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This Project performs 1 guadrant D.C.Chopper in controlling
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Table 3.y Features of devices for inverter use

Bipolar

Item Thyristor -GTO transistor MOSFET SIT SIThy I«
Normally ON/OFF OFEE - OFF OFF OEFE ON ON C
Breakdown voltage (V) ~4000 ~4500 ~ 1000 ~ 1000 ~500 ~2500 ~
Current density (A cm™?) 100 100 40 10 10 100 6
Surge current capability Good Good Bad Bad Bad Good B
Carrier frequency (kHz) 5 3 20 2000 2000 20 2
Gate drive power Low Medium  High Low Low Medium L
Self turn-off ability No Yes Yes Yes Yes Yes 3
Operating junction temperature 125 125 150 200 200 200 1
limit (°C)

IGBT: Insulated gate bipolar mode transistor.

1.Power loss and opersting freguency
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Table 3.10 Comparison between transistors and GTOs

P

i

Transistor GTO
Basic characteristics Voltage rating VAN e
Current A O
Turn-off time O 4
Cut-off characteristic O A
Application Protection circuit Easy Should be strong
Snubber circuit Small Big
Over-current protection Easy Complicated
Parallel connection Easy Rather complicated
Frequency High Low
Assembling precautions Not so many Many
Total evaluation (for 300 kVA or less) (] @

@: excellent; O: good; A: medium

= C.'; [ ) &
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TECHNICAL DATA

4N25
6-Pin DIP Optoisolators 4N2Z5A

0 i WAy

Transistor Output 4NZG

; . . . . £ _ 4Nz7
These devices consist of a gallium arsenide infrared emitting diode optically coupled g
to a monolithic silicon phototransistor detector. m'ﬂQS

e Convenient Plastic Dual-in-Line Package

® Most Economical Optoisolator

e High Input-Output Isolation Guaranteed — 7500 Volts Peak

e Meets or Exceeds All JEDEC Registered Specifications 6-PIN L3P

© UL Recognized. File Number E54315 Q\\ OPTOISOL ~TORS

e VDE approved per standard 0883/6.80 (Certificate number 41853), with additional TRANSISTOF OUTPUT

approval to DIN |[EC380/VDE0806, IEC435/VDE0805, IEC65/VDE0860, VDE110b, covering
all other standards with equal or less stringent requirements, including IEC204
VDEO0113, VDE0160, VDE0832, VDE0833, etc. — 883

e Special lead form available (add suffix “T"" to part number) which satisfies VDE0883/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads.

@ Various lead form options available. Consult “Optoisolator Lead Form Options’ data
sheet for details.

CASE 730A-02

= PLASTIC
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)
r
I Rating Symbol Value } Unit
INBUT-LED o SCHEMATIC
Reverse Voltage VR 3 Volts }
1
Forward Current — Continuous IF 60 | mA |
B -
LED Power Dissipation (@ Tp = 25°C Pp 120 ! mw
with Negligible Power in Output Detector I | e o
Derate above 25°C | 1.41 | mwree | : *_ [ :
OUTPUT TRANSISTOR J N
Collector-Emitter Voltage - VCeo : 30 Volts ; e : }/—c- 5
+ { =
Emitter-Collector Voltage VECO: .} 7 Volts | TASSUT -0 g
Collector-Base Voltage VeBO 70 Volts | T
o ! |
Collector Current — Continuous ¢ 150 mA |
e e o] !
Detector Power Dissipation (@ Ta = 25°C PD 150 mw |
with Negligible Power in Input LED | | { l
| Derate above 25°C ! 176 e 1 LED ANODE |
= A S L e e ke 2 LED CATHODE ;
TOTAL DEVICE 3NC |
Isolation Surge Voitage (1) Viso 7500 Vac 4 EMITTER !
(Peak ac Voltage, 60 Hz, 1 sec Duration) 5. COLLECTOR i
6. BASE
Total Device Power Dissipation (@ Ta = 25°C Pp 250 mwW l
Derate above 25°C 294 | mwree | !
Ambient Operating Temperature Range Ta 5510 +100 | C ‘
Storage Temperature Range Tstg -55 1o 4150 (63 |
= = 1 |
Soldering Temperature (10 sec, 1/16” from case) Tsol 260 (% | |
et SRRl 1 e i e e e e o sl B R Al |

(1) Isolation surge voitage is an internal device dielectric breakdown rating
For this test. Pins 1 and 2 are common, and Pins 4, 5 and 6 are common

6-2



4N25, 4N25A, 4N26, 4N27, 4N28

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

L Characteristic Symbol I Min ] Typ 1 Max ]
INPUT LED
Forward Voltage (I = 10 mA) Ta = 25°C VE — 1.15 1.5 Volts
Ta = ~55C - 13 —
Ta = 100°C = 1.05 —
Reverse Leakage Current (VR = 3 V) IR = — 100 ’
Capacitance (V. = 0V, f = 1 MHz) Cy — 18 — pr
OUTPUT TRANSISTOR
Collector-Emitter Dark Current 4N25,25A,26,27 ICEO — 1 50 nA
(VCg = 10V, Tp = 25°C 4N28 - 1 100
(Vcg = 10V, Ta = 100°C) All Devices ICEO — 1 — nA
Collector-Base Dark Current (Vcg = 10 V) IcBO — 0.2 oo n ;.A ]
Collector-Emitter Breakdown Voltage (Ic = 1 mA) V(BR)CEO 30 45 = Ve 7‘s¥
: Collector-Base Breakdown Voltage (Ic = 100 uA) N V(BR)CBO 70 100 | — = Voits i
Emitter-Collector Br-ta-"a_lzdown Voltage {Ig = 100 pA) V(BR)ECO 2 7.8 = V<;V,
DC Current Gain {Ic = 2 mA, Vgg = 5V) hEg = 500 i =
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0) Cce = 7 —
Collector-Base Capacitance {f = 1 MHz, Vcg = 0) Ccs — 19 — pFE
Emitter-Base Capacitance (f = 1 MHz, Vgg = 0) CeB — 9 — pF
COUPLED
Qutput Collector Current (If = 10 mA, Vcg = 10V) Ic mA
4N25,25A,26 2 7 —
4N27,28 1 5 =
Collector-Emitter Saturation Voltage (Ic = 2 mA, I = 50 mA) VCE(sat) — 0.15 0.5 Volts
Turn-On Time (If = 10 mA, Vcc = 10V, R = 100 Q) ton — 28 — us
Turn-Off Time (I = 10 mA, Vo = 10V, R_ = 100 Q) toff - 45 — us
Rise Time (If = 10 mA, Vcc = 10V, R = 100 () tr — 152 — us
Fall Time (IF = 10 mA, Vce = 10 V, R = 100 Q) t — 1.3 - us
Isolation Voltage {f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
Isolation Resistance (V. = 500 V) RiSO 1011 | Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso — 0.2 = pF

TYPICAL CHARACTERISTICS

- I ) R L 7

S 10 e— :
| ————= PULSE ONLY 1 A7 & s T
PULSE OR DC A = f
. 18 4 =
= / S
3 A = ] »
> o |
w / =0
=BT . g :
&5 411 A 3 7 >
g 9 L /' = I il
214 Pl 2 : A
<§( /_/ B ’/ D | A |
T A= 55T a3 A=t
@ T LT LA : s T
: — =
Ll 25°C TTH > 5 : T
5 |2E !
L—1 100°C | LT D Wt =t T
1 1 bt o I
1 10 100 1000 0.01 05 1 2 5 10 20 50
Ig, LED FORWARD CURRENT (mAj If, LED INPUT CURRENT (mA)
Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current



4N25, 4N25A, 4N26, 4N27, 4N28

i — S 5 10
24— +— "I = 10mA— Egyy—
z = | NORMALIZED TOTp = 25°C —
E E
= 20 =t e R =
z [ P, il % 2
o« o -
E 6f—t ) e | £ ]
=] | ; 4 | PRI pmene? 5mA —| (S
S ] - S =
S 7 & R
= e & 05 -
3 8 / pr
8 7/ 3
© / T =
4 17 2mA | g 02
1 mA — =
0LE— 1 o0
0 1 2 3 4 5 6 7 8 9 10 -60 -40 -20 0 20 40 60 30 100
Vg, COLLECTOR-EMITTER VOLTAGE [VOLTS) Ta. AMBIENT TEMPERATURE (°C)
Figure 3. Collectct.r Current versus Figure 4. Output Current versus Ambient Temmperature
Collector-Emitter Voltage
ol S ==
o + } i = | {
= [ NORMALIZED TO: =2 T
o
< = Vcg =10V
S 100= T =25%C = H
=
o
<<
a =
T35 EY
Ego =
ZE Ve - 30V - = =
gz ¥ =
G2
== 1
=
8 o
=
S IOJV R == I
S v 1 £ R 7 e i | N
01 I = 1 Ll I
0 2 40 60 80 100 01 . 1 2 5 10 20 50 100
Ta, AMBIENT TEMPERATURE (°Cl ir. LED INPUT CURRENT (mA}
Figure 5. Dark Current versus Ambient Temperature Figure 6. Rise and Fall Times
100 T —
e )
W I Vee = 10V
o B &
e £ b
w @ [
= 2 1]
=z 10 w
S0 S Rt
= ] = = i
Sole g >
= 2 G B R A
= -
= S
2
1 SESEE
01 02 0507 1 2 54790 20 50 70 100 01 - 02 0507 1 2 571 20 50 70100
I, LED INPUT CURRENT {mA) Ig. LED INPUT CURRENT {mA)
Figure 7. Turn-On Switching Times Figure 8. Turn-Off Switching Times
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4N25, 4N25A, 4N26, 4N27, 4N28

4 . 20
Ik =0 [ +FTw-1m =2 o N
. —1 18 = CLED +
2 _.._6’:- @ N f = 1MHz
= T | H
5 3 = —=— o N
g —— T G NN
3 i e T to KA w12 A ~
= = N
o2:2 e 4 uA ; 10 \\ ™
2 L HHH— Ceg N
" = < 8 =]
s IuA & TN
e < Ce T
O i 2 uA 4 me.
> Q
z
o | 1A 2
0
0 250 6 8 10 12 w4 B 18 2 005 01 02 s~ 1 2 5 10 2 50
Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) V, VOLTAGE (VOLTS)
Figure 9. DC Current Gain (Detector Only) Figure 10. Capacitances versus Voltage
TEST CIRCUIT WAVEFORMS
| INPUT PULSE
Vee = 10V
| h
' i
I = 10mA R = 100 ¢ ' !
W L Q : !
e o=
- ' ! i
INPUT . ouTPUT 1 v/ OUTPUT PULSE
90% ~ —t-d\z oo == = L
! Ly [
i —r. s _z_’: —
L 1
o e e
Figure 11. Switching Times
OUTLINE DIMENSIONS
NOTES
] ormoma ST 1. DIMENSIONING AND TOLERANCING PER ANS!
] W PIN 1 ANODE Y145M, 1382
N{ SR 2, CATHODE 2. CONTROLLING DIMENSION: INCH.
U 3 3. DIM L TO CENTER OF LEAD WHEN FORMED
o ENITTER PARALLEL.
5 COLLECTOR
6 BASE
P MILLMETERS
| | DIM | MIN | MAX
| A | 813 | 889
B | 610 | 680
T c | 293 [ 508
SATNG D | 041 | 050
s | E | 102 | 17
| il T G 254 8SC
c / [¢[o1300s® [T[8®[a® ] o J] o
L mIBsc
e M| 0 [ 15
[#lonoms@ [TTa® @]  CASE 730A-02 N | 25 | 38
Fr PLASTIC
t

,
i
£
i
|
i



SCL4093B Preliminary

CMOS
QUAD SCHMITT TRIGGER

FEATURES

Schmitt Trigger Action on each Input with no
External Components

Quad 2-Input NAND Configuration

Noise Immunity Greater than 50%

No Limit on Input Rise and Fall Times
Balanced Output Drive Current Specifications

L2 X X 4

DESCRIPTION

The SCL4093B consists of four Schmitt
trigger circuits. Each circuit functions as a 2-
input NAND gate with Schmitt trigger action on
both inputs. The gate switches at different points
for positive- and negative-going signals. The differ-
ence between the positive voltage (Vp) and the
negative voltage (V) is defined as the hysteresis
voltage (V). This device is useful in high-noise
environments and in wave and pulse shapers and
multivibrators.

LOGIC DIAGRAM

* <
=Sy 4> Deov
Y =AB
* All inputs protected by

Standard Protection Network

e YaV]

CONNECTION DIAGRAM
(all packages)

Vpp 4A 4B 4Y 3Y 3A 3B

1 | ] | | L

14713 2912041150107 19+ 18
SCL40938

1 27 G3ie 4nah b 7

1 I P ! 1 I
1A 1B 1Y 2Y 2A 2B Vgg

Add suffix for package:

C 14-pin Cerdip
D 14-pin Ceramic
E 14-pin Epoxy
F  14-pin Flat

H. Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VDD - Vss

Operating Temperature Ta
C, D, F, H Device

DC Supply Voltage 3to15 Vdc

-65to+125 OC

E Device 40 to +85 ©C
BLOCK DIAGRAM
1A —4~ “ Voo
18 —3 2 aa
17 —4 12 4B
o L 4
2A —3 ©_ 3y
2B - 2. 3A
Vgs 4 *— 38
Y = AB
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SCL4093B (Preliminary)

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS "*

2 o 2
PARAMETER Voo CONDITIONS LJLOW £ e THiGH Units
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. iMas:.
QUIESCENT DEVICE e 5
CURRENT - 5 |Vin=Vgg or Voo — 0.05 ~— 10.0005] 0.05 — 15  |uAdc
10 [All valid input — 0.10 — [0.001 [o0.10 - 1530 |
15 |combinations — 0.20 — 0.002 | 0.20 - |60
i I ol o RO SIS Tt (o [LOMDINatonsAs 7| (BT LAHUNSE,
POSITIVE TRIGGER Ve :
THRESHOLD VOLTAGE )| 5 3 typ S 29typ 129typ  Vdc
10 5.9 typ . 59 typ 5.9 typ |
15 8.9 typ 8.9 typ 8.9 ty;
fomee 0 = Rt 1 o 22 B ] edtyp | S
NEGATIVE TRIGGER AN
THRESHOLD VOLTAGE Vi)l 5 2.6 typ 2.3 typ 2.1 typ Jdc
10 4 typ 3.9 typ 3.8 typ
, e A e e e -~

NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL40008B Series Family Specifications”.
TLow =-55°C for C, D, F, H device.
=-40°C for E device.
Tuign = +125°C for C, D, F, H device.
=+ 85°C for E device.
3 This device has been designed for balanced output drive current specifications. Consult Family Specificatians,

DYNAMIC CHARACTERISTICS (CL =50pF, T, = 25°C)

PARAMETER (‘\’/33)
PROPAGATION DELAY TIME e 5
10
s e e R N 15
OUTPUT TRANSITION TIME trLH, trHL 5
10
e R e R 15
Vs, DRAIN VOLTAGE (Vdc) - hee e
-20 -18 <16 -14 1210 -8 6 4 2, 0 o
‘, g :3 Vs = 15 Vde B
Veo==5 Vdc o £ TEE
| A 10 ; — 3 J
' Ves=—10 vd 52 g
v s c = g‘:
ot s Sty Vo =10 Vae |
e 2 g S ,
| 30 B =5 T =n
I l | 2355 S50 e f
Vos =—15 Vde | —t+— 40 3 = 3 V,;5~I=Sl\ldc TA=251“01
= o =% 1
B T*=25‘°“'453 0°2 4 6 8 10 12 14 16 18 20
e -50 Vos. DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel

Source Current Characteristics Sink Current Characteristics



SCL4093B (Preliminary)

v,
o Vi

Vi tVp-Vy

N1
\J

DRIVER
ouTPUT
CHARACTERISTIC

L0aD

Voo —————
H

Logic 1"
OUTPUT"
REGION

LOGIC 0"
ouTPUT _,
atmow'/

S e {°

— Vi (MIN) ——

VoL

L —

(MAX) — — —

INPUT

CHARACTERISTIC

LOGICT™
1NPUT
REGION

VAL VIL (MAX) - Vo = VY (MaX]

Vi’ Vo IHIND = v

W=V (MIN)

Definition of Vp VN and VH.

Transfer characteristic
of 1 of 4 gates.

Input and output characteristics.

OUTPUT VOLTAGE (vg)—V

7:5) 15
INPUT VOLTAGE (Vp)-V

Typical current and voltage transfer characteristics.

HH o 1
AMBIENT TEMPERATURE up-zs'c{iﬁﬁiﬁﬁ:ﬁi B % 1 H '
i 1 2
Vool * T IBNEEEEEE NN SUPPLY VOLTAGE {
|- supeiy vouTaGe (vopl«15 v HHHHHHHHTH 5 . 5
ST T sup g H BENEREESE ¥ !
ERRRERRE] =2 58] 8 BEEEN! B 1
- CURRENT = + - < > IRESRENEREL U
H PEAK . H € 7
HH o L 5 ’
111 Her 2 1oV
0V H, = =
8| = o
t VIO H 2z <
T B PR 2
T e 8| He % o
: H 3 . ] Taiie
1 H H =z 5 i ALL OTHER
0 2 & Hsvy H PACKAGE
Hosa 2 sH 5 | inpuTS
0.5z A e
a o R 8 = TO Vpp 1]
H H A 43
H I I 1t { {
- + H _“ EEE 118 t B
A t -ﬂ4~~ 444414 R R
T BE
o e ° [ 1 B8 P i 5 3 2 Tt
‘51 o B 10 B}

INPUT VOLTAGE (Vyi=V

function of temperature.

Typical voltage transfer characteristics as a

AMBIENT TEMPERATURE (T4)*25°C

X 100)-PER CENT
N

3

— Voo

HYSTERESIS

8.

- ag

TRIGGER THRESHOLD VOLTAGE (Vp V)=V

1
T
i

1

™

(D B A

T

at
e
T

HEE

S

10 15
suPpL>v VOLTAGE (Vpp)—V

20

Typical trigger threshold voltage vs. Vpp.

10
SUPPLY VOLTAGE (Vpp) ~V

APPLICATIONS INFORMATION

Typical per cent hysteresis vs. supply voltage.

2
VSS g p—

FREQUENCY RANGE OF WAVE SHAPE
IS FROM OC TO | MHz

TO CONTROL
SIGNAL
OR vpp

i

Vss
Y% SCL40938

v
00 10 conTROL

SIGNAL

T—‘ﬁ Voo

"DD*I lJ C=1/4 SCLA093B
v, = Voo
v

ss 1= RC Jn(
Vss e

)

S0 kN <R<IMA
FOR THE RANGE OF R AND C 100 pF <C < 1uf

GIVEN Spus < 1y <0 53

TO CONTROL SIGNAL

100

vss

FOR THE RANGE
2us<1a<025s

OR Voo 5 e
| 1/4 sCL4093B  ©° [—I [“
3
2 ¥ss  Vss
TETETIS P
e
SOxfl <R< t Ml

oF <C< 1 uf

OF R AND C GIVEN

Wave shaper.

Monostable multivibrator.

Astable multivibrator.
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TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for Switchmode power supply control.
This device features:

® Complete Pulse Width Modulation Control Circuitry

On-Chip Oscillator With Master Or Slave Operation

On-Chip Error Amplifiers

On-Chip 5 Volt Reference

Adjustable Dead-Time Control

Uncommitted Output Transistors Rated to 500 mA Source Or
Sink

QOutput Control For Push-Pull Or Single-Ended Operation

e Undervoltage Lockout

Non-inv Non inv
1 16
input Input
inv inv
| 1 2 1B 1 :
npu npu
Vee

Compen/

PWM Cump! 3 14 |VReF
Input
=0.1V
Dead 6 1
; i upu
Time | 4 -——{ 13
ot Contro!
Control
12 |Vee
Oscillator

er[s]

Ryle 11lc2
L{g I

Ground | 7 10 |E2
[: Q1 "’_‘]

ci|8 9 et

(top view)

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

J SUFFIX
CERAMIC PACKAGE
CASE 620-10

N SUFFIX
PLASTIC PACKAGE
CASE 648-08

The TL494C is specified over the commercial operating range
of 0°C to 70°C. The TL494l is specified over the industrial range
of —25°C to 85°C. The TL494M is specified over the full military
range of —55°C to 125°C.

ORDERING INFORMATION

femperature

Device i Range Package
Jrusacn {00 0C [PesucOiP |
TL434C) i 0to +70°C Ceramic DIP

VT7L74944_1 VV

559




TL494

FIGURE 1 — BLOCK DIAGRAM

Oscillator

Dead-Time
Control

Ercor Amp
1

Feedback P W M
Comparator Input

Dead-Time
Comparator

Qutput Control Vee
? o
13
‘ 8
S S |
T Dt
Flip- i ST
Flop
Ck Q i = Q2|
' F——O————f
10
12
*
o L vee
S
Reference |
Regulator |
J

T Q

Error Amp Ref
2 Output

Sgl S

FIGURE 2 — TIMING DIAGRAM

Capacitor Ct1
Feedback/P.W.M. Comp. =

Dead-Time Control —

Flip-Flop
Clock Input

Flip-Flop
Q

1?53\
e
[E
2]

f_lip—FIop
Q

Output Q1
Emitter

==

.
i

Output Q2
Emitter

Output
Control

560




TL494

MAXIMUM RATINGS (Full operating ambient temperature range applies unless otherwise noted)

Rating Symbol TLasaC TLagal TLasaM | Unit |
Power Supply Voltage Vee 42 42 42 v
Collector Output Voltage Vel Ve2 42 N 42 a2 Al
Collector Output Current (each transistor) (1) ic1. ic2 500 500 500 *
Amplifier Input Voltage Range VIR -031t042 -0.31042 ~03to 42
Power Dissipation (@ Tp = 45°C Pp 1000 P 1000 1000 |
Operating Junction Temperature Ty EV
Plastic Package 125 125 — ' 2€
Ceramic Package 150 150 150 &
Operating Ambient Temperature Range T 010 70 2510 85 “ssw0125 | °C
Storage Temperature Range Tstg °C
Plastic Package -5510 125 5510125 | - i
Ceramic Package 65 10 150 6510150 | 65 to 150 |
NOTE 1: Maximum thermal limits must be observed N ) s,
THERMAL CHARACTERISTICS
Characteristics Symbol N Suﬂixrflia's;g;:‘f}:}‘ag‘é ;jisrﬂii:é:r;rrr\ic Parcz;én‘, St |
Thermal Resistance, Junction to Ambient | RiJA \ e §O me. i ) 100 ‘ W '
Derating Ambient Temperature | TA | 45 50 | € ]
RECOMMENDED OPERATING CONDITIONS
= e e, e
Condition/Value Symbol ‘[—— in : Tvo Ty T Unit
Power Supply Voltage . Ve ‘ 70 l 15 a0 Y
Collector Output Voltage | Vi Ve2 W{ — \ 30 o 40 7\7/ﬁ
Collector Output Current (each transistor) | l@a:1¢2 1 = i Rl N 200 m_A_
Amplifier Input Voltage Vielip =93 e vee - 20 v
Current Into Feedback Terminal It 1 I e S 03 mA
Reference Output Current lref e T R N et : 7 : el ¢ r;;—
Timing Resistor RT 1.8 | 30 S i e 500 i k()
Timing Capacitor Cr 00047 | 0o | 0;, 2 WF
Oscillator Frequency | fosc 10 | 40 | 200 kHz

ELECTRICAL CHARACTERISTICS (Vce = 15V, CT = 0.01 uF. RT

12 k(! uniess otherwise noted.}

For typical values Tp = 25°C, for min'max values T 1s the operating ambient temperature range that applies uniess otherwise

noted.

i | TL4g4C | TL494M I |
*Characteristic ! Symbol n T — g T T . Unit |
| Min | Typ | Max Mnrl L Typ | Max J

REFERENCE SECTION
Reference Voltage Vref 5C 528 475 >0 525 Vs
(lp = 1.0 mA) ‘ ‘ ; | '
0 t i Z 1 ! .,,qr, Sl
Line Regulation Regjine [ 20 | 25 gutle b 25 | om t
(Vee = 7.0 Vto 40 Vi — SR T) o e I ,L,,,,A__J
Load Regulation Regioad 3.0 5 & 3.0 5oL v |
5o mAoREmAL S sy s e b Sl e o g | |
Short-Circuit Output Current Isc 15 35 75 5 35 5 L ma ;
(Veef = 0V) R S e e i i A : i |
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TL494

ELECTRICAL CHARACTERISTICS (Ve = 15 V. CT = 0.01 uf, RT = 12 ki) unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Tp is the operating ambient temperature range that applies unless otherwise
noted.

I TL494C,| TLA94M
Characteristic | Symbol — - Unit
Min Typ | Max Min 1 Typ l Max
OUTPUT SECTION
Collector Off-State Current L ictofy — | 20 ! 100 - 20 | 100 LA
(Ve = 40V, Vcg = 40 V! | !
Emitter Off-State Current IE(0ff) — K‘ — | o0 = = 150 nA
(Vcc=40V,VC:40V,VE:0V) - ‘ i
Collector-Emitter Saturation Voltage (2) VSAT(C) = t 1o 13 — 1 15 \%
Common-Emitter | I |
(VE = 0V, Ic = 200 mA) L R |
Emitter-Follower I veatiey | — 15 | 25 — 15
(Ve = 15V, Ig = - 200 mA] ‘ i
Output Control Pin Current 10CL | 10 i - i 10
Low State |
(Voc = 04V) - e b b . .
High State IOCH I 02 35 == 02
(Voc = Vref) - 3 I s & T i -
Output Voltage Rise Time | th I 100 200 = 100 | 200 ns
Common-Emitter (See Figure 13) | t i i ;
Emitter-Follower (See Figure 14) s [ =1 100 200 —~ | -100 [ 200 ns
Output Voltage Fall Time RN 2 100 S [ T ns
Common-Emitter (See Figure 13) |- : | o o
Emitter-Follower (See Figure 14) i e . R — a0 | o ns |
—— [ g
Characteristic | Symbol F— ; T | Unit
fifpa L M) 2 ey ‘ Max 1

ERROR AMPLIFIER SECTIONS

Input Offset Voltage Vio = 10 mv j
(VO (Pin 3) = 25 V) L o S e T P SR U B is
Input Offset Current o i == 50 i 250 nA
(VO (Pin3) = 25 V) lEeT s o e e s L s
Input Bias Current ! 1) ! — Ioe -0a i 1.0 uA
(Vo (Pin3) = 25 V) pebce | ! Wy i |
Input Common-Mode Voltage Range { VICR ! -0.3 10 - = v
(Vee = 40V, Ta = 25°C) i { eV Eom20. 1
Open-Loop Voitage Gain i AvOL 70 | 35 § o a8
(AVp = 3.0 V.Vp = 051035 vV, | ! |
RL = 2.0 k() i i | }
]
Unity-Gain Crossover Frequency 1 fc | . 350 ! i KH2
(Vo = 051035V, R = 2.0 k) R sl R RN i TRl i #7; it
Phase Margin at Unity-Gain om i = 85 it deg. |
(Vo= 051035V, R = 2.0 k!EL_*7< e S T el i = i |
Common-Mode Rejection Ratio {  CMRR 65 30 | 48
(Vee = 40 V) | R A i
Power Supply Rejection Ratio = 00 : e 48
(AVee = 33V.Vg = 25V, R = 2.0 k) o ' o eI |
Output Sink Current 0.3 07 | = A
(Vo (pPin3) = 07 V) iy Yl Lo SelMEs e ! ol e b G el S ]
Output Source Current 20 40 | s mA
(Vo (Pin3) =35V HE s 8l s Rl I s = !

NOTE 2: Low duty cycle pulse techniques are used during test to maintain junction temperature as close 10 ambient temperatures as possible
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TL494

ELECTRICAL CHARACTERISTICS (Voc = 15V, C = 0.01 uF, RT = 12 ki) unless otherwise noted.)
For typical values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies unless otherwise

noted.

Characteristic

TL4S4

Symbol

Min Typ

Unit

PWM COMPARATOR SECTION (Test Circuit Figure 12)

Input Threshold Voltage
(Zero duty cycle)

VTH

= 35

Input Sink Current
(V{pin3) = 0.7 V)

0.3 0.7

mA

DEAD-TIME CONTROL SECTION (Test Circuit Figure 12)

Input Bias Current (Pin 4)
(Vpijn 4) = 010 5.25 V)

B (DT)

pA

Maximum Duty Cycle, Each Output, Push-Pull Mode
(VPin 4 = 0V, CT = 0.01 uf, Ry = 12 k()
(Vping = 0V, CT = 0.001 uF, Ry = 30 k1)

Dcmax

a5 a8
i as

%

Input Threshold Voltage {Pin 4)
{Zero Duty Cycle)
(Maximum Duty Cycle)
OSCILLATOR SECTION

Frequency
(Ct = 0.001 uF, RT = 30 k(1)

= 2.8

— 40

kHz

Standard Deviation of Frequency*
(CT = 0.001 uF, R = 30 k)

%

Frequency Change with Voltage
(Vce = 70V 1to 40V, Tp = 25°C)

Aosc (aV)

%

Frequency Change with Temperature
(ATA = Tiow t0 Thigh!
(CT = 0.01 uF, Ry = 12 kQ)

Afosc (aT)

%

UNDERVOLTAGE LOCKOUT SECTION

Turn-On Thvesnold Ve Increasing. ief = 10MAL

TOTAL DEVICE

Py | 55 | 643
e e Ui ;

1 7.0

Standby Supply Current
(Pin 6 at V g, All Other inputs and Outputs Open)
(Vec =15 V)
(Vec = 40V)

&b
(@

— 5.5

10
15

mA

Average Supply Current
(V(pin 4) = 2.0 V) (See Figure 12}
(CT = 0.01 wF, RT = 12kQ, Vee = 15 V)

mA

* Standard deviaiion is @ measure of the statistical dis
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FIGURE 4 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE
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TL494
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4
"
10K 20K 50K 10K 20K 5K 100K 200K 500K 10M
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FIGURE 6 — PERCENT DEAD-TIME versus
OSCILLATOR FREQUENCY
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FIGURE 8 — EMITTER FOLLOWER CONFIGURATION
OUTPUT SATURATION VOLTAGE versus

EMITTER CURRENT

T i

VCE(sat). SATURATION VOLTAGE (V)

200
ig. EMITTER CURRENT tmA
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FIGURE 5 — OPEN-LOOP VOLTAGE GAIN AND PHASE

versus FREQUENCY
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- N Voo = 15V
) S— AVg = 30V
% \ L= 2000 —10
80 20 &
SN AvoL =
70 03
80 6 S
% S o L
@ ~J 100 &
P
| P AS RN ISEEI 3 BN \\ &
ol 140 &S
~ .
10— e R Bt AN 160
f ~
10 10 100 10K 10K 100K 10M
{ FREQUENCY iHz)
FIGURE 7 — PERCENT DUTY CYCLE versus
DEAD-TIME CONTROL VOLTAGE
50 (17T
B! L]
= ” | G
2w s vee -5V 4|
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3] I I 18 SN RY < 10k |
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FIGURE 9 — COMMON EMITTER CONFIGURATION
OUTPUT SATURATION VOLTAGE versus
COLLECTOR CURRENT
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TL494

FIGURE 10 — STANDBY SUPPLY CURRENT
versus SUPPLY VOLTAGE

FIGURE 11 - ERROR AMPLIFIER CHARACTERISTICS

TEST CIRCUIT

FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL

]
Vee-= 15
a— » Error Ami,s;.x.e. }5\2 }5:2
AL S | .\\\Ur\ﬂev Test o
\ i
(v ) | g tout (O] Deac Time o ciits
N / S, S— I} il 1 es
~ I L | ,,\pms} . El 1
o - i 0——————-{ Feedback =
| Feeaback ee
0 Terminal RT c2 —0 Output 2
i (Pin 3} }_._ cr E2 =1
i + () =
\ -
.| B 5 ‘ Error
= =) Ref
QOut

FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

15:V
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? 68

e 1

[ I P S
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| Eacn L 16
| Output 4 Q 1 15 pf
[ Teansistor TN |
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Output
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FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM




TL494

FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES

Vief

Vo
To Output
Voltage of
System

3 R
v NEGATIVE QUTPUT VOLTAGE 1
ref
Ry
Vo Vret A5
POSITIVE OUTPUT VOLTAGE 2 Vo
= VO = Vref (1 ,BJ.) To Output
R2 Vohage of
System
FIGURE 16 — DEAD-TIME CONTROL CIRCU!T FIGURE 17 — SOFT-START CIRCUIT

Output Qutput el 4

Qutput —
Controt! T ¢ _L
SRS ! R L T 03¢

o—
Ry Rs
T = , 80
Max % on Time, Each Qutput = 45 - ( ;i,\
y e e
\ R/
FIGURE 18 — OUTPUY CONNECTIONS FOR SINGLE-ENDED AND
PUSH-PULL CONFIGURATIONS
Cy cl
— p—a- Q —O .
e, . : e
‘1‘& £ 24V = Voc < VREF = Q| gt Qo 250 mA
g“mul’ +——O—— Qutput +—=0
ontro
110 500 mA Control
L =)
‘ C2 c2

Aty
O=<Voc =04V _Q £ A‘QQ‘EZ | to 250 mA
~ - T

f————@—— Qf

Single Ended Configuration Push-Pull Configuration
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FIGURE 18 — SLAVING TWO OR MORE CONTROL CIRCUITS

Vref

Veef

Master

Slave
(Additional
Circuits)

FIGURE 20 — OPERATION WITH V| > 40 V USING

Rs

O
Vin >40 V

EXTERNAL ZENER

1N975A
vz = 33V

vce
O

5V
Ref

|||-—Q

FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER

+Vin = 801020V

e
12 ? = 28V
1 a7 1N4934 02 A
% Vee o
2 8
& - C.‘
™M
33k
& Comp TL494
0.01 0.01=~ 15 n
C2
L 50
16 35V
[ T OC Vggs DT Cy Ry Gnd [
131 14 4 5 6 17 9110 1N43834
AAA——4 4>-l——l
a7k 0] L Sisk
4.7 k 10kS$ 0001
o SEE o
All capacitors in uf
t1—35mH@03A
T1 — Primary: 20T C.T. #28 AWG
Secondary: 1207 C.T. #3686 AWG
Core: Ferroxcube 1408P-1.00-3C8
TEST CONDITIONS RESULTS
Line Regulation Vihn = 10Vtod0 Vv 14mV 0.28%
Load Regulaticn Vin = 28V,.lp = 1TmAto1 A 3.0mV  0.06%
Output Ripple Vin = 28V, ig = 1.0 A 65 mV P-P  PAR.D.
Short Circuit Current Vin = 28V, R = 0.1 Q) 1.6 amps
Efficiency Vin =28V.Ig=1A 71%
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

+Vin = 101040 V R 1.0 mHi@24 Vo =50V
@ SNV —0
o =10A
L
47
150
47 k
12? 81 N 0.1 I
™
¥ge €1 €2 comp —30I~wv-<'
2
-F—o—
3 o hEE 2 51k 51k B
50 L TL494 O A—C
sov T 14
VREF +
15 500 L
MR850 19y T
16 51k
Ct Ry D.T.0.C.GndE, E
5 |e |a [13]7]9]w0 550
T10 V¥
> 150
ﬁ
0.001 <
’l‘ K
. < g O
O &
All capacitors in uF
TEST CONDITIONS RESULTS
Line Regulation Vin = 8.0t0 40V 3.0 mvV 0.01%
Load Regulation Vin = 126 V,Ip = 0.2t0 200 mA - 5.0 mV 0.02%
Output Ripple Vin = 126V, 1g = 200 mA 40 mV p-P P.ARD.
Short Circuit Current Vin = 126V, R = 0.1 (1 250 mA
Efficiency Vin = 12.6 V. Ig = 200 mA 72%

568



TL494

Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. (See Figure 1.) An internal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, RT and Ct. The approximate oscillator fre-
quency is determined by:

g = e ]
osc RT. CT

For more information refer to Figure 4.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Ct to either of two control signals. The NOR
gates, which drive output transistors Q1 and Q2. are
enabled only when the flip-flop clock-input line is in its
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the control
signals. Therefore, an increase in control-signal ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fig-
ure 2.)

The control signals are external inputs that can be fed
into the dead-time control, the error amplifier inputs,
or the feedback input. The dead-time control compar-
ator has an effective 120 mV input offset which limits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in a maximum duty cycle on a given output of 96% with
the output control grounded., and 48% with it connected
to the reference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.

The pulse width modulator comparator provides a
means for the error amplifiers to adjust the output pulse
width from the maximum percent on-time, established
by the dead time control input, down to zero, as the
voltage at the feedback pin varies from 0.5to 3.5 V. Both
error amplifiers have a common-mode input range from
-0.3Vto (Ve ~2V), and may be used to sense power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates control of

_-the loop.

When capacitor C is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to each of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the oscil-
lator. Qutput drive can also be taken from Q1 or Q2,
when single-ended operation with a maximum on-time
of less than 50% is required. This is desirable when the
output transformer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 and
Q2 may be connected in parallel, and the output-mode
pin must be tied to ground to disable the flip-flop. The
output frequency will now be equal to that of the
oscillator

The TL494 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
+1.5% with a typical thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE

Input fout _
Output Output Function fosc
Control

Grounded Single-ended PW.M. at Q1 and Q2 1
At Vief Push-pull operation 0.5
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