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ABSTRACT

This project presents design and construction of quasi- continuous wave dual
resonant solid state tesla coil 400 kV 200 kHz which was further developed from dual
solid state tesla coil 400 kV 200 kHz. The adjustable DC voltage based on Buck
converter circuit was developed. The developed DC voltage source is controlled PWM
signal generated by carrier ramp and triangle signals. The PWM signal is filtered by a
low pass filter. The developed DC voltage source is effective and can be used instead
of the conventional DC voltage source. In addition, the dual-bridge inverter was
developed for serving the higher peak current of 150 A instead of the conventional
half-bridge inverter. The developed voltage source is used in Quasi- continuous wave
dual resonant solid state tesla coil, which can make electrical breakdown in air without
a corona loss. It may be used for insulation test of insulator. From this achievement,
the developed Tesla coil can increase testing performance of KMITL’ s high voltage

laboratory.
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“3nfic,

3l o < @, dufunudves C aeilnge unduRunudues L azdiavildnseua

i dmhussfulad v sansitanuddnfinanninesnU1@iv dmunsdl o > o, duRuaud

¥9e  C didnanausdyiivoudves L iiutiu vilinszuad mdussduladn fefiauias

wilnaanmendusindin us o anmdisTanuw (o =0,) Mdufiunudues L uay C auviiiy
waznanaiuned

finuiislowuuvinssfunagnssuassilinansety vilviyua (0) Wugus 1n

qunsfi 2.2 sgldinsesslsuuuivuueynsy AduRuaudeziinisingarilinsualvaly

TUINGR

2.4 ms\inesdadianluleasudawlaunaan [2]
N19Y1191UY 89T UL e wUanaaIuanudanladdadredidelviiudas
wssrulwvhnszuaddu 50 Hz Taduussiugs Wededuisasiudsuglivemiiowdas fufu

Uz uUgufiggnanuseanulautausafuganansiiuaIni

Qd

Charging
Current

JUN 2.3 Mmaiineeadiatulursnliowlainaan (vauedauseq)

dledauszlitusminuussgaulasunssiulniligawe auiiornaludesineeinia
gaudeanuiluauiuazdiliiinnisiusnanadseniiedesienaisundsiven snyinli
asulguivemmieudaunaansurnsdunaliiufiuusygaieusygludunansuga

piluvngiinssuauasussduvesiuiulszlintanas (Aunseiaduaud) nszuadlnaciiu



yeaasuUgua iz N BwuaudivesEuLulminseutnaniin iy WAn1sIEIefves

aunudumwsaedaulnidimdet AlRaasetu ST uRUAISRLTLYBINTE LA

QA

>t

Charging
Current

5UN 2.4 miireeadiatuluiasmdewdawmaal (vueneUseq)

deduiuussamedseqaunus Tuvneiinszuanlvanuvrasadudguglisuanas
=] 2/ ] = @ V¥ = Q s = 2 as =1 o !
Junaliauuwimanguiias vaaindudsugfiseinisdausefulvidunudsey e
wsaulnhwlisahadiestheduraiusesiiiudsey Weiifulssglasunsdnusey

9 q

Tmidnasslagusedudadsygnnquiludeniaulmiiianimesnszuanisdnuszqaziivnig

WefuiUlenaunIBYTEIAT SN

Q|

|

»t

Charging
Current
sU# 2.5 Mmafreeadiadulurvsmleuvasvaan (vauednusyylu)
nsonUsERrdinsiiuseluaunsenusiusasnseuanvnainaulguiisuanas
o o o A 1 v a ' = v a [, 9 e ] =
viliusssiufinnasendifulsggeninaliouduiluwmasnglwliiuias dufudseyiae
meUszqAuliunvaaniuzu)idnass unseiaussiuuasnsenanmelusiiuusequingu

Fug
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+

>t

Charging
Current

JUR 2.6 nsifinesadiatululsvidlowlaivaan (waemeUsygln)

nMiineeafianiandunisdeihundinussnisiuusequasunaindiulgugd
naulundulaelaifinisAundenuliununasitouswusazaziindofosluiTo qualums
UjtRudngiimsayidendsnulinannuiununieluseuy ilildanunsafinnseead
iavldegnenaiiled usedumnaseYeseInImzAIRundfiveiliAan st Sniedeninu
wasny dwalvduiuuseglasunisdauseglve Badunuduersndmtaiansalunisdy
& = ] YV & 1Y) ’ Qs = Vo ! Vel o
p1snisvibiiAnn sennaraelseguesinfuysyalei dewaldnseudlualuasasa

Ugugilann Mengavitlisdiusunpeglgumuluaig
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2.5 viann1svinuasntiawlaswaan [1]

2.5.1 #anmsyihanuniluvestiawdasmaaviald

CZ
Choke O O
. r
220V ; 15KV A
— G
220v ) v,| TG Ul s
v, 1
3UN 2.7 yasauyavawidianUaviam
il G = Annuglwivennmeiiulgugl ()

C, = manuglvvhvenwsmsiuyfegd ()

Ly = fermwdenihwesuamausund (H)

L, = manumdenhveseaniend (H)

QG = unUdiuensa

Hedreussilaihnszuaadu (AC) Witudafiulszq 1 wewdle C1 gndausey

T¥uusadiulniauieseduivihlsieniaiiogsewinaesenne (Air Gap) goysdenanudum
aunesilAiiamsiusnatiseuinatesenafisaunUsuesn (Quenching Gap) ¥l
vsmaiugunliveaiondauseiugenuigs (faulanmaannsuisas Wunali c1
mevsraiiulilugluesaulwin lugusainUsugdl L1 tasveann L1 azifundenylugy
auulwdnlni Wevaadm L1 iiundsnudsiiudafazirenesndnuiul3lulF c1 8n
A%t mneneandsstundulunduansewing C1 AU L1 aildfnmsesaaian (Oscllate)
sieriloauy Damped Oscillation fimnufigs dwduunasinsussdulwihiinnud 50 Hz
w3e 1/50 3t Tu 1 Cycle vamssulwitiidngliiu c1 Tu 1 Cycle ¥iliAansdnUseq
warmeUseludinddlafauinuaslnfaay drduaevhlfiAnniseoadaiavuuy Damped
Oscillation egsiaiiios 100 Ay 1 Fundi Anuiieeadataniiliazgeuszaias 100 - 300
kHz ﬂzﬂﬁlﬁuagﬁ‘wmﬂ'amwﬁmﬁﬂ (Inductance) uagAAILLNT1 (Capacitance) voeda

peaTlawmes (Oscillator) AUszLIURINITORET @MU LAINANNTS
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1

h= 27/L,C,

\la Liuen Inductance va99asiudgugd 1anas Oscillation Tursasnisinu

(2.7}

Uguanfiues Tesla Transformer agyiilfiAnusandeulniiimie uagnszuanienily
ynansuniisnives Tesla Transformer Sefimufiiuideafuiunisshudguniazdadng
wdrulufnnsmesfuniiegd (L,,C) ludnvarussiulwidudsugfisuarasuarly
GusuzﬁLLiaéﬁ’uﬁnguqﬁL‘%uLﬁmﬁu a1 Inductance MaFuUFLAR (L) uaz Stray
Capacitance (C,) #A1v1AUIITMIEIulsugdl Ae L,G= LG, 3gLfinn1s Damped

Oscillation wuusaLadazndsnuiiintunilaain
1
W= ECVZ (2.8)

NTIATIERIITALISIYI AR
nmswlignihvemidoudasinaailaedan M iWumduusednsnismienimungues

e nasImvassaiulnilunasTeasriiugudde

. .

Ri +ijf,dz e e AN (2.9)
C dt dt

R, +Lji,dr+L,&+Mﬁ:0 (2.10)
SE PPN

M g Dundsuluiuiulse ¢, wae G, 199999592l6

[ =—% ,i=12 (2.11)

Rlﬂ+i+1€l d-(fl +Md-£‘§2 =0 (212)
dx ’ dt” dt
> 2

R,%-i-ql +L7dq;2+Md€l:0 (213)
Tdx  C, T odt dt”

IAUNT IV aEAMUALA D wirdumalunisivvesudeadsunuian t
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p+fip, L q, +MD2q, =0 (2.14)
1 ==l LI i
, R 1 M
D +=2D+ ,+—D’g = (2.15)
{ Z, L;qu" L, o

NAUNITVNAUAMUA LA R = 0 nsudaunsagle

(1 sz)D‘* +(0] +a; ) D’ + oo, (2.16)
il
= (2.17)
L1L2
1 :
D) + = £ 108 (2.19)
/e A

k Ao Avduysedvavesnismuiednusigauiuuiindninil (0<k<1) vaued o, waz
@, AoA Ui lwiuuvZsuveeasiulgugiuarniogluuelufinisauifeadudie

L3

aurnidmantwiiaiuadu (Fendneg1eindunisislenuuyituueasidn) Mnaunise

a1 =

(2.16) Wuaunisanieisuidgaifentadududud 4 891 nTsdounavun 4 A

D,=1..4
Y'. :eD" s f= 14 (220)
NAUNTTA 2.14 uag 2.15 wlE
4
g =Y de” (2.21)
i=1

4
g, =Y Be™ (2.22)
i=1
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T9% A waz B Jumasiiile t=0

¢, =0,9, =g,
Dg,=0,Dg, =0

|
<

= ! = 2 LY -] 2 = v aw =] k4 =
W8 go A ATUIEPIUAUVUANAUUIZYAIUUTUL UIAUNRIAUUTEAIUUTUNN

a a v o
waznRenll wnuledu

U

V o QI o 1 24:14 Dyt
= -y Y (2.23)
1 CI i)
R
V,=Le = — 3 B> (2.24)
2 G\ O /4

wawagluguuuulndmiv v, wae V, @unsomlddmiunsd aaundnelidngg
WUINABNINY (R,;=R,=0) A151NDIvBLANNTS (2.16) S eed1uIuan w1t uLaz ALS AU
AunRenfianunsawnusy

2kV,

‘ ﬁsim (M]Sin[% _W‘] (2.25)
Ja-o? 2TV L 2 2

() =

(BAP) s TN AT

P 2.26

W, =@, 2_1) (2.26)

A, (1 +T)—\i(1—1;)' +4k°T (2.97)
( - 2(1-k%)

T Aedns1dIUNTIU BANUmIETINTdewednsIdmvesrnuiislenuudluanioe

[} q' v al

lsifimsdudaslunaed v, AeAussdusuduiinnason C luduwed w, uag w, ABAILALS
Tuuud vonsasiuvgugiuaryiegiifleiinmsiulastaiuifionssegluaniiznisgudl
wnzal Ao Msdandanuiiresndestufinmuislsuwuviagldh o, vty o, Judeuls
drdnlunsiauvesmsiowlasnaal nsifinnsunds (Oscillation) aeviliusaiulndh

Neeenmiidnvaiduzundulminmuigauuuniag (Damped Oscillation)
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2.6 wann1svinuvessisulasivaanuuulvdngan [3]
1ul w #2545 ladnseenuuulavdsenevasandeulasndaruuuledndiay

Fusdunfeusnlag Jimmy Hynes Tnandnnsvineuiiy azfunsiiadnnsedndrings
(Power Electronics) 3nussgnalaluniseaniuuasiauazmuaunisinauwualisnuny
vewideudannaauuusaiulngldrassunesnefidunsidmduieenuenas
103 warlireasmuny muaunsiewwesesdunedines Jagtundeuasmaaiuuy
lgdnaievanunsautsesnidu 2 Useinmie

1. nilauwlaunaawuulednainm (Solid State Tesla Coil :SSTC)

2. wﬁmmmmaamuuimﬁmamwL'ﬂwuuﬁf-j (Dual Resonance Solid State Tesla
Coil:DRSSTC)

2.6.1 vialawlaanaauuuladnawemn (Solid State Tesla Coil :SSTC)

2

ravdloudasvaaruuulednainmarusznaulumediuniegfal 19asmuny 2995

k4

dunesines walmmuUgul vaaaduy Aol wazduiuyseiunisndl n1sviaIures

q
2

nrpklaswaasuuleananmaz wanA19 Nl s LUasaa LuURLALLaz WUl AR aLANLS

& 1

BUULYA A AU IUNITEINTYRINATBUNDS LMD TAL N AUAIIL RS LU UL VD199 AU

U

VAuil 1les9n 2svsiudsugivendeulatmaatuuuledaaanazlufidnivdszyinu

2.6.2wﬁaLLUaamaa’lLLUUT%ﬁﬂammﬂwwﬁﬂ (Dual Resonance Solid State Tesla
Coil:DRSSTC)
yasnfeuvamaauuulednaansiswuuidasussnaulufodausna il 20y
AUAN 1ITBUNIBTES naInd LUl AuAuYsEYduUgunl anaInduRendl wazd
AuUsgaswRendl nsiruvemlioudasmaainuuledadanislanuuigazunnnigen
nifeuvasmaatwuuledndiom fe Smsiiumifiulsgeynsuivvsaindulgund anudly

=

nsaindueannasdunedinesasviiuanuiislasuuyivensasaulguniuasyPegd

q

¥ o a v & v [ o e o v a &
dafveIn siudniuUsEgnlunwinuesuguglide sxvihliiAnsasslowuud

wuveynndudashliianssuataruseiuluasiuusuglifiuduegann @inniule

'
=Y

wlaavaauuulegdnainn) Layazdnaliinssiuniaiiuniesnvesasyiisgliniuniuly

el
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Toroid
Full Bridge
Inverter
M
Secondary
DC Inductor
\ \} —»%

Primary
Inductor

JUR 2.8 29sanyavemdeuUaimaauuulednaiam

Toroid
Full Bridge
Inverter
rimary
Capacitor
m |1
1] Secondary
DC Inductor
\} \} —> 3

Primary
Inductor

UM 2.9 1msanyavemifoudaumaaiuuledaainnisionuusie

2.7 ‘Iﬂﬁﬂﬂ'li?]i]ﬂWﬁBLLUaQL‘V]aa’lLLUUI‘UaﬂaLﬂ'ﬂL‘a’I‘EiLLuuﬁ@:LLUU QCW (Quasi

Continuous Wave DRSSTC) [4]
visulasnaanlg@aaimnislouuuviguuy QCW dusnasslulay Steve Ward

[
=

Tud 2008/2009 Teendnn1sveensiintuagfunisdnnausznelndlasuainuionwlasn

U

aanluagnedlosmageululuug staccato
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= v

Tunffoudadlednaimnislenuuyiguuudnd mesugugdasgnnseiume RF lewda

U q

= v

(Uszana 10 sev) lesnnislewuwiwagBufinaudinlusnudsugd nszuadulgugfioeden

U

asvuvanesoswaudlunatesundululasiuid walu QCW azldiatvduuinndi Wy

U

o aae =

flad i uarluvaeiinsruageu asdadufinnudgeluduusugd unasinvaaindiu

s

Ygupiifdmumileathvwalvg (anuwiledniigy) waedduiuuszqisloiuwinuinién Tng

<8 U
v

UnAnszuanuugugiagdaegsening 100-200 wenl (Tustiiu Bus Modulator)
AMANYAYYRI QCW
enBuiinaugiuusugas @fiAuUsyauuu tank vadn 8-15 nF wardlduau

soUvAR IR UUFUATININN D7)
-ufislonuuyiornaf 300 kHz (89031 400 kHz)
i Toroid wurnlngifiesnuwiadiosnmuesmuisuidewiainduaswuialg
(FRumanug s uniiend)
Aoy uszduussiududadunndunesinesluszaviie 10-20 faddund
TaunndsvesiiaudasnaauuuledndmnisiauuuiguasmisuUaunaasuuly

dn aenislawuugluy QCW auasananslafnisnd 2.1

A131972.1 WSsuifisunlioudadvaauuuledaamnislouuwriguiisudasvaanuuledng

wnisLEluLguuy QCW

W =y
wolUaswaawuulaan

wiawlasndaiuulydn

W5WRe3 e Yy
aamislouuuyie alavislowuuyigiuy QCW
19A58UNeSNDS granuIaduserauing ganuIadviseyausad
gunsaladngs le30i o307
995 lindeygy1eeaaud ) y s .
= ey utlaundu eautloundu
(lunseing)
TENCINTRE g FeenseuawuURLAGY SeansrianIInau
sunvumstugunsaiwuy . .
o Wad Wad
Gl
Duty Cycle <50% <50%
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2.8 Bulredinedislauuuriiuuaynsy [5]

2.8.1 wanMsviaulioni

= 3 5 4 = 5 € o w 3

guesimadislauuwinuveynsufonsueimaiiulasmalwinszuansaiy
nsTuAduUAIFUN 2.10 szFaninduresslauuuvivuvaynsumsieddundeaniuazdaiiu
Useneynsuiuluannnudiuniy nsaindagyilifausaiusuniudivionlaefis

= | | L d.

willgnhuaziufulsey awhlideanuislawwuidzdavituaudaings

d L= L3 & L3
JUN 2.10 2asdunesinedislonuumiiuuaynsy

XL

Vi

SUN 2.11 2995auya R-L-C
dnsudunaUNITIATIZ AL

1.ADURAUTVII99S R-L-C

z,:\/m[m;]' o
oC

2 AT INANDUAUDITIAIUDVD9995 R-L-C 9¢[A9RT 108185 I UYDII995T91]

ANUFUNUSHail

R B

_R (2.29)
Zl’
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= - (2.30)

s

Anudislowuusi ArduRinautvesdinniorniuasdniulsegasindeiu oy

yauiudulnaniieanIgAIALAILN WD

v o

dowssiulnidueendugundudmasuidauiviniu f, naves L-C azviming

adnerduiinsosnud Asvinliniaiivdnyadiuly wagavasvuindynavesensuednd

s ! (]

adiuiehlisuaduussiuanaseusiumnulugurdulaiifinnudifiestuiuaiuives
PUGRIGRIGHH
4. uav0uTeRuAMLavanyavadyansUedudwisy Fvdc ssflvunwiiu
4V

SRR (2.31)
T

5 HaNOUALEITINIUDUBIIRTNT DAL DAL AR LUNIUVDILU UM INGLAE ARSI LU

v
]

JUMUsznounmn 1w (Quality Factor) feil

y) L& _(S) (2.32)
R__ G 0C
6.8 mepusssuluannTsi 2.30 dansauandlunaeed uag Q fad
h _ £ (2.33)
7 :

1 2

7.ussiunnATENMIAMUILITanaiion Q HiAgalu YagAnsiue L wag C 9l

wavilel Q HAngavuiuiu
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2.8.2 MIgaydeannIsainds
aLAuresduesimesislanuuifenisannisayideveanisaindilefisuiy

suneimesmiumnanuiisleuuuriiuazaiQ venasiags adndazvhaudonszua

v
= =

Inandieaninlndgue inligunsalaindinsaaydesn asdunesinesviatifeliussdndam

GRITRGR

2.8.3 MIMUANYUIALTINY

o o @ =l

mnauivesusiulni ilvanlilegad Ay vuedyaiuvesmnuiivdnyadion
AseNMAmuMuIzgnmMuAlngnisideuaeiiadndeanngasiauud dedumdslniiilvan
ANUAUMIUIEYNMIUANAIEANIDEINTY ndnnslanusadtluuszendldiussuuvihnig
fouanmswndlend

wenINuvzAUALLTIRUlNIAuWen mseRIuANldRILREInTiS UGl
= ' = L3 £ & =Y s = P i a o o
fifnunnianufislawuun msizariheensuedndmiudiguessundudvaousenty il
n13nseINNNDflazd1sTu uavnidaumNaliiIninAnudsluwunrdeasuedind

aeusnglngaavinliansuedndarduaiuilnatslenuuyazinlid e uiueenivuig

Faaule

2.9 qﬂniﬂjaaﬂ%ﬂ (Switching Device) [6]

lussasidavesnisvaaey 14 168T 1ugunsaiainds Tuiitagndnismiumaie
Wil woendnmsvhames IGBT fastaluil

19377 (IGBT : Isolated-Gate Bipolar Transistor) #3e13enag1afiudn N5 1udaines
aestunauen iWugunssidmiumsaindaiants fannsodnspualaidlfdusanogs §
audagalumsadnfluvaisifidnnuiuniurndigs 10307 dulsdndu nsndanes
%ﬁﬂﬁﬁﬂﬁﬂ?ﬂi%ﬂﬁlﬂﬁ’llmﬂEJE]’I?I%JWW‘I%‘JIJ?SQ%QH@WQW loun w1vedsequan way wine
Uszqau Wulierfunsdvemiudaneisesreansianieiadl (BIT) udn1saiua
nszualnirduerfeaurnlndrfidaunaiinendiuesnuianiansudanesidude
auulwih (Wieeenledvesansiisi) Faldnvazauifadetuduueamnn (MOSFET) Bn
fvilsensaswegiudinfiaesd

Snwnzlassadrmedlediilaodundefuieaiond wielalenddu nanfe
Usenousislaseadnsdturesesietuuu- By waruuud aduifu uatanaildimihg

o

muannsilia-Un 29sduerdelasiadivesuednnyiimifdnenseuagnuuiuliun

vy
& o o

N51UBALMES NelTlgdmTunIsHIunszualwiudn Senintirealdniaes wiusesnys
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2
v a

g C ¥3aUNASH38nIN TaTu Audntuts Sonin 928000 unudednusee E wie

o

veniasendt tweda Niilddwmiunivaun1side-Un fgunsaliionitdang unumie

9

o
o ar =

fonwste GlagdinealdnmesuastniivisaassnasfinaidnAutuavesdiafisnduis 8
Judnwauzves wseumsteunduwuuuin (Positive or Regenerative Loop) 3evinlsile3 T

=$ =

dnszualiinldeg esins Weldfunsyaruiuainuesame fadu To3TH Jadugunsal

=l Y

sianvsedndinaunaudnvurauthiiuvesding fawisathnszualniilias dusediunn
aeuAlussnInmsiinseualni fanudageluniseind Usenoutudnwuziduves
wedwln AANUMUMUIINGIN

luvneiileddfiogluaniugrsaslatdu azdszduussdiunnnsonsening 42

i
L3 o

nealdnines (Tainsu) Authdiinines (Trwesareutrein iewisuiivuiuueamniiia,

ANNAUMUTEITRIN NSy uaRaud1ge Foiild ledT7 awsariaunssualviildde

Usuaugs wazswnulilunisaindiiganingUnsaiviedu Tedeulledtilunumuny

maslWdiguinnalsuayauiags Wy unasdreddeladuuvaiag (Switching Power
Vo M

Supply) WIsAIVANLBINRTALAIEY HealvlunisturnalnmidsnitlussuuvhanuSounuy

wilenth (Induction Heating) \Tusu

2.10 293951389n52u8 (Rectifier Circuit) [7]

asiuenseuaduasesiifinuaniilunsuasanssudlii anluihnss waadyls
ulwinszuanss wieenadenldinwsSnseiady Wussiiveslvnseualrinlvasy
Tuludianidla firniania IﬁUﬁﬂhi‘ﬁ@ﬂﬂifﬂﬂﬁiﬁﬂﬁ’)ﬂ’lLﬂuﬁ’aﬂ’ﬂhﬁluﬁﬂ%’l&ﬂ’l'ﬁl‘lﬁﬁ‘tjaﬁ
nszudlin dmiuaunsalasiwinifideuliviiluie lalen (Diode) Bslalenfifeulduas
elunuriasmann folalanviin Si Fellnnuieding 0.7 Tiad uavuin Ge definung
fing 0.3 Than

2asduensrudlniiuuseanidu 3 afin fe 19955senseualndinuuadendu (Half
Wave Rectifier Circuit), N%'ﬁﬁ'ﬂ&ﬂisthﬂlWﬁ’lLLUULﬁmﬁu (Full Wave Rectifier Circuit) wag
1asFBansrualniwuuUIad Bridge Rectifier Circuit) IngasasiSoensrualnihudazying
eandunsnold

210.1 ’NQ‘EL‘%ENﬂi:ﬁtLﬁlWﬁ’leUﬂ%dﬂﬁu (Half Wave Rectifier Circuit)

15 3eensenalriihuuunisndulsznoudielalen 1 6 TaersasSeansualdin
wuuRtenauTy anunsowtseanldiiu 2 vin Ao 1asiSuanssualniuuueisduuan wae

993N LA WA LU UASIAA LA R 3T
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2.10.1.1 2995 38ansehalwiwuunsnduunn

15 INsEUAlWIuLUATIAAULIN aunsoResasladeguil 2.12

V

= | JlETE

Uﬁ 2012 ﬂ’l'i%’lx‘l’m"ﬂﬂﬂ’N‘\liL'iEl\‘iﬂiuLLﬂlW‘N’]LLUUF‘]NﬂﬂUU?ﬂ

s

nnguit 2.12 defdyaavidn (nput Feduduaaniirduindian lelenas
gnludanss (Forward Bias) Wianseualuitlnaluaees iiaussiulaihasenmmuniu R,
AINANYALUDIRR QMUY BIBa1AnaN A INdR M1een (Output) Iniloududymie
Yt (Input) Huies

wdnie Welldygiamndn (nput) Fadudyg urinduaudn lalonazgn
ludandu (Reverse Bias) yibildifnnszualndilualuneas dewalrluifaussiulniaseus
fumu R, vie R, = 0 leviu wieanananladiluifnduanauisen (Output) duies

aunseEdaunwt (nput) Seidudam s suanunduundnasea iy
8N (Output) intudnass Mauandlugud 2.12

2.10.1.2 19953uanseudlniiuuaieiuay

AT FeaNsERalnTuUUATIRAUAY anTaradaslanagufl 2.13

v J v
+ D1 ;

| =ti:> _\T%RL = >t
Y kjjican IV ‘

‘Uﬁ 2.13 MININUVBINSITEINTY LLE{lW‘W’TLLUUF’]'NﬂauaU

NNFUA 2.14 Welidyeyrauvidn (Input) Fadudyunsspduaudnun lalangzgn
ludanss (Forward Bias) ianseualiiilualuaeas Weussdulwihaseusmuniu R, s
anwuzvaIdy I Wioenananliindygyiuviean (Output) lleufudyaiund,

(Input) Tuies
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winiu Welldya i (nput) Faduduginmimduuindamm lnlenazgn
ludandu (Reverse Bias) vlildiiansyualviinlualuisas dewalilahfnussdulninsouss
fumu R, vie R, = 0 leviumeonananilainliiaduymiamioan (Output) thues

unseRednya i (nput) Faduduanuniauiunduandnadeddlddyyn
98 (Output) WAntudnads é’auam’tugﬂﬁ ik

nsumANnEARdndlui viouseiulndnluiesdesnszualviuuuniandu
annsavilglaeldauntsd 2.3¢ feil

v, =0.707V, (2.34)
de 7. e avwsadnglwiininid (nput Voltage) Svihendiu Thad

ac

V, Az arusnednglwiiviesn (Output Voltage) el Tiad

2.10.2 29sissansualnihuuuiuaiy (Full Wave Rectifier Circuit)

Weasinassenssualwiuuuaisedufialymdyiulwiuisen Output) Tu
Seu wireenananlanifinsesndn (Ripple) vesdygrmlni fdi3uf 2.14 JsdinsAnAuies
= 5 A & @ o a & =l
SesnszadlwiluuuifueduliufeanJymvessoandnmiinTuainsassvenseual Wi uuy

ASIAAU

R

JUN 2.14 segndnvasdyunneieonainnsiseanseualniiuuuaindu

n. dyanmienvansaniganszualnimuuainduuin

9. dyguveentesiasisonsrnalniuuunsnavay

N5UN 2.14 Tunrsundeymseandnvesdygyinioon Wasiseanszudluiuuy
Vuadu 39lathunld TasreasFeenszualniuvuifundutulsenaudiglalen 2 &1 lag
21995 5vanseaalwihuuuinadutu auisonueeenledu 2 ¥0a Ao 1995 589nszud L

[

I o = o o &
UULANAAUUIN LLAaEINYTLILINTY LLﬁuLWqN'] UUMAUARUAURAIU
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2.10.2.1 19a53sanszualwiuuulAuaauuln
asSeInszualiihuuuduaiuuIn awnsadedseslddaguil 2.15

| v

‘ -t = }H CDI R| = +%/q/\\=t
D, | ||

JUTI 2.15 N1 RsSsanszidl il uuRAGUUIN

mﬂgﬂﬁ 2.15 lddayrasvid (input) szegludnuinuiednau Aezaiunsoniu
R, nszualraunsaluaidiuinsulsasusianga C 3o Center Tap 983uauUasiuy
Center tap transformer 161 Iﬂ&l%Lﬁulﬁ’iﬁﬁﬁgﬂgﬂmlwqﬂﬂﬁﬁﬁulﬁﬁ?u zHuNlAlany
fusad@nuinvidy
2.10.2.2 1353uanseualwihuuuidiunduay
2esBuanseualiiinuuiiunauay annsonesesidfgui 2.16

] ‘ v

>t

VA EJT

J
'

JUR1 2.16 MsvhurenRsseanseualniLuuAuAGuaY

nngUit 2.16 lihdyaamdn (nput) azegludnuinviednay faramnsariy
R, nszualwiharusaluaidiuinsuieasuiiougn C 3e Center Tap vosndanuauuy
Center tap transformer 18 Tnsaziiulddndyraliidiiulddy svdiunnldiane
Fyanadnauwinii

msfmuauaedn Sl wieusetulniluiasdonseualuiuuuiundu 2y

Ju 2 whweraasSeenszealwiwuuasnau awsavihldlaeldaunis? 2.35 fsil
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v, =1414V. (2.35)

Weo ¥V, Ae anuddngluwiundn (Input Voltage) fivitheidu 1aan

ac

v, fie anusnedndluvviesn (Output Voltage) fivreidu laad

2.10.3 299 903eanseudlniuuuuing (Bridge Rectifier Circuit)

as5eansualiinuuusesduissseansesalniwuuinadueiauie Fedves
Ao arusaldirvnuntowdassssunild lagludndusedltudewlasviinsuinosuny
(Center Tap Transformer) Tngasiieenseualwviuuuusadanunsauteeenlaidu 2 vila
WUAY AD 299565 89nSERalNTILUUUSATUIN hazvasSansEwa v wuuUSAaU 1naws

=Y = = Qs all"

avviniiseavidunsall

2.10.3.1 195t 3eanseaalwiuuusiueduuan

M3sEeINsEUAlIL UL AU anunsasienRslafigun 2.17

j
(34
Y,

JUN 2.17 mshnuwenesitenseialiiuuuuieduan

A

»t

15U 2.17 ievinisladayaadh (nput) nuanvedliinnseueaady lalonsa
i D, uaz D, avegluaniyludanss (Forward Bias) nszudlwiindelnansuisas iin
fyaaunoen (Output) Inslalanddug avagluaniyludandy (Reverse Bias)

Twyhueadertu Wedyaadn (input) aduiludyaadnau leleashd D, uae
D, agagluaniizludanss (Forward Bias) nszualnilrFsluansuieas edygiavisen
(Output) Tnelalensdun swagluan1izludandu (Reverse Bias)
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2.10.3.2 299538anseualwiiuuiunduay

asFeInszualiiuuuUIaduIn aunsonedeslénagud 2.18

MAT

JUT 2.18 mavhauresnasfeanseudluiuuuuinaday

e <

e

1n3u 2.18 WevihnsTadyaandh (npud) Snvanueslndinssusadu lalonsh
fi D, war D, azegluaniizludanss (Forward Bias) nseualufinfeluansuieas iin
fyaaesn (output) Inglalanfdun avegluaniizludandu (Reverse Bias)

Twihneadeaty Wedygmrnd (nput) adududyyra@nay laleashit D, uas
D, agagluaniizludanss (Forward Bias) nszualnirdsluansuieas iedygruwiesn
(output) Tnelalenfiu axegluanigludandy (Reverse Bias)

ipsaniasBesnseualnihuuuuiaddunsestesnsvualiiuuuiiundueionis
nsAuamAIA L sRngli Seiuamiieuiuinnsduanssualwiuuudundwily
gt

V,.=1414V (2.36)

Wie V.. Ain anusadngliiiund (input Voltage) fiwineiu Tiad

V, fe anssnsdndlwinniean (Output Voltage) fiwuaeidu Thad

2.10.4 wsasulni3UiTa (Ripple Voltage)

Asivdsuntadnsssulndnseuaadulmdunsesulviinszuanss loaldrasSes
nyzualiiy wazasasnsesdyunnlndhlunisnsenseualni waznsosussdulninioln
[ Y q'q | e CVY o @ :é = =3 di =l
Wuwssdulwihnssuansaifey willewnauaudfivesiafuusyy Jalinsifiudsyyded
wssiiulninInesSeanseualniy uazaedsegliiulnen R, douseduluiiginieas
Faanseualniidananas SehlAnemsuasuutasresnsasulnindy Fendussuduida

(Ripple Voltage) uanapagy
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VOut{max )
VOutiaverage}
vOut:m n)

=i
7

JUN 2.19 ussrulnih3uda

Ripple Factor wuefis sngdiunsidsunlaswaiusadulariiuilasienis

WasuUawaawsinulniinszwansy Faamrsaruandlaann

Vr( rms )
L\ AP (2.37)
I/(h'

=

e rfe ripple factor lifiniog
Ao fensAsunladisedusade dudqedu Tas

rirmsj

V

o Ao uswulwihnsyuanse Dmiaedu e

warAIIUMIAT Percent of ripple factor ladail

AR
Yoo = =) 4100 (2.38)

de

2.10.5 usasulnihiinnisdu (Voltage Regulation)
Voltage Regulation nu1efie dnsin1sildsundasvesisesulniinialaluvmueni
TnaadunsidasuntasveansasuluirfidalaluvneNluilvan Fegrusaf1uiumnian

Voltage Regulation lsa1naunisseludl

(2.39)

Toed V, #o Voltage Regulation luifiviae

V,, Ao useulwihiinlaluvnealdiivan dwudaedu Tas

Ve fo ussdulnihiialdluvaeifiivan duedy Tad

£
Qe =

La¥AIUIMIAT Percent of Voltage Regulation ladsil

%V, Y=V 100 (2.40)

FL
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2.11 ¥anN159IULB999Tulasiumaslnmngs [5]

gunsalainfadu weann uie loI0 szvimihiiluainddidnvsedndiilvua
=

uRelwumnszuawazvganszua lngavudly veawn wie 10304 M4 Juaing
danvsedndlugauaflugudl 2.20

Ve
N5eua Taidanszia
Pt
0 DT (1-D)T T
tON
| | ’1 N
J‘:OFF

3UT 2.20 29asudasiuiaslnmss (n) wsasudasiumdsininszuansadunseuanss

Wugu (v esauyavesding  (A) ussiulwihdueen
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Weadndiinszua wssdulnirduveaniidairduussiulwironds (7, =V;)
wavileadndlitinszua wsedulwihduviesnazdawvifugud (V, =0)
Faalunsiinssuasaznganszua aglddyanussdulnihfuesnuiades

Tugud 2.20 FsanunsamAnadevierveanssiulniinseuanssiueentdainaunisi 2.41

i
%:%j%uwr
0

pr
1

%:Fgam
Vo =ViD (2.41)

dlo Vg umussiulnmssgndy
. : ‘
D L"f]ummmmmu(l):ﬁ)

PNENNTA 2.41 wunidusuliinssuansmisnusangnmuanlaainnis

=3 &

UsuaianluiAa (Duty cycle %38 Duty ratio: D) 39D wunefednsrdrudrsnarfiaing

UINSLIARDYINIAIMLIAUMTAINTI TAnudunusAeaun1sh 2.42

t t
D=—o .o (2.42)
b Lo T

L=

on
t,y=(1~D)T
We ¢ = enanudinseud

on
t,, = Talidinseua
T = Futanailuniau

i3

o | s = ) = & < e &, ¢ &
ANV UAAT D UeuUanNUudeIanwle A9 U vtANnianazuantJuilasiaun

|
& = o

A1ANAAY09 D ArAuduazA1asgafeniie unsveniuiesidunszdarmgaduaud

§ & & | e & v s 2 &
WesidusuazAgeanfontleieuiesidud

2.12 21995M0uUTEAULTIAUlNnTI(Buck Converter) [5]
Wuraasneusedunsssuluindueaniiardininwsesulnindwaz donlares
NT89ALDATNIU (Low pass filter) WUU LC neauvieen Welwussiuvieeniininudey

§4 uardldnsinsanveudyyrnsuniudliunduiuaideEewesnud
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2.12.1 Bevulvmshauwenasinaeuneiines
M shavenastnreunedmeslutiiiduanzegiistead state)
s@imsimuadoulumsinurensastnrounesineddd
1nszudlindiluasudunienilussazaunanvedamiii
L (t+T)=1i,(2) (2.43)
nneds nssualwihlnasiudumdendngdaiiy o fumiafertulun
ANULIA"

2.ussrulniiadunsaseusimdeniluidazaiuiaissfawiniugud
1 {+T
LQ:?I V,(A)dA=0 (2.44)
!

vunefis nasanvesanu ISt ulwianaseudmienirdunaivolt-
second) Tuusiagamuaazdinnviaiugue

3.nszudlnihindevesiuiudseglundaeamunanasfiavintugue

fcz%f”44aﬁ=o (2.45)

HRERN stﬁgmﬁu(charged) wagfiane(discharged) vasinAulseglunsas
ATULIAIREADANT
4. Masiwdingudsinumaslwihdiuesn
P, =P, (2.46)

ad o v 3 o a o 1= P o
natiifuunligunsaimndidugauad ilildiinsgadedessinmehanuves

995U 527N IMVe NI WV USe s U ST UR

Vi

JUT 2.21 199sUNABUNESIADS
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2.12.2 Kanmsyinau
PANNISMNUVDITUNABUESWaS WosanwuulrlawsssulwisuaanmaIud
AoINT Ae feasunleulviiiussiunnasendindeni luusazaunandanvifuaud

MNTUAITENITDMINTERanInan I uf Tl lasEuLn1sh (2.50) MTiATIERnIsYineu

[
o

vosaindluusiagluun wdoriinssiluaniivegdall

2.12.2.1 YuLaINTUNINTL LA

VL=VS_VO

HY VYN
+ + +
Ve Via=Vs = Vo

=] i a8 0
JUR 2.22 ssasauyaiiloainduinseua

nsgualidrayvaduaing dusmwmienihliddvan lnefinseualuirdiundeay

ot

Tuinufidafiudszgannguaseeiveniausadeuduaumsvosnsaiuluiinldesd

w AR Vi SN
V==V (2.47)
di
vV, =L—L (2.48)
¥ dt
di, "V, -V, (2.49)
dt L

dt lunsdleglugianiinssuade dr = DT
V=¥

)DT (2.50)

Aiﬁ.un = (
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2.12.2.2 vauzaintluinnseua

e e

JUN 2.23 299sanyailledindliinseua
Wealndladdinszua laleaszgnludalunin (Forward bias) lviinszua vinlw
nyzudlnifluaruduudeidiianisivasdiwaiios wazainnguoaunsivend azld

AUNT5UB WUl F Tl

V==V, (2.51)
di
VL a¥ _VO v LT#L_ (2.52)
dip By Yy (2.53)
dt At i

nszuadnarumwmile niagilinosqanas Insignisiddsuudainsyuadimdleni
[ = I
faasNAduay

dtlunsdleglugrsnavganseua Ao dr =(1-D)T faiuainaun1si 2.53

anunsndngusuulnllaiu
v
Ai!._uﬁ" = _(TO)(I —INT (2.54)

2.12.3 MIMASATVEIBUTTUVENITTINABUNDSIAES

Tuanngegin Msasuuvasvenszuadlnaruiimdsniluvnefaind
nszudardniswasusdasiiiuiuvinfunisasuulasfianasesnssuadilnaniuga
wilenhluvaefiaindlihnszua visersznanldihnisiisuiamwemnssuailanush

l [

willenhavsiinndugud daduaglan



35

AiL,ou + A‘iL.o,_‘f =0 (255)
(—VS Yo )DT + (—(V—O)(l —D)'y=0 (2.56)
L L
“o_p (2.57)
VS

2124 ﬂ’l'ﬁ‘iﬁ’]ﬂl’lmmmﬁ&ﬂﬂ?‘ﬁ'Léﬂﬁi’fﬂ‘ﬂ’e)ﬂ&ﬁ]i%ﬂﬂﬁ]mlﬁ]%m@%

msmdamdenifidniigaiiagyinlisarinaeunesinesanlulmnnszud
sedledagFusuamnmmnszuandeiilvairudmienihdusvituinssuaedsfine
Wilvan Wosnvariiogluannzmsiuegda nszuaadedluaiudaufiuuseqian
whfuud feduayld

[y=1,=-2 (2.58)

NgUR 2.24 szaunsaninsguailuadudmlienihddetgaanuazanan 1d91n

AUNIT LU WNEIAGLATELE 99

e A (2.59)
’ 3
V 1.V
NS
L.max R 2( L( ) )
viso@eulnaetuset
1 1-=D
Lo =Y (—+( )) (2.60)

R 2Lf
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DT T >t

(n)

i (@)

(@)
JUT 2.24 JUntiumavnaueennTUnneuweines (nuswuianaseufinienh

(¥) nszuailvarusimioniy (n) nsvuadilvariuifiulse

setiunszuaiuvileniidviande
Ai,

]I,.lnin = ]L 2 (261)
ARNINY
ey . =2 —— (—C LT P
L,min R 2(L ( ) )
1 (1-D
‘[f..min = O(_R'_ ( 2Lf )) (262)

JeulafidAgdmsunisiaululuunnszuaneiiios Ae nszuailvaniud
willgnhazronlunsyuauiniaue aunisa 2.62 ansaunmaanumileniiagaiud
lumsadnds wagmin 1, wirfuguined Aeludasrasswinanseudlnarusundeni

wuusaaswarlinaiiles



)

1 (I-D)
I . =V (—- =0 2.63
L.min O(R 2Lf ) ( )
l_ (1-D) -0
R 2If
1_(-D)
R 2Lf
Fetaiayldi
min = (1 _D)R (264)
2
(1-D)R
A\ Ly 2.65
A 17 (2.65)

min

2.12.5 AszaanAauvedwTsiulwiiueen

Tngunfaeasnsasnnnddrinufieglursestnaounsimesazddiiulsequuin
vy s lvussiulnihsuesniinmaiualunsujoRegliamisadenldduiulsead
= | S = v o =% o v o ol
fvwrelngiunngla Wesaindisiaing warlediunuin Janrsidenlydnfulsyaiitvung
winnzdukarlirnszasnaduvewssiuluihiiuseneglusedufisensuld dmsunis
AunmIAIsEaenAiuvesksulniisueen awsanileananuduiusvessiuiy
nszuavewiuyseafndandugun 2.25 Banseudludunuuszamildann

i, =i~ (2.66)
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A

AQ Ai/2

-t
I
T/2 \/
(n)

Vo
A

AVo

(2)

JUN 2.25 SUARUMSINIINYIBNRTUNADUNBSIABS

U

(n) nazuaduAulszy (1) svaenplulsadudidnfiuysey

a

denszualwihflvanuiufudsgalinniuuin Swnadinaniuiulsygee

avaudsyy laeaunsnAuIMIN

0=CV, (2.67)
AQ =CAV,

AV, AL (2.68)
=

dlo AQ  FaAUsegiiudsuudaston
AV, femszaonvasksssiulniisusenfiuasulUaton s sninueniiveon

AQ  fie Wuitauwideniiinnnnseuasiiuuseaaniunaiayla
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Al TAi
Q=—(—)( “)— S’L (2.69)
WUAIELATS 2.69 asluaunisi 2.68 azle
A, =it (2.70)
8C
wuUANEUNTST 2.54 IeeRarsaenizauin)adiuaunisi 2.70 azle
T V
1-D)T (2.71)
°"8C L 7 =0}
AV
Ao T 14 _pyr 2.72)
v, 8CL
o U S
:——( ~ L
Ko\ \ BC £
Fauaele
AV =(l__D? (2.73)
AN R

aunsil 2.73 Sendddasiazsenadutipple ratio) MWuanaufudnsiamsening
svapnaduLsUlindusensesantsenTuALs il ueen
idelnfiafiaeainunasangluinidseswiduidddniafivanlasy Joulvie
aundnsgaudetugud avld

o

P, =P,

S

dle Py Ao madslwihfidisannuvasdelwiimas

P, fia maslnsiilvan
VSIS = Volo (2.74)
PNAUNSA 2.74 agiulendenuduiusveawsasudunszualwiimdoudunsd

vomdauladlvihnszuaadu Fse1anandlidn rastneeunesinesiasauyaiUSeulai

ylawlasliiinseiansa
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2.13 gnfiagauay (Insulators) [8]

gnieaulwidugunsaiillddmsuia wiesessuimhlwihiifuseiulaiinganin
i iielilinszualnin$rashu wiednisesasiu wayn1saniasseninsdisftmseunis
wWhlnaduaudenisadrsnudeiusnanil uanmmﬁluiwudmawﬁaawu‘lﬂﬁmmqqﬁnﬁ’gﬂ

L a -]

mewnudiaelueinia migusendadit anglnuiesesiuiegndlsauiu iesessy

thwiinuerussnaenansgluuuiiintu fufugnisauindsdeudfyanulawhiisd
nsPendsnulailumuargimiiofuOverhead line) ﬁamae«imiaq& (Transmission line)
wazaesEuUIIMIg (Distribution line)
2.13.1 AuaudRvesgnie (Properties of Insulators)
Tunslénugnineaualuvmediviinihiduauidlwiegdu andeauivasdosy
wazamuieAsiassrawiLluihTReanus sl ldeuude uswiudse (Suree) MAndy
Tussuuudn gndavauiudsesiunsmananintimdnuesaiel usnalviiainnszua

as

71935 nanfeatUARURdnuautRfaIWi ena weznsaruioulunsdives

o A

a
gnieauulwiwesulauiudidudsenoufididtyfie Aumilya fuvn duiludh Fuuiuas

@

o))

adlun

2.13.2 N15AUILAILUDN Ay NI1sawIunelu

MsAUIUNEUEN A auiuaINALazauILLlveIgUNINIRSUAN B UTTIINA LYy
ety Audserloudmany Wusy diuanunelu Seusenausisauiuundfuatiumen
viefeauiunely sragluddludsievalalisudutatuaninzussenma dnuugiazaniv

VIAUIUMNUARE

ot

sv8v¥1 (Leakage Distance) Minsfile seoyfiduiianseuinedidnlnnuselany
Useneudngnineauiu nedalumuiiauiuniouen

“5¢82013n (Arcing Distance) Manefle sepgmuuuainaisnuseauisniiu tufe
ssuziiduiignssviadidniasaniolansusenoviniugndaeaudiae il Ulueniavie
awufng viieauiuvariidensevamunds luamwifsszazorinarenniluanimden
vioanmidey

-@n1wuska (Dry Conditions) medis Msdsinmasueglunmuisuarazernlned
Fouludulumuiianmsgrufivun

-anmwden (Wet Conditions) sinefls fhegramaasufidsuuuuaniaznsldaly
anmendulilenadeunansenuNuANAILSTSITIATIIHARDNISAIUA BN AN WY
dhilufnuadisarudumusing $asinisen suasasfinnienisanvesufiiaauan

Aguan
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2.13.3 vilinvasgnineawiu (Type of Insulators)

lw A

1 gnieiunse (Pin Insulator) 1ugniieflddaasussgawuunisadiuf lnewn

U

v
| i ar Qs 13 =

anglweglusesmnaneliiegduuuvesgning fgndiwazusznaumetnwatedu suludl

v U

slamudaduinden

1 4

UM 2.26 gnieMuAse (Pin Insulator)

2. gnieiuasaiuuien (Fog Type Pin Insulator) fdnuwngiugiuwuugniouiiu
A3 BusliesEee I TnammesveeiitdasiuageinitgniieMunsasssuaviailiiie

inlUldanulunndanusesilougs Wl eva

o

JUT 2.27 gnanemunsawuuiien (Fog Type Pin Insulator)
3. Q28N (Line Port Insulator) edldnvueAdgnitemMuAsLAtiaas1INg

drusandunsuas danadlwriulaneinniunss WesanndrasugniIstivenuiazliliinnig

\9eveq

SUM 2.28 gnénpuvis (Line Port Insulator)



40

4. gnmisuviamuAse (Pin Port Insulator) vhuthlguifigafugninefiunssuuud
= ¥ 1 e ] a I a P &
an Aaldaniluguifianusergs uiarndunszldifansanzvzgilasanunuiduuuy

wUUADAWYRLlanesYIaU

JUN 2.29 gntheuvenumsa (Pin Port Insulator)

Y

o [ ) 1% o |

5. gnidewan (Post Insulator) ugnineiflanuaeadiegniious ileudeanuu

YU
agguavanluhnseulansdniuigadewsednsneninndeuse TUnaIumiuieaiu

anterduen lddmsudasSeiailnwinlituas Teevilulddmsugntauns

sUil 2.30 gnihevidn (Post Insulator)

[

6. §NIIBUYIN (Suspension Insulaton) 1UUGNRILLTAUGEINSOVRE U IUABAY

U Y
CN =

- v 1 a a v = o woa v i
Wumald druvuvesgninelziilaseulany fvsedesivzluvionineatuiufogauans

Y

W '
=1 [ 'Y =

vasgnmegnuuls lunsaifednaelvuswiuganniu d1uiugnineasiiuunniusie eld
anunsovusiansaiulni

2

gtl‘ﬁ 2.31 gn0evu (Suspension Insulator)
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7. gniguvIunegAY (Solid Core Suspension Insulator) I&nwuzindougniae
wvudesgnuretumeilenesgiaulunediu gnideuviugreduaziniignilswyiu

sysuallasannagliifamsiansneaiivasgnie

JU# 2.32 gnanewiunersi (Solid Core Suspension Insulator)

8. gningAefiugnl (Long Rod Insulator) ilugnieussdugs SUnluguiniougn

Y

fheiunss fgnoiedulseduaunsasnuiosseiula

P

gil‘ﬁ 2.33 gnfdenafue (Long Rod Insulator)

2.13.4 dnwugautinislwiivesgniisauiulniwesaiau

= d = v o v st & V) v oA I~ a g

suinlasafignineawiuymiifansesesiviimdn fdnvuziduuuudianinge
aunulwihliadianedegnieauiuldsunssiulwinAuiigameasyilifanisaulwmuia
YagnineauIL deunsianlmiuivesgndledadudsingnisalnsiausnaidyes
Meluauulniluasiians Faunsasduiesmenguianivues wssulnidviilianau

IWauRavesgniieauidelivaeguuuuddinaduandieiy

2,135 miwﬂaauqﬂﬁwamﬂw%wa%mau (Porcelain Insulator Test)

WIATFIUNRAMTIRAINTTY Wen. 354-2523 lauUin1snadaugninewy N SYaY
(Porcelain) soniu 3 Usvinwfe

1. MsynedauLanIzwuy (Type Test)

2. NIVAABUSUTDY (Acceptance Test)

3. MsNAdBUUsE (RoutineTest)
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2.13.5.1 MsyedauRnIEhuU (Type Test)

mnefls Msvedeuiiensivasuiiienaseuniefgtindnuuzniseanuuunma
dulumuanasgrutvuaviold nsneaeulawzuvumslnihusenaude

1. mevagauussulvimuilunmuiaesdondsussfunsyuaaduanufion

2. msneaeunssiulnA LR BT a i ngade uswuBuRadiauinwarihay

3 ﬂ'i‘mma@‘uLL‘Nﬁqu“N’liumuﬂﬁu%q (Radio Influence Voltage Test = RIV)

Indumsmeaeuuutlivhane Wunsmeasuiitomanningninedeldsesiunie
Baanglvusege swhiliiinnnueSeaauulniihgeudnaaelndnfnfugnie niedud

& 2 o o = = = ! L
Wulavgusenaudegnioe dmnamuaionaumslnihgaiunir@anunmusenssiu

=4

InfhwesermasevilfiAnnishiaw faursdiundelalsut wazdsnduduluduauiing
doansuinszarseenlusuniusruvdens ardugniisauiufiasdnndnanslusyuuds
Fmhelnoanvduguvunieludies vouliindusuniu RV) IeliRumfnesgiuivua
ALLIASEIU ANSI fuean RIV 18U pv Tunsdianiwussennelaldanizuinsgiu deddd
WNALABS UARMUMUIMULUTTONNTA ky wazinAmesuAn LA luusseInIe k, 39A7 k,
dwiugnineguldainidunsiv

2.13.5.2 ManaauIuTes (Acceptance test)

weiie N1sRsIvdeuTangUnsal nansusigramnssudndelinmninldniud
wegrumvuanselil nMsneaeususesmlwiiAfenisueasua I siTmsnanay
il Wunsvedeuideuiuunsldauais msrandelusnddouiuas fossuiuse
MeNauarANUATERauUlndh

nsnedeususoaslWiBnUsENsuikfe nsaaeusY (Puncture) 1uns
nedauLAndaty WerosnsasIveummAMmuselsiLlnivendognie (e1ailunes
YaUNIaUM)

2.13.5.3 mmaduUsean (Routine test)

mnefls nsnegeuiiviidussdilulssnu Wunmeseuiugnisauiunngniiie
m'm]aam’wQﬂﬁqafuhjﬁmmunwimmnmiwﬁmmimaauﬂnﬁwmqlﬂﬁwmaa@ﬂﬁaaamu
I n1smageuaulvniuiia Feen1e9zldusefunaufigeuuuniag (Damped High
Frequency Voltage) fAnufiuszann 200 kHz Seldrnvioudamaalmiaulnniuin
Hunandeides 3 fa 5 Jund wie eranadeunulimuindaeanuidlfiinnuliaiui;

wismataatuduan 3 89 5 ud



uni 3
n1seaNLUUNATUSTNaUESS

3.1 Foulvn1seanuu

Tuunilddiauenanisinasansvinulasgniunurenaswuainnlwinseady
WWulwihnseuanss (AC to DC Converter) 2995a519Wad (2995 NE555) 2995A 1 dndayno
anLBes(Ramp generator circuit) 1A5uDR@TU (3935 TLA9E) 29958T9TI LazIRTAANOU
520U (Buck converter) lnglilusunsuseuan (OrCad) Tun1sdiasnisvineu laeauisold
| a & 1 o v oA [ = Y] '
Asiimesaeqvesgunsailunisdiasmaadlulusunsule aldumsBuduinuuuns
© o c’fd = | o | ] e =] Qs P o
asmsinuiidulumamged douastilugnisdaiwmdsiiuusyuasfiamiesdily

v

Bu9U

3UN3.1 2195851 PWM (ladua9asaings



aq

3.2 NM331aIn1sIIuYassilasnininszuadsululwiinszuanss (AC to DC
Converter)

MITaemsinurenasivannininssuadudulniinszsuanss (AC to DC
Converter) llusunsuesuan (OrCad) lun1s91aeinisvineu ssasfievinasiiiv 5 Tan
waz 15 Taad Inosuduymnanlwiinssuaaduiiiumsannouussfuainusiontasud
FestesdladmnTimesmequasgunsaifililinsemuitlidnudoyaun

U1

(=]

+ VIN FB
U2
:l: C3 L1 2
100u ’ E i
aut Asbbdas "o o W
100uH J 20H J Tk
L
- D1
N 7y 4 e
KaL0TT 5 (Z) Dbreak ;[ 2000u <|i 100u
=0 T Jf i‘ - A = = =
0 WY 0 0 4 '
Vi
{)
JAJ |

Ui 3.2 rasudaslitibnssugadudulnihnszuanseifiioninedu 5 Taad

JUT 3.3 Juaugmssudadliinssuaadudulninszuansaifiovinnilu 5 Tad
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3.3 N1591884N15V19UVDI1TES19Nad (2995 555)

1189092995a519Wad (2995 555) lneldlusunsuesuan (OrCad) lun1sdtasenis
a1 Faduliinnseuansannanisasudasininssuaasuiduluihnss wanse (AC to DC
Converter) 7 15 Thad TnsanunsauSuanuinasioflefald

15 E_
=0 R5 REB
A NV
1K 1»
SET=05
] —
2 3 RE7
4 TRIGGER 3 1 P
£ RESET OUTRUT [F-———-
& CONTROL 100k
= THRESHOLD P =
DISCHARGE 0
c4 i
5550
) \
T R59 ;
c3 Sl A2
b4 R a1000k o
10n D3
5 SET=05 J

sUTl 3.4 2995a51990d (2393 555 )

WATETWWadRlALANUDNEILITaUSUA IR L9 15-23 15509 tazau1sausSuRim

luiAalagaudedeldlviuinsiiiedyauandowdneiminfiluuaden dagu 3.4

3.4 29950 iladyeyruainides (Ramp generator circuit)
nTINaeINIsNIuTenasiLlndyyiuainides (Ramp) lngldlusunsusaunn
(OrCad) Tun1s41aa9n199971u Fesulinszuansanaimeasilaslninszuaadudu

Invnszuanss (AC to DC Converter) 1 15 Taan ad1sdyaaaindsaietrlududg o
muAuluIITIOg ATy



a6

S
=]

I

R51 < RS2
gwk 3 i
! s = €32
1 100n
vt
’5 _
|

BC32TANF
Q15
‘
vig D15l
L 'BD135-16/FLP
|
L 2
Jz g R53
[ = c3l
: Fl m 1 470K
|
|
bz AL ], 0 | e W ]
=
0

5U# 3.5 s uiladnyayiauaindes (Ramp generator circuit)
35 Naiuag}taﬁu' (2995 TL494)
lilunisasedysias pulse width modulation ieldlunisdinisisasaindaivesh

Tsastneauneswasiinuieldduwwasiiavesmsoudasyaan

[
V19
‘ss'v P e My
L R6
= 1k
U2
(&)
+ID$+!N2
AINT -IN2
ci [.—]F8 oOC 1 e 2
V20 RE1 I ] 0TC (C2 444
1 cT E2 100k —
+—VVv o RT 1 -0
5k VREF E1
L 2
0 TL493

o

U 3.6 199swagaty (2993 TLA9A)



ar

Y ¢ ¢
3.6 1WATUNADULIDILFIDI

T duwrasaewnuwrasinenseiansslunauladinaan

L1

500u 2
VOFF = 0.0V
VON = 1.0V g R65
=, C35 5
;

"0 —[1Du

I ]

gﬂﬁ 3,7 1ITAANaULSIAY (Buck converter)

- -~

3.7 nspanuuuuazUsznausisdaiussalnindwniiend (C,) [9)
' v 2 a a @ a v o & & | A | v
A1ANNgvesRAvyseglivduniegiidulfousniisesideieindinuiniey
Weala Wesnnussiunazaudnuvigenazlinisivisuutas Wevwiavesivaniinig
Waguulas lneduduuseqluihdunfsglissdsznaudie aranugluilizesdidniaga
wuuatuu Arrnugliihudureainsuniend uaranwglniivesgnigauulnih
= o U as dv
Feannsamualanail
3.7.1AAnualniivesdianlnsawuuasnu (Toroid; Cy)
dantasauvunmmiminiduduiuyszalnimisiunieglivesmdouas
LazYILNTEAANATERTRIE LN LN AIRAYUTO U dinvuvetnalnfuRend
Feanansoruindlenaunisiiz.g
dl
C; =14{1.2781-=L | [zd,(d, ~d)) (3.1)

2

o G fie AIALTUeIBaNlnsAL UYL
d; fie vunaLdUHIuALENa19TBYiE

d, Ao MNALFURTLALINANIYBUMIUND TR



a8

d2

>

Ll
-

JUT 3.8 M fiweidianlasauuuisuniu (Toroid)

s liiduiugudnatsvesiaim (d,) wirtu 9 T Bwhinanvieezglidouvuna

U

wusnuguinans (dy) 0.75 1 aglaranuglnihve diantasawuuiamiu wiriu 7.37 pF

CT:1.4[1.2781—%J rd, (d,~d,)
2
= =1.4(1 2781 —%j\/ﬁ %0.75(9-0.75)

C,=7.37pF

JUN 3.9 Banlmsnuvursnuresiowdasmaaiuuuledaaay

3.7.2 fenulvtihussluvnanaduniegd (Self-Capacitance; C)

wrane Y Renizdmanugnihuldsminsadnnliannaunisd (3.2

C =0.29H +041R +l.94R\/§ (3.2)



a9

= =Y

il C. Ao mANuglnanusdluvaaniuRenil (PF)

8
a o |

H fie mnugeasszaynsiurnaInauunyAugi (€))

4

R fio Srflvasaainduiend ()

H

(-
{

gﬂﬁs.lo W151TAD5UIRURUEN (Self-Capacitance)

nsfiAInuglniudslunnaindunfsgiive mdouwdasnaauuulednaianis

TouuuARUUQCW (dvSunnaaugnienuI)

el ugeesssesiuvaaInmuyRe WU 15.75 deiuuuiniguunaudy

HuAudnans ¢ 91 sgldmanuglwihusduueaiadiuniegiivindy 17.031 pF

9

=029 +041R +1.94RJ—§

2
G =t 0. 2081 SE5 0.41x2 1.94 %2
Y ( % )+( X )+( x 2% /15.75]

C, =17.031 pF

=

3.8 NM3gANUUUUIENRUATINUARMGLYRENH (L,)

U

Tunmsesnuuuidanldviefigvuimduniuaugnate 4 17 Wuwnunatalunsiuunain

U

mwﬁaﬂma 'quJuﬂ’T‘§WU’Ilﬂﬁ’3@m1uﬂﬁlEjﬂﬂJL‘V]"Iﬂ‘U 15.75 ‘L!'] ﬂ’?'iVI']‘UU’]ﬂLﬁ‘IJﬁ’Jﬂ‘V]EJQLLﬂQﬁ

9

L‘Iﬂll']xﬂﬁ.lﬂ’é]ﬂ'liwuﬂmﬁﬂﬂﬂﬁumﬂﬂﬂhﬂ’]ﬂiLQE]U\L“Uﬂ’WE]E]ﬂLLUUWﬂW‘MUWI'Jﬂ@ \denldviond

*2p

?IU']WLEUN']UF‘?‘UEIHE]N [ ‘I.J’J A1 15.75 U’] Lta"ﬂ']ﬂ’ﬂllﬂ‘U']?JEJﬂ‘EJEN"Uﬂﬁ’JﬂﬂTu ﬁag

Uiz 200 kHz
setulunisusenavaitadanidaniues 24 AWG Aflvuauiugudnans 0.02 93

(0.511 Faduny) lumsiuvamasuyieg Fermisifimesmeqdiduneumsiuinumsl



50

3.8.1 MUIUTBUVRIN THUVAR AR TUY AL

a

TuuseUTeIMIsHUYAMIAR U gdlasiansunanauinvesduainiildiy
asnsamuInldnaunsi (3.3)

H
= (3.3)
d
e N fAe Inusevvesmsiuwnaadiuyo)l
H fip AnugvessTENIsiuInandunRend (89)
i)

d B YW IRLHUHIUALENAN YRR IANE AT (117

Wownumadluaunsi (3.3) sglddnusauresmsituenadniuyfagiiviiiu

0.2
N =783

alsdunsauvesnisiuanannupsndviniu 783 seu

=

3.8.2 MM umilenivesnaIniiuniend

q

= o

AAamdeniivesunammMunieni ansaAamilanaunis (3.4)

U

~ (NRY
OR +10H

1

de L, fie manuwileatvesunainguniond (uH)

=

N fg UINTEUIBINSHULAGAA LY R nT
¥

q

[
=

R Ao Sallvesunuisgudnaaseainmuiend (1)

H fie AnugwasssezmMsnwuaaInduyfe)d (92)



al

y

5U# 3.11 wsdlimesanumieivesnainduyiegi

YL 7

Waunumadluaunisd (3.4) agldanarumilerivasnainaunfeniiviniu

U

__(NR)’

ST IS,

\V/ SR\
27 (9%2)+ (10x15.75)

L, =13.962 mH

= =Y 2

JUT 3.12 wnanduyisgive meuUadinaauwuulednainnislauuumia wuu QCW

U
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3.9 n1seanuuukasUsznauaitsiaiulsEgluiidulgugd (C1)

o

NIfelldenlimnnuguasiifuussglnimesnudgugiivingu 0.01 pF Wesen

[ | Al ' <4 3 a = ! o/ 2 3
Jumanugiiligasemawiull Saegliaunsaseniuunazlsenauasnswnaindu

= ol

L]
Usundndiaiimuizausalils 91ntuvinnisdiassnaniolusinsy OrCAD LWaWIIUIR

o Uy

o al ! L ] o ' o el ve = Vo &
wsauARnAsaudIAUUTEY HamsdaenuTLsssuiiladaUszuna 20 kv Fadenlddiiu

]

=

Us¥qEvio WIMA vila Polypropylene ﬁﬁﬂ"]ﬂ’l’mf\} 0.02 pF ANALSIPUNTEUARSS 15 KV lng

sonuuulisadiiudszgeynsuiu 2 & gldranuguesdafiudsegsauindu 0.01 pF

lnefiAruamussusiuvesiuiuyszwiiu 30 kv

b

JU# 3.13 fifudseasudgugd

9 o8

3.10 msgenuuulsznauaitsuaaInduugugdl (L,) [9]
nsiurnaInulgulivridenlduuy Helical Coil San1sRULUUNIINTEUDN

deswnegsiliiAan sl seninaveaindiusugiivas e giganionuy
Flat Pancake Coil %38N15WUKUUKUITIULAZIUL Inverse Conical Coil MianIsHuLUU
fuver Aamdeniisesnslunsdiidildlivegouriugnieauiuauisadwanlian
aunsi (3.6)

LC =L, (3.6)

L x(0.01x10™)=(13.962x10~ )}x(17.031x10™)

L =28318 uH

nseenuuULArUsENavai sunaIndulgunl denlivieneaunsuuie 0.118 i
(3 fadwnT) sToEvTEnAaUENaIBILAdEsaUWN T 0.118 T Seflvesuaaindy
Usuf(R) Wity 0.059 &9 ANugevasmaInFIuUgund (H) Wity 4.72 T wagiudiuou
sau (N) Wiy 20 soU MmAnamisnhvesurainsudgugiannsafunldainaunsi
(3.7)

(NR)?

e (3.7)
' 9R+10H
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o Ly e manuwmillenhvesweaindudgund (uH)

N fe S1iuseuresmsiuunanmuUsugd

*4

R A Seflveawnuisrudnalsesunainmulgunll (17)

=)

H fla mugavessrasnsiunaInimulgugd (@)

Felizgepe
O O

s
—
i
i
i
i
Il
i
L
1
1
H
i
]
[l
1
i
1
[
[l
i
1
1
[l
1
I
l
[
Y
s

O
O

'S
-

O0OO0O0OOO0O0ODO0OO0OO

U 3.12 mnilweslumsiuunainmuugugiuuy Helical Coil
dlaunuratluaunisi (3.7) aeldrmaumisnivemeamaUguniiasaasinbu

_ (NRY’
' 9R+10H
(20x3)’
' (9%3) +(10x4.72)

L =48.51 uH

L
-
.
.
°
.
.
-
-
@

JU# 3.15 myiwueaasiuUgugivesisautasnaaiwuulednamnislawuusie Ly QCW
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3.11 NMIDBNLUULAZUTENDUAII9993138 NI TUAAIMIUIRTNNRT [9]

29333 8ansuavi vt U Asuusadulni nsyuaady 220 VAC 50 Hz Wuusediulaih
NIELARTY 311 VDC Jeanunsauiusedunsedudideansidainnisideunanumsioutassu
wsadulndn (Varac) 33n1si3eenseuaanunsavildlnesensasinulalonuuuused aintu

nseuusilAGeulaen srednAuUsRfida1ge 10000 UF wsesiu 450 VDC

Variac - +DC

220 V¢
Nutral /4 l’g :L ‘ DC

JUT 3.16 Uufan 9 uveesiesnsenadiniuieesia

A
aAA",

JUN 3.17 29955 8anseuad1miu93Mae (Bridge Rectifier)
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3.12 MIPANLUULAZUTENDUH5192995AUAY
asmvaniwihiruaunsaintsledda (GBT) melurasmuauusznauludae

1993950 TUNTEMALAU 2995TsUNAU 1sVINdyay e Nﬂﬁmma%%’wﬁ (muAussEzaily

nalalaaindvesledTN) wazreasveredynyranistuledd

of

"
(=3 wr % J\_uu ;{\u o= ;
- a . T = 1% |
P SR, o e o i*_{ I3
g’ﬁ ;l? Lo i
Py [ L& & sl N [ T
o 4 i . e T | i
pe- R —4_,_“‘4 B~
= ==

Ik

(—FE

et
\‘¥f
£¥s
ik
i § 9

JUN 3.18 WHuRIN1391UIBNITAMUAN

3U7 3.19 19957UAY
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3.13 MyPanLuULazUIZNauds1999B UL nes
2asludiniesiminiudasussiulninnszuansefildsuannumasane Tdulnn

nIzLAAdU WWRANRTawssFuldsua nunasTreauilasUszuin 200 kHz 1995

sunemesiidonléiluwuy ednuins FeldleI0fues HGTGAONGOAS 75A 600V Ty

=

andlunisdsendanuliviveainuazifiuuseeduugugd

U

JUT 3.20 19sEanUIndduesing s



unii 4

N1INAADILASHANTIIVINGD

4.1 na13un

Lﬁ'aamﬂmmgm ANSI C29.1 (R2012) waie N, 354-2523 AMuuAlTIN “nisvagdau
Mulrinuin e1aldussiuanuiigauuuming (Damped High Frequency Voltage) #ifinnud
Jsvann 200kHz BsldanudiounvasnaalfiAenulimuisediestuduinat 3 fa 5 3und
wIpa1enaaaunulnisanuidvihlfannulnasfiowkedeidestuduan 3 fe 5
wift” SuiteBusufivssdvsamuazanugniesisiugilunisesnuuuiazsenouainaddls
dn1sneaeuntewlasnaainuulgdaainnislawuurigiuy QCW Fulagazyiinmadeuen
mumisiihweswaainduniend Aeruindenhgaavesiuugugd Aanugliiihues
ffiuUszaudgugd wasvhmsvegeuulnmuivesgnisuriudsaziiausluide
moly

4.2 mivegauniioulasnaauuuledaannslouuuviguuy QCW

o = =

4.2.1 MIngIIdeuMANUWTle TN a AW REQi

q

a

n1seenkuukazysENavaiNunaIne Ly fus

Y

Alganuralidaandduuni 3 tu

a a 1 oa

]
PNMIMUINIElaAIANNmTe NI AAINAUYREYIWINY 13.96 mH Weviin1sind

9

anumigatmewaansundsnilagld LC meter wudiandaldviady 14.01 mH wiule

|
o o 1 =

Neidaletalndipeatuaildasnwuul’
"_.w; EI_‘%'“

=

UM 4.1 mAanumlenihunainmuyRund



4.2.2 minTRdeuAunteniveeaInmulsugl
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=

U

M1319% 4.1 namsvageuAANmienhiuUsugilannisin

TUIUTEUIRRIRATUUFUYT AT (uH)
1 0.1
2 5T
3 2.2
- 3.5
5 6.3
6 8.8
7 12
8 14.9
3 182
10 20
11 e Ny
12 27.6
13 31.2
14 36.9
15 293
16 42.0
17 47.8
18 51.4
19 72
20 58.4
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U 4.2 e sinAanumilenthiuugugiisavi 12

9 =

4.2.3 MIATINEBUAIAIINRUBINUYTE A WUTUQH

9 o4 U

nseenuUUkasUIEnauad i UUsE R uUguaddndaduuni 3 tuainns

munaglimnugliivesdivyszawindu 0.01 uF Wevinnisinaislagld LC meter

wuafdaldviniu 0.01 pF Wiuldndianlnaldssiuatfieenuuuld

4.2.4 159188358 UUN3991UMEIUTUNSH OrCAD

nsInaeesEUUAIIuTelisulasmaaiwuuledadanisleiuuiauuy QCW
fuldideyaiildannisindminimasaieildinsesnsuuliuléidudeyalunis
$apssEUUNMTINY e aesmanizivnradlumsiey suluiiddes dasenfieon
denaliifinanudemesogunsalinsgvemdouvainaawuulednammisloiuusiguuu
QCW
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JUN 4.3 Msdaesszuumsviauvemdaudasndauulgdaanislonuuvinnuy QCW

lunsdnaesszuunsviany fidelamuueanuifildiugunsaiainBedaldainnis

Uaunduvesdyansinuiasdounduiiniiud 200 kHz 1nedn1un1svinenuueelsaiung

WiI1rU 5-20 ms A7RleLAA 1-10 % WSIAUTT1V09199TDUIDTMES 0-310 VDC 21ATUI

MTINNTERAUAZUTINUVIODNVEINATAMUUTUNT LAZUTIFTUAIUYIDONURINATAIUYRENT

Faausonanslasall

8:0UTPUT
1A:Y

=

1B:Y

il
s uu u

.___ilJ'LJ'I I 1

ol

Mydgh

r"__i

L5 p ¥ T

JU% 4.4 dnhvuggundudynuildlunmsmivaunsinuvesgunsaiaing



4,08V

Z.Ckv —S——4- B S

S

1.40ms 1.44ms 1.48ms l.%2ms 1.56ms 1.60ms 1.64ms

=

JUT 4.5 ussdufivnainvaneasaulgugl

U

4004 -
|

Ok

e
o— =

=200A.

=4005 - —
1.40ms 1.44ns 1.4éms 1.52ms 1.56ms 1.60ms 1.64ms
a =L(C99)}

~ i o
3UM 4.6 nszuaiunaInue eI uUgudl

163, 0 R T S\ L

=100.0xV

~151. 4KV - - : - -
1.4141ms L. 4300ma 1.4800ms 1.5200ms 1.5600ms 1. 6000k 1.6400ms
& VIRIB3:iZ)

JUN 4.7 USWUTRaInveNeR sy Runil
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HAINNTIABITEUUNTINUN UM auUasvaawuulednainvislowuuyiguuy
Qcw #ldhmseenuuuliamnsnaaussdurieeniiunasluisesiumiondivindy 120
KV finudisTowuuyt 200 kHZ wsefuw1911909995dU5 MBS 230 Vo Inedlanunis
¥191ur899asmIuALIRY 5 ms Adleida 2 % lnsdidenldussiurndivenes
DUIDTMBIIINU 230 Vo Lﬁmmﬂqﬂniﬂiaﬁm%aﬁlﬁaﬂﬁﬁu 10307 wWes HGTG 4ONG0AS
75A 600V Fsanunsavunsenadavuzls 300 A FanvhmsuSuseduuseduridnganinang

fmualiagyilinssuanlvaluissdunesinesiiutuasasennudsmeliuigunsalaings
5]

4.2.5 msvageunulrniuiivesiivesgnineawiulagnliouvawvaatuuuledod
wmislanuusiguuu QCW

gunsalildlumsmegaudsznaume

1.udeulasuSunssulndrvunm 0-250 Vac 50Hz 20A 1 1A38s
2 vilowlasnaa uuulganamnislauuuranuy QCW 1 940

3. Oscilloscope 1 1A304
4. Voltmeter 1 30
5. Clamp on Power meter 1 1A309
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QUASI-CONTINUOUS-WAVE DUAL RESONANT SOLID STATE TESLA COIL
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aarlednaian.slewuusiguuy QCW (Quasi-Continuous
Wave) Wi 400 kV 200 kHz Gedmunanainuiosdaanaan
wuulsdna.anislewunie ffin 400 kv 200 kHz Tasfiwamn
HesaiuseRunszLansaUSum AL UL IR-ROuReSAes
Faldmsairesdg it safunuy Ramp wasdnainusefy
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wuu Triangle wnfludyrauwmelagldadnns PWM (Pulse
Width Modulation) wa2dairudyuimiddandas
low-pass LC fitter WlFuseiunvuda-asuriadinadununs
Tundednsusafunszaanss vonainiugdaving-
dunredinoflagnimntu. Reldunusssswuunauing-
dunafmeivilvaansanunsyaalsl 150 A uwavihlUldadne
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ABSTRACT

This project presents design and construction of
quasi-continuous wave dual resonant solid state tesla coil
400 kv 200 kHz which was further developed from dual
solid state tesla coil 400 kV 200 kHz. The adjustable DC
voltage based on Buck converter circuit was developed.
The developed DC voltage source is controlled PWM
signal generated by carrier ramp and triangle signals. The
PWM signal is filtered by a low pass filter. The developed
DC voltage source is effective and can be used instead of
the conventional DC voltage source. In addition, the dual-
bridge inverter was developed for serving the higher peak

current of 150 A instead of the conventicnal full-bridee

inverter. The developed voltage source is used in Quasi-
continuous wave dual resonant solid state tesla coil,
which can make electrical breakdown in air without a
corona loss. It may be used for insulation test of insulator.
From this achievement, the developed Tesla coil can
increase testing performance of KMITL' s high voltage

laboratory.

Keywords: Tesla Transformer, Dual-Bridge inverter, Buck-

converter, Modulation
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CAb55, CA555C,
LMS5S5, LM555C, NE555

Timers for Timing Delays and Oscillator Application
in Commercial, Industrial and Military Equipment

HARRIS

SEMICONDUCTOR

@

May 1997

Features

« Accurate Timing From Microseconds Through Hours
+ Astable and Monostable Operation

+ Adjustable Duty Cycle

Output Capable of Sourcing or Sinking up to 200mA
Output Capable of Driving TTL Devices

Normally ON and OFF Outputs

» Pulse Generation
* Pulse Detector

» Pulse Width and Position

+ Precision Timing
* Sequential Timing
« Time Delay Generation

- High Temperature Stability . .. ........... 0.005%/°C  oscillator operation and can maintain an accurately con-

+ Directly Interchangeable with SE555, NE555, MC1555, trolled free running frequency and duty cycle with only two
and MC1455 external resistors and one capacitor. ’

Applications The circuits of the CA555 and CA555C may be triggered by

; 4 Modulation These types are direct replacements for industry types in
Ordering Information packageysp with similar ierfninal arrangements e.{;. y§E555
PART NUMBER TEMP. PKG. | and NE555, MC1555 and MC1455, respectively. The CA555
(BRAND) RANGE (°C) PACKAGE NO. type circuits are intended for applications requiring premium
CAD555E -55t0 125 |8 Ld PDIP E8.3 electrical performance. The CA555C type circuits are
CA0555M (555) -551t0 125 |8 Ld SOIC M8.15 | intended for applications requiring less stringent electrical
CA0555M96 (555) -55t0 125 |8 Ld SOIC T M8.15 characteristics.
CA0555T -55t0 125 |8 Pin Metal Can |T8.C
CA0555CE Oto 70 8 Ld PDIP E8.3
CA0555CM (555C) 0to 70 8 Ld SOIC M8.15
CA0555CM96 (555C) 0to 70 8 Ld SOIC T M8.15
CA0555CT 0to 70 8 Pin Metal Can | T8.C
LM555N -65to 125 |8 Ld PDIP E8.3
LM555CN 0to 70 8 Ld PDIP E8.3
NE555N Oto 70 8 Ld PDIP E8.3

NOTE: T Denotes Tape and Reel

Description

The CA555 and CA555C are highly stable timers for use in
precision timing and oscillator applications. As timers, these
monolithic integrated circuits are capable of producing accu-
rate time delays for periods ranging from microseconds
through hours. These devices are also useful for astable

the falling edge of the waveform signal, and the output of
these circuits can source or sink up to a 200mA current or
drive TTL circuits.

VOLTAGE

RESET

Pinouts Functional Block Diagram
CAS555, CA555C (PDIP, SOIC)
LM555, LM555C, NE555 (PDIP) v onTaaL Mo CES
TOP VIEW ®) voLtace €
\J -----------1
eND [ 3] v+ :
1
TRIGGER [Z] 7] DISCHARGE | - -
ouTPUT 3] [6] THRESHOLD 3 L s ' 'E_
RESET [7] [5] conTROL 5 1 3
VRLTAGE Z | OUTPUT
&= SHO w
CA555, CA555C (METAL CAN) = owear | 3 2
TOP VIEW ' - nGF:
V+ . TAB = ! — 1 2
ﬁ@: _JFLIP-FLOP i =
GND (7) (7) DISCHARGE o L
I- L N NN BN BN BN B BN B BN BN B O . -‘
TRIGGER (2) (6) THRESHOLD &

GND

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

8-3

Copyright © Harris Corporation 1997

834.4

File Number
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CA555, CAS55C, LM555, LM555C, NE555

Absolute Maximum Ratings Thermal Information

BE SUpply VoltaiS copss semn svemass o8 simes 26 555 504050 w 18V Thermal Resistance (Typical, Note 1) 8 (°CIW) By (PCIW)
Metal Can Package ............... 170 85
Operating Conditions PDIP Package« v v s sosas o 100 NIA
Temperature Range SOIC Package: « uwn v vensid swvvn 160 N/A
: : i 0
CABSS, LMSS5 ... vy NSO TRPRaLE Rl PROARS) s o 1o
E555 0°C to 70°C ; “ Pe ge) ........ 1507
CA555C, LMS5SC, NESS5 ... Maximum Storage Temperature Range ......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s)............. 300°C

NOTE:

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

1. 8ya is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications

Ta = 25°C, V+ = 5V to 15V Unless Otherwise Specified

CA555, LM555 CA555C, LM555C, NESSSI
PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX | MIN TYP MAX J UNITS
DC Supply Voltage V+ 4.5 - 18 4.5 - 16 A"
DC Supply Current (Low State), I+ V+ =5V, R =0 - 3 5 - 3 6 mA
(Note 2)
V+ =15V, R = oo - 10 12 - 10 1h mA
Threshold Voltage VTH - @] - - @] -
Trigger Voltage V+ =5V 1.45 1.67 1.9 - 1.67 -
V+ =15V 4.8 5 52 - 5 -
Trigger Current - 0.5 - - 0.5 - wA
Threshold Current (Note 3) ITH - 0.1 0.25 . 0.1 0.25 WA
Reset Voltage 0.4 (0 1.0 0.4 0.7 1.0 \'%
Reset Current - 0.1 - - 0.1 - mA
Control Voltage Level V+ =5V 29 53 3.8 26 3.33 4 vV
) V+= 15V 9.6 10 10.4 2) 10 " v
Qutput Voltage VoL  |V+=5V,Ignk = 5mA - - - - 0.25 0.35 \
Low State IsinNk = 8mA - 0.1 0.25 - - - \
V+ = 15V, Igink = 10mA - 01 {015 - 01 | 025 v
IgiNK = 50mA = 0.4 0.5 2 04 | 075 v
IsiNk = 100mA - 20 | 22 = 2.0 25 v
IginK = 200mA - 2.5 - - 2.5 - %
Qutput Voltage Von |V+=5VIsource=100mAf 3.0 | 33 - | 2715 | 33 g %
High State V+ =15V, Isgurce = 100mAf 13.0 | 13.3 - L1275 | 133 - Y
ISOURGE = 200mA - 12.5 2 3 12.5 - v
Timing Error (Monostable) R1, Rz = 1kQ to 100k, - 0.5 2 - 1 - %
Freguency Drift with Temperature ?e;g;:f v+=5V v+=15v| - 30 100 - 50 - fppmPC
Drift with Supply Voltage - 0.05 0.2 - 0.1 - %NV
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Electrical Specifications

Ta = 25°C, V+ = 5V to 15V Unless Otherwise Specified (Continued)

CAb55, LM555

CAB55C, LM555C, NE555

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX § MIN TYP MAX | UNITS
QOutput Rise Time tr - 100 - 100 ns
Output Fall Time tp 100 - - 100 ns

NOTES:

2. When the output is in a high state, the DC supply current is typically 1mA less than the low state value.
3. The threshold current will determine the sum of the values of R4 and R to be used in Figure 4 (astable operation); the maximum total

R1 + Rp = 20MQ.

Schematic Diagram
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NOTE: Resistance values are in ohms.

QUTPUT

;

Typical Applications

Reset Timer (Monostable Operation)

Figure 1 shows the CA555 connected as a reset timer. In this
mode of operation capacitor Cy is initially held discharged by
a transistor on the integrated circuit. Upon closing the “start”
switch, or applying a negative trigger pulse to terminal 2, the
integral timer flip-flop is “set” and releases the short circuit
across Ct which drives the output voltage “high” (relay ener-

gized). The action allows the voltage across the capacitor to
increase exponentially with the constant t = R{Ct. When the
voltage across the capacitor equals 2/3 V+, the comparator
resets the flip-flop which in turn discharges the capacitor rap-
idly and drives the output to its low state.

8-5
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NOTE: All resistance values are in chms.
FIGURE 1. RESET TIMER (MONOSTABLE OPERATION)

Since the charge rate and threshold level of the comparator
are both directly proportional to V+, the timing interval is rel-
atively independent of supply voltage variations. Typically,
the timing varies only 0.05% for a 1V change in V+.

Applying a negative pulse simultaneously to the reset termi-
nal (4) and the trigger terminal (2) during the timing cycle
discharges Ct and causes the timing cycle to restart.
Momentarily closing only the reset switch during the timing
interval discharges Ct, but the timing cycle does not restart.

Figure 2 shows the typical waveforms generated during this
mode of operation, and Figure 3 gives the family of time
delay curves with variations in R{ and Cr.

SWITCH S4 “OPEN"

INPUT
VOLTAGE (TERMINAL 2)

BNV W
CAPACITOR
VOLTAGE (TERMINALS 6, 7)

0 S

OUTPUT
VOLTAGE
(TERMINAL 3)

0

s
FIGURE 2. TYPICAL WAVEFORMS FOR RESET TIMER

100

R1=1k(/

10kq
AN
W
0.001 / / / /
108 103 102 10!
TIME DELAY(s)

=

NN
\\\\\\\
NAN

N\

CAPACITANCE (uF)
o

10

FIGURE 3. TIME DELAY vs RESISTANCE AND CAPACITANCE

Repeat Cycle Timer (Astable Operation)

Figure 4 shows the CA555 connected as a repeat cycle
timer. In this mode of operation, the total period is a function
of both Ry and Ro.

0 V+
5V

AL

Edl

(¢
=

T 0.01pF

- - 3 - - -

FIGURE 4. REPEAT CYCLE TIMER (ASTABLE OPERATION)

T=0693(R1+2Ry)Cr=tq+t
where t; = 0.693 (R4 + Rg) Ct
and ty = 0.693 (Ry) Ct
the duty cycle is:

et L

T+ R, +2R,

Typical waveforms generated during this mode of operation
are shown in Figure 5. Figure 6 gives the family of curves of
free running frequency with variations in the value of
(R1 +2Rp) and Cr.
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5V

WIA A IATA LA |/

\/ N \N/\/N\/

17V Y Y

Top Trace: Output voltage (2V/Div. and 0.5ms/Div.)
Bottom Trace: Capacitor voltage (1V/Div. and 0.5ms/Div.)

FIGURE 5. TYPICAL WAVEFORMS FOR REPEAT CYCLE TIMER
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FREQUENCY (Hz)

FIGURE 6. FREE RUNNING FREQUENCY OF REPEAT CYCLE
TIMER WITH VARIATION IN CAPACITANCE AND
RESISTANCE

Typical Performance Curves
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Typical Performance Curves (Continued)
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Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.

® Complete Pulse Width Modulation Control Circuitry

On—Chip Error Amplifiers
On—Chip 5.0 V Reference
Adjustable Deadtime Control

Undervoltage Lockout

and Control Changes

On—Chip Oscillator with Master or Slave Operation

Output Control for Push—Pull or Single—Ended Operation

Uncommitted Output Transistors Rated to 500 mA Source or Sink

NCV Prefix for Automotive and Other Applications Requiring Site

MAXIMUM RATINGS (Full operating ambient temperature range applies,

unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 42 V
Collector Output Voltage Ve, 42 ¥
Vea
Collector Output Current Ic1, lc2 500 mA
(Each transistor) (Note 1)
Amplifier Input Voltage Range Vir -0.3to +42 V
Power Dissipation @ Tp < 45°C Pp 1000 mwW
Thermal Resistance, Junction-to-Ambient Raga 80 °C/W
Operating Junction Temperature i) 125 °C
Storage Temperature Range Tstg -55t0+125 | °C
Operating Ambient Temperature Range Ta e
TL494B -40to +125
TL494C 0to +70
TL494I -40to +85
NCV494B -40 to +125
Derating Ambient Temperature Ta 45 °C

1. Maximum thermal limits must be observed.

PIN CONNECTIONS

S
Noninv E EI Noninv
Input Input
input 2] 15] ot
Compen/PWN
Comp Input E E Viet
Deadtime 3 13 Output
Control Contro
|
cr (5] 12] Ve
Rt IE E c2
Ground | 7 E E2
cifs 9] E

(Top View)

© Semiconductor Components Industries, LLC, 2004

April, 2004 - Rev. 5
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MARKING
DIAGRAMS
16
/, S0-16
10 @ @&\ BRI TL494XD
& CASE 751B
p
1
16
( e 0 & TLA9AXN |
\ N SUFFIX -
\W CASE 648 Lo AWLYYWW
16 1
i
X =B,Corl
A = Assembly Location
WL, L = Wafer Lot
YY,Y =Year

WW, W = Work Week
*This marking diagram also applies to NCV494.

ORDERING INFORMATION

Device Package Shipping?
TL494BD SO-16 " 48 Units/Rail
TL494BDR2 SO-16 2500 Tape & Reel
TL494CD SO-16 48 Units/Rail
TL494CDR2 S0O-16 2500 Tape & Reel
TL494CN PDIP-16 25 Units/Rail
TL4S4IN PDIP-16 25 Units/Rail
NCV494BDR2* S0-16 2500 Tape & Reel

TFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

*NCV494: Tioy = -40°C, Thigh = +125°C.
Guaranteed by design. NCV prefix is for
automotive and other applications requiring site
and change control.

Publication Order Number:
TL494/D
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RECOMMENDED OPERATING CONDITIONS ®
Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee 7.0 15 40 \
Collector Output Voltage Vi, Vea - 30 40 A
Collector Output Current (Each transistor) let, Ic2 = = 200 mA
Amplified Input Voltage Vin -0.3 = Voo - 2.0 \Y
Current Into Feedback Terminal Ifp - = 0.3 mA
Reference Output Current lref = = 10 mA
Timing Resistor Rt 1.8 30 500 ke
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency foss 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vgc = 15V, Ct = 0.01 uF, Ry = 12 kQ, unless otherwise noted.)
For typical values Tp = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol f Min ’ Typ | Max J Unit
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Vief 4.75 5.0 525 vV

Line Regulation (Vg = 7.0V to 40 V) Regjine = 2.0 25 mV

Load Regulation (Ig = 1.0 mA to 10 mA) Regjoad B 3.0 15 mV

Short Circuit Output Current (Vs = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(ofr) - 2.0 100 WA
(VCC =40V, VCE =40 V)

Emitter Off-State Current IE(off) b S -100 HA
Voc =40V, Ve =40V, VE =0 V)

Collector—-Emitter Saturation Voltage (Note 2) v
Common-Emitter (Vg =0V, Ig = 200 mA) Vsat(c) = 144 1.3
Emitter-Follower (Vg = 15V, Ig = 200 mA) Vsat(g) - 15 25

Output Control Pin Current
Low State (Vgg < 0.4 V) locL - 10 = HA
High State (Voc = Vrer) locH - 0.2 35 mA

QOutput Voltage Rise Time tr ns
Common-Emitter (See Figure 12) - - 100 200
Emitter-Follower (See Figure 13) 2 100 200

Output Voltage Fall Time tf ns
Common-Emitter (See Figure 12) = 25 100
Emitter-Follower (See Figure 13) - 40 100

2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

http://onsemi.com
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ELECTRICAL CHARACTERISTICS (Vcc = 15V, C1 = 0.01 uF, Rt = 12 kQ, unless otherwise noted.)

86

For typical values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics | Symbol I Min Typ Max | Unit |
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (pin 3) = 2.5 V) Vio = 2.0 10 mV
Input Offset Current (Vo (pin 3)= 2.5 V) lio - 5.0 250 nA
Input Bias Current (Vo (pin3) = 2.5 V) lis - -0.1 1.0 uA
Input Common Mode Voltage Range (Ve = 40 V, Ta = 25°C) Vicr -0.3to Vge-2. \Y
Open Loop Voltage Gain (AVg =3.0V,Vg=0.5Vt0 3.5V, R. = 2.0 kQ) AvoL 70 95 = dB
Unity-Gain Crossover Frequency (Vo = 0.5V to 3.5V, R_ = 2.0 kQ) fo- 5 350 = kHz
Phase Margin at Unity-Gain (Vo = 0.5V to 3.5V, R = 2.0 kQ) Om = 65 = deg.
Common Mode Rejection Ratio (Ve = 40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVee = 33V, Vo = 2.5V, R, = 2.0 kQ) PSRR - 100 - dB
Output Sink Current (Vg (pin 3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (Vg (pip 3) = 3.5 V) lo+ 2.0 -4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) V1H - 2.5 4.5 \%
Input Sink Current (Vpin 3y = 0.7 V) I 0.3 0.7 o mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpj, 4 =0V to 5.25 V) lig (oT) - -2.0 =30 UA
Maximum Duty Cycle, Each Output, Push-Pull Mode DCmax %
(Vpinga =0V, C7=0.01 yF, Ry = 12 kQ) 45 48 50
(Vpin4 =0V, Ct=0.001 uF, R = 30 kQ) ~ 45 50
Input Threshold Voltage (Pin 4) Vin vV
(Zero Duty Cycle) 2.8 3.3
(Maximum Duty Cycle) = =
OSCILLATOR SECTION
Frequency (Ct = 0.001 pF, Rt = 30 k) fose > 40 = kHz
Standard Deviation of Frequency* (Ct = 0.001 uF, Ry = 30 kQ) ofosc ~ 3.0 = %o
Frequency Change with Voltage (Ve = 7.0 Vto 40 V, Ty = 25°C) Afose (AV) < 0.1 = %
Frequency Change with Temperature (ATa = Tigy, to Thign) Afgsc (AT) Y < 12 %
(Ct=0.01 uF, Ry = 12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn—-0On Threshold (V¢ increasing, g = 1.0 mA) Vin 5.5 6.43 7.0 | \4 |
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vs, All other inputs and outputs open) lce mA
(Vec=15V) = 555 10
(Vec = 40V) - 7.0 15
Average Supply Current mA
(Ct=0.01uF, Ry =12KQ, Vipin 4y=2.0V) = 7.0 -
(Vee = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o

http:/fonsemi.com
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APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is
frequency— programmable by two external components, Ry
and Ct. The approximate oscillator frequency is determined
by:

1.1
RyeCr

fOSC a
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr to either of two control signals. The NOR gates,
which drive output transistors Q1 and Q2, are enabled only
when the flip—flop 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, an
increase in control—signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum
output deadtime to approximately the first 4% of the
sawtooth—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 deadtime may be imposed on the output by
setting the deadtime—control input to a fixed voltage,
ranging between 0 V to 3.3 V.

Functional Table

Input/Qutput . fout
Controls Output Function TS
Grounded Single-ended PWM @ Q1 and Q2 1.0

@ Vet Push-pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback
pin varies from 0.5 V to 3.5 V. Both error amplifiers have a

common mode input range from —0.3 V to (Ve — 2V), and
may be used to sense power—supply output voltage and
current. The error—amplifier outputs are active high and are
ORed together at the noninverting input of the pulse—width
modulator comparator. With this configuration, the
amplifier that demands minimum output on time, dominates
control of the loop.

When capacitor Ct is discharged, a positive pulse is
generated on the output of the deadtime 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 half that of the oscillator. 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 currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, 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 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 internal accuracy of +5.0%
with a typical thermal drift of less than 50 mV over an
operating temperature range of 0° to 70°C.
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Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 10. Error-Amplifier Characteristics
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(-) Error
L i
Output Ref
Out
50k§ Contral Big
L

O Qutput 2

Figure 11. Deadtime and Feedback Control Circuit

' Each
| Output
Transistor

Gnd

Figure 13. Emitter—Follower Configuration

Test Circuit and Waveform
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Vo To Output

Voltage of
System
R1

TL494, NCV494

Vref

Error
q Amp )
O +
Error 3
Am i Ri
Vet ; N P Negative Output Voltage
& TP |
- ‘% Pasitive Output Voltage L Vo
L Ri To Output
= Vo=Vier {1+ 5 Voltage of
2 System
Figure 14. Error-Amplifier Sensing Techniques
Output
Control T é
R
v 1
Output b 4
o—1 Q Dr ~
R C
T T Ry ]
§ 2 Viet T G
L Output 4
= ol Iy
30k 0.001
i .
80
Max. % on Time, each output = 45 - ”7’51’
1+ 2
Figure 15. Deadtime Control Circuit Figure 16. Soft—Start Circuit
6! c!
F——C—— ¢ — > QC L 5
N\ €, AN < Vi 0, 1.0 mAto
£l E? 250 mA
Output 2 Output o
Control 1.0mAto Control
Single-Ended 500 mA Push-Pull
c? c2
——o
1.0mAto
0=Vpg=04V 4‘\?1 g2 { E2 250 mA
> Qg o

Figure 17. Output Connections for Single-Ended and Push-Pull Configurations

http://onsemi.com
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Viet
6
Ry r———1
Master Rs Vee | |
N Or Vig > 40V 12 1 | I
I Cr " 1N975A [ I
= = Vz=3%v II 50V ||
Vret | Ref |
6 el l | ;
Rr Slave i T 7 |
5 (Additional = DO
Lo Cr Circuits)
Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with V;, > 40 V Using
External Zener
Vi, = 8.0V to 20V
o
129 Vg =28V
' a7 1N4934 lp=02A
+ Vee T o
Bl ¢ 18 Tip 22%
™ 32 K
33k +
- Comp TL494 »}H == ko
0.01 + 35V
0.01 T1s| AL Tin| 50 i
32 | 25V ' &)
16 T 50
+ \ B o QIATE R 000 EITER "4“7:1_ \ =) e
13| 14 4 5 6 7 9] 10
e ul 240 §
4.7k § 10 AN
=
8 4.7k 10k O-Tm
[ - O

All capacitors in pF

Figure 20. Pulse Width Modulated Push-Pull Converter

Test

Conditions

Results

Line Regulation

Vin =10V to 40 V

14 mV 0.28% L1-35mH@03A

Load Regulation

Vin=28V,lp=1.0mAto 1.0 A

T1 - Primary: 20T C.T. #28 AWG

3.0mV 0.06% Secondary: 120T C.T. #36 AWG

Core: Ferroxcube 1408P-L00-3CB

Output Ripple Vin=28V,Ig=1.0A 65 mV pp PARD.
Short Circuit Current Vin=28V,RL=01Q 16 A
Efficiency Vip=28V,Ig=1.0A 71%

http://fonsemi.com
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93
1.0mH @ 2A
+Vip =10V to 40V Tip 32A +Vg =5.0V
. " 2aag -
L_Z lp=1.0A
AN
47
150
§ 47k
12
T 8 11 i
1.0M
Voo & G Comp |2 |
B
: 5.1k 5.1k
50 + A
50V TL494 Ve |2 N
15 = 500 oy
- AAA~ § MR850 10V
16 5.1k
+ =
Cr Ry D.T. 0.C. Gnd Ey Es
: I ]
5 6 4 9 |10 T 1ov
§ 150
0.001 T 47k
O
o

Figure 21. Pulse Width Modulated Step~Down Converter

Test

Conditions

Results

Line Regulation

Vin=8.0Vto 40V

3.0mvV  0.01%

Load Regulation

Vin=12.6 V, I = 0.2 mA to 200 mA

50mV  0.02%

Qutput Ripple Vin =12.6'V, Ig = 200 mA 40mVpp PARD.
Short Circuit Current Vip=126V,R.=0.1Q 250 mA
Efficiency Vin =12.6 V, Ig =200 mA 72%

http://lonsemi.com
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S A S T P |
SEMICONDUCTOR®

Data Sheet

63A, 600V, UFS Series N-Channel IGBT
with Anti-Parallel Hyperfast Diodes

The HGTG30N60C3D is a MOS gated high voltage
switching device combining the best features of MOSFETs
and bipolar transistors. The device has the high input
impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C. The
IGBT used is the development type TA49051. The diode
used in anti-parallel with the IGBT is the development type
TA49053.

The IGBT is ideal for many high voltage switching applications
operating at moderate frequencies where low conduction
losses are essential.

Formerly Developmental Type TA49014.

Ordering Information
PART NUMBER PACKAGE BRAND
HGTG30N60C3D TO-247 'GEONSCICGD

NOTE: When ordering, use the entire part number.

Symbol

94

HGTG30N60C3D

December 2001

Features
* 63A, 600V at T = 25°C

*» Typical Fall Time................ 230ns at T = 150°C

= Short Circuit Rating
* Low Conduction Loss
* Hyperfast Anti-Parallel Diode

Packaging
JEDEC STYLE TO-247

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931
4,598,461 4,605,948 4,620,211 4,631,564
4,682,195 4,684,413 4,694,313 4,717,679
4,803,533 4,809,045 4,809,047 4,810,665
4,888,627 4,890,143 4,901,127 4,904,609

4,466,176 4,516,143 4,632,534
4,639,754 4,639,762 4,641,162
4,743,952 4,783,690 4,794 432
4,823,176 4,837,606 4,860,080
4,933,740 4,963,951 4,969,027

4,587,713
4,644,637
4,801,986
4,883,767

©2001 Fairchild Semiconductor Corporation

HGTG30NEOC3D Rev. B
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Absolute Maximum Ratings T¢ =25°C, Unless Otherwise Specified

Collector to EmitterVoltage . . ............ . i BVgEs
Collector Current Continuous

AtTg = BB | manmvan vy s B A R e Icos

Ach:‘HOcC ........... SO SUUORS O lc110
Average Diode Forward Currentat 110%C. ... ..o lava)
Cdllector Current Pulsed (Note-1) « coes sonamvmiiins seibmsimusse s o lom
Gate to Emitter Voltage Continuous. . ... i VaEs
Gate to EmitterVoltage Pulsed . ... ..o it ciiiisaie e seains VGEM
Switching Safe Operating Areaat Ty=150%C. ... ........oovuueineeie e, SS0A
Power Dissipation Total at Tc =25°C . ...........oovviieiiiiinn it Pp
Power Dissipation Derating Tg > 25°C .. v g, o0 iiiinii caninnmiia
Operating and Storage Junction Temperature Range . .. ..................... Ty TsTG
Maximum Lead Temperature for Soldering ... .......oov it iu i ML,
Short Circuit Withstand Time (Note 2) atVge =15V . .o cie i i tsc
Short Circuit Withstand Time (Note 2) at Vge =10V ... ooi oo tsc

HGTG30N60C3D
600

63

30

25
252
+20
+30

60A at 600V
208
1.67
-40 to 150

260

4

15

UNITS

<

< <> >rrr

w
w/ec
oG
oc
us
HS

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device al these or any other conditions above those indicated in the eperational sections of this specification is not implied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VeE(px) = 360V, T = 125°C, Rg = 250

Electrical Specifications T¢ =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS I
Collector to Emitter Breakdown Voltage BVees I = 250uA, Vg = 0V 600 - - v
Emitter to Collector Breakdown Voltage BVecs Ig =10mA, Vgg = 0V 15 25 ] v
Collector to Emitter Leakage Current lces Ve =BVees Tg=25°C o 2 250 BA
VcE = BVges Tg = 150°C - - 3.0 mA
Collector to Emitter Saturation Voltage Veeisan | le=lci1o Tc=25°C - 1.5 1.8
NeEPY To = 150°C ] 17 20
Gate to Emitter Threshold Voltage VGE(TH) Ig =250uA, Tc=25°C 3.0 52 6.0
Vee=VaE :
Gate to Emitter Leakage Current lges | VgE = +20V » Q +100 nA |
Switching SOA SSOA T,y =150°C, VeE(pk) = 480V 200 - - A
;‘SE:SESV Ve(pKy = B00V 60 - -
L=100uH
Gate to Emitter Plateau Voltage VGeEP lg=lg110: Vce = 0.5 BVgEs . 8.1 B \%
On-State Gate Charge Qg(on) Ic=lg110 Vge =15V o 162 180 nC
Viee.0,3 BVces ﬁvGE - 20V - 216 250 nC
Current Turn-On Delay Time tyon)! Ty =150°C, - 40 - ns
Current Rise Time ty !"?(;EETPIKC)E%E BVces, - 45 - ns
Current Turn-Off Delay Time t4(oFR)I ;(éE:S}fVI - 320 400 ns
Current Fall Time tf) L =100uH - 230 275 ns
Turn-On Energy Eon - 1050 - ud
Turn-Off Energy (Note 3) EoFF 7 2500 = w
LDiode Forward Voltage VEG lec=30A - 1.75 22 4 |

@2001 Fairchild Semiconductor Corporation

HGTG30NEOC3D Rev. B
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HGTG30N60C3D
Electrical Specifications T = 25°C, Unless Otherwise Specified
PARAMETER SYMBOL TEST CONDITIONS MIN 1‘ TYP MAX UNITS
Diode Reverse Recovery Time ter lgc = 30A, dlgc/dt = 100A/us = 52 60 ns
lgc = 1.0A, digc/dt = 100A/us | - 42 50 ns
Thermal Resistance RaJc IGBT i = - 0.6 oc/w
Diode | - - 13 | cow

NOTE:

3. Turn-Off Energy Loss (Egff) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Igg = 0A). The HGTG30NB0C3D was tested per JEDEC standard No. 24-1 Method for
Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. Tum-On losses include

diode losses.

Typical Performance Curves

Z 150 _ PULSE DURATION = 250us, DUTY CYCLE <0.5%, Tg = 25°C
= PULSE DURATION = 250us ' < 150 — X —t7
z DUTY CYCLE <0.5%, Vcg = 10V ) £ Vae = 15.0v [ f1zov 10.0V
W 125 & GE= 19 :
-3 & 125
3 I ]
« 100 B\ / il
w
E T = 150°C \K / £ /“'
g I 4 9.0V
2 Te=25°C ~ \ o T
£ s0 = /4 8.5V
2 Te = 40°C - G 50
o £ 7.0V
| oy 8.0V
-l w -
4 25 N
3 3 g ) 75V
@ o & X
) w g Y
4 6 8 10 12 & 0 2 4 6 8 10
VGE, GATEFQ EMITFERVOLTAGE, (V} V¢g, COLLECTOR TO EMITTER VOLTAGE (V)
FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS
Z 150 I T 150 "
= PULSE DURATION = 250us Te = 40°C E PULSE DURATION = 250us / V /
DUTY CYCLE <0.5%, Vgg = 10V 2 %

z - u GE = 10 ‘/_‘_—’-"‘ z e | DUTY CYCLE <0.59 /
I — E Vge=15V
3 / =] Tc = 150°C
o y o |
a 100 . & 100 -
E E Ton40'g 4 Te = 25°C
E / To= 25°C B / c
g 7 7
e / Te = 150°C 2 /
-4 o

50 Z 50
E 4 £
w w
3 25 3 25
[=] o
o o
8 o 8 0

0 1 2 3 4 5 0 1 2 3 4 5

V¢E, COLLECTOR TO EMITTER VOLTAGE (V)

FIGURE 3. COLLECTORTO EMITTER ON-STATE VOLTAGE

Ve, COLLECTOR TO EMITTER VOLTAGE (V)

FIGURE 4. COLLECTORTO EMITTER ON-STATE VOLTAGE

@2001 Fairchild Semiconductor Corporation

HGTG30N60C3D Rev. B



HGTG30N60C3D

Typical Performance Curves (Continued)
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Ice, DC COLLECTOR CURRENT (A)

0
25 50

VGE = 15V
[~

\\
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¢

75 100 125 150
Tc, CASE TEMPERATURE (°C)

FIGURE 5. MAX. DC COLLECTOR CURRENT vs CASE

TEMPERATURE
200 T T T T T T T T
Ty =150°C, Rg = 30, L = 100uH, Vcg(pk) = 480V
: aal
W 100 :
= T r
F Vge = 10V
z
-1
8 50
g 40
o
Vge = 15V
Z 3 g9
P
= 20
z
9,
3
10
10 20 30 40 50 60

lce, COLLECTORTO EMITTER CURRENT (A)

FIGURE 7. TURN-ON DELAY TIME vs COLLECTORTO

EMITTER CURRENT
500 - ‘ ——r ; , ‘
- Ty =150°C, Rg = 30, L = 100uH, Vee(pk) = 480V
, ,
—_ ——
2
= o -
w L Vge=10V
E 100 -‘/ !
[ T ?_z
o P
2 =¥
Fe il e
E =T Vgg = 15V
10
10 20 30 40 50 60

Ice, COLLECTOR TO EMITTER CURRENT (A)

FIGURE 9. TURN-ON RISE TIME vs COLLECTORTO
EMITTER CURRENT

N
o

500

Ve = 360V, Rg = 250, T, = 125°C
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Isc L~
o 350
/

300

A

250

\
/
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g 150

tgc. SHORT CIRCUIT WITHSTAND TIME (us)
&
M
Isc, PEAK SHORT CIRCUIT CURRENT (A)

w
o
o
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Vge. GATE TO EMITTER VOLTAGE (V)

FIGURE 6. SHORT CIRCUIT WITHSTAND TIME

500 T T T T T T T T
- Ty = 150°C, Rg = 3¢, L = 100uH, Ve(pk) = 480V
£ a0 -4
w
=
'; 300 Vge = 15V |
g T
3 | T
T Vge = 10V
w
Q 200
z
i
R
g
w
=
P

100

10 20 30 40 50 60

Icg, COLLECTOR TO EMITTER CURRENT (A)

FIGURE 8. TURN-OFF DELAY TIME vs COLLECTORTO
EMITTER CURRENT

500 — - —— . - ‘
T, =150°C, Rg = 32 L = 100uH, Vg pk) = 480V

400
@ 300
w
= Vge = 10V
E
a‘ 200 —t
w Vge = 15V
F

100

10 20 30 40 50 60

Ice, COLLECTOR TO EMITTER CURRENT (A)

FIGURE 10. TURN-OFF FALL TIME vs COLLECTORTO
EMITTER CURRENT

©2001 Fairchild Semiconductor Corporation

HGTG30NE0C3D Rev. B
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HGTG30N60C3D

Typical Performance Curves (continued)

8.0

T, = 150°C, Rg = 30 L = 100uH, Veg(pk) = 480V
7.0

6.0 /
5.0
Ve =10V [/

4.0
3.0 /
I
e
0 5

2.0

Eon. TURN-ON ENERGY LOSS (mJ)

4— Vg = 15V
0

10 20 30 4 0 60
Icg, COLLECTOR TO EMITTER CURRENT (A)

FIGURE 11. TURN-ON ENERGY LOSS vs COLLECTORTO
EMITTER CURRENT

500 —— T T T
= 1 T, = 150°C, T = 75°C
z Rg=30,L=100uH |
5
© 100
3
& el VeE = 15V
w ey
o -
Z fmax1 = 0.05/tp(arry + tojon)) \
E 10 = fmaxz =(Pp - Pc)(Eon + EOFF)/_ N
w F Pp = ALLOWABLE DISSIPATION ———— Ve = 10V 3%
o — Pc = CONDUCTION DISSIPATION
5 ~ (DUTY FACTOR = 50%)
Z [ Rpyc=06°CW

1 118 1
5 10 20 30 40 60

Icg, COLLECTOR TO EMITTER CURRENT (A)

FIGURE 13. OPERATING FREQUENCY vs COLLECTORTO

EMITTER CURRENT
8000 . .
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W 5000
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Ve, COLLECTOR TO EMITTER VOLTAGE (V)

FIGURE 15. CAPACITANCE vs COLLECTORTO EMITTER
VOLTAGE

Eorr, TURN-OFF ENERGY LOSS (mJ)
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FIGURE 12. TURN-OFF ENERGY LOSS vs COLLECTORTO

Ice, COLLECTOR TQ EMITTER CURRENT (A)

Vee, COLLECTORTO EMITTER VOLTAGE (V)

EMITTER CURRENT
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Vi
[ LIMITED BY \
100 1 CIRCUIT \
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FIGURE 14. SWITCHING SAFE OPERATING AREA
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600 \ > 5
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. o
480 129
l VeE = 600V / g
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FIGURE 16. GATE CHARGE WAVEFORMS

©2001 Fairchild Semiconductor Corporation

HGTG30N60C3D Rev. B
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HGTG30N60C3D

Typical Performance Curves (Continued)
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FIGURE 17. IGBT NORMALIZED TRANSIENT THERMAL IMPEDANCE, JUNCTION TO CASE
200 60 - —
| Te = 25°C, dlgc/dt = 100A/s
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Vec, FORWARD VOLTAGE (V)

FIGURE 18. DIODE FORWARD CURRENT vs FORWARD
VOLTAGE DROP

Test Circuit and Waveforms

L = 100uH

RHRP3060

FIGURE 20. INDUCTIVE SWITCHING TEST CIRCUIT

Igc, FORWARD CURRENT (A)

FIGURE 19. RECOVERY TIMES vs FORWARD CURRENT

/_‘\_ 90% /—\
— 10%
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—» EoFF |EqN |-
Vee |
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FIGURE 21. SWITCHING TEST WAVEFORMS

©2001 Fairchild Semiconduclor Corporation
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HGTG30N60C3D

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge builtin the
handler's body capacitance is not discharged through the
device. With proper handling and application procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in military,
industrial and consumer applications, with virtually no damage
problems due fo electrostatic discharge. IGBTs can be
handled safely if the following basic precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “ECCOSORBD™ LD26" or equivalent,

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Vgem. Exceeding the rated Vgg can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate
open-circuited or floating should be avoided. These
conditions can resultin turn-on of the device due to voltage
buildup on the input capacitor due to leakage currents or
pickup.

7. Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate

protection is required an external zener is recommended.

Operating Frequency Information

Operating frequency information for a typical device (Figure 13)
is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 4, 7, 8, 11 and 12. The operating
frequency plot (Figure 13) of a typical device shows fyaxq or
fmaxe whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmax1 is defined by fmax1 = 0.05/(ip(oFF)l + toioN)1)-
Deadtime (the denominator) has been arbitrarily held to 10%
of the on-state time for a 50% duty factor. Other definitions
are possible. tp|oFF)| and tp(on)) are defined in Figure 21.

Device turn-off delay can establish an additional frequency
limiting condition for an application other than Tyy. tp(oFF)
is important when controlling output ripple under a lightly
loaded condition.

fmaxz is defined by fmaxz = (Pp - Pc)/(EorFr + Egn). The
allowable dissipation (Pp) is defined by Pp = (Tym - Te)/Rauc:
The sum of device switching and conduction losses must
not exceed Pp. A 50% duty factor was used (Figure 13)
and the conduction losses (P¢) are approximated by

Pc = (Ve x Ice)/2.

Eon and Egpf are defined in the switching waveforms
shown in Figure 21. Egy is the integral of the instantaneous
power loss (Ige x Vg) during turn-on and Egpr is the
integral of the instantaneous power loss during turn-off. All
tail losses are included in the calculation for Eqfr; i.e. the
collector current equals zero (Igg = 0).

©2001 Fairchild Semiconductor Corporation

HGTG30NG0C3D Rev. B
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SEMICONDUCTOR®

Data Sheet

600V, SMPS Series N-Channel IGBT

The HGTG40NB0A4 is a MOS gated high voltage switching
device combining the best features of a MOSFET and a
bipolar transistor. This device has the high input impedance
of a MOSFET and the low on-state conduction loss of a
bipolar transistor. The much lower on-state voltage drop
varies only moderately between 25°C and 150°C. This IGBT
is ideal for many high voltage switching applications
operating at high frequencies where low conduction losses
are essential. This device has been optimized for high
frequency switch mode power supplies.

Formerly Developmental Type TA49347.

Ordering Information

PART NUMBER PACKAGE BRAND

HGTG40N60A4 TO-247 40N60A4

NOTE: When ordering, use the entire part number.

Symbol

101

HGTG40N60A4

August 2003

Features
« 100kHz Operation At 390V, 40A
+ 200kHz Operation At 390V, 20A
« 600V Switching SOA Capability
= fypream®alighime. <« .oo0 oo ik 55ns at T = 1259
+ Low Conduction Loss
Packaging
JEDEC STYLE TO-247

COLLECTOR
(BACK METAL)

FAIRCHILD CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931
4,598,461 4,605,948 4,620,211 4,631,564
4,682,195 4,684,413 4,694,313 4,717,679
4,803,533 4,809,045 4,809,047 4,810,665
4,888,627 4,890,143 4,901,127 4,904,609

4,466,176 4,516,143 4,532,534 4,587,713
4,639,754 4,639,762 4,641,162 4,644,637
4,743,952 4,783,690 4,794,432 4,801,986
4,823,176 4,837,606 4,860,080 4,883,767
4,933,740 4,963,951 4,969,027

€2003 Fairchild Semiconductor Corporalion

HGTG40NE0A4 Rev. B2
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Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified

Collector to Emitler Valage .- . o womvavmens somn svid saaiaste s 500y aaan BVces
Collector Current Continuous
AtTg = 28 L i e e e e e e e e lg2s
BETOEATOVE coee s v s o Tmm 05 BrERweR B BRI lc110
Collector Current Pulsed (Note 1) .. ... ... ... e lem
Gate to Emitter Voltage Continuous. . ..., VGEs
Gate to Emitter Voltage Pulsed
Switching Safe Operating Area at T = 150°C, Figure 2. ....................... SSOA
Pawer Dissipation Total at Te =252 ... v v v e Ry
Power Dissipation Derating T > 259C . civivin . . om0
Operating and Storage Junction Temperature Range ... .. ................... T4 TsTG
Maximum Lead Temperature for Solderinga’. . .ot . .. .vvv v vone S bbb o o /0 4 T

HGTG40N60A4

600

75
63
300
120
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CAUTION: Stresses above those listed in “Abselute Maximum Ratings" may cause perianent damage fo the device. This is a stress only rating and operation of the
device al these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. Pulse width limited by maximum junction temperature.

Electrical Specifications T, = 25°C, Unless Otherwise Specified
PARAMETER SYMBOL TEST CONDITIONS MIN REE MAX UNITS
Collector to Emitter Breakdown Voltage BVgEes Ig = 250pA, Vgg = 0V 600 ; - b
Emitter to Collector Breakdown Voltage BVEcs Ig =-10mA, Vgg = 0V 20 - "
Collector to Emitter Leakage Current IcEs Vee =BVces T =25 - - 250 WA
T,=125°C - - 3.0 mA
Collector to Emitter Saturation Voltage VEE(SAT) Ig =40A, T, =25°C - 1.5 2.7
VGE =15V
| T, =125°C - [ 20 v
Gate to Emitter Threshold Voltage VGE(TH) |l =250A, Ve = Vge 45 5.6 7 v
Gate to Emitter Leakage Current IgeS VGE = 120V - - 250 nA
Switching SOA SSOA Ty=150°C, Rg=2.2Q Vgg =15V 200 - - A
L =100uH, Vgg = 600V
Gate lo Emitter Plateau Voltage VGep lc =40A, Vg = 0.5 BVges - 8.5 - v
On-State Gate Charge Qg(ON] Ic =40A, Veeg =15V - 350 405 nC
Vee =0.5 BVggs
VGE = 20V - 450 520 nC
Current Turn-On Delay Time tdioN)! IGBT and Diode at T = 25°C - 25 - ns
= = Ice = 40A
Current Rise Time tr Vee = 0.65 BVegs = 18 - ns
” Vge = 18V
Current Turn-Off Delay Time OF - 145 - ns
u ¥ ta(oFF)I Rg =220
Current Fall Time tfy L =200uH - 35 - ns
Test Circuit (Figure 20)
Turn-On Energy (Note 3) Egng - 400 - wl
Turn-On Energy (Note 3) Eonz - 850 - wd
Turn-Off Energy (Note 2) Eorr - 370 - w

@©2003 Fairchild Semiconductor Corporation

HGTG4ONE0A4 Rev. B2



HGTG40NG60A4
Electrical Specifications T, =25°C, Unless Otherwise Specified (Continued)
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Current Turn-On Delay Time td(ON)I IGBT and Diode at T = 125°C - 27 - ns
= 5 ICE =40A
Current Rise Time tr Ve =0.65BVgEs - 20 - ns
) Vge = 15V
Current Turn-Off Delay Tim GE - 185 225 ns
elay Time td(OFF)l Rg =2.20
Current Fall Time tf) L =200uH - 55 95 ns
Test Circuit (Figure 20)
Turn-On Energy (Note 3) EoN1 - 400 - wJ
Turn-On Energy (Note 3) Eonz - 1220 1400 wJ
Turn-Off Energy (Note 2) EQFF . 700 800 w
Thermal Resistance Junction To Case RaJc - - 0.2 °c/w

NOTES:

2. Turn-Off Energy Loss (Eqrf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Icg = 0A). All devices were tested per JEDEC Standard No. 24-1 Method for Measurement
of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.

3. Values for two Turn-On loss conditions are shown for the convenience of the circuit designer. Eqy 1 is the turn-on loss of the IGBT only. Eqpg is
the turn-on loss when a typical diode is used in the test dircuit and the diode is at the same T as the IGBT. The diode type is specified in Figure 20.

Typical Performance Curves uniess Otherwise Specified

T, = 150°C, Rg = 2.20 Vgg = 15V, L = 1004H

80 T < 225
- Vge = 16V =,
< 70— ' N 9 Z 200
e PACKAGE LIMITED o
& & 175
& 60 3
& 150
3 50 i
P \ g 125
5 40 w
[ o 100
4 30 x
=] o 75
B 5
Q
a \ 50
w = |
o1 g 25
i
0 s o
25 50 75 100 125 150 0

Tc . CASE TEMPERATURE (°C)

FIGURE 1. DC COLLECTOR CURRENT vs CASE

TEMPERATURE

100 200 300

400

500

600 700

Vce, COLLECTOR TO EMITTER VOLTAGE (V)

FIGURE 2. MINIMUM SWITCHING SAFE OPERATING AREA
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HGTG40N60A4

Typical Performance Curves unless Gtherwise Specified (Continued)
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[ fmaxs = 0.05/ (taoFF) + tajony)

| fmaxz = (Pp - Pc)/ (Eonz * EoFF) N

P = CONDUCTION DISSIPATION
(DUTY FACTOR = 50%)

| Rguc = 0.2°C/W, SEE NOTES

Rg = 2.20 L = 200H, Ve = 390V

fmax. OPERATING FREQUENCY (kHz)
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o

w

10 40 70
Ice, COLLECTOR TO EMITTER CURRENT (A)

FIGURE 3. OPERATING FREQUENCY vs COLLECTOR TO
EMITTER CURRENT
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FIGURE 5. COLLECTOR TO EMITTER ON-STATE VOLTAGE
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FIGURE 7. TURN-ON ENERGY LOSS vs COLLECTOR TO
EMITTER CURRENT
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FIGURE 4. SHORT CIRCUIT WITHSTAND TIME
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FIGURE 6. COLLECTOR TO EMITTER ON-STATE VOLTAGE
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FIGURE 8. TURN-OFF ENERGY LOSS vs COLLECTOR TO
EMITTER CURRENT
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HGTG40NG60A4

Typical Performance Curves unless Otherwise Specified (Continued)

* Rg =2.20 L = 200uH, Vg = 390V
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FIGURE 9. TURN-ON DELAY TIME vs COLLECTOR TO
EMITTER CURRENT
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FIGURE 11. TURN-OFF DELAY TIME vs COLLECTOR TO
EMITTER CURRENT
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FIGURE 13. TRANSFER CHARACTERISTIC
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FIGURE 10. TURN-ON RISE TIME vs COLLECTOR TO
EMITTER CURRENT
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FIGURE 12. FALL TIME vs COLLECTOR TO EMITTER
CURRENT
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FIGURE 14. GATE CHARGE WAVEFORMS
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HGTG40N60A4

Typical Performance Curves unless Otherwise Specified (Continued)
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FIGURE 15. TOTAL SWITCHING LOSS vs CASE
TEMPERATURE
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FIGURE 17. CAPACITANCE vs COLLECTOR TO EMITTER
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FIGURE 16. TOTAL SWITCHING LOSS vs GATE RESISTANCE
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FIGURE 18. COLLECTOR TOEMITTER ON-STATE VOLTAGE vs
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FIGURE 19. NORMALIZED TRANSIENT THERMAL RESPONSE, JUNCTION TO CASE
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HGTG40N60A4
Test Circuit and Waveforms
HGT1Y40N60A4D
h\_ 90% m
Ve - —10% -
—» Eonz

L = 200uH —» Eppr e

VcE '
Rg =2.2Q g \ y
+'_ IcE 10% S
= Vpp =390V

v/

FIGURE 20. INDUCTIVE SWITCHING TEST CIRCUIT

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in
the handler's body capacitance is not discharged through the
device. With proper handling and application procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in
military, industrial and consumer applications, with virtually
no damage problems due to electrostatic discharge. IGBTs
can be handled safely if the following basic precautions are
taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as "ECCOSORBD™ LD26" or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Vggp. Exceeding the rated Vgg can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating should be avoided. These conditions
can result in turn-on of the device due to voltage buildup
on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have an internal
monolithic Zener diode from gate to emitter. If gate

protection is required an external Zener is recommended.

td(oFF) —h-m |<t —" -ty

| ta(om)!
FIGURE 21. SWITCHING TEST WAVEFORMS

Operating Frequency Information

Operating frequency information for a typical device
(Figure 3) is presented as a guide for estimating device
performance for a specific application. Other typical
frequency vs collector current (Ig) plots are possible using
the information shown for a typical unit in Figures 6, 7, 8, 9
and 11. The operating frequency plot (Figure 3) of a typical
device shows fyax1 or fiaxe; whichever is smaller at each
point. The information is based on measurements of a
typical device and is bounded by the maximum rated
junction temperature.

fmax1 is defined by fmax1 = 0.05/(tg(oFF)i* o)
Deadtime (the denominator) has been arbitrarily held to 10%
of the on-state time for a 50% duty factor. Other definitions
are possible. i4(oFF)l and tg(on)l are defined in Figure 21.
Device turn-off delay can establish an additional frequency
limiting condition for an application other than T . t4(oFF))
is important when controlling output ripple under a lightly
loaded condition.

faxa is defined by fiaxz = (Pp - Po)(Eorr + Egna)- The
allowable dissipation (Pp) is defined by Pp = (T nm - Te)/Rgyc-
The sum of device switching and conduction losses must not
exceed Pp. A 50% duty factor was used (Figure 3) and the
conduction losses (Pg) are approximated by Pc = (Vcg X Icg /2.

Egnz and Egpr are defined in the switching waveforms
shown in Figure 21. Egpg is the integral of the
instantaneous power loss (Icg X Vo) during turn-on and
EoFF is the integral of the instantaneous power loss (Igg x
VE) during turn-off. All tail losses are included in the
calculation for Eqpf; i.e., the collector current equals zero

(lcg = 0).
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KBL401G thru KBL407G

Glass Passivated Bridge Rectifiers

FEATURES

- Glass passivated junction

- Ideal for printed circuit board

- Reliable low cost construction

- UL Recognized File # E-326243

- Compliant to RoHS Directive 2011/65/EU and
in accordance to WEEE 2002/96/EC

- Halogen-free according to IEC 61249-2-21 definition

MECHANICAL DATA

Case: KBL

Molding compound, UL flammability classification rating 94V-0
Base P/N with suffix "G" on packing code - halogen-free
Terminal: Matte tin plated leads, solderable per JESD22-B102
Meet JESD 201 class 1A whisker test

Polarity: Polarity as marked on the body

Weight: 5.6 g (approximately)

et

KBL

Taiwan Semiconductor

Pb-Froo

RSHS

COMPLIANT

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS (T,=25T unless otherwise noted)

KBL | KBL | KBL | KBL | KBL | KBL | KBL
PARAMETER SYMBOL Unit
401G | 402G | 403G | 404G | 405G | 406G | 407G

Maximum repetitive peak reverse voltage VRrm 50 100 200 400 600 800 1000 \)
Maximum RMS voltage Viaus 35 70 140 280 420 560 700 \Y
Maximum DC blocking voltage Voe 50 100 200 400 600 800 1000 \
Maximum average forward rectified current Irav 4 A
Peak forward surge current, 8.3 ms single half sine-wave

) lrsm 150 A
superimposed on rated load
Rating for fusing (t<8.3mS) 14 93 Als
Maximum instantaneous forward voltage (Note 1)
lg= 2A Ve 1.0 Vv
lg= 4A 1.1
Maximum DC reverse current T=257C | 10 A
at rated DC blacking voltage T=125C b 500 H
Typical thermal resistance Rei " ‘crw

Resa 19

Operating junction temperature range T, - 55to +150 °c
Storage temperature range Tste -55to +150 oG
Note 1: Pulse Test with PW=300ps,1% Duty Cycle
Document Number: DS_D1311025 Version: G13
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KBL401G thru KBL407G

Taiwan Semiconductor

ORDERING INFORMATION
PART NO. PACKING CODE GREEN COMPOUND PACKAGE PACKING
CODE
KBL40xG e
(Note 1) TO Suffix "G KBL 500/ Tray

Note 1: "x" defines voltage from 50V (KBL401G) to 1000V (KBL407G)

EXAMPLE
PREFERRED P/N PART NO. PACKING CODE GREEN:{::;POUND DESCRIPTION
KBL407G TO KBL407G TO
KBL407G TOG KBL407G TO G Green compound

RATINGS AND CHARACTERISTICS CURVES

(TA=25'C unless otherwise noted)

FIG.1 FORWARD CURRENT DERATING CURVE FIG. 2 TYPICAL REVERSE CHARACTERISTICS

5 /’/ ;f
| I
4 3 N -
5 A S 'O TR <
£ i x_ = e 10 E= TJ=125¢
4= { x 1
oz = T
ww Q ] |
wE2 il — w i
ok @ i
o
E , | RESISTIVE OR =) ! ~; % I
E INDUCTIVELOAD \ @ 1 : ]
WITH HEATSINK @ - f
0 - : ! i ™. g TJ=25¢C i
0 20 40 60 80 100 120 140 160 z Y RN —
AMBIENT TEMPERATURE (°C} E
% 0.1
T 0 20 40 60 a0 100 120 140
PERCENT OF RATED PEAK REVERSE VOLTAGE (%)
FIG 3 MAXIMUM NON-REPETITIVE FORWARD
SURGE CURRENT
g = T T Ty
= 25 83ms Single Half Sine Wave FIG 4 TYPICAL FORWARD CHARACTERISTICS
=z
8 om0 (JEDEC Method) i T Pa—
§ 175 — y
w150 z o N2
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= 125 = Wy I
7] '\\ o / —
a 100 n &
< 75 ™. O
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2 /
= 01
04 06 08 1 12 14 16
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KBL401G thru KBL407G
Taiwan Semiconductor

FIG. 5 TYPICAL JUNCTION CAPACITANCE

600 :
[ ‘ T T TTT
=1.0MHz
500 Vslg=50mVp-p
& 400
Llj |
2 300
=L |
§ 200 l l
o I-n.._-
S ! ------.-n.-...._______-,.-...“l
100 Saai
i [

01 1 10 100 1000
REVERSE VOLTAGE (V)

PACKAGE OUTLINE DIMENSIONS

f f . —
| Unit (mm) Unit (inch)
A G e Min Max Min Max
| + AC - | A 13.70 | 14.70 | 0539 | 0579
[ —i ' o2 P B 120 | 130 | 0.047 | 0051
, [ ‘ c 1520 | 16.30 | 0598 | 0642
| | D 19.00 - 0.748 -
l | l D E 4,60 560 | 0.181 | 0.220
| || ! F 550 650 | 0217 [ 0.256
| IJ G 1850 | 1950 | 0.728 | 0.768
B- H 2.1 (TYP) 0.083 (TYP)
E —J

MARKING DIAGRAM

P/IN = Specific Device Code
G = Green Compound
YWW = Date Code

E = Factory Code

Document Number: DS_D1311025 Version: G13



wre KBPC40, 50/W SERIES

POWER SEMICONDUCTORS

40, 50A HIGH CURRENT BRIDGE RECTIFIER

Features
e Diffused Junction A —p — A —
® Low Reverse Leakage Current I . " o O o
® Low Power Loss, High Efficiency G — G
® Electrically Isolated Metal Case for FI= Ll FTOE S|
Maximum Heat Dissipation D _$_ + c C _49_ !
® Case to Terminal Isolation Voltage 2500V p—— ~ ] ~[lD
® UL Recognized File # E157705 = i e il
e
H g B Pl —_— H
Mechanical Data K E E E
® (Case: Metal Case with Electrically IB ¥ m B
o Y
Isolated Epoxy -
® Terminals: Plated Leads Solderable per KBPC KBPC-W
MIL-STD-202, Method 208
® Polarity: Symbols Marked on Case 5 - KBEs . - K“PC'WM
H . m n ax in ax
e Moyntmg. Through Hole for #10 Screw = T B G 280
® Weightt KBPC 31.6 grams (approx.) B 1007 TR 1007 1193
KBPC-W 28.5 grams (approx.) T 15.70 16.70 17.10 19.10
® Marking: Type Number D 17.50 18.50 10.90 11.90
"W" Suffix Designates Wire Leads E 22.86 25.40 30.50 I
No Suffix Designales Faston Terminals G Hole for #10 screw, 5.08@ Nominal
H 6.35 Typical [ o97@ | 107@
All Dimension in mm

Maximum Ratings and Electrical Characteristics @r,=25°C unless otherwise specified

Single Phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

Characteristics Symbol | -00/W | -01/W | -02/W | -04/W | -06/W | -08/W | -10/W | Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 v
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Vv
Average Rectifier Output Current KBPC40 i 40 A
@T. =55°C KBPC50 50
Non-Repetitive Peak Forward Surge
Current 8.3ms single half sine-wave ~ KBPC40 IFsh 400 &
Superimposed on rated load KBPC50 400
(JEDEC Method)
Forward Voltage Drop KBPC40 @I; = 20A - 12 v
(per element) KBPC50 @I = 25A 3
Peark Reverse Current @T. =25°C 1R 10 WA
At Rated DC Blocking Voltage @T. =125°C 1.0 mA

KBPC40, 50/W SERIES 1 of 4 © 2002 Won-Top Electronics
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Maximum Ratings and Electrical Characteristics @t,=25°C unless otherwise specified

Typical Junction Capacitance (per element)

(Note 1) Q3 800 pF
Typical Thermal Resistance Junction KBPC40

to Case (per element) (Note 2) KBPC50 R 15 W
RMS Isolation Voltage from Case to Lead Viso 2500 Vv
Operating and Storage Temperature Range Ti, TsTe -65 to +150 °C

* Glass passivated forms are available upon request.
Note: 1. Measured at 1.0 MHz and applied reverse voltage of 4.0V D.C.

2. Thermal resistance junction to case mounted on heatsink

KBPC40, 50/W SERIES

2 of 4
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TOSHIBA TLP250(INV)

TOSHIBA PHOTOCOUPLER GaAlAs IRED & PHOTO-IC

TLP250(INV)

Unit in mm

TRANSISTOR INVERTER

INVERTERS FOR AIR CONDITIONER Ty
IGBT GATE DRIVE s
POWER MOS FET GATE DRIVE

The TOSHIBA TLP250(INV) consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP.

TLP250(INV) is suitable for gate driving circuit of IGBT or power MOS FET.

29
5% 762%+0.25
2
o

0.810.25

® Input Threshold Current  : I-=5mA(MAX) 025 Bl
e Supply Current(ICC) - 11mA(MAX) £ _
LZ85~AR0 |
® Supply Voltage(VCC) 10~35V 4.64%026 E
® Output Current(1O) : £2.0A(MAX)
® Switching Time(tpLH/tpHL) : 0.5ps(MAX)
® [solation Voltage : 2500Vrms #1805
e UL Becognized . UL1577 File No,E67349 TOSHIBA 11-10C4
® Option(T#) Weight: 0.54 g
VDE Approved : DIN VDE0884/06.92 Certificate No.76823
Maximum Operating Insulation Voltage : 630Vpx
Highest Permissible Over Voltage 1 4000Vpk
(Note):When a VDE0884 approved type is needed,
Please designate the “Option(D4)”
® Creepage Distance : 6.4mm(MIN)
Clearance : 6.4mm(MIN)
TRUTH TABLE PIN CONFIGURATION(TOP VIEW)
1:N.C.
i | 1 10 08 5 anooE
o :’ 2 3:CATHODE
ON oN | oFf 2Mi= 4N.C.
INPUT LED 0 He SGND
OFF | OFF | ON o 6:VO(OUTPUT)
7VO
40 s 8:vce
SCHEMATIC
|_E‘
2+
VF :}
3-
A0.14F bypass capacitor must be 5 GND

Connected between pin 8 and 5(See Note 5).
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TOSHIBA

TLP250(INV)

MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL | RATING | UNIT
Forward Current I 20 mA
Forward Current Derating (Ta270°C) Alg /ATa -0.36 | mA/C
@ Peak Transient Forward Current (Note 1) Iret i A
Reverse Voltage Vr 5 Vv
Junction Temperature Tj 125 °C
“H" Peak PW s2.5ps |, fs15kHz - =15 "
Puipid Churenn PWs1.0ps, 515 kHz -20
(Note 2)
“” Peak PWs2 5ys , f$15 kHz |0P|. +15 R
Output Current PW <1.0ps , f<15 kHz +2.0
o
g Output Voltage A di Vo > \%
w (Ta=85°C) 24
g Supply Voltage ol 0 Vee = Vv
(Ta=85°C) 24
Output Voltage Derating (Ta270°C) AV /ATa =0.73 V/C
Supply Voltage Derating (Ta270°C) AVec IATa -0.73 A"
Junction Temperature T; 125 °C
Operating Frequency (Note 3) f 25 kHz
Operating Temperature Range Tope =-20~85 'C
Storage Temperature Range Tag =55~125 -8
Lead Soldering Temperature(10s) ¥ 260 °c
Isolation Voltage (AC,1min., R.H. s60%,Ta=25°C) (Note 4) BVs 2500 Vﬁns

(Note 1) : Pulse width PWs1us,300pps
(Note 2) : Exporenential Wayeform

(Note 3) : Exporenential Waveform lopus=1.0A ($2.5us) , lop.s+1.0A (s2.5us)

(Note 4) : Device considerd a two terminal device : pins 1,2,3 and 4 shorted together and pins 5,6,7 and 8 shorted together.

(Note 5) : A ceramic capacitor(0.1pF) should be connected from pin 8 to pin 5 to stabilize the operation of the high gain linear
amplifier.Failure to provide the bypassing may impair the switching proparty.The total lead length between capacitor and
coupler should not exceed 1cm.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL MIN | TYP. MAX UNIT
Input Current, ON Ik ony 7 8 10 mA
Input Voltage, OFF Vr iorF) 0 — 08 \'
Supply Voltage Vee 15 — 30 | 20 A
Peak Output Current lop / lopL -— - +0.5 A
Operating Temperature i 20 | 25 | 70 ] 85 | °C

2002-06-27
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TOSHIBA

TLP250(INV)

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

CHARACTERISTIC SYMBOL C?;QE('JSJIT TEST CONDITION MIN TYP. MAX | UNIT
Input Forward Voltage Ve — Ir=10 mA, Ta = 25°C = 16 1.8 v
i AVr /ATa —  |le=10mA — | 20| — |mvrc
Forward Voltage
Input Reverse Current Ir -— Vg =5V, Ta=25C — — 10 pA
Input Capacitance Cr — V=0, f=1MHz, Ta = 25°C — 45 250 pF
e F=10mA | _ B
H" Level lopn 2 Vee=30V  |Vee=4V 1.0 15 —
Output Current -1 A
o 3 k=0
L" Level lopL 1 Vs =25V 1.0 2 —
Veer = +15V
“H" Level Vou a3 Vegy = =15V 11 12.8 ——
Ry =2000Q), Ir =5mA
Qutput Voltage v
Vr;m =+15V
“L" Level Vou 4 Vegs = =15V —_ -14.2 | -125
R =2000, V=08V
g =10 mA _ 7 a
“H" Level leew bk Ta=25°C mA
Ir=10mA — — 11
Supply Current Vee =30V
IF =0 mA A 75 .
“L" Level leet — Ta=25'C mA
lr =0mA — — 11
Vee; = +15V
g:r:::told | & L—=H lrin Vee1 = =15V -3 12 5 mA
Ry = 20002, Vo > OV
Veei =+15V
votagef I Ht Vi Ve = =15V vt o | V
R, =2000, Vo < OV
Supply Voltage Vee — _ 10 —_— 35 "
Capacitance (Input-Output) Cs — Vs =0, f=1MHz, Ta =25°C — 1.0 20 pF
Resistance (Input-Output) Rs N [N S0 PR C =2 10 | — | a
(*) :Alltypical values are at Ta=25°C
(*1) : Duration of 10 time s 50us
3 2002-06-27
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TOSHIBA TLP250(INV)

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

CHARACTERISTIC SYMBOL C;I;??Ji‘r TEST CONDITION MIN TYP. | MAX | UNIT
Propagation L—H tos 0.05 0.15 0.5
Delay Time H—L ot 0.05 0.15 0.5
le=8mA,

Switching Time Dispersion
[tpHL-tpLH| 5 Vee =15V — - 0.45 Hs
between ON and OFF
Ry =200, C = 10nF

Output Rise Time i - s
Output Fall Time ty —_ —

Common Mode Transient Ven = 1000V, I = 8 mA

CM = = 2E -15000 | — — | vis
Immunity at High Level Output n o Vee =30V, Ta =25°C H
Common Mode Transient Ve = 1000 V. Ir = 0 mA
CM B L r 15000 | — | — | vis
Immunity at Low Level Qutput : Vee =30V, Ta =25°C H
Fig.1 lop. TEST CIRCUIT Fig.2 lopy TEST CIRCUIT

1 8

[ :.‘J- 1

(=)
e
|_

|:| =0.1pA l
Vs. V,
1 = VCC @E i o~ Y
[
4 lvﬁ-s 4 0 It o
Vi i
Fig.3 Vou TEST CIRCUIT Fig.4 VoL TEST CIRCUIT
10 ¢ 1 8
0T 0.1pa VN vel . H T 0.1ua V.74
I & R — [} RvL
V,
- o Vor . ig . -
4 _’__”L T Vem
T Ve
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TOSHIBA TLP250(INV)

Fig.5 tpLH. tpHL. tr. tf TEST CIRCUIT

[ tri<— —lif |&—
a 90%
50%
+ : 10%
tpLH tpHL
Fig.6 CMy, CM, TEST CIRCUIT
1 8
sw IE, - H h
§; 0 To.1pF Vee
AS _B_|—«--|: H—t"0 \,
Y
oM |
el 1
Wl m— 1000V
44 =
SW : A(IF=8mA) NN/ 800(V)
\/ iy t(us)
Vo /N3y — 26V
SW : B(IF=0mA) CM.  cm = 800(y)
ti(ps)

CML(CMH) is the maximum rate of rise(fall) of the common mode voltage that can be
sustained with the output voltage in the low(high)state.
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Email: wichakorn.jun@gmail.com

anuRiingIu: Industrial Provision Co. Ltd.
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Email: friendlm24@gmail.com

A0 uiiineu: PRP Electric & Machinery Co. Ltd.





