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DC POWER SUPPLY AND DRIVE CIRCUIT FOR EXPERIMENTAL LAB

o
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Assc.Prof.Dr.Viriya Phichetjumreon Advisor

" Anuwat Jangwanitlert  Advisor

:A&SIRACI
This project is presented about the procedures and design of dc
power supply and drive circuit for power electronic experimental laboratory
The experiment have a purpose to study in characteristic and
principle operation of power clectronic devices include a basic circuit
which has relative, By the experimental result, it is composed of this
" thesis too.

3

' This thesis consist of three main circuit, these circuits are SCRs

, drive circuit , MOSFET drive circuit and Transistor drive circuet.
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HanINAaed 1583 Force Commutated
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galsvasn
- efAnyManMI N YeLsmHai 1Sy

A ¥ [ o 1
- me?mymaﬂmsmmuuamaﬂuumwwmﬂmmumq 9

A L] [ e o < L d o
- maﬁnmmsumamvlﬂmaq'11Jh’ﬂuq1uwnﬁ'mmﬁﬂmaunffm av

=}

ngug
s W Py ° o a < yg a )
veaamduduginssiiausmbuiiduaieddenmianie .
J o o - Q. U L] - A. Al )
Fuiouldmuannluasesainden q 1u aladamnedvnats sunes
L4 >
o7 iy

Pinch-ot! region or saturation rogicn
Lineart _of

V64> V633> Vs> Ve > Vr

Vise
\"Gi.\

to—Voy3= V5, =~ Vy
Vesz

Ve

Vs = Vo
0 = et Vns

W 327 nuansuauiAveemmaiig

9 ot ¢ d‘ - o - fdoe o A
veavewsaamdsintToufsusunsudanedids fe
- fidsnugydsvas aindh

- ‘lﬁﬁ-ﬁmmﬁuﬁqnmuﬁ 2 (Second Break down Voltage)



43

- U8wMIuNsga
- mIvvnuuIITuaunTath idhentuaz imgn
- Innumumunasiadesnmmgungia
¢ 1 [ 1 4 [ a2 a’
- muImhindevuuiu 1dde wesnnduds dnsanudmnnuiiv
U2
e et ot 7
- fnuldananuige q
wadoidovoansaraiide Ao Tunduanaseugqeuasinssua
& H ta & e o 4 L d
@nnwusshas)  dduegfu Sanms numdeveswsaradidy
uRaziues WINdAeTAI 9 ¥ee  uemWARIGY  AndieamsLusd
a /e o oo "o ¥ a =
nudmaeiiiae (luntes lunandy daulinsezideamusedng

viudn ldnngiienis1dnusie 9 uieein DATA BOOK

MANNMUMUYARINATZUT (Ros, on)
Y a o o o ' o A
Tuvusinsugmasiddainszuasdvauysed usduing
. ] o 4 » o a [} v o a4
ATOUITHINYUATUN LVTYDT T Q:uﬂmuﬂuni:uan"lnamumumuaq
! 4 aow 4 [ P4 4 a daa 4 .
V1A Rds WINANHUSIAGINUNY Tanuuﬂawmmum (Chmic

Resistance) Ao laningashidenugyidevastinssua
2 -
Pcond = 1 dm *Rds (on) ooooeeeeee, (1)
Tagh 1dm Ao MNTTUAATUTIYA
v e a o d' é
nsl¥musaanidahaudianudgs
udwemnad 1§ i laserfsusesuiiannseuiisa

a ¢ Y4 a g 4 ¢ W 4d 1 awv o
(AY7 LA llYIYIﬂiiltﬁ’)mﬂﬂ01ﬂT&llﬂﬁ‘UfJ~IUﬂﬂlﬂﬂﬂ1ﬂ~1 CiHUIIUAUNY

a o v o ¥ L 'l e o aa 9
Uszqueiiog molusn dadu szdsslundanedideniinnudumune



44

A

Tudidwn tﬁammsﬂi:Qadmam%ﬁqamna'n‘lﬂ"ﬁmsﬁmwaq
vemamdees i niedh 1‘1’140;jﬁm“wﬁnns:ua?fmmﬁwu au
qunnie: ludeslinansa i lumsasadiumin
f‘?qﬁmﬂ°hi"lﬁ"iumsaanuuuwssﬂvﬁa Fmminuidasadiy
138 SOAR (Safe Operting Areas) ¥BINBMHAA1GVIZA 19 INNTIHAS
v’zmu.%Jﬂqwiw.'!m‘?asma?ﬁm"qmqﬁ'Iﬁﬁﬁmmﬁuﬁwmuﬁ 2 (Second
Break down Voltage) Foby SOAR ‘Uﬂdnﬂmﬂﬂﬁ15451):11?\’@\1‘5"]4118\3'
Sanrviideianinzag q wanaauMmqmuqmwnumavmavm
@A i Taoundae iy 150-170 BIFITAIHI Nuu MIBAILLY

gﬂi'lﬁﬂ’lﬂ\l!lﬁzﬂWii; U1Uﬂ111j78ﬂﬂﬂﬁ:?ﬁ')01ﬁ SOAR ﬂ‘U‘H

Ve
V1 3
0 - ; -t
Vas l : 1
Vije - — —_—— ' .
VGsp“"'“'T" AT L 5= 71 NN
Vi — 1 ' l'
0 % —
’«Oﬂi Qloff)

o A s 9 s
Wi 328 JUsduuassTnaIMshIIuYseLe A

N1I8BNUUVIITIVLINA
dws"n“limmfmﬂ:naqnﬂnmmww‘lumuamﬂﬂmamnuﬂiv
ua.maﬂs"qaawsmm ms1~u.uu1wsw1wummunmuauvgmauw
UALTAIIN 9 WesTuinaotee: IduuuduTnoase nie uupuenlng
o Jdnw v
(Isolate) 7114 naz w9 s¥unsn Tansisez1d OPTO vSentleuasnadald
» » v
unﬂﬂ%’mfauﬂmwaﬁnzﬁ'm'lﬁﬂmﬁhxﬁamﬁxmﬁu mazveiivie,



45

a ¢ ¥ { £ » o
Tunmsadatuasa dv/de 1asuudaslidae uazlumstuneaiiamidenis
2 YUA28 UMEI9 10N TEUTAI NN T T LR BUN AT I TIRUALT INT 1z 02

° Y 1a o ¢ o - v oy 4 s
m‘lwﬂsmmumnw?umuamﬂmmadmizﬂummmi 1310

ginsgimsnaany
1. yanaasdidansetindiige 1 qA
2. A unasnemds wisudyyratutuna 1 ¥
3. M3uen 1 ing 1
4. 9oa9a lag Iny 1 1ndeq
5. meTwsudwmsueeadalaalny x10 2 1du
6. aelu 20 14U
7. TEAEATIN 1 UHU
113NAany

L sionenidelugiln 328 Taoldrmndinedaslugy

50 ohm

+ e e T

CH1
—

v I .__;"
i
+

0.1 ohm

CH2

N 329 NIsMINARes



46

2. dadyana CHI mwgluasimstiuiinragldygnaadunszay

A
o o o e > = o ¢
3. 2adyeun CH2mugduasimstunanagldynuasly
a w 9
ﬂiﬁﬂ]ﬂﬂﬁ]ﬂlﬂﬁ?ﬂﬂﬂﬂﬂﬂi
a 4 @ VR ¥ et a o
4. unnenjudygrunlannds 2 uas 3 WSsuieudu

5. apwanianaasy

Han1INAav3

suaasanmsnaany

1M 3210 dyyawssdu Vo uas nssua ins M £ =500 Hz

(CHI = 10 V/div , CH2 = 20 mV/div , T =0.5 ms/div )



47

JUR 3211 TYIuNIAN Vo U0S ATINE iy B £ = 25 KHz

(CHI1 = 10 Vidiv , CH2 =20 mV/div , T = 20 us/div )
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( Waveform of Voltage and Current in Circuit of Fig.3.3.4)

(continuous condution)
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2. single phase fullconverter
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1. On-off control

2. Phase-angle control
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* SINGLE-PHASE BIDIRECITIONAL CONTROLLERS WITH RESISTIVE LOAD )
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ﬂ'm?:uff aﬁ 1511 (0 vay 1‘" Ja ME){ (The rms value of the thyristor current)
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UINAUDINWN 377 1DU 197 (The rms output voltage)
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1. Unidirectional controller
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HaNISNAaDY 1389 Unidirectional Controller
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NamIinaasy r?aa Bidirectional Controller
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. Rectiijor Converter Using Thyristars and the
Tehr785 Integrated Bhase Control

.
B

] 5 z

Phase control by thyristors is comuion practice when converting,

single- and three-phase acinto de and providing power control at
the same time.
Tp control high-power thyristors in power clectronics requires
special devices. The TCA 785 monolithic integrated phase control
has been developed for this purpose. :
By the selection and configuration “of swirching points with
_enternal caccess it allows a lakge variety of functions to be
. “pdefdemied which would otherwise involve high costs using
diserete semiconductors in conventional circuitry. :
- &l

¢ CO

~.

1ol In a second part to follow, linc-co:iunutntcd_ﬁ;‘gctjficr

¢ first pare of this article describes the TCA_785 and thyristor’

cy

Thy
saiy very well o a large number of

drivke circuits such as - (
o libe-commutated curremr converter
cirehits, e g. hall and:fully controlled
. singlephase and  three-phase bridue
vire i(3 as well as star aad doubie star
CIreyits. : ’
. e DD omINULIting Current converter
T oanedity g osingles o three-pluase
©cun nt contrallers and switghes,
Thesy applications  require -dillerent
contfol devides, i.c. 2., 3., 4-or
6-pubse control sets.
Furtlfer requirements of inepraced cir-
* guits fo contrul power elements are:
Gy lor power electronics must be
ipablie of triggering two  thyristors
- @mnndeted cither in series or bach-to-

luu‘k.

Uml.-lnp (FHl Werner Scheit, Siemens &G,
Derecty Bauciempente, Anwendungstechnik,

h1uhc!lu 1 N

|

TA 7SS inteyrated phase control ©

. C' - p
nerter circuits and ac current controllers will be dealg avith.

‘s

- M ".. .

e threc-phase operadian requres praral- .

Iefing o 1Cs 1o allus the el ngle o
be adjusted in the three phases RS, T
with only une porentiomerer.

» Trigger pulse shilting should be pos-
sible continously between 0 and 1807 in

the delay angle.

o Depending on tie ol or et

design dillerent palses™ (lung, short,
cautinuuus pulses) should he penerated

to trigger the thyristor.

Ouher TCA 785 applications are as
zero crossing switch in full-wave von-
wol with a triac and 2 voluape pulse
width converter With optianal [ixed
frequency (/= 10 10 500 Hz). .

Special feawres of the TCA 785 in- .

clude the follovipy: wide applicadion
range because of external accessibibity,
supply voltage 8§ w0 18 V, '
extended temperature range =25 1o
+85 “C,

current consumption - anly 4.5 1o
10 mA,

pr .
LsL cump:uib{c. i.c. cunrrollable by
slow-speed,  interference-free  logic
with 15-V signal level,
two outputs for 250 mA trigger cur-
rem cach,
two addiional outputs with inverted
signals,
anlubic function: trigger pulse inhibig,
2TC suppreasion,
trigzer pubse extension by eaternal ca-

pacior,

rehable zero crussing recugnition,

pretective circuitry against incermitcent
trizgering, three circuits anly necessary
lor six pulse operation, use as zcro
cronsing switch and  voltage  pulse
width cunverier possible.

F.unctions of the TCA 785

The block and pulsc dizgeams Figs. |
aud 2 show che main functions of this
mtegrated circuit. The major pace of
the 1C is supplicd by an’ tnternally
canuolled voltage U,y = 3.1 V. Thus
Jie man paramcters are independent of
the Jde supply volage U, and a wide
supply voltage range U, = § w0 18V is
permitted.” ' .

The positive pole is conneered. to Pig,
i6 and negative pole o pin | (reference
putcntial ground). Cutrent consump-
non (without load) is up 10 10 mA.
Qutput of the=antrolled voluage U, 4 = |
3.1V is provided at pin § via an |
interaal decoupling resistor.

Tir cnhanee noisc-immunity 2 holding
capacicor C8 can be cunnccted 1o
gruund here (reference putendal). ..

In cuntemt converter circuits requiring
several TCA 785 vdevices (typisal of
twree-phase currenmt  circuits)  these
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. Uansision l
' § B 1R
: i i ,
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Ramg capaaitos

Ll__

L Puise exienson fr 01 31 Q2

Lorwy puise sanch over fos Eﬁmﬁ
Inhult = Pulse rinbit

Cunuiol voltage

Fi‘i'. |

puints have 1o be paralleled 1o provide
Lniform  control  conditions in all
hases and ia contrulled currene con-
verter branches as well.

I'he synchronizadon signal U, is de-
. from the line voltage via 2 high-
«alue resistor. U, q has to be connected
o pin 3 and grouad to pin 1.

A highly sensitive zero-crossing detec-
or provides synchrunization. The de-
tector ist followed by a synchroniza-
sion register which contruls 3 ramp
generator (sawtooth).

The latter maialy consists of a constant
dqurrent source /., which charges ex-
wrnal capacitue C10 ur Cyx lincarly
with tme via pin 10. The ramp capaci-
unee of C10 should be between-300 pl
W [ ul¥ always bearing in mind thac
sweooth flyback tines may increase in
ropoitun to the ClI0 valuetserFig. 3)
'd thae maximum and minimum val-
£y of /43 will not be exceeded.

2

[ T

Qurrept /.. 1 adjustable by eviernal
rgsistaur R9 or Ry = 3 w0 330 K0 via
Py Y,

’

o/

| f

Block diagraa of the TCA 755 integraced phu; cantrol

The RC actwork RY, C10 thus defines
the rise of oli=state ramp voluge Uge.
Each ramp commences with a zero
crossing. of the sync vultage and ends
with the following by dischargng
ramp capacitor CI0 viz an internal
discharge trausistor.

The logic circuitry of the syne register
releases the information at the zero
detector output ta the following circuit
only after the discharge monitor indi-
cates complete discharge of C10.

This is, of majur importance when
using the TCA 785 as 1 zero drussing
switch and pulse width converer.
Leakage voltage ac C10 does nat affect
the cuuntrollabiliy of the TCA 785 and
the way in which the control voltage is
supplicd.

In this case trouble-{ree adaptation of
op-amps to -the IC is possible. At
the instant when the control voltage
reaches the leakage voluage value maxi-
mun phase control of 180° is ubtained
(Fig.4) and will be maintained (full

wave) even with control vuluages which

mar be below the leakage voliages and
approaching O V. A
De control volul.,g Usy has to be ;un;‘
nected to pin 11 (with ground to pin 1),
The control cotnparator cumpares cong
trol Je voltage and ramp voltage Uy, If
the latter exceeds control voltage Uy,
appropriate vutput pulses start at con-
ol angle «. The subsequent logic
determines the kind and wideh of the
dilferent output pulses (pasitive to
ground) by means of seversl links (see
waveform in Fig. 2).

Main outputs QI (pin 1) and Q2
(pin, 15) are given by an emiter fol-
lower capable of handling 3 maximum
250 mA. ‘
They are allocated o hall-waves of the
same polarity.

Q1 delivers pulses only in the negative
hall-wave and Q2 in the posi:ivc one of
the syne volage.

Pulse duration_is_about g = 30 ps

’ (short pul;g)zuhout cunneclion [0 pin

12). It is freely extendible by exsernal
capacitor (12 or G (see Table 1 for

puhr extension values).

{1
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Fig. 2 TCA 785 wavefurms
' R
I} e trigger input ac pin 12 is shor- [ ] [
ireuited 1o ground, pulse widths of .
4= 180%u (lony pulse) resule. _ -
Auyiliary outputs QI (pin 4) and Q2 e
(jfin 2) are open collectors capable of ["" N _
. . cmecmcecnmene e cmeceam—cnnns ) o =tox|
hindling 10 mA a1 maximum. Uy = TU" by
dliny } ) : Pudse at P 14, 15
Apsignal can only be switched at cither Un, oaae oo L. . v [
aipue when collector resistors R4 and 7 . :
R3 (= 15 k() are externally connected jiYe % : ’ ! | H
.o . " — '
bepween output and positive pole, The _ ; 3,""': : - o Ung 3 / b
. . - > T
sl delivered corresponds to the in- e k= h H "
vegied signal of QI and Q2. Iulse
dufation  (output  cowards  positive S
pole) 15 sboue f§ = 30 ps. R - — ' o —— —t
. . in 13 is cted Fig.3  Sawtouth flyback sime. The sawtontl .
I thigzer point 3t pu 1315 connecte tf’ 01y back time depends also un the value of the
graund, pulse widihs (output 10 POSt- rainp resistor RY which, (ogether with the
livd pu'c) of 180%-u (long P""" switch-  rampcspacitor C10 deternsings the ramp
N S here cell. Both auxiliame voltage. Thus with large ramp voltages. (W back
"':‘ILU“‘" tere _as well. N ot .n.‘\' B e are always long because more encrpy has ] ]
vutputs QU (pin 3), QZ (pin 7) are 1o be discharged Fig- 4 Leakage voltage at capacitor C10
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PPulse wavclorms for thyristoe

Fig.o
triggering. .
Shart pulse ff = 30 to 100 s, fur revistive loads.
in the rated curreat range,

Loag pulse /1= 10C ps to 1 mn, fur slightly
Inductive Juads or small raistive lpads and
prastial load range.

“Continuous pulse f = 185 ~a, fur highly

inductive Joads, no trigger pulsc translormer
with large voltage-tinte range is required.
P'ulse train with 5 107 kHz cluck frequency, to
allow operation with small lrlg;:tr pube
transfurmier, i. c. smalf voltage time raage
(mVs).

Cumbined pulse for high eates of trigger
current: di /de = 110 3 Alpes to trigger serics

connccted thyriston.
Duuble pulse to contevi fuily controlled three-

Fig. §

-

provided ds open collectors and serve

lor plartivular applications (e. g. contral
of external logic).

Tu obeain a signal collector resistors R3
A7 are necessary, as above, be-
tweess vutput and positive pole. The
signaf of.output QU is similar to that

and

I ie .Q—l. + a
following application auxiliary
To  enhance

are  neglected.

groungs
Pu]u
Trigger pum: axn

Q2 Q-. QU).

Internal ciccuit of the TCA 785 vutput stage

pin 6 has 1o be connected 1o ground by
.3 switch, a relay contact or a npa-

transisior.

Fig.5 shows the internal Vircuit of the

TCA 785 1C output stages.

Thyristor trigger module

Control of thyristurs in line-commu-
tawed  or  non-commutating - current
couverters rcquircs p;uiguhr trigser
modules. A thyristor is triggered by a
positive current pulse between gate and
cathode. The control pulse is main-
tained unul reaching tmuhm-' :J;-
rent.

The thyristor is switched off by reduc-
ing the main current flowing heoween
anode and cathode 10 befow the hold-

ing current.

- are applicd o trigger the thyaswor,

fhase biidges

Depending on load and circuit design
various pulses of different. durations

These pulses are shown and annotaced
in Fig. '6.

All tng ser pulses, excepe the chain
rulse, & be pgenerated by the
TCA 785. A CMOS device is required

for the ¢hain pulse.

Directly controlling low power
thyristor with line valtage

Fig.7 shows a phase control usins;', the
TCA 785 for dircedy countrolling a”
BStC1040 luw-power thyristor. Phase
angle is adjustable between 0 and 180°
and power at the load beeween 0 and

400 W.
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livation,

v the caye of line supply the ciecuit has
b Le adapted to dye specificd maxi-
am value of power consumption
(witliout luad) of 10 mA and the mini-
unr supply voluge U, of §V {(must

supply voltage (pis 16) 15 deawn

{rom the line directly via series resistor

revtilicd by diude DI and regu-

fted w13 V by Z-diode D4.

Electrolviic capacitor Cl smooths the

pltages produced by hall-wave rec-

ot 13l helow).

swnchrunizaton input (pin 5) is
weted to phase R via a serics resis-

oF of 220 k€2 and to ground ‘poteniial

wao back-ta-back dindes (12, D3).
divdes limic the voltage ac the syne

inpput (o abour = 0.6 V.

Tige

YAS 111

ramp generator frequency s deter-

nuped by the zero adaprer, i. e, at cach

crossing of the line frequency the

Hawtwoth vohage iy re-started. Ramp
capacitor (Cg = 47 nl) and ramp cesis-

tor{ (R = 100 k€2) adjust the rate of

offstate volage.
In fthe presenc circuit the sawtooth
amphitude v 7 V.,

Cwi

Wl

UII

tol voltage Uy is adjusizble be-

n0and 7 V by potentiometer P
must nut exceed the peak ramp

volthpe U, (see data book).
Thus thi angle of current flaw at the

lu.ld

van be chosen between 0 an 150°,

In dhe half-wave Conrol described,

anly
[N T
pn\i(
adte

l;\‘l'

Lt

mg

Uittt g

gutput Q2 (pin 15) has 10 be
ected 1o the divristor gate. A
ive trigaer pulse i routed o the
At 20-m intervals Jduring the pusi-
half-wave, Quepuc Q1 (pin 14)
Ating 1 positive trigaer pulse dur-
he negauve hall-wave remains
D The output pubse width de-

pemds b capacitor C, -as shown in

Table

I. Pube wildths of the TCA 785

Mulsg widih capacitor C,) is 620 ps/nl

tvpie

\htl\\'

Al The dhyristor in the circuit
in Fig. 7 is triggered by a pubse

® . : -
ual 208 s duration wich 47 mA trigger
X ! E

Jurre

Switclfing wn wnd off with inhibit signd

Pasitige trigper pulses for the thernistor
are peperated during the line pusitive
hall wive woly when the voltage 2

|

Ro—
229%,,
~NAa, bx, R
Lneav 2610
201
1M 4005
Th
TCA 78 17%Q
- ; Ast
. z U 05 2200 C040
15 : :
C,1 04 0203
=" 5 100 X 3 u BAY6l
woouFFszvr -
v, |97 b
[of 1 4 B'Y.Gl S 12 '
=12 6 n 10tQ
7 ]
3 9
so 2t c. Ic.
=_ =
Ra ~ 330 pf
worol~ | | “here
Afy O~ pd
Fig.7 Phase contrul with dircct wriggered BSt €C1040 thyristor
Ro— o
v, 2.,
b Ry
+ O
Ny L 1CA 785 7:Q 12Q R
22BAYGl : . 8 St F 3560{1n 472
I 114001 144001 .
5 |2 ! AN .
oL : r °
- BAW[ICZ £ (22 | chozz e
e 50V,
> - [H
6 < liI0kQ
l r---., .
Gue |~ B8 } ) 8SS 97
i |
1]
[}
1
]
- b 2
M O

Fig.§  Thyristor phase conteol with teassiseae 11 isger pulse amplilicr and trigger pube

translormier




inhibit. input (pin 0) 15 above +4 V)
"l'hus 3 10-K€2 resistor is connected 10
the' operating voluge (pin 16). If the
voltage ac the inhibit mput [alls below
+2.5.V output pulses are blocked.
Rpen dreuit ae pin 6 10 ground or Mp,
pursibly made by 1 switch § or 2 logic
ircunt, switches off the load independ-
ndy of the sigmal states of che
CA 78s.

These inhibie keveh 1o disable (Un
<+25V) or enible vutpues (U,
L ﬂ\’) need special actention when
s¢nerating chyristor pulses. They re-
4dir<’a lirge amount of puwer.

L

Bcause of the loss'in series resistor R1

|t power supplics are fnsulficien:,
wihich may switeh off the 1C and thus
cafse interlerence in the circuitry,

Lcct triggering of high-power
ristors 3t constanc supply voltage

i
thy
Th¢ TCA 785 neegrated phase control
ai|r 259 mA vutput currene iy capable

E ol directly controlling high-power thy-

.« .
~ of 2

risets over the entire emperature
v - e .

rangde Up (o 2 minimuin trigyer current
kO mA.,

A logal power supply with transiormer

At the toad is controlled by porend-
ometer 'L,

Voltage isolating control circuit for
thyristors

Line-commutated current converters
mosdy have several thyristors in 2
single or” three-phase currenc arrange-
ment.

At_the_interface between_trigper and
mTTurrent circuits of 3 current con-
verter voltage isolation becumes 1 ma-
jor problem,

Pulse wransformers allow short, lony,
combined or double pulses 10 be con-
veniently fed w the thyristor gate.
Fig. 8 shows a phase control with tran-
sistor and trigeer pulse amplificr and
translormer. Trigner pulses are fed o
the BStI3S chyristor via 3 trigper wans-
former.

Thus the entire contral circuit is clec-
wically isolated from the line. Trigger
pulses generated in the 1C are amplificd
i the subsequent power stage by a
BSS 97 SIPMOS driver transistor. The
TCA 785 produces an vutpw current
pulse of 2 mA on pin 15 3 intervals of

and geculicr is required here, De power 20 ms,
Table | Qutput pubse widih depending ou capacitors C. or C12,
—— N . =
Capgaitance Clurpube ¢ 150pF  220pF 330 pF 30 pF 1029 pi-
\ fiem )
'i'ni;;;;*’f l";‘“' wedth 3 ps FANTN 137 us 205 us 42 s 620 s
¥

A control cunentof 1A is fed to th

primary winding of the trigger trans

former via the igger pulse amplific

stage (transistor T)

The fhyristor ite-obtains 1" trigge:
turrene of I'Alwith 2 pulse widih o

350 ps and figuc.cathode volige o

2V from ™ the sccondary winding ‘o

fpulse transforiner [T (racio G = 1:1).

Though large thynistars have 2 mini-
mum trigper curremt Iy of 250 mA
from value F (fyye >25 A) according
to the data book (a worse conditions.
¢.c. 3t lowest temperatures) 2 gate
current of 1A is deliverad from the
cuntrol unit w give fast and low-loss
thyristor switch-on. When swictching
ol the pulse it isaceessary to ensure
that_the trigger_pulse teansflormer's
vulage is di:cllmTﬁl@:@u-
cing peaks which l_ll—l;' be harmful to
the rivér wansisiors. To obviate this
Tisk, 1 diode in the control circuit is
connccted in parallel w the transformer

Mwinding »,.

Il, for cxample, the currene flow ac
+15V through the transformer and
driver transistor is cut off 10 0 V by the
transistor, the voltage riscs a¢ the tran-
sistor’s drain. At this instant currenc
flows through the diode 2nd thus pow-
eris discharged.

The concrol unit is operated at 3 con-
stane supply voltage, e.p. +15 V [rom
conventional  low-frequency  power

supplics.
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National
Semiconductor

cD4047BM/CD4047BC Low Power
Monostable/Astable Multivibrator

General Description

CD40478 is capable of operating in either the monostabls
or astable modae. It requires an extemnal capacitor (between
gins 1 and 3) and an external resistor (between pins 2 and
3) to determine the output pulse width in the monostable
mode, and the output frequency in the astable mode.
Astable operation is enabled by a high levei on the astable

! iaput or low leve!l an the astable input. The output frequency

(at 50% duty cycle) at Q and T outputs is determined by the
timing comganents. A frequency twice that of Q is available

" atthe Oscillator Output: a 50% duty cycle is not guaranteed.

Monostable oparation is obtained when the device is trig-

. gered by lcw-to-high transition at + trigger input or high-to-

low transition at — trigger input. The device can be retrig-
gered by acplying a simultanecus low-to-high transition to
both the + lrigger and retrigger inputs.

A high levei on Reset input resets the outputs Q to low, T to

high.

Features

= Wide supply voltage range 3.0V to 15V

a High noise immunity 0.45 Vpo (typ.)

® Low power TTL Fan out of 2 driving 74L
compatibility or 1 driving 74LS

SPECIAL FEATURES

® Low powser consumption: special CMOS oscillator con-
figuration

8 Monostatie (one-shot) or astable (free-running) opera-
tion

= True and complemented butfered outputs
8 Only one external R and C required

MONOSTABLE MULTIVIBRATOR FEATURES

B Positive- or negative-edge frigger

2 Output puise width indepandent of trigger pulse dura-
tion :

B Retriggerable option Jor puise width expansion

B Long puise widths possdie using small RC components
by means of extemal counter provision

W Fast recovery time essentially independent of puise
width

8 Puise-width accuracy maintained at duty cycles ap-
proaching 100%

ASTABLE MULTIVIBRATOR FEATURES

® Free-running or gatable operating modes

u 50% duty cycle

B8 Oscillator output available

a8 Good astable frequency stabiity

typical = £2% + 0.03%/°C @ 100 kHz
frequency = +0.5% + 0.015%/°C @ 10 kHz
deviation  (circuits rimmed to frequency

Voo = 10V 210%)

Applications

8 Fraquency discriminators
= Timing circuits

B Tame-delay applications
8 Enveiope detection

8 Frequency rm.ﬁnphauon
® Fraquency division

Block and Connection Diagrams

M Dual-in-Line Package
< I':v'
"{ ¢— U = oy
1 [
P ————— G —1-F—-—-————— - ot L
Comags| Teang 13 gsc
! D II  aw 8¢ tommemn =L L2 arrmccet
¥ .
frine agTang YLI ACTIEGEN 1 OoTRT _~ "'L'
PE—— T svero - ity 0—-——:—0 aTmss o o,
rowa
t '
rvecen o | ————aTet Mim D [ N = TRGEER ~=d b EXT RESET
! v Linas | ey L rwocen
L] " o ——
mcno—]—w tn —Do—'—o [
*an0 L Folaat TUF/59e8-2
B O e e e~ =t s o —— — 3 Top View
TUF 59601 Order Number CD4047B*
‘Hc-_u- wme Secton 8, Aopenaz (3 for
avelatety Of vanous package types.
————

o8.y0rQ2/NALPOYAD
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CD4047BM/CD4047BC

% et s

— —

Absolute Maximum Ratings (otes1adzy  Recommended Operating i,CEle

It Military/Aerospace specified devices are required, Conditions {Nota 2) ’ /r_

contact the National Semiconductor Sales Otfice/

Distributars for availability and specifications. 'DC S“’lp‘:w Voitage (Voo) MV 1y, oo

DC Supgly Vottage (Vo) : ~0.5Vito +18Vpe nput ﬁ° "1?" Vin) rure Range (T Otovgy, -

_ Operating Tempera ange

Input Voitage (Vi) 0.5VtoVpo +0.5Vpe CO4047BM ~55C0 41y,

Storage Temperatura Range (Tg) =65Cto +150°C CD40478C ~40Cio .;:

Power Dissipation (Pp) Vo
DuatinLine 700 mw Hig
Small Cutline 500 mw

Lead Temperature (T [
(Soldering, 10 seconds) 260°C . Lo-

s . as - N

DC Electrical Characteristics co«047am vote 2) .

— ]
Symbol Parameter Conditions - 125“:" T, Hig
Min | Max | Min | Typ | Max| Min | M| (N
oo Cuiescent Device Current | Vpg = 5v 5 5 150 T —
Voo = 10V 10 10 301 , In
Vog = 15V 20 20 500 |
Vou Low Level Qutput Voltage | lig] < 1 pA 1 ¥oALy
Voo = 5V 0.05 0 [o005 aos) \f
Voo = 10V 005 0 |oos aos| v f 5L
Vop = 15V 0.05 9 0.05 0.05{ » - i
Vou High Level Output Voitage | ligl < 1 pA
Voo = 5V 4.95 495 5 495 v{ AC Ele
Vpo = 10V 9.95 9.95 10 9.85 vl- 28°C
Vpp = 15V 14.95 14951 15 14,95 4 S
SymDo!
Vi [Lowlaevelinput Voitage |Vpg = 5V, Vg = 0.5V or4.5v 15 225 | 15 IRE.
Vop = 10V, Vg = tVor v 3.0 45 3.0 30§ +) ‘~tme
Vpp = 15V, Vg = 1.5Vor 13.5V 4.0 6.75 4.0 40
Vi High Lavel Input Voltage |Vpp = 5V, Vg = 0.5V or 4.5V 35 3.5 275 35 '
Vpo = 10V, Vg = 1V or v 7.0 70 | s5 7.0 % IET
Vpp = 15V,Vp = 1.5Vor 135V| 11.0 10| 825 1.0
loy Low Level Qutput Current | Vpg = 5V, Vg = 0.4V 0.84 051 | oss 0.36 [~
{Note 3) Voo = 10V, Vg = 0.5V 1.8 13 | 225 0.9 Lty tore
Vpp = 15V, Vg = 1.5V 4.2 3.4 8.8 2.4 ~
lon High Lavel Output Current { Vg = 5V, Vo = 4.6V ~0.64 -0.51}{ —0.88 -0.36 d B
(Nots 3) Voo = 10V, Vg = 9.5V -1 -1.3| -225 -0.8 o
Vpp = 15V, Vg = 13.5V -4.2 ~34| -as8 -2.4 d B
'] fnput Current Vpp = 1SV, Viy = OV -0.1 ~10-5{ -0.1 =101 »
Voo = 15V, Vi = 15V 0.1 105 | 0.1 101 °
DC Electrical Characteristics cow«7ac e 2)
Symbol - Parameter Conditions Z4re 25¢ 8s¢c Ui
Min Max Min Typ Max Min Max
oo Cuiescent Device Current | Vpp = 5V 20 20 10 | ¥
Voo = 10V 40 40 300 »
Vpp = 15V 80 80 500 | »
Vou Low Level Output Voltage | ligi < 1 pA .
Voo = 5V 0.05 o | aos 005 | |
Vpp = 10V 0.05 o | oos 005§ ' e
Voo = 15V 0.05 0 | 005 005 | 4 T
Vou High Levet Output Voltage | llof < 1 uA
Voo =5V | 495 495 5 . 495 YPT—
Vop=10v | 995 |- 295 | 10 9.95 N
Voo = 15V | 1495 14.95 15 14.95 J_/ ”
__/A
5-150
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i\. 'E am—— g
i 5¢ Electrical Characteristics cosurac iNote 2) (Continued) =
More, Parameter Conditions —doc 37C  lunis | @
v Min | Max{ Min | Typ | Max| Min | Max =
2 vax — (2]
Low Level Input Voltage | Vpg = 5V, Vg = 0.5V or 4.5V 1.8 225 | 15 5| v |85
3 41 Vpo = 10V, Vg = 1Vor9v 3.0 45 | 30 0 v I'S
10 +pew Voo = 15V, Vg = 1.5V or 13.5v 4.0 875 40 40 \4 :
High Level InputVoltage {Vog = SV, Vg = 0.5Vor4 5V | 3.5 35 | 27s 3s v |8
Voo = 10V, Vg = 1Vor 9v 70 70 58 7.0 v
Vpo = 15V, Vo = 1.5Vor 13.5V| 11.0 110 | 828 1.0 v
Low Level Output Current [ Vg = 5V, Vg = 0.4v 0.52 0.4e | O83" 0.38 mA
{Note 3) Voo = 10V, Vg = 0.5V 13 11 | 225 0.9 mA
Vop = 15V, Vg = 1.5V 38 30 | as 24 mA
—_—
P . |HighLevel CutputCument] Vpg = 5V, Vg = 4.6V -0.52 ~0.24| -0.88 -0.36 mA
e {Note 3) Vog = 10V, Vg = 9.5V -13 -1 -225 -09 mA
o Vpo = 15V, Vp = 13.5V ~36 -30| -88 -24 mA
o
300 ). input Current Vop = 15V, Viy = OV -03 -10-5; -0.3 -1.0{ pA
3001 Vop = 15V, Viy = 15V 0.3 105 | 0.3 10 | pA
..-.u-wo“w\nw*mmmgmmmulwdwﬁ-&umam%nwmummxhd«m
165 R ot b9 Operated 3t hess Gris. The table of "R d Operaing C. " and “Eleczrical Characteristics™ provdes conditions lor actuel devce
B ~ogton,
205 ] s e 2 Veg = OV uniess otherwise spechied.
205] v wre X iy 50 loy, 8@ tesiad one outoadt ot @ Sma,
+ | AC Electrical Characteristics® co«wrs
v ‘.“ZS‘C.CL-SOpF.RL-me-h-zom.unhssomuwisospoaﬁd.
\
PN Symbol Parameter Conditions Min Typ Max Units
30| v | eaatoy Propagation Defay Time Astable, Vop = SV 200 400 ns
0 Astatie to Osc Out Voo = 10V 100 200 ns
¥ Voo = 15V 80 160 ns
VI e tpyy Astable, Astabis 10 0, 3 Voo = 5V 550 %00 ns
3 Vpo = 10V 250 500 ns
~ Vpo = 15V 200 400 ns
HE . + Trigger, ~ Triggerto O Vpp = 5V 700 1200 ns
= Voo = 10V 300 800 ns
s Vpo = 15V 240 480 ns
rs
o | Pty + Trigger, Ratriggerto O Vop = 5V 300 600 ns
TNy : Vpp = 10V 175 300 ns
e S Voo = 15V 150 250 ns
T tuten Resetta Q.3 Vpo ™ 5V 300 600 ns
Vpo = 10V 125 250 ns
P Vpp = 15V 100 200 ns
~ U b oty Transtion Time Q,5,0sc Ouwt Voo = 5V 100 200 ns
L Voo = 10V 50 100 ns
Ao Vpo = 15V 40 80 ns
:: A twy Mininum Input Pulse Duration Any Input
1 Voo = 5V 500 1000 ns
Voo = 10V 200 400 ns
- Vpo = 15V 160 320 ns
v ] Piteeg + Trgger, Retrigger, Rise and Vpg = 5V 15 Bs
-1 . Fall Time Vpg = 10V 5 us
v~ Vpo = 15v - ns
vt Average Input Capacitance Any Input 5 7.5 l oF
e ) "mmmmummocmm
 —
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Typical Implementation of Externai Countdown Option

TR
€oasars

2 18 out
fLace

RESET

S

ExT = (N = 1)ty = (thy + 14/2)

b o & o S
- L
& 3 o & & & H>o {So—"0s
", w2, [ I . 22, 2y "
o | | 1 Do—ton
3-4——'0 ot e
TUFI5080-)
'saﬂmwmmnmhm«ww )
Truth Table
Terminal Connections o Puise Typical Output
fungtlon Input Pulse From Period or
To Voo To Vgs. To Pulse Width
Astable Multivibrator
Free-Running 4,56, 14 7.8, 9,12 10, 11,13 ta (10, 11) = 4.40RC
True Gating 4,6,14 7,8,9,12 5 10, 11,13
3 .8,8, - c
, Complemaent Gating 6,14 5.7.8,9,12 4 10.11,13 tW(13) = 220R
Monostable Muitivibrator .
Positive-Edge Trigger | 4,14 5.6,7.9,12 8 10, 11 ;
Negative-Edge Trigger | 4,8, 14 5,7,9,12 6 10, 11 (10, 11) = 248RC | |
Retriggerable 4,14 5,6,7,9 8,12 10, 11 i
External Countdown® 14 5,6,7.8,9.12 (See Figure) (See Figure) (See Figure)
«Netez E: resinr 23043 E tandd i

TU/F/5969-4
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i, Typical Performance Characteristics 3
' Typical Q, T, Ose Out Pertod . Typical Q, U, Puise Wiem :
Asgurscy ve Supply Yolage Accuracy ve Supply Voltage oe)
\ (Astadie Mode Operstion) Manostabie Mose Operation s
; : 1A' S0 U BN ] L LAT 4 2 0 (2]
: S u 1 X Ta e Bt ; " T s} Tac®E E
| H Ry X : ; ® . LN Ty 1 P=3
I g wRe— Y — s NeVitTT1 A
i - -4 b1
: P ONIANA NN ' tedh P o]
i 1S P a
' o . I TN
: Lo RN FH RN RN
! a RN z < T ; :
! 5 el i1 TN H . " .
H 4 ] " i ]
i Veg- PRI VELTAN M
H Vpg - SUPRLY VOLTAGE (W
} TUF/3%60-s TUF/ssen-4
c
: e, @ R c tu R
i A 1000kHz 22 10pF A 2ps 22k 10pF
. B 100kHz 22k 100 pF B Tps 22 100 P::
! c  tokHz 220k 100 pF C S0pus 220k 100 p
f ] 1 kHZ 220k 1000 pF ] 550 us 220k 1000 pi
. E  100Hz 22M 1000 pF E 55ms 2.2M 1000
i
Typical Q, & and Osz Out Typieal G ane T Pulse Wicth
° Period Accurscy va Temperature
. Agtadie Mode Operstion
-2
! ' § w sov.m. 1t nll'n J2XE | g
: ] [l avrem | H
1 : s ~ia '3
: g, i
. » g
|l = -8 3 -3 23 5 8 1S s 2= -5 2% 0 B N 1B
5 Ta = AMNINT TENPERATORSE (T Ty = Twrtratyst (0
: TUR/S968-T TUEIShes—o
: fa, a R c ta R c
: : A 1000 kHz 22k 10pF A 2ps 22k 10 pF
. B 100kHz 22k 100 pF B 7nus 22k 100 pF
} [+] 10 kHz 220k . 100 pF c &0 us 220« 190 pF
: D 1kHz 220k 1000 pF D 550pus 220k 1000 pF
|, Timing Diagram
: Astabie Mode ) Monostable Mode
i u:wr__[—L_J_I_J—' crwestn [ M
| T o L L
‘ TUF/3968-9 [
? TUFI5969-10
, Retrigger Mode
. - TmISCEn n r-[ : -
MTRGGLIR
w111
T 1
§ TUF/5969-11
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. h® MOTOROLA TL4g4

FIGURE 30 — HIGH n:.n_mzndm.q_av.coiz j/ ‘/
SWITCHING CONVER e 20A oo

Vo BOV PULSE wipTH MODULATION PULS w%:n:z_oom )
00V Hrig Y. P " voa ULSE wipTH MoouLATION
Vi ot . CONTROL CiRcuits CONTROL CiRcuITs
- < '
1ok ar “m are e a...“ bv . The TL4S4 ig fixed frequency, pulse widih modulation contsof SILICON MONOLITIIC
4 "~ \“.\.\8 N elecuit designed primarily for Switchmode Power supply control. INTEGRATED cimcurrs
MPrsazo { 5923 \~/ 1 o= This device festyros:
- 3-,“; H of ® Complete Pylse Widih Modulation Control Circuitry
A < wm. & ® On-Chip Oncillator With Mastar Or Slave Operation
01 ,F $22v %0 1 . ® On-Chip Envor Amplifiers
T o ® On-Chip 8 Volt Neferance
— NEBULIS ] ! ® Adjustable Dasd-Tims Control
TESTY CONDITIONS , — . ® Uncommitied Output Translsiors Retad 10 500 ma Source O
tina Negutaron | Vint 10V1820V, 1,1 10A | 53 oo’ A A Sink
ne IS S
Losd Regutsien | Vin- 15 V.1 0AR 104 | 26 to 5 | ® Output Comrol bor Push-Pull Or Single-Endad Operation
Ouiput Ripple Vint 10V, ig+ 10A 50mvpp FARD, A ® Undarvohpge Lockout
.o_.,”s Nepte | Vin120V.lgs 1OA Py p PARD. .
v >
Elewncy | Vit 18V.1g= 104 par J 8UFFIX
CLNAMIC PACKAGE
CASE 820.10
. i
i
R

N SUFFIX
PLASTIC PACKAGE
CASE 648.08

ORDERING INFORMATION

l1ep view) dna.va.-.e-

TLa94CN Plastic pip
—_— ——|
TL494Cy Ceramic pip
The TL494C Is spocifiod over the tommarci Operating range et

TLasay

- ol 0°C 10 70°C. The TLAS4! is gpetifiag over the indusirial renge ;
L Tiasay

of ~25°C 4o 85°C. The TL4SeM is $nocified over the fun military
fange of - 56°C 1o 125%C.
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. 2 . aumac 3 A
P



FIGURE 1 —. BLOCK DIAGRAM
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FIGURE 2 — TIMING DIAGRAM

Capacirs Cy
Feadhach P W M Comp

LS
- -
Dead.-Tims Control -

IANAAAAAAAANA A

N

#lip-Flop
Clock Inpst
p— —
Flip.Flop
Q

LU AR

Flip.Flnp
[¢]

Output Q1
Ermitier

=

Output Q2
Eminer

Output
Control

1 L494

MAXIMUM RATINGS (runt operating smbi D ® range unless otherwise notad)
Asting Symbo! TLasaCc T TLasaMm Unit
| Powar Supply vottaga T T vee ) 2 4 v
Colleciar Output Votiage ver. Vea 42 3 a2 42 _ v
Colinctor Output Current (each trangistor) (1) - -,mnl_‘.l.ﬂu - §00 500 500 mA
Amplifiat Input Volinge Rangs Vi 20310 42 031042 -031042 v
Power Dissipation & T < 45°C Pp 1000 1000 1000 mw
Operating Junction Tempersiure T
Plastic Packege 125 125 - c
Ceramic Package 150 150 150 <
Operating Amblent Temperature ange TA 0o 70 2510 8% - 5510 128 *C
Storage Temperature Range N\ Taig <
Ptastic Pachage 55 to 125 5% 10 125 -
Ceramic Pachage I |.m.¢.._c 150 -85 10 150 - 85 to 150 IL
NOTE ' Mauimurm tharmat timite must *-» ohsarved
THERMAL CHARACTERISTICS
Cherecteristics Symbol N Sulfix Plastic Package | J Suthin Coramie Pockege | Unit
Thermal Resistance. Junction to Asmbiant W.LD — a0 100 Tw
Derating Ambient Tempersiure Ta 45 50 €’
RECOMMENDED OPERATING CONDITIONS
TLA%
Condition/Value Symbol . Unit
Min Typ Mex
Power Supply Voltage vee 7.0 15 a0 v
Collector Ouiput Voliage Ver. Ve2 -— 30 40 v
Collecior Output Current (each transistor) . Ic2 - — 200 mA
Amplifier Input Voliage Vin (1) — Vee - 20 v
Current Into Fepdbach Tarminat Wy — [ 02 mA
Aelerence Output Current y .»- ‘eat - - 10 ™A
Timing Resislor Ry 18 0 510 (11}
Timing Capecitor - ....“-...! . " ln..q emeau - .m, mm.. ,.9 - M - 34
Oscifistar Fraquency fose 10 40 200 Hy

ELECTRICAL CHARACTERISTICS VeE = 18V.Cy - 001 uf, Ay » 12 41 untoss otharwise noted.}
For typical valuns TA = 35°C. for men man valuns Ty is the anarating ambient tempacatyre range that applies untess otherwinp

noted
) 4%C | asam
*Charactaristic Symbal TLanc n Uniy
e Min _ Typ _ Max Min _ Typ _ Max
REFERENCE SECTION
Referemce Voltags Vo [an T 50 [sms | o T 50 s 3| v
g 1.0 mA)
Line Regutation Regline - 20 %5 - 20 b mv
Vee 7T0V lo 40 ,.\_
Load Requiation Reqinad — an 5 - Jo 15 mv
flg 10 mA 10 10 mA)
PR e SRRt SO S N . — ]
Shen-Circuit Output Current Is¢ 15 35 75 15 ki 5 mA
Viet - O VI




ELECTRICAL CHARACTERISTICS (Vee » 15V, CT =~ 001 uf, Ry

-

12 r“- uniaas otherwise noted )

d " nt tempersture range that apphes uninss otharwise
or typicel values Ty, - O min‘max value: s the operating ambient temperast 1
for 1 of vatues 7 25°C. ¢t L] funs Ta is th b h ] 1!

o e o e e e i e aim e et e o = g2e 1o 4o
- T T sy TLesam o
> M
Cherectetistic Symbol i ~ <.<t! ) — ) @wml..l'&.ui _.. :.u,*W l—. .
e 20 100 - 20 100 nA
Collector Oft-5181¢ Current iCtoffs -
fVee = 40V, Vg = 40V : ~ — - . -
Etoff) -
Eminer ON-Siste Current
Ve =~ 40V, Ve - @OV.Vg -~ OV) - = » — = :
Coltector-Emitter Saturstion Voliage {2) VSAT(C) -
Commaon-Emitter i
e o§<. < remh Vi - 15 25 -— 15 25
Eemnitter-Fol J SATIE}

Ve = 1S V.4 = -200 mA) - - £ v - _ -
Output Conirot Pin Curtent locL 8
Low State o ) LYy | .lr..:..,.. ,....um!. mm b

Vo » 04 VY oo - o T
High State C / o .
i ) \ - 100 200 -— 100 200 ns
! - n = -
t Volisge Rise Time T "L | RN AN
OMMM..JO:.Q rmatine [Sea Figure 13} - 5 o L o¥ uw.a-l .
Emmer-Foltower (3ea Figyre 14 _ - 2 = = 120 o
. ' - h
1 Voltage Folt Time
O.mm!hz?niz:.. {Sea Figure 111 ' - ™ o - - =, v
Eminer-Follower {See Figure 14)
il Tesse 23
Charecteristic Symbol |—- l,sﬂ..nal H Tre e
ERROR AMPLIFIER SECTIONS 2 . =
v, .
Input Otfser Voltage 10 NC i |
o e — ._I s 50 50 n.
fnput OHset Cureent o) _ \ A I .Ml. .
e L] - . -01 10 "
Input Bias Current I1S[58S
Vo (Pn3) =~ 2.5V) - - - - .
Input Common-Mnds Voltages Range ICA vee 70 ,
iVee = 40V, Ty = 25C) l.ulo. 0 — - —
Open- Voltsge Gain Avoy
oop
3V + J0V.Vo » 0St0 A8V, '~
R - 200} _ — ~ -
c —~
nity-Gaen Crossover Frequency
Y .<<O « 05103ISV. A ~ 2.0k n - = - =
m
Phase Margin ot Uniy.-Gan i N
Vo ~ 051638V, AL = 208N — e - -
Commaon-Mode Rsjection Ratio C L
a..a.<nn e PSAR - 100 Z an
[ 4 ¢ Supply Rejecion Rano
3Veg = 3IV.vg = 25V. R = 20441 = — - -
! ..
Output Sink Current o
Vo (Pin 3) = 67 VI — —; — - —
Output Source Current 0
Vo tpin3t = 3%V : L - -
NOTE 2- mc—l Gty cvcle pulse techniques re used during test (o function pa as close

-

1494

ELECTRICAL CHARACTERISTICS Wee - 15 V. Cy - 0.01 4, iy 12 k11 unte
For typical values TA = 25%C, lor minimax valung Ta s the operating s 1 tompatatine rangn that applies unless otherwice
noted,

. — —— e - e e
_ Charactaristie l— Symhnl *

3% othetwise notad,)

I GO e e —_
PWM COMPARATOR SECTION (Teat Circuit Figura 12)
e OTLTION L S
nput Threshold Voliage
{Ze10 duty cycle)
e e
nput Sink Current

ViPin 3} = 0.2 v) —_—— _— e
DEAD-TIME CONTROL SECTION {Test Circuis 1 igur

ot Dlas Curears g — v Cheuit flgure 1)
Input Blas Currant {Pin 4}
VPin 4} = 010 6.25 v)
e
Maximum Duty Cycle, Ench Output, Pugh-Pyl Mode
Vping w0V, Cr =001 ,r, Rp - t2uen
_Vein g = 0V, €7 = 0.001 af. My - 0. -
Input Thieshakid Vohaga (1% 4)
{2010 Duty Cyclal)
LZ-._:.::. Duty Cycle)

OBCHIATON SEciion ~ T -

Fraquancy
€y =~ 0.001 4, Ry = 20 a1}

[ e e A ————
Standerd Daviation of Frequency®
iCy  0.001 uf, Ry

1S o1, oL _

Frarprancy Change with Voiage

- .<.mnl._. 2.0Vi0 40V, TA = 257C)
Fraquancy Changa with Tomperstnn
1atp « Tiow to q:.o...

Mosetany - 12 *
e ST R r!l:g l.!!fh;t--_.l-lh.L
CZUm2<OFd>nm LOCKOUT SECTION
e —_— e
Turn-On Throshold {Vee In

e —————— e

nnvus

ose -

Moge tavy -

oTALBENGE O T T
TOYAL DEVICE T
o o ——— T e e - —————
Standiry Supply Current Icg

Pin6 m Viet. At Other Inputs and Outputs Open)
Vee = 15 v) - 55
Vee = 4o vy . -~ 70
ST ——— e ey I S U

Avarage Supply Current - - 10

ViPin ) = 2.0 V) {See Figure 12) B

.01 uF, 3

€1 = 001 uF, Ay « 12 YhVec=15v) el
* Standard deviaton 8 8 measuie of the stansucal FHUAMTON alionst 1he mpan AS drived 1om the Tty . N




FIGURE 4 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE
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FIGURE 10 — STANDDY SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FIGURE 16 — DEAD-TIME CONTROL CIRCUIT

FIGURE 15 — ERMOR-AMPLIFIER SENSING TECHNIOUES
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FIGURE 22 — PULSE-WIDTH MODULATED 87EP.DOWN CONVERTER
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TL494

Description

The TL494 ig o =..oa.:3=o=n< pulse width modyla.
tion controt clreui L, _:no.eo.-._:o the primary building
blocks required for the tro! of & swi ing powar
Supply. (See Figure 1.) An Internal.linenr sawlooth oscil.
Iator | y-proge ble by two external com.
bonents, Ay end Cy. The approximate osciltator fre-
quency ls determined by:

For more Information rafar to Fiqure 4,

Output pulse width modulati is acc hshad by
comparison of the Pousitive sawtooth wavelornm across
capacitor Cy to either of two conteo! signals. The NOR
Qates, which drive Oulpul ranaisiors Q1 and Q2, are
snabled only when the Hip-fiop clock-input line is inits
low state. Thig happens only during that portion of time
when the sawtooth voltage Is greater than the control
signals. Therslore, an incresse in canlrol-signal amph.
tude causes o sorrespionding linsay dugtanse of outpu
PUlse width. (Refes 1o the liming diagram shown in Fig-
ure 2.}

The controt signals are external Inputs 1hat can be fed
into the dead-time control. the error amplifier inpus,
or the fesedback input, The dead-time control compar-
8tor has an eflective 120 mV inpwt oflsel which fimiis
the minimym outpul dead lime 10 approximately the
first 4% of the 8awtooth-cycle time, This would result
in & maximum duty cycle on a given output of 96% with
the oulput control 9rounded, and 48% with it connected
1o the relerence ling, Additional dead time May ba im.
posod on the outpyt by setting the dead time-.control
Input 1o 8 fixed voltage, ranging beiwnen 0 o l3v,

The pulse widih modulator Comparator provides 3
means for the error ampliticrs 1o adjust the oulpul puise
width from he maximum percent on-time, estabhshed
by the doad time coniral o, duwn 1o 2010, as the

outpuls are active high and are OReg logether ot the
non-inverting input of the pulse-wirih modulator com.
parstor, With thig conliguration, the amphiler that de-
mands minimym outpul an time, dominates control of
the toop,

oulput vransistors, Q1 and G2, Wih the output-control
connected to the relerence hine, the Dulse-siaering thp.
Hop directs the mModulated pulses 1o each of the two
output transistors alternately 1o push-pull operalion,

when single-ended operalion with a maximum on-ume
of less than 50, is tequired, This is desirable when the

FIGURE 3 . FUNCTIONAL TADLE
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