LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

® \Wide Supply Range: LM158, LM158A . .. JG PACKAGE
~ Single Supply ...3Vto32V LM258, LM258A . . . D, DGK, OR P PACKAGE
LM358 ... D, DGK, P, PS, OR PW PACKAGE
(26 V for LM2_904) LM358A . .. D, DGK, P, OR PW PACKAGE
— or Dual Supplies ... +1.5Vto =16 V LM2904 . .. D, DGK, P, PS, OR PW PACKAGE
(13 V for LM2904) (TOP VIEW)
® | ow Supply-Current Drain, Independent of J
Supply Voltage ... 0.7 mA Typ 13:T L 8 %\Z/SLCJT
-l2 7
® Common-Mode Input Voltage Range un+ [ 3 6] 2IN-
Includes Ground, Allowing Direct Sensing GND
4 5[] 2IN+
Near Ground

® | ow Input Bias and Offset Parameters:

— Input Offset Voltage ...3 mV Typ LM158, LM158A ... . FK PACKAGE

A Versions ...2mV Typ (T|_OP V'E+W)
- Input Offset Current ...2nATyp 020 30
- Input Bias Current ...20 nA Typ 292z25=2
A Versions ...15nA Typ / I?I;”T"Z)”l_gl
® Differential Input Voltage Range Equal to NC[] 4 18 || NC
Maximum-Rated Supply Voltage ...32V 1N-[]5 17 [ 20uT
(26 V for LM2904) NC [l 6 16 [| NC
® Open-Loop Differential Voltage 1N+ [] 7 15 1§ 2IN-
e NC[] 8 14 [ NC
Amplification ... 100 V/mV Typ ] 9 10 11 12 13
® [nternal Frequency Compensation o o o ¥
SN~ NORE )
. L . zzzZZz
description/ordering information 0o d

. . . NC - No internal connection
These devices consist of two independent, ' '

high-gain, frequency-compensated operational

amplifiers designed to operate from a single

supply over a wide range of voltages. Operation from split supplies also is possible if the difference between
the two suppliesis 3V to 32 V (3 V to 26 V for the LM2904), and V¢ is at least 1.5 V more positive than the
input common-mode voltage. The low supply-current drain is independent of the magnitude of the supply
voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational
amplifier circuits that now can be implemented more easily in single-supply-voltage systems. For example,
these devices can be operated directly from the standard 5-V supply used in digital systems and easily can
provide the required interface electronics without additional £5-V supplies.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2004, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i On products compliant to MIL-PRF-38535, all parameters are tested
dard warranty. P p g does not y include I unless otherwise noted. On all other products, production
testing of all parameters. EXAS p ing does not ily include testing of all parameters.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

description/ordering information (continued)

ORDERING INFORMATION

MAX
Vjomax ‘ ORDERABLE TOP-SIDE
TA AT 25°C TEVSJCED PACKAGE PART NUMBER MARKING
PDIP (P) Tube of 50 | LM358P LM358P
Tube of 75 | LM358D
SOIC (D) LM358
Reel of 2500 | LM358DR
7 mv 0V | SOP (PS) Reel of 2000 | LM358PSR L358
Tube of 150 | LM358PW
TSSOP (PW) L358
Reel 0f 2000 | LM358PWR
0°C to 70°C MSOP/VSSOP (DGK) | Reel of 2500 | LM358DGKR M5_F
PDIP (P) Tube of 50 | LM358AP LM358AP
Tube of 75 | LM358AD
SOIC (D) LM358A
Reel of 2500 | LM358ADR
3mv 30V
m Tube of 150 | LM358APW
TSSOP (PW L358A
SSOP (PW) Reel 0f 2000 | LM358APWR 358
MSOP/VSSOP (DGK) | Reel of 2500 | LM358ADGKR M6_F
PDIP (P) Tube of 50 | LM258P LM258P
Tube of 75 | LM258D
v v IC (D LM2
5m 30 Soic (0) Reel of 2500 | LM258DR %8
MSOP/VSSOP (DGK) | Reel of 2500 | LM258DGKR E:
~25°C to 85°C
PDIP (P) Tube of 50 | LM258AP LM258AP
Tube of 75 | LM258AD
v v IC (D LM258A
3m 30 soic o Reel of 2500 | LM258ADR °8
MSOP/VSSOP (DGK) | Reel of 2500 | LM258ADGKR M3
PDIP (P) Tube of 50 | LM2904P LM2904P
Tube of 75 LM2904D
soic o Reel of 2500 | LM2904DR LM2904
7 mv 26V | SOP (PS) Reel of 2000 | LM2904PSR L2904
Tube of 150 | LM2904PW
TSSOP (PW L2904
—40°C to 125°C (PW) Reel of 2000 | LM2904PWR
MSOP/VSSOP (DGK) | Reel of 2500 | LM2904DGKR MB_¥
SOIC (D) Reel of 2500 | LM2904VQDR L2904V
7 mv 32V
m TSSOP (PW) Reel of 2000 | LM2904VQPWR L2904V
SOIC (D) Reel of 2500 | LM2904AVQDR L2904AV
2 mv 32V
m TSSOP (PW) Reel of 2000 | LM2904AVQPWR L2904AV
CDIP (3G) Tube of 50 | LM158JG LM158G
5mv 30V
LCCC (FK) Tube of 55 | LM158FK LM158FK
-55°C to 125°C
CDIP (3G) Tube of 50 | LM158AJG LM158AJG
2 mv 30V
LCCC (FK) Tube of 55 | LM158AFK LM158AFK

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.
¥ The actual top-side marking has one additional character that designates the assembly/test site.

{'f TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

symbol (each amplifier)

N+ * ouT
IN- p
schematic (each ampilifier)
T ® T Vee+
=6-uA =6-uA =100-puA
Current Current Current
Regulator Regulator Regulator

IN= l ouT

A
A
%

IN+ =50-uA
Current
Regulator

GND (orVce-)
—» To Other Amplifier

COMPONENT COUNT

Epi-FET 1
Diodes 2
Resistors 7

Transistors 51
Capacitors 2
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
LM158, LM158A
20 2SR | wnzson | on
LM2904V
Supply voltage, Vcc (see Note 1) +16 or 32 +13 or 26 \%
Differential input voltage, V|p (see Note 2) +32 126 \Y
Input voltage, V| (either input) -0.3t032 -0.3t0 26 \
ot (o below) 25°C fee-ai temperatune (Ve £ 18 ) see Note 3) Unlimited | Unlimited
D package 97 97
DGK package 172 172
Package thermal impedance, 03 (see Notes 4 and 5) P package 85 85 °C/W
PS package 95 95
PW package 149 149
FK package 5.61
Package thermal impedance, 03¢ (see Notes 6 and 7) 3G package 145 °CIW
LM158, LM158A -551t0 125
) _ LM258, LM258A -25 to 85 .
Operating free-air temperature range, Ta M358, LM358A 01070 C
LM2904 —40 to 125 -40to 125
Operating virtual junction temperature, Tj 150 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
Storage temperature range, Tstg —65 to 150 —-65 to 150 °C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, except differential voltages and V¢ specified for measurement of Iog, are with respect to the network ground
terminal.
2. Differential voltages are at IN+ with respect to IN-.
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.
4. Maximum power dissipation is a function of T j(max), 63, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (Tj(max) — Ta)/03a. Operating at the absolute maximum T3 of 150°C can affect reliability.
5. The package thermal impedance is calculated in accordance with JESD 51-7.
6. Maximum power dissipation is a function of Tj(max), 6 jc, and Tc. The maximum allowable power dissipation at any allowable case
temperature is Pp = (Tj(max) - Tc)/0jc. Operating at the absolute maximum T j of 150°C can affect reliability.
7. The package thermal impedance is calculated in accordance with MIL-STD-883.
3 15
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

electrical characteristics at specified free-air temperature, V

cc = 5V (unless otherwise noted)

LM158
LM358
PARAMETER TEST CONDITIONST Ta¥ LM258 UNIT
MIN  TYP8 MAX| MIN TYPE MAX
Vee =5V to MAX, 25°C 3 5 3 7
Vio Input offset voltage Vic = VICR(min): mv
Vo=14V Full range 7 9
Average temperature
ay, coefficient of Full range 7 7 uv/ec
10 input offset voltage
25°C 2 30 2 50
llo Input offset current Vo=14V nA
Full range 100 150
Average temperature
o coefficient of Full range 10 10 pA/°C
10 input offset current
| nout bi ; Ve =14V 25°C -20 -150 -20 -250 A
nput bias curren =1 n
B P 0o Full range -300 -500
25°C vgcto— 15 vgcto— 15
VICR Common-mode Vee =5V to MAX ' ' Vv
input voltage range Full Oto Oto
ull range Vee - 2 Vee - 2
RL >2kQ 25°C Ve -15 Vee - 15
v High-level RL > 10 kQ 25°C v
OH output voltage RL=2kQ | Full range 26 26
Vce = MAX
R 210 kQ | Full range 27 28 27 28
VoL tzrr\;lf\\//illtage R <10 kQ Full range 5 20 5 20| mv
Large-signal Vec=15Y, 25°C 50 100 25 100
AvD differential Vo=1Vto1lyV, VimV
voltage amplification | R >2 kQ Full range 25 15
CMRR  Common-mode Vce =5 Vio MAX, 25°C 70 80 65 80 dB
rejection ratio Vic = VICR(min)
Supply-voltage
ksvr rejection ratio Ve =5V to MAX 25°C 65 100 65 100 dB
(AVDD/AVIO)
VoiNVo2 Crosstalk attenuation | f=1 kHz to 20 kHz 25°C 120 120 dB
Vcc =15V, 25°C -20 -30 -20 -30
VD=1V, Source
Vo =0 Full range -10 -10
lo Output current mA
Vcc =15V, 25°C 10 20 10 20
Vip=-1V, | Sink
Vo=15V Full range 5 5
le) Output current Vip=-1V, Vg =200 mV 25°C 12 30 12 30 UA
los ?St(; r:tcéfrl::m xgczeg SV.GNDat-5V, 25°C +40 60 +40 60| mA
s | X Vo =2.5V, No load Full range 0.7 1.2 0.7 1.2
upply curren
| p = = mA
cc (two amplifiers) \N/g%adMAX, Vo =05V, Full range 1 2 1 2

T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX V¢ for
testing purposes is 26 V for the LM2904 and 30 V for others.
¥ Full range is -55°C to 125°C for LM158, —25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 125°C for LM2904.

§ Al typical values are at Tp = 25°C.

*9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

electrical characteristics at specified free-air temperature, V cc =5V (unless otherwise noted)

LM2904
PARAMETER TEST CONDITIONST Ta¥ UNIT
MIN  TYPS MAX
25°C 3 7
- Non-A devices
Vce =5 Vio MAX, Full range 10
Vio Input offset voltage Vic = VICR(min): 2590 1 2 mv
Vo=14V A-suffix devices
Full range 4
Average temperature coefficient
a )
Vio of input offset voltage Fullrange ! uvrC
g 25°C 2 50
Non-V device
" Full range 300
| Input offset current Vo=14V nA
10 P o 25°C 2 50
V-suffix device
Full range 150
Average temperature coefficient
o o
o of input offset current Full range 10 pA°C
25°C -20 -250
| In i rren Vo=14V nA
1B putbias current © Full range -500
C de i I 25c Vcocto 1.5
ommon-mode input voltage _ o
VICR range Vce =5V to MAX | 0o \
Full range Ve -2
Rl =10 kQ 25°C Vee - 1.5
Vce = MAX, R =2kQ Full range 22
VOH High-level output voltage Non-V device RL > 10 kQ Full range 23 24 v
Ve = MAX, R =2kQ Full range 26
V-suffix device Rl =10 kQ Full range 27 28
VoL Low-level output voltage R <10 kQ Full range 5 20 mV
Large-signal differential Vec=15V, Vo=1Vito 11V, 25°C 25 100
AVD | lificati RL > 2 kQ Vimv
voltage amplification L2 Full range 15
Vce =5V to MAX, | Non-V device 25°C 50 80
CMRR Common-mode rejection ratio " . - - dB
ViC = VICR(min) V-suffix device 25°C 65 80
Supply-voltage rejection ratio _ o
ksvr (AVDD/AVIO) Vce =5V to MAX 25°C 65 100 dB
VoiNo2  Crosstalk attenuation f=1kHz to 20 kHz 25°C 120 dB
Vee =15V, 25°C -20 -30 mA
cc ) Source
Vip=1V,Vo=0 Full range -10 mA
Vee =15V, 25°C 10 20 mA
o Output current Vip=-1V, Sink
Vo=15V Full range 5 mA
Vip=-1V, Non-V device 25°C 30
A
Vo =200 mV V-suffix device 25°C 12 40 "
los Short-circuit output current Vccat5V,GNDat-5V, Vo =0 25°C +40 +60 mA
i Vo =25V, No load Full range 0.7 1.2
lcc Supply current (two amplifiers) mA
Vce = MAX, Vo = 0.5V, No load Full range 1 2

T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX V¢ for
testing purposes is 26 V for the LM2904, 32 V for the LM2904V, and 30 V for others.

¥ Full range is -55°C to 125°C for LM158, —25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 125°C for LM2904.

§ All typical values are at T = 25°C.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

electrical characteristics at specified free-air temperature, V

cc = 5V (unless otherwise noted)

LM158A LM258A
PARAMETER TEST CONDITIONST Tal N TvPE WA T MIN TveE wax| UNIT
Vcc=5Vto30V, 25°C 2 2 3
Vio Input offset voltage Vic = VICR(min): mV
Vo=14V Full range 4 4
Average
temperature *
(04 o
Vio coefficient of Full range 7 15 7 15| pv/eC
input offset voltage
| Input offset t V 1.4V 25°C 2 10 2 15 A
nput offset curren =1 n
10 Pu . S Full range 30 30
Average
o temperature o
0 coefficient of Full range 10 200 10 200 | pA/°C
input offset current
| Inout bi " v 14V 25°C -15 -50 -15 -80 "
nput bias curren =1 n
1B P o Full range -100 -100
250 0to O0to
Common-mode _ Vce - 15 Vee - 15
VICR . Vcc =30V \Y
input voltage range Full Oto Oto
ull range Vee - 2 Vee - 2
RL >2kQ 25°C Vee -15 Vee - 15
v High-level RL=2kQ | Fullrange 26 26 v
OH output voltage Vee =30V L~ g
RL =210 kQ | Full range 27 28 27 28
Low-level
VoL output voltage R <10 kQ Full range 5 20 5 20 mV
Large-signal Vce =15V, 25°C 50 100 50 100
AvD differential Vo=1Vto1lyV, VimV
voltage amplification | R >2 kQ Full range 25 25
CMRR  Common-mode 25°C 70 80 70 80 dB
rejection ratio
Supply-voltage
ksvr rejection ratio 25°C 65 100 65 100 dB
(AVDD/AV|0)
Crosstalk o
Vo1Vo2 attenuation f=1kHz to 20 kHz 25°C 120 120 dB
Vcec =15V, 25°C -20 -30 -60 -20 -30 -60
Vip=1V, Source
Vo =0 Full range -10 -10 A
lo Output current Vcc =15V, 25°C 10 20 10 20
Vip=-1V, | Sink
Vo=15 Full range 5 5
Vip=-1V,Vp =200 mV 25°C 12 30 12 30 HA
oS Short-circuit output Vcc_at 5V,GNDat-5V, 2500 +40 +60 +40 +60 mA
current Vo=0
s | t (w Vo =2.5V, No load Full range 0.7 1.2 0.7 1.2
upply curren 0
| e = = mA
cc amplifiers) \N/g%adMAX’ Vo=05V, Full range 1 2 1 2

*On products compliant to MIL-PRF-38535, this parameter is not production tested.

1 All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX V¢ for
testing purposes is 26 V for LM2904 and 30 V for others.

FFull range is =55°C to 125°C for LM158A, —25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.

§ All typical values are at Tp = 25°C.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

electrical characteristics at specified free-air temperature, V

cc =5V (unless otherwise noted)

LM358A
PARAMETER TEST CONDITIONST Ta¥ UNIT
MIN  TYPS MAX
\Y Input offset voltage Vec=5Vio 30V, 25 2 > mv
10 P g Vic = VICR(min). VO = 1.4V Full range 5
Average temperature coefficient of
o o
Vio input offset voltage Full range ! 20 | pvrC
. 25°C 2 30
| Input offset current Vo=14V nA
10 P 0 Full range 75
a Average temperature coefficient of Full range 10 300 | parc
10 input offset current
b 25°C -15 =100
| Input bias current Vo=14V nA
1B P o Full range -200
o Oto
- 25°C Vee - 15
VICR Common-mode input voltage range | Vcc =30V 0o \Y
Full range Ve -2
RL 22 kQ 25°C Vcec - 15
VOH High-level output voltage RL=2kQ Full range 26 \Y
Vcc=30V
Rl 210 kQ Full range 27 28
VoL Low-level output voltage R <10 kQ Full range 5 20 mvV
Large-signal differential Vecc=15V,Vo=1Vto 11V, 25°C 25 100
AvD . VimV
VOltage ampllflcatlon RL >2kQ Full range 15
CMRR Common-mode rejection ratio 25°C 65 80 dB
Supply-voltage rejection ratio o
ksvR (AVDD/AV|O) 25°C 65 100 dB
Vo1/Vo2  Crosstalk attenuation f=1kHz to 20 kHz 25°C 120 dB
Vcc =15V, 25°C -20 -30 -60
Vip=1V, Source
Vo=0 Full range -10
mA
lo Output current Vcc =15V, 25°C 10 20
Vip=-1V, Sink
Vo =15V Full range 5
Vip=-1V, Vo =200 mV 25°C 30 A
los Short-circuit output current Vccat5V,GNDat-5V,Vpo=0 25°C +40 +60 mA
. Vo =2.5V, No load Full range 0.7 1.2
Icc Supply current (two amplifiers) mA
Vce = MAX, Vo = 0.5V, No load Full range 1 2

T All characteristics are measured under open-loop conditions, with zero common-mode input voltage, unless otherwise specified. MAX V¢ for
testing purposes is 26 V for LM2904 and 30 V for others.

Frul range is =55°C to 125°C for LM158A, —25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.

§ All typical values are at Tp = 25°C.
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904V
DUAL OPERATIONAL AMPLIFIERS

SLOS068P - JUNE 1976 — REVISED SEPTEMBER 2004

operating conditions, V. ¢cc =x15V, Tp =25°C

PARAMETER TEST CONDITIONS TYP | UNIT
L RL =1MQ, C| =30pF, V| =+10V
SR Slew rate at unity gain (see Figure 1) 0.3 | Vlus
B1 Unity-gain bandwidth R =1 MQ, C|_ = 20 pF (see Figure 1) 0.7 | MHz
Vn Equivalent input noise voltage Rs=1000 V=0V, f=1kHz 40 | nviWHz

(see Figure 2)

Vee+

S
V|—+//

Vce-

l °
CL R

L

Figure 1. Unity-Gain Amplifier

900 Q
Vee+
100 Q
V=0V -
RS Vo
+
Vce-

Figure 2. Noise-Test Circuit
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MECHANICAL DATA

MPDIOO1A — JANUARY 1995 — REVISED JUNE 1999

PLASTIC DUAL-IN-LINE

P (R-PDIP-T8)
0.400 (10,60)
€ 03550002
8 5
A Wadin W llad T
0.260 (6,60)
0.240 (6,10)
o
P NSy
Jyh
0.070 (1,78) MAX
0.325 (8,26)
0.020 (0,51) MIN 0300 (7.62)
I \ ? [—\ f 0.015 (0,38)
0.200 (5,08) MAX Gage Plane
\. v L Seating Plane

* 0.125 (3,18) MIN 0.010 (0,25) NOM

S—
0.430 (10,92)
MAX

0.021 (0,53)
i o 0.38) [ 5] 0.010(0,25) )|

4040082/D 05/98

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the latest package information, go to http://www.ti.com/sc/docs/package/pkg_info.htm
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