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TEXAS INSTR (LIN/&NTFC) ' 25E D WM 89bl724 008059k T W
" LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIGNAL AMPLIFIERS

NOTICE
SEE ORDER OF DATA FOR ERRATA INFORMATION

D2808, OCTOBER 1983 — REVISED AUGUST 1989
_ —

A
Input Offset Current ... 200 pA Max at 25°C D, JG, OR P PACKAGE .
for LM108, LM108A, LM208, LM208A (TOP VIEW) 1—79*06, -0
® Input Bias Current ... 2 nA Max at 25°C for compi 11 U &[] comp2
LM108, LM108A, LM208, LM208A N-[2 70 vec.
® Supply Current ... 600 wA Max at 25°C for IN + E i : % ouT
LM108, LM108A, LM208, LM208A Vee- NC
@ Input Offset Voltage ... 500 pV Max at 25°C L PA
CKAGE
for LM108A, LM208A, LM308A (TOP VIEW)
o Offset Voltage Temperature Coefficlent ... COMP2
5 pVv/°C Max for LM108A, LM208A, LM308A
® Supply Voltage Range ... £+2Vto 18V
® Applications:
Integrators
Transducer Amplifiers
Analog Memories
Light Meters NC — No internal connection
Pin 4 (L package) Is in electri
® Designed To Be Interchangeable with c(',r,'“ac(, vf,’i?ﬁ tﬁgega;_" electrcal
National LM108 Series and Linear
Technology LM108 Series symbol
description IN+ 3
d The LM108 series of precision operational S out
e ¥ amplifiers is particularly well-suited for high- T
source-impedance applications requiring low c omggMpz
input offset and bias currents as well as low
power dissipation. Unlike FET input amplifiers,
the input offset and bias currents of the LM108 series do not vary significantly with temperature. Advanced
design, processing, and testing techniques make this series a superior choice over previous devices. For
applications requiring higher performance, see the LT1008 and LT1012.
The LM108 and LM108A are characterized for operation over the full military temperature range of —55°C to
125°C. The LM208 and LM208A are characterized for operation from —40°C to 105°C. The LM308 and
| LM308A are characterized for operation from 0°C to 70°C.
AVAILABLE OPTIONS
Vies max PACKAGE
TA Al'f’zsfc SMALL OUTLINE | CERAMIC DIP | METAL CAN | PLASTIC DIP
(D) (JG) L (P)
0°C 10 70°C 0.5 mV LM308AD LM308AJG LM308AL LM308AP
0 7.5 mV LM308D LM308JG LM30sL LM308P
40°C 1o 105°C 0.5 mV LM208AD LM208AJG LM208AL LM208AP
- ot 2mv LM208D (M208JG LM208L LM208P
55°G 1o 125°C 0.5 mV LM108AD LM108AJG LM108AL LM108AP
- 0 2mV LM108D LM108JG LM108L LM108P
The D package Is avallable taped and reeted. Add the suffix R to the device type (e.g., LM308ADR).

PRODUCTION DATA documents contain Information Copyright © 1889, Texas Instruments Incorporated
currant as of publication date. Products conform to ]
specifications per the terms of Texas Insirumenis T

andard warranty, Productlon ﬂrocmlnu does not
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TEX'I-\S INSTI% (LIN/INT;C) B ESI-E )I;‘ - B‘IEL?EH DDBDS';I? 1 .
LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS 1-79-06-10

schematic ﬁ}

Vees

10k 310K

Q10 Q11

Q25

IN+ Q2
$2k 026:]“

2k
T\' 1928 2820
029 ) 24
64k 60K2500 1k
Vee-
All resistor values shown are nominal and in ohms. ﬁ)
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Voc.. (see Note 1): LM108, LM108A, LM208, LM208A ....................... 2V
. LM308, LM30BA .. ... ittt it 18V
Supply voltage, Vgc- (see Note 1): LM108, LM108A, LM208, LM20BA ...................... -20V
LM308, LMB0BA ... ...ttt -18V
Input voltage range, Vi (s8e NOt@ 2) . ... . viueneiii i 15V
Differential input current (see Notes 3and 4) ..........covviiiiiie e, +10 mA
Duration of output short-circuit at (or below) 25°C (see Note 5) ................oovvnnnt. unlimited
Operating free-air temperature range, Ta: LM108, LM108A ....................... -55°C to 125°C
LM208, LM20BA ............ciiiiiiinn —40°C to 105°C
LM308, LM30BA .............ciiiriiine, 0°C to 70°C
Storage temperature range .. ...o.vevreeertsttiinatest e iiiaaiae et as —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package .............. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG or L package.............. 300°C
NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vg4 and Voo-.
2, The magnitude of the Input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
3. The inputs are shunted with two opposite-facing base-emitter diodes for over-voitage protection. Therefore, excessive current will
flow If a differential input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used.
4. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
5. The output may be shorted to ground or either power supply.
)

2 Texas "’J
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TEXAS INSTR (LIN/INTFC) 25£ D WM 8951724 008058 3 W
' LM108, LM1UBA, LM208, LM208A
OPERATIONAL AMPLIFIERS

T-79-06-10
7 L __ ]
. electrical characteristics at specified free-air temperature, Vocc+ = *5 V to £20 V (unless
e otherwise noted)
LM108A, LM208A LM108, LM208
1- il 1]
PARAMETER TEST CONDITIONS TA MIN_ TYP MAX MIN_ TYP  MAX UNIT
25°C 03 05 0.7 2
Vio Input offset voltage Rg = 50Q Full range 3 3 mv
Temperature coefficient o
W0 of Input offset voltage Full range 1 5 3 15 | pv/eC
25°C 0.06 0.2 0.05 0.2
lio Input offset current Full range 04 04 nA
Temperature coefficient .
%10 of Input offset current Full range 05 25 05 25| pArC
25°C 0.5 2 0.5 2
s input bias current Full range 3 3 nA
v Commorrmode nput | - = 415V Full range | £13.5 185 v
ICR  yoltage range Cot = g ' '
Maximum peak output | Voot = 216V,
VoM voltage swing R = 10ka Full range 113 13 v
A Large-signal differential | Voo4 =215V, 25°C 80 300 50 300 VimV
VD voltage amplification | Vo =10V, R 2 10k | Full range 40 25
T Input resistance 25°C 30 70 30 70 MQ
cMpp  Sommon-mode Fulrange | 96 85 dB
rejection ratio
Supply-voltage rejection
ksvR ratio (AVoo.: / AVio) Fuli range 96 80 dB
25°C 03 0.6 03 0.6
= loo  Supply current 105°C, 125°C 0.4 0a| ™

tFull range Is —55°C to 125°C for the LM108 and LM108A and —40°C to 105°C for the LM208 and LM208A.

Texas WP 3
INSTRUMENTS
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TEXAS INSTR (LIN/INTFC)

LM308, LM308A
OPERATIONAL AMPLIFIERS

electrical ch

25E D

M 29L1724 0080599 5 WA

T-79-06-10

otherwise noted)

aracteristics at

specified free-air temperature, Voc+ =

5 V to £15 V (unless

LM308A LM308
t
PARAMETER TEST CONDITIONS TA WiN_ TYP MAX MIN TYP MAX UNIT
25°C 03 05 2 75
Vio Input offset voltage Rg = 60Q Full range 073 0 mV
Temperature coefficient .
WIO o input offset voltage Full range 2 5 & 30| wre
) 25°C 0.2 1 0.2 1
!
o nput offset current Full range 5 75 nA
Temperature coefficient .
o of input offset current Full range 2 10 2 10| pA°C
25°C 1.5 7 1.5 7
T:) Input bias current Full range o % nA
‘Common-mode input
= 15V
Vicr voltage range Voot = 315 Full range 14 14 v
Maximum peak output | Voot = %15V,
Voum voltage swing AL = 10kQ Full range +13 +13 '
A Large-signal differential | Voo =15V, 25°C 80 300 25 300 v/mv
VD voltage amplification Vo =%10V,R 210kQ | Full range 60 15
] input resistance 25°C 10 40 10 40 MQ
CMRR  Common-mode Full range 96 80 dB
rejection ratio
Supply-voltage rejection
ksvR ratlo (AVgos / AVio) Full range 96 80 dB
lcc Supply current 25°C 03 08 03 08 mA

tFull range is 0°C to 70°C.
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TEXAS ‘I&;TR'ﬁ(LIN/INTFC) E5E D [ ] BHEI7E” VUDSUI:UUV 4 1
LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

T-79-06-10
p . et
« TYPICAL CHARACTERISTICSt
: TEMPERATURE COEFFICIENT
EQUIVALENT INPUT OFFSET VOLTAGE OF EQUIVALENT INPUT OFFSET VOLTAGE
vs vs
MATCHED SOURCE RESISTANCE MATCHED SOURCE RESISTANCE
100 +—t+—=-t 1000 e
Voot = 215V » FVoet = 15V
40} TA = 25°C W © 400 TA = MIN to MAX
2 7 3
1
- 4
éa 10 / . ’/ 8 100 /
(2] ya
- i 3 i
- 4 L/ A ¢ 40 4
) e it // 2 j
&  |mios, Lm20 4 o At g | LM108, LM208] ’: af
5 | >
£  1}LM308A a AT,/ d é 10
| o ] " i
i S 04 F—LM108A, LM208A o “[[LM108A, LM208A
g
} 01 1
| 0.1 04 1 4 10 40 100 0.1 04 1 4 10 40 100
Rg ~ Source Reslstance -~ MQ Rg ~ Source Resistance - MQ
.
y FIGURE 1 ~ FIGURE 2
| LM108, LM108A, LM208, LM208A
INPUT BIAS and OFFSET CURRENTS SUPPLY CURRENT
Vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2 600
g VCCI:E = 215V
= 15
§ 500
3 1 g Ta = —-55°C
S~
g o5l T B = 400 —
5 g /
g 0 3 500 Ta = 25°C
a ¥ P g |
T o015 a | _— Ta = 125°C
£ 1200 ="
N 8
8 \\ -
§ 0.05 ] lio 100
5
-]
3 0 0
= 55 -35 -15 5 25 45 65 85 105 125 5 £75 %10 125 *15 %175 +20
' Ta — Free-Alr Temperature - °C Vec+ — Supply Voltage - V
4 FIGURE 3 FIGURE 4
\é‘
tData at high and low temperatures are applicable only within the rated operating free-alr temperature ranges of the various devices.
R _ ]
I}
TEXAS {P 5
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TEXAS INSTR (LIN/INTFO) 25E D mE 89L1724 0080601 T W
LM108, LM108A, LM208, LM208A, LM308, LM308A

OPERATIONAL AMPLIFIERS T-79-06-10
|
i — S— : _— P
‘ TYPICAL CHARACTERISTICS? /}
MAXIMUM PEAK OUTPUT VOLTAGE SWING MAXIMUM PEAK OUTPUT VOLTAGE SWING
Vs VS
FREQUENCY OUTPUT CURRENT
+16 15
T Vooe eV 1 [ TS| Ta= -85%C
[=] ™~ = 25°C o
P14 Ta= 25 £ 125 N\ §|;\
5 See Figure 13 ] TA= 25°C
g 12 gu Tp = 125°C \
g \ g 0
> +10 ‘>-
| 5 \ 5
1 § 8 § +7.5
-§ \Cf: SOPF\ Ct= 3pF =
o *6 o
: £ 15
E 14 E
] N a
= N N = +25
| 2 \\ N [
= N~ "N =
o LTI o Vees = £15V]
> o ' > J .
1k 10k 100 k 1™ 0 +1 +2 %3 *4 +5 +6 17 18 %9
f - Frequency — Hz g - Output Current — mA
FIGURE 5 FIGURE 6 fm)
DIFFERENTIAL VOLTAGE AMPLIFICATION ~
DIFFERENTIAL VOLTAGE AMPLIFICATION and PHASE DELAY
Vs VS
SUPPLY VOLTAGE FREQUENCY
120 120 195°
@ @ | |
© © Ct= 3pF Ci=3 pF/ /
( 1 100 - 5 165°
NENNERW/
g g 80 Avo \\\\ Cg = 100 pF 135°
= T = .
%110 Ta = 25°C g \ \Cf=30pF // 3
s _— . T €0 / 105° 8
e | _—~1 Ta=-sscC g AN S
& 105 - 8 \ \g PHASE g
(-} | a1 o o 4
> —| Tp = 125°C > 40 N\ DELAY{75° B
8 " g . )
£ 100}~ £ \ \ =
2 g 20 N 45°
£ g N
T o5 + ol Voo = t18V__| \ 15
e e Ta = 25°C Cs = 100pF, XJ
b < | SeeFlaure 13 Ct=30pF |\
90 - . X
. +5 +75 £10 125 +£15 %175 +20 1 10 100 1k 10k 100k iMm 10M
Voct — Supply Voltage — V f - Frequency - Hz
FIGURE 7 FIGURE 8
)
1pata at high and fow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
# I ]
6 TEXAS ‘V
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TEXAS INSTR (LIN/INTFC)

£5E D WM A9kLl724 0080L0O2 1 MM

LM108, LM108A, LM208, LM208A, LM308, LM3UBA

OPERATIONAL AMPLIFIERS

T-79-06-10

TYPICAL CHARACTERISTICS

SUPPLY VOLTAGE REJECTION RATIO
vs
FREQUENCY
120

| Voot = £15V
N\ POSTVESUPPLY | ,°C%,

Ta = 25°C
See Figure 13

100

IV
NN

2 NEGATIVE SUPPLIY\ ()\
o N S\

100 1k 10k 100k 1M 10M
f - Frequency - Hz

/
\

I\

ksvr — Supply Voltage Rejection Ratio — dB

CLOSED-LOOP OUTPUT IMPEDANCE
Vs
FREQUENCY

190 / /Av=1000 /Ay =1
< / Cf=0/ Ct= 30pF
TNV
| ,/
0.1 / Veet = 115\(

/ lo= +1mA
~ Ta = 25°C
0.01 L

See Figure 13
10 100 1k 10k 100k 1M 10M
f - Frequency — Hz

1000

l
Ay = 1000
Ct= 30p

Zo — Output Impedance ~ Q

FIGURE 9 FIGURE 10
EQUIVALENT INPUT NOISE VOLTAGE
Vs VOLTAGE FOLLOWER
FREQUENCY PULSE RESPONSE
1000 I EEEA] I 10 I ! |
Ig Voot = 215V Vee: = £15V
< FTA = 25°C 8L ¢ = 30pF
T 400 ] Ta = 26°C
b =
S p~=iiiRs = 1M g {\ INPUT I
[ 2 T\ |
2 100 g o) !
'§_ Rg = 100 kQ i 8 ! \ : OUTPUT
£ s 2 i T
g L\ '
.§ 40 P ;5._ —4 i—_-_\
= Rg=0 £
& ¥ -6
! -8
=
10 -10
10 100 1k 10k 100 k 0 20 40 60 80 100 120 140 160 180
f - Frequency -~ Hz t - Time — us
FIGURE 11 FIGURE 12
A _ ____]
I .
TEXAS ‘V 7
INSTRUMENTS
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) ESE - 8951724 0080L03 3 MW

1-79-06-10

TYPICAL APPLICATION DATA

frequency compensation

)

Figure 13 shows the frequency compensation circuits for standard compensation, alternate compensation, and
feed-forward compensation. The alternate compensation circuit improves supply voltage rejection by a factor

of ten.
IN- IN—
IN+ IN+
(see r?cfne A) I (see Note B)
(a) STANDARD (b) ALTERNATE

c2

5 pF

IL

L

R2

Rt 10 kQ
INLOKQ 2n.LM108

J L' {3k
c1
500 pF I10pF

(c) FEED-FORWARD

NOTES: A. C; = R1Cp /(R1 + R2), Co = 30 pF, bandwidth and slew rate are proportional to 1/Cy.

B. Bandwidth and slew rate-are proportional to 1/Cg.

FIGURE 13. FREQUENCY COMPENSATION CIRCUITS

input guarding

input guarding is used to reduce surface leakage
(see Figure 14). Both sides of the board must be
guarded. Bulk leakage reduction is less than
surface leakage reduction and depends on the
guard-ring width. The guard ring is connected to a
low-impedance point at the same potential as the
sensitive input leads. Connections for various op-
amp configurations are shown in Figure 15.

COMP2 s
Vee+ I COMP1 )

GUARD
w1 R2
FIGURE 14. INPUT GUARDING
out R1 R2
LM108
R3 L

— OUT ouT

L IN LM108 IN LM108

(a) INVERTING (b) FOLLOWER (c) NONINVERTING

FIGURE 15. GUARD RING CONNECTIONS FOR VARIOUS OP AMP CONFIGURATIONS

TE.XAS{‘

INSTRUMENTS
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TEXAS iNSTR V(VLIN/VINTFC)V E5E D M B':l;;'?VE'-IHDDBUEDH 5 -H
LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

o - 7 _ T-79-06-10
TYPICAL APPLICATION DATA

input protection

Current is limited by R2 even when the input is connected to a voltage source outside the common-mode range
[see Figure 16(a)]. If one supply reverses, current is controlled by R1. These resistors do not affect normal
operation. The input resistor controls the current when the input exceeds the supply voltages, when the power
for the op amp is turned off, or when the output is shorted [see Figure 16(b)].

R3

IN
{F&

10 kQ
>—<»—— out
r* LM108

R1 R1
10kQ N 10kQ — OUT

= LM108
(a) CURRENT LIMITED BY R1 OR R2 (b) CURRENT LIMITED BY Rt
FIGURE 16. INPUT PROTECTION

input offset voltage testing

The test circuit for input offset voltage is shown in Figure 17. This circuit is also used as the burn-in configuration
with supply voltages equal to 20 V, R1 = R3 = 10kQ, R2 = 200 Q, AV = 100.

£y

— Vo = 1000 Vio

NOTE A: Resistors must have low thermoelectric potential.
FIGURE 17. TEST CIRCUIT FOR INPUT OFFSET VOLTAGE

Texas P o
INSTRUMENTS
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TEXAS INSTR (LIN/INTfi’Ci)r E5ED - B‘ll:;lnfE'-l UdBDbUS 7 W
LM108, LM108A, LM208, LM208A, LM308, LM308A

OPERATIONAL AMPLIFIERS
T-79-06-10

TYPICAL APPLICATION DATA

C3 —
‘ 30 pF out

R4 3 Cc2 Q3 !

20MQ 1uF i:t° S$R2 R3

100kQ 3 102 kQ 5MQ
. L
NOTE A: Q1 and Q3 should not have internal
NOTEA: Ri = R2R3/(R2 + R3).

gate-protection diodes.

FIGURE 18. LOW-DRIFT INTEGRATOR FIGURE 19. AMPLIFIER FOR

BRIDGE TRANSDUCERS

WITH RESET
Ja  2me st
1% 1% 1% out
|N e AAA—E

R5 c
1 MQ% IWOPF

NOTE A: R2 > R1, R2>>R3,
Ay = R2(R3 + R4)/R1R3.

FIGURE 20. INVERTING AMPLIFIER
WITH HIGH INPUT RESISTANCE

FIGURE 21. AMPLIFIER FOR
PIEZOELECTRIC TRANSDUCERS

C2

1pF
(see Note A) L 3 2F

NOTEA: Ig = (R3)VYR1RS
R3 = R4 +R5

NOTES: A. Teflon, polyethylene, or poly-
carbonate dielectric capacitor.

B. Worst case drift is less than 2.5 mV/s. R1 = R2
FIGURE 22. SAMPLE-AND-HOLD FIGURE 23. BILATERAL
AMPLIFIER CURRENT SOURCE

10 ' EXAS “.’F
INSTRUMENTS
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TEXAS INSTR (LIN/INTFC)  25E D m 59L1724 D0A0LOL T MW
LM108, LM108A, LM208, LMZ0BA, LM3UY, LM3UBA
OPERATIONAL AMPLIFIERS

T-79-06-10

TYPICAL APPLICATION DATA

4

NOTEA: R1 = R4, R2 = R3,Ay = 1+ R1/R2

FIGURE 24. AMPLIFIER FOR FIGURE 25. DIFFERENTIAL-INPUT
PHOTODIODE SENSOR INSTRUMENTATION AMPLIFIER
C5
(see Note A)
—

£

NOTES: A, C5 = 6x 107 8/R¢

B. Power bandwidth = 250 kHz

C. Small-signal bandwidth = 3.5 MHz

D. Slew Rate = 10 V/us

E. The LM101 increases speed, raises high-
and low-frequency gain, increases output
drive capability, and eliminates thermal

feedback.
FIGURE 26. FAST SUMMING AMPLIFIER

Texas W “
INSTRUMENTS ,
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