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SGS-THOMSON  LM124,A-LM224,A
"” MICROELECTROMIGS LM324,A-LM2902

S 6 S-THOWSON 30E D
LOW POWER QUAD OPERATIONAL AMPLIFIERS

= LARGE VOLTAGE GAIN : 100 dB
« VERY LOW SUPPLY CURRENT/AMPLI
375
= LOW INPUT BIAS CURRENT : 20 nA 1
= LOW INPUT OFFSET VOLTAGE : 2 mV i
= LOW INPUT OFFSET CURRENT :2nA D
= WIDE POWER SUPPLY RANGE : Dib14 S04
- SINGLESUPPLY:+3VTO+30V ; ic Mi
: (Plastic Packagse) (Plastic Micropackage)
- DUAL SUPPLIES :£1.5VTO+15V J
CERDIP14 "
(Cerdip Package) Mg
GC
LCC20
{Tricecop (LCC})
DESCRIPTION ORDER CODES
These circuits consist of four independent, high Part Temperature Package
gain, internally frequency compensated operational Number Range N ] J Jaclp
amplifiers which were designed specifically for auto- LM124 5 125G e o] oo
motive and industrial control systems. They operate LM;Z 4’2 - 20 b :° * 102 Gl ele .
from a single power supply over a wide range of vol- LM324’A B 0°C to° +70 oG el o .
tages. Operation from split power supplies is also LM290’2 - 40°C t°++ 105G | o | o o
possible and the low power supply cutrent drain is
independent of the magnitude of the power supply Note : Hi-Rel Versions Available
voltage. Examples : LM124J, LM124GC, LM224N
PIN CONNECTIONS (top views)
DIP14/CERDIP14 LCC20
S014
1 AN 14
TN
3 E J 12
4 [ ] 1
5 E ] 10
6
o Loy URRRY s
3 - Inverting input 1 13 - Inverting input 3
1 - Output 1 8- Output 3 4 - Non-inverting input 1 14 - Non-inverting input 3
2 - Inverting input 1 9 - Inverting input 3 5- NC 16 - NC
3 - Non-inverting input 1 10 - Non-inverting input 3 6- Vi 16- Vco
4-Vee 11- Veo 7-NC 17- NC
6 - Non-inverting input 2 12 - Non inverting input 4 8 - Non-inverting input 2 18 - Non-nverting input 4
6 - Inverting input 2 13 - Inverting input 4 9 - Inverting input 2 19 - Inverting input 4
7- Output2 14 - Output 4 10 - Output 2 20 - Qutput 4
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- et |
ABSOLUTE MAXIMUM RATINGS S 6 S-THOMSON T_79-_08 0E D
Symbol Parameter LM124,A ""gg%;"‘ LM324,A | Unit
Veo Supply Voltage + 16 or 32 \
Vi Input Voltage -03to+32 \
. ) Vid Differential input Voltage + 32 + 32 + 32 \Y
. Pwt | Power Dissipation N, J Suffix 500 600 500 mwW
L G C Suffix 665
D Suffix 400 400
Output Short-circuit Duration Indefinite
lid Input Current — (note 6) 50 50 : 50 mA
Toper | Operating Free Air Temperature Range —~55t0+125|—-40to+105| Oto+70 °C
Tstg Storage Temperature Range — 6540 150 | —65t0 150 | — 65 to 150 °C
SCHEMATIC DIAGRAM (1/4 LM124)
Inverting input Non-Inverting input
{1 vée
a5
a6
R2
20k0
az?
A3 R4
* E] Qutput
17]
','\61:
] vee £88LM124-01
inverting |Non-inverting -
Case Inputs Inputs Vée Vdce Outputs N.C.
DiP14
CERDIP14 2,6,9, 13 3, 5,10, 12 11 4 1,7,8, 14
S014
LCC20 3,9,18,19 4,8,14,18 16 6 1,2, 12,20 *

* LCC20 : Other pins are not connected.

2/14
‘ SGS~ ON
Y/ mrcg@ﬁgwhﬁ‘@%m
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ELECTRICAL CHARACTERISTICS S 6 S=THOMSON 30E D
Vdc=+5V, Véc=Ground, Vo =14 V
LMg§4, II.\\ 200 : 0<Tamp <+ 70°C _
LM224, LM2902 : — 40 < Tomp <+ 105°C "
LM124, A © —55<Tamy < +125°C T-79-08
(unless otherwise specitied)
LM124A, 224A LM124, 224
Symbol Parameter 324A 324, 2902 Unit
Min. | Typ. | Max. | Min. | Typ. |Max.
Vio Input Offset Voltage (note 3) mV
Tamb =+ 25 °C 2 3 2 5
Tmin £ Tamb < Tmax 5 7
lio Input Offset Current nA
Tamp =+ 25 °C 2 20 2 20
Tmin < Tamb £ Tmax 40 40
lig Input Bias Current (note 2) nA
Tamb =+ 25 °C 20 100 20 100
Tmin < Tamb < Tmax 200 200
Ayp Large Signal Voltage Gain VimV
(Védc=+15V,R. =2 k<)
(Vo=14Vio 114 V)
Tamp =+ 25 °C 50 100 50 100
Tmin < Tamb < Trax 25 25
Svr Supply Voltage Rejection Ratio (Rs < 10 kQ) dB
Tamb =+ 25 °C 65 110 65 110
Tmin £ Tamb < Tiax 65 65
" lec Supply Current, all Amp, no Load mA
Tamb =+ 25 °C Vec=+ 5V 0.7 1.2 0.7 1.2
Vec=+30V 1.5 3 15 3
Tmin < Tamp S Tmax Vec=+ 5V 0.8 1.2 0.8 1.2
Ve =+30V 1.5 3 1.5 3
Vi Input Voltage Range (note 4) Vee Vee \
Tamp =+ 25 °C Veec=+30V [} -15 0 -15
Trmin < Tamb < Tmax 0 \iczc 0 \_/.CQG
CMR | Common-mods Rejection Ratio (Rs < 10 kQ) dB
Tamb =+ 25 °C 70 80 70 80
Tmin £ Tamb € Tmax 60 60
lo Output Short-circuit Current mA
(Vir=+1V, Vi =0V, Vec=+15V)
Tamb =+ 25 °C 20 40 60 20 40 60
Tmin € Tamb £ Tmax 10 10
Isink | Output Current Sink
Vif=—-1V,V[ =0V)
Voo =+15V Tamb =+ 25 °C 10 20 10 20 mA
Tomin £ Tamb < Tmax 10 10
Vo=+02V Tamb =+ 25 °C 12 50 12 50 A
Tmin £ Tamb < Tmax 12 12
Vopp | Output Voltage Swing : Vee Vee \
Tamp =+ 25 °C RL=22kQ 0 -15 0 —15
Tmin < Tamb < Tmax RL=22kQ 0 \iczc 0 \1020
LN7 SGS-THOMSON 4
Y icromrcTRONGS |
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S 6 S=THOMSON~— -~ ~—"30E D

ELECTRICAL CHARACTERISTICS (continued) T-79-~08

LM124A, 224A LM124, 224
Symbol ' Parameter 324A 324, 2902 Unit
. Min. | Typ. | Max. [ MIn. | Typ. |Max.
VoH High Level Output Voltage \
(Vcc =+ 30 V)
Tamb =+ 26 °C RL=2kQ 26 27 26 27
Tmln < Tamb S Tmax 26 26
Tamb =+ 25 °C RL =10 kQ 27 28 27 28
i T S Tamb € Tmax 27 27
- VoL Low Level Output Voltage \
(RL < 10 k)
- Tamb =+ 25 °C 5 20 5 20
Tmin € Tamb £ Timax 20 20
Svo Slew-rate (Vi =0.5t0 3 V, RL =2 kQ Vius
CL < 100 pF, Tamb = +-25 °C, unity gain
Voo =15 V) 0.2 0.4 0.2 0.4
GBP | Galn Bandwidth Product, Voc =30 V MHz
(f =100 kHz, Tamy =+ 26 °C, Viy =10 mV
RL =2 kQ, CL = 100 pF) 0.7 1.3 1.8 0.7 1.3 1.8
THD | Total Harmonlc Distortion %
) (f=1kHz, Ay =20 dB, R, =2 k@, Vo =2 Vpp
CL < 100 pF, Tamb = + 25 °C, Vgg =30 V) 0.015 0.015
Va Equivalent Input Noise Voltage nVAHz
(f=1kHz, Rg =100 Q, Vgc =30 V) 40 40
DV, | Average Temperature Coefficlent uv/rPc
of Input Offset Voltage
Tmin £ Tamb € Tmax 7 30 7 30
Dlic | Average Temperature Coeff. pA/F°C
of Input Offset Current .
Tmin £ Tamb £ Tmax 10 300 10 300
Vo1/Vo2| Channel Separation (note 5) dB
1 kHz < f <20 kHz 120 120 .

Notes : 1. Short-circuits from the output to Vee can cause excesslve heating If Vec > 15 V. The maximum output current
is approximatively 40 mA independent of the magnitude of Vcg. Destructive dissipation can result from simul-
taneous short-circuits on all amplifiers.

2. The direction of the input current is out of the IC. This current is essentialy constant, Independent of the state
of the output so no loading change exists on the input lines.

3 Vo=14V,Rs=0,5V<Vec<30V,0<Vi<Vec—15V.

4. The input common-mode voltage of elther 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 Vec — 1.5 V, but either or both inputs can go
to + 32 V without damage.

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

6. This input 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 transistor becoming forward biased and thereby acting as input diode clamps.
In addition to this diode action, there is also NPN parasitic action on the IC chip. This transistor action can
cause the output voltages of the Op-amps to go to the Ve 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 willrset up again for input voltage higher than - 0.3 V.
a4 L5y SGS-THOMSON
VI vicrerEcTReHISS




B 7929237 00230L4 5 N LM124,A-LM224,A-LM324,A-LM2902

S 6 S-THOMSON 30E D
INPUT BIAS CURRENT " CURRENT LIMITING (Note 8]
vs AMBIENT TEMPERATURE E
IIB (nA) 24 _ 0 ; T T-79~-08
21 80 o
18 10 —
< - H
815 < 60 |- +
3 E 5 -
8 12 5 i S j
S £ 40 4 '
E 9 g 10 - Y S
-1 (43 H
: : Skas
5 w0 f L
3 o .
Z w0 — -t
0
55 35 -15 5 26 45 65 85 105125 0 L —
-85 ~35-15 5 25 45 65 85 105 125
AMBIENT TEMPERATURE (°C)
EBaLMi2402 TEMPERATURE (°C)
E88LM124-03
INPUT VOLTAGE RANGE : SUPPLY CURRENT
15 4
vée
= )
mAé ;'D
— < 3F
Z 40 - - ‘é
74 |
: Negative E 2 |-
g Positive 8
£ 8 -1 1 > —
2 / 7 T, mp =0°C 10 +126°C
z / o r
@ |
T oo = —55°C
0 5 10 15 0 10 20 30
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V)
E88LM124-04 E88LM124-05
GAIN BANDWIDTH PRODUCT a COMMON-MODE REJECTION RATIO
& GBP (MHz) T 120
— T
T ° l X
s 1.35 =
100
B 130 p L
O - et
2 125 - ™ 2 l
(] \\ : E t ' 7 1
[ 1.2 o “qt St !
o N w LS ¥ 3Y)
3 1.15 ™ @ 0 1190 ks
Q 1.1 w 10—9:‘11—&-{>l
o) : N
2 105 o 4 1 hooal >0
2 s il et Yy o
< 1 2 I 100 -
o 20 +2.5V
o ki
> 95 s i —
< = i
9 o 0
© 55 -35-15 5 25 45 65 85 105 125 bt

100 Tk 10k 100k ™
AMBIENT TEMPERATURE (°C) ..
FREQUENCY (Hz}

EB8LM124-05 E88LM124-07

514
‘ «TH 0|
Y/ Dsech@:al&gv'g@s&c'g
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S 6 S=THOMSON 30E D
OPEN LOOP FREQUENCY RESPONSE - - - — - - .~=— ~— — LARGE SIGNAL FREQUENCY RESPONSE
140 0 W% !
0.1 uF
120
“ o0
o G - 15
2 1 ‘\ &
z A 2
3 w \ Y2 7= o .
e \ Véc=+30V& £ 10 1 T M T
g 6o N\EC< Tamb € +126°C z AR T
< Tt L (s Ll e
5 \ 1 5 (i1 i
p % NS & 5 batli— N+l -4 :
> 1 5 Il H y ] il
20 NVdc=+10to +16V & F 11 ! \[ P
—B5°CE Tamp < +125°C Ih 1 HHl
PO WU o N ) all 1t M
1.0 10 100 1.0k 10k 100k 1.0M 10M 1k 10k 100k ™M
FREQUENCY (Hz) FREQUENCY (Hz)
. E8BLM124-08 . E88L.M124-09
b VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
Y (CURRENT SINKING)
w 4 LR 1 + y =
g RL22 k2 Ve~ +BV X
= 3 : S Vig=+16V =
o] VCC— +16V
o Véc=+30V = ]
. > 2 E
B o1 ST A
5 / 0] H=EH
E 1 / E 1 x\-/.-.'- =5
+
T . 2 g Hvéd? ce
2 3 5 o1 o
w o o]
a g FAE v’
g o o
. a' 1 - = =
. ] 1 Tomb = +25°ci
5 oot 4 —
g ¢ 1 e 3 40 0001 001 03 1 10 100
B TIME (us) OUTPUT SINK CURRENT {mA}
' E68LM124-10 E88LM124-11
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
(SMALL SIGNAL} {CURRENT SOURCING)
S 8 n
Sw o l [Vé'c r
2 : i
-— 450 o ]
E = 5 LVEdz | Vo T |
w a d
@ 3] N |
'S 400 E 5 |0
] &
> E e - T
[} 350 3 dependent of VCC
2 w 3 | 44 H
£ g T = 4285°C ( :
=1 amb . Ha
o - Tamb = +25°C a t R aiHRe t
Véc=+30V > ] 1 =T
280 |5. ] T
@ 1 2 3 4 5 6 1 B g o oo o1 1 10 100
=
TIME (ps) ©  QUTPUT SOURCE CURRENT {mA)
E88LM124-12 EB88LM124-13
614 LSy SGS-THOMSON
VI icRoElEcTROMIES
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S 6 S=THOMSON 30E D T-79-08
INPUT CURRENT VOLTAGE GAIN
100 160 —I r
RL =20k
I B _ 120
S g -~
[ = > Rl. =2k -
2 z
o o«
g 50 2 o 80
2 g
= T = +25°%
[
2 2% amb 'o‘ w©
2 >
0 10 20 30 0 10 20 30
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V)
E88LM124-14 EB8BLM124-15
POWER SUPPLY & COMMON MODE LARGE SIGN E
SERELY & Commo Avd (dEs)120 AL VOLTAGE GAIN
w (dB) 120 =
] 115 <
:EE 110 SVR ‘-‘z
22 s g s L1
=9 = L~
oE 100 3 L1
Ox > 110 L
3 95 — L~
= < 0
%8 w0 3 ] 8
ak [ L1
g ¥ @ 105
™ 80 ———|CMR [C]
x©
g s
o 70 100
o -55-35-15 5 25 45 65 85 105 125 55 -35-15 5 25 45 65 80 105125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
E88LM124-16 E88LM124-17
LSy SGS-THOMSON 4
VI wicresEsTEONISS
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" S 6 S~THOMSON J0E D
TYPICAL SINGLE - SUPPLY APPLICATIONS el

T-79-0
AC COUPLED INVERTING AMPLIFIER —e 8
——1 Ay = — (As shown Ay =—10)
A1 R1 :
100 kQ
C R
I 10Kk
e = %o
—O I €0
Rg R
( 6.2kn 10ks2
e (v
Pv+ A2 R3
Cc 100k | 100ka

——F— \
’ —_— X
P TN e NV,

0 N——’
T

™ o™
E8SLM124-18

AC COUPLED NON-INVERTING AMPLIFIER

E8LM124-19

gt (57 SGS-THOMSON
Y/ wicrerEtTRONICS
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TYPICAL SINGLE - SUPPLY APPLICATIONS (continued) 1-79-08
NON-INVERTING DC GAIN S 6 S=THOMSON J0E D
= R2
Ay =1 + R_1
(As shown Ay = 101}
10 k$2 e .
" o= o TV
)
R2
1M
1
£
e
[] R1
10 k2
A\ . N
ej (mV) o
E88LM124-20
DC SUMMING AMPLIFIER
@ 100k
oO—{ "1
J
—C €0
e2 100kQ
o—{ 1+
100 k2 l
€3 100 k2
100 kQ
4 ]
ep=e1 +e) - e3 — eq
e4 100 ks2 where (e1 + egl>leg + eyl
to keep eg20 V
ES8LM124-21
9/14

Ky7 S5STHOMSON
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TYPICAL SINGLE SUPPLY APPLICATIONS (continued) - 1-79-08
HIGH INPUT Z ADJUSTABLE GAIN DC INSTRUMENTATION AMPLIFIER

fRi=Rsand B3 = R4 =Rs =Ry

S 6 S=-THOMSON J0E D 2R
eo= (1+ Rz) (e2-e1)
o As shown eo = 101 (e2-e1)
10k

R3 R4
100 ke 100 ka2

EGOLM124-22
LLOW DRIFT PEAK DETECTOR
+el O
a
——
“§ -— .
AN Tg input current
* Polycarbonate or polyethylene compensation ESBLM124-23
1o7t4 (57 SGS-THOMSON
Y/ sncrosiEcTRoN 5S
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TYPICAL SINGLE SUPPLY APPLICATIONS (continued)

ACTIVE BANDPASS FILTER

R1
100 k2

S 6 S=-THOMSON J0E D
T-79-08

Q=50
Av = 100 (40 dB)

100k9.! 10%&_
A N

E88LM124-24

-TH 11/14
IS7R Al
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TYPICAL SINGLE SUPPLY APPLICATIONS (continued) T-79-08
HIGH INPUT 2, DCfDIFFE_RENTIAL AMPLIFIER

Ry =
For —Fi % (CMRR depends on this resistor ratio match)
R4
R2 R4 e0o= \1+ ) f(e2-ei)
100 k2 100 ke
"1 As shown eo = 2 (e2—e1)
100k
1/4
3 LM124 3
100 k2 1/4
St a— LM124 i
+e2 0 +

S 6 S-THOMSON joe ? FaBLMI24.25

USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT)

I8 AUX. ambliﬁer for input
current compensation

E88LM124-26

12714 L3y S6S-THOMSON

MICROELECTROWICS
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PACKAGE MECHANICAL DATA 36 S=THOMSON 30E D
14 PINS — N SUFFIX — PLASTIC PACKAGE ~ J SUFFIX - CERDIP PACKAGE T;79*O8
mm . e e e e 4 € e e=2(.?5)4 - 8.3max. [
f 7 : : 1 . . 0.51 min,
sosead T (1 VT A (7 |
La:s!g-,’—k,.\"
(YN A1
H i | ' | / \‘
A H : : H H 02 .
3l 0.38 177 mox. 03 762
39 0.508 - 2
. T+
14 8
£ I e T o Y e O e Y e N o
Datum — {1) Nominal dimension
[/ - - ] {2) True geometrical position
Or4<
o 4
LI’_I | D N [ NNy NNy I.'
19.9 max. 6.3>
ity 1 4 PINS
14 PINS — D SUFFIX— PLASTIC MICROPACKAGE.
mm e=1.27 efejelele e 0.185
| | I | | I I 0.265
1 1 I ] ' 1 )
e 2:63
l l I max. 0.4
[ ] ! | ! ! : min
14 8 T
59 39 0.
6.2 4,0 0.2
©r : 7 l
Du'um/ 0.35 0.4
0.45 min.
8.55 .75 max.
8.75
14 PINS
GS- ) 13/14
IS/ ?z]@?@!ﬂ“@g%@mg
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S 6 S-THOMSON J0E D
PACKAGE MECHANICAL DATA (continued)
20 PINS — GC SUFFIX ~ TRICECOP (LCC) s
T~79-08 —
mm 8.74 o 1,86 max,
1.27 9.04
14 18
H
13 ! 19
[
Output n21
___‘_ ‘mamr't
! 2.16
0.64
9 3 L
8 4
e=127 leloelele Datum 8.74
9,04
2[] PINS

14114 §

480




