National
Semiconductor

LM108AJAN

Operational Amplifiers
General Description

The LM108 is a precision operational amplifier having speci-
fications a factor of ten better than FET amplifiers over a
-55°C to +125°C temperature range.

The devices operate with supply voltages from +2V to 20V
and have sulfficient supply rejection to use unregulated sup-
plies. Although the circuit is interchangeable with, and uses
the same compensation as the LM101A, an alternate com-
pensation scheme can be used to make it particularly insen-
sitive to power supply noise and to make supply bypass
capacitors unnecessary.

The low current error of the LM108 makes possible many
designs that are not practical with conventional amplifiers. In
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fact, it operates from 10 MQ source resistances, introducing
less error than devices such as the 709 with 10 kQ sources.
Integrators with drifts less than 500 pV/sec and analog time
delays in excess of one hour can be made using capacitors
no larger than 1 pF.

Features

® Maximum input bias current of 3.0 nA over temperature
m Offset current less than 400 pA over temperature

m Supply current of only 300 pA, even in saturation

®m Guaranteed drift characteristics

Ordering Information

NS PART NUMBER SMD PART NUMBER NS PACKAGE NUMBER PACKAGE DISCRIPTION
JL108ABGA JM38510/10104BGA HO8C 8LD Metal Can
JL108ABPA JM38510/10104BPA JO8BA 8LD CERDIP
JL108ABCA JM38510/10104BCA J14A 14LD CERDIP
JL108ABHA JM38510/10104BHA W10A 10LD CERPACK
JL108ABZA JM38510/10104BZA WG10A 10LD Ceramic SOIC
JL108ASGA JM38510/10104SGA H08C 8LD Metal Can
JL108ASPA JM38510/10104SPA JO8A 8LD CERDIP
JL108ASCA JM38510/10104SCA J14A 14LD CERDIP
JL108ASHA JM38510/10104SHA W10A 10LD CERPACK
Connectlon Dlagrams Dua'-ln-l_ine Package
Metal Can Package
9 1 U 8
COMP 2 COMP —— p—— COMP 2
INPUT ~ —zj L
L
OUTPUT INPUT * ——f p— QUTPUT
v~ —44 J NC

20129413
*Package is connected to Pin 4 (V7)

**Unused pin (no internal connection) to allow for input anti-leakage guard
ring on printed circuit board layout.

See NS Package Number HO8C

20129415
Top View
See NS Package Number JOBA
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LM108AJAN

Connection Diagrams (Continued)
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Top View

Schematic Diagram
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See NS Package Number J14A
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NC I:1 ° 10:I COMP 1

NC |:2 9:I COMP 2
INPUT—|:i LM108W ::I V+
INPUT+ ] ] OUTPUT
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20129417
Top View
See NS Package Number W10A, WG10A
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Compensation Circuits

Standard Compensation Circuit

R1 R2
“Vin MV

R3 3
iy —AMW———

R1Co

f =
R1 + R2

Co = 30 pF
**Bandwidth and slew rate are proportional to 1/C¢

INPUT

Alternate Frequency Compensation
(Note 1)

R1 R2
-Vin ‘NT

Vv
Vout R3 3 ouT

Wiy —MW——

™

20129401 20129402
**Bandwidth and slew rate are proportional to 1/Cg

Note 1: Improves rejection of power supply noise by a factor of ten.

Feedforward Compensation

c2

5 pF
11

| R

ouTPUT

500 pF

20129403
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LM108AJAN

Absolute Maximum Ratings (Note 2)

Supply Voltage
Power Dissipation (Note 3)
Metal Can 8LD
CERDIP 14LD
CERDIP 8LD
CERPACK 10LD
Ceramic SOIC 10LD
Differential Input Current (Note 4)
Differential Input Voltage(Note 6)
Input Voltage (Note 5)
Output Short-Circuit Duration
Operating Temperature Range
Storage Temperature Range
Thermal Resistance
9JA
Metal Can 8LD Still Air
500LF / Min Air Flow
CERDIP 14LD Still Air
500LF / Min Air Flow
CERDIP 8LD Still Air
500LF / Min Air Flow

CERPACK 10LD Still Air
500LF / Min Air Flow

Ceramic SOIC 10LD Sitill Air
500LF / Min Air Flow

Bc

Metal Can 8LD

CERDIP 14LD

CERDIP 8LD

CERPACK 10LD

Ceramic SOIC 10LD
Package Weight (typical)

Metal Can 8LD

CERDIP 14LD

CERDIP 8LD

CERPACK 10LD

Ceramic SOIC 10LD
Maximum Junction Teperature

Lead Temperature (Soldering, 10 sec)

ESD Tolerance (Note 7)

+22V

330mW @ +125°C
400mW @ +125°C
400mW @ +125°C
330mW @ +125°C
330mW @ +125°C
+10 mA

+30V

+20V

Continuous

-55°C <Tp< +125°C
-65°C <Tp< +150°C

150°C/W
86°C/W
94°C/W
55°C/W
120°C/W
68°C/W
225°C/W
142°C/W
225°C/W
142°C/W

38°C/W
13°C/W
17°C/W
21°C/W
21°C/W

990mg
2,180mg
1,090mg
225mg
210mg
175°C
300°C
2000V
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Quality Conformance Inspection
Mil-Std-883, Method 5005 - Group A

Subgroup Description Temp (°C)
1 Static tests at +25°C
2 Static tests at +125°C
3 Static tests at -55°C
4 Dynamic tests at +25°C
5 Dynamic tests at +125°C
6 Dynamic tests at -55°C
7 Functional tests at +25°C

8A Functional tests at +125°C
8B Functional tests at -55°C
9 Switching tests at +25°C
10 Switching tests at +125°C
11 Switching tests at -55°C

LM108A Electrical Characteristics
DC Parameters

The following conditions apply to all the following parameters, unless otherwise specified.
DC: +Vgg = +20V, =Vc = =20V, Ve = 0V, Rg = 50Q

Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
Vio Input Offset Voltage +Vee =35V, -V = -5V, -05 | 05 mV 1
Vem = -15V -1 1 mV 2,3
+Vee =5V, -V = -35V, -05 | 0.5 mV 1
Veum = 15V -1 1 mV 2,3
-05 | 05 mV 1
-1 1 mV 2,3
+Vge = +5V, -Vge = -5V -05 | 0.5 mV 1
-1 1 mV 2,3
Delta V|, / | Temperature Coeffient of Input [25°C < T, < +125°C (Note 8) -5 5 pv/eCc 2
Delta T Offset Voltage 25°C < T, <-55°C (Note 8) | -5 5 pv/°c 3
lio Input Offset Current +Vee =35V, -Vge =-5V, -0.2 | 0.2 nA
Vow = -15V 0.4 | 04 nA 2,3
+Vee =5V, -V = -35V, -02 | 0.2 nA 1
Vom = 15V 04 | 04 nA 2,3
-02 | 0.2 nA 1
-04 | 04 nA 2,3
+Vee = 45V, -Vge = -5V -02 | 0.2 nA 1
-04 | 04 nA 2,3
Delta I, / | Temperature Coeffient of Input [25°C < T, < +125°C (Note 8) | -25 | 2.5 pA/°C 2
Delta T Offset Current 25°C < Tp<-55°C (Note 8) | -25 | 25 pA/°C 3
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LM108AJAN

LM108A Electrical Characteristics (continued)

DC Parameters (Continued)
The following conditions apply to all the following parameters, unless otherwise specified.

DC: +VCC = +20V, _VCC = —20V, VCM = OV, Rs = 50Q

Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
*lg Input Bias Current +Vee =35V, -Vge = -5V, -0.1 2 nA 1
Vem = -15V -1 2 nA 2
-0.1 3 nA 3
+Vee =5V, -Vge =-35Y, -0.1 2 nA 1
Vewm = 15V -1 2 nA 2
-0.1 3 nA 3
-0.1 2 nA 1
-1 2 nA 2
-0.1 3 nA 3
+Vee = +5V, Ve = -5V -0.1 2 nA 1
-1 2 nA 2
-0.1 3 nA 3
+PSRR Power Supply Rejection Ratio | +Vge = 10V, -V = -20V -16 16 v/ v 1,2, 3
-PSRR Power Supply Rejection Ratio | +Ve =20V, -Vgc = -10V -16 16 v/ v 1,2, 3
CMRR Common Mode Rejection Ratio | Vg = =15V 96 dB 1,2, 3
+los Short Circuit Current +Vee = +15V, -V = -15V, 20 mA 123
t <25mS
—los Short Circuit Current +Vee = +15V, -V = -15V, 20 mA 123
t < 25mS
lee Power Supply Current +Vee = +15V, -V = -15V 0.6 mA 1,2
0.8 mA 3
+Vop Output Voltage Swing R, = 10KQ 16 \ 4,5, 6
—Vop Output Voltage Swing R, = 10KQ -16 \ 4,5, 6
+Avs Open Loop Voltage Gain R = 10KQ, V5 = +15V (Note 9) 80 VimV 4
(Note 9) 40 V/mV 5,6
—Avs Open Loop Voltage Gain R, = 10KQ, V5 = -15V (Note 9) 80 V/mV 4
(Note 9) 40 V/mV 56
Avs Open Loop Voltage Gain ;\L/C:C:O:SVVO oy (Note 9) 20 V/mV 45,6
AC Parameters
The following conditions apply to all the following parameters, unless otherwise specified.
AC +Vg = 420V, -V = —20V, Vg = 0V, Rg = 50Q
Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
TR Transient Response Rise Time | R, = 10KQ, C, = 100pF,

" " < 1KHz, Vi = +50m\F/’ 1000\ nS 17 8A 8B
TR Transient Response Overshoot | R_ = 10KQ, C, = 100pF,

OS ’ f < 1KHz, V, - +50m\F/) %0 % 7.8A, 8B
+SR Slew Rate Ay =1,V,=-5V to +5V 0.05 V/uS 7, 8A, 8B
-SR Slew Rate Ay =1,V,=+5V to -5V 0.05 V/uS 7, 8A, 8B
Nlgg Noise Broadband BW = 10Hz to 5KHz, Rg = 0Q 15 pVrms 7
Nlpc Noise Popcorn BW = 10Hz to 5KHz, 40 UVpk 7

Rs = 100KQ

www.national.com




LM108A Electrical Characteristics (continued)
DC Parameters Drift Values

The following conditions apply to all the following parameters, unless otherwise specified.
DC +Vge =420V, =V = —20V, Vg = 0V, Rg = 50Q
Delta calculations performed on JAN S devices at group B, Subgroup 5 only.

Sub-
Symbol Parameter Conditions Notes Min | Max Units Y
groups
Vio Input Offset Voltage -0.25| 0.25 mV 1
*lg Input Bias Current -05 | 05 nA 1

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test
conditions.

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tymax (maximum junction temperature), 6,4 (package
junction to ambient thermal resistance), and T (ambient temperature). The maximum allowable power dissipation at any temperature is Ppmax = (Tymax - Ta) /634
or the number given in the Absolute Maximum Ratings, whichever is lower.

Note 4: The inputs are shunted with back-to-back diodes for over voltage protection. Therefore, excessive current will flow if a differential input voltage in excess
of 1V is applied between the inputs unless some limiting resistance is used.

Note 5: For supply voltages less than £20V, the absolute maximum input voltage is equal to the supply voltage.

Note 6: This rating is +1.0V unless resistances of 2KQ or greater are inserted in series with the inputs to limit current in the input shunt diodes to the maximum
allowable value.

Note 7: Human body model, 1.5 kQ in series with 100 pF.
Note 8: Calculated parameter
Note 9: Datalog reading in K = V/mV
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LM108AJAN

DRIFT ERROR {uV/’C) INPUT CURRENT (nA)

SUPPLY REJECTION (dB)

VOLTAGE GAIN (dB)

Input Currents

Typical Performance Characteristics
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Voltage Gain
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20129424

EQUIVALENT INPUT OFFSET VOLTAGE (mV)

1
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-
=)
=
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10° ~
- A Y/
~ /, /<
w X ]
\7 y
\J ). AVI=1,Cf—TSIIpF
100 A Ay = 1000, Cf = 0 pF
/ Ay = 1000, ¢ = 30 pF
I |
L Ta=25C 1
g/ lgur = *1 mA
Vs = H15V
102
10 100 1K 10K 100K 1M 10M
FREQUENCY (Hz)
20129423
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Typical Performance Characteristics (continued)

Supply Current

Ta=-55°C

400
Ta- 25°C

3oe

Ta= 125°C
200 A
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—
el
-

[TAVAN

SUPPLY CURRENT (uA)
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L]

SUPPLY VOLTAGE (tV)

20129426

Large Signal
Frequency Response

16
< Ta=25°C
\ ‘ Vg = *15V
-~ 12 H
z C¢=3pF
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z
8 T
§ Cf = 30 pF
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2
2
g
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N
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1K 10K 100K ™
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20129428

Typical Applications
Sample and Hold

v R1
™

INPUT

120

40

20

VOLTAGE SWING (V)

(seas6ap) Oy ISYHY

20129427

SAMPLE

Cc2
30 pF

FTeflon polyethylene or polycarbonate dielectric capacitor
Worst case drift less than 2.5 mV/sec

Open Loop
Frequency Response
] I
1 = 180
D G L b
L /
\\\ l.s=lllupr\ 7] 135
AN \\ D,
i 90
NN Cf = 30 pF
| GAIN = NN .
N
| PHASE o= e M,
Cs =100 pF
Cf=3llpF’/- 0
1 10 100 1K 10K 100K 1M 10M
FREQUENCY (H2)
Voltage Follower
Pulse Response
10
8
E -
4 —
INPUT
2
OQUTPUT
0
-2 \
- =25°C
\ A
6 = Vg = +15V _|
Ct = 30 pF
N 1]
-10
0 20 40 GO 80 100 120130160
TIME {us)
20129429
OUTPUT
20129404
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LM108AJAN

Typical Applications (continued)

High Speed Amplifier with Low Drift and Low Input Current

Rin Re
INPUT e AAA,~——@- ANV ouTPUT
002 pF
2
>
15[]K§ 150K
S 3
5K
002 uF
2
6
LM108
3
+ 8
100 pF
150K I
20129405

Fast Summing Amplifier (Note 10)
C5%

[ |
1
AMA—

Rs

INPUT

c1
150K 0.002 uF

| |
11

OUTPUT

20129412

*In addition to increasing speed, the LM101A raises high and low frequency gain, increases output drive capability and eliminates thermal feedback.

Note 10: Power Bandwidth: 250 KHz
Small Signal Bandwidth: 3.5 MHz
Slew Rate: 10V/uS
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Revision History Section

Date

Released Revision Section Originator Changes
02/25/05 A New release, corporate format L. Lytle 1 MDS data sheets converted into one
Corp. datasheet format. MULM108A-X Rev
2A0. MDS will be archived.
01/05/06 B DC Electrical’'s R. Malone | All temps. +los from -15 mA Min to -20

mA Min and -los from +15 mA Max to +20

mA Max

www.nhational.com
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LM108AJAN

PhySiCﬁ' Dimensions inches (millimeters) unless otherwise noted

REFERENCE PLANE\
500 MIN——e— 1732 010
5 .1305.015 ! (2.7 t4.45%0.25)
£373%0.38) n
—Cc
SEATING PLANE
@.325+.010
£8.2640.251
i
037+.008
[0.94%0.2)
017520015 TYP =
£0.4450.038)
[
to8

015-.040 -

10.38-1.02)
025 MAX -

0. 64

R
CONTROLLING DIMENSION 1S INCH NN BT
VALUES IN'['] ARE IN' MILLIMETERS HO8C (Rev F)

Metal Can Package (H)
NS Package Number HO8C

I — MAX ———

.400
[10.161

s Bk W e

(310 MAX
(7.871
R.025
{064
CONTROLLING DIMENSION IS INCH
VALUES IN [ | ARE MILLIMETERS
R.010 TYP L\_rl Lu-] L\_rl Lu-l
(0.251 1 2
8X .055% 010 .290-.320 ——f
f1.4%0.25) [7.37-8.13)
180 MAX
200 MAX TYP —
R | | (4573
0 2 L 020-.060 9y 25
8X .125-.200  °Jyp ;029-.080 TYp
(3.18°5.081 9.51-1.
—sx 0182003
[0.46%0.071 .310-.410
(7.87-10.41)
055 MAX TYP —

[1.40]

Ceramic Dual-In-Line Package (J)
NS Package Number JOSA

—GLASS SEALANT

.010%,
*

JO8A (Rev M)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

. 185 MAX
[19.94]

14 8
MMt
R.025
to.su\ 310" wax

(1.871

A AV AV ALY

CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS

R.020 MAX TYP
[0.51)

—— — .290-.320 —f
.180 MAX
14X .125-.200 90° £4° 020-.060 95° +5°
[3.18-5.08) TYP £0.51-1.52) . — 14X ,010+.002
TYP {0.25%0.05]

" y
| | ~l—14x 018,003
i il [0.460.07] [7.38‘70--1.0“401]
1098 MAX TYP —fe—sfe——=}—12x .100+.010 : :
[2.491 [2.54%0.25]
J14A (Rev J)
Ceramic Dual-In-Line Package (J)
NS Package Number J14A
—————— 270 MAX ————f
.?05 ,24;"_~| 16.86)
0.1
TYP 0 - &
4 N
,410%.010
[10.41+0.25)
) .2412:080
_/ [6.12:3:33
SUPPLIER
OPTION
. H H J
LEAD #1 IDENT: ! !
] i
L010%,002 J L
[0.25%0.05) i { .,017%.002 TYP
[0.43%0.05)
,050%.002 TYP
[1.27%0.05) s o0
r -[070-10200 2
1.78%%:
0-30 (R.015 TYP)
\ {0.38)
-
— 11 0°-4°TYP
S].004 (013 4
H
045 MAX ——| L.ooa:.ou 006+, 002 TYPJ
[1.14] [0.2%0.1] .040%.003 [0.15+0.05]
TYP SEATING PLANE: [1.0230.07)
TYP
CONTROLLING DIMENSION IS INCH
VALUES IN [ | ARE MILLIMETERS WGH0A (Rev C)

S.0. Package (WG)
NS Package Number WG10A
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LM108AJAN Operational Amplifiers

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

+.0

e 005 MIN TYP —
.045

“026 ] 0

f=— .27 MAX —=f

.27 MAX
GLASS

PIN #1 \D/

1

.005£.001 TVP‘—IL .010:.002—J

5
‘JLlOX 017£.002

.045 MAX TYP —= l‘——l—BX .050%.005

DIMENSIONS ARE IN INCHES

W10A (Rev H)

Ceramic Flatpack Package (W)
NS Package Number W10A

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain

no “Banned Substances” as defined in CSP-9-111S82.
Leadfree products are RoHS compliant.

National Semiconductor National Semiconductor

Americas Customer Europe Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86
Email: new.feedback@nsc.com Email: europe.support@nsc.com
Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208

English Tel: +44 (0) 870 24 0 2171
www.nhational.com Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor National Semiconductor

Asia Pacific Customer Japan Customer Support Center
Support Center Fax: 81-3-5639-7507

Email: ap.support@nsc.com Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560
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