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ABSTRACT

This project presents design and construction of a controlied unit of an impuise
generator of 200 kV § kJ, is compose by a trigatron, a controlled and displaying unit of
charging voltage and a controlled and displaying unit of gap variable

From experimental test, controlled unit of an impulse generator of 200 kV 5 kJ
has good performance useful for high voltage laboratory, electrical engineering
department, King Mongkut's Institute of Technology, LadKrabang.
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wm:r‘i’ui‘luguﬁ L’s'un'i’luﬁé'uﬁuﬁaﬁzﬂﬂﬁmﬁu (Full  wave) ﬁ'qﬂﬁ 2-1N) UTIAU
ﬁuﬁ'ﬂézﬂﬂﬁutﬁudtﬁaﬂamiﬂﬂﬁi’aqnaaauuﬁ'z mmmuuaﬁaqnﬂaaufunuda
uresulle FezifamhdnuiawsnanniviauWeauindn m qauﬁauu;ﬂﬂﬁmfu
ursduszguiaaiugud Lﬁmﬂuzﬂﬂﬁ'uﬁ'ﬂ (Chopped wave) Ssamiiinnauantufisin
yenduniamuminanile a"a'njﬁ 2-1 1) uAz 2-1 A) AMud Ry é’num:-naazﬂﬂﬁ'ua"a
i:ﬁﬁauﬁmunﬁﬁﬁmﬁa \IET9RAUAR (Chopped time) T,

una"uﬁuﬁ'aﬁ;ﬂﬂﬁ'uﬁ’l:hmummg”mﬁ'mueshunmmmﬁ’mﬁu T; 1281
WNnAN T, uszfen U, 10

DATINRRR T, = 12pst 30 %
IRTNWHAER T, = 50ps £ 20%
fNUDALTIAU U, £ 3%

UL TIANBUNRFUULAIRTBY 250/2500 ps é’azﬂﬁ 2-2 sz musiniinanu
amandonldne

UReAN T, = 250pus £ 20 %

2500 us £ 60 %

-
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0 e
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- T, v T, = 0.5T
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n) uﬂﬂuauwaqﬂﬂaumu
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UIRRKW
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0
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Te

a) uﬁﬂuauwaézﬂﬂauﬂanuﬁmau
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gﬂn 2-2 gﬂﬂaummuauwna A%

J‘ *» L o

2.1 29 TARGINTBINTATVUSIANB NN AT

MIFTFNUTINUBUN AR IZEAENANNI T8I NI MTIULTaUA RC Iﬂumté'ﬂﬂrzq
'lﬁﬁ'uﬁ’mﬁum:qwﬁamunﬁ'uﬁﬁaom: ua"'mfiau'lﬁm-:mum:qd'\u’nes RC
-l - o - ™ [ &z ﬁ v o “ & &«
nmmmﬂmmmmnaﬂn’ﬂ;ﬂnaumunmm:‘lﬂ NeTRuuilfausiaudunad

P - o -

Taeml0d 2 wuy Fusmsluzif 2-3 n) uss 1)

_J; u()

QC
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O
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E

e
| Sna—
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—iU(t)

2) W93 B

A & - - L A m ~ €
pln 2-3 101]1““5’114‘11Bdlﬂ?ﬂdﬁ"ll'ﬂﬂﬂ‘ﬂduﬂﬂuﬂﬂ'ﬂﬂﬂ

m'mnu'm'luzmain A UA: B

U, = unddunszuresizeddaine ludilonunausayqiinudniuyazg
Durad

U = UTNAUIALIINTTUEAT

C. = wufiviyBuRadiudaufiunianm

C, = Imaadafiuleg (ﬂmfm'nuqlﬂﬂwmqﬂnmﬁ'ﬂutm"uuazﬁuf))

R, =anusumudnanizursalizy

R, = amusmumumin uduiumiedu T,

R,  =anumumutldesizy HuenSumanan T,

Ut) = unsuduwasn eulslymunm

S = mhinuny Wudrdmuesussdudaysey uszywitfidinlnedading

dufiuzgduind Cfemfaleyliiulnen

v o . - e Y o~ -
wifinaasmlzneylnies fe Asundunizuean U, iudrdouusiau
- ~ = - - o . [V ' o~ o
aﬂm:q‘lﬁnummuﬂt:gauwaa’ntflumtﬁuwmnu Fafidrussaufitmua uns
g : 4 L J L J [
sadsglissiwamnudunu R Sahmihfimuguoslumdadizyssesvnmes
- - - - - “ oA -
mhfnun S snfindamrusunsuiidhanueissdifisusesnduiadiie eminin
[ [T o e, [ % P ('3 1 -~ - (3
sFunaudunadniidgeamuasintt lasiafnundasrwiunuinaded
[ - v o '
(Trigger) fAfiane oz fuunys e (Auxiiiary gap) ma'lummum:q C, vinmdsalzy
Wnulnas mafssmhinlutasshinundezdnfinlidroanumai fa IBianter
] - [ ] o [] J
n1 100 ns illaifinmidnunUfl S usedudauazy U, seaden R, Uz G, Dolirye:
' - o [ -~ & C a
themludiiagrassudounudis ¢, mlumIimplizenn ¢, Wi ¢, sxiuegi R,



8z C, Fuiluasngamindu T, Lf’jamumﬂszﬁﬂﬁ C, MWNTNIUTIUATEN C, L¥ifiy
unaunian C, ﬂ:'l:iﬂnﬁrhumﬂt:q'::u'hq C, NuC, i C, uaz C, 9zvhn1ine
Yazaru R, Jns I R, ﬁ'mﬁ'lﬁmuqunm'ﬂwmmﬁu T,
Fi'waﬂunﬁuﬁii’maanﬁﬂmuunga U srdauniuninudayizg U, iwnziing
fendizyaenin G, uaz G, asiusaTEIMLEs U wia U, 3:uBenin 1 1eue usz3on
samauilifivilrimEmwraasiasiuiiausduiakadin fo

desfininmmeasnes g = WU, £ (CJ(Cs+ Cy)) (2-1)

& ‘ L - - ol g & ‘ ) -
azuuia i ldlsziminmeeseiiag uszlRldsUnduaamnasmuimuaanien
W c degininlvan C,ang laemluezlWc, 2 10c,

A ] ‘ .
darfmuamanaiinsaniastufiauneuduiadlaom st muedae
o~ a “ -~
- wnsunNtiIruevaunIsIie
Qo Qo 8
- usmuaﬂﬂs:qﬂumauﬂ U,
1 z
- famuglwihTammee C,
- ARMNUNATRuAYIRTEIdLUA
A - z [] -l
- danmiasriesdwauaTidewd
P - '
- zﬂﬂauunﬂuu.uuﬁ'\m

fhuné’uﬁﬁ'mmm"}aaﬁmﬁauwoé‘uﬁuﬁaﬁuagﬁ'u'nwmuwé’unaaau BIL
(Basic insulation levels withstand) n3a SiL (Standard impulse levels) AIUINATFIU
Mua mm:ﬁ'uuné’waanunﬁa:ﬂumqﬂmm‘hﬂf fausnalumTof 2-9 n usz v
ln'naﬁ 2-1 N TUNALTIAUNANDY BIL (Basic insulation lavels withstand)

Highest voltage for Rated lightning impulse withstand Rated power-
equipment U, voltage KV ea frequency short
KVima List 1 List 2 duration
withstand
vottage kV .,
3.6 20 40 10
7.2 40 60 20
12.0 60 75 28
17.5 75 95 38
240 95 125 50
36.0 145 170 70




io0

-l v R .
A1TIN 2-1 ¥ YUIKUTIAUNNRDU BIL (Basic insulation levels withstand)

1 2 3 4
Highest voltage for | Base for p.u. values Rated lightning Rated power-
equipment U, U, [_2_ KV oo impulse withstand frequency short
KV s \/-3' voltage KV eax duration
withstand
voltage KV s
52 425 260 95
725 59 325 140
123 100 50 185
145 118 50— 230
170 139 50 275
245 200 750 325
850 360
\950 395
\ 1050~ 460

[ P - v a o od \ - [
wiRweasIsatulaunsudiNaSIuaiuA LRI C, uazuTedudataey
ad . - -
U, Sasnmasnudmainidnnams

w = %CSUJMO‘3 kJ (2-2)

A - hod A o)

Qe w  fis nRanudedmaiu k
C, fa mwalnihussvasdniulszudv pF
U,  fi ussnuaalszailiu kv

2.2 209nATponRauTIRNBNRR AN TR

winstufiausedudunadndAnatiu 200 kv Tandndssld9esadhauseduds
Wasnanetyu suiilosnsandedine fmanin dweregarad lapesldaeeehs
uﬂé'uﬁuﬁ'aﬁupu UNRETEUTUAR BT UAUNANIMT 299TY09NING (Mands  circuit)
daluzuil 24

xaee37Ufl 24 Rufivhizg €, nndaszldfumadadseqludnyocildeiuuuy
wwmdsuseu U, (Jesifypuiadimlnadafizhlfmhdnfundtuueanthan



1!

) x ) -~ ['] Lo = - A = z
riou uszmhinuniiues 9 Wienfiamhinmusei dusslddufiviizg c, nvae
I3 L5 o et 5 & A o -~ -t 5
danuuuusuniy uazldundugaiiuniguawdmururesies duateaduiied n 14

-3 L 7 L ) [
fazle undugeiweaniin

skl U, = n U, (2-3)
fanug Wi c, = C'./n (2-4)
famuswmuwihniuan R, = n R (2-5)
AAMUTIRTUU NIRRT Re = nR', (2-6)

R (A0

R o o N

Ry
- Cr S C1
R
f—
@ u, Ua R,
cz F S
QsZ

glln 24 tmmﬁ'uuaumﬁuauwatfuuunmmm
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2.3 soddsrnouzanaTasfRauTIaRdaNad
fmUnneviidsyraaniastuiisundudusfziiznaudin ssfuszneudil
1) MufiudszaBunad C,
2) fufivliglnen G,
3) ﬂ'nuﬁﬁumwﬁ'\ﬁ’ﬂm:uﬂé’ﬂﬂszq R,
4y ATMUFNIMULTLWIIRER Ry UaARS UMM UNS NN R,
5) mhinunduazlnsiad

2.3.1 G‘htﬁuﬂn?auﬁaéﬁ‘mﬁuﬂ'szqﬁuﬁaéﬁwﬁ'ﬂﬁtﬁuwé’onu'lﬂugﬂ.
s Wi Tasmadayszedsussdugenszurass ufnowasusenladnedlu
IRBUTH sﬁtﬁuﬂt:qauﬁaéﬁaﬁaatﬂuﬂszmnﬁﬁmmwumﬁﬂ'm'w\"l Lﬁﬂlﬁ;ﬂﬂﬁu
ursuiadwliiamIunis (Oscillation)

snnuginiesaTestufisunduiuiedesdasdivmalngweflazeann
aﬁauwa"u‘éuﬁ'&ézﬂnﬁuwmmu (1.2/50 ps) 14 lasun@dnaaufivdszg ¢, axdaaflan
u'mn'i'lfi'uﬁuﬂ::ﬂnm C, atinavon 10 wh wuAe

C. = 100G, @-7)

232 dufivlszalnas anuyinfessdnfiviealvee ¢, wanofls namwwes
m*mq'lﬂﬁwaﬁaq ua:qﬂmrﬂﬂﬁmngo (i gnﬁmamu’lﬂﬁ'l Yasnawiwlhiany
nlautlssiaursduuasnszus lawsdluaed 'nuﬁ'ué’mﬁuﬂszqﬁ'dmﬁmﬁmﬁﬂﬂt#a
Uugaiulildmuuiasgn  dedafiviazalnee ¢, fmidglumiugedu

]
- A )

LA 3 Lt ] L 4 J 3 -l L 4 ) J e
undndunad lasanmizatnbnuduniiniu udszlinatoodaninin AUFUVAYDY
é’atﬁuﬂs:gluam:ﬁaaﬁmﬁﬁauné’uu‘mnhﬁmné’um&awm":’uqﬁaqﬂn'mf

. - ;¢ v - “ & o -
nagauuazAIIlidnnumiioniddln mqum-ziummnua'xmuﬂt:qauwaé C,

233 snwdmudianzzuadalizy R lwmalfialesialussimat e
anutiveanIshunsudunaduosndssrufiounauduiadly wu 3 afidaund
wmznnlfiedearufialiviinmameyisy uacdayszydodaruianniulssilh
iinnnLindonsdyznawi g 1iu 2vRinAvhowesT (laleausge ussdaufivdszynias
n7zus) AnfulszeBuied ua:ﬂ'rmﬁ"mn'mﬂi'u;ﬂnﬁmﬂuﬁu wrilumaneyszy
stluuvvaniasniudoud daesfinmnydouutssusiduuaznizuasinimaga
Tuffaianmnaouulasedrsdundusessunni Sadnansznudenmsaniuras
paflsznavvsanissidialuduanunmudausssnlWimlsnnusioaanneh
ussrhldegnalfnuresssdiznaudaminlinuedusetsatinwly antuds
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o [} LY " [ - - [ "] J - ‘ L] Lo L
a:ﬂaa'lu'lmmaqn'nuﬂ'lﬁmﬂnnanﬂwzqn‘iamuﬂwzqmumu‘lﬂ FimrdnedaTiniide
- A ‘ q ‘Il [] 3
Ut:qawm'lﬁ’[ﬂuh?m'lusﬁumwé‘mamxuaaﬂﬂszq R, Seasdesunsunuagizning
1 ] - &  As a - ™ g J » . - ¢ - 4
unsaduRdugInTzuA LAY sseBUWed C, eldnszurdauTzafin laifiue
- ¢ o Y B P - “
AfanTzuFvadUnsITIBLTITUgINTILERT | SaluagiudanmniAuuTIauaalIey
-~ [ - - d & [ - [}
du/dt axeadlimnTunull muumm:umaﬂs:ﬁaLiuu'le‘f'n

C. du/dt (2-8)

I

waNIINi ANUFIUNIYU R, daifianunimusiausiuniaudalszgvesdaivilieg
DUWARLS (INTIAUAUMU R, a:ﬁaai’uunﬁmmﬁuﬁﬁ'maamdﬁué’aﬂnqLi'mﬁ"uﬁu
Uiz18aUaz AN uSmMenaIndeafendInuf umMuuAzANUMNUAaLIITRBUNRS
udtnpsistaddadivires R, ﬂ'ﬁﬁqgma Lﬁaﬂ"aﬁun'::uﬂﬁﬂﬂnqaaaanmﬁ
daazele

- = | Y v - o

234 mwmumuﬂmgﬂﬂau mwmumuﬂmgﬂﬂau'lunuumuﬁamw
» A J ¥ » ‘ 3
FUMU Ry ust R, Muaasliluzun 23 B3 R, eriinndpanmiindn T, nsnafe T,

[] L -l ] J 8 o
wlTmudl Ry usttswidaanu R, finadatamwiiniu T, Wuhs T, s:uliew R,
L = [ L d J L

AMEUURYBININATUNU Ry Usz R, LzapImunTanudausIsn Wi A ld i

Wit msIMIAFT T InEudeudld Taslaiilde mmgﬂmugwuwmu‘lﬂ
< ™ > > - v > Y

AR0AT23281M197% Taana ldneslfanudrunuididrsiduaaanudruniu
P asd o & - -~ -l -
mqnmqunmwumaﬁwmm‘lamnaumnmwmﬂun;humwmumu h!

w = mcAT (2-9)

Wa W fie wRanuiidenduamusumu (k)
m  fe vmvsadusefivrznemiiunnudumu (kg)
c fis anuganuiaudumz (/kg.°K)
AT o qmnqmﬁn{mtﬂu {°C)

Al o J A - -

ffagUzmmisaimahanudunu Ry usy R, Nfaessdpduay
Y v o E Y d - . i [
mumm.laaan‘:’numﬁmﬂ'm‘iaﬁuauaunga mmwaﬂlﬁmammmwaa;ﬂﬂauusaﬂu

- L4

DUNRN
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2.3.5 mhinuntussInsded unsuduiadisnidwdebluStunmmeseunie
mafingAitesdasmanToss itnnmridaiafime fewuesg i 71 (1716
fnualidnaandonlalidin £+ 3% n'nmuqu'lﬁw*muné’mﬂ'uﬁué‘ma‘ndv‘h
18lesmilivadinadadiisdulmiaiestifaussdudunadFudumesefiuedude
ﬂszqﬁn"muﬂ WadiniadesiiugariliAamimhinfiunyyas auxiary gap) duilu
unyuny g velTEnm 1-2 HaduaT agﬁv‘hwﬁwmuﬂﬁnunﬂvjmnmmm‘:'aaﬁmﬁﬂ
93U 25 usz: 2-6 undtanfendndggraiadilWidsmhinduluunisoden us
vasniaAastiinluund e ldide nasleseluiaduratenniauatiia
8ifnaTaudaTzINndu 1=whqaﬂ'n'nunﬂﬁumua:tﬁﬂm'm“mﬂs:qﬁaﬂﬁnunﬂgi'fu w
ua1ﬁﬁ1tﬁuﬂnqﬁuﬁaiﬁ‘1umdaagmwﬁ'uﬁ'mﬁuﬂ‘:zq‘éuv‘fsﬁé’aﬁm szt nd
wndaldidudrdusudaundggad ua’safjuuqammm’}aam Heursauduiaduazu
n'm'i':us'fumuwé’aﬂu'lﬁ'ﬁ'ué'mﬁuﬂs:ﬂnaﬂ davz1duraduBunadmufidains azin
mﬂi'lna‘iﬂ'fiaut"‘.'fué'uqaaﬂﬁnﬁaﬁ'ﬂﬁmmmﬁmuauné’ummh:q 1Wadwududr

Fygroisdalfdmiuildiasmdnluuntdroiu Taonlue:ldniad
BilinnIafindanuiigeiruiusesilinniafindefedad Tanusedusaava i
ftlszanme 5-10 kv uazessaahifiamhinundmeluias 10-100 ns

lusulating bushing /lhr ar pilet gap
i Main gap i
>
| i

Trigger rod

31]# 2-5 Sidnlniasthinuny [4)

S
RL i Rd iz
o 1 >
i

.~

: s
NAN

__*—D Cs :F Uo naded Re Cp :E U (t)

¢

it 2.6 mhinunuflngied
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qmﬁ’num:nwﬁ'muu?aﬂw:ﬁn%mwuaa'lnw"‘Jﬂfﬁ):ﬁmvmﬁuﬁiun’nm:ﬁu
minle Savanefsfirzosunyimunlidmits TaolWidaasnias (Seff fiing) (3unin
findriouu ua:ﬁﬁ'aé‘lnn’m%:muwn?aaﬂ'ﬁn‘lﬁ (Trigger) ﬁu‘na"ué’aﬂ‘:xqsﬁsgmﬂ'fla
Fonit Tadriesng m'mu.ana"\waau.-né‘un'rzvfuaﬂﬁn‘lﬁ::whqn‘is‘im;aﬁ’udﬂgeqa
dend “aminszqushinld® (Trigger range) valnaind Faorauraadudrusdu
lalaad wiodwwefifuduassusidudoiiiauwiu fa

tunmIinguamhinld = @rdniauu - Jadiai) / dediauu) x 100% (2-10)

o~ o~ o ‘e LY
ﬂ'nunuwuf'naau.nnwnm:efu‘lﬁ'd'lqﬂuazgoqﬂ uszg29nInIzAuldluneuyas

1:u:umﬂu3ﬂﬁ 27

uTeRudaLIzy

A

U
s Yisdnauu

rnredunidnld

Jadnedn

wozunl d
- Y > -
U 2.7 Bnmanndumhinidusdinsiadlumevussrzszum)

2.4 NTIARININIUTIARD N ,

241 miumeaundulumeyrasim vdamdiameiinlseriuguaii
UTRUBUNAR (aiw 2093fiug s B lupuil 23 1 edmuinliiudafiueg ¢, dau
usIRUSALTEY Uy usafimmhinfimhinund s szl ¢, verfunseniugnadu ma
JuaTeALlY Laplace transform v‘z‘mmnmﬁeuné‘u'lﬁé’ezﬁﬁ 2-8



Z, = (1/C¢S) R4
41

T——

(UOIS)CP Uy (S) I:' Re U(S)=F_- (1/C,S)

4 - o :
711 28 amaEm e fureaeTBUNAE AU

mnelugl 2-8 sussduanaiey R, sefisuldin

Ue(s) = gi__‘ZL__
S (Z2,+2,)
ds z, = !
C.S
1
R (R, +—
_ e( d Cbs
z, = , :
R +R, +—
S
WFUNTT (2-12) Uas (2-13) unuadlu (2-11)
Ua (RdRecstS + R¢C.r)

asun U, (s) .
R,.C,S+RC,S+R.C,S+R,RCC,S

o o, - L . .| Ly [ 4
wrssufidsesnsninesfiasn U, (s) mudandudufuaude:la

(2-11)

(2-12)

(2-13)

(2-14)

U‘(S)'él_s U.(S)
U(s) = — = ﬁL—

P ,C,S+1

C,S
unu U, (5) MILRUNT (2-14)

U(s) = . 2 UORECS

R4R,C;CpS* +(R4Ch+ R,Cy + R,Cp)S +1
U(s) = Yo :

RiCy g2, (RyCh+RC, +RCp)S |

1

R R,C,Cp R R,C.C,

16



dilnnomyanns nazsoundimanszde

P - f -
sanadouldlugluruiegfa

U, 1
U(s) = K S2+BS+B
U
=—21[1-1}(2-15)
K (a-a)(S—a)) (S-a3)
Warimuald
B, - R,C,+RC +RC, (2-16)
R,R.C,C,
1
8 = ——— 2.17
° RdRcchs ( )
K = RC, (2-18)
a,,a, \Judrnfigasessums 8° + B,S + Bi= 0
By 11/312 - 48,
.2, | > (2-19)
Sadousussduduweslunonsasis iwdail
u(t) = Uy 1 {e™ —e™ '} (2-20)
K (a,-a;)
dunnmas B, B, us: K &milases A us: B urasliluenme 22
A7 22 B,, B, uaz K § 32097 A us: B
B, By K
— 00—
R,C,+RC,+RC, i
Rdcb
=c, Rd' Rccb C.l Rd Rccb Cs

81802
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ol Lo, f 1l RC, +RC,+RC, 1
I'T U *T RRC,C, R.RC,C,

R,.C,

[ - P v - [
PINFUMTVSIUTIAUA I nseTBuNafszAn a9 madfsuudasveusiaulu
mauvada dsznaudisinsmdndliunifoasadinay Fa8d1nada1a8n (Time
constant) 'L 1/, us: 1/a, aagy 2.9

v 4

\§
iy
-V

P - - - Y w
U 2-9 JUaRnuRAuBURaRITzneufmmBnTllwBuasesney

- ‘ 4 - ar J » L J ‘
mufinurespladuunsdudaiafuiarguiinmuadisnaitiamihefuus:
o - v o Ce . -~ & -
naanAu T, uaz T, mwdey faadniufiviasdanm 1/e, ues 1/a, Sdliuagiu
[ . [ [ [ -l . a~ ;
pamENLes Ty / T, suliumusnsfioguanwryasgadu s Ty usz T, enamidaoit

T, = k,la, (2-21)
T = k /e, (2-22)
mrﬁﬂaqﬂﬂ‘a‘u 1.2/50 ps finsd2zdien
k, = 073, k = 296

1/ a, (us) 685, 1/a, 0.405
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-3 ] [ - -~ A h

2.4.2 NTIFMINABIRYIENaLNeT msmau‘nauauwaﬂ'yﬂaﬂﬂ fvuaae
fin T, u8z T, 1Jnﬁma:ﬁuﬁummnfhﬂﬂuq‘lﬂﬂwadmﬂ Cp flauuaziianmuiuizy
fuwad ¢, lWresnsaenu ¢, naafia C, iusufiumasnwlsuinwafiazinotiomaa

v o L 4 ' 'y 'y - A o -

Wiulnas QanuiilenTudn C, uss C, Ud7 safllszneufinfedaisuan fa Ay
Y -t Y [V ) ' [
MUNMU Ry kas R, T019m1 ldenanufuiuiuesiaInIa

Bl Bi 2
243y _B
Jz (2) ¢

a,a, =
wld a+a, - = B,
a,a, = B,

9nd1 B, us: B, Muwnimen R, use R, ldfe

2993 A
R, = ?6‘",_1?55{("1—317)*\](3%%2)2'%} (2:23)
R, = {(—— ——) J( — 4:;:5 2+ C)y (2-24)
2093 B

R ALr —)+\/(:. e 225)
R, = Ec—{(" Z) (a, ;2)’——————42(:;:8)} (2:26)

- - P | ] A - - o - -
24.3 UizfnTnMwua9I1Iey n Wwenantadssintmwesnamiainiasiile
- o o~ . . v od o X ¥ 4 Y
usaauauwnﬁ “N’]Uﬁd a-aﬂmumﬂawaauwaunmwuaanm'la ﬂﬂﬂﬂﬂidﬂ“ﬂﬂﬂ?:‘i}
-~ ¥ +» ) c oA
ﬂnmzﬁmuaun'n 1 1qUanIRNIT ANTENNT B
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Typ. ]Max.

Parameter Min. Units Conditions
Vieryces Caollector4o-Emitter Breakdown Voltage 600 |- | - | V | Vge=0V, ic = 250pA
VierEcs Emitter4o-Colector Breakdown Votage @ | 18 {—-- |- | V | Vge=0V,k =10A
WV.gacessT,| Temperature Coeft. of Breakdown Voitage [ - [0.60 [ ---- [ vrC| Ve =0V, 1. = 1.0mA
— |165] 28 = 27A Vgg = 15V
Veeiony | Collector-to-Emitter Saturation Vaitage 420 [ | | k=554 SeeFig.2. 5
e 116 | ---- L=27A. T, =150°C
VGE(IM Gate Threshold vm 30 §-— | 6D V& = VGE‘ b =250‘1A»
AVGemyAT, | Temperature Coeff. of Threshold Voitage | —- [-13 | - [mVFC] Ve = Vee. & = 250pA
e Forward Transconductance § 16 124 |- S | Vee2 15V, k=27A
lees Zero Gate Voltage Collector Current mee - 250 | A | Vo= OV, Vep = 600V
e f—- | 20 | Vge =OV. Ve = 10V, T, 2 25°C
ween | —-- |5000 Vae = OV, Veg = 600V, Ty =150°C
bes Gate-to-Emitter Leakage Cument e f---- (2100 | RA | VoE =2V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. {Typ. hax. Units Conditions
Qg Total Gate Charge (twm-on} -—- | 180 |270 kL=27TA
Qge Gate - Emiter Charge (turn-on) —- 125 |38 | nC | Vec =400V See Fig. 8
Qqe Gate - Collector Charge (tum-on) - | 61 [ 50 Vge = 18V
tacon) Tum-On Delay Time — ] 32 |-
1 Rise Time — 20 |- ns T,=25°C
tsiom Tum-Off Detay Time -— |70 260 e = 27A, Ve = 480V
4 Fali Time — | 88 130 Vee = 15V, R =5.002
Een Tum-On Switching Loss — [012 [ Energy losses include "tail*
Eon Tum-Off Switching Loss e ]054 | ---- | mJ | SeeFig. 10, 11. 13, 14
Es Total Switching Loss -—- [0.66 |08
__tg(_m; Tum-On Delay Time — 1 31 |- T,=150°C,
1, Rise Time e | 23} e ns e = 2TA, Vg = 480V
toiom Tum-Off Delay Time — [230 [-—- Vae = 15V, Rg = 5.002
% Fall Time weee | 420 | - Energy losses include “tail®
B Total Switching Loss ~—- 116 |- | m) | SeeFig. 13, 14
Le Internal Emitter Inductance e | 13 [---- 1 nH | Measured 5mm from package
Cioe Input Capacitance ~--- 14000 | ---- Ve =0V
Soms Output Capacitance e {250 | ——- | pF | Voo =30V See Fig. 7
Crme Reverse Transfer Capacilance - 52 |- f=10MHz

A1 3-1 ausuinslelarseres IGBT wa¥ IRG4PCS0U
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TOSHIBA TLP250

ELECTRICAL CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified)

CHARACTZRISTIC symeoL | JEST | TEST CoNDmON M | TYe, | max | uniT
input Forware Voltage Vr - In=10mA, Ta = 25'C —_ 1.6 18 v
Temoerature Coefficiert of wenaTa | — |ie=t10ma — | 20| — |mvrc
Forward Voltage
Input Reverse Cumem In - ¥a=5V. Ta=25C — -_ 10 LA
input Capacitance Cr - V=0.1=1MHZ Ta=25C —_ 45 250 pF
=10mA | _ _
H Level loow 2 Ve 230V a4V 10 ] 15| —
Outpu: Cument o o A
L Leval fes. 1 eeasv] 0 [ 2 | -
Voo = +15V '
*H Level Vor 3 vm=z-15v 1 128 —
= =5mA
Output Vohiage R.=2000, v
Voo = 415V
1 Level Vo, 4 Vemi=-15V — | =142 | -125
R_=2000, V,=08V
l=10mA _ ’ _
“H Lavel ke - Ta=25C ‘ ma
b=10mA -1 - 1"
Supply Current Voe= 3V
le=0mp -l ] —
" Level Ty - Taz=25C mA
L=0mA - | = 1
Veo: = +15V
Shroshold Input L-H I Ve = -5V 2 s {m
t R.= 2000, Vo> 0V
Voo = +15V .
‘mm input H—L Vimi, Vaey = ~15 V 8| — | =] v
R, = 2000, V5 <OV
Supply Voltage Ve - - 10 - k- I
Capbacitance (Input-Output) Csg - V3=0.1=1MHzZ, Ta=25C —_ 1.0 20 pF
V=500V, Ta=25C 2 “ _ .
Resistance (Input-Output) Re —_ RH.50% =10 10 0

(*} : Alltypical values are at Ta=25'C
("1} : Duration of 10 time < 50us
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ATNHUIN U

AMTWURNUFULE IGBT lwa¥ IRG4PC50U

International
IGR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR

PD 91470F

IRG4PC50U

UltraFost Speed IGBT

Features

» Ltratast: Cptmized for h gn operstirg
frequercies 3-41 kl-z a kard swichng >23C
K4z in résonant mede

» Ganeration <

IGST des gn provioas tohter

oarameter 4 strbuticn and h gher effic ency kan

Gareration 3

» Industry s:anda~d TC-Z4TAT packags

Vegz =600V

VCEIO"I‘H‘,'F-. = 165\’

EVGE = 15¥. I = 274
n-channel

Benefits
- Gererataon 4 I153T s offer h gnest efficancy avai aslz
- IG5T's catimzed for specifiec apsicaticn conditicns oy D
« Desigred to be 2 'drop-ir” reglacemen: for aquivalent \)
incusay-stardarc Gareraden 3 1R IGETs
TOJTAC
Absolute Maximum Ratings
Parameter Max . Units
 Vogs Collecicro-Emitiar Ereakdow= Yolage 400 v
& "-=28C Contn.ous Collecicr Curren: &z
ke @ "= 100*C | Cont~uous Collectcr Current 27 A
" Zysed Co e Cume~ i 220
1, Claroed Inductive _oad Cume~: & 228
Vst Gateto-Er dar Vo tage +20 v
Eax; Reverse Vokice Avi a~che Sregy & 2C i
Pa@Te=Z5C | Maxmum Pewer Diss naticn 200 W
Po@Te=00'C | Maxmum Pcwer Diss swicn I3
_'__— Opeating cuncticn a~c -Zf o+ *5]
“sto S:orage Temperat.re Ra~ge «
Scidering Teriperawure, for 16 seon~cs 3EC iGLEQ in (1 Brvm from case |
Mount ~g orque §-32 or ‘13 screw. *L ohin (L ANem
Thermal Resistance
Parameter Typ. Max. Units
Rac <uncion--Case -— (1.3
Razs Case-n-Sink Flas, Geased Surase G — CW
Rase, Junciondc-Arbie~: Wpical socuet mount [ 40
W Toeigh: & .21 —- g loz)
wwnv.irf.com

1
123600
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MTNURAINAIULR IGBT (18§ IRG4PC50U (sia)

IRG4PC50U Internot oral

TOR Rechiier
tlectrical Characteristics @ | = £5°C {unless otherwise specitied)
Parametcr Min. {Typ. (Max. fUnits) Conditiens
Viaces Callector-p-Eritter Breakdown Vorage [ 260 [~ | - | ¥ | Vqe=V L = 25CpA
V.emcoc Srriraran-"alacnr Feakdew Valtage it | 16 | — | | v [ Y=y =104
AVyyprspAT, | Temceratre Cozf. of Breakdown Votage| —— {060 | --— | W | Vge =0V, |- = 1.0mA
e J1RA [ 2 e = 77A Vg = 1AV
Yeeon Colleztor-p-Eritter Saturation Vokage == 20 |-=1 I = E8A SeeFg2 §
—— 1S |- b ~2TA T -130°C
Ve Gate Threshok Vorage 30 |— |22 Veg =Voe I = 2508
AVoraAT, | Temceraure Coeft of Threshek Vekape | -~ ] =13 | —-— [VAC| Ve ® Vo |- = 25008
O ~orward Trasconductanse £ 18 |24 |- S | Vegz 15V, 1c =274
e Tty Mot Vo dbeagps Codba e Chimrtn el e B Wil ph .l".":‘E= / Veg = NV
- =12 | Vg =CV, Vog = 10V, T, = 38°C
e | - [5000 Vae 30V, Ve =60V, T, = 150*C
= Gate-o=miter Leakage Cutent —— = [£102] nA | Vge =220V
Switching Characteristics @ T, 25°C {unlcss otherwisc spocified)
Parameter Min. | Typ. Max.| Units Conditions
Qe Total Gate Charge ;um-on) -— | 130 {270 leg = 27A
Gy Gate - Em 2ar Charge (um-on; 125 {36 | oC |V =400V See Fig. @
Q,: Gate - Caollectcr Chage [um-on) -2 @ Vae = 15V
tocn; Tum-On Delay Time e | 32 [
[ " Rise Time -~ 1 20 |---- ns T,22%3
Loien: Tum-O¥ Celay Time —- | 170 | 260 lg = 2TA. Voo = 460V
= ra The -~ § SG 130 Yor = 5V, Ny = 308
Ear Tum-On Swiching Loss weme {012 [ Energy losses incude il
| Con Tum-O% Switch ng Loss = |0.54 = | m! | Ceelig. 10,11, 13, 14
Ex Tota Switchng Loss - [0.68 |08
[ Tum On Detay Time H T.- 160°C.
te Rise Time — 123 |-—1 < Ig = 27TA Vg = 460V
Pt Turmn-0% Ralay Time aaea | PAT foeee Vzg = 15 R = A0D
te Fa Time - | 120 |- Energy losses incuge all
= Tots Switchng Loss | 1.6 J--—- 1 mi ]| SeeFig. 13. 14
Ly nlemal krm her NoUCANcE w113 |-~ 1 nH { Measured bmr oM package
Ciee nput Capacitance w4000 | v Ve =0V
Cou Quipu: Capas tance ovee [ 250 |- | pF | Vg =30V SeeFig.7
[Crez Reverse “ransfer Capacitance - 82 J—-—- J =1.0MHz
Notes:
@ Mepettive rating: Vg = 20V. putae wids lirnited by

mMax. uhction temperawre. [ See fg. 13b |

Voo = 0% Vogs), Vag ® 20V, L = 10uH R = 560
(See fig. 122} & Puse widh §Dys, single shot
Rapetitve rating; pulsa width limitec by maxmum

juncticn temperature.

2 www.irf.com

@  Muse widh S 3pe; cuty facter S 0L1%.
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International
DR Recritier

IRG4PC50U
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a \\ o Ittt
H \».
he LT T Y TY A \b.\
‘-.' [N et snzem T
L] fl R Sl J \
- il 1 -4,
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3 [H (133
‘. Fraquansy tkMZ;
Fig. 1 - Typica: Load Current vs Frequency
[For sqlame wave ixigys of funcamental; or Tiangaiar wave, Ieig.)
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o
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Fig. 2 - Typical Outaut Character stics Fig.3 - Typica Transfer Characteristics
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ATHURAINMANLUR IGBT Lua§ IRG4PC50U (sia)

IRG4PC50U Internat oral

IGR Rechlier

&
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j W . . .
Fig. 4 - kax mumTCol ector Currentvs. Case Fig. § - Collector-to-Emitter Voltage vs.
emperatre Junction Temperature
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International
DR Reclifier

e TietlY | _T=1WHZ
oo f v T RETRERET IFIRTED
g 1 = -4 13 -
et 1 hotl B -H
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e Cex
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Ooen
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O | Ccas
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2 Cras N
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¥ez. Cotesior-to-Em tier Wo s3g8 0¥
Fig. 7 - Typical Capactance vs.
Callector-to-Emitters oitage
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Fig. 9 - Typical Swtching Losses ve. Gate
Resistance .
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IRG4PC50U

n Viz =80V
= Iz =lTh
'éu
= W
4
5 Vi
- 4
& yd
s, v
=
: A
w e /

1 a g -2 -5t 8
Q; . Toia Gaze Charge (nCj

Fig. 8 - Typical Gate Charge vs.

Gate-to-Emdrer/ohage
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Fig. 10 - Typical Switching Losses vs.
Juncton Temperatyre
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MTNURMIATIEULR IGBT Lua IRG4PCSOU (sin)

Internateral
IRG4PC50U rznaroral
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ITHURMAMFNLR IGBT waT IRG4PC50U (fa)

Irtamat cral
IeR fectHier

corse samr ype as LT vIz WS CTYImI

cacie Dot be he ALY powe- sy
will “1reare 13 302017 rIed M.

B!, pu 40 nidET 2nd Inguat: -

Fig. 13a - Clamped Inducidve

Loac Test Circult
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0- 4307 s

Y

IRG4PC50U
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Tx Ee25c
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Fig. 13b - Pulsed Callecter
Cumen: Tes: Crcuit

Fig. 14a - Switcning Loss
Test Circuit

© DOV 12 type
DT, VC = 430V

Fig. 14b - Swiching Loss
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MTNURMIAUANLTA IGBT twad IRG4PCS0U (sid)

| Irternat crol
IRG4PC50U TOR Poctlior

Case Outline and Dimensions — TO-247AC

e - NITEE:
o MR R f JIMERZIZNG & TILERANSING
we LIl

1251 &y Jw iRl .
-~ - 6 ANZ 714 6M, 1962
“-1 r-}ﬁ]ugg _ ‘" fed, T IIMTAS. NG I VERZ Y MEE
" :

3 IwIpPAIINE ~REZ-Ca Y
Hy k14 t L

WILMMETING INTRES
- e 1 §§04 17T
[FRRETY ue e

& 3INFIAWE TS JEIEC GaTonE
SG-IATAD
& 5% T

LEaC AZTIGAMEN"E
«-GATE

122, BITCR
1-EMI"TER
4-23..3CT0

——

5

N LG { eI AT
” e l 5']‘"': v LONIER EACEC Hnn;
et VERERIN 40 AR IT2 0000

“CORIER ALD - LIFF x
= EAAT NI IER

Rl 14 It et H
L6 N it it >z e
Leseame | \ JREIERIN O] B KX L LI
e R Lo
i = Tuen

CONFORMS TO JEDEC OUTLINE TO-24TAC (TO-3P)
SIMENE ZTu I8 N TEEN AT | TEMET]

International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas §t., El Segundo. Californa 63245, JSA Tel: (31€1282.7°C5
TACFax i3°C}252.79C2

Visitus at www.irf.com for sales contact infomation.
Da;: and specifieations SuYjest 20 ehaDge wicut natics. (250

8 A irf.com



MANUIN A
mﬂauﬂmqmauﬁ‘ﬁ IC Wa¥ TLP250

TOSHIBAFHOTOCOUPLER GaAlAs IRED & PHOTOHC

TLP250(INV)

Unit ' rm

TRANSISTOR INVERTER
INVERTERS FOR AIR CONDITIONER
IGBT GATE DRIVE

POWER MOS FET GATE DRIVE

The TOSHISAT_PZEXINY, consists of 3 GaAlAs Ignt emittg cicds and 2
‘ntegrated phetwocstaciorn

“hs unitis 8-4ead SIP

TLP2ZT{INV} is suitasle %or gate crivirg civcuk of I35 T or power ICS FET.

® [vput Thestold Cumert lem5mAMAY] 0 ¥ 31
® Supply CarertlICCH T TEmMAIMAX)
by Cmreicy .
& Supply VeltagedvZC: D TC~35V
@ Cutpit SurenyO; 1 22 DA MAX]
® Swicching Time{pLi-L) : 3.5u8{MAX)
¢ lsg stonVelhage . 25C3vms ale
e UL .R‘ecogt\ized SULETT File No.EST43 TOSHIEA 11002
& Cption D4} Weign:3.54 3
VOE Approved : SIN VDECB34:05.¢2 Certiicate Nc.72823
Max:imum Cparating insuiatan Volage | 83CVe
Fighast ®ermissibla Over Voltage : 402CV'my
(Note):When a VOE08E4 approved type is needed,
Please designate the “Option{D4}"
® Craspape Distance € Amm{MING
Clearanice : . Amm{MIN}
TRUTH TABLE . PIN CONFIGURATION(TOP VIEW)
NG
-1 | 12 'g J 1 2aeoe
NEUT 23 o > o7 : D}: |
SUT = $3ND
OFF | OFF | SN 30 } 15 gvsicuteun
TV
4L s [-Rlee

4 0.1uF byrass capacitor nmust be
Convecied taswmen cin § and %;See Nota 5).

1 2002-06-27



FTHUEAIRUIULR IC (W TLP250 (¢i8)

MAXIMUM RATINGS (Ta=25°C)
CHARACTENSTIC SYW3IOL | RATING | UNIT
Forearc Curren: L g mA
Forwa T Cumen: Derating (Tat70 C) A aTa <M [miC
@ Puat “ra=sien: Forward Cument iNote 1] 1 1 A
Revese Yolzage Vo L] ¥
Junctic~ Tempe-aiure T 122 '
" 2 gk My gAT s, KIS KHZ -1.5
Ouzpu: Cumen: SWet Cus . E1T bHE o -28 *
‘Nota 2}
" Peak PO Sus KIS EHE +1.7
Oupu: Curren: 2 <108, FS 1S kHz b w27 4
w
?, Qupu: Yo tags el ¥y x W
;a’_l N el L}
af. a7 ) 1 .
S.zzy Voitage e Vo ” v
Cuipu: Vo taga Carat g i Taz70'C; 3 aTa ] Ve
S.ccly Voltage Derading (—az™i*Sh WasT?r | €73 | voc
Juncic Temparstue T 125 C
Operating Frequarcy iNote 31 ¢ 2t bHz
Operating Ter peracure Rangs T ~22-54 ‘C
Storage Terpesature Range Tuy ~58~12% <
Lead Soldering Tempe-vure.*Js; T 20 ‘c
Isofation Volage (AC, min, R.~ <00% T3=2'C; iMote 41 EYy e Vmg

iNce 1): Sulse wath Presiys JCCces
(Note 2) : Exporenetia Wavatorm

[Ncie 3} : Expere~a~ta Wavaform lon$-" 04 IK250%)  cnik+1.0A 552 Bus)

{Ncte 43 Device conscwd J tao ta—ni"a devick : pins 7.2 3 and 4 smorted get-er 3¢ pivs 28 7 344 3 s orted Jet-an,

iNcte 6] ; A ceramic capaciorC.TF) should be conneced Yort gin € 0 pin § 10 sabilize tw operdion of the hig- g3~ ~ear
arpifar.“aikme o provce the Lypass mg may imoa rhe swicTing proparty “-a 1c7al iead lengh betasen capacitc- 34

coupher sheu ¢ nct axcesd tem.

RECOMMENDED OPERATING CONDITIONS

CHARAZTERISTIC svmasL | M | Tye LA UNIT
inpyt Curme~t N by 7 2 b mA
Izt Volege, O°F Vo 1 - 8s ¥
Supply Votage Vo NI EREEE
Peak Gupu: Cumren: orp ! lew, - - 2.2 A
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ELECTRICAL CHARACTERISTICS (Ta = -20~70°C,Unless otherwise specified)
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SWITCHING CHARACTERISTICS
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(Ta = -20-70°C ,Unless otherwise specified)
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Fig.5 tpLH« tpHL. tr. tf TEST CIRCUIT
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