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The Biasing CRT and Video Amplifier Circuits.

Phichet Suenghathai

Pairoj Punjawaranon
Mr. Prapakorn Suwanna,
Advisor.

The Education Year 1989.

Abstract

This Thesis suggests to make the switching power
supply so as to use in biasing CRT(Cathode Ray Tube). It consists of
a part of high voltage supply, a part of control focus, and a part of
control brightness. The rest is a video amplifier circuit, which
makes video increased, to larger for driving CRT brightly, which
has a part that adjust dark or bright of video,being called that
contrast control of video. There is the switching power supply
design by the pulse-width-modulated(PWM) type. Which gives
voltage constantly. Becuase it feedbacks signal reverly. There are
the flyback transformer design and voltage multiplication,which
can to use another circuits.
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2-2-1 agvinqunalaoaings (SWITCHING REGULATOR
CONTROL  CIRCUIT)

einfanwasidwwans  ( switching  power supply ) wssuuung
nwaanisaswds PWM ( pulse -width -modulated ) iduinafinlunns
WipwuUssannanfisnihisseindmndaned ( conductiive time of
switching transistor ) lwszninenisefulugasiamnfivinerm waznaugalan
wnsoanulRlARmNfifse  fawidrerser SnadiAuuazniunulaeitin  usdt
PWMlnad  thwdvuunuuasaiugulnen (oad) wez wdips(stabiilityaaou
wasrugunagd

Tugaef $mamvesasssnaw ( Integrated Circuit ) finnavamn Fa32m
Waseridw ( Function ) fsuduRelflunissenuuusinganinaeddnnas
sanfugunstinioveniug ﬁoﬁu%‘lﬁumummﬂﬁﬂum:vowsﬁqn'l'ﬁ’tﬁuqﬂnmiﬁunw
naugulaotauresP WM Tusindauniaaidwnaie wasebunndbnaunu

o-2-2' inafannTusnsssszvununaninds ( isolation
techniques of switching regulator system )

mangyasnafiaie ¢ off-the-line )ﬂmqm‘a‘n%umnai-i’wwmu §2
ng 1. fgananamIauged ssAuenlaniAsil AINENTI0YBINNI299I8
wnansefind

2. WuABINTIINTAABUANGY URTAALETWNGILEAYINAH \Refinzilaafiug
TFnasfeafiduniio inmzlinsganenszueds

vinjUfl 1 uealrezunsn 2 uden wensfantsuenmofiduislunisame
vosindanuaefdnnany  niadsssem ( common ground JuRemfinaiy
wldnsadnioniu  ufenlrezunsnfidufinfasnaflfuuuAngimsessindamn
Lesdnnaglunisesnuuy v Fad-uind ( half-bridge ) w-uiad ( full-
bridge Who-utia( fiyback) ,Hefiain( forward ), uazdu

vdenlaszunsnyesgdft 1 a dawwewnwlawan ( error amplifier ),
PWM asssnauguiiniafiianfunmmeymandivhe( output rectifier Juszfia
wed ( filter ) ansusnBuynussieiynlngowwasiniunediued ( power
transformer )T1 uas nawveded fduT2  Teoialunsunedined T2 il
we vieinn( gate ATy .'luuﬁaﬂ'lnn:unmmm:ﬂﬂ" 1 b 2vImIBRuNLRe
PWM#fnsnadiwfugunsslainduostuynianfivhouszAamed  nsuonBunn-v-1en
wn dudleenils T1 ussenenwndouleleluanimed( optoisolator )



Inpqt ‘ Output
_— rectifiers Switching rectifiers
and element and
filter filter
- - = T, Y&?
Error
amplifier, ~
PWM, ~
and control
(a)
w 3
Input Qutput
he — rectifiers Switching rectifiers
and element and
‘ filter filter
I \& AW o g
‘, VR =
Optoisolation
PWM f
and ) -
control }
(b)

Error
amp

> out

U7 1 a msusadaonitudnedined

19u epn-mez-lowt (off-the-line)

b afianisuendqndedle (Optoisolation)

AnFentuaetdwnae (Switching-Power Suppiy)
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Fveanafiasasntuonaeliguinrasmiuanafifinsensuniisen
supantfisdnisys  nmdenasstlaasvinihifuegiunnudszndauazsfinvesnts
sonuuLEInSanuaeiaewanfined ( switching power convertor )

Taoviald nsuonlaonsaudefined faqUfl 1 a seldfumiseen
LuLTEInNLAnAnTLlaansm  dawdeulalelaandu luqud 1 b 1flumnseen
wuumIetasrfiansudauasediain

2-2-3 72uuy PWM ( PWM SYSTEM)

ﬁauﬁiwﬁmnﬁnuﬁnfi‘amnmuﬁmmmqnmm‘mﬂum‘i"mﬁaw‘iﬂ?a—Tmm
iaeddwnans ( switching-mode power supply ) inafinyesP WMlunns
r e i dsflsnrundneonnfign uszuy PWM adufivdo( sqaure
wave )tlnm'wﬂ'mﬁaiﬁﬁw'lﬁnﬂw"n’mm:’ﬁwmuumqmﬁmﬂu TanastAouaanu
ATIIBINATAUANL IR NI IEM AR ineInn3eYB (eflazdsuieymlaons

29vinuny PWM erseziidu 8afu-iud ( single-end )anumwns
avenITuneNaeTiABInTINEmAeTAaAse  Maedintu vhoudn ussvediade
nionswudmass 2 M2 nienanadn gnduituassIda-uind, W-uind F42997
PWM 2 urwnea ( channel hilugofidniiu

2-2-4 #amuan PWM 12u ( An integrated
PWM Contrller )

. 'lm%ﬂﬁ*ﬁ N899 EN TR FerauToNarduianuntian
WwAesiPWM edndawuasidwwansluunadin ( packget )
Fufpauaniugunastmouenitmaumils fgUfl 2 a

ufeanIndefugmesfanaunn PWM ssuen  uazsanfiujundu
ﬁtﬁmimﬁoﬁi‘wmwmﬂu‘lﬂmui? fysneid3oufsy (op-amp comparator
Wudygadewndu ( signal feedback ) MNBIMNIBINLIBT Trnasiulae
s eBsfiimunin  AggrmfiRawaaszgnaoouszeulydudndia ( invert )
sosfuSoufioy wazwendwiia ( noninvert )

vesf S oufiusuguniuiulandonnadufi dudunsignaielagrsviseadaun
wednatane ( fixed frequency oscillator ) sasdsaninedioynzgn
1$venfion ( toggle Mav-vaey ( filp-flop ) s wniuiimBoaem

Q wez Q
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o v &
wolunTaouaaneseandafiurives A woz B

vinjUfl 2 b wranNnTss e nnignuaguaniedyg o
ﬁnwmmﬂﬁnuuﬂnwmn%aqmiuuﬁvmﬁuﬂtz dUnfiteynuasfanaungn PWM s
qnﬁmﬂm‘iumm-‘h’mmiw’:n%'luuuu‘naoNw‘;'«'w:qn‘lﬁ’unﬂu‘imnai 2 #1 3o
nmSneeifufon  lunsdirean weaymennzgnIanAuaiouen visevelfifios

ssafpaluniiu
o I C - % - Py
aadnsazyosfanaugy PWM Susin®s  smufveacdaianineifisntm

Wipnudaenudld daw PWM ﬁnﬂm&mnﬁﬁﬁ‘lmﬁn} duty cycle »»n o -
100 wefirud  @wnTadiueelnd ( dead time ) ihevestwerynniudaned
AT NAY uazueruwilennilisTiunn  (8efiold ez 3Agn

Yy umrelliTnzesunearifusesimansesP WM fivmanldifefiee
lafuinotudgmAaoniseBuieaes nysefunsludsgiuesidudeyadiug uasdeu
ngmmdmtﬁmﬁu‘lﬁwnuv&uﬁagn ( data sheets ) singuAnvevasssnruguPWM
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FIGURE 7-2 A PYM contral circuit for a fiyback switching power supply.




2-3 nrsenuuundsuyssveinouiaadinad nouln

(THE FLYBACK CONVERTER'S TRANFORMER DESIGN)

nsgenuuunyewdasindefi fananfiqe (THE  HIGH
FREQUENCY TRANSFORMER) isszesnuuumioutosuuy  voude
nowanfinns (flyback converter) l¥naudmaeiidwiandsds lfununin
wiedlsdt ( ferrite core ) Mhdwinsaudnuimdn(flux magnetic) \Aioez
mitpnidun Ao ilvitAnussaiounalui fednfaauionunsoaneutles
fmlgng® (primary) swnsawdas(transfer) l dunfiogfiedracuysol

Liﬂ:ﬁaqfw?aﬁmunﬁﬂaaLmﬁkiwmmﬁauﬂmﬁmﬂyunﬁ 2EANTY
Aunfoni m:ua'?'i'l'ﬁ’un:Lfiqnwnbmmmm'wﬂguqﬁ fidualwiato dotuan
fosfinmnlanasgagasazigalag

v lniefodlas 15%szldrurnfulaaasgge - Vmaximum

i lnielioAla- 15%ldrviatulasednga- Vminimum

funonfl 1

fhmmmm:umqovmmaﬁmﬂguqﬂﬁaamaﬂﬁﬂafﬁmﬁﬁuwmmm‘

{(DUTY FACTOR} - Dmax .
duty factor -gandanyestasnatnaNn e IRaifiaaIvinem  dedas

ANNTNTBIATULIN

nIzuNgIgAN ANl guad srdnaialiiAunsungegavasnaaiin
wesluniudoned

nnfugmaniniuszznilaesiuiudaeed linductor] sl
PN usaf

Vb divdl s AT 5 3.1
bnazuagaga R ngudwniiogngogn oo lugasae Te iflu

Lnfndrdgnin oulameas Buynldidu

Vin-L Lo/ Te 0 e 3.2
AwENRuS sendn Te Ay Aureiudmmaigege
1/ Ts =1/Dmex veeee3.3
wrzatezle
) Vinmin =Lp lopf/Dmax — weee 3.4
Tao Vi, =-DC duwnlamas
Lo -fABufnuAudenssannfslgug - mm henry
o ~NITUEGATDINNBLLR amp
Bmax -Duty circle ggn micro sec
f ~armEAlflunInds kilo hertz
AnfanarunRog Rt
Pout =L Ippf/2 . 3.5

YW1 3.5/3.6
mzasiezle



..... 3.6

wlf  nrzungeganasiulgugl
lop=1 ¢ - 2 Pout e 3.7
. Vinmin Dmex
Fumouh 2 .
AnamAfnasiunnine Heonige
rradns sevnine Lismsgagriufaipeiunaireigege

Dmin'Dmax/(1'Dmax)k+Dmax ----- 3.8
K- Min,max_ ..... 3.9
Vin.min wldrneunedinesszrineuly
H29 SRIEIuveIfAnTunaLABT
. ) Dmin< d <Dmax
FunauAs
ArumABufiauandrodsnanfHlgunll
. , Lp = Vin.min Dmax / |pp 0] o 3.10
Tumouna

Aot AguezAg

Ag-AufidszAninmeessny (core effective area)

A o= Aufidmiuiuunuyanan  (bobbin winding area)

Fumaufs '

(719 MIAINGIIVOITEIBINALHLAY

s89en e Fsaunudunninan(reluctancemagnetic uafige
TudunevesndnuasfinAunisswannfige TumioutssludesineninuSunm
Vg uazAMANE g

Lo 120p/2 “Bmax Hovgx108 /72 . 3.11

\lie VgAc g

Jro H-Brmax 704 ; Brax~Bsat’2

Mo —fuedRNad (permiability)-1

_ ) Ig-(o.4‘ﬂ Lp 12pp) 108 /ABZ2nax e 3.12
fumaufie

AT L N AR T= IR T R UL RER T TB4tY
. le - Lp lpp * 108 /Ae Bzmax ..... 3.13
Funouiiz

frumiTnanTauedvAn AR AUl
Sarmananuduiussznihasiul gualiudunfo g

A1 = wnussursnrenaamulgugl
HINIBLIBTIATIAA UL AN
wlff Ny =NoxVg/V, cemeB.14

023124



2-4-1 mniquliaumy ( voltage multiplication )

e ac Taamgnisnfinduasfameifonsli35fnznan nafiaeym
WeuBsufioudy ac swynflgnin  szdudaludewlyfinemios  seaeynsn
AT agnadufiisaindionn3in-gunn Rameddszanm 1.4 tiesrms ( root
mean square ) wisgniraclraimsiabodmenaianfog®  tewyn dc wiasn
fmLsﬂﬁwn?oqnﬂﬁuuazﬁmmﬁaumﬂﬁﬁw—ﬁuwn‘?imnas'w:tﬁm‘fu sz ¥nlilse
ao 14 Taad agldsazfnzuamishifesniinizuanislven  dradausenlae
wggaalaurnBuymacladly - essfienlaaies 1.4 win veslanias rms
uvswuuy-tiurwaeiumf(full-wave center tap Juszy-1d7 vind 13nd
e (full-wave bridge retifier Jnfiautiu

Taonsliasfinsarnresnt3fin-gunnAsireiussisaflindniimigu
Tanimsosunasrreiof fudronszudlaonssioyniainisnnm 1.4viv898uwn ac
vl lafinigalamaseminmniinfignisusnauan(stacks) tinfiviesslugh
FaFoadanfnaeinBumedlulugUresssseyninfinndn 2,3,4,5 uazninndnin
wanrineyndc  ddldnnmanAlriesuaz v finineiflfatinouda

andgalannstAgnifetwannlunngaisesdiaansefindnile
wsafiulasipsiunfiogd 10 Taadrms sunsaldfuidu 14 laed (lognuandlve

vio 28 Tasfluntimilamms 2t ( doubler multiply voltage ) maninufl
gnlfilaamspendcAliunnnisanflniesisauinlilesnac rms Tamsfindnm
2 1 ssfowdy 3 wihesAwmfsudarmslulasiaweayndc  laonslievin
rigulasay 2 wiiy 1olasdmleutay, 28 Taadszldesnin Femrvazgnarafodin
WFinofndwantan  feasibignadne 14alaaddcyssunasislnlnassminning . ms3
W ApsgUnssinh e faneiudasin Taoassminulimns, Anlfiedosnd il
inonimsutsrings SeeldlwTnmunndrede wwnlaamussTuegRudnsme
wvifils

faonigules slilifunmandfuvedradu s
wnerindesnonszus 1 wenilaonss  eldninanAliloawmudy 2 i rindaee
iiendonilivie soo Asduent] wieuUnssiosziionizus 1 weniflugmesnivioifios
0.5 uent]  Faszgnivanvnundsinodenun  ngves ohm , P- IE fu388 M
Fvzirinfulasnsgodunizud sinfredramioues 10 TaadfinAogfrms ewild
12 Taafmeldvannar  nnnsedindsanfunszucfifusemmlszanm 500
fofuent]  mEsfRlAFusnmisutanrinfy 12 x 0.5 = 6 Tad  dasvindgalaauny
2 iignld  unsevieelity 24 Tosd  moldnazusfituld 250 Sefuewil(o.2s
west] ) lfgmirndn 24 % o0.25 - 6 TAA sz tnldgrnuvdsinoioaesf
Funnnnfsutsafioafwrinty Taussomnsonondn 2,3, nfenigmunnninld  ud
wrinzFulunmagalamasszinfunivnanazusfissldtusenin - Taaimvssgneoiudna
&afesnsrgagreliraniaufadaon et uueAldms Rysfiowned

10



andnalians 2 eidldunarsluunssioinhang vidsusg
Whamrms unfunfonf 6,000 Taadl  AoInrsnIRsINANIBITAMLHLAUAIY
nhopfuazidelfumagm audnmasy- 91 woweed uny ueRlwesddueming
aufuvIfisined 1fWdszanm 3,000 Tandideatldlvaslusazfiienlaainsde
wfiewin 29vilasirsndgm 2 328 1,100 Taadrms wiswdssBarnmdnnit  uay
$imanssudunfogfteouncliuns  2svshammnigm 2 desnsifisendined
wiemihmeiuaf(capacitor bank ) ieuiouifisuiuaesy-137 owned

uny vwnfanunsssundsieidamnzainiussiminiunnds .
faundmdaudasionizuald 1 wen] nszundc fieannisinages

oo m

- [] ] A [ L ' J d
Tarmigm 2 whisnnnindmlssesimon  usdlunolgidsuefloondnnimi
o % a ‘. «
fiyuids  iisannanumunilusaflnieeiuss 9 3flmnes

2-4-2 mmninulaams 2 in ( voltage doublers )

vingd 95 Twvindno 2 y-14r lelen D1 isadiees Ci
swinndausnees ac ImAnsswinedalafndely D2 ydsnnhdinaidafoes Co
amadiredqaridy 1.4 LH1IBIArMS  wAInaagaun A A I IHNIINTY
1 fl8r092937  wEsewsnahdinedaatiuuuueynin - muaBmedudaziamiy 1.
4 wrms  uaslvanldtunszualaonss 2.8 tirms lammsBuyn  anhdireind
Faldunssuannndsudaslussnineedslnde  Aoduy-i 'r_'m'mfhﬂﬁ%"‘if AN
3uvds ( ripple freqeuncy ) ullw 20,000 183u  faduala¥y 10,000 184
whamilindesaonan .
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N
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Ao, - G

<_~m-——.-
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T 2
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2.5 23397 YYIRAIN UAZIIITVOINREAATN

29TV ONYYIHAIN SldvunTvedggraaw i Rsanefiasds
amsenanld  Tasdnfenlaaimssesfiinamedssfidszanm 1 89 5 Taan
(Fingogafiafagagn) iinindadshiiivone  SedududesfinssensBndizainm 20
89 30 i1 vierlvfianuTadszana so fleso lanvi (Argegatisrngegn) (8o
Aonionsldld  drdygrsnmauananfige ) AldiAnn A figaunsanaenn
7:ﬁuﬁtymwmuuﬁoﬁﬁ’o wozseAureaRygnden  szeggafiundtTAursigyin
N ﬁq;q;mmwﬁ\lﬁ%’nmwmuuﬁ?ﬁ :Tm;ﬁuum’m:ﬁfﬂumoﬁuuﬂ‘[nmammﬂ
M daundetiu Tnmssfunadfndldniflaoensdensfndefls

10'mjmuﬁtymwmﬁ’msmuwmﬂmnﬁm”oﬁq;q;jmﬁﬁmwﬁﬁ’crucfi FUe
Yizanm 4 wnnzBste  wenendls :ﬂﬁmmwmmwﬁm‘[qmm’aﬁoﬁ&’mtymvm
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BOBBINS AND MOUNTINGS
for “E” core:

BOBBINS éND MOUNTINGS FOR GER 42x21 15A

i

SPRING

CAR 4215 F Bobbin with siis

Y]

g P £4a AL

! f fopoiic)
JogRsTrrely i "f R
1 i i o t 1=l
| !; ; =B

b s i

"] ki T
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i gl o
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i _r:'j [e =7 Gk
R SR
oD et N

.::ﬁem:m {11 40t With clamp
;:uu » "r"' Withoul clamp
SEHEHERE S
‘ 9t com—ip
E' Pt 411433 Yol
Al - . o«
s inenr:
o bl
BOBBINS:
Namber Number Maletial Min. availables Mean turn  Approx RIS
ol sections. | -of pins winding space length weight tul
Se (mm?) lg (mm) g
1 Polyamide s 175 g8N - A CAR 4215 F
1 12 Potyamide .~ 174 U0 i 7~ CARA4215A
1 16 Charged Polyamide WS 90 9 CAR 4215 B
el Vi =3 %
8y
:
1
K 7|
.
4
14
| I3
T
e - mases. TS

! CLAMP: ETR 4215A

MOUNTINGS:

Otdering codn HAB 4215 A HAB 4215 F
: Camponent parts

Bobbin - CAR 4215 A 1 % o e

Bobbin ~  CAR 4215 F ‘ 1

Camp = ETR 4215A ! BT

Spong RES 4215 TRt STem0

{1y Clamp asd spring cannot:-be used with BOBBIN - ref. CARIA215 3



TL494, TL495

FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

1.0mH (@ 2A

+Vin = 10t0 40 V TP 32A Vg = 50V
o—e YL -0
ﬁ[ 5 Io=10A
a7
2150
.
47 k
u? CRE VR oA &Y
s —2—0————1}
2 At 1 381k 51 k J
E ™ TLA! by r‘—'(‘ﬁ VWA
sov-T o8t Viet 14
15 4
L h—o— A MRES0 jov
16 5.1k
Ct Ry D.T. 0.C.Gnd E1 E2
+| %0
5 a3 7 [e]w0 L
. s Trov
3 150
0.00) T 47K .
i, S | - [ e B & AN O
e
O e e i

All capacitors in uF

. TEST | CONDITIONS RESULTS
Line Reg:atior. | Vip = 16Vto DV \amv  0.28%

o e————
Load Regulation Vin = 28V, g = 1.0mA 10 1.0 mA 30mV 0.06°%¢
Output Ripple Vin = 28V.1g = 1.0A 65 mV P-P P.ARD.
Short Circuit Current Vin = 28V, R = 0.1 Q1 1.6 amps
Etficiency Vin = 28V.Ig = 10A 1%
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FIGURE 4 — OSCILLATOR FREQUENCY
versus TIMING RESISTANCE

FIGURE 5 — OPEN LOOP VOLTAGE GAIN AND PHASE

versus FREQUENCY
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3 FIGURE 6 — PERCENT DEAD TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus
t OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE
.
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FIGURE 8 — EMITTER-FOLLOWER CONFIGURATION, FIGURE 8 — COMMON-EMITTER CONFIGURATION
OUTPUT-SATURATION VOLTAGE OUTPUT-SATURATION VOLTAGE
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FIGURE 10 — STANDBY-SUPPLY CURRENT
versus SUPPLY VOLTAGE

icC. SUPPLY CURRENT (mA!
-~

[ 80 n

FIGURE 11 —ERROR AMPLIFIER CHARACTERISTICS

Eeror Amphitier
Under Test

Feedback
Terminst
(P 3)

Other Error
Amoptitier

FIGURE 13 — COMMON-EMITTER CONFIGURATION
TEST CIRCUIT AND WAVEFORM |

sV
Ry
. 68
v
¢ c
Each CL
Output a 15 pF
Teansistor
3

15 2 bs] ] 5 L
Y. SUPPLY VO, TAGE (V)

FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL

TEST CIRCUIT
o
Vee = 15V
150 § 150
W Q2w
vee
O———————1 Dead Trma c1 Output §
Test €1
tnputs ..lh
O~m—m———— Feedback .
Ry c2 —0 QOutput 2
9[— Cy E2f—7
= (4} Steering] S o 1Opent
r — Error Contiol pe } TL49%
L VZ{ 0 (Openi | OOl
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' ) Ret
Output Out
50 k Control
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FIGURE 14 — EMITTER-FOLLOWER. CONFIGURATION
w TEST CIRCUIT AND WAVEFORM
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TL494, TL495 ,

ELECTRICAL CHARACTERISTICS (Vo = 15 V. fosc = 10 kHz unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Ta is the operating ambient temperature range that applies unless otherwise

noted.
TLASL/TLATS
Characteristic Symbol Min ] Typ Max Unhkt
PWM COMPARATOR SECTION (Test Circuit Figure 12}
input Threshold Voltage VTH — a5 4.5 v
{Zero duty cycle)
Input Sink Current - 03 0.7 - mA
(Vipin3) = 07V
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12}
Input Bias Current (Pin-4) 1 i (D) -— -2.0 -10 sA
{Vin = 010 5.25V)
Maximum Duty Cycle, Each Output, Push-Pull Mode DCrmax %
{Vin = 0V, Cy = 0.1 gF, Ry = 12 kQ) I3 48 50
{Vin = 0V, CT = 0.001 uF, Ry = 30 k1) = a5 50
input Threshold Vohage (Pin 4) VTH v
(Zero Duty Cycle} — 2.8 33
(Maximum Duty Cycle) 0 — -
OSCILLATOR SECTION
Frequency fosc — 40 — kHz
(CT = 0.001 uF, Ry = 300}
Standard Devistion of Frequency* olosc — 30 - o
(CT = 0.001 uF, Ry = 30 k1)
Frequency Change with Voltage Algge (AV) e 0.1 — %
(Voo = 7.0 V10 40V, Tp = 25°C)
Frequency Change with Temperature \ Algse (AT) | i 12 “
{ATA = Tiow to Thigh! (T = 0.01 uF. Ry = 12k}
© TLe9s |
Characteristic Symbot Min | Typ | Mex | unit
STEERING CONTROL
input Current Low IsTL - -25 - 200 BA
(V(Pin 13) = 0.4V)
Input Current High ISTH \ pA
(ViPin 13) = 2.4V) - 25 200
(V{Pin 13) = Vref) = 75 -
ZENER CHARACTERISTICS
Zener Breakdown Voltage vz - 38 - \Y
iz = 20 mA)
Sink Current Rz -— 0.3 - mA
{(Vipin 15) = 1.0V}
* TOTAL DEVICE
Standby Supply Current ice mA
(Pin 6 8t Vyef. All Other Inputs snd Qutputs Open}
{(Vge = 15 V) - 5.5 \Y
(Vee = 40 V) - 7.0 15
Average Supply Current - - 7.0 - mA
{V(Pin 4) = 2.0 V! (See Figure 12}
(CT = 0.001, Ry = 12k, Vcc = 15 V)

* Standard deviation is a messure of the staristica! distribution about the mean as derived from the formuls. ¢ =
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MAXIMUM RATINGS (Full operating ambient tefnperature range applies uniess otherwise noted.)

, Rating . Symbo! TL494M TLAS4UTLASSE TL434C/TL4F5C Unht
Power Supply Voltage vce 42 42 42 v
Collector Qutput \Mohage Vel Vez 42 42 42 v
Collector Output Curtent {each transistor} Ich. i 250 250 250 mA
Amplifier Input Voltage Vin Vee + 3.0 Vee + 3.0 Vee + 30 v
Power Dissipation @ Tp < 45°C Pp 1000 1000 1000 mw
Operating Junction Temperature Ty 150 150 150 °C
Operating Ambient Temperature Range Ta -5510 125 ~25to 85 0to 70 *C
Storage Temperature Range Tsig -6510 +150 -65to + 150 ~6510 +150 °C
THERMAL CHARACTERISTICS

Characteristics Symbol | J Suffix Ceramic Package N Sutfix Plastic Package Unit
Thermat Resistance. Junction to Ambient RaJA 100 80 CWwW
Power Derating Factor V'RaJA 10.0 12.5 mwWrC
Derating Ambient Temperature Ta 50 45 C
RECOMMENDED OPERATING CONDITIONS

TLAS4TTL49S

Condition/Value Symbol Min Typ Max Unit
Power Supply Voltage vee 7.0 15 40 \
Collector Output Voliage Vet Ve2 - 30 40 V-
Cotltector Output Current (ach transistor) Ier. Ic2 — — 200 mA
Amplifier Input Voltage - : Vin -03 — Vee - 2.0 v
Current Into Feedback Terminal Wb, - - 0.3 mA

Re{;em Output Current legf . -— —_ 10 mA
Timing Resistor Ry 1.8 30 _'de 500 kN
Timing Capacitor Ct 0.47 1.0 10,000 nF
Oscillator Frequehcy fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Voo = 15 V. fo5c = 10 kHz unless otherwise noted.}
For typical values Ta = 25°C, for min/max values Tp is the operating ambient temperature range that applies unless otherwise

noted. .
TLAS4M TLAS4C, VTL495C,!
Characteristic Symbot Min 1 Typ [ Max Min 1 * Typ l Mex Unkt

REFERENCE SECTION .

Reference Voltage Veef 4.75 5.0 5.25 4.75 5.0 5.25 \
{lg = 1.0 mA}

Reference Voltage Change with Temperature AVref (AT) _ 0.2 20 —_ 1.3 26 %
(3Ta = Min to Max)

Input Regulation Regline —_ 20 25 — 2.0 25 my
(Vee = 7.0V 10 40 Vi

Output Regulation Regload — .0 15 — 30 15 mv
(ip = 1.0 mA 1o 10 mA}

Short-Circuit Output Current Isc 10 35 50 —_ 35 - mA
(Veef = OV, Tp = 25°C)

|
!
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ELECTRICAL CHARACTERISTICS (Vce = 15V, fggc = 10 kHz unless otherwise noted.)
For typica! values Ta = 25°C, for min/max values T4 is the operating ambient temperature range that applies unless otherwise

noted.
TLAYM TL494C, VTL495C, |
Charscteristic Symbot | Min | Typ | Max | Min | Typ | Max | uni
OUTPUT SECTION
Collector Off-State Current ICioH) —_ 2.0 100 — 2.0 100 pA
(Voc = 40V, Vo = 40 V) =
Emirnter Off-State Current IE(oH) —_ — - 180 — — - 100 LA
(Veg = 40V, Ve = 40V, Vg = 0V}
Collector-Emitter Saturation Voltage Vgat{C) —_ 1.1 1.5 -— 11 1.3 v
Common-Emitter
(Ve = OV, Ic = 200 mA}
Emitter-Follower Vsat(E) - 1.5 25 - 1.5 25 v
(Ve = 15V, Ig = - 200 mA}
Output Control Pin Current locL — 10 = - 10 — pA
Low State
(Voc < 0.4 V)
High State lOCH \ 25 0.2 35 - 0.2 35 mA
(Voc = Vrel)
Output Voltage Rise Time (T4 = 25°C) 1 = 100 200 — 100 200 ns
Common-Emitter {See Figure 13)
Emitter-Foliower {See Figure 14} — 100 200 — 100 200 ns
Qutput Voitage Fall Time (T4 = 25°C) tf —_ 25 100 — 25 100 ns
Common-Emitter {See Figure 13)
Emitter-Follower {See Figure 14) —_ 40 100 — 40 100 ns
TLAS4/TL49S
Characteristic Symbol Min i Typ I Max Unit
ERROR AMPLIFIER SECTIONS A
Input Ofiset Voltage Vio — 2.0 10 mV
(VO (Pin 3} = 25 V)
tnput Otfset Current ho -~ 5.0 250 nA
(VO (Pin 3) = 2.5 V)
Input Bias Current hg —_ 0.1 1.0 BA
(VO (Pin 3) = 25V}
input Common-Mode Voltage Range VICR -0.3 _ Vee - 2.0 v
Vee = 7.0V 1040 V)
Open-Loop Voltage Gain AvOL 70 1Y - dB
(AVg = 3.0V.Vg = 051035V,
RL = 2.0 k)
Unity-Gain Crossover Frequency ic — 350 — kH2
(Vo = 0510 3.5V, R = 2.0 k)
Phase Margin at Unity-Gain om —_ 65 — deg.
(Vo = 0510 3.5V, R = 2.0 ki)
Common-Mode Rejection Ratio CMRR 65 90 dB
(Vee = 40 \Y]
Power Supply Rejection Ratio PSRR — 100 — dB
{AVeg = 33V, Vo = 25 V, R = 2.0 k)
Output Sink Current o- 0.3 0.7 - mA
(Vo (Pin 3] = 07 V)
Output Source Current o+ ~-2.0 -4.0 - mA
Vo (Pn3) = 35V
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Description

The TL494/495 are fixed-frequency pulse width mod-
ulation control circuit, incorporating the primary buid-
ing blocks required for the contro! of a switching power
supply. (See Figure 1.) An internal-linear sawtooth os-
cillator is frequency-programmable by two external
components, AT and Ct. The oscillator frequency is
determined by: P

f - 1.1
osc Ry e Cy

Output pulse width modulation is accomplished by
comparison of the positive sawtooth wavelorm across
capacitor Ct to either of two control signals. The NOR
gates, which drive output transistors Q1 and Q2. are
enabled only when the tlip-fiop 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, amincrease 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 inputsthat-can be fed
into the dead-time control, the error amplifier irputs,
or the feedback inpul. The dead-time control compar-
ator has an effective 120 mV input offset which Himits
thé minimum output dead time to approximately the
first 4% of the sawlooth-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-contro!
input to a txed voltage, ranging between 0 to 3.3 V.

The pulse width modulator comparator provides a
means for the error amplifiers to adjust ihe output pulse
width from the maximum percent on-ti.ne, established
.y the dead time control input, down to zeco, &8s the

voltage at the feedback pin vanes from 0.5103.5 V. Both
error amplifiers have a common-mode input range from
-0.3V1o (Vee - 2 V) and may be used 10 sense powei-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the puise-width modutator com-
parator. With this configuration, the amplifier that de-
mands minimum output on time, dominates contro! of
the loop.

When capacitor C7 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 haif that of the oscil-
lator. Qutput drive can also be taken from Q1 or Q2.
when single-ended operation with a mavimum onstime
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 requited for single-ended operation, Q1 and
Q2 may be connected in paraliel, 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 TL494:495 has an internal 5.0 V reference capable
of sourcing up to 10 mA of load current for external bias
circuits. The reference has an accuracy of =5% with a
thermal drift of less than 50 mV over an operating lem-
perature range of 0 to 70°C. “

The TL495 contains an on-chip 39 volt zener diode for
high voltage applications where Vegis greate: i 20
volts, and an output steering control that overrides the
internal controt of the pulse-steering flip-flop. (Refer to
the functional table shown in Figure 3.)

FIGURE 3 — FUNCTIONAL TABLE

Inputs fout
OQutput Steering Output Function —'—' =
Control Control osc
Grounded Open Single-enced P W.M 2t C1 and Q2 1
At Vil Open Push-pull operation 0.5
At Vit VI <04V Single-ended P W.M. a1 Q1 only 1
Atr\Viet Vi ~24V Single-ended F W.M at Q2 only 1

See Engineering Bulietin EB10C for turther information.
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TL494 .
TL495

Specifications and Applications
Information

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TLA494 and TLA495 ate fixed frequency, pulse width modu-
Istion contro! circuits designed primarity for Switchmode power
supply control. These devices feature:

e Complete Pulse Width Modulation Contro! Circuitry

® On-Chip Oscitlator With Master-Or Slave Operation

e On-Chip Error Amplifiers

e On-Chip 5 Volt Reference

o Adjustable Dead-Time Control

e Uncommitted Output Trensistors For 200 mA Source Or Sink
® QOutput Control For Push-Pull Or.Single-Ended Operation

& On-Chip 39 Volt Zener {TL495 Only)

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOUITHIC
INTEGRATED CIRCUITS

1
N SUFFX
PLASTIC PACKAGE

i JSUFAX |
& Qutput Steering Control (TL495 Only} CERAMICPACKAGE
Ry . CASE 620-02
*
- PIN CONNECTIONS TL455
xTLAD4 TL4DS®
R I ~ LLRALY {
— e W& © | ""‘“‘L o y N SUFRIX
A SuU
vol] T (W™ weul2] 2 PLASTIC PACKAGE
- e CASE 707-02
w2 N {
Daad
P Comp[ 3 14 [ Veut Tieme] ¢ 1
S g I L s
Ouvtput CERAMIC PACKAGE
. 13 Crls
o Sl o2 CASE 72601
crfs _T_z]voc g
m ] LEE" e[ ORDERING INFORMATION
arouna[7] Eu cife } LC nje Tempersture
o Q Device Range Package
(3]
- C'Ejbﬂ" ofe] o TLa34CN 0 To 70°C Prastic DIP
(Top View} (Yop Viwa) TL494C) 0 Yo 70°C Ceramic DIP
TLA94IN —25 To 85°C Plastic DIP
TLAS4L) -25 To 85°C Cetamic DIP
TL494MJ -55 To 125°C Ceramic DIP
The TL494C/435C are specified over the commaercial operating
range of 0°C to 20°C. The TL434V495! gre-specified-over the in- TLLISCN 0 To 70°C Plastic DIP
dustrial range of —25°C 1o 85°C. The TL494M is specified over the TLA9SCY 0 To 70C Cetamic DIP _
tull mititary range of —55°C to 125°C. , TLassIN T35 To.85°C Plastic DIP
TLA95W -25To 85°C Ceremic DIP
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FIGURE 13 — SLAVING TWO OR MORE CONTROL CIRCUITS AGURE 20 — OPERATION WITH V| > 40 V USING
v INTTRNAL ZENER (TL495 ONLY)
ref
Rg vee
Ry
) Master Vin >40V 12
(o
Ry ¥ vz v
=2 15 [ Ref
= $ Rz
oo | § |
N 7
Slave =

{Additional
Circuits}

FIGURE 21 — PULSE-WIDTH MODULATED PUSH-PULL CONVERTER

+Vin = 801020V

oO—
1 +Vo = 28V
29 INag34 Io = 02 A
V. vee Py -0
2 228
IMS 3 Ly k3
3k 5 3 ey
J Comp TL494 50 L“t
0.0 0.015% 15 BV <
— % 4.7c g +] &
16 Tasv
~—+ OC Vrey OT Cy By Gnd E1 E2 v‘vAv
13] 14| 4 SJ. [ 71 8} VW0 IN4924
AAA |3 .
VWA ¢ 240 {
47k 3 10 ‘L = :E15h s
4Tk 10 k; 0.001 %
O @
All capacitors in pf .
11— 35mH @ 03A °
11— Primary; 207 C.T. #28 AWG
Secondary’ 1207 C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3C8
2
+
TEST CONDITIONS RESULTS
Line Regulation Vin = 801020V 3.0mv 0.01%
Loed Reguistion Vin = 12.6 V., lg = 0.2 10 200 mA EO0OmV  0.02%
Qutput Ripple Vin = 126V, lg = 200 mA 4OmVPP PARD.
Short Circuit Current Vin = 126 V. Ry = 0.1 11 250 mA
Efficiency Vin = 126 V, lg = 200 mA 72%
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