DESCRIPTION

The LM108/108A series are precision oper-
ational amplifiers having specifications a
factor of ten better than FET amplifiers over
their operating temperature range. [n addi-
tion to low input currents, these devices
have extremely low offset voltage, making it
possible in most cases, to eliminate offset
adjustments.

The LH2108 series are hybrids featuring two
LM108A type dice in the same hermetic
package. The electrical parameters are the
same as the single ampilifier.
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PIN CONFIGURATIONS

LM108/A/208/A/308/A-F ,N,N-14,T
LH2108/A/2208/A/2308/A-F, N,N-14,T

F PACKAGE
NC E E NC
COMP 1 E E NC
"GUARD E E‘ cOMP 2

INVERTING [ 1l v
INPUYE :l

NON-
INVERTING 5 0] OuTPUT

NON-INVERTING | 5

F PACKAGE
v+ 1] [76] ouTPUT A

ouTPUT
comp a H2 [15] ne

INPUT D
compa L2 14] Ne

INVERTING 3
INPUT ]

NON-INVERTING
3] iNpuT B
77 INVERTING

INVERTING

INPUT OUTPUT

NON-INVERTING
INPUT

ORDER PART NO.
LM108AT, LM208AT, LM308AT,

LM108T, LM208T, LM308T

INPUT

INVERTING
INPUT E

NON-INVERTING

v 1]

! INPUT INPUT B
NPUT v- [&] INPUT COMP B
“GUARD E 9 NC
ne [7] 10] cUTPUT COMP B
v-[7] o] e OUTPUT B (9] v+
ORDER PART NO.
LM108AF, LM208AF, LM30BAF
LM108F, LM208F, LM308F ORDER PART NO.
LH2108F LH2108AF
*Unused pin (no internal connection) to atlow for L.H2208F LH2208AF
input anti-leakage. LH2308F LH2308AF
T PACKAGE N PACKAGE
COMP 2
COMP 1 vi COMP 1 E 3 COMP 2

[7] v+

B Dl o

ORDER PART NO.

LM308AN, LM108N, LM208N, LM308N

FEATURES LM108/208 | Lm3os | M108A/208A/
308A
Maximum input bias current 3.0nA over temp.| 7.0nA 3.0nA over temp.
Offset current Less than 400pA| Less Less than
over temp. than 400pA over temp.
1.0nA
Supply current (even in saturation) 300uA 300uA | 300uA
Guaranteed drift characteristics 5uV/°C

Offset voltage guaranteed

Low current error

LiM108, 208, 308, 108A Mil std 883A,
B,C available

LM108A Mil std M38510 (JAN) planned
LIH2108A series—military qualification
pending

Less than 0.5mV
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LM108/A/208/A/308/A-F N .N-14,T
LH2108/A/2208/A/2308/A-F ,N,N-14,T

EQUIVALENT SCHEMATIC

COMPENSATION COMPENSATION
Q1 o s
7
-0 v+
R4 < R5 Ré & & R7
20K S 20k 10KS S 10K
Q12
R9
} / L 3 2K e
Qar *— Q9 08 ———-KCHO Cl1/1*—— :, Re [e}] — at0
& 56K 200 6
] L. Q15 Q17 AAA O OUTPUT
— Q14 r"
oz} ka _'Q,,e 3%
L . ™ .
I’ ‘ g SO
2 J {
- O—q a1l Qz7 —_
z oot
e -——
oA~
sz——<
INPUTS Qa3 Q4
< R4
/o 9400
AAA l’/ozg
3 - P od N
o ¥ e
< R1 '\% R2
T 2K < 2K
Jr/OZB 022\}
OZQ\l »—KOZ4
(f > L >
tok & Sk b3
4
W AANAAN -0 V-
R19 R17 R15
6.4K 500 1K
ABSOLUTE MAXIMUM RATINGS
RATING
LH2108/LH2208
PARAMETER LH2108A/LH2208A LM308A/308 UNIT
LM108A/208A/ LH2308A/LH2308
108/208
Supply voltage +20 +18 A
Power dissipation1.4 500 500 mw
Differential input current2 110 +10 mA
Input voltage3 *15 +15 \
Output short-circuit duration Continuous Continuous
Operating temperature range
LM108, LH2108 -55 to +125 0 to +70 °C
LM208, LH2208 -25 to -85 °C
Storage temperature range -65 to +150 ~-65 to +150 °C
Lead temperature (soldering 10sec) +300 +300 °C
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LM108/A/208/A/308/A-F ,N,N-14,T
LH2108/A/2208/A/2308/A-F N,N-14,T

NOTES

1. The maximum junction temperature of the LM108/108A is 150°C, white that of the
LM208/208A is 100°C. For cperating at elevated temperatures, devices in the TO-5
package must be derated based on a thermal resistance of 150°C/W, junction to
ambient, or 45°C/W, junction to case. The thermal resistance of the duai-in-line
package is 100°C/W, junction to ambient.

2. The inputs are shunted with back-to-back diodes fo- overvoltage protection.
Therefore, excessive current will flow if a differential inpul voltage in excess of 1V is
applied between the inputs unless some limiting resistance is used.

3. Forsupply voltages less than 15V, the absolute maximur inputvoltage is equal to the
supply voltage.

4. The maximum junction temperature of the LM308 is 85°C. For operation at elevated
temperatures, devices in the TO-5 package must be derated based on a thermal
resistance of 150° C/W, junction to ambient, or 45°C/W, junction to case. The thermal
resistance of the dual-in-line package is 100° C/W, junction to ambient.

DC ELECTRICAL CHARACTERISTICS Ta=25°C, 5V < Vs < +20V unless otherwise specified.!.2

LM108/LH2108 LM208/LH2208
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Vos Offset voltage Rs < 10k NS 2.0 0.7 2.0 mv
Rs < 10k(}, over temp. 3.0 3.0 mV
Vos Drift Rg = QQ), over temp. 3.0 15 3.0 15 '7ade
los Offset current 0.05 0.2 0.05 0.2 nA
Over temp. 0.4 0.4 nA
los Drift Over temp. 0.5 2.5 0.5 2.5 |pA/°C
IBlAS Input current 0.8 2.0 0.8 2.0 nA
Over temp. 3.0 3.0 nA
Vem Common mode voltage range Over temp. +13.5 +13.5 \
CMRR Common mode rejection ratio Rs < 10k(), over temp. 85 100 dB
Rs < 10k}, -25 < TA < 85°C 85 100 dB
RIN Input resistance 30 70 30 70 MQ
Vout Qutput voltage swing RL = 10k{}, over temp. +13 +14 +13 +14 \
lcc Supply current 0.3 0.6 0.3 0.6 mA
Ta=+125°C 0.15 0.4 0.15 0.4 mA
PSRR Supply voltage rejection ratio Rs < 10k}, over temp. 80 96 80 96 dB
+5V < Vg < +15V, over temp.
Average temperature +5V < Vs < 15V, over temp. 3.0 15 3.0 15 uv/eC
Coefficient of input
Offset voltage?
Coefficient of input Over temp. 0.5 2.5 0.5 25 |pA/rC
Offset current +5V < Vg < 15V

NOTES

1. The maximum junction temperature of the LM1XX is 150° C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be derated based onthe
thermal resistance of the package as given in the package information section.

2. The LM108A has a guaranteed offset voltage less than 0.&mV at 25°C and 1.0mV for
-55°C < 125°C and Vs = +15V. The average temperature coefficient of input offset
valtage is guaranteed to be tess than 5uV/°C for these same conditians.
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DC ELECTRICAL CHARACTERISTICS

LM108/A/208/A/308/A-F N,N-14,T
LH2108/A/2208/A/2308/A-F,N,N-14,T

(Cont'd) Ta = 25°C, 25V < Vs < +20V unless otherwise specified.1.2

LM308/LH2308 LM108A/LH2108A
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max Min | Typ | Max
Vos Offset voitage Rs < 10kQ 0.3 0.5 mV
Rs < 10kQ, over temp. 1.0 mV
Rs = 10kQ, 5V < Vs < +15V 2.0 7.5 mV
Rs < 10k, £5V < Vg < 15V, 10 mvV
over temp.
Vos Drift Rs = 00, over temp. 1.0 5.0 |uV/°C
) Rs = 0}, £5V = Vg < 315V, 10 uV/°C
over temp.
los Offset current 0.05 0.2 nA
Over temp. 0.4 nA
+5V < Vg < £15V 0.2 1 nA
5V = V3 < 215V, over temp. 15 nA
los Drift Over temp. 0.5 2.5 |pA/°C
+5V < V3 < +15V, over temp. 2.0 10 pA/°C
lBiAs Input current 0.8 2.0 nA
Over temp. 3.0 nA
+5V < Vg < +15V 1.5 7.0 nA
Vg = +15V, over temp. 10 nA
VoM Common mode voltage range Over temp. +13.5 \
+5V < Vs < 215V, over temp. +14V \
CMRR Common mode rejection ratio Rs < 10kQ, over temp. 96 110 dB
Rs < 10k}, 35V < Vg < +15V, 80 100 dB
over temp.
Rin Input resistance 10 40 30 70 MQ
Vout Output voltage swing RL = 10k, over temp. +13 +14 \
5V < Vs < =15V, over temp. +13 14 \}
lcc Supply current 0.3 0.6 mA
Ta =+125°C 0.15 0.4 mA
Vs = 115V 0.3 0.8 mA
Pp Power consumption +5V < Vs < £15V 9.0 24 mwW
PsRR Supply voltage rejection ratio Rs < 10k(}, over temp. 96 110 dB
5V < Vg < £15V, over temp. 80 96 dB
Average temperature +5V < Vg < £15V, over temp. 1.0 5.0 |uV/eC
Coefficient of input 6.0 30 uV/eC
Offset voltage? uV/°eC
Coefficient of input Over temp. 0.5 25 |pA/rLC
Offset current +5V < Vg < £15V 2.0 10 pA/°C
NOTES
1. The maximum junction temperature of the LM1XXis 150° C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be derated based onthe
thermal resistance of the package as given in the package information section.
2. The LM108A has a guaranteed offset voltage less than 0.5mV at 25°C and 1.0mV for
-65°C < 125°C and Vs = =15V, The average temperature coetficient of input offset
voltage is guaranteed to be tess than 5uV/°C for these same condlitions.
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DC ELECTRICAL CHARACTERISTICS

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F N,N-14,T

(Cont'd) Ta = 25°C, 15V < Vs < £20V unless otherwise specified.1.2

LM208A/LH2208A LM308A/LH2308A
PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
Vos Offset voltage Rs < 10k} 0.3 0.5 0.3 0.5 mv
Rs = 10k}, over temp. 1.0 .75 mV
Vos Drift Rs = 04, over temp. 1.0 5.0 1.0 5.0 [uV/°C
los Offset current 0.05 0.2 1 nA
Over temp. 0.4 1.5 nA
los Drift Over temp. 0.5 2.5 2.0 10 |pA/°C
IBIAS Input current 0.8 2.0 1.5 7.0 nA
Over temp. 3.0 10 nA
Vem Common mode voltage range Over temp. *+13.5 A
+5Y < Vg < 15V, over temp. *14 \
CMRR Common mode rejection ratio
Rs < 10k}, -25 < Ta < 85°C 96 110 dB
Rg < 10kQ), £5V < Vg < 15V, 96 110 dB
over temp.
RIN Input resistance 30 70 MO
Rs < 10k{), 5V < Vg < 15V 10 40 MQ
Vout Output voltage swing RL = 10k, over temp. *13 +14 v
+5V < Vg < 15V, over temp. +13 +14 Vv
Icc Supply current 0.3 0.6 mA
Ta = +125°C 0.15 0.4 mA
Vg = +15V 0.3 0.8 mA
Po Power consumption +5V < Vs < +15V 9.0 24 mwW
PsRR Supply voltage rejection ratio Rs < 10k{}, over temp. 96 110 daB
+5V < Vg < +15V, over temp. 26 110 dB
Average temperature +5V < Vs < 15V, over temp. 1.0 5.0 uv/eC
Coefficient of input 1.0 5.0 {uV/°C
Offset voltage?
Coefficient of input Over temp. 0.5 2.5 pA/°C
Offset current 15V < Vg = +15V 2.0 10 [pA/°C
NOTES

1. The maximum junction temperature of the LM1XX is 150° C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be derated based on the
thermal resistance of the package as given in the package information section.

2. The LM108A has a guaranteed offset voltage less than 0.5V at 25°C and 1.0mV for
~55°C < 125°C and Vg = £15V. The average temperature coetficient of input offset
voltage is guaranteed to be lass than 54V/°C for these same conditicns.
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AC ELECTRICAL CHARACTERISTICS

LM108/A/208/A/308/A-F N,N-14,T

LH2108/A/2208/A/2308/A-F N,N-14,T

Ta = 25°C, 5V < Vg < £20V unless otherwise specified.

LM108/LH2108 LM208/LH2208 LM308/LH2308
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
AvoL  Large signal voltage gaint RL. = 10kQ 50 | 300 50 | 300 v/mV
Over temp. 25 25 V/mv
Vs = 15V, Vourt = £10V, 25 | 300 v/mvV
RL = 10k 15 v/mV
Over temp.
NOTE
1. The maximum junction temperature of the LM1XXis 150° C, while that of the LM2XX is
200°C. For operating at elevated ternperatures, devices must be derated based on the
thermal resistance of the package as given in the package infarmation section.
AC ELECTRICAL CHARACTERISTICS (Contd) Ta = 25°C, +5V < Vs < +20V unless otherwise specified.
' LM108A/LH2108A| LM208A/LH2208A |LM308A/LH2308A
PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
AvoL  Large signal voltage gain' RL = 10k 80 | 300 80 | 300 V/mv
Over temp. 40 40 v/mv
Vs = 15V, VouTt = £10V, 80 | 300 v/mv
RL = 10k 60 V/mv
Over temp.
NOTE
1. The maximum junction temperature of the LM1XX s 150°C, while that of the LM2XX is
200°C. For operating at elevated temperatures, devices must be «lerated based onthe
thermal resistance of the package as given in the package information section.
TYPICAL PERFORMANCE CHARACTERISTICS Lm108/208
INPUT CURRENTS OFFSET ERROR DRIFT ERROR
2.0 100 T 1000 T T7 1
Ta=26"C -BI°C < Tp < 125°C |
15 \ —
10 < - 1
BIAS g mw / 5 100 d
E 5 — E MAXIMUM ;3 L/
2o O an % 7~
> =5 2 7
§ 15 z Tvrca 4’ i ,/rvwcAL
z 50 £ w e
5 Lt
p . —
\\ OFFSET § —
s - ——
o 0.1 10
-55  -35 -15 5 25 45 65 85 W5 125 100K ™ oM 100M 100K 1 10M 100M
TEMPERATURE - “C INPUT RESISTANCE - §2 INPUT RESISTANCE - §2
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TYPICAL PERFORMANCE CHARACTERISTICS LMm108/208 (Cont'd)

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F N,N-14,T

INPUT NOISE VOLTAGE

POWER SUPPLY REJECTION

CLOSED LOOP OUTPUT IMPEDANCE

1 10 100 1K 10K 100K M TOM

FREQUENCY — Hz

FREQUENCY - Hz

1000 120 103 T
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A Av=t 102 2
7 B
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80 N — . N y)
5 2 \ \\ i \\ y
] Tt Ag =M » 3 w Z
- 2 10!
2 I e S é 60 \ X H \ 7 74
; 100 g \ i~ NEGATIVE SUPPLY f; \\‘l /
2 Ry = 100K & w 3 = Ay = 1000,Cy = OpF /
> — 5 100
z — || > N 2 10
g Pl £ \ N 8 /
b —Rs =0 20 \Y " pd ] /
[P v — 4 Ta=25C
c;= 100pF met = = \\\/ / 10°1 lout = * ImA——j
A Vg =115V
! A~ — \//
0 -20 10°2
0 100 1K 10K 100 1 10 100k ™ 10M 10 100 1® 10K 100K ™ oM
FREQUENCY — Hz FREQUENCY - Hz FREQUENCY - Hz
VOLTAGE GAIN OUTPUT SWING SUPPLY CURRENT
120 T 600
Vg - 15V
15 = — w00 | —
Ta=25°C S —~————
110 l/A*/L— \\ —— - | Ta = -56°C
Ta=-56C 9400
? / . |t 7 \ .j
z /-— @ 10 ~ 2
3 1 g 3 Ta=25'C -
i " e Ta=-55°C £ 300 e
2 Th = 1257 5 c //
3 : 1 1 L
$ 3 \u:zsx ‘ 8 Ta=125C
7 200
5 |1
% \ L
Tp=125°C
cr=0 — 100
2100 Hz \
0
5 10 15 20 2 4 6 8 10 5 10 15 20
SUPPLY VOLTAGE — v OUTPUT CURRENT - £mA SUPPLY VOLTAGE — -V
OPEN LOOP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE VOLTAGE FOLLOWER PULSE
RESPONSE
120 T 195 16 +10
SNEREZY 1]
b N l'[l e A 3\ v:: 2OV
Cp=3pF ,I I
\ \ ,I 5 INPUT
80 / 138 ! - r—T=
\ /Ti Cy = 3pF,
2 \ \ 7 Ut -0 > \
i ® N7 wE g \ \
g - ‘\/ I fi
g \ S £ s = To0er § = 2
i OUTPUT
E 1) NN 70 E ] E; )
g i s :
20 \ & Ot - 30eF \
N . L.\
N -
° 15 I 1
GAIN ——} cs= mopk Ce = 30pF ~
PHASE = 4= — N I I
-2 ° 10
*® 10K 100k ™ 0 20 40 &0 80 100 120 140 160

TIME - 5
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TYPICAL PERFORMANCE CHARACTERISTICS LM308

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F N,N-14,T

INPUT CURRENTS

OFFSET ERROR

SUPPLY VOLTAGE -V

1000 ‘ [ I l
a
S Ta = 25°C —
3 b
w
o]
«
2 g 2 A
BIAS 2 ‘00
< ‘ 3 > //
]
e &
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3 S 3 ~
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5
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B 5 A
" 3
5 &
10 |t
0 10
0 10 2 30 40 S0 6 70 80 100k ™ 1M 100M
TEMPERATURE - C INPUT RESISTANCE - 52
INPUT NOISE VOLTAGE POWER SUPPLY REJECTION
1000 120
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N
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o e 20 N \ V'/
Cp= 30pF amme] Y
Cg = 100pF suw = =m //
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5 r 2 1
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[
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0
5 10 15 20 4 2 ¢ 6 8
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DRIFT ERROR
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3
g
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INPUT RESISTANCE - 2

CLOSED LOOP OUTPUT IMPEDANCE
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SUPPLY CURRENT
400
350
Ta = 25°C
300 A
//
250 ,/‘ Ta = 70°C
—
5 o
w /
£ 200
2
s
>
]
& 150
5
2
100
50
°
3 10 15 20

SUPPLY VOLTAGE - V

Sifjnetics

47




TYPICAL PERFORMANCE CHARACTERISTICS LM308 (Contd)

LM108/A/208/A/308/A-F,N,N-14,T
LH2108/A/2208/A/2308/A-F N,N-14,T

120

OPEN LOOP FREQUENCY RESPONSE

[
c.:apﬂ\,‘/l/

NNEAN
100 \ \ R III;/
RN A

N\

60 \\

40 NN

] N

VOLTAGE GAIN — dB

e

¢ =30 pF

GAIN ——t—

PHASE — +— —

Cg =100 pF

1 100 1K 10K 100K 1M 1oM

FREQUENCY — H2

a5

($338930) v 1 ISYH

QUTPUT SWING -V

LARGE SIGNAL FREQUENCY RESPONSE

VOLTAGE FOLLOWER PULSE

6 } | | ’ ‘ +10
T 7] T
Vg = 5V T
+6
1z INPUT
— -
€= 3pF

2 \
g 2
z
H \

g w
4
z \OUTPUT
32
3
s

€y = 30pF \
4 L...-._\
\ -® I Ta=25¢" ]
Vg - +15V
~J C=30pF |
\\‘\
]
[} -10
1% 10k 100k ™ 0 20 40 60 80 100 120 140 160

FREQUENCY - Hz

TIME -8

TEST LOAD CIRCUITS

STANDARD COMPENSATION
CIRCUIT

“Vin

—0O Vourt
Vin

R1 Cq
= mieR2
G Co = 30pF

ALTERNATE FREQUENCY
COMPENSATION

+Vin

Improves rejection of I
power supply noise by ~
a factor of ten.

48

sifnotics



