TABLE 4.1. OPERATIONAL AMPLIFIERS

Total Valtage
9w supply Current
# per £ £ voltage Supp Offset Drift —_— e,
pkg® g & —— ocun Bias  Offset @1kHz
E % £ min max max typ max typ max max max typ
Type Mig? 124 W E V) (V] (mA) (mV) (mV} (V7 CYy v Cl (nA) (nA) nViHz

BIPOL AR, PRECISION

OP-07A PM+ *A- =~ — 1 6 44 4 0.01 0.026 0.2 0.6 2 2 9.6
OP-CTE PM+ *A- » — 1 6 44 4 0.03 0.086 03 1.3 4 3.8 9.6
OBR-21A P sAA » — 1 5 36 03 004 DA 0.5 1 100 4 M
OPF-27E PM+ = AA »+» — 1 8 44 5 0.01 0.0Z5 0.2 0.6 40 35 3.0
OP-27G PM+ = AA = — 1 8 44 & 003 DA 0.4 1.8 80 75 3.2
OP-37E PM+ < A - 5 a 44 5 001 0.025 0.2 0.6 40 a5 3.0
OP-50E PM *~—— =« 5 10 38 4 0.0t 0025 Q.15 a3 5 1 45
OP-77E FM *AA v — 6 44 2 ¢.01 0025 ¢.1 0.3 2 1.5 9.6
OP-30E PM AN -1 16 36 0.02 005 0.15 0.3 2 15 3 680
OP-97E FPrA ¢t - o+ =1 45 4C 06 001 0.025 0.2 0.6 oA 0.1 14
MAX400M MA v ——= o+ — 1 & 44 4 Q004 0.01 0.2 0.3 2 ? 9.4
LM&O7A NS v —— o+ e 6 44 1.5 0.015 (.025 0.2 0.3 2 2 6.5
ADT7Q7C AD *A- o — 1 6 36 3 0.cD5 0.015 Q.03 0.1 1 1 9.5
AD846B AD . + 2 10 36 6.5 0.025 0.075 0.8 35 250 (K) 2
LTi0014 LT *A- o — 1 6 44 33 001 0.025 02 0.6 4 4 9.6
LTI007A LT v = — 5 44 4 0.01 0.025 0.2 0.6 35 30 2.5
LT1012C LT+ *A- = » 1 4 40 08 001 008 0.2 1.5 0.15 0.i5 14
LTi028A LT e 8 44 95 001 0.04 0.2 0.8 90 5 0.9
LT10374 LT +—- = -5 5 44 45 O 0.075 Q.7 0.6 as 30 25
RCA077A RA L 6 44 1.7 0.004 0.01 0.1 0.3 2 1.5 9.5
HAS14A HA - -+ --—-1 10 40 B .05 01 0.3 1.2 25 25 7
HA5135 HA . . 1 8 40 1.7 001 2.08 0.4 1.3 4 4 9
HA5147A HA +——- = —10 8 44 4 00t D025 0.? 0.6 4an 35 3.0
BIPOLAR, LOW-BIAS (see also “bipolar, precision”™)

OP-08E FM +——- -+« U 10 40 05 007 D15 3.5 2.9 2 0.2 20
LM10 NS+ »—-=- = — 1 1 45 04 03 2 2 - 20 0.7 47
LM11 NSy # — = = ¢ 5 40 06 0.1 0.3 1 3 50pA 10pA 150
OP-12E FM+ » ~-- - -1 10 40 05 QO7 015 0.5 2.5 2 0.2 20
LM308 NG+ A -+ J 10 36 08B 2 7.5 6 30 v 1 35
LM312 NS+ »—-- =+« 1 10 40 08 2 7.5 6 30 7 1 35
LP324 NS ——»» —— 1 4 32 025 2 a 10 - 10 2 -
BIPOLAR, SINGLE-SUPPLY

3284 NS+ AA=- —— 1 3 32 3 2 3 7 30 100 an -
LP324 NS - - = 4 32 025 2 4 i0 - 12 2

LT1013C LT -*A - -1 4 44 1 0D.06 0.3 0.4 2.5 50 2 22
HAS1418 HA rAA - — 1 2 40 Q07 05 2 3 - 79 10 20
BIPOLAR, SINGLE-SUPPLY PRECISION

LT1006A LT e —-= +« — 1 27 44 05 002 CO05 0.2 1.3 15 0.5 22
LT1013A LT = A 1 4 44 1 0.04 015 0.4 2 35 1.3 22
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sSwing to

supplies?

Slew Max Max ——

rate® f; CMRR PSRR Gain output diff1  in Out

yp typ min min min curr inputt —

Type (V/ius) {MHz) (dB) (dB} (dB) (mA} (V) + -+ - Comments

OP-07A p17 06 110 100 110 10 30" - --——
OP-07E 0147 06 106 94 106 10 3" ----
OP-21A 025 06 100 104 120 - 30 -~ == low power
QOP-27E 2.8 B 114 100 120 20 0.5 -~ =—  low npise
OP-27G 2.8 B 100 44 117 20 0% ———~= c¢heapgrade
OP-37E 17 63 114 100 120 2C 05 ———— low noise, dacomp OP-27
OP-50F 3 29 126 126 14D 70 1ph - —— -~ high current, low noise
OP-77E 0.3 06 120 110 134 12 30" - ——  improved OP-07
OP-80E 0401 002 100 104 117 & 38 — *+ — +  micropower
OP-57E a2 09 114 114 110 10 05 — = ——  low power OP-77
MAX400M 0.3 06 114 100 114 12 30 — ==~ lawest non-chapper Vg
LMB0O7A 0.7 18 124 100 134 10 0.5 -— -
AD707C 0.3 09 130 120 1348 12 44 - - ——  improved OP-07; dual = 708
ADBAGE 450 210 110 110 - 5D 18 - - — = curent leedback; fast
LT1001A gas 08 114 110 113 30 a0 - ==
LT1D07A 2.5 g 117 110 137 20 0.5 - - ——  low noise, ~OP-27
LTi012C 02 08 110 110 108 12 1 - — - improved 312; dual = 1024
LT1028A 15 75 114 M7y 137 20 1 — — —— ultra low noise
LT1037A 15 60 117 110 137 20 05 - — -~ decomp 1007, ~CP-37
RC4Q77A 025 08 120 10 128 15 30 — === lowest non-chopper V.
HAS134A 1 4 G4 100 1048 20 40 — = - —  guad, low noise
HA5135 08 25 106 94 120 20 15" ----
HAS147A 35 140 114 80 120 15 as - - — = low ngise, high spead, uncomp
OP-08E 012 08 104 104 98 5 05 - ---—  precision 308
LM10 D12 0.1 93 0 102 20 40 — s « «  {Vop-amp; precision; voit. ref.
LMI1 0.3 05 110 100 100 2 0.5 —----— precision; lowest bias bipolar
OP-12E 012 D8 104 104 51 5 0.5 - - ——  pigcision 312
LM308 015 Q.3 B0 ao 88 5 0.5 ——~-—— original low-bias (superbeta)
LM312 015 03 80 a6 a8 5 0.5 -—~-—- compensated 308
| PA24 005 01 80 got 94 5 32 — = -« |low power, single supply
dz4A Q5 1 g5 5 88 20 30 — - a classic; dual=358A
LP324 005 D1 80 90! 94 5 32 — + —»  low power, low bias
LT1013C 04 08 a7 100 122 25 30 - improved 358/324; quad = 1414
HAS141A 1.5 0.4 B0 94 o4 1 7 — % —*  micropower
L T1006A 0.4 1 100 108 120 20 30 — =« optional |, = S0RA
LT1013A 0.4 ¢8 100 103 124 25 30 — - " improved 358/324; guad = 1014
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TABLE 4.1 (cont 'd)

Total Voltage
L supply Current
# per E £ woltage Supp Offset Drift e,
pkg® 35— curr Bias  Offset @1kHz
g < € min max max typ max typ max  max max ty
Type Mig? 124 W & {V) (V] (mA) (mVY) (mV)  (uV/7CY (U C)  inA) (nAY  nv¥nlz

BIPOLAR, HIGH-SPEED
OP-62E PM *+—— ==« 1 16 3& 7 0.2 300 100 25
OP-63E PM +—— =+« 1 16 36 7 0.75 - 300 100 7
OP-64E PM *—— + +« 5 16 36 i 075 - 300 100 7
OP-65E PM 2= e — 1 9 14 25 - 2 - 3uh THA -
CLC400 CL v —— s — 1 - 7 15 2 bb 20 40 2auh (k) 12
AD3SQ9K  AD =—-— = =3 10 40 G 4 a8 40 200 25 19
SL5418 PL === =~ 10 - 24 21 - 23 15 - 254 10 -
VATOSL vT *AA = — 1 B 12 10 1 2 2N - 800 25 -
VATO06K vT * AA 0 — 3 12 10 4 10 20 - 1pA 120 -
VATOTK Vi *AA e — 12 8 12 10 3 < 20 1pA 120 -
LMB37 NS —-——»+» - -1 B 36 15 0.3 5 2 iwA 200 4.5
ADB4OK AD ==—— + — 1D 10 36 12 0. 03 3 SuA 200 4
ADBATK AD =—— « — 1 1D 3B 12 D5 1 35 20 SuA - 200 13
ADB47d AD *-—= e+ —1 9 36 56 05 1 15 . 7uA - 50t 15'
ADB48J AD *-—-— e« -5 9 36 56 05 1 2 10 5uA 15! q'
ADB49d AD ~-~-— - —-25 9 35 58 05 1 1 10 5uA 18! 4
HA253% HA =+-- - - 10 10 35 25 8 15 20 20uA BuA 3]
SL2541B PL e—-—= =« - 1 14 30 o5t 10 - 20 PCRA - -
HA2541 HA *+—— - 1 10 35 45 2 22 35uA TUA 10
HA2542 HA, s —— = » 2 10 35 40 - 10 20 351A TuA 10
HA2544 HA . =+t 10 33 10 6 15 10 150A 2uA -
CA3450 RG e —— + + 1 1 14 35 8 15 350 150 -
HAS101 HA =AA = - 1 4 4D 6 0.5 3 3 200 75 3.3
HA5111 HA s AA s v 10 4 40D 6 0.5 3 3 - 200 7 3.3
HAS147A HA *+ —— e« — 10 8 44 4 0.01 0.025 0.2 0.6 40 35 3.0
HAS5195 HA *—-— — -5 20 35 25 3 € 20 15uA 4uA >}
LM&361 N3 +-—- -1 5 3 65 5 20 10 SuA 2ua 15
LM6E6364 NS *#-= = =5 L] 38 6.5 z2 S 5] 514 2LA a
LM6365 NS *—-— » —25 5§ 36 &8 1 6 3 - 51.A 2uA 5
BIPOLAR, OTHER
QP-20B PM ~AA o+ — 1 4 348 gLoe 006 0.25 0.7 1. 25 1.5 58
LM333 NS —“&—- —— 1 10 36 8 0.3 5 2 - 1A 200 4.5
CA3193A RC «—-— »r — 1 7 36 3.5 014 0.2 1 3 20 5 24
XR4560 xR -—*= --1 8 36 2 0.5 & 500 260 8
HAS151 HA ~AA - - 1 2 40 025 2 a 3 - 150 30 15
NE5534 SN+ *A~— » « 7 5] 44 & 0.5 4 - - 2UA 300 4
MC33078 MO —=A - - | 10 36 3] 0.t 2 2 - 750 150 4.5
MC33171 MC +*AA +» — 1 3 44 025 2 4.5 10 - 100 20 32
MC34071A MO = AA = — 1 3 44 25 0.5 1.5 10 - 500 50 32
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Swing to

supplies??
Slew Max Max ——————
rate® f; CMRR PSRR Gain oulput diff'l In Qut
typ typ min min min  curr input' T

Type (Vius) (MHz} (dB) (dB) {dB) (mA) (V) + =+ = Comments

OP-62E 15 50 110 105 111 20 5 — ———  precision

OP-63E 50 50 110 105 100 20 5 -——-

OP-64E 200 200 110 105 100 20 5 -——-

OP-65E 200 150 85 aD 100 50 5 -—-—--

CLC400 700 280 40 40 - 50 - - — — — transimpedance; decomp=401
ADS09K 120 20 80 80 80 - 15 - ——— fast

5L541B 175 100 60 45 48 65 9 -~ =~ = fast, video

VA705L 35 25 60 60 80 80 9 — — — —  video, drives 500 fast setile
VA706K 42 25 60 60 66 50 9 - == video, drives 500Q; fast settle
VATOTK 105 300 60 60 74 50 9 -— == decomp, fast, 5042

LMB37 10 25 80 120 a0 40 30 - == low noise, low distortion
ADB40K 400 400 100 94 104 50 6 - ———  decomp 841; 842 has G»2
ADBAK 300 40 a0 80 a8 50 5] — — — — fast settle; decomp versians
ADg847J 300 50 78 75 70 20 6 - - — — fast setile; decomp versions
ADB4BJ 300 250 104" 104! 82 25 6 - ———  decomp 847

AD8439J 300 725 110t 100t a0 25 6 — = ——  uncomp 847

HAZ2539 600 600 60 85 a0 10 6 — — —— low noise, sim {o 2540
SL2541B  90C¢ 800 47 40! 45 10 10 — — — —  has uncommitted unity gain buf
HAZ541 280 40 70 60 80 10 6 — — — —  fast settle, low distortion
HAZ542 375 120 70 70 80 100 & -— - = fast settle, decomp

HA2544 150 33 75 70 70 35 8 - ———  video

CA3450 420 190 50 60 96 75 5 —— — —  video amp/line driver
HA5101 10 10 100! a0 136" 30 7 - ———  lownoise

HAS111 50 100 100t 100" 138! 30 7 ————  low noise, uncomp
HAS147A 35 140 114 80 120 15 0.7 -~ -— - lownoise, precision, uncomp
HA5195 200 150 74 70 80 25 6 — = = - Elantec EL2195 = improved
LMB361 300 50 70 72 b2 30 B — = ——  vertical PNP

LM8364 300 160 102! 70 66! 30 8 - ———  vertical PNP

LME365 300 725 a0 104! 75 30 8 — — — —  vertical PNP

OP-20B o5 041 96 100 114 0.5 30 — = — — accurate low power

LM833 7 15 80 80 90 10 30 - — —— low noise, low distortion
CA3193A 02 12 110 100 110 7 5 -—-=--

XR4560 4 10 70 76 86 100 30 - = -~ intended for audic

HAS5151 4.5 1.3 80 80 94 3 7 ——— low power

NE5534 B 10 70 80 88 20 05 — ——— low noise, intended for audio
MC33078 7 16 80 80 s[4 20 36 —— — — {ow noise, low distortion
MC33171 21 1.8 80 80 94 4 44 - - =

MC34071A 10 4.5 80 80 94 25 44 — e ——  drives 0.01uF
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TABLE 4.1 (coni'd)

Total Voltage
“ o supply Current
# per £ £ voltage Supp Offset Drift -
pkgt e 3 curr Bias Offset @1kHz
E % £ min max max typ max typ max  max max typ
Type Mig® 124 W E (V) (V) (MA) (mV) (mVy) (V7 C) {uvrC)  (nA) (nA)  nV/vHz
BIPOLAR, OBSOLESCENT
OP-01E PM o= = — 1 10 44 3 1 2 3 10 50 5 -
OP-02E PM *A- <« - 1 10 44 2 0.3 0.5 2 8 30 2 21
OP-05E PM+ = A- » — 1 & 44 4 0.2 0.5 0.7 2 4 3.8 96
OP-11E PM --= — = 1 10 44 & 0.3 0.5 2 10 300 20 12
307 NS+ »—-—— - —=—1 10 44 25 2 7.5 6 30 250 50 16
LM318 NS+ ——- =« 1 10 40 10 4 10 - - 500 200 14
349 NS —-——+ —--5 490 368 45 1 6 - - 200 50 B0
ADS17L AD +—-—= +« -1 10 36 3 - 0.025 - a5 1 0.26 20
AD518J AD - = e 1 10 40 10 4 10 10 - 500 200
NES530 SN *A- -1 10 36 3 2 5 6 - 150 40 30
NE531 SN +—— =« J 12 44 10 2 6 - - 2uA 200 -
NE538 SN *A- -5 10 38 28 2 5 5] - 150 40 18
nA725 FAy +—— « « (J & 44 3 0.5 1 2 5 100 20 -
UA739 FA —*+— — = U 8 36 14 1 6 2uA 10uA
741C FA+ +«AA -1 10 36 28 2 6 - 500 200
743C FA+ ¢+ -- =« U 10 36 33 2 6 - - 500 200
nA749 FA - = = & | 8 36 10 L 3 3 - 750 400 -
1435 TP *—— e+« 10 24 32 30 2 5 5 25 20pA - -
1456 MO —- =+ — 1 10 36 3 5 10 - - 30 10 45
HA2505 HA e=—= =+ =+ 1 20 40 b 4 B 20 250 50 -
HA2515 HA *—— = 1 20 40 6 5 10 30 - 250 50
HA2525 HA s—— **+ 3 20 40 6 5 10 30 - 250 50 -
HA2605 HA *—— ¢ 1 10 45 4 3 5 10 - 25 25 -
HA2625 HA *—— ¢+ 5 10 45 4 3 5 10 - 25 25 -
CA3100 RC *—= =+ » 10 13 36 11 1 5 - - 2nA 400 -
4558 RA+ —»— — — 1 B8 36 56 2 6 - 500 200 43
NE5535 SN Aes- =« -1 10 36 28 2 5 6 - 150 40 17
5539 S+ *¢—-= — 9 7 6 24 15 2.5 5 5 10 20uA - 4
JFET, PRECISION
OP-41E PM  *»——= -1 10 36 1 0.2 0.25 25 5 0.005 0.00t 32
OP-43E PM *+—— « -1 {0 36 1 0.2 0.25 25 5 0.002 0.001 232
OPA101B BB *—= =1 10 40 8 0.05 025 3 5 .01 4pA 8
OPA111B BB *A- + -1 10 36 35 005 025 a.5 1 1pA 0.7pA 7
ADS47L AD <*A—- <+ -1 5 3 15 . 0.25 - 1 0.025 2pAl 30
AD548C AD *A—- = - 1 9 36 02 o1 0.25 - 2 0.01 0.005 30
OFAG627B BB +—— - 9 36 8 0.4 QA 0.5 0.8 0.02 0.02 52
AD711C AD *tAA - - 1 9 36 28 D01 0.25 2 3 0.025 (¢.01 1B
ADB45K AD » - = e = 95 36 12 0.1 0.25 1.5 5 1 0.1 25
LT1055A LT *—— -1 10 40 4 0.05 0.5 1.2 4 0.05 0.01 14
HA5170 HA e —-— = - 1 9 44 25 QA1 0.3 2 5 0.1 0.06 10
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Swing to

supplies??
Slew Max Max ——————
rate® f; CMRR PSRR Gain output diffl In Cut
typ typ min  min  min curr inputf ——

Type {(Vius) (MHz) ({dB) (dB)y (dB) (mA) (V) =4 = Comments
OP-01E 18 2.5 80 80 94 B 30 - — —— fast, precision
OP-D2E 0.5 1.3 90 90 100 6 30 — — ——  precision, low current
OP-05E 017 06 110 94 106 10 A" ----
OP-11E 1 2 110 90 100 6 30 — — = —  precision quad
307 0.5 1 70 70 84 10 30 * — — —  achassic; uncomp=301
LM318 70 15 70 65 86 10 0.5 ——--—-—  waspopular
349 2 4 70 77 88 15 36 — ———  decomp 348 {quad 741)
AD517L 01 0.25 110 98 120 10 30 -———-
AD518J 70 12 70 65 as 15 - - ===
NES30 35 3 70 76 94 10 30 = — —— fast; dual=5530
NES31 35 1 70 76 86 - 15 .- - -
NE538 60 5 70 76 94 10 30 = — - — fasi; dual=5538
UAT725 0.005 0.08 110 100 108 15 5 — — — —  original precision op-amp
pA739 1 6 70 85! 76 15 & ——— * low noise, intended for audio
741C 0.5 1.2 70 76 86 20 30 — — — — old classic; dual=1458, quad=348
748C 0.5 1.2 70 76 a4 15 30 ————  uncomp 741
HA743 2 6 70 74 86 15 5 ——-* simto739
1435 300 1GHz 80 75! 80 10 2 - — -~ f{astsettle
1456 25 1 70 74 97 5 40 -—=-
HA2505 30 12 74 74 84 10 15 .- -
HA2515 60 12 74 74 78 10 15 ¢ - - -
HAZ2525 120 20 74 74 78 10 15 . ---
HAZ605 7 12 74 74 98 10 12 -—-=--
HAZ625 3B 100 74 74 a8 10 12 — - ==
CA3100 25 30 76 60 58 15 12 -
4558 1 25 70 74 86 15 30 ———— 1as1i 1458
NES535 15 1 70 76 94 10 30 = —~—  fast
5539 600 1200 70 66 46 40 10 - ——+* smalt output swing
OP-41E 1.3 05 100 92 120 15 20 * — — - low Dias, low dist; OP-43 faster
OP-43E 6 24 100 92 120 15 20 * — — —  low biag, low dist: OP-41 stabler
OPA101B 7 20 80 86 96 45 20 — ———  low noise; decomp = QPA102
OPA111B 2 2 100 100 120 10 36 — — ——  low noise, low bias
ADS47L 3 1 80 a0 108 20 20 ———— dual = ADB42, 647
ADS48C 1.8 1 86 86 110 20 20 - ———  improved LF441; dual = AD648
OPAG27B 55 16 106 106 110 30 - - ——-— fast
AD711C 20 4 86 B6 106 20 20 - ———  impraved LF411/2
ADB845K 100 16 o4 a5 108 30 36 —— -~ fast
LT1055A 13 5 86 20 104 30 40 - ——— LT1056 is 20% faster
HA5170 8 8 90 74 110 10 30 * — - — low noise
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TABLE 4.1 {cont'd)

Total Voitage
%o supply Current
# per E £ voltage Supp Oftset Drift - e,
pkg® 8 & — curr Bias Offset @1thkHz
g % £ min max max 1yp max typ max max max typ
Type Mig? 124 VW E (V) (V) (mA) (MV) (MY} (UV/C) (WV/C) (nA) (A} NVivHz

JFET, HIGH-SPEED
OP-42E Ph sa== =+ -1 15 40 6.5 0.3 0.75 4 10 0.2 004 13
OP-44E PM *—-—= <« =3 16 40 & 0.03 075 4 10 0.2 40pA 13
357B NS+ o—-— « - 5 10 36 7 3 5 5 - 100pA 0.02 12
AD380K AD -~ +» « (J 12 40 15 - 1 - 10 0.1 SpAl 15
LFA01A NS *~— =+ 1 15 36 12 - 0.2 - - 0.2 01 23
OPA404B BB -——** —- =1 10 36 10 026 075 3 - 0.004 4pA 15
LF457B NS *e—-——- *— 5 10 36 10 0.18 04 3 4 50pA 20pA 10
OPABO2C BB =+ -~ =+ — {1 10 36 4 0.1 025 1 2 1pA 1pA 13
OPAGOSK EB *—— =« +« 50 10 40 9 0.25 045 - 5 0.035 2pAl 20
OPAGOGL BB *-— * -1 10 36 9.5 0.1 0.5 3 5 0.01 SpA 13
AD744C AD *tA- =+ 2 9 36 4 0.1 0.25 2 3 0.05 002 18
ADB43B AD AR S | 9 36 12 0.5 1 15 - 1 0.1 13
AD845K AD t——= ¢« — 1 95 36 10.2 0.1 0.25 15 3 0.4 0.05 25
LT1022A LT ¢ -—- =1 20 A0 7 008 025 1.3 5 0.05 .01 14
HAS5160 HA *——= == U 14 40 10 1 3 20 - 0.05 001 35
MC34080A MO *AA - 2 6 44 34 0.3 0.5 10 - 0.2 0.1 30
MC34031A MO *AA + — 1 6 44 3.4 0.3 0.5 10 - 0.2 0.1 30
JFET, OTHER
TLO31C TI *AA -~ 1 10 36 028 0.5 1.5 6 - 0.2 01 41
TLOS1C Tl *AA + — 1 10 36 32 06 1.5 8 - 0.2 0.1 18
TLO61C TI+ *AA ¢« — 1 4 36 025 3 15 10 - 0.4 0.2 42
TLO71C Tt *AA - 1 7 38 2.5 3 10 10 - 0.2 0.05 18
TLOS1BE Tl+ *AA = — 7 36 2.8 2 3 10 - 0.2 0.01 18
OPA121 BB *=-— *—-1 10 36 4 0.5 2 3 10 0.005  4pA a
OPA128L BB *-— == 1 10 36 1.5 0.14 05 - 5 751A 30fA! 27
LF351 NS+ *AA « - 1 10 38 3.4 5 10 10 - 0.2 01 25
3558 NS+ =—-—- = — 1 10 36 4 3 5 5 - 100pA 002 20
356B NS+ *—-— +»—1 10 36 7 3 5 5 - 100pA 002 12
LFa11 NS+ ~A- « — 1 1D 36 34 0.8 2 7 20 0.2 0.1 25
LFnnn NS —e—- - =1 6 36 25 1 - - - 100pA 50pA 3.5
LF441 NS «AA - 1 10 36 025 1 5 10 20 01 Qo5 3B
LF455B NS *+—= =1 10 36 4 018 04 3 4 50pA 20pA 12
LF4568 NS *—= -1 10 36 8 0.18 04 3 4 S0pA 20pA 10
AD549L AD e -- - 1 10 38 07 03 0.5 5 10 60fA 20fA' 35
ADS11K  AD - +« =1 10 36 2.5 025 05 5 10 0.05 0.025 18
LT1057A LT -*A - -1 20 40 38 (15 045 1.8 7 0.05 0.04 13
HA5180 HA ¢ == == 1 10 40 1 0.1 0.5 5 - 0.001 200fA 70
MC34001A MO *AA o — 1 8 36 25 1 2 10 - 0.1 005 25
MC34181 MO *AA ¢ — 1 3 36 0.2 0.5 2 10 - 0.1 005 38
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Swing to
supplies?d
Slew Max Max ——— —
rate® f; CMRR PSRR Gain output diff! In Out
typ typ min min  min  curt input —

Type (Vius) (MHz) (dB)  (dB) (dB) (mA) (V) 4+ -+~ Comments
OP-42€ 58 10 88 86 114 25 40 - oW 2y,
OP-44E 120 16 B8 a0 114 15 40 -——=
3578 50 20 a5 85 94 20 30 « - — = decomp 356
AD380K 330 300 60 60 g2 60 20 — ~ — =~ hybrid, fast, 500
LF401A 30 16 90 80 100 50 32 — - —— accurate
OPA404B 35 6.4 92 86 a9z 10 36 - — == accurate quad
LF4578 50 20 86 86 106 100" 40 « —— - low noise; drives 0.01uF
orAB02C 35 8.5 92 86 92 20 36 -—-— low bias, fast setlle
OPABOSK 94 20 80 74 104" 30 20 ~ ==~ uncomp
OPABOHL 35 13 85 90 10Q 10 36 -~ — -~ improved LF356
AD744C 75 13 86 92 108 20 36 —~ - ——  very low dist (3ppm); fast settle
ADB43B 250 35 100 95 88 50 - ~ === fastsettle
ADBASK 100 16 94 a8 106 25 20 - — - — tastsetile
LT1022A 26 8.5 86 88 104 10 40 -— -
HAS1B80 120 100 74 108 98 22 40 - - —- lowbias
MC34080A 50 16 75 75 94 20 44 ~— == N> V_+4V; decamp 34081
MC34081A 25 8 75 75 94 20 44 ~—— = V> VY
TLO3IC 3 1 75 75 74 B 30 *» — — - low power; improved TLO61
TLOS1C 24 3 75 75 94 30 30 » — - —  low dist; improved TLO71/081
TLOG1C 35 1 70 70 70 5 30 ~ === low power
TLO71C 13 3 70 70 88 10 30 ~—— - lowsr noise
TLOG1B 13 3 80 80 04 10 30 —_———-
OPAT2A 2 2 a6 Bg 110 10 36 — = ==  low noise
OPA128L 3 1 90 90 110 10 36 ——— - verylow bias
LF351 13 4 70 70 88 10 30 « — — - 353=dual, 347=quad
355B b 2.5 a5 85 24 20 30 s ———  popular
3568 12 5 85 a5 94 20 30 + ——— faster 355
LF411 15 4 70 70 88 20 30 » —— — jellybean
LFnnn 20 10 a0 80 100 15 2 » — — — |owest noise JFET
LF441 1 1 70 70 B3 4 30 *» — - — low current jellybean
LF4558 5 3 86 86 106 100" 40 » - ——  low noise; drives 0.01uF
LF4568 126 5 86 g6 106 100" 40 » — — —  low noise; drives 0.01uF
AD545L 3 1 90 a0 110 10 36 - - - - electrometer; guard pin
ADG11K 13 2 80 80 94 20 20 - — - — lowdist, gen purp JFET
LT1057A 13 5 86 88 104 10 40 - — -~ - accurate dual/quad JFET
HAS180 7 2 80 90 106 15 40 - — —~ ~  very low bias over temp; naisy
MC34001A 13 4 a0 80 94 20 30 *— = -
MC34181 10 4 70 70 88 8 36 - — ~—  low power, fast, low dist.

203



TABLE 4.1 {cont'd)

Total Voltage
Y =  SUPPlY Current
# per £ .E valtage Supp Offset Drift — T e,
pkg® g8 5 curr Bias  Offsel @1kHz
g % £ min max max typ max typ max max max ty|
Type Mig? 124 =W = (V) (V) (MA) (MV) (MV) (uUVrC) (uv/'C)  (nA) (NA)  nVAHZ

JFET, OBSOLESCENT
OP-15E  PM+ =A- =« — 1 10 44 4 02 05 2 5 0.05 0.01 15
OP-16E  PM+ = —— =+ 1 10 44 7 02 05 2 5 0.05 001 15
ADS15L AD ==-- » — {1 {0 36 15 0.4 1 - 25 BOfA  BOfA 50
AD542L. AD +—— + i 10 36 15 - 0.5 - 5 0075 2pAl 30
ADS44L AD *—- ¢ — 1 10 3 25 - 0.5 - 5 0.05 0.5pAl 18
AD545L AD - . 1 10 36 15 - 0.5 5 c.o01 - 35
ICH8500A IL +—— « -1 18 38 25 - 50 10tA 10tA 40
MOSFET
OP-80E PM =-—-—- =« - 1 45 16 02 04 A - AOIA 10fA 70
TLC27L2A Tt A«A - -1 3 18 004 - 5 0.7 1pAl 1pAl 70
TLC27M2A TI A*A - -1 3 18 o086 - 5 ? - 1pA! 1pAl 38
TLC272A TI A*A - — 1 3 18 4 5 5 1pAl 1pAl 25
TLC279C TI -—* - -1 3 18 8 04 1.2 2 0.7pAl  0.1pAl 25
LMCBEOA NS ——»*» - — 1 5 16 22 1 2 1.3 5 20pA  20pA 22
TLC1078C TI -+A - -1 14 16 005 018 06 1 0.7pA!  0.1pAl 68
ALD1701 AL *—-— - - 1 2 12 075 456 7 0.03 0.025
ALD1702 AL +—— — -t 2 42 2 45 7 - 0.03 0.025 100
CA3140A RC *A- - 1 4 44 ¢ 2 5 6 - 0.04 0.02 40
CA31608 RC +A- =<« 1 5 {8 15 2 5 10 - 0.03 0.02 72
CA3410A RC —-* - -1 4 36 10 3 8 10 - 0.03 0.01 40
CA34208 RC +—-—- + « { 2 22 1 2 5 4 - 0.005 0.004 g2
CA5160A RC <«A— == 1 5 15 04 15 4 - - 0.01 0.005
CAS420A RC »—-— =+ » | 2 20 05 1 5 - - 0.001  0.5pA
CA5422 RC =-— = -1 2 20 07 18 10 20 . 0.005 0004 -
ICL7612B L+ <«~-— —= 1 3 18 25 - 5 5 - 0.05 0.03 100
ICL7641B IL- AA- - -1 1 18 25 5 5 - 0.05 0¢.03 100
CHOPPER STABILIZED
MAX420E MA +*-- — -1 & 33 2 0.001 0.005 002 0.05 0.03 g.06 1.1
MAX422E MA +-—- —— t 6 33 (05 (00t 0005 002 005 0.03 0.06 1.1
LMC668A NS ~-— -~ 1 5 16 35 0001 0005 005 - 0.08 - 2
TSC900A TS + -~ —— 1 45 16 02 - 0.005 002 005 0.05 0.5pAT 4
TSC901 TS +*AA —-—- 1 5 32 06 0007 0015 005 0.15 0.05 0.1 5
TSCO11A TS -~AA - -1 4 16 06 0005 0015 005 015 0.07 0.0z 11
TSCY15 TS *e-—- —-= 1 7 32 15 0.0 0.01 0.1 0.1 01 e
TSCc918 1S »—-—- — -1 45 16 O0& - 0.05 0.4 0.8 0.1 0.5pA' 4l
LTC1050 LT *-— -~ — 1 48 16 15 05uv 0.005 0.0 0.05 0.03 0.06 1.8
LTC1052 LT ~--— —— 1 48 16 2 N5uV 0.005 Q.01 0.05 0.03 2.03 1.5
ICL7650 i+ *-—- - -1 45 16 35 0002 0005 0.1 - 0.01 spAl 2
ICL7650S5 L +—— —— 1 45 16 13 0.7V 0.005 002 DA 0.01 0.02 2
ICL7652 L+ *-—- —— % &5 16 35 0002 0005 0.1 - 003 25pAt 0.7
ICL76525 1L s+—— —— 1 5 16 25 07V 0005 001 0.06 0.03 0.04 0.7
TSC76HVS52TS ¢ —— —— 1 7 32 15 - 0.01 0.3 0.1 0.1 08

204



Swing to

suppliea?®
Slew Max Max ——~
rate¢® f; CMRR PSAR Gain oulput diff’l In Out
typ typ min  min  min curr input! ——— —

Type (Vigs) (MHZy (dB) (dB) (dBY  (mA} (V) + -+ — Comments
OP-15E 17 G g6 86 100 15 a0 - == precision 1as] 355
QP-16E 25 a a6 oty 10G 20 40 - ———  precision tast 356 {OF-1 7=decomp)
ADS 5L 1 D4 70 74 94 10 20 -~ — = vety low bias, precision
ADBAZL 3 1 a0 a0 110 10 20 - — — = precision
ADB44L 13 2 80 ao 94 15 20 -~ — — —  pregision, low noise
ADS545L 1 07 78 74t g2 1D 20 — - ——  pracision
ICHa8500A 05 0.5 60 got  1cot 10 05 - ——  ulra low bias
OP-80E g4 1.3 60 B0 100 10 16 — « -+  electrometer: | <20pA @ 125°C
TLC27L2A 004 D1 70 70 g0 10 18 — +—~+  CMOS jellyheans
TLC27M24 06 Q.7 7 7 B& 10 18 — v — @ CMOSjellybeans
TLCZ272A 4.5 2.3 70 65 80 10 14 - CMOS jellybeans
TLC279C 45 23 B85 65 80 10 18 — -+ bestV,, of 272-series
LMCGEOA 1.7 1.5 72 1N 112 15 16 LR gquad CMOS jellybean
TLC1D78C cos 011 75 75 i 14 15 16 — +« — + {ow offset
ALDI70 07 a7 65 G5 a0 05 12 « v e rail-to-rait; specs @ +5V supply
ALD1702 2.1 1.5 65 B85 94 2 12 v e v+ pal-to-rail specs @ +5V supply
CAJ140A 7 3.7 70 TG 86 +10.1 B - v — =
CA3160A i0 4 80 76 94 12 B — s s« MOS infout (3130=uncomp)
CAZ410A 1Q 5.4 80 80 86 G 16 - - = high speed 324-type replacerment
CA3420A 0.5 0.5 60 70 86 2 15 — s v low Iy, good inpUt protec.
CAS1G60A 10 4 - - 80 1 ? — . CMOS output
CASAZDA 05 0.5 - - 85 065 15 — & > similar to 3420
CAS5422 1 1 60 &0 a0 2 15 - « =« unusual 2-section design
ICL7612B 16 14 &0 70 80 5T 18 » » o « programmable; infout 1o both rails
ICL76418 16 14 60 70 80 5™ 18 s — » = ger purp, low voltage
MAX420E 05 05 120 120 120 +2-15 33 — e« s F1BV V0. 10V/mo: 430 has Ciy
MAX422E 013  0.13 120 120 120 +02,-8 33 — < @« £15Y V. 0.1uV/mo; 432 has C
LMCE6EA 2.5 1 120 120 120 +5,-15 16 -
TSCI00A 0.2 07 110 120 120 25 16 - - low power
TSCe01 2 08 120 120 120 : 36 -« —«  +15V supply; '\nt caps
TECH1H1A 25 1.5 110 112 116 3.5 16 —~ = — <« Ofcaps, noisy
TSC915 05 05 120 120 120 10 36 ~ = —+ 315V supply
15918 D.2 07 a8 105 100 - 16 — - iNnexpensive
LTC1050 4 25 120 125 130 +3,-20 18 « o« int caps: SonVAmonth
LTC1052 4 12 120 120 120 +5,-12 16 — e« +  improved 7652; Q.1 pV/month
IGL7850 25 2 1D 120 120 +5,-20 18 — v e 0. {uVimonth
ICL 78505 25 2 120 120 136 +4.20 1B — » = v gmproved 7650; 0 1pV/month
ICL7852 05 04 110 110 120 +5,-20 16 ~-— -+ (15pVimecnth
ICLYBH2S ! 0% 120 120 136 +4-20 16 —— e improved 7652, 0.15pV/month

ISC/6HVE2 065 05 120 1200 120 10 32 — —« + 15V supply 205



TABLE 4.1 {cormi'd)

Total Vohage
% o  Supply Current
# per = & voltage Supp Offset Drift €n
pigP 8 5 curr Bias  Oifset @1kHz
..E = £ min max max typ max typ max  max max typ
Type Mg 124 =W 3 (V) (V) (ma)y (my) (mV)  (uvrG) vrc)  (nA) (nAY  nV/vHz
HIGH VOLTAGE
LM343 NG *——-— = -1 10 &8 5 2 8 40 10 35
Lm344 NS e—— «» U 10 88 5 2 8 - 40 10 35
OPAA4ASE BB *——- & - 1 20 100 4.5 1 3 10 0.05 0.01 16
1436 MO+ =—- = - 1 10 80 &5 5 10 40 10 50
HA2645 HA »»-- == 1 20 80 45 Z2 5] 15 - 30 30 30
3580 BB « - =« — 1 3¢ 70 10O - 10 30 0.05 - 15
3581 EB «=—=~ «—1 864 150 B8 3 25 0.02 002 25
3582 BB »—=— « -~ 1 140 300 8.5 3 25 o.o2 - 25
3583 BB *+——- = — 1100 300 85 3 25 0.1 a1 50
3584 BB s —— s +» UJ 140 300 6.5 3 25 g 0.1 50
MONCLITHIC POWER
LM12 N8 +—- - -1 20 80 80 2 7 50 300 100 a0
OPAS418 BB s+ -- - -1 20 80 25 Q.1 1 15 30 0.05 0.03 50
LM6E75 NS » —— - -—=10 16 60 50 1 10 25 - 2nA 500 -
8G1173 SG « -~ —-=1 10 50 =20 2 4 30 500 150 -
@ manufaciurers are as follows (a "+" suffix designates multiple sources):
AD - Analog Devices HO - Honeywaell RC - GE/RCA
AL - Advanced Linear Devices HS - Hybrid Systems RO - Rockwell
AM - Advanced Micro Devices ID - Integrated Device Technology SG - Silicon General
AN - Analcgic IL - GE/Intersil SI - Siliconix
AP - Apocx IN - Intel SN - Signetics
BB - Burr-Brown IR - International Rectifier 80 - Sony
BT - Brooktree KE - M.5 Kennedy Corp 8T - Supertex
CL - Comlinear I.T - Linear Technology Corp Tl - Texas Instruments
CR - Crystal Semiconductor MA - Maxim TM - Tetmos
CY - Cypress MN - Micro Networks TGO - Toshiba
DA - Datel MO - Motorola TP - Teledyne Philbrick
EL - Elantec MP - Micra Power Systems TQ - TriQuint
FA - Fairchild (Nationat) NE - NEC TR - TRW

FE - Ferranti

GE - General Elsctric
Gl - General Instrument
HA - Marris

HI - Hitachi

NS - National Semiconductor
QE - Opfical Electronics Inc
PL - Plessey

PM - Prectsion Monclithics
RA - Raytheon

TS - Teledyne Semiconductor
VT -VTC

X! - Xicor

XH - Exar

Zl - Zilog
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Swing lo
supplies??
Slew Max Max ——
rate® f; CMRR PSRR Gain output diffl  In Out
typ typ min  min  min curr input®

Type {Vms) (MHzy (dB] @B) {dB) (mA} (V) +— = Comments
1 M343 2.5 1 70 74 97 10 bé - ———  monolithic
LM344 a0 10 7 74 97 tQ B8 — —— -~ uncomp 343
COPA4458 10 ’ 30 80 100 15 80 -— - - low-bias, monglithic
1436 2 1 70 80 a7 10 8C -—— - monalithic
HAZ2645 5 4 74 74 100 10 37 - maonalithic
3580 15 5 ge' 87 106 BO 7 - === hybrid
3581 20 5 1100 105' 112! 30 15D - —— = hybrid
3582 20 5 110¢ 105 118t 15 300 - — - hybrid
3583 30 5 110! 84! 94 75 300 - - tast JFET, hybrid
3584 150 20 110° 84! 100 15 300 - ———  uncomp JYET, hybrid
LM12 g a7 /5 8O 94 10A 80 - - —  full output protection
OPAS4A1B 10 16 a5 100 90 10A 80 - —— — isolated case; no int. protec.
LMETS B 5.5 70 70 70 3000 60 — ——~  full output protection
BG1179 0.8 1 76 B8O 92 3200 50 — ———  therma shutdown

) the symbol « indicates the number of ap-amps per package for the parf number Shown: an "A"irdicates the
availahility of other quantities of op amps per package from the same manutacturer: some alectrical
characteristics (particularly offset voltage) may be degraded somewhat in muttiplc packages.

) pins are provided for external compensation.

@ 2 number gives the minimum closed-loop gain without instability. Op-amps with pins for external compensation
can generally be operated at lower gain, i an appropriate ext comp network is used. The letter Ll means that
the op-amp is uncompensated ~ external capacitance is necessary far any small value of clased-loop gain.

€] 2t minimum stable closed-loop gain (usually unity gain}, unless otherwise noted.

! the maximurm value without damage e the chip; not to exceed the lotal supply voltage used. ff that is less.

(@) 4 dot in an IN column means that the input operating common-imade range inc:udes that supply rail

adotin an QUT column means that the op amp can swing its output all the way to the corrcspond-ng supply rail.

ih! resistor-diode netwark draws input current for input differential greater than £1V.

U uV pp, 0.1-10Hz.

i current-sensing inverting inpu: ("current feedback” configuration); the bias currents at the two inpuls may differ
widely. The ‘isted bias current is for the non-inverting input.

) vraw" output {no current limi) available at pin 8, in addition fo the conventional {protected) output at pin £:
the latter is limited to £ 15mA.

(M} min‘max (worst case).

M yypical.
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A DETAILED LOOK AT OP-AMP BEHAVIOR
4.12 Effects of op-amp limitations on circuit behavior

209

op-amps with the very lowest input cur- Limitations imply trade-offs

rents (MOSFET types) generally have poor

voltage offscts, and vice versa. Good cir-  The limitations of op-amp performance we
cuit designers choose their components  have talked about will have an influence
with thc right trade-offs to optimize perfor- ~ on component values in ncarly all circuits.
mance, without going overboard on un- For instance, the feedback resistors must
necessary “gold-platcd™ parts. be large enough so that they don’t load the

"Here Yesterday, Gone Today”

In its untiring quest for bettar and fancier chips, the semiconductor industry can sometimes cause
you great pain. It might go something like this: You've designed and prototyped a wonderful new
gadget; debugging is complete, and you're ready to go into production. When you try to order the
parts, you discover that a crucial IC has been discontinuad by the manufacturer! An even worse
nightmare goes like this: Customers have been ccmplaining about late delivery on some instrument
that you've been manufacturing for many ysars. When you go to the assembly area to find out
what's wrong, you discover that a whole production run of boards is built, except for one IC that
“hasn't come in yet." You than ask purchasing why they haven't expedited the order; turns out they
have, just haven't received it. Then you learn from the distributor that the part was discontinued six
months ago. and that none i5 available!

Why does this happen, and what do you do about it? We've generally found four reasons that
ICs are discontinued:

1. Obsoiescence: Much better parts come along, and it doesn’t make much sense to keep making
the old ones. This has been particularly true with digital memory chips {e.g., small static RAMs and
EPRCMSs. which are superseded by denser and faster versions each year), though linear ICs have
not entirely escaped the purge. In these cases there is often a pin-compatible improved version that
you can plug into the old socket.

2. Not selling encugh: Perfectly good ICs sometimes disappear. If you are persistent enough, you
may get an explanation from the manufacturer - "there wasn'tenough demand,” or some such story.
You might characterize this as a case of “discontinued for the convenience of the manufacturer.”
We've been particularly inconvenienced by Harris's discontinuation of their splendid HA4925 - a
fine chip, the fastest quad comparator, now gone, with no replacement anything like it. Harris also
discontinued the HA2705 - anather great chip, the fastest low-power op-amp, now gone without a
trace! Sometimes a good chip is discontinued when the wafer fabrication line changes over 10 a
larger water size (e.g., from the original 3" diameter wafer to a 5 or 8” wafer). We've noticed that
Harris has a particular fondness for discontinuing excellent and unigue chips; Intersil and GE have
done the same thing.

3. Lost schematics: You might not beligve it, but sometimes the semiconductor house loses track of
the schematic diagram of some chip and ¢an't make any more! This apparently happened with the
Solid State Systems S8S-4404 CMOS 8-stage divider chip.

4. Manufacturer out of businass: This also happened to the 5$55-4404!

If you're stuck with a board and no available IC, you've got severat choices. You can redesign
the board (and perhaps the circuit) to use something that is available. Thisis probably bestif you're
going into production with a new design or if you are running a large production of an existing board.
A cheap and dirty solution is to make & little “daughterboard” that plugs into the empty IC socket
and includes whatever it takes to emulate the nonexistent chip. Althaugh this latter solution isn’t
terribly elegant, it gets the job done.






