General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM158 series can be directly operat-
ed off of the standard + 5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

Unique Characteristics

W In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

B The unity gain cross frequency is temperature
compensated.

B The input bias current is also temperature
compensated.
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LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

Advantages

B Two internally compensated op amps in a single
package

B Eliminates need for dual supplies

| Allows directly sensing near GND and Voyt also goes
to GND

m Compatible with all forms of logic

W Power drain suitable for battery operation

B Pin-out same as LM1558/LM1458 dual operational
amplifier

Features
m Internally frequency compensated for unity gain
W Large dc voltage gain
m Wide bandwidth (unity gain)
(temperature compensated)

m Wide power supply range:

Single supply 3V to 32V

or dual supplies +1.5V to 16V
B Very low supply current drain (500 uA)—essentially in-
dependent of supply voltage
Low input offset voltage 2mV
Input common-mode voltage range includes ground
Differential input voltage range equal to the power sup-
ply voltage
| Large output voltage swing

100 dB
1 MHz

OVtoV+t — 1.5V

Connection Diagrams (top views)

Metal Can Package

OUTPUT A ouTPUT B
INVERTING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

GND

TL/H/7787-1
Order Number LM158AH, LM158AH/883*,
LM158H, LM158H/883*, LM258H or LM358H
See NS Package Number HO8C

*LM158 is available per SMD #5962-8771001
LM158A is available per SMD #5962-8771002

DIP/SO Package

.B_\ﬂ’

OUTPUTA

2 7
INVERTING INPUT A —= = OUTPUT B

NON-INVERTING __3

INPUT A INVERTING INPUT B

5 NON.INVERTING
INPUT B

GND

TL/H/7787-2
Order Number LM158J, LM158J/883*,
LM158AJ or LM158AJ/883*

See NS Package Number JOBA
Order Number LM358M, LM358AM or LM2904M

See NS Package Number MO8SA
Order Number LM358AN, LM358N or LM2904N

See NS Package Number NOSE

©1995 National Semiconductor Corporation TL/H/7787
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Typical Performance Characteristics

Input Voltage Range
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Typical Performance Characteristics (continued) (LM2902 only)

Input Current
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Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpg. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpc.

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accomodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
than V+ without damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than —0.3 Vpg (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost tran-
sistors can be used to extend the power capability of the
basic amplifiers. The output voltage needs to raise approxi-
mately 1 diode drop above ground to bias the on-chip verti-
cal PNP transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

Voltage Gain

160 l [
) R, =20k
= 120
2 }'
3 > Ri=2.0k0 —]
w
2 %
5
=3
>
I
3 40
>
<

] 10 20 30

V* - SUPPLY VOLTAGE (Vpc)
TL/H/7787-5

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the ampilifier.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 Vpg to 30 Vpc.

Output short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V+/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.
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Typical Single-Supply Applications v+ = 5.0vpc)

Non-Inverting DC Gain (OV Input = 0V Output)

B — — — — — —
@
(=
S
(=3
2
B
R
GAIN= 1+ _2
R1
R1 *R not needed due to _
10k temperature independent Iy = 101 (AS SHOWN)
= TL/H/7787-6 0 Vin (mV)
TL/H/7787-7
DC Summing Amplifier
(Vin's = 0 Vpc and Vg = 0 Vpg) Power Amplifier
R R1
100k 910k
W, 0 MV
V2 O
R ?Oﬂk oV
100k @
R —
100k = N Vo
+V.
: 100k Vin Vo = 0 VpG for Viy = 0 Vpc S 5
MWy ) Ay = 10 L
+V,
R =
100k

TL/H/7787-8 TL/H/7787-9
Where: Vo = V{ + Vo + V3 + Vg4

(V1 + Vo) = (V3 + Vy) to keep Vo > 0 Vpg

“BI-QUAD” RC Active Bandpass Filter

R1
100k
MW

R3 2’
100k

1/2 LM158

R7

fo = 1 kHz 100k
Q=50

Ay = 100 (40 dB)

R8

+
c3
100k 104F T

TL/H/7787-10
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Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

Fixed Current Sources Lamp Driver

TL/H/7787-12

Current Monitor

R1* I
0.1 —
— ( R1 ) VLo
- == |h
R2 TL/H/7787-11 R
. R2
LED Driver 100 -
O
20 mA
=
— -
82 c;
O Vo = V)
Vo 1A
TL/H/T787-13 R3 (Increase R1 for I small)
1k V£ VH —2v
Driving TTL —

TL/H/7787-14

Pulse Generator

R1

™ IN914

TL/H/7787-15 0.001.F

TL/H/7787-17
TL/H/7787-16
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Squarewave Oscillator

R1
100k

C A A A
0.001.F M

R2
150k

- TL/H/7787-18

Low Drift Peak Detector

Typical Single-Supply Applications (v+ = 5.0 vp) (Continued)

Pulse Generator

R1

30k IN914

- TL/H/7787-19

(POLYCARBONATE OR
POLYETHYLENE) =

2N929*

*hi g AT 100 nA

2% l

HIGH Z)y
LOW Zout

High Compliance Current Sink

+Vin On

AUX AMP
INPUT CURRENT
COMPENSATION

TL/H/7787-20

Comparator with Hysteresis

+Vin O

+Vger

lo = 1 amp/volt V|y
(Increase R for Ip small)

= TL/H/7787-21

1/2 LM358

Vo
R1
10k

TL/H/7787-22
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Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

Voltage Controlled Oscillator (VCO)

0.054F
R M
100k
\- >
Wk 1/2 LM358 - _I l_] L
51k
+ 1/2 LM358 p—O ouTPUT 1
vt2 51k
R/2 [e S V.V, ¥ +
50k 51k
100k /\/\/
_WV_"
O OUTPUT 2
10K
%VAV

HST

TL/H/7787-23
*WIDE CONTROL VOLTAGE RANGE: 0 Vpg < Vg < 2 (V+ —1.5V pg)

AC Coupled Inverting Amplifier

Ry
100k

Cin

Vo

Co 0% 3 Vpp

RL
10k

R
Ay = R—1f (As shown, Ay = 10)

- - TL/H/7787-24

Ground Referencing a Differential Input Signal

R1
™
+ O Vo
Ve
+Vem

Vo = VR

TL/H/7787-25

10
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Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

AC Coupled Non-Inverting Amplifier

R1 R2
100k m

104F T 100k 100k

1/2 LM368

TL/H/7787-26

TL/H/7787-27

Vo
fo = 1kHz
Q=25

TL/H/7787-28
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Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

High Input Z, DC Differential Amplifier

R2
100k

1/2 LM358

1/2 LM358

ﬂ _ E (CMRR depends on this

For R2 R3 resistor ratio match)

R4
Vo=1+—7 (V2—V
o rs V2= V1)
As Shown: Vg = 2 (V2 — V4q)

Ry +VRer
™

MV

lcec l
(CELL HAS OV
ACROSS IT)

— — - R

- - TL/H/7787-30

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

R1
100k

IfR1 = R5 & R3 = R4 = R6 = R7 (CMRR depends on match)

2R1
o R2 (Va2 — V1)

As shown Vo = 101 (V3 — V1)

Vo

For§ << 1andRf>>R

5\ Ry
Vo = VRer (-) R

TL/H/7787-29

Photo Voltaic-Cell Amplifier Bridge Current Amplifier

Vo

2

TL/H/7787-33

TL/H/7787-31

12
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Typical Single-Supply Applications (v+ = 5.0 vpc) (Continued)

Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

1/2 LM358 +Vo

0.001.F

ls
-—

*hi 8 AT 50 nA

1/2 LM358

AUX AMP

COMPENSATION

Schematic Diagram (each Ampliier)

6uh
) ¥ ¥
Y aa
INPUTS - =
(o,
+
a8 L}

INPUT CURRENT

TL/H/7787-32

TL/H/7787-3

13
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Physical Dimensions inches (mi

llimeters)

0.350 —0.370
(8.890--9,398)
DIA

-

0.315-0.335

REFERENCE PLANE 7}'

Order N

@oo1—8.509) O
MAX
A 0.025
0.165-0.185 B (0.635) :-‘EN:DFJP;I:OLLED
(4.191-4.699) i

\ M —— —— SEATING PLANE
0.035
0500 [0.889) f t 0.015-0.040
(2700 MAX {0.381-1.016)
T 0.016—-0.019
—»I 14— 406 - 0.46%) DIA TYP
‘ 0.195-0.205 DIA
0100 Lo {4.953—5.207) P.C.
o
0.029-0.085 A
(0.737-1.143)
0.028—0.034
0711-0.860) 0.115-0.145
711-0.864 L
© ) \% (2.921—3.683)
/ DIA
A3
45° EQUALLY
SPACED  —3»| HO8C (REV E)

Metal Can Package (H)
umber LM158AH, LM158AH/883, LM158H,
LM158H/883, LM258H or LM358H
NS Package Number HO8C
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Physical Dimensions inches (millimeters) (Continued)

0.400 MAX
R0O.010 TYP
Nm 5 mm

0.290
O 320

[

950+ 5° TYP \.I

0.180
|s; MAX

se—

0.008

R0.025 TYP

0.220  0.310 MAX
0.291 GLASS
| I3 N I3 |
0045
1 oossT

GLASS
/ SEALANT

3 0.020
HHI -
f T o150
0.125 MIN
: 0.200

o440
NS

0.055 MAX —=|
BOTH ENDS

—{||l— 0.018 £ 0.003 TYP
0012
—> [<«— 0.100 £0.010 TYP 1084 {REV K)
Cerdip Package (J)
Order Number LM158J, LM158J/883, LM158AJ or LM158AJ/883
NS Package Number JOSA
0.189-0.197
{4.800—5.004)
8 7 1] 5
A
0.228-0.244
{5.781—6.198)
| 0.010 yax
— 0.254)
v /00T Eﬁ_i
teaono.t/ 12 3 4 a0
IDENT Tvp
0.150-0.157
™| 2810-3.988)
0.010-0.020 , grc | we— %
{0.254—0.508) | 8 MAX TYP 81 0.004-0.010
— ALL LEADS ©102— 0254)
L’,:ml} i SEATING
1 oom A 1 PLANE
.10 i 0 u14
%} ALL LEAD TIPS 0.016—0.050 {0.356) gﬁ ° ""' —0.020 7yp
TYP AL LEADS {0.406-1.270) 000y T
TYP ALL LEADS 20 oo ey Hy

S.0. Package (M)
Order Number LM358M, LM358AM or LM2904M

NS Package Number MOSA
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Physical Dimensions inches (millimeters) (Gontinued)

0.373—0.400
[ ara—t10.18) |

0.090
{2.286)

8] [7] (%] [§] 0.032.£0.005

(0.813£0.127)
RAD

0.092

S A
2.337 .
@33 Ny 7T 0.250 +0.005
PIN NO. 1 IDENT——_ + J {6.35£0.127)

PIN ND. 1 IDENT
oPTION1 [® ¥ T TRe

LM158/LM258/LM358/LM2904

Low Power Dual Operational Amplifiers
=]
[~
=
=]

0.280 0.000
——MIN [ 3090
@112 0030 o o) > < 039 OPTION 2
0.300-0.320 (0.762) =~ 0.145-0.200
(162-8.428) | * Wrt—m e : (3.683—5.080)
s i ¢ o A 0.130+0.005 [
TT. ¥ (3.302%0.127) !
0.125-0.140
95 +5° 1‘ T—» 0.125-0.140 ?
oz 201U “ “ $ pas-ase Lo
0.009—0.015 215 {1651) PR 2.020
0.009-0015 | 3.175) {0.508)
(n.m—n.aan_"‘_ B ™ WIN
+0.040 NOM 0.018 +0.003
0.325 10 > {0.457 z0.076)
PRI L 0.100+0.010
(ss5 75 50) > T 25e020.250)
0.045+0.015
1.1432.0.381 )
( ) 0.060
0.050 (1.524)
(‘IT'II]]_b e ' NOBE (REV F)

Molded Dip Package (N)
Order Number LM358AN, LM358N or LM2904N
NS Package Number NOSE

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 OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
1111 West Bardin Road Fax: (+49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Arlington, TX 76017 Email: cnjwge@tevm2.nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-043-299-2408
Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85 Tsimshatsui, Kowloon
Fax: 1(800) 737-7018 English Tel: (+49) 0-180-532 78 32 Hong Kong
Frangais Tel: (+49) 0-180-532 93 58 Tel: (852) 2737-1600
Italiano  Tel: (+49) 0-180-534 16 80 Fax: (852) 2736-9960

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.
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