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Lampiran 8: Datasheet LM324D
LM324, LM324A, LM224,

LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The IM324 seni=s are low—cost. quad operational amplifiers with ON Semiconductor”
true differentizl mputs. They have several distinet advantages over
standard operationzl amplifier typss it single supply applications. The http:/ionsemi.com

quac amplifier can operate at supply voltages as low as 3.0V or as
high as 32 V with quescen: currents about onefifth of these
associated with the MC1741 (on a per amphfier basis). The common
mods mput range includes the n=gative supply. thereby eliminating the
necessity for external biasing components in many appleations. The
output voltage range also includes the negative power supply voliage.
® Short Circuited Protected Outputs

FDIP-14
N SUFHIX
CASE 646

L

* Low Input Bias Currents: 100 pA Maximom (LM324A) CASETSIA

® Tour Amplifiers Per Package

¢ Tnternally Compensaterd

v Common Viode Range Extends to Negative Supply

8 Inductry Standard Pinouts

® E5D Clamps on the [nputs Increase Fuzgecness withou: Affecting
Deavice Operation

NAXIMUM RATINGS (T, — +25°C, unless otherwise neted.)

TSSOP-14
DTB SUITX
CASE 945G

.
1
Tme Daitferential Input Stage S0 14
Smegle Supply Operation: 2.0 V10 32V (LM224 LM324 TM3244) 14 @ D SUFFIX
1
14 %\
1

LM224
LM324 LM2902
" FIN CONNECTIONS
Ratlng Symbol | LM324A LM2902V | Unit
Power Suoply Violtages . N B Wi outd |1 14t 4
Single Supply Voo 32 2B = ]
: L \ ;
Split Supglies Vo, Ve +1€ +13 Inputs 1{ 'D\_ Leg” } irputs 4
Input Differential Ycltage Vina +32 +26 Ve [ fiz]
Range (Note 1) e [1 1] Vg, Gnd
Input Common Mode Viea 031032 | 031026 | Vic [5H> Ain]
Woltage Range Inpu152{ T r<al } Inpute 3
L6 19
Dtiﬁgtﬁi:r:\od Circuit tso Continuous cu2[7] | | Tt
Junciion Temperature T, 150 oz (Top View)
Storage Tempersture Taqg 5510 +150 oz
Range ORDERING INFORMATION
: : o 52 getaled orgenng and shipping INforMmaton in the packags
%ﬂ?ﬂ:ﬂtﬁg%ﬂzp Ta = dimenglons section on page 3 of this data sheet
LM224 —20 o +05
LM324, 3244 Uto +/0 DEVICE MARKING INFORMATION
LM2E02 Al to +105 Sse general marking informafion in fhe dsvice marking
LMZE02V, NCW2902 —40 to +125 eactionon page 10 cf thie data cheat.
1. Split Power Supplies.
© Semiconductor Comgonents Industries, LLE, 2002 1 Publication Order Number:

May, 2002 — Rev. R LM324iD



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vgc =50V, Vee = Gnd, Ta = 25°C, unless otherwise noted.)
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LM224 LM3244 Lm324 LM2502 LM2902VINCV2902

Characteristics Symbol | Min | Typ Max | Min | Typ Max | Min | Typ Max | Min | Typ Max | Min | Typ Max

Unit

Input Offset Voltage Vio
Vec=50Vio 30V
(26 \ for LM2902, V),
Vicr=0Vto
Voo -1.7V,
Vo=14V Rs=00
Ty =25C - 20 50 - 20 30 - 20 7.0 - 20 7.0 - 20 70
Ta = Thigh (Note 2) - - 7.0 - - 50 - - 9.0 - - 10 - - 13
Tp = Ty (Note 2) - - 7.0 - - 50 - - 9.0 - - 10 - - 10

mY

Average Temperature AV/AT - 7.0 - - 7.0 3o - 7.0 - - 7.0 - - 7.0 -
Coefficient of Input
Offeet Voltage

Ta, = Thigh 10 Tigy
(Motes 2 and 4)

e

Input Offset Current o - |20 | 3 | - |50 |3 |- |s50]|s0 |- |s0]|s |- |[s50] 50
Ta = Trigh 10 Tigw - - 00 | - - 75 | - - 150 | — - |20 | - - | 200
{Mote 2)

n&

Average Temperature Al AT - 10 - - 10 300 - 10 - - 10 - - 10 -
Coefficient of Input
Offset Curent

Ta = Thigh 1o Tiow
(Motes 2 and 4)

PAI"C

Input Bias Cumrent g ~ | =0 || - |45 |-0] - [-e0|-20] - | =0 [2s0| - | —s0 [-230
Ta = Thign 10 Tiow | - |\ - - |0 | - | - |00 - - |=wo| - | - |0
(Mot 2)

n&

Input Commaon Mode Vicr
‘oltage Range
(Mote 3)
Vep =30V
(26 V for LM2902, V)
Ty =+25°C 0 - 283 | O - 283 | 0 - 283 |0 - 243 | 0 - 243
Ta = Thigh to Tiow 1] - 28 0 - 28 o - 28 0 - 24 o - 24
{Mote: 2)

Differential Input ViDr - — Voo - - Ve - — Ve - - Voo - — Veo
Voltage Range

Large Signal Open oL
Loop Voltage Gain
Ry =20 ki}, 30 100 - 23 100 - 23 100 - 23 100 - 23 100 -
Voo =15V,
for Large Vg Swing
T = Thigh 0 Tiow 23 - - 15 - - 15 - - 13 - - 13 - -
(Mote 2)

Wim

Channel Separation cs - 120 - - -120 — - 120 - - -120 - - —-120 -
10 kHz = f = 20 kHz,
Input Referenced

dB

Common Mode CMR 70 a5 - 65 70 - 65 70 - 50 0 - 50 70 -
Rejection,
Rs< 10 k2

dB

Power Supply PSR 85 100 - 65 100 - 65 100 - 50 100 - 50 100 -
Rejection

dB

2. LM224: Tygy = —25°C, Thign = +85°C
LM324/L M324A: Tipy = 0°C, Thign = +70°C
LM2902: Ty5 =—40°C, Thign = +105°C
LM2902V & NCV2902: Tigw = —40°C, Thigh =+125°C
NCV2902 is qualified for automotive use.

3. The input common mede 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 Viee 1.7 V.
4. Guaranteed by design.

http:fionsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vo =R0V Ve = Gnd, Ty, = 25°C unlass othenaiss nated |
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Characteristics

Symbol

LMz24

LMZi24A

LM:I24

LMza02

LM290 2V NCWV2902

Min

Typ

Max

Min

Typ

Max

Min

Typ

Max

Min

Typ

Max

Min | Typ | Max

Unit

Output Votage-
High Limit
(Ta = Thigh o Tiow)
(Hote 5)
Voo = S0V, R =
20 kL Ta = 25°C
Yoo =30
(26 V for LM2302, V),
Ry = 20k
Voep =AW
(26 '/ for LM2302, V),
Ry = 10 kL2

\._.'GH

a3

X1
4]

2.3

27

28

28

24

Dutput Votage
Lowr Limnit,

Wop =30,

Ry =10 kL2

Ta = Thigh 12 Tiow
(Motke 3)

YoL

£0

50

50

50

100

100

m's

Output Souree Currzt
Wiz=+1.0V,
Voo —1EW)
Ta=25°C
Ta = Thigh 0 Tiow
(Hoic 5)
Dutput Sirk Current
Wi =-1.0%,
Vo =15V)
T, - 25°C
Ta = Thigh bo Tigy
(Hote 3)
Mp=-1UV
Vo =200 mi,
Ta - 23°C)
Output Shorl Circuit
1o Ground
(NoE )

40
20

b

S0

10

B8l

40
20

20

8.

3l

A0

€0

10
20

20

iu

50

10

&0

20
10

ol

4D
20

20

su

40

&0

20 40 -
10 20 -

sl

10 =)

mé

mA

I

mt

Power Supply Current
IT2 = Thigh 10 Tigw)
(Mot 3)
Van =20V
(26 ' for LM2302, V),
Wo=UV H ==
Yen=C.0V,
V=IOV R =m

30

17

14

nr

30

12

30

30

mé&

(S ]

_ LM224 Tigy = -25°C, Tyign

=+00°C

LIV324LM3I24A: Tigy = 0°C, Thign = +70°C
LM2902: Tiww =—40°C, Thgr = +105°C
LMD2902Y & NCV29D2: T, = 40°C, T, = H135°C
NCVZSO2 iz qualifiod for automative usc.
. The inpul common moede vollage o either npulsignal volags should nol be allowed o go negative by more han 0.3V The upper end of
the common mode voltage range is Ve 1.7 V.
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

Bias Creutry
Cemmon o Four
Output Ampitiers
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Figure 1. Reprasentative Circuit Diagram
(One—~ourlh of Clrcult Shown)

http//onsemi.com
4



110

LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 senes 15 mads using tour mtemally
compensated. two—stage operational amplifiers. The first
stage of each consists of differential mpur devices Q20 and
Q18 with mwput buffer transistors Q21 and Q17 and the
differenmial to single endad corverter Q3 and Q4. The first
stag= performs not only the first stage gain fanction but also
performs the level shifiirg and wranscondnctance reducuon
functions. By reducing the transconcuctznce, a smaller
compensation capacitor (only 5.0 pI) can be employed, thus
saving chip arsa. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q1E.
Another teature of thus mput stage 15 that the mput common
mode range can wncluce the negative supply or ground, 1
single supply oparation. without saturating either the input
devices or the differential to single—ended converter The
second stage consists of a standard current source load

amplifier stage.
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Figure 2. Large Signal Voltage Follower Response

Each amplifier 1s biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving sach smplifier good temperature charactenistics as
well as excellent power supoly rejection
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Split Supplies

Figure 3.

hitn-ilancami com
FonsemLcom

1



