National Semiconductor

LM124/LM224/LM324/LM2902

Low Power Quad Operational Amplifiers

General Description Advantages

The LM124 series consists of four independent, high gain, u
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from n
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

Eliminates need for dual supplies

m Four internally compensated op amps in a single

package
Allows directly sensing near GND and Vqut also goes
to GND

m Compatible with all forms of logic
m Power drain suitable for battery operation

blocks and all the conventional op amp circuits which now Features

can be more easily implemented in single power supply sys-
tems. For example, the LM124 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 .
m 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 -

The unity gain cross frequency is temperature
compensated

m The input bias current is also temperature
compensated

Connection Diagram

Dual-In-Line Package

Order Number LM124J, LM124AJ, LM124J/883**,
LM124AJ/883*, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

*LM124A available per JIM38510/11006
**.M124 available per JM38510/11005
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Internally frequency compensated for unity gain
Large DC voltage gain 100 dB

m Wide bandwidth (unity gain) 1 MHz

(temperature compensated)
Wide power supply range:
Single supply 3V to 32V
or dual supplies +15Vto £16V
Very low supply current drain (700 jtxA— essentially in-
dependent of supply voltage

Low input biasing current 45 nA
(temperature compensated)

Low input offset voltage 2 mvV
and offset current 5 nA

Input common-mode voltage range includes ground

m Differential input voltage range equal to the power sup-

ply voltage
Large output voltage swing OV toV+ - 15V

Order Number LM124AE/883 or LM124E/883
See NS Package Number E20A

m
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TL/H/9299-33
Order Number LM124AW/883 or LM124W/883
See NS Package Number W14B

CO6CWT/VZEWT/IVZZNT/VCTINT



CO6CINT/VZENT/VZCINT/YVCTINT

1-214



LM124/LM224/LM324/LM2902

1-215



o
~ - °
w@ <& % -« (o)
B ¢
N )
wn
N -
— @ pal
o 3 ©
‘— © 10 o
« .mlth O _ © P+ . O
o o T o @000 No —m= X
B = (Y8 i —— =
N 5J§$$B Numn©£ll§l®
- SOHN VO 1) 0 NKO ey @ Y
+ A @=  Na
A +"|2>
w
\%2
AE = LA @ RN
A+ + 0N (8] o Mmoo
T @
Oo
oE3 n- 033
R ooy o ©on no +n 2002 HAONRY | Poj08R I

CO6CNTT/PCENT/VZCINT/VZTINT

1-216



Typical Performance Characteristics

Input Voltage Range

0 5 10 15
V* OR V* - POWER SUPPLY VOLTAGE (iV ~

Voltage Gain
RI = 20ik<L
-
Ri = 2kfl
0 10 20 30 40

V+ - SUPPLY VOLTAGE Ofa)

Voltage Follower Pulse
Response

RN Ak
I V=B

7 K

20 30
- TIVE (ms)

Output Characteristics

0001 0j01 01 1 10 100

lo* - OUTPUT SOURCE CURRENT (mA”)

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

Ta - TEMPERATURE (°C)

Open Loop Frequency

0o— i - - — —
1.0 10 100 1.0k 10k 100k 1.0M 10M
f - FREQUENCY (Hz)

Voltage Follower Pulse
Response (Small Signal)

Output Characteristics
Current Sinking
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Supply Current

V* - SUPPLY VOLTAGE (V ~

Common Mode Rejection

Large Signal Frequency

Ik 10k 100k ™

f - FREQUENCY (Hz)

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

Ta - TEMPERATURE (°C)

TL/H/9299-3
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LM124/LM224/LM324/LM2902

Typical Performance Characteristics (UMX2miy>

0 10 20 )
Vi SUPPLY VOLTAGE (VD)

Application Hints

The LM124 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 Vdc- 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 Vdc-

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to outputs
for all of the amplifiers and the outputs have also been
placed at the corners of the package (pins 1, 7, 8, and 14).

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 Vdc (at 25°C). An input clamp
diode with a resistor.to the IC input terminal can be used.

To reduce the power supply 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 transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately 1 di-
ode 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.

0 10 20 30

V*- SUPPLY VOLTAGE (V)
TL/H/9299-4

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-in-
verting 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 LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vdc to 30 vdc-

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 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.



Typical Single-Supply Applications <# =50vC

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

DC Summing Amplifier
(Vin’s ™ 0 Vgc and Vg ™ Vqc)

R
10k

TL/H/9299-6

Where: VO = Vt+ V2- V3- V4
(V1+ V2) ;> (V3 + V4)to keepV0O > 0VDC

LED Driver

TL/H/9299-5

Power Amplifier

R1
910k

“BI-QUAD” RC Active Bandpass Filter
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LM124/LM224/LM324/LM2902

Typical Single-Supply Applications <v+ -

Fixed Current Sources

v+

Current Monitor

R1* IL
0.1 R

TL/H/9299-12

Voltage Follower
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50v”) (Continued)

Lamp Driver

Driving TTL

Pulse Generator



Typical Single-Supply Applications <+ - 50vD0) (continued)

Squarewave Oscillator Pulse Generator
TL/H/9299-16
High Compliance Current Sink Low Drift Peak Detector
Comparator with Hysteresis Ground Referencing a Differential Input Signal
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LM124/LM224/LM324/LM2902

Typical Single-Supply Applications <4 =50V (aatined
Voltage Controlled Oscillator Circuit

0.05/iF

Photo Voltaic-Cell Amplifier

Rf
M

AC Coupled Inverting Amplifier

I
100k
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Typical Single-Supply Applications (v = 50voc) (Cortinued)

AC Coupled Non-Inverting Amplifier

R1 R2
M

3 Vpp

TL/H/9299-25

DC Coupled Low-Pass RC Active Filter

ci
0OVF

TL/H/9299-26

High Input Z, DC Differential Amplifier
R2

As shown: Vg = 2(V2 - V-|)
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LM124/LM224/LM324/LM2902

Typical Single-Supply Applications (v4 = 5.0vDX) (continued)

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

RL
10k

>V0

TL/H/9299-28
Ve = 14 ATAV2ZE V)

As shown Vg = 101 (V2 -

Using Symmetrical Amplifiers to Bridge Current Amplifier

Reduce Input Current (General Concept) Wref
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Typical Single-Supply Applications <v+ = 50vDC) (Continued)

Bandpass Active Filter

ci
0.01/uF
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