
LINEAR INTEGRATED CIRCUITS 

L M 1 M 

mm 
LM358 
mm 

D U A L O P E R A T I O N A L A M P L I F I E R S 

• SINGLE SUPPLY (3V to 30V) 
OR DUAL SUPPLIES (± 1.5V to 15V) 

• VERY LOW SUPPLY CURRENT DRAIN 
(500JLIA) ESSENTIALLY INDIPENDENT 
OF SUPPLY VOLTAGE 

• LOW INPUT BIASING CURRENT (TEMPE
RATURE COMPENSATED) 

• LOW INPUT OFFSET VOLTAGE AND 
OFFSET CURRENT 

• D IFFERENTIAL INPUT VOLTAGE RANGE 
EQUAL TOTHE POWER SUPPLY VOLTAGE 

• INTERNALLY FREQUENCY COMPEN
SATED FOR UNITY GAIN 

• LARGE OUTPUT VOLTAGE SWING (3.5V 
WITH V s = 5V) 

The LM158 series consists of two independent, 
high gain, internally frequency compensated 
operational amplifiers designed specifically to 

operate f rom a single power supply over a wide 
range of voltages. Operation f rom dual power 
supplies is also possible and the low power supply 
current drain is independent of the supply voltage. 

In the linear mode the input common-mode vol
tage range includes ground and the output voltage 
can also swing to ground, even though opperated 
f rom only a single power supply voltage. The 
unity gain cross frequency is temperature com
pensated. The input bias current is also tem
perature compensated. The LM158 is available in 
minidip plastic or ceramic package and in a 8-lead 
micropackage version. 

S C H E M A T I C D I A G R A M (One section) 

v + o 

O O U T P U T 
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L M 1 5 8 

LM258 

mm 
LM2904 

A B S O L U T E M A X I M U M R A T I N G S 

Supply voltage 32 or ± 16 V 
V s Supply voltage: (LM2904 only) 26 or ± 13 V 
v . Differential input voltage 32 V 
V, Input voltage -0.3 to + 32 V 

Output short-circuit to GND 
V + < 15V and T a m b = 25°C Continuous 

T~op Operating temperature: LM358/358A Oto 70 °C T~op 
LM2904 -40 to 85 °C 
LM258/258A -25 to 85 °c 
LM158/158A -55 to 125 °c 

Tj Junction temperature 150 °c 
"Tstg Storage temperature -65 to 150 °c 

C O N N E C T I O N D I A G R A M A N D O R D E R I N G N U M B E R S 
(top view) 

T e m p e r a t u r e 
range 

C e r a m i c 
M i n i d i p 

P las t i c 
M i n i d i p 

S O - 8 

C o m m e r c i a l 
0 t o 7 0 ° C 

L M 3 5 8 J 
L M 3 5 8 A J 

L M 3 5 8 N 
L M 3 5 8 A N 

L M 3 5 8 D 

I n d u s t r i a l 
- 2 5 t o 8 5 ° C 

L M 2 5 8 J 
L M 2 5 8 A J 

L M 2 5 8 N L M 2 5 8 D 

A u t o m o t i v e 

- 4 0 t o 8 5 ° C 
L M 2 9 0 4 J L M 2 9 0 4 N L M 2 9 0 4 D 

M i l i t a r y 

- 5 5 t o 1 2 5 ° C 
L M 1 5 8 J 
L M 1 5 8 A J 

- -

T H E R M A L D A T A Plastic Ceramic 
SO-8 Minidip Minidip SO-8 

R t h H m b Thermal resistance junction-ambient max. 120°C/W 150°C/W 200°C/W 

244 



mm 
mm 
mm 
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E L E C T R I C A L C H A R A C T E R I S T I C S (V s = + 5V, T a m b = -55 to 1 2 5 ° C f o r t h e LM158/LM158A 
and T a m b = -25 to 85°C for the LM258/LM258A, unless otherwise specified) 

Parameter Test cond i t ions 
L M 1 5 8 / 2 5 8 L M 1 5 8 A L M 2 5 8 A 

U n i t Parameter Test cond i t ions 
M i n . T y p . Max. M i n . T y p . Max . M i n . T y p . Max . 

U n i t 

l s Supp ly current R L = oo V s = 3 0 V 1 2 1 2 1 2 
m A 

l s Supp ly current R L = oo 

0.7 1.2 0.7 1.2 0.7 1.2 
m A 

l b I npu t bias current T a m b = 25°C 45 150 2 0 5 0 40 8 0 
n A 

l b I npu t bias current 

4 0 300 4 0 100 40 100 
n A 

V o s I npu t offset voltage R g = 0 
Vg = 5 V t o 3 0 V 

T a m b = 25° C 2 5 1 2 1 3 
m V 

V o s I npu t offset voltage R g = 0 
Vg = 5 V t o 3 0 V 

7 4 4 
m V 

A V o s I npu t offset voltage 
A T d n f t 

R g = 0 7 7 2 0 7 2 0 MV/°C 

l o s Inpu t offset current T a m b = 2 5 ° C 3 30 2 10 2 15 
nA 

l o s Inpu t offset current 

100 30 30 
nA 

A 'os Inpu t offset current 
A T d n f t 

10 10 2 0 0 10 200 p A / ° C 

l s c O u t p u t short c i rcu i t 
t o ground current 

T a m b = 25°C (*) 40 60 4 0 60 40 6 0 m A 

G v Large signal open 
loop voltage gain 

V s = 15V 
R L > 2 K n 

T a m b = 25° C 94 100 9 4 100 94 100 
dB 

G v Large signal open 
loop voltage gain 

V s = 15V 
R L > 2 K n 

88 8 8 8 8 
dB 

Inpu t common-mode 
voltage range 

V s = 30V T a m b = 25° C 0 V s - 1 . 5 0 V s - 1 . 5 0 V s - 1 . 5 
V 

Inpu t common-mode 
voltage range 

V s = 30V 

0 V s - 2 0 V s - 2 0 V s - 2 
V 

V Q O u t p u t voltage swing T a m b = 2 5 ° C R L = 2 K f i V s - 1 . 5 V s - 1 . 5 
V 

V Q O u t p u t voltage swing T a m b = 2 5 ° C 

R|_ > 10 K f t Vg-1.5 
V 

V Q O u t p u t voltage swing 

V s = 30V R L = 2 K f i 26 26 26 
V 

V Q O u t p u t voltage swing 

V s = 30V 

R L > 10 Kn 27 28 27 2 8 27 28 
V 

V D s a t O u t p u t saturation 
voltage to ground 

R L < 10 Ka 5 20 5 20 5 2 0 m V 

C M R C o m m o n mode 
reject ion 

T a m b = 25° C 70 85 70 8 5 70 85 dB 

S V R Supply voltage 
reject ion 

T a m b = 25° C 65 100 65 100 65 100 dB 

CS Channel separation f = 1 KHz to 20 KHz 
T a m b = 25°C 
( Inpu t referred) 

120 120 120 dB 

l Q + O u t p u t source 
current 

V s = 15V 
Vj+ = 1V 
V r = OV 

T a m b = 25°C 20 40 20 4 0 20 40 
m A 

l Q + O u t p u t source 
current 

V s = 15V 
Vj+ = 1V 
V r = OV 10 20 10 2 0 10 20 

m A 

l Q - O u t p u t sink current Vj+ = OV 
V j - = 1 V T a m b = 25° C 
V Q = 200 m V 

12 50 12 5 0 12 50 juA 
l Q - O u t p u t sink current 

V j - = 1V 
Vj+ = 0V 
V s = 15V 

T a m b = 25° C 10 20 10 20 10 20 
m A 

l Q - O u t p u t sink current 

V j - = 1V 
Vj+ = 0V 
V s = 15V 5 8 10 15 5 8 

m A 

(*) S h o r t c i rcui ts f rom the o u t p u t to posi t ive supply voltage can cause excessive heating and eventual dest ruc t ion. The m a x i m u m out
p u t current is 40 m A t yp . independent of the magni tude of V s . Destruct ive dissipat ion can result f r o m simultaneous shorts on all 
ampl i f ie rs . 
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ELECTRICAL CHARACTERISTICS (V , = 5V, T a m b = 0 to 70°C for the LM358/LM358A and 
Tamb = " 4 0 to 85"C for the LM2904, unless otherwise specified) 

Parameter Test cond i t ions 
L M 3 5 8 L M 3 5 8 A LM2904 

Unit Parameter Test cond i t ions 
Min. Typ. Max. Min. Typ . Max. Min. Typ. Max. 

Unit 

l s Supply current R l_= oo V s = 30V (*) 1 2 11 2 1 2 
m A 

l s Supply current R l_= oo 

0.5 1.2 0.5 1.2 0.5 1.2 
m A 

l b Inpu t bias cur rent T a m b = 2 5 ° C 45 250 45 100 45 250 
nA 

l b Inpu t bias cur rent 

500 200 500 
nA 

V o s I npu t offset voltage R g = 0 
Vg - 5 V t o 3 0 V 

(*) 

T a m b = 25°C 2 7 2 3 2 7 
m V 

V o s I npu t offset voltage R g = 0 
Vg - 5 V t o 3 0 V 

(*) 
9 5 10 

m V 

A V o s I npu t offset voltage 
A T d r , f t 

R g = 0 7 7 30 7 JLlV/°C 

l o s I npu t offset cur rent Tamb== 25° C 5 50 5 30 5 50 
nA 

l o s I npu t offset cur rent 

150 75 200 
nA 

A ' o s Input offset cur rent 
• A T d n f t 

10 10 300 10 pA / °C 

l s c O u t p u t short c i rcu i t 
to ground cur rent 

T a m b = 2 5 ° C ( * * ) 40 60 40 60 40 60 m A 

G v Large signal open 
loop voltage gain 

V s = 15V 
R L > 2 Kn 

T a m b = 25°C 88 100 88 100 100 
dB 

G v Large signal open 
loop voltage gain 

V s = 15V 
R L > 2 Kn 

83 83 83 
dB 

Input c o m m o n - m o d e 
voltage range 

V s = 30V (*) Tamb= 25° C 0 Vs-1.5 0 Vs-1.5 0 V s - 1 . 5 
V 

Input c o m m o n - m o d e 
voltage range 

V s = 30V (*) 

0 V s - 2 0 V s - 2 0 V s - 2 
V 

V 0 O u t p u t voltage swing T a m b = 2 5 ° C R |_= 2 Kn V s - 1 . 5 Vs-1.5 
V 

V 0 O u t p u t voltage swing T a m b = 2 5 ° C 

R|_ > 10 K f i V s - 1 . 5 
V 

V 0 O u t p u t voltage swing 

V S = 30V (*) R L = 2 Kn 26 26 22 
V 

V 0 O u t p u t voltage swing 

V S = 30V (*) 

R|_ > 10 KfL 27 28 27 28 23 24 
V 

V Q s a t O u t p u t saturat ion 
voltage to ground 

R|_ < 10 Kn 5 20 5 20 5 100 m V 

C M R C o m m o n mode 
reject ion 

T a m b = 25°C 65 70 65 85 50 70 dB 

S V R Supply voltage 
reject ion 

T a m b - 25°C 65 70 65 100 50 70 dB 

CS Channel separation f = 1 KHz to 20 KHz 
T a m b = 25°C 
( Inpu t referred) 

120 120 120 dB 

l 0 + O u t p u t source 
current 

V s = 15V 
V,+ = 1V 
Vj - = OV 

T a m b " 25°C 20 40 20 40 20 40 
m A 

l 0 + O u t p u t source 
current 

V s = 15V 
V,+ = 1V 
Vj - = OV 10 20 10 20 10 20 

m A 

l Q - O u t p u t sink current v,+ = o v 
V j - = 1 V T a m b = 2 5 ° C 
V Q = 200 m V 

12 50 12 50 MA 
l Q - O u t p u t sink current 

V r = 1V 
Vj+ = OV 
V s = 15V 

T a m b - 25°C 10 20 10 20 10 20 
m A 

l Q - O u t p u t sink current 

V r = 1V 
Vj+ = OV 
V s = 15V 5 8 5 8 5 8 

m A 

( * ) 2 6 V f o r L M 2 9 0 4 . 

( * * ) S h o r t c i r c u i t s f r o m t h e o u t p u t t o p o s i t i v e s u p p l y v o l t a g e can cause excess ive h e a t i n g a n d e v e n t u a l d e s t r u c t i o n . T h e 
m a x i m u m o u t p u t c u r r e n t is 4 0 m A t y p . i n d e p e n d e n t o f t h e m a g n i t u d e o f V s . D e s t r u c t i v e d i s s i p a t i o n can r e s u l t 
f r o m s i m u l t a n e o u s s h o r t s o n a l l a m p l i f i e r s . 
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Fig. 1 - Supply current vs. Fig. 2 - Input voltage range Fig. 3 - Output short circuit 
supply voltage vs. supply voltage current vs. ambient tem

perature 

0 10 20 30 V S ( V ) 0 5 1 0 V i v > " 5 0 0 5 0 1 0 0 T a m b C C ) 
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L M 1 5 B 

mm 
LM29&4 

A P P L I C A T I O N I N F O R M A T I O N 

The LM158 can operate wi th a single power returns positive ( V l n > -0.3V). The output 
supply voltage, has true-differential inputs and stage design allows the amplifiers to both source 
remains in the linear mode wi th an input com- and sink large ou tpu t currents, 
mon-mode voltage of 0V. The two included op Therefore both NPN and PNP external current 
amps work over a wide range of power supply boost transistors can be used extend the power 
voltage wi th litt le change in performance charac- capability of the basic amplifiers. The output 
teristics. A t 25°C operation is possible down to a voltage needs to raise approximately 1 diode drop 
min imum supply voltage of 2.3V. above ground to bias the on-chip vertical PNP 
The input common-mode voltage or either input transistor for output current sinking applications, 
signal voltage should not be allowed to go Output short circuits either to ground or to the 
negative by more than 0.3V.The upper end of the positive power supply should be of short t ime 
common-mode voltage range is V S - 1 5 V , but duration. Units can be destroyed, not as a result 
either or both inputs can go to + 32V wi thout of the short circuit current causing metal fusing, 
damage. but rather due to the large increase in IC chip 
If the voltage at any of the input leads is driven dissipation which wi l l cause eventual failure due 
negative ( V i n < -0.3), the collector-base junct ion to excessive junct ion temperature. Putting direct 
of the input PNP transistor becomes forward short-circuit on more than one amplifier at a 
biased and thereby acts as an input diode clamps t ime, the total IC power dissipation wi l l increase 
(max current: 50mA). In addition to this diode to destructive levels, if not properly protected 
act ion, there is also lateral NPN parasitic tran- wi th external dissipation l imit ing resistors in 
sistor action on the IC chip. This can cause the series wi th the output leads of the amplifiers. The 
output voltage to go to the positive supply voltage larger value of output source current which a 
level (or to ground for a large overdrive) for the available at 25°C provides a larger output current 
t ime duration that an input is driven negative. capability at elevated temperatures (see typical 
This is not destructive and normal output states performance characteristics) than a standard 
w i l l re-establish when the input voltage again IC op amp. 

T y p i c a l s ingle s u p p l y a p p l i c a t i o n c i r cu i t s (V s = 5 V ) 

Fig. 10 - DC summing amplifier Fig. 11 - Power amplifier 

100K A R 1 

w h e r e : V Q = V 2 + V 2 - V 3 - V 4 

( V 2 + V 2 ) ' > ( V 3 + V 4 ) t o k e e p V Q > 0 V 
V 0 = 0 V f o r V , N = 0 V 
G v = 2 0 d B 
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L M I S B 

mm 
L12IB4 

A P P L I C A T I O N I N F O R M A T I O N (continued) 

Fig. 12 - LED driver Fig. 13 - Lamp driver Fig. 14 - Fixed current sources 

Q*5V 

Fig. 15 - Comparator wi th Hysteresis 
Hysteresis 

+ v i n a 

VinL V R E F V | N H 

Fig. 16 - Ground referencing a dif
ferential input signal 

V I N H = 

R 1 

R 1 + R 2 

R 1 

R 1 + R 2 

( V O L - V R E F > + V R E F 

( V 0 H - V R E F ) + V R E F 

H y s t e r e s i s = 
R 1 

R1 + R 2 
( V Q H - V O L ) 

V 0 = V F 

Fig. 17 - Driving TTL 

5 

Fig. 18 - Squarewave oscillator 
R 1 

c i looKn 

R2 

^ s O H Z Z r -

U U L 

J2 R3 
l O O K i l 

S - 5071 / 1 
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APPLICATION INFORMATION (continued 

Fig. 19 - High input Z, DC differential amplifier 

+ v 1 O -
+ v 2 0 

R A 

-LZZr-

- O v Q 

F o r 

V 0 = 1 

R I = _ R 4 _ 
R 2 R 3 

R4 

(CMRR depends on this resistor 
ratio match) 

R 3 ( V 2 - V1) 

Fig. 2 0 - Wien bridge oscillator 

5 0 K A 
H Z Z h -

2x1NA001 

O V 0 

2 7r RC 

Fig. 21 - Full wave rectifier Fig. 22 - Half wave rectifier 
10 K111% 
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U H 1 5 8 

L i r a 

L M 3 5 8 

L M 2 9 0 4 

A P P L I C A T I O N I N F O R M A T I O N (continued) 

Fig. 25 - Multiple feedback bandpass f i l ter 

Given f Q = Center Frequency 
A ( f D ) = Gain at Center Frequency 

Choose Va lue f D , C 
T h e n : 

Q 

R3 
7Tf0 C 

R1 = -
R3 

2 A ( f Q 

; R2 : 
R1 R3 

4 Q 2 R1 - R3 

For less than 10% error f r o m operat ional amp l i f i e r 

Q ° f ° < 0.1 Where f_ and BW are expressed in Hz. 
BW 

If source impedance varies, f i l t e r may be 
preceeded w i t h voltage f o l l owe r bu f fe r t o 
s tab i l i ze f i l t e r parameters. 

Fig. 26 - Low-pass f i l ter 

f c = 3KHz w i th C1 = 3.9 nF 
' and C2 = ^ 8 nF. 

O v o u t 

M E C H A N I C A L D A T A (Dimensions in mm.) 

Minidip (Ceramic) 

SO-8 (Micropackage) 
0.25m'?, A.9-^5.7 

U U LI U 
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