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ABSTRACT

This project present speed control and electric protection unit of DC electric Car by
the buck circuit which control input motor voltage. This project shows the details of IGBT
switching , duty cycle pulse control by accelerator , gate drive circuit , over current
protection circuit and forward -backward control unit. This project is made for DC motor

that apply from DC generator 28.5 V. 150 A. and new rated is 60 V. 300 A.
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IGBT steady-state I-V characteristics. (a) Circuit,
(b) ideal waveforms, (c) ideal characteristics, (d) realistic characteristcs.
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v
Twaruudas IGBT Twalndifsesu Juinssaudoz Idarmduniu 0.005 Teru

Item Thyristor[ GTO Bipolar MOSFET} SIT SIThy IGBT
transistor
Normal ON/OFF OFF OFF OFF OFF ON ON OFF
Breakdown voltage (V) ~ 4000 ~ 4500 ~ 1000 ~ 1000 ~ 500 ~ 2500 ~ 1200
Current density (A cm™) 100 100 40 10 10 100 60
Surge current capability Good - Good Bad Bad Bad Good Bad
Carrier frequency (kHz) 5 3 20 2000 2000 20 20
Gate drive power Low Medium | High Low Low Medium | Low
Self turn-off ability No Yes Yes Yes Yes Yes Yes
Operating junction 125 125 150 200 200 200 150
temperature limit ( °0)
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—:D—b Channel A
Veet O'_.
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l ‘ Comp Channel 8
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RTO ; i 3 | FLIP ———
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1491 5.4 Block diagram Y94 CA 3524
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1. usauuudn (V) =48 v
2. 1I59AUVIBBNINGY (V) =24V
3. AusaRunsziven (Av) =20 mv
4. nszuanseion (AD =5 A

5. @209 199U () =1250 Hz

Va(Vs -Va)
LINTUNIT "y ZITAA 5.3
2 AlfVs 5-3)
| 24(48-24)
T 5x1250x 48
L =192mH
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C = 25000uF

‘. iswaden i ufurlszguuia 25000 UF

5.5.3 N1308AUUUAAN I

1un15aaﬂuuuﬁ’;mf’immﬁwmu’zﬁun1369nuuu‘?a’lumsaammuﬁamﬁm
ﬁmxﬁuagiﬁuﬂﬂﬁaﬁada‘lﬂfr

1. fammmiieaih

2. YUIAYBINTLUTAAT

3. pszuaedy Al

4, WﬂsN'l'LlﬂfUl’dUllﬁ“‘ﬂ'lil‘mJ‘UE]\li’Jiu'ﬂﬂll
‘D'\ﬂu'IJITWIE)\‘IW%']im'Iﬂ'me[W\JBQ B e B, Yli]“lllﬂﬂﬂlﬂﬂﬂ'ﬁﬂlm’ﬂﬂﬂ

yHAUBY uﬂuvzvﬂuw'af‘imuﬂmmmumuummmaﬂqaqﬂ(Bm)mufmﬂuﬁ15wn 5.1

Material Flux density,T
Magnesil 3%81,97%Fe 1.6
Orthonol 50%Ni,50%Fe 1.5

48 Alloy 49%N1,50%Fe 1.2
Permalloy 79%Ni,17%Fe,4%Mo 0.75

A9 5.1 MATmuiLaimaAngagave

¥
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ar a e & 1 ] ° 9 T
Fanilonifivesinemasiivis hifnsanarwevewnud,)

04N2Acx1078
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g
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N v 4
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a . o & 4 vy '
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L 04N2AcF x107

] (Henry) (5.6)
g
L, (26
F(Fringing, Flux) =1+ —F=In"——= 5.7
(Fringing ux) «/’ZE n I (5.7

s 4 [ 3 o 4 o {3 ' o J
wiand A naumvinavesdami snididesnsud usesmdweandenudagn

z 4
AAu TAsAUN A

2

LI
Eir Energy(Watt - S) (5.8)
2 E 104 116
% =[ ( ne;g)l)g XK ] (em) (5.9)
mErUENF

B_: ma MU Lvsad s unimangage
K, : e inaveaniicie = 0.5

K, : mdudssinarmmunniunssu AANATI NN 5.2

Core Losses |Kj(25°C) |Kj(50°C) | ® K, K, K,

Pot Core P =P, | 433 632 017 | 338 | 480 | 145
Powder Core P =P, 403 590 -0.12 | 325 58.8 13.1
Lamination P =P, 366 534 -0.12 | 413 68.2 19.7

C core P =P, 323 468 -0.14 | 39.2 66.6 17.9
Single coil P_=P, 395 569 - | -0.14 | 445 76.6 25.6
Tape wound core | P_=P, 250 365 -0.13 | 50.9 82.3 250

A5 5.2 A dulsE AN YR WA UIYUAN 9
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msfuaudamniionilael97s Area Product A
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o 8 Yo P d
7. Jagnifviuinuneaman
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Energy = o W-§
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2
5
I1=90 +— A
2
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gy S

Ener ) W-S

Energy = 8556 w-S
(.lgu‘?i 2 ATUIUAT Area Product A,

4, = [2(Eni;fylgvx;:)“l“6 (o)

K, = 0.5
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4 = [2(856) x 10°]** ()
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S1 Push button " OFF"

S2 Push button "FORWARD"

S3 Push button "REVERSE "

K1,K2 Foxjward Contactor

K3,K4 Reward Contactor

H1 Pilot Lamp. "FORWARD"

H2 Pilot Lamp "REVERSE"

Taraaesiiunfifiuaees * Reversing After Stop" 2993HARIDINITIAUAIYEY  Push
button Forward , Reverse ag Stop Fan1Indufiem1an1s LA InA Push buttton Stop AU

(e wmﬂauzmﬂﬁhwmﬂauxmﬂmaﬁ% 2 uazRaULNAUNATA (NC) ¥84 Push button
Faerea¥afu interlock Saaoliinuiloeadaiuiy (ﬂawmﬂmaﬁfaﬂm”lﬁﬁ’[amﬁﬁmu
nioufiu)

idedeantsIduamesmyuludiamaludranih (Forward) do4na Push button S2 ABY
unAes K1,K2 929197U 1assiims Self holding Aaealfiviaiudely usfezaldes Push button
s2 ud

dodpamslduemesnyulufirn1aindunds (Reverse) #94n@ Push button S1 (i1
UBIABIMYANYY 1DTNA Push button S3 ABUINAIADS 92197 1AXYIINTSelf holding Aatee1d
yinerude T uferldes Pushbutton S3 uda

ileA89n131yA Motor 11114 1AuNA Push button SI
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1 Rt ; 2 No s ref
¥ crossing
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W S G S LA Fr crossing
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{1 Ch2 Pk-Pk
2.3V

{ Ch2 +Duty
) 3.24%

Low res

Ch1 +Duty
30.9%
Low signal
amplitude

] Ch1Pk—-Pk
20V

PR DTS S B SUOEh
M300us Chl J oV

;U7 8.4 Anuuzvesdyyiufianadeuyunniud Tames (Chl) uag nyzua

Traa (Ch2) A1A@ lxRaYszuin 30 %

Tek HIiTH 100KkS/s

Ch2 Pk-Pk
: S.12V
Clipping
pos/neg

] ch2 +buty
] 124m%
Low res

++ Cht +Duty
61.2%
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amplitude
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v
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Ch2 Pk Pk
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No J ref

crossing
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Low signal
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00].15 ChT 70V
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S | Low signal
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A S T T
F3gRY - MSOOs CRT 70V
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SILICON N CHANNEL IGBT

MG300J2YS40

HIGH PONER SWITCHING APPLICATIONS,
MOTNR CONTRNL APPLICATIONS,

. Righ Input Impedance

. High Speed : tf£=0.35us (Max.)
ter=0.15us (Max.)

. Low Saturation Voltage
: VeR(sar)=3.5Y (Max.)
. Enahncement-Mode

: Tncludes a Complete Kalf Rridge in One
Package

. The Electrodes are Isolated from Case.

FOUTVALENT CIRCUTT

Unit in mm

4-FAST-ON-TAB #110

|

A
JAPAN |

E2 B2 §-065%0.3
N, /
? ¢ w ol @ o«
£ 1L =TS EEEE
i o 1R 348
2 i
JI\\

—

| s [owos] | \E!

80+0.38 81

93£0.3

2520
203

10810.8

49+0.6
2540.6 21.540.6

i = 5430.
0.3 ;l r___s__]
i T

el
S ! 4y ——= s
El E2 c;g 1 T e - “
- [ 24 T i ”
] - -5t
| 'lrl"l “\(7 ' T ke ] T
€1 \_£ = ¥/ in JEDEC -
E1AJ -
TOSHIBA 2-109C1la
61 E1/C2 G2 el
(81) . (B2) Weight: g
MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Collector-Emitter Voltage VCES 600 v
Gate-Emitter Voltage VGES +20 v

DC Ic 300
Collector Currenf v A
los’ Icp 600
DC IF 300
Forward Current A
Inms Iy 600
Collector Power Dissipation (Te=25°C) Pc 1200 W
Junction Temperature T 150 °c
Storage Temperature Range Tstg -40~125 °c
Isolation Voltage Visol 2500 {AC 1 minute) v
Screw Torque (Terminal/Mounting) - 3/3 N.m




ELECTRICAL CHARACTERISTICS (Ta=25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. |MAX. |UNIT
Gate Leakage Current IGES VgE=+20V, Vcg=0 - - +300 | nA
Collector Cut-—off Current TCES Vep=600V, Vog=0 - - 2.0 | mA
Collector-Emitter
= Vop= 00 - -
Breakdown Voltage V(BR)CES |I¢ 10mA, Vgg=0 6 v
Gate-Emitter Cut—off Voltage | VGE(off) 1,=300mA, Veg=5V 3.0 - 6.0 | v
Collector-Emitter
Saturation Voltage VeE(sat) | Ic=3004, VQE‘ISV - 2,71 3.5 |V
Input Capacitance _ Cies Veg=10V, Vgg=0, f=1MHz - 27200, - pF
Rise Time te - 0.3 | 0.6
15V -
Switching Time Turn-on Time ton 3 J—l_f 680 g 0.4] 0.8 us
Fall Time tf -5V - 0,18 { 0,35
Turn—off Time| toff " 3o0v - 0.6 {1.00
Forward Voltage Vr 1p=300A, Vgg=0 = 1.7} 2.5 y
I1z=300A, Vgg=-10V
Reverse Recovery Time trr F » YGE - us
P di/dt=200A/us 0.08 } 0.15
i - - 0.104
Thermal Resistance Reh(j-c) ¥ e % °c/u
Diode - 3 0.25
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Voltage Mode PWM Control Circuit
with 200mA Output Drivers

The CS-3524A PWM control circuit
retains the same versatile architecture
of the industry standard CS-3524
(SG3524) while adding substantial
improvements.

The CS-3524 is pin-compatible with
“non-A” versions, and in most applica-
tions can be directly interchanged. The
CS-3524A, however, eliminates many
of the design restrictions which had
previously required additional external
circuitry.

The CS-3524A includes a precision 5V
reference trimmed to £1% accuracy
(eliminating the need for potentiometer
adjustments), an error amplifier with
an output voltage swing extending to
5V, and a current sense amplifier use-
ful in either the ground or power sup-
ply output lines. The uncommitted
60V, 200mA NPN output pair greatly
enhances the output drive capability.

The CS-3524A features an undervolt-
age lockout circuit which disables all
internal dircuitry (except the reference)
until the input voltage has risen to 8V.
This holds standby current low until
turn-on, and greatly simplifies the
design of low power, off-line supplies.
The turn-on circuit has approximately
600mV of hysteresis for jitter free acti-
vation,

Other improvements include a PWM
latch that insures freedom from multi-
ple pulsing within a period, even in
noisy environments; logic to eliminate
double pulsing on a single output, a
200ns external shutdown capability,
and automatic thermal protection from
excessive chip temperature. The oscil-
lator circuit is usable to 500kHz and is
easier to synchronize with an external
clock pulse.

Block Diagram
5V Reference
Regulator VRer
Power to \%
Internal ouTy
Circuitry Flip
Flop
T Ea
R
Vourg
PWM
S Latch
Es
1kQ /
SHUTDOWN
10kQ

Gnd

Cherry

. Semiconductor

Cherry Semiconductor Corporation
2000 South County Trail

East Greenwich, Rhode Island 02818-1530
Tel: (401)885-3600 Fax (401)885-5786

email: info@cherry-semi.com

A CHEREYLY Company



CS-3524A

Absolute Maximum Ratings

Supply Voltage (VIn) 40V
Collector Supply Voltage (Vcc) o 60V
Output Current (Each Output). 200mA
Reference Output Current 50mA
Oscillator Charging Current SmA
Power Dissipation at Ty=25C......... 1000mW
Power Dissipation at Tj=+25C.. 2000mW

Derate for Case Temperature above +25°C 16mW/°C
Operating Temperature Range ! 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature Soldering: Wave Solder (through hole styles only) A 10 sec. max, 260°C peak

Reflow (SMD styles only) 60 sec. max above 183°C, 230°C peak

Electrical Characteristics: 0°C to +70°C for the CS-3524A; V,\=V =20V, unless otherwise stated

PARAMETER

B Turn-on Characteristics

Turn-on Current

Turn-on Hysteresis* 0.6 v

B Reference Section
Output Voltage Ta=25°C 4.90 5.00 5.20 \'

Long Term Stability* ' T,=125°C; 1000 Hrs. 20 50

M Oscillator Section (Unless otherwise specified, R1=2700Q, Cy=0.01uF)
Initial Accuracy

Minimum Frequency

Qutput Amplitude*

B Error Amplifier Section (Unless otherwise specified, VCM=2.5V)
Input Offset Voltage 2 10 mV

Input Offset Current

Power Supply Rejection Ratio V=10 to 40V
These parameters are guaranteed by design but not 100% tested in production.
2




Electrical Characteristics: continued

| BARAMETER . mEsTcoNDtiions B

M Error Amplifier Section (Unless otherwise specified, Vcy=2.5V): continued .
=1to 4V, R 210 MQ 60 80 dB

Open Loop Voltage Gain Ay,

M Current Limit Amplifier (Unless otherwise specified, Vsgnse=Vo)

200 220

Input Offset Voltage Ta=25°C, EA Set for Max

Input Bias Current

B Output Section (Each Output)

Collector E

tter Volt I-=100pA 60 80 i

Saturation

Fall Time* TA=25"C, R=2kQ 100 o

a 50
F =® ¥ . )
....... do oo stsnne \
80 Vin = 20V )
g iTa=25C Cali Fhedet Ll o SR
= : E Vin = 20V
Z 60 7Ry, VAR T i e = Rr = 2700Q
< i Ta=25C
QG | Re=100kQ: . . o e L e SRR e e . oy SRRl (RN (R
g w
........ ¥ 4
lS 40 ........... O
(—3' ke Ao B2 RS T T i e e s
s’
>20 SRR e TS NG Y O : :
E R is impedance to ground. - 6 Note: Duty-Cycle is
o .. Values below 30kQ will begin - . \_ ... SEAB AT percent of two
(@) to limit the maximum = clock periods that
2 ,d.uty-cycle.‘ CD3 one output conducts
R ] 0 . :
100 1k 10k 100k M 0 1 2 3 4 5
FREQUENCY (Hz) INPUT VOLTAGE VN

V¥#2S€-SO



CS-3524A

ance Characteris tinued

Ik Supply Carent v Shutdown Delay From: BWM Comparator

Tempetature
L e S 20
< S
£ 8| ot Ta=-55°C 515
= 25° o
2 S oy 25°C E 10
';’EJ " [ Ta =125°C O 5
8 - IR Sp s 0
E s SR TR 9 T T Y S SO R
8 3 2
fﬂ .................. 5 2
5 2 a2
o ] - Note: Outputs off. Ry == E R F e R S e R SN B R e 8 S A
L et o S M A e 7" Note: Minimum input pulse width "~
0 ; to latch is 200ns
0 10 20 30 40 50 0 1 2 3
SUPPLY VOLTAGE VN (V) DELAY TIME (us)

- Qsallator Frogquency ¥

Over Timing Capacitance

OUTPUT DEAD TIME (us)

" Note: Dead time = osc output pulse
width plus output delay

1 2 5 10 20 50 100 4 1 2 5 10 20 50 100
TIMING RESISTOR - Rt (k) TIMING CAPACITOR - Ct (nf)

OSCILLATOR FREQUENCY (Hz)
o
x

™
8

<)
-

OUTPUT at COMP:

- ’ S S 20 g e
T o T N DR s ViN=20V
e 5% o | § &
= ‘ o e W
E b i }510 R 3 e g ol o vk o e pREPa R wesen TA=25.C"’
LS SR O .| iouTPUTat ... ... ..
o) i3 SR VoA OR VOB

0 L 20 e oy i T G S S

;1'0 ...............
A R S P 507 Trans L e Sos N v
= Vin 20V Ta 25°C: = SHUTDOWN:
ﬂ:. 0.1 - EAd = Vngé Q0.0 bttt <, = » 1.+ 5
= Isense- = Gnd E s o ¢ e A
Z 0.0 - = - Note: Minimum input pulse width .
v to latch is 200ns
0 1 2 3 4 0 ] 2 3
DELAY TIME (us) DELAY TIME (us)



ntinued

V¥ZSeE-SO

Vce SAT (V)

0 50 100 150 208 250
OUTPUT COLLECTOR CURRENT (mA)

2kQ
1W

10kQ
7= L 2kQ
=01 Ao TROT ==
T 10ksz‘1' 1kQ

Note: The CS3524A should be able to be tested in any 3524 test circuit with two possible exceptions:
1. The higher gain-bandwidth of the current limit amplifier in the CS 3524A may cause oscillations in an uncom-
pensated 3524 test circuit.
2. The effect of the shutdown, cannot be seen at the compensation terminal, but must be
observed at the outputs.



Package Specification

PACKAGE THERMALDATY

PACKAGE DIMENSIONS IN mm ¢ NCHESy

CS-3524A

D Thermal Data 16 Lead - 16L
Lead Count Metric English PDIP SO Wide
Max Min Max Min Ro, typ 42 23 °C/W
16 Lead PDIP 1994 19.15 .78 754 Ric. typ 80 105 °C/W
16L SO Wide 1046 1021 412 402

8.26 (.325) -
7.49 (.295)

6.60 (.260)

6.10(.240)

1.85 (.085) ‘j

1,40 (.055) 2.54 (.100)

432(!70)

03!(015)_1

S

*]L-Sf,'(m., I

HHAAAAR

7.59 (.299) 10.41 (.410)
7.42 1292) 10.16 (.400)
.45 COR5) ’ i j i— 1.27 (.050)
0.35(.014) o 51 "
o — l
2.67(.108) | )] \
Lmz(o«m) 0.29 (.012) _JQ:p:H:I
0.61(.024)  0.13(.005) T _'
= D |

 Ovdening Information

Cherry Semiconductor Corporation reserves the

P e Descripins right to make changes to the specifications without

CS-3524AN16 16 Lead PDIP notice. Please contact Cherry Semiconductor

CS-3524ADW16 16 Lead SO Wide Corporation for the latest available information.
10/28/96 6 © 1997 Cherry Semiconductor Corporation
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Quad Low Power
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with true
differential inputs. They have several distinct advantages over standard
operational amplifier types in single supply applications. The quad amplifier
can operate at supply voltages as low as 3.0 V or as high as 32 V with
quiescent currents about one—fifth of those associated with the MC1741 (on
a per amplifier basis). The common mode input range includes the negative
supply, thereby eliminating the necessity for external biasing components in
many applications. The output voltage range also includes the negative
power supply voitage.

Short Circuited Protected Outputs

True Differential Input Stage

Single Supply Operation: 3.0 V to 32V

Low Input Bias Currents: 100 nA Maximum (LM324A)
Four Amplifiers Per Package

Intemally Compensated

Common Mode Range Extends to Negative Supply
Industry Standard Pinouts

e ESD Clamps on the inputs Increase Ruggedness without Affecting
Device Operation

Order this document by LM324/D

LM324, LM324A,
LM224, LM2902,

LM2902V

QUAD DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

&8

N SUFFIX
PLASTIC PACKAGE
CASE 646
(LM224, LM324,
LM2802 Only)

D SUFFIX
PLASTIC PACKAGE
3 CASE 751A
(50-14)

PIN CONNECTIONS

MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

%
out 1 ({] 1] Out 4
fnputs 1 {gjl}J % } Inputs 4

LM224 LM2902, Vo [4] 7] Vg, Gnd
Rating Symbol LM324, LM324A LM2902v Unit E 1__0_|
Inputs 2 { }
Power Supply Voltages Vde p & B Inputs 3
Single Supply Vee 32 26
h 0
Split Supplies Vec. VEE +16 +13 out2[7} 5] out3
Input Differential ViDR 32 26 Vde (Top View)
Voltage Range (See
Note 1)+
DERING INFORMAT!
Input Common Mode VICR ~0.3t032 -0.31026 Vdc OR INFO ON
Voltage Range Operating
5 P Device | Temperature Range Package
utput Short Circuit tsc Continuous LM2902D S0O-14
Duration LM2502N Ta =—40° 10 +105°C Plastic DIP
Junction Temperature Ty 150 °C LM2902VD} L A = —40° 10 +125°C SO-14
Storage Temperature Tstg -6510 +150 oG tm:WZDVN P‘assgfalp
Range 24 Ta =—-25°t0 +85°C
o Ah T 25 s . o= LM224N Plastic DIP
perating Ambient A -25t0 +8 ~40to +10! 4A 14
Temperature Range 0to+70 —4010 +125 LM324AD SO-
LM324AN R " Plastic DIP
NOTE: 1. Split Power Supplies. LM324D Ta=0°10+70°C S0-14
LM324N Plastic DIP
© Motorola, Inc. 1996 Rev3



LM324, LM324A, LM224, LM2302, LM2902V
ELECTRICAL CHARACTERISTICS (Vgg=5.0V, VeE = Gnd, Tp = 28°C, unless otherwise noted.)

LM224 LM324A LM324 LM2902 LM2902V

Characteristics Symbol {Min | Typ | Max [Min | Typ | Max |Min | Typ | Max |Min | Typ | Max | Min | Typ | Max | Unit

Input Offset Voltage Vio mv

Vcc=5.0VlO3QV
(26 V for LM2902,
V). VicrR=0Vto
Vcc 1.7V, Vg =

14V,Rg=00

Ty =25°C - |20]|50}~]20|30]|-|20{70]-]20 )70}~ ]20]|70

Ta = Thigh(!) -] - frod-1-fso|-] - ]9eo}~ - 10 | - - 13

Ta = Tiowl" - - {70} - - 50 | - - loo | - - 10 { - - 10

Average Temperature | AV|o/AT | ~ 7.0 - - 7.0 30 - 7.0 - - 7.0 - - 7.0 - nvIec
Coefficient of Input
Offset Voltage

TaA= Thigh to wa(1)

Input Offset Current o - |30 3% |- |50]| 3 [-[50)58 |- |[50]|5-|501]350 | nA
TA = Thigh 10 Tiow! ) -t - |wo |- - 5 |~ | - 150 | - - {200 | - - | 200

Average Tempetature Aho/AT - 10 - - 10 300 - 10 - - 10 - - 10 - pArC
Coefficient of input
Offset Current

Ta= Thigh to wa(1)

Input Bias Current B - |90 |50 ~ | <5 |-100| -~ {-90 |-250 | - | 90 | -250 | - | -80 |-250 | nA
Ta = Thigh 1o Tiow(!) - - t-s00)~-| - |-200] -} - [-s00[~- | - [~s00f~ | - [-500

Input Common Mode VICR 3 v
Vohage Range(2)
Vec =30V (26V for 0 - 28.3 1] - 28.3 0 - 28.3 0 - 24.3 0 - 243
LM2902, V)
Voo =30V (26 Vfor o| - |28 o] -2 ]|0] - |2 |0 - |2 |o - | 24
LM2502, V),
Ta=Thigh 10 Tiow —-
Differential Input ViR - - Vee | - - Vee | - - Vee | - - Ve | = - Vee v
Voktage Range

Large Signat Open AvoL Vimv
Loop Voltage Gain -

RL =20k Vo = so 100 | - |25 f100{ - |25 |100] ~ |25 100 | - [25 100} =~
15V, for Large Vo 25 - - 15 - - 15 - - 15 - - 15 - -
Swing, Ta = Thigh .
to wa“)

Channel Separation CS - | -120 - - | =120 - - |-120,f - - | -120 - - | -120 - d8
10 kHz s f 5 20 kHz,
Input Referenced

Common Mode CMR 70 | 85 - 65 | 70 = 65 | 70 < 5 | 70 - s0 [ 70 - dB
Rejection, Rg < 10 kQ

Power Supply PSR 65 100 - 6§ 100 = 65 100 — 50 100 - 50 100 - dB
Rejection

Output Voltage—High VoH v

Limit = Th‘ h to
wa)gf .
Voo =50V, RL= 33 35 - 33| 35 - 33 | 35 - 3.3 3.5 - 33 35 -

2.0kQ, Ty =25°C
Ve =30V (26 V for 26 - - 26 - - 26 - - 22 - - 22 - -
LM2902, V),
Ry =2.0kQ
Voo =30V (26 V for 27 28 - 27 28 - 27 28 - 23 24 - Je23 24 -
LM2902, V),
Ry =10kQ

NOTES: 1. Tigw = -25°C for LM224 Thigh = +85°C for LM224
= 0°C for LM324, A = +70°C for LM324, A
= —40°C for LM2902 = +105°C for LM2902
= —40°C for LM2902V = +125°C for LM2902V
2. The input common mode voltage or sither 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 Vo -1.7 V.

2 MOTOROLA ANALOG IC DEVICE DATA



LM324, LM324A, LM224, LM2902, LM2902V
ELECTRICAL CHARACTERISTICS (Vgg =5.0 V, VEE = Gnd, Tp = 25°C, unless otherwise noted.)

LM224 LM324A LM324 LM2902 LM2902V
Characteristics Symbol |Min | Typ | Max | Min | Typ | Max |Min | Typ | Max [Min | Typ | Max | Min | Typ | Mex | Unit
Output Voltage — Low VoL -1 s0] 2 {-|50[2 |- {50]2 (-|50 [1w]|-]501}10]mv
Uimit, Voo =50V, Ry,
=10kQ, TA =Thigh to
wa“) &
Qutput Source Current o+ mA
(Vip=+1.0V,Vco =
15V)
Ta =25°C 20 40 - 20 40 - 20 40 - 20 40 - 20 40 -
TA = Thigh 10 Tiow! ") 10 | 20 - |10} 2 -~ 10| 2 - | 10| 2 - |10 ]| 2 -
Qutput Sink Current lo- mA
(Vip=-1.0V.Vco = 10 20 - 10 20 - 10 20 ~ 10 20 - 10 20 -
15V)Tp=25°C
T = Thigh 0 Tiow(") so|l8o! - |s50|80 | - |50{80 ] - |50]80 )] - 50|80} -
(Vip=-10V,Vg = 125 | - 125 | - |12]s | = |-~ - -1 -] - w
200 mV, Ty = 25°C)
Output Short Circuit to Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
Ground(3)
Power Supply Current lce mA
(TA = Thigh 10 Tiow)(")
Vog =30V (26 V for - - 130 | ~-{14}30]-1 - |30}~ - |30 | - - | 30
LM2902, V),
Vo=0V,R =
Vec=50V, - - 12 - 0.7 12 3 . 1.2 - - 1.2 - - 12
Vo=0V,R ==
NOTES: 1. Tigw = ~25°C for LM224 Thigh = +85°C for LM224
= 0°C for LM324, A = +70°C for LM324, A
= -40°C for LM2902 = +105°C for LM2902
= —40°C for LM2802V =+125°C for LM2902V

2. The input common mode voltage or either input signal voitage should not be allowed to go negative by more than 0.3 V. The upper end of the

common mode voltage rangs is Vo 1.7 V.

Representative Circuit Diagram

(One—~Fourth of Circuit Shown) Bias Circuitry
Common to Four
Output Amplifiers
Q
- as J
Q1 Re—— R—y—{ 014
Q13
40 k
Qig
p
5.0 pF Q12 Y
L
1€ 25 §
+ O
Q18 Q20
Inputs I
1\011
__Eg
-0 Q17 Q21
< Q6 | Q7
a2 s g at
2 o a0
a3 |+ a¢ a2 r‘ ‘] 2o
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LM324, LM324A, LM224, LM2902, LM2902V

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two—stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by spiitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, 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.

Single Supply

3.0Vt VCC(max)
—llF——=Vec

Wl

= Vgg/Gnd

Large Signal Voltage Follower Response

Voe =16 Vde
RL =2.0kQ
TA=25°C

<+

,_
4

11 ltaae
LA LR R R

/
/

=
p

1.0 V/IOIV

N AT YT R IR AR FAW T
¥ LA N LR ANIARAS L ALRILAEBERBLA AR

\
5.0 psDIV

Each amplifier is biased from an internal-voltage regulator
which has a low temperature coefficient thus giving each
amplifier good temperature characteristics as well as
excellent power supply rejection.

Split Supplies

T = 1.5VtoVegimax)
—0
-O =3

= 1.5V 1o VEE(max) T
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. Figure 1. Input Voltage Range Figure 2. Open Loop Frequency
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Flgure 4. Small-Signal Voltage Follower
Figure 3. Large-Signal Frequency Response Pulse Response (Noninverting)
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Figure 5. Power Supply Current versus Figure 6. Input Bias Current versus
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Figure 7. Voltage Reference

r—-—.VO

Figure 9. High Impedance Differential Amplifier

o o

Figure 8. Wien Bridge Oscillator
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Figure 10. Comparator with Hysteresis

‘R2
WA Hysteresis
VoH I"‘“i :
Ri v +
Vief =0 Y [
o——e
v 2 Vo |
g VoL =
Vinl | VinH- -~
Ri1
Vil = 7y 72 (VoL = Vret) + Veef Vre
Vi = == (Vou - Veef) +V,
1 inH= B4Rz (VOH ~ Vrefh + Vret
eg=C (1 +a+b)(ea-ey) Ha RR1R2 Vor-Vou
14
Figure 11. Bi—Quad Fliter
f 1
AN——
" ok fo=3xRC
I {( R1= QR 1
' Rt Veet= 3 VeC
i ¢ c r-fll Vel
< R Tep
Vv © . 100 k RI=TNR2
., C1=10C
Vreef v For: :g = 1.0kHz
e J o Bandpass ref =10
Vref f Output PP =1
2 At Nt
R2

<
<
<
L

R3'

Vret

ct
s ——{F———eNotchOutput R =160kQ

C =0.001pf
R1 =1.6MQ
Where: Tgp = Center Frequency Gain R2 =1.6MQ
TN = Passband Notch Gain R3 =1.6MQ
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Figure 12. Function Generator Figure 13. Multiple Feedback Bandpass Fliter

1 .
Veatz = V Triangle Wave R2
ref=3 YCC Output ¢ A
300k c

Vret o %

—i—eVo

CO=10C

Square

Ri
,____i &_ : Wave R2
C

Qutput
= Vret

1
Vret =3 VCC

Given: fy = center frequency
A{fo) = gain at center frequency
Choose value fy, C
Q.
nfyC
L
R3
A1= 24l

___RIR3
" 4Q2R1-R3

Then: R3=

R2

Qo f
For less than 10% eror from operational amplifiar, -;\_Ng <0.1
where fg and BW are expressed in Hz.

If source impedance varies, fiter may be preceded with
voltage follower buffer to stabilize filter parameters.
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OUTLINE DIMENSIONS e,
N SUFFIX
PLASTIC PACKAGE
CASE 646-06
(LM224, LM324, LM2902 Only) NOTES
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MATERIAL CONDITION.
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1 7 3. DIMENSION B DOES NOT INCLUDE MOLD
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D SUFFIX.

PLASTIC PACKAGE
CASE 751A-03
OV NOTES:
EBUE B 1. DIMENSIONING AND TOLERANCING PER ANSI
CONTROLLING CMENSION: WLLWETER.
2
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Mavin J. Fisher, “Power Electronics” , PWS-KENT Pulishing company, 1991.
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