation appears in Figure
6(e). Note again, that C1 and C5 can be varied or can
be unequal just so long as C1C5R1 = D. Also note
that in the final transformation of Figure 6(c)

D = Cp/w:2R0
R=ROLy
C=1/w.,RORy
100 mH 100 mH
1000 RO=1kQ
0.24F 00 fo = 1590 Hz
~) we =104

(b) Filter after Frequency and
Impedance Transformation

RO RO
. 1000 1000

@ AAA—@—AAA
VW VWV

0.14F Ra
Ra, Rg >>R0O

¢ 1
M3 AN Rg=Rp+ 2RO

(d) Final Circuit with Low-Frequency
Compensation

\

1000

0.14F

|
!
[
|
|
|
|
|
|
|
!
|
|
|
|
|
|
|
|
|
|

b e = .553____...._._.._1
c

s D
CiCs= —

00516:F
T 1

(e). Active Realization

FIGURE 6. Third-Order Buttev\((pf_tﬁ Lowpass Filter
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applications information (con’t)
GIC Embedding

Ungrounded inductors may be simulated by embedding
an ungrounded resistor between two GIC’s as shown in
Figure 7(a). Actually, the -embedded element may be
any 2 or 3-terminal network and the GIC may be given
any of its realizable |mpedance transformations Z(s),
2(s2),2(57) or 2(2)".

Bandpass Filter (with Grounded and Ungrounded
Inductors) . ‘

Direct RC active simulation of this filter requires the
use of GIC embedding techniques (as described above)
because there is no transformation which will eliminate
all ungrounded L or D elements. Figure 8 shows the
step-by-step realization of a 6-pole Butterworth band-
pass filter.

The filter circuit of Figure 8(c) constructed with AF120
and with R and C values shown performed as indicated

*Z(sz) is not realizable with the AF120.

L

o—aYYY o

2=R1R,jwC2

P P

GIC GIC |
2(s) 2(s)

limeenl

7500 R,

(a), Ungrounded Inductor -

in the plot of Figure 9. Note that the band center and
cutoff frequencies occur at the design points as indi-

cated by the phase measurements at 0°C and +135°C.

The circuit of Figure 8(c) is simplified with a shorthand
notation for the GIC's. This shorthand circuit is equnva-
lent to the GIC as shown in Figure 10.

The final circuit for the bandpass filter of Figure 8
contains six ‘capacitors, one for each pole of the 6-pole
network. This circuit then contains a minimum number
of reactive elements to satisfy the prototype design.
A dc path to ground exists for all GIC elements in this
design so no additional resistors are needed for dc
compensation. Note also that even though one and
two péercent components have been used throughout
the circuit and the CpCq product is in error by 3%,
performance is as designed. It should be clear from this
exercise that ladder networks of virtually any com-
plexity may be realized using the AF120 GIC circuit.

Z(s) Z(s)

(b) Grounded T Network

? T

2(s) ' 2(s)

l ‘ Ruy Riz ]
I

<
Dc | z(1/2) 1: Rez

(c). GIC Realization of Complex T Network

FIGURE 7. GIC Realization of Ungrounded Inductors and T Networks
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applications information (con‘t)

1/2

AY!

(a) Prototype

0.11884F

{c) GIC Realization

c1
0.1188uF

1100

c3
0.1188uF

L3
143.7mH

L1
143.7 mH

e C2

r\ 0.23764F

AY/

RO = 110092
fo=1218 Hz
f = 752.8 Hz
fH = 1970.8 Hz

1100

(b) Filter after RO and w0 Transformations

0.1188uF
1%

FIGURE 8. 6-Pole Butterworth Bandpass Filter

GAIN (dB)

W m e
LTI o
\ 45 g
o -\ 0 2
\
‘ —45 g
m 50
l 13
100 1000 100k

FREQUENCY (Hz)

1100
1%

L1
Cao=Cg= = 3420 pF

7500 Ry 1

= 5600

RL3=
7500 Cp

= 280052

Rp2=
7500 C
6

CpCc=CaC2= 812 x 107 OuF?

FIGURE 9. Gain and Phase Transfer Functions of the Filter of Figure 8(c).
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AF120

applications information (con’t)

BpgEpainaE
L
e e e

7]

(a) GIC (b) Shorthand Circuit

FIGURE 10. Development of GIC Shorthand Circuit

R10RC1(EXT)

R10R C2 (EXT)

H R4 OR C5 (EXT)

(c) Short Circuit for AF120
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NATIONAL
AD1200 low cost 12-bit A/D converter building block
general description features
The AD1200 is a 12-bit binary analog building block ® | ow cost
designed for use with a successive approximation register
to build a fast A/D converter. It includes 12 precision ® Internal reference and FET comparator
current sources and switches, precision laser-trimmed = TTL, DTL, CMOS logic levels -
thin film ladder network, precision reference, and high
speed FET comparator. The AD1200 is specifically ® Standard power supplies 15V, +bV
tailored to match the DM2502/DM2503/DM2504 or
MM54C905/MM74C905. : key specifications
The AD1200 comes in a 24-pin plastic DIP and ® Resolution 12 bits
24-pin metal DIP. The AD1200A and AD1200C have ® Accuracy 0.01% +1/2 LSB
0.01% *£1/2 LSB accuracy; the AD1200B and AD1200D
have 0.05% +1/2 LSB accuracy. m Conversion speed 15us
block and connection diagrams
R1i
10: 17
———AA———0
A(l;).‘I\lIJh;T B‘:]E\:P ;Si 21 210 28 28 97 26 25 24 23 g2 '\gsls m;’ 1 INPUTS

6
) T I I I I I I I I I I I I ‘
1Q 2 3Q 4 5 6Q 7 8Q 90 100 11Q 12 18 oFFSET

3 O A& comP
5k
AA R

I v CURRENT MODE SWITCHES

-+ a2 COMPARATOR

OUTPUT
+
<> (, 4»
r12 RIS R10Q RIQ A8 R7Q REQ R5Q R4 RIQ A2 RIS
<
00— > *—o—&
R14 —
12k =
S
bk ' R15 5 15V
S 80k ‘——————————OQ
< 18k +15V
- 20
Q) +5V
A3
+
140 2 24
REF 10.24V REF GND
INPUT OUTPUT .
Dual-In-Line Package
JANL ANL ANL . OFF
AND V™ V' REF LOG ADJ

DIG SUP SUP OUT SUP COMP AND IN IN  REF REF REF
GND -15V +15V 10V +5V OUT COMP B A COMP IN NODE

24 23 22 21 20 19 18 17 16 15 14 13

L -

Pt —

1 2 3 4 5 6 7 8 9 0 (1 fi2
2712 21 210 298 28 57 26 25 24 23 22 21
LSB MsB
e ¥ . TOP VIEW .

111

oozigv




AD1200

typical 'application

+5V
ﬁ PARALLEL DATA OUTPUT
<
> 1k ’ -~
Q!
.
-»>-
ouTeUT I
= CLOCK
ANALOG INPUT
0-10V [ START
-1070+10
CONVERSION
> comPLETE
DM2504
AD1200 oR

SERIAL DATA

10.000V
BUFFERED

» OUTPUT

A A AAAALAALAAALANA

REFERENCE
ouTPUT

1

1
physical dimensions

0.795
+0.002

2-Bit Successive Approximation A to D

l 1.370
+0.002

0.186
+0.005

[«

| U

B

:
[TTT0Troroey
o -

Metal Dual-In-Line Package (D)

OT T G e T T G (o] T T ] T
l.—lw——n— 1210 —-—~l—]

0.125

Cavity Plastic Dual-In-Line Package (N)




PRELIMINARY DATA: JAN 1976
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NATIONAL

AD1210 12-bit CMOS A/D converter
general description

The AD1210 is a low power 12-bit successive approxi-
mation analog-to-digital converter. Included within the
device are the successive approximation logic, analog
switches, precision laser trimmed thin film R-2R ladder
network and FET input comparator. The AD1210 will
operate over a wide supply range, convert bipolar or
unipolar signals, and operate in start-stop or continuous
conversion modes. The binary outputs are directly com-
patible with CMOS logic levels. The only active external
component required is the reference.

CMOS compatible

Low power consumption

Single supply operation for single polarity voltages
Internal comparator

Provision for truncation

Start/stop or continuous conversion

High analog input impedance

The AD1210 is available in 24-pin plastic DIP or 24-pin key specifications

metal DIP. . .
® Resolution 12 bits
features = Linearity +1/2 LSB
. m Clock rate up to 500 kHz
= Wide supply range 3V to 16V ® Conversion rate 20 kHz
® Single reference voltage ®  Power consumption 75 mW @ +15V
block and connection diagrams
V* (Vpee)
—————— —— 2 —_—— __._..__....___.___..__.._l
I b3 I
| 1|
CLOCK PULSE ozo_—- Cp [\ l
START = H D/A AND SAR LOGIC - 2
CONVERSION cc
OMPLETE MI :UMPARATOR ——-'——O
I Ls8 mss / . I
L |
i vi £ P £ O 3 G 6 O O L R —|a
06606 [}
217 DIGITAL 2°
OUTPUTS
Dual-In-Line Package
TR 2R 2R 2R
T0- TO T T0
. CP vt GND V™ -IN -IN 4N +IN +IN  CC s
24 23 22 21 20 19 18 17 16 15 14 13
T — m
— b
1 2 3 4 5 6 7 8 9 10 1" 12
(Ls8) (MsB)
272 21 270 g8 28 27 26 25 24 23 g2 1
\ TOP VIEW
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AD1210

typical applications

+15V
I +| TuF
—— — — —— — 2 — — — " — — — ——— —— — —
v 1
— 14 I
tco- I \
p 13
w12 - o b
= P Z COMPARATOR —-'—o
| ; |
21 1 ZD—- — _l
h I -~
cND i
0 luf ==
Analog Input Range: OV to 10V =15V

Output: Binary (0-15V CMOS compatible)

WMPAR‘}—&O
+ |

L I

Analog Input Range: ~5V to +5V
Output: Offset Binary (0-5V CMOS compatible)

physiéal dimensions

ors | L o am

e

4

0185
0005

i
1 R

[ TTTTT0TTrTrT

[ | Il
SRR O | S e{uoson

P =

Metal Dual-In-Line Package (D) Cavity Plastic Dual-in-Line Package (N)




NATIONAL

PRELIMINARY DATA: JAN 1976

DA1200 series digital to analog converter

general description

The DA1200 series of digital-to-analog converters are
a family of precision, low cost, converter building
blocks intended to fulfill a wide range of both industrial
and military D to A applications. These devices are
complete functional blocks and require only the appli-
cation of power supply voltages for operation. The design
combines precision weighted current switches with an
ultra-stable, very low drift, thin film resistor network.
" A precision 10.240V buffered reference voltage is
included in the package. Input coding options include
binary and BCD formats. The output may be programmed
for OV to 10.2375V operation, -10.000V to +10.235V
operation, or current mode 0 to 2 mA operation.

features

®  Standard dual width 24 lead DIP (circuitry completely
self-contained)

® Both current and voltage mode outputs

m Fast settling time 5us voltage mode

m Standard power supplies +15V, +6V
® TTL, DTL, CMOS compatible inputs

® Internal 10.240V precision reference

® Extendable to 14, 16 bits

m 1/2 LSB linerarity

applications
® CRT displays

® Programmable power supplies

® High speed data acquisition systems

ooziva

block diagram

R16

10k 17
GAIN REF  LSB - s [~MW\———0 OFFsET
ADJUST COMP 212 21 270 28 28 27 26 25 24 23 g2 g1 "‘[:Z "
n? 15 L———W\.—o FEEDBACK
Q2 3Q 4Q 5 6Q 1Q 8Q 9Q 10Q 1Q 12 18 CURRENT MODE
P
. | TPUT
AAA =
| A CURRENT MODE SWITCHES
= a1
VOLTAGE MODE
. [ ouTPUT
> > > >
< < < < < < < « < < S <
> > > > > > > > > > > >
g RGRING R RIg RIS RES RIS M MIC Mg M
R14
A2
> 2 -
S h RIS 4—-——-5 +15V
> 80k
< T 5V
20
Q) +5V
A3
14&;
140 210 20 GND
REF 10.24V REF -15v
INPUT oUTPUT
connection dlagram
. Dual-In-Line Package
ANL ANL ANL OFF
AND V- V' REF LOG ADJ
DIG SUP SUP OUT SUP COMP AND IN IN REF REF REF
GND -15V +15V 10V 45V OUT COMP 8 A COMP IN NODE

20§23 J22 j21 J20

18 J17 J16 J15 14 13

—t ——

1 2 3 4 5 6 7 ] 9 10 1 12

212 211 210 28 28 27 g6 25 24 23 22 21

Ls8 mSB
TOP VIEW
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DM7700/DM8700 -

NATIONAL

PRELIMINARY DATA

Kl

DM7700/DM8700 one chip 2 1/2-digit panel meter

general description

The DM7700 contains the complete circuitry required
to implement a 2-1/2 digit panel meter. Included are an
input amplifier, temperature compensated reference,
on-chip clock, counting and control logic, display multi-
plex circuitry .and LED digit and current controlled
segment plus decimal point-drivers. The DM7700 employs
a V-F conversion technique with counters and decode
logic. Automatic polarity and overrange indication are
provided.

features

Complete circuitry

Internal reference

Direct LED drive

Auto polarity and overrange

Standard supplies +5V,—15V, GND

key specifications

. e ® Analog range +1.99v
The DM7700 is -specified over —20°C to +95°C; the . g rang ok
DMB8700 is specified over 0°C to +50°C. The DM8700 is nput impedance 500 k
available in 24-pin Epoxy B and cavity DIPs; the DM7700 m Conversion time 1 second
is available in 24-pin cavity DIP. ®  Accuracy +1%
block diagram connection diagram
Dual-In-Line Package
|—————-—-———-—-—-————-—-———i DIGIT
| V¢ A F E D G 8 C D 2 1 3
TIME
| [ REF BASE I | l
l 24 23 22 21 20 19 18 17 16 15 14 13
Vin O ‘
l COUNTER I
I LATCH | oG
+5V -15V ANALOG DIGITAL DECIMAL 7-SEGMENT
GND iNPUT PLUS [}EC!;AAL 1 2 3 q 5 6 7 8 9 10 11 12
QuTPU
N lee ANLG Crer Rger Vaer SCALE ZERO C,y DPA DPB Cwmyx DIG
. . . GND ADJ  ADJ GND
typical application . TopviEw
Vee b
Vee D= WAL fee Vee —l .
Rec . display patterns
ANALOG VAA~ Vaer A
GROUND SCALE
ADJUST
| i%l‘\JLE E Vin DISPLAY
ANALOG E -3.00v -
GND e e o
MW Rrer 0 L -2.00v “e o o
Raer . .
. - [
L—' I-——- Caer G e lo “lo Io
. - .
uF Jeno pM7700 NSN33 ) -0.005V -0/70/ Jo DECIMAL
Vv ADJ 8 ~ tglé\‘ATmm
zer0 P . 0.005v oll_lloll_llo' PROGRAMMED
ADJUST - [ ¢ . P——
0.003.F ’ io 7o 7o
DPA P oPA op 2.00v
) : e o o
DPB - oP8 02 2.99v
Crmux e o o
0.05:F
[l ;
DIGITAL DiG
crouno > GND 03

Bypass all supplies




physical dimensions
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]
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LF11300/MM5330/MM5863

NATIONAL

PRELIMINARY DATA: JAN 1976

LF11300 dual slope A/D analog building block
MM5330 BCD dual slope A/D digital building block
MM5863 12-bit binary dual slope A/D digital building block

general description

LF11300 ' o

The LF11300 is the analog front end for a dual slope
A/D converter. It is designed for use with either the
MM5330 BCD digital building block or the MM5863
12-bit binary digital building block. The LF11300 pro-
vides a high impedance FET input, handles £10V analog
inputs with polarity indications and has automatic offset
correction.

MM5330
The MM5330 provides multiplexed 4-1/2 digit BCD
outputs, digit selects, polarity indicator, and overrange
indication. It is used for 2-1/2, 3-1/2, or 4-1/2 digit
panel meters. The LF11300 may be used as the analog
front end or a discrete implementation may be used.

/

MM5863

The MM5863 provides a 12-bit parallel TRI-STATE®
binary output or a 12-bit serial output. Overrange and
polarity indication are also provided. A set of latches
insures valid digital data at all times. Thus a practical
low cost, accurate, 12-bit converter for use with micro-
processors can be constructed, even though conversion
speed is 20 ms.

features

LF11300°
®- Auto zero and auto polarity

FET input
+10V analog range
Clock rate (fc)

L] >100 MS2 impedance
]

]

m’ Conversion rate

.

[

n

[

1 kHz to 500 kHz
10,000/f¢

Ratiometric inputs '

+15V, +5V supplies

0.02% *1 LSB accuracy

No zero or full scale adjustments

MM5330

®m 4-1/2 digit BCD output
® Qverrange indicator

L] Polarify indicator

MM5863

® 12-bit binary output
= Parallel or serial

= TRI-STATE® output
® Polarity indicator.

®m  Qverrange indicator

block diagram

LF11300
BUFFER 0A COMPARATOR
OUTRUT INPUT ouTPUT
150 1" 310
4
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16
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oo O ® v b
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al sl :5I 7 1no 120 10 11 11 41 90
RR PO - RV oc Coct Cocz Coca  POSITIVE  POWER NEGATIVE

DIGITAL
POWER  SUPPLY GND
SUPPLY GND

POWER
SUPPLY
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typical applications
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LF11300/MM5330/MM5863

typical

applications (con’t)

0-199.99k0
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5% |1
300 pF 11
5-/i o0 ] Reser TuFd
f & Dc " TRANS I
MM74C14 sion =
= —o0< = o 5 MM5330
04 AL N ]
3
16 15 14
<
+5V O
2N4403 2Naa03 2N4a03 2N4403
A . 10002
AA
\AAZ
T — — AN O +5V
f—— —— et """
45V O——i  NSNI3 NSN71  f——ef  NSN71 ===  NSN71 f———  NSNT1 AAA DM7446
——— ——— — AVA"'
— — — —AAA
NS
s — | — AAA |
RA07-100N =

MM5330 Discrete DPM Application
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LM11340 quad current switch
general description

The LM11340 is a high speed quad current switch for-

use in D/A conversion. It consists of four binary weighted
current switches and an LSB reference transistor. The
switch current magnitudes are set by an external voltage
source and precision resistors. The four switch currents
are summed to produce a single output proportional to
the binary code at the switch inputs.

The reference transistor is used with external circuitry
to compensate for Beta and Vgg variation due to
temperature.

The LM11340 is TTL compatible. The LM11340 logic
Ievgls are referenced to ground and are independent of
any baseline voltage changes.

The LM11340 also contains an extra baseline diode
which prevents system latch-up when driving the base-
line with an op amp.

The LM11340 comes in Epoxy B DIPs and cavity DIPs.

PRELIMINARY DATA

features

® TTL and CMO§ compatible

® \Wide power sup})ly range

® | ow logic input currents

® Power dissipation unaffected by bit patterns
® |sothermal layout

B No system latch-up

key specifications
®  12-bit accuracy and linearity

® 100 ns settling time to 12-bit

connection and block diagrams

LM11340
Dual-In-Line Package

vt BIT1  BIT2

16 15 19

8IT3

13

Vease
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12 " 10 9

LM11340 Equivalent Circuit
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LM11340

typical application
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Physical Dimensions

(All dimensions are in inches.)

NATIONAL
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10 Lead Flat Package (F)

14 Lead Flat Package (F) ‘

16 Lead Flat Package (F)
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imensions

Physical D

{==-0.550 DIA REF-»~|

MAX 1

T
o

-—J l<v LEADS 0.017 DIA

0.100 TYP

0.031
0.060 DIA TYP

Package 6
12 Lead TO-8 Metal Can (G)

-

150
. y ™
LTI &
%_3 022
:-;%E DIA.
12 LEADS

Package 7
12 Lead TO-8 Metal Can (G)
(AH2114/AH2114C only)

0.209

0.230
0175 _,
0.195
SEATING PLANE 0.170
i i 0210

0.030

00 0 max
2:3!‘3*”* 0500

Package 8
4 Lead TO-72 Metal Can (H)

0335 DIA

0370

- % DIA—=]

oies § i

us00  MAX 040
MIN MAX
& 8LEADS
0.019
ote O1A

45° EQUALLY
SPACED

*0.230 FOR HYBRIDS
0.210
**EXCEPT —— 3
CEl o765 FOR LH0024, LHOO44
***STANDOFF NOT INCLUDED ON HYBRIDS.

Package 9
8 Lead TO-5 Metal Can (H)

-t

\ r»::i&'? o
Lo
[ s
s I
v

: 0120
- ‘_‘ f— 0160 DIA
DIA 10 LEADS -

0.016
0.018

0.220
~0200"YP

S
36 EQUALLY — .}
SPACED

Package 10
10 Lead TO-5 Metal Can (H)
(Low Profile)

T

(SEE NOTE)

= -

Dimension is 0.155/0.185 for all products except as
follows: 0.260/0.290 for LHO001H/LH0001CH, LHO003/
LHO003CH, and LHO004/LHO004CH; 0.240/0.260 for
LHO005AH/LHO00SH/LHO005CH:; 0.180/0.210 for
MHO0007H/MHO007CH.

‘Package 1
10 Lead TO-5 Metal Can (H)

12-2




0.890

+0.010

0.700
+0.010

0.490
£0.005

Package 12
8 Lead Cavity Package (J)

0.785

MAX 0.300
MAX
GLASS

NN EEnEnEnSoNol
i

0290 GLASS 0.060
0320 | SEALANT os ™ [ o2
] MAX
0.160 " A —
MAX B ¥
ooos N\, LW N
002 0.020
007
0.100 wis M7
0385 MAX 0. wn n nla M'"
+0.025 0,010
BOTH ENDS
Package 13

14 Lead Cavity DIP (J)

N
-
1
SN 111111 R
m — e

SEATING PLANE

0.040 TYP

0.175 FAD
0.153
DIA—
0.159 0495 o
(2) HOLES 0505

/( LEAD
A0 TYE, CIRCLE
(n PLES

Package 14
8 Lead TO-3 Metal Can (K)

vam___|
= max
- rn.nsnunm
mn':il(];}l\ niinEoNol +
PIN wu.uunsm\\@ s
Ne
[DpBgann| t
0.040

03001 0030
032077 max rvp ‘g 13:

i T
T W
0.009 o
T oms M%“

l— 0.125
+0.025 _| 0045 | 0018 MIN
0325 g1 0015 *000]
0100
TYP
Package 15

8 Lead Molded Mini DIP (N}

0.009
0.015

Package 16
10 Lead Molded DIP (N)

o
MAX

0.090

~ [~ nom

0.092 DIA NOM —\ "T

PIN NO. 1 INDENT 0.250
™ +0.005
[ t

[OpRpEanRONORD)

0300__| o030 0.040
0320 MAX YR ‘] 0130
. +0.005
T 1
ws
, 0009
! ™ 0015 ‘ ",\,,“,ﬂ'
L ’l 0075 ! 00 T
+0.025 - 018 iy
0326 [ gio 0015 si00 ~n.nn:

Package 17
14 Lead Molded DIP (N)
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imensions

physical d

0090
- Nom

0.092 DIA NOM =t
\ . 0310

0.250 ~axs YA
PIN NO. 1 INDENT
\:@ =0008 0195 %% DtA—w]
: i it

[URERERORERURERD]

0300 0030 0040 ta 1T o
0320 MAX TVF‘] r 0.130
0.005 os00mN
]lEAﬂS 5
: 1 /‘\,5,

0.065
T__ i
) 0.009 : . %
0015 -
- BRI
s oo i i 0003
Package 18 : ’ 'kPackage 19
16 Lead Molded DIP (N) Metal Can Package (H)

0530 0550
MAX MAX

0062
a0 0500
aos
'y
1
. . 020
- dm s = B e = o r**‘f..“i’*—ﬂ S —m o
i oors i |
,"..2’:’ ] ‘ B
] Pk e t
[ " | oo™
- mtm o 1 T o - s IS SN LY
Package 20 Package 21
Molded Dual-In-Line Package (N) 24 Lead Cavity Dual-In-Line Package (D)
1200 0600
MAX ~ MAX
2a] (23] [22] [21] {20] [rs] [18] [v7] {v6] {15} j1a} f43 GLASS
0300
MAX
_fcuss %%5
. \9 0515
0.280 0525
MAX
CT Tl GT T T T T el Ted ool [l 22
0.290 GLASS 0.060 0.200 0.590 GLASS 0.055 0.200
027 | SEALANT o005 [ [T MAx . 0520 [} SEALANT = =0 MAX
| o | eI . X . — | T 1. 060 A Y = 1
E) L4 e BRI
0.008 ‘ 0.008
0.012 2050 0.020 0012 gm
[B— ] [ sl L.. e ome 0125 voro 0685 0060 [ 0100 0018 izs M7
0025 oy EMN':;); 0.01 [ I“'-—‘ onzs'_'_—"l - l‘a.mn "| I~ 0010 ’“" +0.002 MIN
Package 22 Package 23

16 Lead Cavity Dual-In-Line Package (J) 24 Lead Cavity Dual-In-Line Package (J)
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0080 MAX

PINNO 1IDENT

0060 MIN

1.

=]

L

7‘« 0450 MAX =

]

+0025

[=- 0800 4oy

|

!

L™ !

Package 24

= |~ 0050 0010
Tve

Ceramic Dual-In-Line Package (J)

~ 01000010
TYP

0.209
0230 s
o | oo
SEATING [0 )
{i | _i

”fl”‘_in;_[rl.l

]

T

L

Thermal Shield

Package 25
TO-46 Metal Can Package (H) (TO-46 Package Inside)

All units shipped with thermal shield.

0.092

0
[ 7] [ie] [ig] o] (i3 [al [

DIANOM \ 7

+0.025_|

=0325 Tyyte-

0.025
+0.015

=

Package 26

0100
TYP

_»‘ [‘ 0.018
i £0.003

18-Lead Molded DIP (N)

PIN NO. 1
IDENT
0054 __| | 0165
TvP ‘l MAX g 020
: 7T ; :| T ‘J 0.060
|
A T i
0012 |
MiN |4
o128 | 0300 00s0 | | a0 I oms | o2
REF | 0010 | | +0.010 = o™ MIN
Package 27

18-Lead Cavity .DIP (D)

INCHES TO MILLIMETERS CONVERSION TABLE
INCHES MM INCHES | MM INCHES MM
.001 .0254 .010 .254 .100 2.54
.002 .0508 .020 .508 .200 '5.08
.003 .0762 .030 .762 .300 7.62
.004 .1016 .040 1.016 400 10.16
.005 .1270 .050 1.270 .600 12.70
.006 .1524 .060 1.524 .600 15.24
.007 1778 .070 1.778 .700 17.78
.008 .2032 .080 2.032 .800 20.32
.009 .2286 .090 2.286 .900 22.86
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Miscellaneous Hardware

Miscellaneous Hardware

NATIONAL ) . . .

Following is a partial list of sockets and heat dissipators for use with various packages shown in
this catalog. National assumes no responsibility for their quality or availability.

8-Lead TO-3 Hardware

24-Pin DIP
SOCKETS SOCKETS
Keystone 4626 or 4627 Amphenol/Barnes 821-40012-244

Robinson Nugent 0002011 Robinson Nugent IC 246-S1 or S2

Azimuth 6028 (test socket)
HEAT SINKS ‘

Thermalloy 2266B (35°C/W)

IERC LAIC3B4CB

IERC HP1-TO3-33CB (7°C/W)
MICA WASHERS

Keystone 4658

12-Lead TO-8 Hardware

SOCKETS.

\ 641-30031-121
Amphenol/Barnes {641—01061-121
Robinson Nugent MP12100S or W
Textool 212-100-323

HEAT SINKS
Thermalloy 2240A (33°C/W)
Wakefield 215CB (30°C/W)
IERC UP-T08-48CB (15°C/W)

} (test socket)

~ Amphenol/Barnes
2875 S. 25th Ave.
Broadview, IL 60153

Azimuth Electronics .
2377 S. El Camino Real

San Clgmente, CA 92672

IERC
135 W. Magnolia BI.
Burbank, CA 91502

Keystone Electronics Corp.

49 Bleecker St.
New York, NY 10012

Robinson Nugest Inc.
800 E. 8th St.

~New Albany, IN 47150

Thermalloy
P.O” Box 34829
Dallas, TX 756234

“Wakefield Engineering Inc.

Wakefield, MA 01880




National Semiconductor Corporation
2900 Semiconductor Drive

Santa Clara, California 95051

(408) 737-5000

TWX: 910-339-9240

National Semiconductor GmbH
808 Fuerstenfeldbruck
Industriestrasse 10

West Germany

Telephone: (08141) 1371
Telex: 05-27649

A

}
National Semiconductor (UK) Lid.
Larkfield Industrial Estqte
Greenock, Scotland— ;
Telephone: GOUROCK 83251
Telex: 778 632 4

NS Electronics (PTE) Ltd.
No. 1100 Lower Delta Rd.
Singapore 3 f
Telephone: 630011

Telex: NATSEMI RS 21402

NS Electronics SDN BHD

Batu Berendam

Free Trade Zone

Malacca, Malaysia

Telephone: 5171

Telex: NSELECT 519 MALACCA
(c/0 Kuala Lumpur)

¥, EEaS
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