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POWER ASSIFICATION TFTOR POWER., ELECTRONIC
Lower Pouvber |,.00 - unti £ 2 ww.
Sowple applications Domestic appliances
Power switches MOSFE T

Middle Power level - n - sEoO \L\N,
Electricol vehicles

=So\ar Power APP licadtions
MOS T+ ET, TcsRRT

H(gher Power Level - Quer SO0 k\x/
Qen@waole Er\er‘sﬂ
Electric DQS'H\ibU-Hor\
IGRT.
CLASSIFICATION OF POWER SVIITCHES
4 Disdeg | O~ and 0{1_? states contreolled b\\j powoer
iUt t .
& 1 T\’:j("\'-'i"‘-ef‘.s: Lotched on lo\j a contecol g(SnQ.Q.
bu+ must be turned off b:s +he ?.ouu,et"
cireytt
3., Controllable s witches + Turned on and QQ,F‘ La:j
con+trol s:\er\cﬂs.
Controlloble suwitehn pa**e_qorj e ludes seouecol devlte
+j993 'U‘“*C.‘\\JC‘W\S] b'\fDOEOV- Nune Yion Yronsais tors (EJT))

Me’L&-G- oxide Semiconductor ,P;e_-'ld Q_F,{‘@c‘t *ansistory
(I\AOS\:ETs)) Gate “4uern 0{1{’_ +-hLdr‘iS'tor‘.s (@TOs) and
\nsuloted Gote Qi;m\oh Trownsis tors (IG%'T;}

There. have been. moda—or advances n reoen'l:dmr& i
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Conducting current = \E
R’eQéFSQ_ Break douwn ‘\JOH@& :\,JQB

Treahold qok“rQ@e = VFT Ne = \IFT + rF.iT_

lnternol sesstrance = (g
Anod - cothode vO\'\‘OSG ___\/F

s whkewn the Supplied wiHape exceeds +twe

The Dio ds dgvv\na,a
\IKB break Aot \JO\*Q@Q ond 5o it is g e dulic o Otx\jmorQ,

\s forward bilased, i+ begins 1o c@mduct wWitn

-

WMV\ tuwe diode <
for\\J a senall -F:’:r*uderd \JO"“Q&Q Q¢ ross 1t

-~ When e dicde is reverse \o{Ou}-ed, Ow\d Q (\eg\\\a'\\o\\\.i seall
\@LGSQ current .Plows —H\rou@h ‘e deouice until dpne reverse

bread douwsn uo\-\aSQ \s (eached .

Qre = Reverse cecovery electrical C‘norge&

trr = Reverse recover fivme = torre

-l:rf L 2'\5:«\\3 .?orworé dime = +on:

I&QM\: PQ}JGTSQ recouer\\:s Mo MUM - curtrent

VAL = Acod ceirode \JO\'LQ@Q

\/atM = Max tmuana cwnod Qa-\‘kqjq ;UOH'QQQ.

The rpuer«se_-r@cO\JeU current cau~ \ead to Q\Jef‘\,lQ\-'\Z.Qjes P

inductive cCircuits.

ter

But 4Wis ceverse cuvecent does rnot Qf{ect he conver

1A fut/Ou‘\‘?u'\' characteris tic, 30 dbe diode caf alse be

considered as 1deal dur‘{vlg *Urr\-oﬁ_c {ransients
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-- 1) -T\,E\:--\.:“
baf-evxé)tnj an +rea q\a?\ica tian r‘eo,ulre, ment s, various

-\;ﬂPe& o{l diode d are available

A. Schott J N0 QRN \r\ contrast w{-’rh ;Qﬁugzr\-\(or\oﬂ, O~ N

Juaeton, a metol layer s odded *o ow it TwWis

meons +rot  on-stale woldopce droP s lower +han
k_\j

Co\.\qev\MOr\QhQ‘_ de&QS, A\so,'m-.::-,-;:.L,.'.,r-..\:r-, JC.H(_;\SQ s lower

- Yhon coaventionol dlodo s like 400 \/ M ax qurrer\'{: wvalue

-P’or‘ on—-stote s |- 400 A. 1+ is SudaﬁARQ\ -Por‘ fower

o
Vo \tage aqnd WieWer currenwt app cation s T —

L - Fou+ (rec -i

T_Hese, Liv\_o\ C_}; di:du Ou—L. iﬁbi@ﬂ@d 1o be uied e ht‘\?h*

,Qrec\uemﬁ ciccautts. The r-ecoxler\\j w18 w\w‘sﬂb.

Their uo\+oﬁe ranges are Sl\'row\ SO V! sl BN anid
[P i ('Qr\ga¢ ou—e grov\/\ ALA [ aiiia .{lr-wu ~Nuan der<ed

awpere . Max voldape omd Currenat values ore bV

and 4400 A. The cecover Lone. e tote diode s

s \(\ NONRO0 second levels .

3.~ S+tondort diocdes

Thaisr recovery Lime are higher dhouwn o ~Y\aer —&_jti‘:ﬁhs,

2Sphs. Voltage valves miQh+t be between SoV ond SkV.

Cuccent uvalvee mﬁg\m-b be between AA ovnd &

_Fe_uu "f\'\OUsQ(\d,‘ A~ .
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The moin Current _%?‘\Du_as_. J?r.::m Anrode (/\\) 10 the cathode

(\K). IA = Th:\('\&'\mr curcent NT - /\r\od-——ccr\-\ﬂode_\lo!‘\fgge_
B R Trgsgeriﬁﬂ current

Iﬁ \ts O-Q.F-S‘\‘Q'\‘e, twe '\\Adr\‘sﬁ-or— can block o .C@rwoxrd

\::,o\qr('\;s \Jo\+ode arnd mot conduct

B\\ﬁ oeP\d\fﬁ Q Fos'rhxl?. Fu\se O{Ljate curcent %or* a short
durQ'HOV\, +\e +Mdria‘\or~ cov~ be *r\‘\@&erec\ = YO the on-
S tate .

Ornece ‘w2 dessie @ \OQS?./\S to conduct L 1s locked o~ and

jorte current cow be removed.

The -Hndﬁ'.s’coP conmot e turned OF.@ \o\g} +he @o\te
T\a\\jt"\stof— e beadlucts e s o Qiodo .

B LOQU.Aj curcent

IH: \-\o\divj current .

l{l +he maina currieat dbcreases lunAos \ho\c\\‘.@ curcgat,
'\'\r\jris‘\:or‘ = at O.‘:‘{-S*Q*e [N \OV\S Q54\+\~e +e o%,&.\‘;'\;\\oé
vo\-‘ro&:_e S \o'\j&mr Haoh | HoreE Henel avd 2) luribhout

$°VF\&:“\§ Foe.('\‘we uo\-{qfe durineg +ofFF tlme ,

-3

tow £ td +*s i+ £
t d - be_\o_\:j\,\g +_\l"‘|'_?e

‘l:_s ol s?reo\d‘.nj 4imeée

-i:r_.: yzai.s:,—ag +me

di dT
g g S B

. e
Otwarwise +he deuvice dow&?g due 4o lncreased June D o

critie MUt ke

<4 eMFrQ*ure .
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The reosowns .(Ioh se\.( On -state bH T"\-Se\.\’,

O e SN
at dt

2) VT>/ uB‘D S Zers breakdown \JOH‘Q&Q.

A e
/

+ne .?or- 1 wa JuEF\\‘ec\
Q

m,@q*-ua NI e
_—
\ onj circumgtonces werntiored obove, Jne deowice s
turred on  wWithout cwx\\j +r{S§erimS cutrren t ﬁrou.«
Sq‘te 4+ermina ld
.0
Notural Commutation: There is mno cecd Qf\j A ddi fona\
cwrecurLt
‘:'c')r\c_eA—COmmd“‘Q‘\'{o,\: Twgr e S Nnesd qdd\"\ﬁonQi Q;(‘CU;JL
RiPOLAR JuncTion teAansisToe (BITT)
A

A su_F,f;c(@vx'\"',\j \Or@g bose current (dQF.Qv\‘Q\Qr\‘\f on Lo
co\\ect o~ Q\mre\r\~\~) results 1A tre ouicee 'p‘*\\:j on  stia+de .
T > Sal
BF“ — dc Q\Aff‘eV\+jg;\/\ 0-(— e “LQU{C?
Twe o~ slote \;o\—\oSe \lde (so+) O‘Y‘ e BRI T ;s uduq\lj
€
\-2 N corpe i~ arde~ *o gbrain lower covrduelion

\:;ower‘ \oyse S,

BT T s @ current-contralled de e . lmut ond output Cu"rg

n

W Bose current mushr be &.w‘b?\\‘el T “QQ'P RIT » onstate
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QL+ - 't{_ T3 = Base Current
ke ‘) P L Iz 2 Emiter current
AN Vee S Vee Te = Callector current
L= , .
\j ey ‘r“ VEE = Rase—~E M\"LQC \jO\
- Vee = Collecior -Emiter Vo,
\'E Vce = SUF?B V0l+08€.
VRe = Vo\+a82 .Por Iw.
NgE & 0.7 V.
Nee = Tg-Rg + Vee == L gl= Vag —*\/'BHE:'_'
e

5 =Te+1T R

\Jee = Te-Re & Vex N | Negld Neée ~TL{Re

Tur(f\vgq Q-,e&{{;ﬁ . When ITeg=0, Tec will be eﬁuO«Q +o

2ec0 volue, The collecter-emite~ resister is so high
.ro' i s Cegson dJdoes not ?ermli Yo cuycent _p o U
Fo— this réS;or\, \y\“‘\eﬁ IQ, incC Qyed,

Satucation  Regiom
B
oswell, a8 resul\yx \/CE dluiniskhes. Incade

Te ineCe0d<es
evem ‘\,_gl T increoded, Tea deed rmot

Ve |= \/C’Esa-\;uraﬂahi
wereode due to saturation. The +ransistor s «o‘oero&ql

\QV\\\\j o sSuWite W,
Ac*\de Qeg;ghg [70 @ tcansister ud'\il be uSem( das an

QNP\i.F\éE, \]BE Mmus+ be biased Fosi'\"\\/e\lj and \ICE,
must e biased rxe\c]m\\qe\d. The output surcent of
+-ansistor s d.Q_Pet\de\'\: on IR and No& i~ asmolt Q‘uan-}iﬁ
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ERE leok.cx3e current in +he Off state.

2 Sceall OnN ~ ~Sta te \[O\‘\‘Q\ae \/Qr\ to minimize In-3+tate
'Fower— ‘Q&SQ.S

3. = hort Yurn-on and '\‘UFN-O-C-F +imes, This Wil
Ny

l:er-mr'\-_ Yhe Fhe doutce 4o be uted ot h\s\r\ sw\+ob\\m5
% -P(—eCiueﬁC/\e&

li. Larse ,,‘.Qohwor-c\ and revecrse - \I,OHfQﬂe_ ,\Q\OQ‘LM\S
ca pa bi\{-\:j. This vl Oinimize thae need .Qor series
connection o.f, several doniews. Otherwilise, ot need

Cow\?\\‘u—ﬁ—& +he conutrrol aund Fc—»o'*ec,%\om o.(,-khesw‘\klw

S. H{S\'\ on-state cuvrent rq'\\iﬂs, This woill minienize

+he HNheed 4o connect =meveral douierld in ‘DQr‘Q\lec\.

b, Saoll conterol ?o\uer‘ required to awiteh +he device

“Thie |[uuil &iw'p\:_cj +he conteal clrant Q.Q,s‘gr\

T Coapa®ilidig Yo withstrond rated VOHQS-Q ond
current s(mu\-\-oneou\s\s'x Whi le sw'\‘+~ch\‘,\8, This wil
eleminate the Aeed COﬁ exte rnod ,Fpo-\-éc'“OV\ l\\(.Q/

fSaubber clreuity

8,, LQ(\BQ dv/dt ond A/d+ (‘Q'\:\\(\ﬂs- This will pinimiu
the need for e xternol cireuits to Iimit dV/dt
and dildt =0 drot it i mek domo&e&
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Dama o s analyzin Q we assume Fhot po wer dersica g -

~

nowv e 1dJiQ—Q c'ﬂo\r'QC‘“-l(‘ft:-.Jt;\‘cs

Bl ha OPP\\'m'HOw.& Fowe(‘ dovice s o lh c(?&si':.o+e power

AQ—\:Q(\C&;\J\S o~ Yot ope(‘a-!-{nj mo de .

\.@ ‘\-\/\L:S &(SJ\'the too muecWw povwer, tve dovice sl can \CQE.Q,
Seinet | A Aoa«\g so, il d&s*ro\\j thowyelves | \?'—ur'H\Qrmore _Hfﬂ
mQﬂ d,ama.ge +he ot sdsn!-euux co\uFo:\e\r\%S

T here aqre 1('o\,u- tjee O,F lossecs occord(n\_g to the tustantane

ous state o]ﬂ Fo\.ue‘— S e W

& LIEm, ‘-:\.-._ap.—_-«rlf\\cB/Cow* ro\\{\,\-? Losses

06 AL | e ad
+ )
2_ Susyide !_{:; ."QESQ_C.
P:s - Dom =4 b‘ai—F

While +he powe dauvice Switches on or O‘F‘F stqgtes

Su.o\\*c\r\\g oFe.rolHO\/\ Couses to pow e (case & \r\\‘ghU.

ol OFF -State Losses
Pa= Pp + Py
These are twe loases dQue to \QO\Lqﬂe currents d»ukr\‘f\j

POSI‘*\\JF‘ OV\A (\QSQJ"“JC. b‘ockqse,

L|. oM - s tate Lolses
P —-] .A— L_‘ e ; . At
T = : 5 T

L0 R e v VAR TG el swite\ww g Our\—S‘fo%e/ due to +he value

) . '8 \ > o g P \ =
C'{ NOM L NOK calfrenTt 'I't‘_ C‘:kl~‘-‘af’7-$l_‘x..|**.~{JQ pm\m@l‘" ;
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For +the '\'H?e-s 0% losse § f Trisg.er’u\\s /'COV\\\(Q\\LAS an 4 OF€-Sh+e
logses  are neg \181 ble .

In other words, On-state dnd switchie lokes are

Muehh moce ‘w\*‘ﬁvxé.\_ve. QO\uPored to the others,

L wite Wi —e \0556‘3 Are cle__\i;'-:\eci as +the fﬂr"mr,\s:q logses
-~ \J "
per Sw te H&r\ﬁ oPerCl‘L‘:'oﬁ o &0\'1-.9 --;haé?'iﬁj

We obtain ithe Fowor \osse s per owe S€c0wn o i{‘ woe md\“’ri?\:]

+.hose enecgy losses  witin OFGFQ'\‘.\OI\Q\ ?re'ﬂuer\c\j :

NSIs L e Yot
rPS = ‘FF - s

Onv-state Powecr Losses For The Types o.( power Suottehes

For Troawrsis tors

P'T:

_r-

For MO&(»QJL

e —il_— f Ups Lp dt =%—j“m5' s dt:rﬁS["blfAt

For Thdr‘.ﬁor/b\oel
P'T:_(Tf U~ iT-df=—§T:v/(uTo+“T-iT> lr-dt

THE THERMAL  EQUWRLEN T QCipculT OF POWER SWILTCH.
T har e Qe T O J“‘ji'_‘af'i o-v C‘ca'li\r\j ,,5,\_{'3.-\6_‘«\\”\ ¥o W F\Q‘\L\FQ«_Q,

C\\’\C\ ,(_Ct'-"t"d. OWe S
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Tq = Tcwper-q-h;r‘c O? Arxbient
Ts = 7 o_F heat sink
TC- = Te,u-.\Perc\*ur-e O.F Cose

TJ = Junction TemPero'Fur*e

P JC = Inter mol Hhermol reststance ec/\l&f

RThcA = Externol ” ié wC/\x/ = Rrnhes Bysa

TC: -TZI +p ‘QJ\”hQA
o g = T # P24 55

P= totol power loss
P = Ps y P—\' e PG

Device manu.Fo.c+ureﬁs w Suaron+ee +he mox.values o.F
o ee Forc\me-\tr& SucW ast conQuetion uQHQ&Q Swn*c\mvf
losses . a¥ o s ec.\{ ed ~~aX. -Lequro.%re This \s a worst-case

gJunction e uan pet‘q-\- ure.

o L+ Vs et 125C G‘:Pr—ox|mq+e\:$ |4 r*rwa\j &\{:_f_a_,r‘s in .Prouu\
one "\Lj"ba ta o+ her,

A S\g)s*euv\ ;w‘\“emAQd 4o houe \/\:@\r\ (e\\'ob;\i+j/ “\'\’\Q+
velue would be 20-49° below 125 7C

IjC power suntew s Ofgrc\k.g dbove +hgt gg el |‘Fe+,mq
would be “OUJ OV\A Fer.FormCu\c-e C\'\orgc—}erls-hc MQ\\ﬂ

be ?oo =

Sorne aPec:o..Q QPF“CQ‘\“D‘;& ‘w;(\ (€=7Uif‘e oper‘edﬂ‘.,:e A
e—x+remeb \'\\gh auwilotent +€’lei>el\ca+~u“e> Al devices should

be 4esded -For- +hot amm bient \\-QLM\\':erQ‘LuPe‘
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The celated data .‘.or— aBI T +ronsistor

IS awen a8 followsing L
@ ‘Y’ A A
Vee =250 N, \Ig= SV. \/B

Re =205z, VcEs = 0.sv{sav) &

(so+)

Q) Ry talbmvg Rg = €0s2 and Vee = 1 V., Qalculate
Pase current (T a) collector curcent (L), Load
~ \JOHeﬁQ (VR_C) and +ransistor VG\*QJQ ( NeE),

L)B For +the saturagtion MOQLG./ de termine  tronsisdae volda.
9e (VQES>, collector current (Ics> and boye current (139

¢) For botn 0\:er0+:oh MOQO,, cowpare 42 load power
(an and powe \oses —Qor’ +ransistor CPBJ’T)‘ Conment

*he re sults,

A Q) From \L;rc\nho@_g u0\+a8e Qc’ua'h'cv\,

G: Q%-Ig*-\/BE —\)B -@row Wore,
T - Nag=NBe = 54 A
Re

Te = B Ia WERE 2N @ ACJQ.‘"‘ Q.S. Awe RIT
Te=100-5040"° _ §A

\}QQg IC'QQ ;20‘53’{00\/'

Jeo E -(r\/,zc SUN B ,?(ow} \Lirahho.{L.f Qc?ucd-i‘on,

VeeE = \/ca—-\/(l.c, = 250~ AOD = 150 w.
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b)Y For Sarucatien mode
Veg =Neces . OS5 N
Witk a s'‘milar OPPWQQH y

Ic.s=_\'_¢_u.’_\.j£_a - 28S0=-0S _ 12.43S M.
Re 20

Tas akes o (2L, TS mA.

C.) For CQ) O]:;'Hor\

~
Pec = e Te®= 20‘52 = S00 W. Load power
Paij Nee« Te = 150 S = 350 W BJIT power \ases
Folc. (b) OP‘HO\'\

Prc = Re-Te? = 2042.4%5 = 3413 /.

PeIT= \ces'Tes = 0.5°12.435 = 6.2 W
Because o{l lower powoe - losses , +he saturation

mode 18 ta peast og“riav\ —Pcr +he RIT.

2. Nt - 1000 Sin(62800+t) \. vovtgpe is supplied
to +he‘¥.~'r\"s+or‘. To prevent 4he se\@ +ur n=on condi+ion;
Fin;,
a) Vgo (zero breal down voligee)
) @V/ds) e (eritic speed of uowgﬂeﬁ

Q) N1 < Vpo
V1= A0C0 | \/BO Must be b‘-\g&u— t\an 40QQQV,



