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ABSTRACT

UPS., is Lhe system which be designed to provide power during
a1l period where in the normal or prime source of power is outside
accepteble 1limits , without ceusing disruption of the flow of
sccepteble power to losd . Especislly , computer system in present
time which ere sensitive to the change of voltage and noise signals .
Computer systems need the consteant level of energy to protect memory
contents as a8 minimum,

The operstion of UPS. is converting the AC line voltage into
.DC voltage , then charging to batteries for providing to load in the
emergency condition ..lbs inverter function is converting from DC
voltage back to AC voltage again .

The difference of this UPS project from normal UPS is the use
of High freguency switching power supply . From this reason , the size
of the system will be decreased and the effeciency is increased ceuse

of low power dissipation . But the cost of whole system is increased .



ﬂ‘1 u
v Sawu 3 avly _a 3 Lo o a o
Tutlaaiiuis FawrnraniaduinaTulag IdaSysamia llann 1ésinaiaienfedune
1 £» o & ‘ (U ]
AAEAINa9nNn e nang 71unen17u1LUWﬂauwaLmaiuwﬂseqﬂmﬂinuaaﬁanﬁwamdwo
Uy o (ﬁa 1 ﬁu
dollunauin Laod TelunuInaadanu L Dudunnn
LII 4" =Y ‘I l“‘ 8 o Ncl‘
Sieanns i 1aTownonin LaaTot e L iomanatia1us o1t fiatguiduiiio
al s o a { . ™ o o
a1n useenilinefizosnteus shfisnalisuinsosnasiniend  saufistimdunfions
4 ) A ' M 2 o
indn vin Bian o WhAs o B sav Favsaseanusoudadguiligan o o lddoeR
‘D bl Iﬂ ]
gunTylanils 9199031 UPS
‘li %gﬂ L P T ﬁu o o '
winTeentutti Guntsatie ups Suifiotianfnsuat iuduuuy i Honasamnse (U
‘ ' L] v
TﬂﬂTiqﬂnimuax%udiumwon eanusamdo s ludse ina
v 1 1 oo
upPs Tagfilusedsenousineminesie 9 tnaniife
1. uuﬁﬂtnuwaaoquﬂauwnLﬁuuumkma% famiafianewdonn lutr ofiuna i e
wanwag Ty
d a I'4 ¢ { o v oo 4 o a
2. 5afilWionT war 7193109 futiafizrssuvaed 1o T
a I'4 lﬁu n:\l "é ﬁ\l P l‘lul
3. Sut09ie07 tiudtdasul DC IpUuRLeBT (UuiW AC NIeIgiKun load
a o oG o a o P a I'4 '4 i
4. Bntsaludatutiafise Tnaatu i wFoluanduiled inosudusatoonuuy
ups sanTauteiin 2 uuude
1. on line system
2. off line system
. ﬁ So { ¢ | " s
1.on line system fuuuufiduiiosiaos AW W THaanaDA L 287
(=3 ) Ug
Tnzavefungaingy (iingio ) del
v I'4 { ' .
zﬂ A WUNg regulsted rectifier , 43 1a09seutads lWiuanang ¥ inverter
") a ['4 ¢
uatTnanaesuly AC nduiLr0TLh0g
o u P v o o I'4 { o
gﬂ B 150 lWiuuumimed aeLﬁum1a1ﬂwaaawuqﬁauxaaiLm07 g0 I 1fd2912a7mte

y Lo o ; ¢ ¢
muﬁunawquaouumtma? Souseenassuunieod Indat 1 fisswodna M iuduired inod



azﬁaeaitﬁauiﬁgﬁﬁniﬂu
7l ¢C Lol Transe i s oquan uinuTaens o Tmaauﬁwﬁoewudvuuﬁogndwa
v o [~4 o v w o ¢ e 8 &
WuunimoTauifin  wd nanseunfuud e manduinos mosonas il
’ } 4
2.0ff line system euull luan17eUnd manaeYuwdesnuann i Tnante
o { ¢ o ") w ") o { ¢ o dﬁuc
sarSuitosimed  1io wduTnaasefutuaduannduiiedinos  Tassiunines i dudnqng

WA

g



I
.
b

:::Fggéﬁg REGULATED
Y

UTILITY RECTIFIER,CHARGER

pmeeh INVERTE

TRANSFER  TO LOAD

POWER ON SWITCH

BATTERY

Lﬁ REGULATED
r\/——ﬂ/

UTILITY RECTIF1ER,CHARGER

[

=

TRANSFER  TO LOAD

POWER ON SWITCH

- ==~ INVERTER
: el AR TER)

TRANSFER  TO LOAD

|
UTILITY | RECTIFIER,CHARGER |

POWER ON SWITCH

BATTERY]

ON-LINE UPS



dduaqasﬁutaaéntmaé ( INVERTER CIRCUIT SEGMENTS)

WiNTIMANTaIBULIDTNLADY FD ﬂ17Lﬂﬂﬁuitﬂﬂﬂ?ﬁﬂ“iﬂﬁﬁﬂ?&“ﬁﬂ?0 (DIRECT
CURRENT) TﬂLﬁuuiaﬁu1wﬁ1nieuﬂaﬁuuuuﬂuu1m7 (SYMMETRICAL ALTERNATIVE

&

CURRENT) Fliguia anafl wae fndshidioenis
¢ d v d ;
Hppimionym  (OUTPUT SIGNALS) funseusaiy %oawaaztﬁuﬁmmwmgﬂﬁ
3 & L3 d © & 3
ey (SQUARE WAVE SIGNAL) feimuedwduniniluldenfidosniaideliiinlige
.Y l 8 L33 a! [ &
iin uaeﬁmmwmzu1wu (SINE WAVE SIGNALS) tnimaiedmiveminosnnsniasenulin
14 o, e o {da
Na A g9 Taaﬁmmwmgﬂiﬁuuu1ﬁu1awnnnsnsae (FILTERING) m1ufiand Tufindf
ﬂ d P T 1» ﬂﬁ a A1» ﬁ 1 { o
(fluiagh (opD HARMOICS) iHiafiaerin ARRUTUR LUaEAN eINA B wigongylel %9
ﬁ y e o ép
attunsaawazosaadeuainatd Tulindins
Y o a 1 3 Cl'
dwfuduyn - ANPUT) Sonalénannuumined  (BATTERIES)  L7aduas
o (-] l
%R (SOLAR CELLS) %S0 Aowuin0inimad (CONVERTERS)

o { (8 o ) ' oy o L w o
DU LIDTNLADTUNIUABUBY ﬁﬂuﬂﬂx%ﬁﬂQtuﬁaﬂiaLﬁﬂﬂﬂﬂﬂﬂOﬂu1ﬂ ﬂ17u1311%

amardsfn T W omneantuenfiaeld Gedofuacdofuaransouans ldiomaiegie

) [ g
aedall
_ | |
e dof do1fy
SATURATING OUTPUT yrendiafign lifiThaimatapiaiu (VOLTAGE
TRANSFORMER REGULAT1ON)
wa v a

TNuLTQtaﬁunﬁaﬂuwun
19agtioefuniTaaleasii ldan




i) 108 018
SATURATING BASE DRIVE | ustRnSandiniiuuuusn| ivlsuiuuusn
TRANSFORMER
o v o 1o v o
CLOCKED INVERTER fispiatumemansd 1uut7qtaiunwousomu
. ) o o '3
nwsgmxﬁamw 29371 uMTARI9ATTILE YN
Uredngaiuge éoﬂwn
o \ \ 1 " ads °
QUAS] SQUARE WAVE PWM | Slispiadunismind Yaunsaldfusufidiosnisin
ﬁtsQLaiunﬂeuioﬁu ﬁo§e1ﬁ Lwiwegn51ﬁﬂa1nmuﬂﬂ
Py v {
219359 fun158A79aT | T09NALADT
4 ¢ -
ntannqnﬂ%nonoﬂﬂ
HARMONIC CANCELLATION | iuifoudiouy sniiu 1ea7ﬁu1uaéoﬂ1n
¢ -4
IWIATDINALFADTIELAN
HIGH FREQUENCY PULSE ﬁtsqtaﬁunweusoﬁuuaz veasﬂvuquéaﬂnn
Auh nsgyLaege
n3ia L WeERhi Lo MyneN UreAngatwein

. o
FOUAND IMDNIT LYY

4
Tuanled , 1wI8Lan




b 4T

e
(o)
o314

do188

FERRORESONANT

v_d
Urenganas

q
ﬁtigtaiunweﬂvnuﬁ
HAE WTI6U
2935 TULYA UAE AT

UA ‘ 1
ﬁaonunxawnanuqoﬂwn

ﬂseﬁn%awwgnﬁwﬁmTﬂﬂuﬁauﬂao

STEP WAVE

ﬁLTQLﬂﬁunweﬂdwuﬁ
HAELLT 361U

ﬁ B GRG0
AU ﬂuﬂlaﬂﬂwﬂﬂﬂ

Sdodanalunng 1dann




Uﬁﬁ 2 nQﬁﬁﬁao UPS (Uninterrupted Power Supply)

AN (Y- v &
qu?ﬂiﬁﬂ?Tu UPS Lﬁﬂ?EUU on line QGNUNOﬂWQBSHﬂ?N aIuU

&

-

226 Vac | Regulated ' In¥erter Load

Pt

A

Rectifier

)
Automatic Switch]

Battery Charger Battery

1% 1 Block Diagram of UPS
t
o -1 4 d o ¢ e o .
pauns lhdeN neisnpian t5nfleieod (regulated rectifier) AefnTULRY
o ' ¢ . Y= . i, o
Yaduruna 220 e asniidulinrseuan 24 Taft udtnmsglildun wumieod
‘e i 8 L o \b ~ da (¢
%1991297 (Battery charger) UAEd%LI97LHDT (Inverter) Taefidutros 1moae

o ‘ é v @ [Y { .o
ﬂ1ﬂﬁ?MﬂR01ﬂM?0wu1ﬂ 24 T?ﬂﬂ ﬂﬂﬂlﬂquﬂﬂUWuﬁﬂ 220 T?ﬂn qqﬂﬂﬁuﬂﬂ??ﬂ (load)

D" ! 4 ‘U [=3 s o ‘U oD a':
Sounasinelindn (Main Power 220 Vao) (Redatos  ainidaTuiRacdansarifio’ll

2 o £ 1o {

oo v ¢
Uﬂmlmaiﬂqﬂuq]qqﬂ1ﬂmiﬁ 24 i?ﬂﬂﬂﬂ@ul?87lm07uﬂu

s1gas 1 SuaLfenfuaingie 9

REGULATED RECTIJFIER
.QBQ%QQQ? High-frequency Switching Power Supplies A 40 KHz F9a24190
1 Fenusonlaoeunsaldtesuf 2

ERROR AMPLIFIER, PWM CONTROL

TaeluTasoamiild Tofived 402 (funin %oﬁvaafnnﬂquﬁozﬂﬁ's

NANNIT

a¢14 error amplifier fl 1 (HusherssouTrafdimaionhm ity 24 Toad
Taefimdnnsfinerudnenfo ﬁ%tanﬁqn?vaﬁ;QQQdWLﬁu 24 Toafh @,,Q, lu TL 494

o v & N ¢ o o X
aefid19Tonanns wsidn o TaaniasiiniazaToan a,,0, u TL494 aefidneTon i



zﬂﬁ 2 1935 High Frequency Switching Power Supplies

ac

Input Output
rectifiers . Switching rectifiors
and element and
filter - filter

=Tz

M

Error
amplifier,
P\WM,
and control

v

v

A

H T‘%

zﬂﬁ 3 Internal Block Diagram of the TL494 PWM Controller

Output mode contro! Vee
130 (o}

8
6 . Ry Flip-flop | ¢ H—O4

5" . Oscillator Q 0yl 9

I ~ - Dead-time cK

comparstor v

T C*r ~ 6 %.—; 1
4 o.n2v o

= —tj— . 10

Dead-time 0.7v
control S I.._.. ~
- 4
iR
. = 0.7mA

Reference 12

Gnd v cc 10O~
liti ref
Error arr'\p ifier T T
10 02 3 150 016 Tk 140
. Feedback-PWM - . 50V

comparator input

out




G'! 24 )4 . ‘ F=} ‘ =3 ! & B
uae Liofumsdoutiuros L eimrndaimnod ludmreanisaing®es  Jefs Dead-time
vrad ., o ﬁ ) a o'\rl:: . . o
coptrol Ui 2% wRaiiiuhremeaingield sex (4e% AmIuusaean)
d ' & o - vl
1 5 uar 6 iln RC timer feaafiues Huyn sawtooth AR 80 KHz
91 3 dl © soft startifio liinmsmine e saingds inouluane (5o

v ) y e o { o {
fopaduain TL 484 seduwdoudas Bk lumuen i emawBained

-

Twmineainede

SWITCHING ELEMENT

& o ¢ . v’ o o -
TuTagematilfroasumianod  (Full bridged  definqufiiuguainsasuny
a (¢ . g N -
WIASWUTAY (Push-Pull,Half bridge) gosin (1
PUSH-PULL CENTER-TAPPED CONVERTER
o(% ¢ { ¢
yﬁgaawwu7ﬂa—L LLADTUNU-ADULIDTLMDT (push pull center—tapped converter)
° Lo . { " j o ¢ ' o o
pargaeionldifuTamiaadsing - uarfilaaninadiunatsasdiun awglh 4
. o .o PR { : 61::1-;: ¢ . (
uansauTaa LTI LoD NI 9MuLe YN Feaenn fdosnag Lommuanaon Toan
uiaeaTveaaaIanolgundl - srdseneuigduausoutinnfin ,coupling reverse
. ' ) ' ¢ o o ¢ ! o
rectifier asnneioasoNusRenTBALADT Ll Q, T Taanieafepnintien
3 v . v d o o o
1y N1 aeludanse (Forward bias) soiSnfurtiondfindon Q, wasnieLAUNTEUA

. o g ' =
i Tiuieaunnifiuly teakage inductance yoafulgugiive snifouas

-

L .
Le —— . N
. - ]

A N 2 g

Ly, 0
b= 9# » ' AL AL !

zﬂﬁ'A Push-Pull Center-Tapped Converter



d o 4 oy 1 = ( C; ‘ = (
oy TaanineeaasnmiFolioandy  Sunhaniaafe tomhaniesann
'Y
w1 lavngas
Eo = 2Einkt__ /(NT)

.I [ .1 4
TR NINTEURTOIUNAENT DA LD

[0
=3
o

]

—
]

&
LIRGRDANIATY

4
i

Ni/NZ2 = Np/Ns
LHomNaEAIN duty cyele tnfiaewunsiy 4291781909019 0 UEREAT 9
o o v &
19919188 (D=50%) uarsaliu
EO = D'Ein/n = D'Es
§9 D' =2t /T =+t /(1/2T)
Es =Ein/n

a ¢ a ' duo'. v ¢ '
NQW?NWTURHLWQ ﬂﬁﬂﬂfauquﬂﬁiﬂﬁmduﬁ %CQBLﬁu1ﬂm1Nﬂ1qﬂﬁuwuﬁﬁ10370

Eo = D!'(Es=V§) = D'(Ep/n-Vf)
= D'[(Ein-Vsat)/n-Vf1]
Eo = (Ein-Vsat-NVf)D'/n

»

U 1 (=4 l o ( - ( n:l; -\a l:l

e Tatiaare sduyniae Tvantm4maaLawnynnmaon17 tnfiaedan

duty cycle ﬁuwnﬁqmﬁﬁuwnﬁaﬂﬁqmazgnLﬁan UALDRTIAIUTD Y IIUIS DUTD MDA
qaghﬁwudmaﬁﬂgmi

n = D'(Ein-Veat)/(Eoc+D'Vf)

e30.
(<)

D' = duty cycle (daﬂ?aﬁnﬂ§u>
L} " ( D' v o (
vsat = @1 T7antenadudraensudaines
' ¢ o l & o I'4
ve = mlaanieafienasontsnivie ooy

0 o - a ¢ a
nTeusduwniady uarnseustinvoansndainny Ao

lin,avg Dlo/n.

It

lin, pk (2lo +811)/(2n)



o, o { : :
ATUATSLDMENT (Flw) U IMNoULRYRN B+ 1ﬂ§ B-  fedunsnae inis 14
Qaqmmasﬁﬁauﬂaa Taﬂnﬁauﬂaoaﬂagnaanuuu Lﬁaaﬂuagun radroTat Laafiasfiue s
e & o & o ¢ 4
ﬁﬂuQMﬂ%n 1599310 duty cycle arvagadiiio SwmTiavimaifaiin  dulenousng

¢ ¢ ¢ 0w ¢
L@ﬁﬂgﬁﬁﬂlﬁ@? *VLanqﬁﬂuuo UﬂLﬁﬂfLﬁLmaﬁ (buck regulztor), NIAIYDILENIN

4
¢

Y ' o ~ 24 .
Quinni 1N713?7ﬁ?7ﬂﬂ1?3ﬂ7'4 ”'LvﬂquUTQLHU sy 2 iﬂ luﬁ‘tht‘iﬂLWU7

s
I

oy € e nta s Chen qr\lw cinde o oy L asity ge ey e -uu.'-' IR ".1‘;“

AONHANHRT SO IRIULS L DU UEDIWR LEDT  SEILREII0NSYU

11 = BEotEs-Ta)/(2fgtAl 1#Es)

= Eo(Ein-nEo)/(2FsX¥Einkall) ... (c)
C1 = 11/¢i6fshe)
A D)
; o o £ ¢
29 fs = mufwoensaing , 19Ing
A1l = ATLUA Peak-Peak I L1
% € V)
AEc = Peak-Peak Tianisanason C1

1oa$ﬂ1uquawaﬁ1m1uﬂaulaaLmafﬁnﬁunﬁo uaunswu%ﬂLmaéawaazgmiuawn

WM IC w8DATA driver etsrAannisuentue sudiouilas ﬁoQTﬂauquﬁﬂaeéaLﬁﬂﬁu

Arunavr sduwyn SoaeLfunng on domsiFudu waﬂeiwvoqsﬂduquawuwsnTﬁ%nuﬁa—
oﬂuTﬂam7¢§ﬁﬂdauﬁaoﬁugn

Lunsaranndrefarnsaady waedfansvuadnethm iy lunywandy

UWAZHTUUINTD IANGIUNIY nnnnunuaunnmonsa JunTeua PwM dwduniie overload

&

o) amﬁaaiqudﬁutaﬂnwn aznnifoundy Tudadiuigugh Foae luianseuas Buyn vin 1%
° o do o . = v o ¥
PWM ﬂuﬁgﬂﬂﬁ?nﬁaﬂumaeniwu%ﬂLmaﬁﬂﬁnﬂiuuﬂLﬂuiuﬂUﬂmo11uﬂu7n
L2 o a‘ y (=) \ n: - {u (<} ) 3 1 =}
§7ﬂ5Uﬂ78uaauwﬂﬂ§ﬂ%0Lﬂuﬂ?qﬂ ﬂ71u%ﬂlmaTm7L@ﬂ7ﬁBﬂu1ﬂ LTIeFAINTINER-
< o . ) a (v o ' I '
LRO9T1IUNU (Darlington), Lﬁqﬂun7WUﬁﬂlﬂ07m7LQN 031017ﬁmqﬂﬂqTHUOﬂiﬁUﬂ

3 ‘ QI © 1 g Dl. & 4
apnanst udipidens st lwndesuwasimnadunnn Fei Minssuasos

OMWLWBT&NQﬂﬂ.QEﬂSUQWﬂNﬂﬂﬁﬂuﬂlﬂUﬂﬂﬂﬂ



A mEn9asiIN9AY coupling inductor (T1) %ﬁuﬂm¢1u3ﬂﬁ 5 awu1$ﬂgnﬁﬁtﬁa

k1]
¢ P ' . a .:,'; J g LY
ﬂﬂ@ﬂﬂﬂ?auﬂﬁﬂwﬂu Q1 Uar Q2,coupled inductor YaLWiguin (T2) QﬂmDLﬂﬂﬁﬁﬂﬂU

4
r=] L:- L3

o { L:" 3 o & b‘ “ I 1 ' 2 3
DR LEIaTYO (fu'l" dUunuEoINTUIRL9DT LT UAE T2 NARDNITHeYD$RRIUANT 91y
v ' o (Y] v v + 1o ¢
nTelld  DINTEUAURALAT $109URRTA LNTINY ampere-turn JILUNRTINU HRHWHUTqﬂﬂLMQ
asonteal6  Luus 1R drop u dc resistance
v . 2 ‘l { ’ o 3 ¢
fangeualy Q1 anndngsualy 62, Thatimeassumeain A aeuiienir Tafina
'y P Y - v oo, 3 ¢ © [P { \
AU ‘lu'ﬂﬂﬂ”)ﬂ B 7Y LMu‘ﬂ‘)‘r’lmi‘dﬂu'ﬂWalllavagﬂ‘i‘uﬂl}amyﬂ 1nantea ﬂ"l‘lvi 11@7“;@:3"-)78“

I3 g d I3 1 o
Q2 Qgﬂﬂﬂﬂﬂqqﬁﬁituﬂqu Q2 AR[Y ﬂﬁqﬁﬂW?uUGﬂTRHRLﬁuwﬂﬁﬂLiq

t i
o [=3 o

i USaﬁnﬁnﬂwmqﬂkunwunwu F9mT22WNTUR awaasgnunuTmﬂ T3 @13
) v 1 . ‘

U 5A mmﬂsun 90 0 center-tapped inisthiognsusnuuinunesosd  (toroid

-core) waiquﬂsaqmﬁwa Lelarwd 99 asiawnunu lufianisng efiudan 130 form

o a ' v ; { 5 o &
WﬂGTaUﬁquﬂﬁﬂaﬂ LW9E71 Ampere-turn LNIDOU WQRﬂLﬂQﬂlﬂﬂﬂu Wuﬁ\ﬂ% QBQﬂ
Y 4

1 3
o

@ o : 5 ] - '4 I'4 w t
L5N6WNY UaE burden resistor QﬂﬂiLNO scale 1?RHL9Q %OTWRﬂLWQBRHQUﬂﬂQWE

LY

4 o

iy Pwy %oLﬁuﬁdmivaﬁunseuaﬁugnﬁﬁu¥ua1ﬂ@ﬂ?auﬂ

X o ‘v a 4 % a e ¢
'illal.ﬁﬂ‘ﬂa\m’l‘itl"ﬁ GITRAIRUNTINTRLADY ‘luﬂrfnlmaantfﬂﬁ't"uﬂna\ﬁﬂa ‘I')ﬂnuﬂq

Susiiaae %ama«mﬂuﬂnnﬁﬁuﬁatm Sradnen et lafanainTadinadoannden

L'}

CI L
o

!‘ 0. o ‘ v { '
NTIUTH L6107 awuw7ngnﬂ11ﬁamaaimﬁ1ﬁn71uﬁﬂLm07 2§ DImDUUY  @NTRIAN

a; ). a‘ o Q. o L” C;JCI‘J' 2/ v
mwunuﬂmomoiﬂn 5B ﬂﬂﬁ?ﬂﬁWUUguﬁﬂ LNMQWﬂ?ﬁTGUﬂ%ﬂTUUNDﬁQ@TOuﬂ?W7GW1NﬂUﬂWT

wodia uﬂ«uﬂu LN?WB?WUMRLQTG%WGJOQ?‘MMWWTﬂu mauulsw 5¥ﬂﬁﬂkﬁ8ﬁ Q1 uas Q3

lg { 1 vg
LN muu7nwa17m1111uu Nd HﬂtﬂﬂaﬂlﬂﬂlﬂaTﬂOO Q1 1A Q3 gonodiow  AIUU

1 e 1 '\ e w
Taninawo s udatnosFeanaTonsonds NAéyAo

Vece, sat, Q3 Vee,sat,Ql + Vbe,sat,Q3

142 = 3 Thatt

" {4 . u ¢ o ¢
dra a1 eoffy Nd Thatieatingon Nd arliiaSafivThanieatinoa LanLsos 1o

a1 T



Ed Ep#*Nd/Np

v

g
AU, Vce, sat, 03

1l

{Vce,sat,81 + Vbe,sat,Q3) - Ed

. " 't t '

81 Ed = 1.5v, n9 i IaniaanTonsousnodioun (Vee, sat,03=3-1.5=1,5v)
LAENITATEANEUDSWRS el Q3 A iuefenile,  eesedelunisiRonduausouh

1 oot 1 ( d
iNAEANYDY Nd Lgufin Ed faninn FOUAD LUA-ADRLANLADTIDY Q3 LNRYLUU

) o ] : X =] ‘H‘ .
Tudanss  usenseusdwawnnseliadin a1 fotfuameliifia  wwseanlfiz w

1 4 v : P4
dugiinrsenuumionasenaaetio siunts 19293l .

3 ) o = ' '
ﬂ'l‘)jl'zﬂ’l Ed=1.5v  UagIuwIL 1 90U Nd ﬂ']T'Jﬂﬂmaﬁ'aU = 1.5,

&6 P €2 ¢ o ) Jyngy W {1 o '
ﬁﬁauﬂﬂ€ﬂ1ﬁ1u017ﬂ1ﬂﬁ%0ﬂauL?O?Lmaﬁ faufasdinaeiian Traneosou ﬂ%ﬁﬂ?ﬁﬂﬁﬂ

AU

' o ' o M \ é o
Lwﬁﬁuvw7aunﬁawﬂvnqnﬁaanwﬁLwaﬂwguﬂﬂ Tvannwowmqﬁﬂnu

]

ﬁmunaéwonﬁaﬁLﬁﬂaﬁunniﬁauuu push-pull center-tapped ﬁqus
Y enensdasiano amdoula LﬁaoawnmvnuﬂﬁﬁuqaéwaeTaaﬁLma ﬂﬂoﬁﬁuﬂﬂqﬁﬂﬂﬁ‘
ﬂﬁ?Tﬂauqaéﬁacﬁdaﬂ17ﬁ1waoﬂ?oiau S LHINLIAITDIIATAILAIMTDAINLIAMNT
. dniareensndaieod  auluitBenaanf Taaﬁamqgﬂdnﬂﬂéaunﬁauﬂaa analal
auqaémaaTaaﬁtmaﬁuﬁd L maansnu%ﬂtmaéae1ﬁLﬂﬁﬂuﬂsuﬁnﬁnww
09Tt Lnafiargnsaumioutas nwaqﬁﬂnnﬁvLnéwﬁﬂQWMTﬂﬂuqaémaa Wind  avufiu
ﬂﬂtwqﬂﬁnnutwﬁﬂ I B-H curve Lﬁwénﬂiﬁuﬁﬁ nWSLﬁumaenizuﬂaﬂqtﬁuﬂﬂLu@
199 wsreiRsossoansludanss  Tunsulainod ﬂuzﬂﬁ 58 Y51ngn17 5o
Traf L sadoufinmaadinunin %oM$7ﬁ5un7euagn51ﬂ1ﬁﬁuﬁugn & 9aR3UnNTEUA
Twrsasmuandmiy
mamouauesiitsy  sonengeuainnly  Fearludlinsmdaieed lidnseua
5wu¥uﬁ1uﬁtuﬁamaoﬂ?egﬂﬂﬁu &1l Tusim e lannfiansBuso oudioutlas  uae
aensenanniiuly  SuunTifaeda ludacedesos  eyele ﬂugﬂ 5B Ay mngaaiy

' L2 : o ‘ o O o ‘
ﬂiauﬂqnawﬂ?ﬁﬂu 1851 %o;ﬁuuauﬂaNWHLaaﬁ RITOOUNT LNT LADT

'3 ¢ ' Y b
LawnwnmaauauﬂwwﬂLaaignawaﬂﬁnu feed forward junction 1u10q3ﬂ1uqu



TO CURRENT LIMI ' %

@l
=l
—20_
on
>

T0 CURRENT LIMIT %

sYn 5 B
Y

41UY1 5 uamg Push Pull Converter
u

-

10
_ FLEDFORWARD



N =
d o s o r . .
LWD LURBUANINGUYDY  triangle waf%h? m Foae 11 Tn9 a1 ains euaeo §
a ¢ o . o o ' o a 4 & o
NTINTRLEDT %aﬂﬁnﬁsuamwnqm Uae Lioang1emsiInTeudoansudaienos  Felingeus
c: 1] [} o: { [aY=JY<] \) : L7 ﬂ‘i w g L% O cs'
QINAAURL I TON T IINALUGAE aﬁanaﬂna%oawaaugnqmLwaamwaauuquuaﬂnqa
HALF-BR1DGE CONVERTER
o £ { { ﬁ [ a'o ™ : Bl:‘l ] 1 o
MUTAINDALIDT LRDT maezu 5B un17manuﬂunqm%agn % LUUBRAILWRI Y
‘ owv . . . o ( a‘
GWIRNANY  Unfiindiaenns input filter capacitor ﬂsanULﬁuawwu5@a SEA T
o I o « . o o 13! b! (=} 4 D!‘ = (U
NFIN2R LADT Lwaoaaoqunﬁaon17ﬁ1w7uanﬂsawuowaqusaa ansuiaieedinle
& ’4 o ﬁ u: o a ¢ . LY o
fiN1y on , TaaNLmqﬁnuﬂquu AW uﬂﬁonuemacau@nﬁvanxmq uasnﬁguﬂaququu
ﬁ ) .a o ‘ ‘ -
LIUAD I LN INTEURWALD SDUWN, LaﬁnwnTvaanauﬂn
Eo = 1/2 Ein#B'/n S (L)
a ¢ o ' é a8 w_ o v o o
fa19u1Thaniaa fianadox 1uqﬂﬂ7m517nom1u1,ﬂvﬂuﬁuwuﬁnmwuuwasTQ

Eo = D' % Ea

Ea = Es ~- Vf . -
Es = Ep / n
Ep = (Ein/2) - Vsat

Tagmssmineutuantiavlé
Eo = D'[(Ein-2Vsat)/2n - V£l ee. . (2)

Collector to Emitter saturation voltage

R D' = 2ton/T § Vsat

¥ { a‘ ] [ o {
Tanimefanagont Sriua Loy

i

N1/N2 3 Vf

o
1]

Np/Ns
Uné Eo uar Ein nywmn  3ainenludas1éSnssovmos wioudas &
n = D'[Ein-2Vsat] / 2[EotD'Vel
AUN19T Luay 2 9ufieRn IR drop voltage 7ndudioulas uaslawﬁwnﬁaLmaéﬁuﬁﬂtmaé
%ogﬂﬁwﬂﬁﬁdwﬁaau5n~

a s ¢ ' o o o
NQWTmﬁﬂﬂTﬁﬂﬂLQOﬂﬂiau uavﬂﬁfémlﬁﬂ (loss) ﬂ?ﬂuﬂauwnlﬂﬂﬂuﬂﬁﬂ78uﬂWﬂ

.~

£Y€E€Y Y 4 @ s



a ( o j 23 = .78 o ] h’ (
PRINTIUERLOIDT ﬂﬁuﬁfﬂgﬂﬂWﬁuﬂquaﬂﬁmvLﬂﬂ?ﬂu ‘mvﬂﬂ?ﬂ?ﬂ?ﬁﬂﬁLOWﬂﬁﬂT?ﬂﬂLﬂQ

' 4 ooy s o 1 a 1 v &
9ﬂ1ﬁ17ﬂm7u1ﬁﬂ17 short cut OWQQﬂji Tﬂﬂﬂj78N¥ﬁﬂ1ﬂ78ﬁﬂﬁﬂqﬂﬂﬂﬁﬂﬂ GO RTN

Tin,avg = loEo / (REin) ceeee(a)
Ipri,pk = (2lo+aAall) / n . (b)
%9 n = dsednfay = Po/Pin - -

A0 sBudauaud uaxmwﬂw%umufwaaLawﬁwnﬁatmaé fa1nfiugo wﬁgaﬂautdaétmaé
aniSuzass 1un7ﬁmaowﬁ§aﬂauLva§Lma§ ﬂanuiﬁauqaéwaﬁwﬁnfquwﬁauﬂaaawaaaﬁ
AT LA TEINT LA _ﬁ1ﬁtﬁwﬁuwao at uar Q2 wFolautnsLaarnsAIndd
Uitinfues 61 lay Qz;ﬁaﬁqﬁm911u1ﬁﬂnqaéwaonﬁauﬂao dc blocking capacitor
aﬁaasgndaagnﬁnﬁuuﬁauﬂaoﬁﬁuﬂgugﬁ
ﬂqwsmﬂzﬂ% 6 waﬁ;ﬁuﬂﬁawnzﬂ aihdiaotaei leniléng - sae T ieeluud
asﬁﬁnwaﬂuqaédaﬁu
meTiafinatos Aede  waedm¥y Z = Jf755_n73uﬁﬁd1.
11 =Aedgﬁﬁ7f
ﬁﬁﬂﬂssuﬁﬂgugﬁLﬁu%utwﬁwuiﬁ
12 = Edc#ton /4L

9 11

Hl

ATEUAT AR INAIIAF N INTD 9799
[ < . o
12 = nTeiauNvanTnlgnga
M 4 + ] o ‘
Edc = dc Tianisnandsuisaacainiieod
o a ¢
edc = 115 Ldaguldaseoen 1t gi60s
C = capacitance , C1=C2 ,¥{1%¥a
L = primary inductance ,{dus
My INseUdd sy 1 = 11 + 12
AechZC/L = (4]L~Vdctaon)/74L

' a ¢ \ . 8
uﬁﬂuﬂ17“1ﬂqﬂ7ﬂ1ﬁuﬂuﬁ : C = (41L-Vdcton)2/[32L(Aedc)2]



'y
O
Drive —— Seconds .
Q;
Drive
oc voltage of
switching
transistors
Ay> Ay
. -
0
(a) - [ [
*
-O
Transformer
aC voltage i
Ay=Ay Volt-second batancing by
dc level shifting due to
transformer series coupling
0w capascitor C

X rereesey,
7,

{b)

FIGURE 3:13 (o) Wavefonns show a volt-seconds unbalance, depicted by
the cross-hatched arca, on the ac voltage before the scries capacitor, This
unbalance is due to slow turn-off of transistor Q,. (b) The same ac waveform is
shown after the series capacitor has shifted the de level to balunce the volt-
scconds integral,

.

-

o v O
zﬂn 6 uﬂmawawaemdnﬂuﬂfsg

n _ 44




A

Full Bridge Transistor Converter
o { o { { ¢ L. 3 a: o e o '
gaU$ﬂan71umaLmaﬁnauLdasLmas uamq1mmc3ﬂn 7 QvuﬂﬁaﬂﬁﬁﬂﬁwﬁdﬂQWﬂﬂi
' a ¢ ~ u‘ d o ' a o { o
AolUuaIUTaR Luawauoﬂutaﬁngnuﬂ1§aﬂ11 TﬂﬂLQWWumionnﬁﬂumﬂLma7 2
v ' v o € 4 ' . { o 1
Qsmaogﬂmamuquﬂuqu S INTEIOk ADULIDT L6109 LN?WBT?NﬂL@Qﬂﬂﬂgugﬂwaﬂﬁuauﬂﬂd
o o v o ¢ - o ) a8
maodaq7gau1maLuuauﬂuauwnTﬁanLmq ﬂssnﬂnWGWﬂﬂgugwasLﬁuﬂsowua TadnNTeud
a ¢ L 8 v . s ¢ v
WAITWUTAY  DINTUTALRDTNY 4 FANABINTT 1aaigau7aaasﬂQﬂﬁmw1ﬂaOﬁﬁﬁu—
a : ' ¢ a (¢ v o (& e
%1mmaan17mamu1un71uﬁﬂLmaiquvaaiaﬂwu7ﬂa ﬁﬂﬁ?ﬂWﬂ@dﬁuLawnynﬂLnﬁﬂu

) [ o v ( o o { '
281 G\ii‘ﬁm’mﬁ’m‘mwﬂ\? 47U la’)nwnﬂﬁ\”r}ﬂ NIULH L6’\06’ﬂﬂuﬁ‘a’ﬂgﬂma'ﬂu’m‘lu’mﬂ’i

i
a

(=3 ‘ ° a‘ )
U?ﬂQlwauﬂﬂﬁauﬂﬂﬁaﬂﬂWT

U
(3

/ s . { . . v g o ¢
d¢ blocking capscitor (C1) waozﬂn 7 ﬂaﬁﬂuﬂ17aum1ﬂaﬂLW1L?0$n71u
a £ . ° v é o s
THLADT A9 C1 913N MUANNANNTT - eshusas Taatimauasnseuafisonado
v a;aa éo o od o & vy owu ' s
AOYNDNUUARTANNAIUDNAINTEY UALFDITORTINTEUA rms  ¥INAINNTEUA rms Judqn
Usupfiue susfoutas
zﬂniﬂﬂwaezﬂﬁ 7 UAMSIY Q1 UAr Q2aRuNITEInTEUaR RSy Full half cycle
d [ 1 L2 1) w [:] $- ﬂ'l
@3 uae Q4 AaLi1NTeiAey 1 ARURUAMTY full half cycle udLWRgnnwﬂuLﬂaauawn
Ql Uar 02 WINEAINNITERINY dead time(Tﬁﬁnssua1naaqn5ugn>1ﬂiw Q1 Uar a3
o v g a ol at v ' o ¢
%50 Q2 LAr Q4 aaontwfwvanLfﬂﬂﬂﬁﬂLaafﬂumawsowﬂugﬂﬂuqm?wmaﬂiaunﬁwuﬁaLmas
' v ' v & o { 2 o ¢
C1 gneioau Uiy N1 5eming dead time datin C1 qudiauidanin NltuaaugnTﬁanlma
) LYY o o @ o zx' ' ﬁ o ] Y3
gnqqﬂqwuqunu N gosiinudseqiiunTonile  wus1edn dv (iademssdafiy full
N I'4 ' ) ¥ ' .
swing 999 Thantnansonct ST uBaLnesRounn off Seu719. dead Lime
1 I ! -1 ’ Iﬂbn o v oo ) I'4 4
ot 19fmuRe inalionaar Tut utoRa1 7 fid ey nwakuTuauqaamaonaanq
oo 1 3 t o ‘D‘ UCIII o~ Y & 1Y) ‘a‘ 13 Al i
drler  usinalian1s InifteSutionaaviiwali i fawadus 7 lidoenns  damTugnnscommon
o R @ ) & ¢
#79N19 overlap MTUINTLURYOY Q1 Uar Q3 wFouny G2 uar Q4  SonsnBaiand

VX oa . Dl ¢ g o
waliadndlu storage time  IuluTwdnfnsuBaimed  oraae WA LUeE0 NI INGA

(cx'l o d LY o ' a' {o a{v
ma‘mmamﬁnmﬂu PWDINRINITUINTEUR 7&:1{')_')071ﬂ‘3"]1l%ﬂt€)0‘iﬂ’)8u on



ki
K2=X, -—
2=k 0 7]

AR I ]
L =gl b=l . @ . ' '
. , (__:]____l:.
e 'o«l l I
Eﬂﬁ 7 79?5 Full Bridge Transistér Converter

N5AA9ATI0IBUWN . naenseLalAFIR orar i daieos Beweld  (Faean
e tfiae e 1 5o ludans g H?dtﬁOOQWﬂLU7ﬂ01“uNmDGLN71U5 oundy aluiueduas
load line ‘shaping ﬁwuw70gmivu7eﬁau%aewﬁoaqu%agnnﬁaawutunﬁwu%&tﬁﬁé ie
ﬁﬂﬂquLvé“éﬁ,Tﬁﬁqy?iaﬂ?uﬁqcﬂ?uﬁﬂﬁﬂwwmavnﬁiﬁnewu

ﬁauinngqﬁ@ﬂTaq dual end PWH 10 anléfn  single drive state
w%ayﬁaawﬂauﬂaa% Twaadesiunfiagiiden medunseuaiild ot uae a4 ﬁwﬂ?aﬁn
yoInRuuAL 02 fi 63 ﬁnﬂuﬁnﬂ?oﬂaaaﬂﬂﬁuﬁﬁﬁﬁmsoﬁwu Fe9719 deadtime [
L uganofaviinsus  Seuoems indfiodas endntigireean innTeus Fa91hen
iaoﬁuﬁmmwmﬁumaogﬂﬂﬁuﬁLuﬁau (fionfunstizn e sasamiuiad snulganiive ondin-
wasnedunTens  ArTONARY9RTRE e llTEANENIWTEIN1919 actual dead bime

L BEnfun5a LA viraenasanied  Thatiae, nreua WAEALANE 1D 9

1 @ o o
?DU%DOMMQHHROﬁﬁH?U?0?3%3U7ﬂﬂuﬂ1

= D(Ein-2Vsat)/(Eo+DVf)

¢ &g v & s & sy (  d e
uuﬂaﬂiauuamaoamsnddu ﬁdgﬂﬁaﬁﬂﬂiunGQTUWNUTﬂq quﬁﬂﬂiﬁﬂﬂLﬂQONMQ
] dc: ‘c‘lu

lAatA1 forward drop 4o4l9AGWNHLEDTNININY
Y 4 ¢ a t’ﬁ e €7 é '4 o 1 ; '
ﬂ1L81nwﬂl$ﬂmﬂﬁﬂLaﬂil uﬁﬂt?ﬂu7ﬂﬁ ﬂﬁLaﬁnwﬂﬂaﬂiﬁaﬂLMQﬂQOﬂ?ﬁﬂ1ﬁmﬂﬂﬁau

ﬂOQLTﬂmﬂﬂﬂlDD?ﬂﬁﬂOﬁmﬁLﬂﬂﬂuQ81ﬂ



n = D(Ein-2Vsat)/(Eo+2VDf)

6 { &t

) o o M 9.0) . ) ' a. a o
ﬂﬂnﬁuuﬂaugﬂLaaﬁqnlﬁiﬁluﬁuﬂ1$‘(a) HREAINTEUAWALDINTIUDALODT UANETY

5 PG,
wucwaeﬂwnqﬂlﬂﬂaﬂuauﬁ1$ (b)
v -3 ‘ " a ¢ 3 { oL v v lc&’ o ).
ﬂwmauaumﬂumu%uaxﬂﬂﬂﬂzumuﬁmaetawngnﬁatma? QULMABUNUNULURIY 74T
1 4 v B
gﬁgamautﬁasLma?uasgnquimﬂaun1$ (c)ume (@)

[ y ¢ ¢ 4 ; a
ﬂW?l?ﬂQL?ﬁuﬂBGT?RﬂLﬂQWOOLDWﬂWﬂ QvﬁﬂLTﬂﬂiﬂﬂﬂﬂﬁmfﬁﬂﬂDUﬁﬁuﬂUGﬂa0

1 3
2

{ { u o a
Lawnwanaana uavﬁauﬁmmwmauuqﬁnuqoaiﬂvuquLwaﬂduqu duty cycle 7¢R507U

Quﬂn@qzﬂ?snauﬁdﬂ- 19275 PWM wSoausenoufeInnetnen  tdui®enfiufy

]
oo [

v o { [ %3 ! o L )
PWM IC LwiﬁuﬂWiuﬂﬂnumaeauwnuasLaﬁnwnunquLﬁuﬁunﬁaaﬂ17 TOHIINUIYOINTT

¢ ¢{ 3 v o & '
aT2aduLam TaeaTaem sdounnuans 13 lugh Foar i sasenuaut funoaion
% ] ‘v o ﬁ’ ga r{.musl _o‘ a‘!.
she  dunduresBuwnidwiasnuaiiefhaioad  indiouiiy luwtug=aluTad  wiores

[~

4 ¢ ‘ d o c1 400.1‘ é & [=3 6’ ‘o
LI70ABULIY LAY Np 1IngeaIaUnsitodua LED T aUenLaay Lﬂaﬂiﬁuﬁﬁkwaﬁﬂuuﬁ

. { [ F=Y="31 a'c:'g y

nreud  Tatieentouagugfifien B, = Bosv,,  wemdefilniuies Lt fa
. § )

form secondary WA% coupled voltage |WIARIASUNAD Es = Efb+V__ Fenn

o
[ o M 1o o ~ FOEA v .
Tudanseifio nenlained lhinseuas  Bofyyadonndylifivieuasuan 1 1R drop
o V% ot ou&' * » o o ov ! g
Tuseanafidntiosuasiimamiahs  grngrewitsimiguninaeniegifns o sdmon
TouliaAn
n = Ep/Es = Np/Ns
=(E_+V_ ) / (Eb+V_)
D Fi Fa
1 4 | Y] 1 [og { } 3 [
ufiasnisdmdmaite s Thaniasdiounsy

Erbh = (NsEo+NsVf1-NpVf2)Np

v v Y

FadnsadiuTouiar  ForwardlA NsVFL = NpVFa@eiiu
Efb = EoNs/Np

8 ¢ ( & 1 3 o 1 o L%
-euuLaﬁnqﬂTﬁaanq ﬂ?NWTﬂQSHWqﬂTQHHWOOBN 1uﬂﬂﬁm8lﬁu1ﬂﬁ?ﬂﬂﬂﬂﬂﬂ

1 é
HunaeputloyLtees



Np

POWER F— sy I‘
INPUT 4 tn .
Ny

CR?

Ep

1.

RES c2T

718 8 u#ss Sensing Converler Quiput Voltade Indirectly



INPUT RECTIFIER AND FILTER

€] ] g o )

ludaufiaeins Safinely 220 vae upumSed iy 320 vae fifieliang
an Teeludrudusaefineas RF) SUPPERSSION ,LINE FITER Siato efiu&ynnaental
§997M7935 switching i Ty e .

QUTPUT RECTIFIER ARD F1LTER

v ¢ o {3 {o [ " 1.3 i
@ ﬂl‘ﬂ ?uLaﬁﬂwﬂ%DG ﬁ?ﬂﬁﬁﬂLNWL?S?ﬁwwaﬂﬂjﬂﬂﬂﬁﬁﬂ UTENDUGITEINLDY

- i @ g ¢ a'\l:' ﬁ \1 o G o
Lﬁ?ﬂﬂl 09 UAEWALNDY Lwdlﬂlaqﬂwﬂﬂ siL U LWRT S@NNLIATL S IR0 SNTT laaesing

7095 UE19879
u D, _
| ¥
P f“{f‘ 2
T
A .
; £ A\
l k: Ntl i C\ ~_ out
N {
* : ! {
U Vim . % —%
: |
| %;Ng?*
{, }
173
o

Jqﬁﬁﬂ)uwaaxawﬁ1ﬂn1ﬁﬂ@7ﬂwwcuv§?aL%ﬂﬂiﬂ push-pull %%p full bridge

[l
o v

Tasunasaniminfansofe

=e

1 1

1. 90700 DI WAy D2 asdoe g enafnarad canadnganTud Tasnseuaar

Tuasinu D1 Tugr9ay ﬁﬂqﬁﬁnumamaaﬂﬁruaﬁ1éLﬁuﬁﬂumauuu YAt 16 Toaunari
e o of é cf,n - . . . y ' Y

Arvasmis 1998 1AM aa Feilmuan (2.4 Vout # Vin,max/Vin,min) 1 uosnetioy

2.1C filter frnlunisiiin spike ﬂaﬂuﬁQG(%oLﬁuﬁ@mwuﬁL711ﬂﬁaeﬂws)



e ¢ & [ ['4 4 " ¢
qﬂﬂsmnqﬁﬂuﬁﬂﬁLaﬂuuwodvuquLﬂuqﬂﬂimwan LW L1099 LTRRDURN LADS ( power—
- 3 1Y ¢ > ¥ ¢
semiconductor) LuadQ1ﬂ102$U1GﬂﬁﬂﬁaﬂqﬁﬂUﬂﬁeuﬂuﬂsTﬁﬂﬂL@QQGQ aaéao?ﬁqﬂﬂfm
fanunsnmunseuaiae Tha fiaainantle

POWER SEMICONDUCTOR

D’ < ©

s o ot Y [ ¢
ot inaTuTafansfioini  1fidwddy  luarudridauospunad

ﬂ L. o a&" ] ( (; !
GRGRR oquﬂuﬂﬂuuﬂﬂquﬂmﬂwwua sUseindan@Tuidy  asaaasres TaniaafinnaTos
L7ﬂ§1wlaailﬁ01uaﬂm70 Pefulgsenalumatieuingeuage wSofiuuwasane T

Fan ludn

1
==}

ms 14 seatuioadisin e 5o ardaelnns il ansanlunaii e
uﬂzﬂﬂﬁQQWNSUH1u1ﬂﬁ1—uﬁLugn (éMl—electromagnetic interference)

n71u%aLmaéﬁﬁﬂawuﬁﬂawuﬁQ09 (high speed switching) UAYANITONUATEUR
uaaTaaﬁLmq§0915 avannaninonludefivnd  (funsd orddmiy in?ﬂtmaé
(thyristor) | Hug

da1ﬂazLﬂuﬁﬁﬂauLﬁﬂﬂwaaqﬂﬂﬁﬁﬁﬂﬁ

RECTIFIERS

1610 Ton (diode)Lﬁuqﬂnséﬁﬁwwﬁwﬁﬁu?vaﬁLﬁaiﬁqﬁwwuﬁdﬁuaan1ﬂ | Sofigamite
wartldoslinTeuasin i do Taafima ciudndmits galum afifarfinnagn Beiie
(power 1oss)  lun1efifinisfiu (blocking), TNt (switching)  UAEANTIN
(conducting)

Qmauﬁﬁ

1.Current and Voltage

I = IR(exp(qV/nkT)—l)

nseuatioundvfisonne

—
1}

I

kT/q = 26 mV ¥ 300K

~23

) o 14
ﬂqﬂﬁﬂﬂaﬁiﬁﬂﬂﬂﬂﬂu = 1,36%10

=
1



Sensening 1 8¢ 2 uasiiniJornamuiungena i

n =
T = qmngﬁ Suiaadn K0
e o Vo -9 {
q = ﬂsagaLaﬂmiau Lnfiy 1.6%10° " ARpNY
¢ . )
vV = Tranimansonsoueo

ot . [ & ¢ o { 1
1 Tutaoanifios (germanium) uarfonfi (Schottky) Seafhoiont  Tesaiu
Tugasmnafianseuauws (1) Z91RanuEdIuIn (majority carriers) e
o @ o ¢ . , = = =3 oy (- c!
IR qu%ﬂﬂaugﬁﬂmwﬁﬂLaaﬁ(s11100n rectifier) Nﬁﬂ?ﬁgﬂuaﬁLﬂﬂ%ﬂﬂﬁ1?LQD1HU7Qnﬁ
fis Ludaoawve
¢ o ' o "o o
Traniasfianasoutfio 1a5u ludans o2
VF = (nkT/@)Inf1+1 /1.1 + R_1_

ATEURIWT

—
It

1310

2/
AU L %o T

22
1

2.Temperature Coefficient

1
-3

) t v
ludreludanss (drofibrnseua en Ve acaawdt oonnniiiaiu
dVE/dT = -2.2 mV/ c (annfivoedanai)
' ) < P~ v v o & ) o d & o
Auansenai rado ludadounduse vy 2 1innn 10 o NLMITUAIANNTT
aT?210

dl = 2

R

3.Rectifier Ratings

] . = 3 { o { o = s
@1 Vpiv uuqanamn?wamLmasldaiﬂﬁaqmn1miaanu1m

' o o o o 4
a1 If ﬂaﬂ1nssuﬂ7ﬂﬂLuaﬂgqqmnﬂmTamnuﬂﬁiuﬂw7ﬂaugﬁmqﬂu (sine)

4.Junction Capacitance

[=3 L o o oo dn (vv
ﬂﬂmqa1uﬂaﬂuﬂ71u§1ﬂm1u ZRnout5neunnLoo9i1Ae (silicon power rectifier)



o o do v g . o (o w e
Rmsgin wofufnfueléis (fast rectiriery  fiv,  (Tonfitesdoundy i

1 ‘ ' o (IJI g¢0 (0') P
anni13e Than udasdrdnly Sonfi Safiunzioodindecschottky power rectifier)

+
o oy

o o o ( 3 ' 124 d Q'
ﬂﬂlﬂ@NﬂW?ﬁ?ﬂﬁ“?f”?ﬂﬂﬁiul4ﬁJGﬂW?ﬂu ﬂ?BHﬂQSQﬂHW1ﬂ%W$Q1&Hﬂ W?Lﬂﬂﬂ?ﬂ?ﬂ

]
©

2 s . & oo "\ v 6
15 (udAeeMNMY (depletion capacitance) fefiA1V, €19 @16NLNUUTEIWDG-

[~ -3

¢ & d o { : D e E & ¢
forfiirfunolend 0190l 5 1Miwos  AWILALLTERTDILINAELBDTINATTIL

4 v g o ) d X3 a ¢ e o © (e

F9e@) LIV TENEINI1UD Y GonfiL S nfung toaiiona ludufiy Bunnuaud ¥ lna
14 a oc { -

(leakage inductance) ﬂﬁqﬁtﬂﬂﬂﬁi F12ULUT (resonances) Lﬁuwaqﬁtﬂmﬂ17

(73

dev { i ] ¢ o ¢ o M
Totodin (overshoot) 4o9TranLea ﬂWM?LﬂuﬁieiquL?ﬂ@ﬂﬂﬂlﬂﬂﬁﬁﬂﬁ?gﬂuﬂﬂmﬁv

= ¢ 4 -1

TQ%uﬁuqmﬁQﬁ ueRranad Lo 1oda laantaa Liamudieannis

O0.33

C_ = k/(V )
T R

5.Reverse Recovery

LIR1209N1T % 1nafaTiu110¢8 (reverse recover) vFansuuafindnofa (peak
peverse current) 10¢15nfuz Laasuﬁaﬂuiwﬂ £ TUAHIDY  KUAITIEURI SN
ﬂaﬁuﬁﬁouaudduﬂautvaénmaé stwedwﬁuﬁnumufuwoﬁQQEﬂinﬂgﬂugﬂnWﬂuanaoqs,Smsw
fnseuafiountvanasaesidudmuamaamos  niwGauiaatina 10930 e = -Ldi/dt
Tosms i Goniuartionano T Radynnsunu (noise) uar EMI  sumunainengng

a9

1]
=1

, ) o F(qu e ‘11»\.- . ()' - \1::![_ a'a‘_ g & g.f o
- ITHIANTLIBTRTAULIDTT e ﬂﬂéﬁﬂﬂ 9 layoguig eI Lo LI fLInsing

€ o6 4 o= o
LoDSuINTeLa 1 Alaniag V. oLy ﬂ ﬂ181007 Wﬂ@uqﬂﬁuuﬂ NyelRl _ SERONY

M

. v B . 'Y o & ' o o ¢
fesasn diszde usengeuatounduar lnasunsefietaan srr nlufoisle Toaviies

2 v o e =] (4 1 an' ¥ a1
founduifinie v, ussanasinBe v awihldlsey arrifiefiuiisomio navdemn eee

':’ ! 8 i ﬂt’ L l r-J o L]
Tﬂﬂﬂ?1UQBﬁ1Qﬂﬂ%10L?ﬂ?ﬁﬁﬂﬁﬂ?&ﬂﬂluaﬂUaﬂm?Glﬁuﬂuﬂ ﬂd?@ﬂﬂ?ﬂ??ﬂ o W

v o {y
- Yﬂmmamnﬂfauatﬂuguﬂﬂozﬂ 2

-

trp Qzuﬂsmwuqmﬁgﬁﬁﬁﬂﬁeauﬂ1s



vlrl&
v!r
2
— 1= ik |
' i
|
1
_ 7
77
'On
— 'll’ .
‘oll
H
A,
1. SCHOTTKY AND ULTRAFAST EPITAXIAL,
3 2.GOLD-DOPED FAST RECOVERY
3. SNAP ACTIN RECOVERY -
4. STANDARD RECOVERY
+ 7 ;
0
|
- ]
lp
+ 1 ] 1 | 1 3 1 1 1 1 i 1 1 (] .
o X 2 3 4 5 6 7 8 8 101112 13 14 15
e pts ’
B. ’
gifn 2 uzng Reclifier Recovery Characteristics



trr = 20, /(di/db)
l = 2Q_tdi/dt)

RM(REC)

1o 1, = nseialiadounsy
¢ $ . .o Lz‘ll-'_ { & & o o ﬁs: [ o
nawta09 Lepdaaligele MlommTaniaad  dlludos Mwdowlasilisuameasuae
& o (a2 qud A d o ¢
stepped-down secondary voltage nniiafuin uasilained dinl4tenfi Safihe o0,

o v ll‘) { (all ! o o (UB 4
Budinuandd lnauaeanBunndyo sgunsddun g1an 11 Reg Touuud  foruaeld v

Ly
v/ /= _Lre
o5 w {4
Tag L = Budnunuddlua
L %) d l:. 1]
¢ F ﬂﬁmvtﬂuﬂisgnfaama
Irm(rec) = Es(C/L)
é 4 =
T Es = TqanLmaﬁﬂutawngnﬂaoﬁﬁanﬂae

S N ) e o 4 = v o 1 4 o § v o o ’
ANTHOARUYL UDTaTDL Taauielo09 Lwaﬁa‘ﬂﬂu 71'6““%”11&1“ L H%‘ﬂ’ﬂﬁ LNGAITM LA IEULN

d [~ l W =1 g
Snfunoions uacisen EMI lBneae

6.Forward Recovery Time

v

s { a {lav s o [y v o

49 LIRVLOINITHDT LAITATAVL DTS v LN Fu o 9N LAENTELA LD

(Y] o g P-4 o ¢ ™ ' ¢ o ¢ P-4 G] ,9

1”0&&70 ﬂ?quﬁﬂuﬂﬂuuﬂtaﬂﬂuLMDT?RHLmﬁﬂﬂﬂﬂiauL?ﬁﬁwﬂﬁkaa?ﬁﬂﬂu;tfr quﬂ'
[~ o i o (et 1 ¢ o o b

wIANNR  0.1-0.4us ﬁWHTUQﬂﬂ?MﬂqﬁiﬁﬂﬂlmQWW uavaeiin vy 0.3-1 us

© { { ° vn &d&ao 4 ' =3 { o dev '™ {

§7W7UQﬂﬂ7mT1ﬂﬂLﬂQ§0 AMTUTOANLTNANHLDDS QSTHHRQUGGﬂD?l??QTﬂULTGTT‘ﬂM

at v A P 1 o Ve © e ' du s £

LUBIINAIIUHTUNIULUBRTITAIEN 0ﬂ101?ﬂﬂ1”ﬂ1m7LﬂUU?8?ﬂ79ﬂ@9ﬂ80ﬂﬂﬂ00%ﬂ%17?

v 4 {o o ¢ o s o o 1
My ﬂOHL?DTLWOTﬂﬂ?WNﬂ%O N7elldlFo7 surge n1waw1u LARUIELDDT

' ' { o o a -
spnang L funsvuadnduglugunsd  wavh inseuafiaedios ualunswdaimod iy

[ " 4
o o o

o o ¢ (1 a ¢ & o Vw8
lNDLﬂﬂﬁ?ﬂﬁgﬂﬂ?ﬂﬂ?vuﬂ1HHSWUTﬂLﬂai ﬂLNM%H%UWG@?“QENNRNWQWﬂﬂW ﬂ?lﬂﬁﬂ?v?

2 - o v é [ N X o L ) o
79 LNGRINDUANUAUTYD IMIDUUAN %QﬂﬂﬂaﬁLﬂQﬂquuﬂ11ﬂ ﬂ1ﬂ77§mLﬂﬂﬂaﬂ turn-on



o & ¢
switching LwNﬂunﬂsﬂTWuaﬂLWDTQB saturated

7.Rectifier Losses at High Frequency
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BIPOLAR POWER TRANSISTOR
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PROGRAM®

10
20
a0
40
50
60
61
63
65
66
68
80
90
100
110
120
130
149
150
160
170
180
190

200

FOR I = © TO 255

J =1 % 360 / 255

A =SIN C J 7/ 18®)
= 314158

B = (A+1) s 2

C =D0b % 255

R=C+ @ 55

IR = INT (R)

IC = INT (C)

IF IR > IC THEN E =

IF IR <= IC THEN E =

X=E/ 16

Y = INT (X)
Z=(X-Y) % 16
IF Y = 10 THEN Y
IF Y = 11 THEN Y
IF Y = 12 THEN Y
IF Y = 13 THEN Y
IF Y = 14 THEN Y
IF Y = 15 THEN Y
IF Z = 10 THEN
IF Z = 11 THEN
IF Z = 12 THEN
IF Z = 13 THEN

IR

©"

"

"

"

1"

1"

"



14 THEN “E"

210 IF Z

220 IF Z 15 THEN =" F »
230 LPRINT 1 , C, E, YZ
240 NEXT 1|

250 END
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fc = 1kHz W yn

i}

fv 50 Hz
1% double edge modulation trap frequency = 2 kHz
load = 20 ohm

X,,/Z, = 1.5 %

X,, =2fL = .pi5%220° = 3.3
TEae iy L, =3.3/2%%50 = .01 = 10 mH
C, = 1/0(4% %Pkc)] = 6 uF 14 .5uF
XL, 7Z, = 4%
XL, = «04(220) = 8.8
’ L, = B.B/2K ¥fv = 28 mH
. X_,/Z, = 20%
X = 44

C, = /2% xfv¥X_, =3.6uF 14 4.7 ur
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N0 Switching Element

1 1 2

D,-D, 15 A 150 V Fast  C_ = 3000 uF ; D, 20 A 50 V

R, = 5ohm 1/4 VW C, =2.2uF 16 V
R, = 56 ohm 1/4 W C, = 9.33 uF 250 V
DIODE,LUO§ PS186R fast recovery 1A 800V Cs = @.,33 uF 250 V
C, = 1500 pF

d1f Input Rectifier snd Filter
R, =1 Mohm 10 W C, =.001 uF
R, = 0.5 ohm 190 W CE_= 2209 PF
R, = 0.5 ohm 10 W~ C, = 220 pF
R, = 100 Kohm 5 W C, =.901 uF
L.sL, ﬂ?ﬂluaé 18 Wy 30 7aunuunutwa§1sﬁ C, = 100 uF
D -D, 5A 700V C, = 100 uF

f1A 494 PWM Control
R, = 20 Kohm 1/4 W. R, = 25 ohm C = 1000uF 25 V
R, = 10 Kohm 1/4 W R . = 330 ohm C, = 10BQuF 50 V
R, = 5 Kohm 1/4 W R,, = 25 ohm C,=.+.1uF 58V
R, = 5 Kohm 1/4 W R;z = 338 ohm C, = .01 uF 50 V
R, = 30 Kohm 1/4 W R,, = 502 ohm C, = 001 uF 50 V
R, = 1 Mohm 1/4 W 4+VR, = Varieble 10 Kohm C_ = .01 uF 50 V
R,'= 1 Kohm 1/4 VW D,-D, = IN40O1 C, = .01 uF 50V
R, = 15 Kohm 1/4 W C, = .01 uF 50V

D1f Output Rectifier, Filter, Battery Chargder and Trensfer Switch
R = 220 ohm 5 W C = .81 uF L = 40 uH
R, = 1.2 ohm C, = 10028 uF 59 V L= 180 uH

i D_S5ASDV



| | TL494
‘ MOTOROLA | Tess |

Specifications and Applications :
P Informatiogp T - SWITCHMODE )
PULSE WIDTH MODULATION
C * CONTROL CIRCUITS
SWITCHMODE -

PULSE WIDTH MODULATION , . SILICON MONOLITHIC
INTEGRATED CIRCUNTS

CONTROL CIRCUITS

The TL494 and TL495 are fixed frequency, pulse width modu-
lation control circuits designed primarily for Switchmode power
supply control. These devices feature:

‘s Complete Pulse Width Modulation Control Circuitry 1 ) _
® On-Chip Oscillator With Mastér Or Slave Operation

® On-Chip Error Amplifiers :

® On-Chip.5 Vot Reference N SUFFIX
¢ Adjustable Déad-Time Control PLASTIC PACKAGE
CASE 648-05

¢ Uncommitted Output Transistors For 200 mA Source.Or Sink
Output Control For Push-Pull Or Single-Ended Operation

®
® On-Chip 39 Volt Zener {TL495 Only)
 Output Steering Contro! {TL495 Only) cem'r'wfcl":fg o
: . CASE 620-02
PIN CONNECTIONS g ¥ TL4SS
Teass Trass
Non-invy Non-| .
DI:BME bln:nm | -
Non-m inv 4 N SUFRX
% g2 . L B~ PLASTIC PACKAGE
Compen’ . "3 ) CASE 70702
Em PV Comp [y ni . .
Inpart Inpunt 18 f b
Dead .
E"M Time| 4 L LR
Controt J SUFRAX
Owpat
elern el  ast Ty

ORDERING INFORMATION

Eu uE - T} = Tempersture )
} L'E: Device Range Package
a" B ble | Meseen . oo 70°C Plastic DIP
' Tiop Vel N TLas4Cy 0 7o 70°C Ceramic DIP
. . TLasaIN - 25 Yo 85'C Plastic DIP
— TLAS4L ~25To85'C  |Ceramic DIP.
- : TLASAMY ~5570125°C | Ceramic DIP
The TLAS4C/495C are specified over the commercis! operating |
range of 0°C to 70°C. The TL4941/4951 sré specified over the in- TL45CN 0 Yo 70°C Plastic DIP . .
dustrial range of — 25°C 10 85°C. The TL434M is specified over the TL49SC) 0 To 70°C Ceramic DiP
I mili - . -
full militery range of ~ 55°C to 125°C. : TLagEIN ~25To85C_ | Plastic DIP
1 TLagsy ~25To 85°C | Ceramic DIP

MOTOROLA LINEAR/INTERFACE DEVICES o
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TL494, TL485

FIGURE 1 — BLOCK DIAGRAM

Steering Control Output Control vee
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FIGURE 2 — TIMING DIAGRAM
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TL494, TL495

Description

The TL49449¢ are fixez-“-2z ercy pulse width mod-

uvlation contro! circuit, inzz=2zrating the primary build-

" ing blocks required for the zzr21 of 8 switching power

supply. (See Figure 1.) A~ ~rarnzl-linear sawlooth os-

ciliator” is frequency-proz-z—mable by two external

components, RT and Cy. T-¢ oscillator frequency is
determined by:

P
{o134 ;—Z.CT

Output pulse width moz . szton is accomplished by
comparison of the posiive 12awiooth wavelorm actoss
capacitor CT 1o either of ter: control signals. The NOR
gates, which drive outp.z s-znsistors 01 snd Q2, are
enabled only when the f.z¢¢cp clock-input tine is in its
low state. This happens o=, curing that portion of time
when the sawtooth vohzge is greater than the control
signals. Therefore, an in=e2se in controt-signal ampli-
tude causes a correspons=¢ finear decrease of autput
pulse width. (Refer to the ting diagram shown in Fig-
ure 2.}

The control signals are ex=ernal inputs that can be fed
into the dead-time contrg’. the error amplifier inputs,
o1 the feedback inpuL Tre dead-time control compar-
ator has an effective 125 =V input offset which limits
the minimum butput dezz time 1o spproximately the
first 4% of the sawloothcycie time. This would result
in 8 maximum duty eycie on a given output of 86% with
the output control grounaed, and 48% with it connected
to the re{erengze line. Ad21ional dead time may be im-
posed on the output by setting the dead time-control
input 1o a fixed voltage, ranging between 0 to 3.3 V.

The pulse width moowtator comparator provides a
means for the error 2mp’“iers to adjust the output pulse
width from the maximy-~. percent on-time, established
by the dead time contst! input, down to 2ero, as the

FIGURE 3 — FUNCTIONAL TABLE

" of sourcing up 10 10 mA of load current Tor external bias

. ‘outputs are active high and are ORed together st the

oscillator. . .

voltage at the feedback pin varies from0.510 3.5 V. Both
error amplifiers have s common-mode’input range from
—0.3Vto (Ve —2 V) and may be used to sense power-
supply output voltage and current. The error-amplifier

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 Cy is discharged, 8 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 1o 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 10 half that of the oscil-
lator. Output 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 paraliel, and the output-mode
pin must be tied to ground to disahle the flip-flop. The
output frequency wili now be equal to that of the

The TL484/495 has an‘internal 5.0 V reference capable

circuits. The reference has an sccuracy of =5% with a
thermal drift of less than 50 mV over an operating tem-
perature renge of 0 to 70°C.

‘The TL495 contains sn on-chip 39 volt zener diode for
high voltage applications where Ve is greater than 40
volts, and an output steering control that overrides the
injernal control of the pulse-steering flip-fiop. (Refer to
the functional table shown in Figure 3.)

Inputs > fout v
Output Steering = Output Function '_ = {
Control Control . . Josc {
Grounded Open Single-ended P.W.M. »1 Q1 and Q2 - 1 - -
At Vyor Open Push-pull operation ' [ X
Al Vet Vi <04V Single-ended P.W.M, at 01 only 1 -
Al Voo V124V Single-ended P.W.M. 21 Q2 only. : "1
' See Enginsering Bulistin EB100 for further information. .

MOTOROLA LINEAR/INTERFACE DEVICES .
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TL494, TLASS:

MAXIMUNM PATINGS (= c:»eratfng ambient temperature range applies unless otherwise noted.)

— Reting Symbol TL4s4M TLAS4VTLA9SI | TLASEC/TLASSE | Unht

:—_ﬁa’w:Supp!y Vonape Vee 42 a2 42 v
Collector Ouizn Voliaze ves. Vo2 42 42 42 v

[Collector Dutz. Curren: feact transistor) ic1 I 250 .. 250 250 mA
Amplifier Inpot Vokage, Via Vee + 3.0 Vee 4.3.0 Vee + 3.0 v

. [ Power Dissiczzion € Tp, < £5°C ‘Pp 1000 " 1000 1000 mwW

’Tpe'ralinq Jurion Temperatare Ty . 150 150 150 “c
Operating At Temperzture Range Ta ~5510 125 + ~2510 85 010 70 *C
Siorage Tempe-ziure Renge Ter ~6510 +150 -65to +150 - 6510 +150 °C
THERMAL CHARACTERISTICS . .

r Chaerizcteristics Symbol | J Suffix Ceramic Packsge | N Sutfix Plastic Packsge Unit
Therma! Resistznce, Junction 10 Ambient RajA 100, - 80 *CW
Power Derating Factor VReJA 1 "100 - — 125 mwrc
Derating Ambtient Temperature TA 50’ a5 °C
RECOMMENDED OPERATING CONDITIONS
’ TL4S4TLASS ,

ConditionValue ) Symbol Min Typ Max Unit

1 Power Supply Voitage vee 7.0 15 a0 \
Collector Output Vohage . Ve Ve —-_ 30 40 \
Collector Outpin Current {each transistor) ic1. o2 —_ L wl % 200 mA

. Amplifier Input Voltage Vin -0.3 — vee - 20 v
Turrent Into Feedback Termina! b, - —_— 0.3 mA
Reference Output Current Iref - — 10 mA
Timing Resistor At 18 30 500 k0
Timing Capacftor Cyt 0.47 1.0 10,000 nF
Oscillator Freq&ency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Veg = 15 V. fose =10 kHz unless otherwise noted.)
For typicsl velues Tp = 25°C, for min‘max values T is the operating ambient temperature range thet applies uriless otherwise

. noted.

. TLAMM TLAS4C, VTL495C
Characteristic Symbol | Min [ Typ [ Mex | Min | Typ | Max | unk
REFERENCE SECTION : v )
Reference Vohage 3 Vref 4.75 5.0 5.25 475. 1 5.0 825 V.
lip = 1.0 mA) . r o
Reference Voltage Change with Temnperature AViref (AT) — 02’ 2.0 o 13 26 %
{ATp = Min to Max) B R
Input Regulation’ Repline — 2.0 25 -— 2.0, 25 mv
(Vee = 7.0 Vio 40 V), = N
Output. Regulation |« | Regioad’ —_ 30 1% T— 3.0 15 mV
(io = 1.0 mA to 10 mA} .
Shon-Circuit Output Current " ise 10 35 50 — 35 - mA
{Vief = OV, T = 25°C) . - '

MO’:I'ORQLA LINEAR/INTERFACE DEVICES
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TL494, TL495

ELECTRICAL CHARACTERISTICS (Ve = 15V, fosc = 10 kHz unless otherwise noted.)
For typice! values Tp = 25°C, for min‘max values Ta is the operating 2mbient temperature range that applies unless otherwise

noted.
TLAS4M TL4S4C, I'TLA9SC, |
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Unit
OUTPUT SECTION :
Collector Off-State Current ICtotf) - 2.0 100 — 2.0 100 KA
(Ve = 40V, Veg =~ 40 V)
Emitier OH-State Current IE(off) -— —_ -150 - — -100 HA
(Veg = 40V, Ve = 40V, VE = O V)
Collector-Eminer Saturation Voltage Vsat(C) - 1.1 1.5 — 11 1.3 v
Common-Eminer '
(VE = OV, Ic = 200 mA) !
Emitter-Follower Vsat(E) — i 15 2.5 - 1.5 25 v
(Ve = 15V, Ig = -200 mA) ]
Ouytput Control Pin Current locL - 10 - - 10 - pA’
Low State
Voc < 04 V) B
High State locH = — P02 | o3s - 0.2 35 mA
Voc = Vret) i
Output Voltage Rise Time (T = 25°C) 1 -— 100 200 - 100 200 ns
Common-Emitter (See Figure 13} !
Emitter-Follower (See Figure 14) — ' 100 200 — 100 200 ns
Output Voitage Fall Time (Tp = 25°C) Yy — | 25 100 —_ 25 100 ns
Common-Emitter {See Figure 13) i
Emitter-Follower {See Figure 14) — 1 e 100 —_ 40 100 ns
TLAS4/TL49S
Characterisiic Symbo! Min Typ ] Max Unit
ERROR AMPLIFIER SECTIONS
Input Offset Voltage Vio - 2.0 10 m\"l
___(Vo {Pin3) = 25V)
tnput Offset Current lip — 5.0 250 nA
Vo (Pin3) = 25 V)
Input Bias Current T — 0.1 1.0 BA
(VO (Pin3) = 2.5V}
Input Common-Mode Voltage Renge Vicr -03 — Vee - 20 v
Ve = 7.0 V1o 40 V)
Open-Loop Voliage Gain AvoL 70 85 o= dB
{3Vp = 30V.Vg = 051035V,
Ry = 2.0 k)
Unity-Gain Crossover Frequency fc —_ 350 - kHz
(VO = 0.5t035V,R = 2.0kN)
Phase Margin st Unity-Gain em —_ 65 —_ deg.
(VO = 051035V, R = 2.0kN)
Common-Mode Rejection Ratio CMRR €5 90 dB
(Vee = 40 V)
Power Supply Rejection Ratio PSRR — 100 -—_ dB
(AVee = 33V, Vp = 25V, Ry = 2.0k0)
Output Sink Current Io- 0.3 0.7 —_ mA
(Vo (Pin3) = 0.7 V)
Output Source Current lo+ -2¢ -4.0 —_ mA
(Vo (Pin3) = 35V)

MOTOROLA LINEAR/INTERFACE DEVICES
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TL494, TL495

ELECTRICAL CHARAC'TERISTICS.(VCC = 15V, fogc = 10 kHz unless otherwise noted.)
For typica! values T4 = 25°C, for min/max velues T i is the operating ambient temperature range that applies unless otherwise

noted. -

) TLASLTIA9S

- Characteristic - Symbol | Min ] Typ I Max Unht

PWM COMPARATOR SECTION (Test Circuit Figure 12) R

input Threshold Vohage VIH - s 45 v

s (Zero duty cycle}

Input Sink Current - 03 07 — mA
V(Pin3) = 07V) i

DEAD-TIME CONYROL SECTION (Test Circvit Figure 12) .

Input Bias Current (Pin 4) ’ 8 (DT}, — ~2.0 -10 PA
Vin = 010525 V) ) .

Maximurn Duty Cyele, Each Output, Push-Pull Mode DCrmax . . %
Vin = OV, C] = 0.1 uF, RT = 12.kQ) : a5 48 50
N.n=OVCT=0001pFRT-30km - 45 50

Input Threshold Voltage (Pin &) VT : v
(Zero Duty Cycle) -— 2.8 33

{(Maximum Duty Cycle) (] ) -

OSCILLATOR SECTION

Frequency . lose - 40 - kHz
{CT = 0.001 uf, R = 30 ki2} .

Standard Devistion of Frequency®. olose - 3.0 —_ %

. (CT = 0.001 uF, fiy = 30 kA1) .

Frequency Change with Voltage Alpse (AV) -— 0. - %
{Vec = 7.0V1040V, Ty = 25°C)

Frequency Change with Temperature Alose (aT) Ry 2 12 %
{8T4 = Tiow to Thigh! (T = 0.01 uF, Ry = 12 k)

. TL4S5
. Characteristic ¢ Symbol Min ] Tvp I " Max’ Unit

STEERING CONTROL )

fnput' Current Low ISTL — -25 -200 pA
Vipin 13) = 04 V) 3

_Input Current High ISTH pA
(ViPin 13) = 24 V) . —_ 25 ) 200
(V(Pin 13} = Vief) . ) - 75 -

ZENER CHARACTERISTICS B B

Zener Breakdown Voltage vz - 39 - v
{1z = 2.0 mA)

Sink Current iRz — _ 03 — mA
V(Pin 15) = 1.0V) .

TJOTAL DEVICE"

Standby Supply Current . Ice - mA
(Pin 6 8t Vyet, All Other Inputs end Ompm: Open) ’

Vee = 15V) . - 55 10
{(Vcc = 40 V) L.t — 7.0 15 .

Average Supply Current - -— —_— .0 —-— mA

(V(Pin 4) = 2.0 V) (See Figure 12.) . ’
{Cy = 0.00%, Ry = 12k, Voo = 15 V)i
‘® Standard devistion it s e of the istical distributi about the masn a3 derived from the formula, o0 =

MOTOROLA LINEAR/INTERFACE DE_VICES__
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TL494, TL495

. DT, PERCENT DEAD TWAE, EACH DUTPUT

YOL 15AT) SATURATYw v talt vy

To. OSCULAT0R Foegr ey Mpt

FIGURE 4 — OSZILLATOR FREQUENCY -

versus TIMING RESISTANCE

FIGURE 5§ — OPEN LOOP VOLTAGE GAIN AND PHASE

versus FREQUENCY
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FIGURE 6 — PERCENT DEAD TIME versus FIGURE 7 — PERCENT DUTY CYCLE versus
OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE .
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TL494, TL495 ‘ -

FIGURE 10 — STANDBY-SUPPLY CURRENT - . |
. versus SUPPLY VOLTAGE . |

70
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e, SUPPLY CURRENT ImA) ¢
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T
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[ j s B : . .
¢ i 1 15 ] 2% k] ¥ @
Ve, SUPPLY VOLTAGE V)

FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL

TEST CIRCUIT” i
Vo =18V ~
. Error Amplifier - 2 ;33 : ;33
Under Test Vce
O——————— Desd Time 1 -6 Output 1
Test § 3 € -
{ o Feedback %
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" FIGURE 13 — COMMON-EMITTER CONéIGURATION

TEST CIRCUIT AND WAVEFORM
v
gho
{ 68 .
p—o Vv,
. c ¢
Each Q
Output T 15 pF -
Transistor’

FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
TEST CIRCUIT AND WAVEFORM

Edch
Output ]
Transistor
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FAGURE 15 — ERROR-AMPLIFIER SENSING TECHNKQUES

Vo
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To Output
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FGURE 16 — DEAD-TIME CONTROL CIRCUIT
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HAGURE 18 — OUTPUT CONNECTIONS FOR SINGLE-ENDED AND
3 PUSH-PULL CONFIGURATIONS
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PGURE 17 — SOFT-START CIRCUIT’
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AGURE 18 — SLAVING TWO Oft MORE CONTROL CIRCUITS

RAGURE 20 — OPERATION WITH V|- > 40 V USING
INTERNAL ZENER (T1485 ONLY)
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¢ ,2./
3
vz sV
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AGURE 21 — PULSE-MDTH‘M‘ODULATED PUSH-PULL CONVERTER
+Vjp, = 80020V
o—
1z¢ : +Vo =22: v
3 io = 0.
1 + Vce <
2 22¢
‘IM:, 1 1 B k$
T3 ?'Aa& e 3 Comp TLLS4 *.- 50 _JP -
0.01 0.01=< 15| 2 F35 v i
" 1 # ‘.7k:> +] 50
. ; Tasv
+  OC Ve DT C1 Ry Gnd &1 E2 '1"'
13 4| a4 51 6] 7] 9} 10
LS (D WIS O .
YV S <
a7k 1 7‘4‘\) $15k 2480 ::
< L o bS
47k 1W0&$ 0.001 i
o ) ¥ -0
) Al u‘;_uciton‘in MJ 3
L1— 35mH @ 03A ) .
T1— Primary: 20T C.T. €28 AWG
Secondery: 1207 C.T. #36 AWG - 5
Core: Ferroxcube 1£08P-L00-3C8- i
- - - - — - i .
TEST CONDITIONS RESULTS
Line Regulation Vin = 6.0tc 20V 30mvV  0.01%
Losd Regulation Vin = 126V, Ig = 8.2'10 200 mA 50mV  0.02%
Output Ripple. Vin = 126V, Ig = 200 mA 4 mVP-P  PARD.
Shon Circuit Current Vin = 126 V,R = 0.1 00 250 mA )
Efficiency Vin = 12.6 V. I = 200 mA 2%
i MOTOROLA LINEAR/INTERFACE DEVICES N
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

+Vin = 101040V ) — LomH & 24 4Vg = 50V
. 16 =30A
47k
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% L ; TLass e pra ; - ?
sov T 14
Veet — +
15 L 500 2
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= +{ 50
] L
5 |6 4 (131 7}8 (10 1 e
< 150 .
0.001 a7k i
4 @ = H—e—0
201
-All capacitors in pF 2
TEST X CONDITIONS "RESULTS
Line Regulation Vin = 10V1040V . mV  0.28%
Load Regulstion : Vin = 28V, lg = 1.0 mA 1o 1.0 mA 3.0mV - 0.06%
- Output Ripple Vin=28V,1g = 1.0A 65 mV.P-P  PARD,
‘| Shon Circuit Current Vin = 28V/RL = 010 1.6 amps
Efficiency Vin = 28V.1g = 1.0A 71%
. ) . = o -t
. -
. . A .
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Style 2 H

Material of housing glass-fibre-filled polyteraphthalate }

Material of tags “solder-plated brass H

Minimum window area 464 mm? g
Mean length of tum 96 mm

Mass, 15 tags inserted approx. 36 g ;

Flame proof according to UL-94-V 0 g

Mounting horizontal and vertical ’:

Catalogue numbers see next page

Tag arrangement see next page

Dimensions in mm
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