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LM124/A - LM224/A
LM324/A - LM2902

LOW POWER QUAD OPERATIONAL AMPLIFIERS

a LARGE VOLTAGE GAIN : 100dB

= VERY LOW SUPPLY CURRENT/AMPLI
375pA

= LOW INPUT BIAS CURRENT : 20nA

= LOW INPUT OFFSET VOLTAGE : 2mV

= LOW INPUT OFFSET CURRENT : 2nA

a WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V
DUAL SUPPLIES : +1.5V TO +15V

DESCRIPTION

These circuits consist of four independent, high
gain, internally frequency compensated operational

DiIP14
(Plastic Package)
J

CERDIP14
(Cerdip Package)

S0O14
(Plastic Micropackage})

ORDER CODES

o ; ) P Part Temperature Package
amplifiers which were designed specifically for auto- Number Range N 3 D
e aningusrilcontolaysons Teyrode | Lyiaun | s rzsc |- | 4| -

0 O, e - -
voltages. Operation from split power supplies is also LM224/A _4(3) C. + 005 c
possible and the low power supply current drain is LM324/A 0°C, +70°C . . .
independent of the magnitude of the power supply LM2902 —40°C, +105°C . . .
voltage. Examples : LM124J, LM224N
PIN CONNECTIONS (top view)
N
Outputt 1 [] '] 14 Output 4
inverting input 1 2 E->J |_<—] 13 Inverting Input 4
Non-inverting Input 1 3 [-_:1L +~:| 12 Non-inverting Input 4
vee+ 4 [ [] 11 vee -
Non-inverting Input 2 5 E-> +~:] 10 Non-inverting Input 3
Inverting Input2 6 [H- ‘ HI 9 Inverting Input 3
Output2 7 [ ‘ ] 8 Output3
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LM124,A - LM224,A - LM324,A - LM2902

SCHEMATIC DIAGRAM (1/4 LM124)

O
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1L cs
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Inverting Q2 as Q4 Qa7
input a1
R
»{m 1 sc
N 3 D Output
Non inverting >
input D 7\01 3
€ }—Km 2
®
Qs Q9 50 A
S TN TN M SN s GND
124-02.EPS
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter LM124,A [ '-“gg%g"‘ I LM324,A | Unit
Vee Supply Voltage +16 or 32 A\
A Input Voltage -0.3 to +32 \
Vi Differential Input Voltage +32 +32 +32 \%
Piot Power Dissipation N, J Suffix 500 500 500 mw
D Suffix - 400 400
- Output Short-circuit Duration - (note 1) Infinite
b Input Current — (note 6) 50 50 50 mA
Toper Operating Free Air Temperature Range -55t0 +125 | 40 to +105 0 to +70 °c
Tetg Storage Temperature Range 6510150 | —65to 150 | —65to 150 °c
212
B 7929237 0052852 574 W
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LM124,A - LM224 A - LM324,A - LM2902

ELECTRICAL CHARACTERISTICS
Vect = 45V, Vee™ = Ground, Vo = 1.4V, Tamb = +25°C
(unless otherwise specified)

This Materi al

Copyrighted By Its Respective Manufacturer

LM124A - LM224A LM124 - LM224
Symbol Parameter LM324A LM324 - LM2902 Unit
Min. | Typ. Max. Min. | Typ. | Max.
Vio Input Offset Voltage (note 3) mv
Tamb = +25°C 2 3 2 5
LM324, LM2902 7
Trn < Tamb < Tmax- 5 7
LM324, LM2302 9
lo Input Offset Current nA
Tamb = +25°C 2 20 2 30
Trn < Tamb € Tmax- 40 40
lib Input Bias Current (note 2) nA
Tamb = 20 100 20 150
Tmn < Tamb < Trmax- 200 200
Avd Large Signal Voltage Gain Vimv
(Vec' = +15V, HL =2kQ, Vo = 1.4V to 11.4V)
Tamb = +25°C 50 100 50 100
Trn < Tamb < Tmax. 25 25
SVR (Supply V?}tage He)jecnon Ratio (Rs < 10kQ) dB
=5Vio 3
Tamb = +25°C 65 110 65 110
Trn < Tamb < Tenax. 65 65
lcc Supply Current all Amp, no load mA
Tamb = +25°C Vee = +5V 0.7 1.2 0.7 1.2
Vee = +30V 1.5 3 1.5 3
Toun < Tamb < Trmax. Vee = +5V 0.8 1.2 0.8 1.2
Vce = +30V 1.5 3 15 3
Viem Input Common Mode Voltage Range Vv
(Vcc = +30V) - (note 4)
Tamb = +25°C 0 Vee-1.5 0 Vee -1.5
Trun € Tamo < Tmax 0 Vee -2 0 Vee -2
CMR Common-| mode Rejection Ratio (Rs < 10kQ) dB
Tamb = +25°C 70 80 70 80
Trn. < Tamb < Tmax 60 60
lo Output Short-circuit Current (Vig = +1V) mA
Vee = +15V, Vo = +2V 20 40 60 20 40 60
Isink QOutput Sink Current (Vig = -1V)
Vce = +15V, Vo = +2V 10 20 10 20 mA
Voo = +15V, Vo = +0.2V 12 50 12 50 pHA
312
B 7929237 0052853 434 WA
337

124-03.TBL



LM124,

A - LM224,A - LM324,A - LM2902

ELECTRICAL CHARACTERISTICS (continued)

LM124A - LM224A LM124 - LM224
Symbol Parameter LM324A LM324 - LM 2902 Unit
Min. | Typ. Max. Min. | Typ. Max.
VoH High Level Output Voltage \Y
(Vce = +30V)
Tamb = +25°C RL= 2kQ 26 27 26 27
T £ Tamg < Tmax. 26 26
Tamb = +25°C RL= 10kQ 27 28 27 28
Trmn. < Tamb € Tmax. 27 27
(Ve = +5V, R% 2kQ)
Tamb = 3.5 3.5
T, < Tamb < Tmax. 3
VoL Low Level Outgut Voltage (RL = 10kQ) mV
Tamb = 5 20 5 20
Tmln < Tamb < Tmax 20 20
SR Slew Rate (Vcc = 15V, V= 0.5 to 3V, V/ius
RL = 2kQ, CL = 100pF, Tamb = +25°C,
unity galn) 0.2 0.4 0.2 0.4
GBP Gain Bandwidth Product (Ve = 30V MHz
= 100kHz, Tamb = + 25° C, Vin = 10mV
RL = 2kQ, CL = 100pF) 0.7 1.3 0.7 1.3
THD Total Harmonic Distortion %
g: 1kHz, Ay = 20dB, Ry = 2kQ, Vo = 2Vpp
L = 100pF, Tamb = +25°C, Vce = 30V) 0.015 0.015
en Equivalent Input Noise Voltage nV
(f = 1kHz, Rs = 10092, Vcc = 30V) 40 40 JHZ
DV, | Input Offset Voltage Drift 7 30 7 30 wvre
Dlio Input Offset Current Drift 10 200 10 200 pALC
Vo1/Vo2 | Channel Separation (note 5) dB
1kHz < f < 20kHz 120 120
Notes : 1. Short-circuits from the output to Vcc can cause excessive heating if Vee > 15V. The maximum output current

4/12

is approximately 40mA independent of the magnitude of Vcc. Destructive dissipation can result from simuita-
neous short-circuit on all amplifiers.

2. The direction of the input current is out of the IC. This current 1s essentially constant, independent of the state

of the output so no ioading change exists on the input lines

3.Vo= 1.4V, Re = 0Q, 5V < Vec' < 30V, 0 < V¢ < Vec* - 1.5V

4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more

than 0.3V. The upper end of the common-mode voitage range is Vcc® - 1.6V, but either or both inputs can go

to +32V without damage.

Due to the proximity of external components insure that coupling Is not onginating via stray capacitance be-
tween these externai parts. This typically can be detected as this type of capacitance increases at higher fre-
quences.

. This input current only exists when the voltage at any of the input feads is driven negative. It is due to the
collector-base junction of the input PNP transistor becoming forward biased and thereby acting as input
diodes clamps. In addition to this diode action, there 1s aiso NPN parasitic action on the IC chip. this transistor
action can cause the output voltages of the Op-amps to go to the Vcc voltage level (or to ground for a large
overdrive) for the time duration than an input is driven negative.

This is not destructive and normal output witl set up again for input voltage higher than -0.3V.

o

[

B 7929237 0052454 370 M

338

This Material Copyrighted By Its Respective Manufacturer

124-04.TBL



LM124,A - LM224,A - LM324,A - LM2902

1B (nA) 24

GAIN BANDWIDTH PRODUCT (MHz)

LM124/224/324

INPUT BIAS CURRENT
vs AMBIENT TEMPERATURE
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INPUT VOLTAGE RANGE
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124-05.EPS
GAIN BANDWIDTH PRODUCT
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INPUT CURRENT (mA}

COMMON-MODE REJECTION RATIO (dB)

Bl 7929237 0052855

SUPPLY CURRENT (mA)

CURRENT LIMITING (Note 8}
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SUPPLY CURRENT
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LM124,A - LM224,A - LM324,A - LM2902

OPEN LOOP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE
20
e omMn
0.1 uF
120 ~§ Vic
eo
o [ - 15
g oo ' ? z
= >
= =
< W Ved? = a
o v c +30V 8 Z 10
T 8 NN\ 55°C € Tamb < +125°C z :
g \ ‘
- | = i N
3 & — z 5 RHTHNEE IR I BRI
> 3 TR Y '
» VCC—+1010+15V& 3 SRR i P
—B5°C< Tgmp < + 125°C ] } ) i
i L1 1 \ 0 1111 1 IJ: il
10 18 100 1.0k 10k 100k 1.0M 10M 1% 10k 100K M
FREQUENCY (Hz) FREQUENCY (Hz)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
> 0 {CURRENT SINKING}
oo T T T +
E: Rizzka va c=:f5"v =
v 3 vdc=+15V Vg - =
g 5 Vee=+30V . 2
2 2
- w 1 =5
=2 =
B o g ES: TEHE
2 - 1 v,
o o 2 cc
- o > < > vC({
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o 1 = = = |
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g o 10 Ll 3 40 0001 o001 01 1w 100
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VOLTAGE FOLLOWER PULSE RESPONSE OQUTPUT CHARACTERISTICS
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LM124,A - LM224,A - LM324,A - LM2902

INPUT CURRENT VOLTAGE GAIN
17 160 ] ~[ T
T R, =20k
§ 75 & 128
£ | ] R =2k
£ z » L
£ s =
£ 5 ®
o &
E T = +25°C <
E » amb ts— P
z >
0 10 2 30 0 10 20 30
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V)
124-10.EPS 124-11.EPS
POWER SUPPLY & COMMON MODE Avd (dB) LARGE SIGNAL VOLTAGE GAIN
REJECTION RATIO 120
w (dB) 120 =
8 s <
= _— SVA] ©
zo 110 == w 115
(=3 i
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== ] /
o 100 o L1
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LM124,A - LM224,A - LM324,A - LM2902

TYPICAL SINGLE - SUPPLY APPLICATIONS

AC COUPLED INVERTING AMPLIFIER

Ry
100kQ R;
v=T _1‘
Rt as shown A,,=-10
_i:l 10k ( v="19
I I C
K 0 T TN 2
€0

RL

10K€2

e R2
Vet 100k N\
R\
Cl mm
10pF =™
= T
124-14.EPS
AC COUPLED NON-INVERTING AMPLIFIER
R1 R2
100k 1IMQ AV=1 +%
ci _[ (as shown A, = 11)
0.1uF
h\ Co
OM 2Vep
CI o

R

10kQ

124-15.EPS
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LM124,A - LM224,A - LM324,A - LM2902

TYPICAL SINGLE - SUPPLY APPLICATIONS (continued)
NON-INVERTING DC GAIN

R2
Ay = 1 2
\ + R
(As shown Ay = 101}
10 ks2 o
e O—{ 3
o 2V ___
)
R2
1 M52
1
E
: &
R1
10 k§2
\N o R
e (mV)
124-16.EPS
DC SUMMING AMPLIFIER
e 100 kQ
o—{ 13—
{
p—O €0
e2 100k
o— }—-
100
€3 100 k&2
100 k§2
[
eg=€1 + €2 - e3 —~ e4
€4 100 k2 where {e1 + eg}>(e3 + eg)
o—{ 1+ 1o keep Q20 V
124-17 EPS
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LM124,A - LM224,A - LM324,A - LM2902

TYPICAL SINGLE - SUPPLY APPLICATIONS (continued)
HIGH INPUT Z ADJUSTABLE GAIN DC INSTRUMENTATION AMPLIFIER

R1 ifRi=Rsand R3=Rs=Rs= Ry
2R
100 k2 eo=[1+——R?1](ez—e1)
As shown eo = 101 {e2 - e1)
- R3 R4
1
18 00 kQ 100 kQ
LmMm124
1210» +

"2 Gain adjust
2k

124-18.EPS

LOW DRIFT PEAK DETECTOR

_ s
- '8
. t o
+e1 O 1uF ==+
- -
5 =
: ’/2I>N 929 'Lj.o‘oomF
L
2l
R
1MQ

- Input current
N Is compensation

* Polycarbonate or polyethylene
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LM124,A - LM224,A - LM324,A - LM2902

TYPICAL SINGLE - SUPPLY APPLICATIONS (continued)
ACTIVE BANDPASS FILTER

Rt
100 k2

c1
330 pF
i,
470 ks2
1/4
LM124
+
O €0
R?
100 k2
o R
C3 =
Fo = 1kHz T0kE ==
Q =50 A\ N
Av = 100 (40dB}) 124-20.EPS
HIG INPUT Z, DC DIFFERENTIAL AMPLIFIER
R
For Ri_PRs (CMRR depends on this resistor ratio match) €0 (1+ R—A) (e2— ey)
R: Rs 3
As shown e; = (€2 - e1)
R2 R4
100 k2 100 k$2
R1
100 k2

+e9 O——4 eo

+€2 O- +

124-21 EPS
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LM124,A - LM224,A - LM324,A - LM2902

TYPICAL SINGLE - SUPPLY APPLICATIONS (continued)
USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT)

+—0O &g

-— Aux. amplifier for mput
Is current compensation

124-22 EPS

12712
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