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Low Power Dual Operational Amplifiers

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
supply 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
systems. For example, the LM158 series can be directly
operated 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

m |n 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
single power supply voltage.

® The unity gain cross frequency is temperature
compensated.

m The input bias current is also temperature compensated.
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Advantages

m Two internally compensated op amps

m Eliminates need for dual supplies

m Allows direct sensing near Gnd and Vg also goes to
Gnd

m Compatible with all forms of logic

®m Power drain suitable for battery operation

Features

m Internally frequency compensated for unity gain
m Large dc voltage gain: 100 dB
m Wide bandwidth (unity gain): 1 MHz
(temperature compensated)
m Wide power supply range:
— Single supply: 3V to 32V
— or dual supplies: *1.5V to £16V
m Very low supply current drain (500 pA) — essentially
independent of supply voltage
® Low input offset voltage: 2 mV
B |nput common-mode voltage range includes ground
m Differential input voltage range equal to the power
supply voltage
® |arge output voltage swing: 0V to V* — 1.5V

Ordering Information

NS Part Number JAN Part Number NS Package Number Package Description
LM158H/883 H08C 8LD T0-99 Metal Can
LM158J/883 5962—-8771001PA JO8A 8LD Ceramic DIP
LM158H-SMD 5962—-8771001GA HO8C 8LD T0-99 Metal Can
LM158AH/883 5962—-8771002GA HO08C 8LD T0-99 Metal Can
LM158AJ/883 5962—-8771002PA JOBA 8LD Ceramic DIP
LM158AWG/883 5962—-8771002QXA WG10A 10LD Ceramic SOIC
LM158AH-QMLV 5962-8771002VGA HO08C 8LD T0-99 Metal Can
LM158AHLQMLV 5962L8771002VGA HO08C 8LD T0-99 Metal Can
50k rd(Si)

LM158AJLQML 5962L.8771002QPA JOBA 8LD Ceramic DIP
50k rd(Si)

LM158AJ-QMLV 5962-8771002VPA JO8A 8LD Ceramic DIP

LM158AJLQMLV 5962L8771002VPA JOBA 8LD Ceramic DIP
50k rd(Si)

LM158AWG-QMLV 5962-8771002VXA WG10A 10LD Ceramic SOIC

LM158AWGLQMLV 5962L8771002VXA WG10A 10LD Ceramic SOIC
50k rd(Si)
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LM158QML

Connection Diagrams

Metal Can Package

OUTPUT A (7) outrut s

INVERTING
INPUT A

INVERTING
INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

20150201

Top View
See NS Package Number HO8C

DIP Package

1
OUTPUTA — Vvt

2 7
INVERTING INPUT A =1 = OUTPUT B

NON-INVERTING __3
INPUT A

INVERTING INPUT B

NON-INVERTING

GNo INPUT B

20150204
Top View
See NS Package Number JOBA

8LD Ceramic SOIC

OUT A 1 10 V+
-INA 2 9 ouTB
+IN A 3 8 -INB
GND 4 7 +IN B

N/C 5 6 N/IC
20150202
Top View

See NS Package Number WG10A
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Schematic Diagram
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LM158QML

Absolute Maximum Ratings (Note 1)

Supply Voltage, V* 32Vpe
Differential Input Voltage 32Vpe

Input Voltage —-0.3Vpc to +32Vp¢
Power Dissipation (Note 2) 830 mW
Output Short-Circuit to GND(Note 3) Continuous

(One Amplifier)
V* <15Vpc and T, = 25°C

Maximum Junction Temperature (T jmay) 150°C
Input Current (V, < -0.3V)(Note 4) 50 mA
Operating Temperature Range -55°C < T, <+125°C
Storage Temperature Range -65°C < Tp <+150°C
Lead Temperature (Soldering, 10 seconds)
Metal Can 300°C
Ceramic DIP 260°C
Ceramic SOIC 260°C
Thermal Resistance
0ua
Metal Can (Still Air) 155°C/W
Metal Can (500LF/Min Air Flow) 80°C/W
Ceramic DIP (Still Air) 132°C/W
Ceramic DIP (500LF/Min Air Flow) 81°C/W
Ceramic SOIC (Still Air) 195°C/W
Ceramic SOIC (500LF/Min Air Flow) 131°C/W
B,c
Metal Can 42°C/W
Ceramic DIP 23°C/W
Ceramic SOIC 33°C/W
Package Weight
Metal Can 1,000mg
Ceramic DIP 1,100mg
Ceramic SOIC 220mg
ESD Tolerance (Note 7) 250V
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Quality Conformance Inspection
Mil-Std-883, Method 5005 - Group A

Subgroup Description Temp °C
1 Static tests at 25
2 Static tests at 125
3 Static tests at -55
4 Dynamic tests at 25
5 Dynamic tests at 125
6 Dynamic tests at -55
7 Functional tests at 25
8A Functional tests at 125
8B Functional tests at -55
9 Switching tests at 25
10 Switching tests at 125
11 Switching tests at -55
12 Settling time at 25
13 Settling time at 125
14 Settling time at -55
LM158 Electrical Characteristics
DC Parameters
The following conditions apply, unless otherwise specified.
DC: All voltages referenced to device ground.
Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
lcc Power Supply Current +Vee =5V, R = 100K, 1.2 mA 1,2,3
Vo = 1.4V
+Vee = 30V, R, = 100K, 3.0 mA 1
Vo = 1.4V 4.0 mA 2,3
Vou Output Voltage High +Vee = 30V, R = 2KQ 26 Vv 1,2,3
+Vee = 30V, R, = 10KQ 27 \Y 1,2,3
VoL Output Voltage Low +Vee = 30V, R, = 10KQ 20 mV 1,2,3
+Vee = 30V, lgjnk = THA 20 mV 1,2,3
+Vee =5V, R = 10KQ 20 mV 1,2,3
Isink Output Sink Current +Vee = 15V, Vg = 200mV, 12 pA 1
+V, =0V, -V, = +65mV
+Vee =15V, Vg =2V, 10 mA 1
+V, =0V, -V, = +65mV 5.0 mA 2,3
Isource Output Source Current +Vee =15V, Vg =2V, -20 mA 1
+V, =0V, -V, = -65mV -10 mA 2,83
los Short Circuit Current +Vee =5V, Vg =0V -60 mA 1
Vio Input Offset Voltage +Vee =30V, Vo = 0V, -5.0 | 5.0 mV 1
Rs = 50Q, Vo = 1.4V 70 | 7.0 mV 2,3
+Vee = 30V, Vg = 28.5V, -5.0 | 5.0 mV 1
Rs = 50Q, Vg = 1.4V
+Vee = 30V, Vg = 28V, 70| 7.0 mvV 2,3
Rs =50Q, Vg = 1.4V
+Vee =5V, Ve = 0V, -5.0 | 5.0 mV 1
Rs = 50Q, Vo = 1.4V 70| 7.0 mv 2,3
CMRR Common Mode Rejection Ratio | +Vcc = 30V, Rg = 50Q 70 dB 1
V, =0V to 28.5V,
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LM158QML

LM158 Electrical Characteristics (continued)

DC Parameters (Continued)
The following conditions apply, unless otherwise specified.

DC: All voltages referenced to device ground.

Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
*lg Input Blas Current +Vee =5V, Ve = 0V (Note 5) | -150 | -1.0 nA 1
(Note 5) | -300 | -1.0 nA 2,3
lio Input Offset Current +Vee =5V, Ve = 0V -30 30 nA 1
-100 | 100 nA 2,3
PSRR Power Supply Rejection Ratio | +Vsc =5V to 30V, 65 dB 1
Vem = 0V
Ve Common Mode Voltage Range | +Vgc = 30V (Note 6), 28.5 \ 1
(Note 8)
(Note 6), 28.0 \Y 2,3
(Note 8)
Vit Differential Input Voltage (Note 9) 32 \ 1,2,3
Avs Large Signal Gain +Vee = 15V, R = 2KQ, 50 V/mV 4
Vo =1V to 11V 25 V/mV 5,6
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LM158A Electrical Characteristics
DC Parameters
The following conditions apply, unless otherwise specified.
DC: All voltages referenced to device ground.
Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
lcc Power Supply Current +Vee =5V, R = 100K, 1.2 mA 1,2,3
Vo = 1.4V
+Vee = 30V, R, = 100K, 3.0 mA 1
Vo = 1.4V 4.0 mA 2,3
Vou Output Voltage High +Vee = 30V, R = 2KQ 26 \Y 1,2,3
+Vee = 30V, R, = 10KQ 27 \Y 1,2,3
VoL Output Voltage Low +Vee = 30V, R, = 10KQ 40 mV 1
100 mV 2,3
+Vee = 30V, lgjnk = THA 40 mV 1
100 mV 2,3
+Vee = 5V, R, = 10KQ 40 mvV 1
100 mV 2,3
Isink Output Sink Current +Vee = 15V, Vg = 200mV, 12 HA 1
+V, =0V, -V, = +65mV
+Vee =15V, Vo =2V, 10 mA 1
+V, =0V, -V, = +65mV 5.0 mA 2,3
Isource Output Source Current +Vee =15V, Vo =2V, -20 mA 1
+V, =0V, -V, = -65mV -10 mA 2,3
los Short Circuit Current +Vee =5V, Vg = 0V -60 mA 1
Vio Input Offset Voltage +Vee =30V, Vo =0V, 20| 2.0 mV 1
Rs = 50Q, Vg = 1.4V 4.0 | 4.0 mV 2,3
+Vee = 30V, Vg = 28.5V, 20| 2.0 mV 1
Rs = 50Q, Vg = 1.4V
+Vee = 30V, Ve = 28V, -40 | 4.0 mV 2,3
Rs = 50Q, Vg = 1.4V
+Vee =5V, Vepm = 0V, 20| 2.0 mV 1
Rs = 50Q, Vg = 1.4V 40| 4.0 mV 2,3
CMRR Common Mode Rejection Ratio | +Vcc = 30V, Rg = 50Q 70 dB 1
V, =0V to 28.5V,
*lg Input Blas Current +Vee =5V, Ve = 0V (Note 5) | -50 | -1.0 nA 1
(Note 5) | -100 | -1.0 nA 2,3
lio Input Offset Current +Vee =5V, Ve = 0V -10 10 nA 1
-30 30 nA 2,3
PSRR Power Supply Rejection Ratio |+Vc =5V to 30V, 65 dB 1
Vem = 0V
Vem Common Mode Voltage Range |+Vcc = 30V (Note 6), 28.5 Vv 1
(Note 8)
(Note 6), 28.0 \'% 2,3
(Note 8)
Vit Differential Input Voltage (Note 9) 32 \ 1,2,3
Ays Large Signal Gain +Vee = 15V, R = 2KQ, 50 V/mV 4
Vo =1Vto 11V 25 V/mv 5,6
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LM158QML

LM158A Electrical Characteristics (continued)
DC Drift Parameters

The following conditions apply, unless otherwise specified.
DC: All voltages referenced to device ground.
Delta calculations are performed on QMLV devices at Group B, Subgroup 5 only.

Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
Vio Input Offset Voltage +Vee =30V, Vg = 0V, -0.5 | 05 mV 1
Rg = 50Q, Vg = 1.4V
+Vee = 30V, Ve = 28V, -05 | 05 mV 1
Rg = 50Q, Vg = 1.4V
+Vee =5V, Vg = 0V, -05 | 05 mV 1
Rg = 50Q, Vg = 1.4V
*+lg Input Bias Current +Vee =5V, Vo = 0V (Note 5) | -10 10 nA 1
Post Radiation Limits @ 25°C (note 10)
The following conditions apply, unless otherwise specified.
DC: All voltages referenced to device ground.
Symbol Parameter Conditions Notes Min | Max Units Sub-
groups
Vio Input Offset Voltage +Vee =30V, Veu = 0V, (Note 10) | -4.0 | 4.0 mV 1
Rs = 50Q, Vo = 1.4V
+Vee = 30V, Vo = 28V, (Note 10) | -4.0 | 4.0 mV 1
Rg = 50Q, Vg = 1.4V
+Vee =5V, Vem = 0V, (Note 10) | -4.0 | 4.0 mV 1
Rg = 50Q, Vg = 1.4V
*lg Input Bias Current +Vee =5V, Vopy = 0V (Notes 5, | -60 | -1.0 nA 1
10),

Note 1: 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 2: 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 Tp (ambient temperature). The maximum allowable power dissipation at any temperature is Ppmax = (Tymax - Ta)/04a
or the number given in the Absolute Maximum Ratings, whichever is lower.

Note 3: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

Note 4: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action
on the IC chip. This transistor action can cause the output voltages of the op amps to go to the V*voltage level (or to ground for a large overdrive) for the time duration
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value
greater than —-0.3V (at 25°C).

Note 5: 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.

Note 6: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
common-mode voltage range is V* —1.5V (at 25°C), but either or both inputs can go to +32V without damage, independent of the magnitude of V*.

Note 7: Human body model, 1.5 kQ in series with 100 pF.

Note 8: Guaranteed by input offset voltage.

Note 9: Guaranteed parameter not tested.

Note 10: Pre and post irradiation limits are identical to those listed under AC and DC electrical characteristics except as listed in the Post Radiation Limits Table.

These parts may be dose rate sensitive in a space environment and demonstrate enhanced low dose rate effect. Radiation end point limits for the noted parameters
are guaranteed only for the conditions as specified in Mil-Std-883, Method 1019.5.
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Typical Performance Characteristics

Ip = SUPPLY CURRENT DRAIN (mApe) V)~ INPUT VOLTAGE (&Vpc)

AyoL - VOLTAGE GAIN (dB)

Input Voltage Range

10 /

NEGATIVE

POSITIVE

//

0 5 10 15
v* OR V™ POWER SUPPLY VOLTAGE (:I:VDC)

20150234

Supply Current

bl

RS

=T, = 0°C TO +125°C

3

T, = -55°C |
|

0 10 20 30
V* = SUPPLY VOLTAGE (Vp)

20150236

Open Loop Frequency Response

N
o

140 I T
u.wr _|
V,
100 NN . o’ |
\.\::::~V|N vt/20
80 N\~ =
\\\\ VE =30V &
60 \\\—{"CSTASHZS"C
40 \
2oLV =10T0 15vDCN\
N
-550C<T,<+125°C \
1 1 Al 1 \ N
100 1.0k 10k 100k 1.0M 10M
f - FREQUENCY (Hz)

0
1.0 10

20150238

lg = INPUT CURRENT (nApc)

CMRR - COMMON-MODE REJECTION RATIO (dB)

AyoL - VOLTAGE GAIN (dB)

90

Input Current

80

Ven =0

Vbe

70

+ _
Vh = 430 Ve

60

50
40

-
Vh = +15 Ve

30

20

10

-
VE o= 45V,

0

-55-35-15 5 25 45 65 85 105125

Ty - TEMPERATURE (°C)

20150235

Voltage Gain
160 | |
R = 20ka
120
—
/ \\
‘ R =2k
80 L
40
0 10 20 30

Common-Mode Rejection Ratio

N
o

o
o

80

60

40

20

V* - SUPPLY VOLTAGE (Vpe)

20150237

40

S 1000

BUFFER
e 1k -5y

P W AT

L |

100

1k 10k 100k

f - FREQUENCY (Hz)

™

20150239

www.nhational.com

TNO8S LN



LM158QML

Typical Performance Characteristics (continued)

Voltage Follower Pulse Response

Vo = OUTPUT
VOLTAGE (V)

Viy - INPUT
VOLTAGE (V)

4

T T
R = 2.0k

3 . —
VF =15V,

0 10 20 30 40

t - TIME (us)
20150240

Large Signal Frequency Response
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100k | II||||
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20150242

Output Characteristics Current Sinking

Vo = OUTPUT VOLTAGE (Vpc)

10 =
V¥ = 45V
V= +15 Voo Pl
VE = +30 Vo
1 L
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- o
0.1 Qo
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1/ M
pil's 4 = = =
= o -
oo )24 Ty = +25°C 7 |
0.001 0.01 0.1 1 10 100

lo = OUTPUT SINK CURRENT (mApc)
20150244

Voltage Follower Pulse Response (Small Signal)
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20150241

Output Characteristics Current Sourcing
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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 V. These amplifiers operate over a wide range
of power supply voltage with little change in performance
characteristics. At 25°C amplifier operation is possible down
to a minimum supply voltage of 2.3 V.

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 accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents result from large differ-
ential 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 V¢ (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 transis-
tors can be used to extend the power capability of the basic
amplifiers. The output voltage needs to raise approximately
1 diode drop above ground to bias the on-chip vertical 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.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accommodated 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 amplifier.

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 V¢ to 30 Vpe.

Output short circuits either to ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, 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 junction 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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LM158QML

Typical Single-Supply Applications (v =50 vy)
Non-Inverting DC Gain (OV Output)
Win s 46V f — — — — — —
Iz
=3
-
o
2
=
R2
GAIN= 1+ —
R1
= 101 (AS SHOWN)
= 0 Vi (mV)
20150206 20150207
*R not needed due to temperature independent Iy
DC Summing Amplifier
(Vinns 20 Vpc and Vg > 0 V) Power Amplifier
R1
910k
M
100k 20150209
20150208 Vo =0 Vpg for Viy =0 Vpe
Where: Vo = V1 + Vo + V3 + Vy Ay =10
(V4 + Vo) = (V3 + Vy) to keep Vo > 0 Vpg
www.national.com 12




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

“BI-QUAD” RC Active Bandpass Filter

R1
100k

C1
330 pF
| |
R2 I I R5
100k 470k
Vin O—AAA—
R3S C2
100k ? 330 pF
| |
I I R6
470k
- -O Vo
1/2 LM158
R7
100k
+

R8
100k

f, =1 kHz
Q=50
A, = 100 (40 dB)

Fixed Current Sources

V+

!

+ +
R3 R1
R2
2V 2% 2V 2k
1/2 LM158 H
|
|

20150211

vt
+ |
C3

IOHF T

20150210

Lamp Driver

20150212

13
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LM158QML

Typical Single-Supply Applications (v+

LED Driver

20 mA
—_—

_zF

: ‘@

20150213

Driving TTL

Do—o

1/4 DM54XX

20150215

0.001.F

R1
™

= 5.0 Vpe) (Continued)

Current Monitor

R1* I
0.1 —
VL O
Re
R2
100 -
Vo
R3
1k
20150214
V(1)
Ve =
07 A

*(Increase R1 for I small)
VL < V-2V

Voltage Follower

O Vo

+Vin O

20150217
Vo =ViN

Pulse Generator

IN914

20150216
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Typical Single-Supply Applications (v+

Squarewave Oscillator

R1
100k

C AAA
0.0014F M

20150218

Low Drift Peak Detector

1/2 LM358

! c

T"

+Vin ()--d

—

(POLYCARBONATE OR
POLYETHYLENE)

HIGH Z)y
LOW Zoyt

2N929* A 1
*hi g AT 100 nA
I I
<——a

= 5.0 Vpc) (Continued)

Pulse Generator

R1

4
20k IN9?

R2
150k

20150219

0.001.F

1/2 LM358

AUX AMP

INPUT CURRENT
COMPENSATION

20150220

15 www.nhational.com
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LM158QML

Typical Single-Supply Applications
High Compliance Current Sink

I l.o

+Vin O

20150221
lo = 1 amp/volt Vg

(Increase Rg for Ig small)

(V* = 5.0 Vpe) (Continued)

Comparator with Hysteresis

20150222

Voltage Controlled Oscillator (VCO)

$ R/2
50k

A

O OUTPUT 1

v*/2 51k

100K /\/\/
444‘§’\/\'47 1’

O OUTPUT 2
\| 10k
| A 'A'A'%
20150223
*WIDE CONTROL VOLTAGE RANGE: 0 Vpg < Vg < 2 (V' 1.5V pg)
www.national.com 16




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

AC Coupled Inverting Amplifier

20150224

R
Ay = H—: (As shown, Ay = 10)

Ground Referencing a Differential Input Signal

20150225

17
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LM158QML

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

AC Coupled Non-Inverting Amplifier

R1 R2
100k ™
MV~

C0 0 ___lij\;;fI:!&__a Vpp
V

20150226

R2
Ay =1+ —
v R1

A, = 11 (As Shown)

DC Coupled Low-Pass RC Active Filter

c1
0.01uF

1/2 LM358 Vo

20150227

fo =1 kHz
Q=

www.national.com 18



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

Bandpass Active Filter

VIN

1/2 LM358 Vo

R3 $
620k
<
c3 R7 R8
10uF T 100k 100k

20150228
fo =1 kHz
Q=25

High Input Z, DC Differential Amplifier

1/2 LM358 Vo

+V; O-

20150229

R1 _ R4 (CMRR depends on this

r — =

R2 ~ R3 resistor ratio match)

R4
Vo=1+— (Vo -V
o) Ra(z 1)

As Shown: Vo = 2 (V2 — V4)

19
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LM158QML

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

Photo Voltaic-Cell Amplifier Bridge Current Amplifier

Ry +VRer
™

MV

'cau_l
(CELL HAS OV
ACROSS IT)

Vo

20150230

For 8 << 1and R >> R

8\ Ry
Vo=Vrer (3 ) |

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

R1
100k
MV

+Vq O

R2 GAIN ADJUST

2%
S AAY

RS
100k

Vo

R7
100k

‘N'
<

20150231

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

Vo =1+ (v, - vy
o R2 2 1

As shown Vg = 101 (V — V;)

20150233

www.national.com 20




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

Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

| | 1/2 LM358 o
IN B
— > -
i +
|,,l
2N929*
*hi g AT 50 nA 0.0014F
lg
-
I 2R
lg —_— M
1/2 LM358

- AUX AMP
I
. 5,3 8 INPUT CURRENT
: COMPENSATION

20150232

21 www.nhational.com
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LM158QML

Revision History

Date Revision Section Originator Changes
Released
07/12/05 A New release to corporate fomat. L. Lytle 2 MDS datasheets converted into one

Corporate datasheet format.
MNLM158-X-RH Rev 1C1 & MNLM158-X
Rev 1A1 will be archived.

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted

REFERENCE PLAN
500 m#—» 1752.010
@.360%.010 (12.1) t4.4520.25)
L0 £9.14%0.25)

@.2002.005
(5.08%0.12)

252,010
(8.2610.25)

037+.008
[0.94%0.2)
0175%.0015  TYP
38)

[0.44520.0

B8
031+.003
[0.79£0.07] 025 MAX b
1S INCH LEAD DIA

CONTROLLING
VALUES IN [ ] ARE IN MILLIMETERS

Metal Can Package (H)
NS Package Number HO8C

MAX

. 400
[10.161]

B W W

310  MAX
[7.87]
R.025

[0.64)

CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS

FRvRv

fe—=—8X 55+.010 ~

L0551,
[1.4%0.25] [(7.37-8.13)

.290-.320 ——=

HOBC (Rev F)

—

| ——GLASS SEALANT

200 MAX TYP
[(5.08]

90° £4°
25-.200 "%y}

8X .125-.
[3.18-5.08]

.055 MAX TYP —=
[1.401

180 MAX
4.57) (i ~ R

f

|

95° +5°
02 TYP

.020-.060
[0.51-1.52] ~—
TYP
L—SX 018+.003
[0.46%0.07)

.310-.410
o [7.87-10.41)
.251

CERDIP Package (J)
NS Package Number JOSA

— 8X .010£.002
[0.25%0.05]

JOBA (Rev M)

23
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LM158QML Low Power Dual Operational Amplifiers

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

.270 MAX
[6.86]

SUPPLIER—/

OPTION

\.

. +.010
[10.41%0.25)

LEAD #1 IDENT/

1

5

.010%,002 ——J !
£0.25%0.05) — — 017,002 TYP
0.43%0.05]
.050%.002 TYP
[1.27%0.05) s ot
r-0702 020
[1.78:3:5]
n—..
>].004 [0.1)
' [
045 MAX —— ,008%,004
[1.14] £0.2%0.1)
TYP SEATING PLANE

CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS

(R.015 TYP)
[0.38]

0°-4°TYP

.040%.003 J—J

[1.02%0.07)
TYP

10LD Ceramic SOIC Package
NS Package Number WG10A

4
06+.002 TYPJ

.0 .
[0.1520.05)

WG10A (Rev C)

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
Americas Customer

Support Center

Email: new.feedback@nsc.com

Tel: 1-800-272-9959

www.national.com

National Semiconductor
Europe Customer Support Center
Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Support Center

Email: ap.support@nsc.com

National Semiconductor

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

Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560
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