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NE/SA/SE532/
LM258/358/A/2904

Low power dual operational amplifiers

DESCRIPTION PIN CONFIGURATION
The 532/358/LM2904 consists of two independent, high gain,
internally frequency-compensated operational amplifiers internally
frequency-compensated operational amplifiers designed specifically
to operate from a single power supply over a wide range of voltages. OUTPUT A E LE v+
Operation from dual power supplies is also possible, and the low

ptfwer supply currentpdrain is i?\Zependent oF; the magnitude of the A"A z' OUTPUT B

power supply voltage. NON INVERTING INPUT A E E INVERTING INPUT B

v-| a 5 | NON INVERTING INPUT B
UNIQUE FEATURES |: :|

In the linear mode the input common-mode voltage range includes SL00282
ground and the output voltage can also swing to includes ground
and the output voltage can also swing to ground, even though
operated from only a single power supply voltage. The unity gain
cross frequency is temperature-compensated. The input bias current
is also temperature-compensated.

D, DP, and N Packages

INVERTING INPUT A | 2

JR—

Figure 1. Pin configuration.

FEATURES

® Internally frequency-compensated for unity gain

® Large DC voltage gain: 100 dB

® Wide bandwidth (unity gain): 1 MHz (temperature-compensated)

® Wide power supply range single supply: 3 Vpc to 30 Vpc,
or dual supplies: +1.5 Vpc to +15 Vpc

® Very low supply current drain (400 pA)—essentially independent
of supply voltage (1 mW/op amp at +5 Vpc)

® Low input biasing current: 45 nApc temperature-compensated
® Low input offset voltage: 2 mVp¢, and offset current: 5nApc
® Differential input voltage range equal to the power supply voltage

® Large output voltage: 0 Vp¢ to V+ 1.5 Vpc swing

EQUIVALENT CIRCUIT
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Figure 2. Equivalent circuit.
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Low power dual operational amplifiers LmzlglgE/gsgsAél/SAl/E;gSoZz{
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Outline (SO) Package 0°Cto+70°C NE532D SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) 0°Cto+70°C NE532N SOT97-1
8-Pin Plastic Small Outline (SO) Package —40°Cto +85 °C SA532D SOT96-1
8-Pin Plastic Small Outline (SO) Package —40 °C to +125 °C LM2904D SOT96-1
8-Pin Plastic Thin Shrink Small Outline Package (TSSOP) —40 °C to +125 °C LM2904DP SOT505-1
8-Pin Plastic Dual In-Line Package (DIP) —40 °C to +125 °C LM2904N SOT97-1
8-Pin Plastic Small Outline (SO) Package —-25°Cto +125 °C LM258D SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) —-25°Cto +125°C LM258N SOT97-1
8-Pin Plastic Small Outline (SO) Package 0°Cto+70°C LM358D SOT96-1
8-Pin Plastic Thin Shrink Small Outline Package (TSSOP) 0°Cto+70°C LM358DP SOT505-1
8-Pin Plastic Dual In-Line Package (DIP) 0°Cto+70°C LM358N SOT97-1
8-Pin Plastic Small Outline (SO) Package 0°Cto+70°C LM358AD SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) 0°Cto+70°C LM358AN SOT97-1
8-Pin Plastic Dual In-Line Package (DIP) -55°Cto +125°C SES532N SOT97-1
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vs Supply voltage, V+ 32 or 16 Vpe
Differential input voltage 32 Vpc
VN Input voltage -0.3t0 +32 Vpc
Maximum power dissipation
Tamb = 25 °C (Still air)t
Pp N package 1160 mw
D package 780 mw
DP package 714 mw
Output short-circuit to GND2
V+ <15 Vpc and Tymp =25 °C Continuous
Operating ambient temperature range
NE532/LM358/LM358A 0to +70 °C
Tamb LM258 -251t0 +85 °C
LM2904 —40to +125 °C
SA532 —40 to +85 °C
SE532 -55t0 +125 °C
Tstg Storage temperature range —65 to +150 °C
Tsid Lead soldering temperature (10 sec max) 230 °C
NOTE:

1. Derate above 25 °C, at the following rates:
N package at 9.3 mW/°C
D package at 6.2 mW/°C
DP package at 5.72 mW/°C
2. Short-circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately
40 mA independent of the magnitude of V+. At values of supply voltage in excess of +15 Vp¢, continuous short-circuits can exceed the
power dissipation ratings and cause eventual destruction.
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DC ELECTRICAL CHARACTERISTICS
Tamb = 25 °C; V+ = +5 V, unless otherwise specified.
NE/SA532/
SE532, LM258
SYMBOL PARAMETER TEST CONDITIONS LM358/LM2904 UNIT
Min Typ Max Min Typ Max
Rs=0Q +2 +5 +2 +7 mv
Vos Offset voltage®
Rs =0 Q; over temp. +7 +9 mV
Vos Drift Rs =0 Q; over temp. 7 7 uv/°C
| = I +3 +30 5 +50 nA
los Offset current NG — IND)
Over temp. +100 +150 nA
los Drift Over temp. 10 10 pA/°C
. IiINg) OF lin) 45 150 45 250 nA
IgIAS Input current?
liN+) OF lin); Over temp. 40 300 40 500 nA
Ig Drift Over temp. 50 50 pA/°C
v Common-mode voltage V+=30V V+-1.5 V+-1.5 \
™ range® \V+ = 30 V; Over temp. V+-2.0 vi20]| Vv
CMRR g‘t’irgmm'm"de rejection V+=30V 70 | 85 65 | 70 dB
) R =22 kQ; V+ =30 V; over temp. 26 26 \Y
VoH Output voltage swing
R_ =10 kQ; V+ =30 V; over temp. 27 28 27 28 \Y
VoL Output voltage swing R_ =10 kQ; over temp. 5 20 5 20 mV
R =0;V+=30V 0.5 1.0 0.5 1.0 mA
| Supply current = ifiers; = .
cc pply R =c0 on all amplifiers; V+ =30 V; 06 12 06 12 mA
over temp.
RL 22 kQ; Voyt #10 V 50 100 25 100 VimvV

A Large-signal voltage gain = ing):

VoL ge-sig geg V+=15V (for large Vo swing); 25 15 Vimv
over temp.

PSRR Z‘:i’;p'y voltage rejection Rs=0Q 65 | 100 65 | 100 dB
Ampll.fler;to-ampllfler f =1 kHz to 20 kHz (input referred) -120 -120 dB
coupling

Vin+ = +1 Vpc; Vin-= 0 Vpc;

V4 =15 Vpe 20 40 20 40 mA
Output current (Source) Ve TV Ve oV
IN+ = DC: VIN- =0 Vpc;

V+ =15 Vpc; over temp. 10 20 10 20 mA
ViN-=+1Vpg; Vin+ =0 Vpg;

louT V4 = 15 Vpe 10 20 10 20 mA
; Vin- = +1Vpc; Vine =0 Vpg;

Output current (Sink) V+ = 15 Vg over temp. 5 8 5 8 mA

Vine =0 V; ViN- = +1 Vg

Vo =200 mV 12 50 12 50 HA

Isc Short circuit current® 40 60 40 60 mA
Differential input voltage® V+ V+ \%

GBW Unity gain bandwidth Tamb =25 °C 1 1 MHz

SR Slew rate Tamb =25 °C 0.3 0.3 Vips

VNOISE Input noise voltage Tamb =25 °C; f=1kHz 40 40 nVWHz

(Notes on next page).
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DC ELECTRICAL CHARACTERISTICS (continued)
Tamb = 25 °C; V+ = +5 V; unless otherwise specified.

LM358A
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Rs=0Q +2 +3 mvV
Vos Offset voltage!
Rs =0 Q; over temp. +5 mV
Vos Drift Rs =0 Q; over temp. 7 20 uv/eC
| —Iine 5 +30 nA
los Offset current ING) — INO)
Over temp. +75 nA
los Drift Over temp. 10 300 pA/°C
| or N 45 100 nA
IBIAS Input current? ING) — INO)
liNG+) OF ling); Over temp. 40 200 nA
Ig Drift Over temp. 50 pA/°C
) V+=30V 0 V+-1.5 Vv
Vewm Common-mode voltage range3
V+ =30 V; Over temp. 0 V+-2.0 \Y
CMRR Common-mode rejection ratio V+=30V 65 85 dB
) R 22 kQ; V+ =30 V; over temp. 26 Vv
Vou Output voltage swing
R| =210 kQ; V+ =30 V; over temp. 27 28 \Y%
VoL Output voltage swing R =10 kQ; over temp. 5 20 mvV
R =0, V+=30V 0.5 1.0 mA
lcc Supply current —
R =« on all amplifiers; V+ =30 V; over temp. 0.6 1.2 mA
) ) RL 22 kQ; VoyuT+10 V 25 100 vimv
AvoL Large-signal voltage gain -
V+ =15V (for large Vo swing); over temp. 15 V/mV
PSRR Supply voltage rejection ratio Rs=0Q 65 100 dB
Amplifier-to-amplifier coupling# f=1kHz to 20kHz (input referred) -120 dB
Vin+ = +1 Vpe; Vine = 0 Vpg; V+ =15 Vpe 20 40 mA
Output current (Source = : = : = :
p ( ) Vin+ = +1 Vpg; ViN-= 0 Vpg; V+ =15 Vpg; 10 20 mA
over temp.
IOUT VIN— =+1 VDCv;VIN+ =0 VDC; V+=15 VDC 10 20 mA
Output current (Sink) Vin- = +1 Voc; Vine =0 VpcV+ =15 Vo 5 8 mA
over temp.
Vin+ =0V, V)= +1 VDC: VO =200 mV 12 50 A
Isc Short circuit current® 40 60 mA
Differential input voltage® V+ \%
GBW Unity gain bandwidth Tamb =25 °C 1 MHz
SR Slew rate Tamb =25 °C 0.3 V/us
VNoISE Input noise voltage Tamb = 25 °C; f=1kHz 40 nVVHz
NOTES:
1. Vo=1.4V,Rg =0 Q with V+ from 5 V to 30 V; and over the full input common-mode range (0 V to V+ -1.5 V).

2.

3.

The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of
the output so no loading change exists on the input lines.

The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common-mode voltage range is V+ —1.5 V, but either or both inputs can go to +32 V without damage.

Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This
typically can be detected as this type of capacitance coupling increases at higher frequencies.

Short-circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately
40 mA independent of the magnitude of V+. At values of supply voltage in excess of +15 Vp¢, continuous short-circuits can exceed the
power dissipation ratings and cause eventual destruction.

The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common-mode voltage range is V+ —1.5 V, but either or both inputs can go to +32 Vp¢ without damage.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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Figure 4. Typical performance characteristics (continued).

TYPICAL APPLICATIONS

Single Supply Inverting Amplifier

Input Biasing Voltage Follower

Non-Inverting Amplifier

SL00286

Figure 5. Typical applications.
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S08: plastic small outline package; 8 leads; body width 3.9 mm SOT96-1
D E (A]
| T
| \
; f
L \ /
—4-— G v N /
iy | —-F
d S e =
— 7 [-—
f Blg A
1
. i a
A
_____+_____ 2A1 j (Az) A
pin 1 index ! l * *
./ ? *‘\f—e
4 Lp
1 | H |:| 4 - L
——J w detail X
[e] t=- by
0 2.5 5 mm
L 1 1 1 1 1 11 ]
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | | A1 | Az | Ag | bp c | DM | E@| e Hg L Lp Q v w y zMW | o
025 | 1.45 0.49 | 0.25 5.0 4.0 6.2 1.0 0.7 0.7
mm 178 0.10 | 1.25 025 0.36 | 0.19 4.8 3.8 127 5.8 1.05 0.4 0.6 025 025 0.1 0.3 g°
. 0.010 | 0.057 0.019 |0.0100| 0.20 | 0.16 0.244 0.039 | 0.028 0.028 0°
inches | 0.089 | 604 | 0.049 | %" | 0.014 [0.0075| 0.19 | 0.15 | 90%0| 0.208 | ©04" | 0,016 | 0.024 | 001 | 001 [ 0004 5445
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
SOT6-1 076E03 MS-012 = @ e
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DIP8: plastic dual in-line package; 8 leads (300 mil)

SOT97-1

|-— seating plane

|_?_|

—-—| b|-—

il

~ 1

b

pin 1 index

L

T

0 5 10 mm
L L L P 1 L 1 ]
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A A 1 1 1)
uniT | S| | 2 b b, by c p™M | EM | e e, L Mg | My w nfax
1.73 0.53 1.07 0.36 9.8 6.48 3.60 8.25 10.0
mm 42 081 8.2 1.14 0.38 0.89 0.23 9.2 6.20 254 7.62 3.05 7.80 8.3 0.254 115
f 0.068 | 0.021 | 0.042 | 0.014 0.39 0.26 0.14 0.32 0.39
inches
017 1 0.020 | 03 | 5045 | 0.015 | 0035 | 0.009 | 0.36 | 02a | %19 | O30 | o4 | 031 | o33 | 001 | 00
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC ElAd PROJECTION
£5-62-64-
S0T97-1 050G01 MO-001 SC-504-8 == @ 00 1207
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TSSOPS8: plastic thin shrink small outline package; 8 leads; body width 3 mm SOT505-1
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palal; ST

1
R 1 — 1
pin 1 index

/ |
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HHEE.

_.J detail X
BEEN
0 2.5 5mm
Lo v v v v v by vl
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | | A1 | A2 | Az | by | e | DD | E@ | e HE L Ly | v w y [z ] e
0.15 | 0.95 045 | 0.28 | 3.10 | 3.10 5.10 0.70 0.70 6°
mm 110 0.05 | 0.80 025 025 | 015 | 290 | 2.90 065 4.70 0.94 0.40 0.1 01 01 0.35 0°
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
VeRsion PROJECTION | ISSUEDATE
IEC JEDEC ElAJ
SOT505-1 == @ 99-04-09
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Low power dual operational amplifiers

NOTES
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