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ABSTRACT

This thesis proposes an ozone generator using Solar celis. This generator
includes the three sets namely, the Solar cell and Boots Converter set, the Switching and
High Frequency Transformer set and the Electrode set. This technique is based on Boost
Voltage from the Solar cell with Boost Converter to be an input to Single Switching IGBT
and high frequency transformer feeding high-voltage high frequency to the electrode, which
is a common axis cylinder use for generating highly non-uniform electric field for ozone

generation.
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- luiwas 33 ennauas 70
- lutas 55 enauas 100
3. vhihay 10 - 30 303 100 — 125
4. amosifwludn wald edad 100
— MANARTBIANITUE

— g IAandsmias

- IRIUANNNY

5. lusn9eusih 150 Bas 200
6. smwmaall Faousssuiins 250

Wwigiulavaasaliauaznanan

(W4 6 1
laiodszasdieine g




f1519N 2.5 LU’%UUL‘?’IUUQmmjﬂamaaiai%uﬁuaaa%u

Chorine

Ozone

1. mwmﬂuﬁmga waztumon e
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2. ﬂaa‘%ngnLﬁulunwuzumﬁ;mmﬁu
gaLLa:mmmLﬂué"umﬁ gleaiadinng

Flns

2. Tolougaen1Tnae o duwnian kfanuly

gansaiu e

3. ﬂaa“%w,ﬁawawﬁug’%mazmﬁm:ﬁﬂﬁ
gydznavlasian dvnldiaszanoded

auaziluisea &I DTIaluin

3. lolouiiediesu wasnUgisoas

FAUANT WD BNTLIW

4. 1AW

4. enlalouen e nnsWaw
walulad waznmsldwasnuiaoaslums

NAR Db ﬁafgﬂu

5. aaaIuddranuuusslunsvidasm
(Oxidation potential) 1.36 V

5. lalawiuaeandladnvil Jisengiga

119991n6N (Oxidation potential) 2.07 V

6. aasanaTanuansylaudluauin

QTS Le

6. laloufidnanuduidINuaa oI BEINIT
fTauuafiTuuas IR laaninaaaIn 600 —
3000 LN

7. ﬂaa’%uﬁﬂaugmm@ﬂﬁwamﬁmiﬁﬁﬂ@

7 Talawliinduandd warIw1IntIaNaY

VoIETU AU 213 LazEler
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8. lalauwuilgmnmsidulevasaslasindss

lFanaTutaralauni3vin Shock Treatment

9. anoIurwulad dasaiuau pH lwag
g1 7.0 -7.4

9. Telawlidasfimsniugu pH
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@1mawﬁamaﬂaisﬁulums&ml,%aisﬂ R m‘sﬁmmmmmm‘mmaaﬁga%wﬁ
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@199 2.6 1WRBuABUISIN 0Nl wesammaindfitenveslelouiuasadu

Gem load Disinfectant Vol.Applied mg/l Lethal effect
60000 coliform/ml Chlorine 0.1 156000 sec
Ozone 0.1 5 sec
350 spores Chlorine 1.4 9000 sec
B_Suvtitis/ml Ozone 0.05 30sec
PM virus Chlorine 025-15 fnactive within 180 min
MV Parent Ozone 0.05-05

Solution and Le
Virus suspension of

1:1000

wenanil dsiimehislelowl)dszondlslusmdngdn ldun

— nstitasne

- MIAUNAL
- NILNEAINTTY

- NITLIWNINRALISDUDN DT

- m‘mﬁmﬁm‘%qw%

- MiessziosiiuazUatiiug

- NNTLREIFAIIILAEMIWIZ IR BIFa 34N

- Ugdaiuazainda’s

- MIWaNFNTZA

- MIWandauiing

- UL REDLE

- MIHAAVN WY ATIANTTUENI

2.1.4 nE)nsuanalvasmsuaznsiialalon

lolowduwmailsznaudisaandian 3 azaay 5uﬁaﬁuay;1uamu:ﬁvlaj

= Q- LN J T lﬁ. L 1 d’ r=N
WEDHT ®aNU60 bedne muaQﬂmaauvlmmmaamm:mm%muumaaﬁ’%mﬂmiaifﬂuwwa@

ﬁ%@ﬂuﬂﬁiﬂﬁ@ﬂiiﬂaﬂﬁﬁﬁ NITUIBNMININ amau%m:maaaan%wumnhLaqar‘ﬁéﬁ

DONTLAKLUBINA BRINNIUAEADNDFI= RS TI0e LﬁﬁﬁuIMLaqaﬁwmaaﬂ%LwLﬁ@

Wulalow O,



wnasduwenasnasnulidusumsldnuwionsdanwsiwhiiu bdeyanalriinldldysslesiamwmsim
laidnsailas visdw dnvisinudl idawdasiitomuwazdiassnsdsdsdrvessenarsvnnasendmsiinblls
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NHVBINND (Gas Law)

PV =nRT (2.3)

URETNT939 (Real Gas) wuiﬂuLaqawaaﬁwﬁwm@LLa:LL‘Nm:ﬁﬁ:MN
INLQQ&L‘TJ‘HLL'N Vander Walls %QT%’]@I&JLQQﬂLLQtLLSQﬂStﬁ’]‘iL{JuQM&&IﬁaL%W’]twaﬂﬁ’]"'ﬁ
LLGiﬂt"Hﬁ@LLaZa’]&J’]iDL_‘?JU%ﬁllﬂ’]‘ﬂ@Uﬂi:&l’]mmadﬁ’]‘ﬁﬁ]’%d Ao awmimumai‘maﬁ
(Vander Walls)

P + Vi )V - b) = RT (2.4)

2

FUNIT 2.3 uay 2.4

V @o YSumen m

P f8 @NFULTTIINA P = 1015 x 10° pascal (mm.Hg)
R fa tavonlanles = 8,314.3 Pam’ /(kmol.K)

T o gounndl (K)

NGEIR RN

WA a AT b IUEUMIT G fadasngav ldangums  Aanis
Annfliladngumniingd (1) = 154.6 “K uazdanuauingd (P,) = 5,043 kPa azld

_ 2R, _ 27x(8314.3)'x(1564.6)“ - 138218
64P, 64x 5.043x10
. . RL i} 8314.3x154.66 - 00318
8P 8x5.043x10

C

LNUAT a WA b a9 LENANT

138218

2

(101.5 x 10° + )V — 0.0318) = 2,494,290

PR y y 8,314.3x 300 5
TIFUWUSAURNNIA 3.1 laefin =1V =" 9] sx10° = 24.57 m /kmol

lﬁ%aaaa@aaagn (Trial and error) LANLYURIAKIY mol LHnUTNag
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NARBIUNUAT V = 2457 2,494,290 < (101,728.96)(24.5382) = 2,496,246
NARBIUNUAT V = 2450 1u (2.6) ;

2,494,290 > (101,730)(24.4682) = 2,489,149
NARDIUNUAT V = 24.60 11 (2.6) ;

2,494,290 < (101,728)(24.5682) = 2,499,273
NARDIUNUAT V = 2455 11 (26);

2,494,290 = (101,729)(24.5182) = 2,494,212

fl P = 1015kPa , T=300K

a2lev Vv = 2455 m’/kmol

Inde Imol = 0.02455 m’ lagyszanss

Gatin 493.2 kJimol = 20089.61 kJi m’

L8z 632.8 kJimol = 27812.63 kJ/ m’

1N 36x10°) = | Wh
1y = 278 x 10” Wh

Sanunisnuiidndudaslsia 5.58 kKWh/ m° 89 7.73 kwh/ m’ dulduely
mmm‘fuﬁaan%wuayj 21% lapyszanm sonunasoniisndudasldlunmssaoius:
panBlan Ae 1.172 kWh/ m’ §9 1.62 kWh/  m’ awlu3siReanasanisiialolauly
TaIINNDNNE

TunseenuuusinaieiiolelawezldwannisvasaninluWian
Uszgnallumssisindidnlasalagezeanuuulvidianlasafisnwmefunsons=uan
Fauunuirnfawiu 2 Tu %\‘]ﬁ]:ﬁﬂﬁLﬁﬂG%WNVLW‘WWVLBJ'&ﬂWLE{&Jag(d.ﬂ’lUI%“ﬁE]GE]’m’WII(ﬂU
amumaﬁ@”i”m:ﬁaaﬁ@hmwuamMVLWWﬁgamnﬂdﬂmmﬂ e A iaauasoa
ﬂ%’]&leW‘W']ﬂﬂﬂilallE]’mﬁ?lll’m%ml,a‘:wa“ﬂE]GLLN%%%’J%U’]GT%:%‘L%N%WEJVLWW’IVLZij’]LmJagd
ﬁﬂﬁmmmmmﬁmmnmaﬁgﬁu‘[ﬂmmumaﬁ‘l“ﬁﬁuuﬁa%mﬁaL‘J"Jumsaﬁuﬂ‘%ﬁ
maﬂ&lwmaanﬁﬁﬁuﬂsz%m§nwsmmUé}”ﬁmumﬁﬁaﬂﬁgam:nauéﬁUaaﬂvl,m@? Sio, #
FudaudnifauInguwus aglutas 3.5-9 Hdwdsaugidaladifinadn 0.005-0.01

a:ﬁmmnﬁqﬂﬁmmﬁdﬁ

a &
2.2 ﬂaaﬂmaﬂrﬂiﬂ

waaadlanlasadwiflunsneldifiemalalon lasdninilumaia
anuessaswIn Wi 1Relwaandian (0,) TdSuwssuuszuanaa aunwdulelon

A o o @ [ & Y o a % “ s ' ~
TINDINAUIITLNRAN NILATIFT a1V IWHN wesamwRILIaaay 93znaneall
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2.2.1 awn Il

s Wi wiveaniu 2 wfia f swiaIWihasiniaueaussaw Wi L
aiiane Tooawu Wi ashiaue o 27ie Aommu Wi lsdiwavadnitasuas
aumVLWiV\th&imj’nmJaga G’f}mmﬂwﬂw:LﬂuSanm:‘l@%uagjiﬁugﬂ‘iné"ﬂwmzmao
Alanlasa I@U%‘%agﬁﬁLLWﬂLﬂaﬁ‘a%ﬁMWWW (7)) uwalaan

LEGITEAUNWRIING

77 - max < 1 (25)

lagf  E,,, Ao enuedsamnaliigegalutasinemaszwirsdidinlase

a a A da X \ . )
Eav a8 ﬂ’l’l&lLﬂﬁU@ﬁ%’]&JVLWWWLaaElY]LﬂG]"IJ‘LLI%"BEN’JNB’]ﬂ’]ﬂ'ﬁ:‘ﬁ’nd

flanlase

5
ANV ANV

31U 2.5 anwuzswnIdiuuusneg

| awin Wi asiwawe, I eww Wi s iguaidnitas, auvaWWﬁvlaiaﬁWLamaga

1). sl asiniase (Uniform field)

s Wi aduaue fa s i iunnge Seunaiaasanlnin
Winnu1 (7" = 1) wudaliatleuussaulinudidnlasasuin Wiasiniane asfainTn
anbiufililod £, fduinusanuasmusemmn €, ) Wesnawnylwiheds
(E, ) INTaLNAY



2). awra i laigainiasa (Uniform field)

syt bl ssiuaue fa mmLﬂ’%ﬂ@aumvlvmwLLdazgmﬁ@hLmn@mﬁu
J 3 Q- ] ] g: 1 a p=1 [ ) ! >
Iupgrivduniizasgariu mwmmnmmmaamw3Jmeamw"LWWana:@muagﬂu

anweIdinvesdidnlaveffisww Wi ldaivanennusates

3). amuiﬂﬂﬂaﬁaﬁuawmﬁnﬁas (Slightly non-uniform field)

o amﬂvxlﬂwﬁﬁmLLWﬂmaﬁ‘amw"LWﬁhagjismﬁa 0.4 - 1 G923
Anant@indifssnuswawihaieuenin

4). amuWﬂﬂajaaﬁuawaga (Highly non-uniform field)

Aasuwlihaddunaeasamu lwitoondn 0.2 (7" <20 %)
Lo » 0' P~ =l k% a ! o k7 K%
Qmauumaaamﬂ%lﬂﬂuamLauagmﬂauwawaaﬂs:gmammumlmmaJ"LWV\h

Aatnswldaning ehlfAanszuglnsdoufamaswsnaniuinynEsnii nszua
Talsun”

(V/?)! ~
1 - éV” .
R 14
Y 5/ i
noeQL " s §
\ : ! 1 s
A = RS \i t
i ST
- T Im 1y 4
J- N
(@) : (b)

gilﬁ 2.6 Qmamﬁ@maaawﬂvﬁﬁh 3 mﬁ@mugﬂs‘waﬁﬂimm

I sws IWdhadawe, 1l suw i ldasuauadntoy, 11 aumvlvxlﬂﬂvlajaﬁmawaga

2.2.2 anumsanin liHag1997y

lunsudamalelouaslddiinlasaniane o awra i uun vl
FINFVOFILTH NHNANYWIAENNIN( R BURAL) uszIUNTINTEUENUNUIINTIR NI
UG FUNTNTINILIIA S L
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1). nSINaNLA LI o ne

]

NIINAULE mlummm:ﬁgmwﬂszgaﬂﬁﬂ@ﬂuﬁﬂmamaﬂaw ﬁ%’]NVLW‘WW

U4 9 U4

E 95 @9aNNURINTINRL I@Uﬁﬁaﬁsmﬁﬂiaﬂawgﬂl.ﬁma ?ﬂfmaaSLﬁﬂ‘[m@ﬁLﬂumnﬁag’i

Tnaann (r, =) Menaassasnuwinsad r lagmldann

E-_Y (2.6)

" A’

@hmmm’%m@amu"[Wngaqmﬁwﬁﬁammam

Q

s
drer

E_ = =

max

\Y
2 2.7)
L

lumaljodnesnuuuideilasiumaialanmazamsnaumuls
(Shield) ﬁﬂﬁ’mmm’%ma‘mﬂWWmm’haaﬂdwmmmm%rmamw"lﬂﬁﬁnﬂa E. lag
TussnuWihasinawelde = 30 kv, / om usilumalfodld £, =25 kv 7 em

peak peak

2). NTINTEUVDNTOWLAWIIN

nanszusndouunusvsziidwnandsnyinihegluumfaluaziuio
PRINTINTUBNABAURIANS WYY uazamnaunisasuunuwiad Q=) D .d A & wiu

NTNITVENUABIINGTT 1 56 1 (r, <r <r,) waawn Wi ldan

1
g =1 (2.6)
2ngl r
L3I V ﬁi‘]auszmwmdmzuaﬂﬁa 2
T, d
v= [E, ar - Q ndr 2.7)
; 2nel 1,
:& 2 (2.8)
2mel
o Vv
1 E. = (r,<r<r,) (2.9)




[Nl
(US)

ANAMULAT AT NVLWWWQGEEG]Lﬁ@]ﬁﬁ?‘ﬂidﬂ‘izuaﬂ’mlu

Eox=E = (2.10)

3). d@ANLtNIZEN (Optimum dimension)

lumﬁmmmVLWWmiaga NANWALRUNTFUA AN WIS NITAANULUUN LA

ijaﬁﬁnﬁq@wu@iaLm@TuVLGTgaﬁq@ dratnsrnlunsdifrueiaiitidnlasawen r, T
adnlasalusad r, Indldes r, Indifos r, 109 zozvesznieBidnlasansnentuaslu
fad = r,- r, Sawesifeumailing udnmsaaied r, aufioiadnd asvi
@mwLeﬁmamﬂvdﬂwﬁﬁaéﬁﬁﬁga%umn autvdingauaziialalsuléase mimﬁg@ﬁ

feir nzsuiilienagsining 0 - r, AT uunuussduldgigalaslifalalsuiieu

aSa & v ] = r
lunsildifalasanssnszuandauunuinde (—’) o = ©

N
b’x
/
’bMAX . Vb
Er
Er..\»ll;\’

V' '=0368
e

suUf 2.7 dnsemswfsuudas v, ez E, lwneow r, Wotmuald r, aef

2.2.3 11298619 ) NANRADUTIABILINATYE
' a &
1). gﬂ‘i’ldmaﬂfmsc»\ (Electrode configuration)

1 a ow r=1| ] ar r=} 7 J 1 Qs Q-
31J5”|<1aLaﬂimmwma@muwmmnmaﬁmnmauam:muagﬂuanwm:
g Wi lag ﬁﬂLfJumtﬁaumVLWWﬂvhjaﬁﬂLauaLé‘inﬁaUﬂﬂum’%m&mﬂﬂ%gﬂq@ﬁu

ANULATHALARLAZAIN WL LA AT Ia BT AR UL SIau U AL T watanaiu
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lasfsaznausingaldaumdowlvaziusnaniiug  uansdfawn Wi ldasae
goszpzundnannWafisunuiadsidnlase dusadwSyaues@InNIIuTIeUTNeN
DENNTALIU @hmmm‘%m&um‘lvﬁhgaq@ (E,) wnuanuessaguwin IWisuhiale

m

Iimé'fidmmmﬁﬁmm‘lﬁmﬂawms
V,=E, o7 (2.11)

Wo d Aeszpztasivemiaua: 7 Asunaiaasswiulwii

2). HAVDIAMINRW UG

IuauWSJVLWW’]aﬁWLaNaLL?GLﬂaauVLW‘W’]LUSHGﬁ’Jﬁ%LL‘]JW]’]?J@]’JW?J%%’]LL‘LL%
MTAILEAILUNIIN uansoiswn i limiauegsiounamafaualuin 7 < 20-
30 % é"ﬂwm,waaﬂ'wLmé'uVLWWWLmﬂmaﬁa:ﬁa"nwm:m§aq<ﬂ WaRasan oy

o« o ' A A @« o - a £, P PN
AMNARINT NaAaNaRa gadilalsunfadunaunisiusnesl uasialfiuanu
a v J ' ar [ ; % < 3 a % 6 a-
@u’l,miwuml,nmu'lw%Lmﬂmmﬁ]:a@mmmm AUNTENIAWTIFW WAL UTNANUERDY
wsvaulalsmSuAadayintu Wuanusuiidusisudaidn wﬁamﬂﬁ;@ﬁﬁnﬁumm
dumada lUBnausssmusnaTtiasiRa I nga s ulasa st uanueui I wan Iusi9mnss

IAONFAU (P>p )

804

Vit Vh (k)

407

Estkiiem)

201

szuzuny d {cm)

p {(atm)

(a) (b)

35U 2.8 anuaInudausiawlwihuesfmoia e luieidunnudn

(@) s Wihaduaue  (b) swwlwi L
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3) Hay E]Gﬂ')’]&l%%i%ﬂ’] N

luanaey H, 0 luemardumalwiausen s luawulninly
aﬁﬂLanagmwamaamm%uﬁwaasmmmiiamLmﬁmmnm’ﬁua:ﬁmamnﬁ Sekh

WTIFW IWHINT=URA TS

4) WazassluuunsInn

Q- Y ;Z T @ dl Q- Q- Q- 1 df

LLsa@uVLWWWLmﬂm’mmuagnugﬂﬂaumamsmummamﬂugﬂ FILFAD
TWAuanudunuivesussdulwiusnersfluernialuisssuro 95 oz unilly
gun Wil ldasinane LLsaﬁuﬁwﬁaﬁaﬁ@%m‘hmnﬁmLLsaﬁu"LWW"lLmnmaﬁ@‘hq@
LLSJ@T%%aummamaﬁ@hLLSJGTuLmnmaﬁgaq@ 81992 NA1ITINNUAINBL DI NIFF 8
LLsaﬁuﬁaaunﬂmﬁalné’Lﬁmﬁu F LTI U AN T LRI VA UA WA 19U 50 - 60Hz 95
' [ o & 4 a o @ & ' ' .
ATuTIaw AL DTN el A uussaulWf iU Ina Nz aasIlug 193198 @

' N ' o Ve ' ' - X

328299 LI AR50 cm ueazdn NfaszuzgasisaneLAnd

Vo (kV)
2500+

2000 +

ﬂ-’ 4000
1000 +
e
500 1
———
+ + ¢ : >
1 2 3 4 5

Jutizumy ¢ (m}
3U1 2.9 ussaulWiiusnennivesdiinlasauuuurienuszumuluemealumnaure 1=ge
d Woussannilonlyluuueagisnmizanasgiu IEC (760 torr 20 °C 11
gH, O/m3)

5). navavlszanvaoussanlnirarea (wan-aw)

k2 =Y Z L% t ol =) 1 Q- L%
ﬂs:agmal,nmuluamﬂwmvlmmLawaga HERaAITIA W WKL LT
a1V, ) ganhdussaulalawduife (v, ) snuazviliissewusneniestauan

uaziiaueanu dnngmislguiiAaniuussdunnsuuybiineziiluoc, Ac, Impuise
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LLaﬂuamu"LWWwVLajaﬁ’muagaLLuuvLajmem BUUAEURANNUTEWIY DT ILIINY

ﬁauaﬂ%‘%aﬁmuwmUﬁa*’ihl,l,sa@Tuuu’éLﬁﬂiﬂiﬂﬁﬁﬂawmﬂ‘%maumvlwwgaq@

Ua8urausIuIn

navaslszaieiliaussdulalawiiuda (v) maaiizamﬂ;ja LRz A
wssenlwiwIned (v, ) @ Lﬁ'aﬁmimwmwmﬂ‘%m@aumhgﬂﬁ 2.10 a)M3taaoln
meuLéwﬁu%LamiaUﬂ Uaounay BilnaseundaniiiiiadnwueluedaUsmsumnay
Tudunas ﬂa’aﬂaaaumnﬁmﬁ'auﬁﬂﬁwaaﬁuagumihﬂmslLmauﬁﬂﬁmmm‘%mﬁ
IRRHIIV RN Lwimmm’%mﬁﬁmaLﬁwmmiwmﬁwgﬁu ﬂ‘i:ﬁ;vl,aaaumnwﬁwﬂmﬂ
wisutaawrhlidansunanenin tesivenmeasuaiazlniands e enueine

9] Q’ J = v ] ‘3/
E‘T‘UﬂJJVLWW’]LW%J‘IJ%L‘UuNalﬁLﬂ@]ﬂﬁﬁLU‘iﬂ@]’nﬁd’] YU

U8R NTIAL

Namaoﬂ‘i:gﬁwﬁﬂﬁmLLN@T%I@IE%WS;JL% A P9IIRUEN Uazen
wsaawIWiuInan 1l (v,) GE gﬂﬁ 2.10 b) UasunavtnsurldsiEnasaudiiie
Lﬁaamnm:mumﬂaaavlulfnfumﬁauﬁ;jaziuﬂsfaﬂawuLﬂ‘%a@amaJVLWWwi:’] BLlANaTON
mﬁlLnﬂ:quaJLaqasauéTuﬂunmaﬁLLaIu@ sulosatiniedouiitdnmezInalans
LARA aaéﬁwﬁwﬂmULmawﬁﬂﬁmmLﬂ‘imwﬁwﬂmmmamﬁ'ugﬁu LARUINTEWIN

%Nﬂﬂﬂi:‘i‘]’ﬂﬁ{mﬂ a:Iu@mauamLaua@mumawmﬂs:ﬁ;ma 1’]’]1% LN m’;ﬁmﬂmu

G Oo 1 o0 O q
e :j O (O] O_>._
] o5 o 1

E(x} N Ex) \

7 hitdizgfn

F ifizgin
1

L bifizedn

—ifizedn

a) b)

517 2.10 NIWLEAIHEY T2 IA9VBILABURA UTIVINURZRY
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2.2.4 HRVDIUHWBRWIBLIIARN A Hanan1stAa Ll law

LLNmmumﬁumU‘Lﬁﬁaadnmmﬂ‘nmmGTuLmnmm“L@Tga%u Wi
aumziumadauiivasleaanuindifaduainmsloaslustu (lonization) fiezlna
(Cathode) lilwAumin 1y Uszquinaznaudinszansaguusinuua U nanInug il
g R ST s sa stz udlaa lasaluuu sy Infh aduae
PULABINUAIULATIATERIHA INAAUUHBAUIBLNAAS Lm@TuLmn@niﬁuagﬁu
AU T BIT B9 M AL UEINA TN HaTIuHAWIBRLNIN W I AT

@ o P o
Lm@uVLWW']Lmﬂmaﬁg{wﬂmmaJ"LaJamLana

]
1

2.3 WND uﬂaotméf%ga ANNDF?
TN ULaIRYALLRIRIAT

‘ﬁﬁaLL'}Jaaa’im%aﬁ%ﬁﬂﬁ%é’ﬂlumﬂﬁmmé’uVLWWﬂﬁauvg@ %amaﬁ@hgya

. R, U g/ | L4 Q. d‘ o v a @
1ét9 310 Vv ‘L%ﬁmgpmmﬂﬂwmLLia@ugamm@Tvg@ Lasy AL AaNITLYNINNAUNI
"LWW']S:MNLmﬁuﬁuvg@LLa:Lm@TuLm@Tvg@ﬁ"LGT Lﬁai‘]aaﬁ'ua"umwmrmmsgn"[ﬂ%@@

fudsznauNdnyrasndanlasgiaTilnyszdoaasi

1). unwnaslsa (Ferrite Core)

Lwaﬂsﬁtﬂui’aqﬂszmﬂLWaﬂSLmeuan (Ferromagnetic Material) N7
witswhudmdnuuunuinaslsdaziinailitAaanumuuindnfusimingsniinis
wilghudindnfifeduununuainiaann LW@ﬂi@Tﬁ@hﬁ;@ém‘T’;Wﬁﬂsﬁngmﬁﬂﬂ'awﬁw
9 dazunmelugaa 3,000 9 4,000 LM LLazLﬁ@msgmwLﬁﬂluﬁaﬁuﬁwﬁmmﬁgaG] Gt

wiaudasadagadeiaulFunuwas lsaunn 50

2). uavuiin (Bobbin)

Uauﬁu%‘%mmmaaﬁu ﬂﬂai}:ﬁﬁmnwma@nmﬁwummi’aﬂﬁgaLLa:VLaJ’
dalwvsuduazgrsldnisiusasiaunununeslsdazaintu wazunilestigninis
farsarrznhaveamenuunmneflsdled vafwlvwaauaaspuvasunune$lsd
uauﬁudmlmy’a:gnaammulﬁﬁmﬁnammaLLm aanuazainlumInuaaaaua:
TaNIAANULHYW PCB

3). MIANBILEIaUINEN ( Enameled Copper Wire)
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miﬁum@amﬁaiwmﬁum:mﬁum’%mawﬁaLLﬂaaa’im%oﬁﬁwﬁﬂsjgpﬁh

UnaazleaanasiadonuingnwuusLnwuaudmia e wIuITa uauaasn1T FITU0
Z gee & X e, 4 4

PIVARIANAILAINILTAN UL Y PupdiudInIzUFgIgAiidINIARIa ANDULSS

AL ANGHERN!

4). nUauwin (Insulation Tape)

el sindn o ngrresszninsiwssrasialundaudaaiege
LLa:i’mfhﬁﬁwﬁzgluﬂ’mwndaumavl,wWﬁ:mww@vlmm‘%ua:"U(ﬂL%ﬁ%@ﬁﬁdﬁﬁ@ﬁlﬁﬁﬁ
miawiuanadwwanlua$(Mylar) wIslndlesiaas (Polyester) ﬁﬁmm%maglwﬁw
0.05 ©19 0.1 ARLNAT mn?zaﬂlﬁ@@%uagﬁumiaanLL‘U‘ULLa:mmmﬂaa@ﬁyﬁﬁaamimn
wilautsesdagoiunan

5). unwinailsduazmsidenls
MY LAZIMNANNATIT IR DD IUNWN BT 136

unwnaslsddmwiundaudassiadolaoaly azonrinsaninfivwaua:
JUNII6199 NUANAFIAITN LTU ELEEETD Wisunuuuy POT dudu Undgnia
o o 3 o ' - v o
Farunueslsdanunluanwoeasguszny ieanuaainlunissznouhnuyey
iy s g o 9 % a v & 1 & Aa &
fu msdsnuunwneslssunuauinazilimadusssandudimndnitiaiuluuny
watlsdfanwanwisussanle

wnuiuy POT swezldiundaudassdadefilddasnismasga(laiiin 125
Jady usrlwnuiidosmidwanmsunis  EMURF  duflasandnsmegunssussin
munsnilosiumauninizaevesdyanmsumuwldd  wdunuun POT  fgasdniuld
gameesninmoueniddendhain - Jadugtarsalumaiuatansuesmmnalna)iiie
wlaudasdssmatdsgaaziluunuuiuy ELEE usz ETD 1i91nssninwuuaaiaIal
unuusuiuldszamnunulunguiiesfivinedeg  Wilanldawlddudmowen ey
gunsnbihasuldaud 5 Jad ldauis 10 Alades sdvlsianuduanssuniu
EMI/RFI fiLAaZeNaInniwnuiuy POT

Fadunualsaluiuudugimaunsashanlfoulddn 1w unuwuy

RMPQ usz LP udsnlideswiidnludasesenily  wsslidesfunfisudaldve
AN



29

anwoRFNLRYeIEIN IFYunwWaslsd

= ::‘iv s‘A + st [y Qizn T 3
shavasitamsununaslsdiuansdrany sxldgusudfnisusiminaes
(4 1 s g = LY r=1 t Qv =3 ' o & P2
unwaslsfuandriudasiudaeiivnarintunndsznisfions Tuuduwfeysilassd
-5 Qo 2/ =] Pl Qs zg’ 2/ ot o o A
Wanduumnaslsd azdasfinessiBoaquandfiilomuandd fiaue doyasdgfiags
o =1 Y= s o =t 6l A . 3 =
zvihnulaussfinmnlifiRaiduldsinne58s (Hyteresis curve)uazemmisgeyiFeluuny
wWaslsd(Core Loss)
A, = VINAVAINUAAALNWND S LI
A, = VPNORUNTEINBVORIAVBIVEL TN
V, = Y3anaszasunmwas sy

A, = szuzmadunandusminluwnmwailsn

\§uleadanaiTa (Hyteresis Curve)

LWL AT AP IERIURAIANUTUNBETINING ANUABILUBHEN S
) o o a ~ ° A , o & 4 &
UHEAN (B) NLAeNMTniieninga s uaaianwuusLne anIARIuURHsNSLNREN B
¥ Q‘ n; Y 2/ n‘ &’ L% ) (1 Qs ]
feANNdutasun wineslin TR uIua AT RN WUIREN H AgNNINAAINET
191925enh unwSulimsBudaaswandusinin (Saturation)
a o o [ g4 i & P d = d' =
Imﬂn@awammammwwLauiﬂaaaLmass%aLwyaﬂsaL@m 1ag91nan
A’ t§ k7 @ '~ Qs Qs = a 1 d‘:
aSsnisvensulaifane Bosecansuensufiariuyin
msiFnuunwnedlsdlundaulsigiososdaee 3t bivnlfunurasisdiia
o oo & v o & 4 ™ a o ° s
nsfuatnld dnulasnlulumsssnuuundsnlaisings 590138 1ARAAIAINN
3 [ [ s = A V- ! o a s =Y t§ t§ )
RWLUUNINSUINEN B Nuauliiiadnbdlwunuamerinen Janldfuasmiaasaiaina
vx‘mLmuw&'ﬂbﬁuajmﬁng@q@ﬁauﬁué’wmLLﬂuLWﬂ%‘lsﬁ WaaMnuUsaany

msﬁm%@ﬁwmm’ﬁmmiwiﬁnﬁm*nﬁﬂga qﬂﬂmunu%ﬁauﬂm

v 1 o [] (3 LY ! T A o
fanumnuiwHanSuimangegaluunurlaudas  ssuegiudmausey
289208290 Wsan3 nnguasshriadaldin

. |
gas  AB= Y100 (2.12)
N, A,

‘=. + i Qv 1 4 C: o g (<3
Wa  AB  fa denuwwmuinwanguimanfiiiedwlnunmdums
v fa fusssuianasouaa InsINg

&

N 8 AW UTAUUDIVA NI

p



30

A fa Pmanufininaavesunwduannadudiues
A s = A we 1 @ A 2w oa =
t fa PN ITnUasueUssnstudwaninedwdwivnn

LA AT HIT I UIDUVBIUNRIN PATINT AT 2889 FNONURWILUBNENS
da & 2 oa, g . ¥ - Y
ANeUHIRAINNN FINTRATIWIUTOVUVDIVN ININNTR I IF R I saldaanasuas
:nw L Y g J
swelngiiwldiazmansanunszus ligetu
. < ' [ . o« 1 = Y °
aEn9 bsneNa mnmwwmwuwanﬁﬁwmanﬁmmemumofg@aum%m
lAusIsnanasaune InsuSaa1808I0819520152 usoﬁuauwmﬂﬂ@nﬂiauﬁm'ma%
o 1:1 o Qv o o ar o Qo o
nudsiaaindidsinsagequnui limineinaudaaeidnfoneld wazau
winwiuwandinanfiidngeasldiRamgyidsmelunugdndedriunmatvwedn
) ¥ Ww § ' = . P @ o A" : 6 8 o =
eI Gk U SR ENT s LA arulusnwretisrsmdaudsmmedrnu 3o
Ae A o & & A
Sifafinnsdniteds 2 Uszns fe

1. snwnasisddasliRadudmmeine
t 3 Qs N = i s A" o Qr s
2. Sean UL AN L L%an§qq@ﬁmmuimmumm:mmmmmm@msgttg EORA
o A )
mewaﬂsﬁmmfg@
o 1 4 Qs 5 3 < o 2] ]
vansmemIthnuesanunneiundnduiman  Imnuellu2uaes
) { 3 Y ) 3 o a [’ = o o e
grfanwieainnw uazan lumstuueaiududsslunnnGaasiesniazassnniunan
asieas

=
nudanuwIanwne s lsdRRNz Y

mslsunmneslsdfifumalngiinldwibndeoudsssdate andlunns
suldasnlFanalonlaisnin swmsldunwmaslsdifmnainiinly vemauszuny
waflsdasion ﬁﬂ.ﬁamuga@@ﬁmmzau FIATLLNND S LI UUNAeNI gRTHNINNVIG
WGV ILNHLSZ DU TDIENTURBIADOIUBL T

Fasgmenumafuusindnluwnmnesineslsd(Air Gap)

MIMAUATEIOTMANBTNLEWLNLAEN (Air Gap) uwnwnasisd 1In
acd ¥ A A Q1 s A' ar 6 x [ [
F5msatsnianldilasnunisdusiasununaslsd WRSTIE IR TR RUNAIT WD

% A A A & @ o ' a ) <
yasalundsnlsssdiadidanunauleeas aghelshions sasonnmeauluenwnadlisdas
Wifiamsuwinszaedygnmsumu EM senan usssumuaunsalmeuanldisuiu

FmTuunwaslsduuy EEEI ETD %8 uby POT &ansoivwe
snBaastaseIManulunwld 2 insue di3Uf 36M) wex) fa myhruetes
mmﬂé’uﬁunmmaazmLﬁmLmzmsﬁmmuﬁamimmmm:wdwog‘ﬂﬁznu



31

mﬁumuﬁqwﬁmmmmzwﬁag’ﬂxnummsmﬁﬂ@‘i’dwnﬁmﬁﬁ’uﬁaa
| S ¥ A P = = s
amanununany favildlasnisifuinawiniionununduasiniisvnsszacgas
mmﬂé’uﬁﬁaamﬁhmﬁm:mhmxn%%a%maa@ﬂ‘;;nu fInMsiuuatasainaauil
LARNES ﬁaaé’a‘[@a@ﬂmngﬁqﬁ@LmuLWaﬂs&w%mT@u,ﬂuﬂmaaamaaLﬁﬁlﬂ@%’ﬁ:ﬂ:ﬁm
aMAAUeNNGaIMINTBRINaA S miﬁ’uﬁaammﬁswﬁwa@;ﬂﬁ:ﬂu ANUAUVDIHY
& Ada e - . P A . R . 2 - \
AW INAUA LT Ta LN e InTIniivadszostas o mManwiaaIni1siriiig Wissengas
MARUT L3 I TUNRTINVBITZBIZ T B

2.4 pnsoladaduazreastu

IGBT ﬁfwilu@ﬂwamwiqwamﬂma: SCR &390 T390 UUU Y
WWenuueanld 62 IGBT nudanuSlunssdaduszum 500 nsS fenstaslai$qiyin
\ a a0 o W w ' ' A a A o w &

VBFAN LATANINIBITUALAIRI THUINNTT 819923 NA31 500 W dasdat il et

) \ A ' a a a o e A Aad a
g m"LaJauiﬂlursaammwgcymwamwsmumnun IGBT Fs:ilunmsiBannaniden

2.5 299N IzALNRTIAK INHT (Boost Converter)

qamsnusxﬁuLLﬁg.@uiwﬁnﬁ%anma%aﬁﬂammimi Ao 2asnldlums.
Q‘ a Qr 'Y 9 ' v o % zé &
LN AULSIAW NN T LRSI SIS Uaan iwqaﬂ'nLL'mm'LWﬁwnszuamamum Falu
N31V84%587999 “Boost Converter” 1414L83

A I
2.5.1 wau’[wmsmmumamoﬁgﬁﬁ’aﬂ%nﬂ‘ﬁmf

1umﬁmmzﬁm'sﬁ'1muﬂuanwsgaﬁﬂamaﬁmaﬁwﬁﬁmquagiﬁa 2

=4 13 § 3 '3 K A ) v =Y W A
mm'sm'm@ﬁauiﬂumsmmwmawsylaﬁﬂaunaﬁ‘mai‘ WadpdamPIasy 99t

A V s A o ° VoA as ) a
1). neusWRA maRuduniei o dumdseoaiuluudazay szl
winnunasdaniuianaus
a 4 ' a Py ° ' i s € =2
2). Lm@uvl,wﬁwLammmmammmummlmmazmuazmfmugmaj PUNHEI HRTIN
' a ' v P 5 @ ) Ve
PBINBNAITNIUTIAU IWFhanasauaawmiis LM l%um:mm:mmu@uﬁ
o . f 5. 8 o W 9. s A
3).  mfudsalvwnetngrhliusaulnihdusaniimng
4. maviF e s drean mﬁiﬁﬁﬁﬁﬁaﬁdmﬁg@téﬂ
A '3 o @ s = ° [ 2]
B INNMIIFNIUBE9995 I@ﬁjmﬂu@lwqﬂnstﬁnnmL‘ﬂuqmm@ mliammsnagﬂ'lmw
a o & A o & & [
Yszinsnmwassnesdunisiaulasidue



32

i g
——“w_ !«*‘... MOTFET :_:: Capacitor } ZOAD

U211 a;jﬁya&ﬂa%nai@m‘.

252 Mé’nmsﬁﬁmumamaasy’mfﬂa%nmf'maés

wanMnemsasesyadnauiaiiaed fe msvhldussawlnih
nazusassdueaniimmudasms lagesSuduandaruuadin ussswlnihiadoan
fAIDUA mﬁmﬁﬂuudasmunm%a:mqﬁ‘ugmﬁ LBTEINISORINTIUR TN Iarie
wilenhldlon Siensimsrnnuassiadlnadac Twun Haansrnmud avnglugae
CHEPELLLE it

1). Insimnszuasatitos (Continuous-Conduction Mode)

A A 3 G
NN 2.12 usestisgaduluaniizeyd (Steady-state) lulnuans
o 13 4 ‘é el Q) A 3 Qs A o Qs ] {
MNBUUNELadafior feesduna ey neewad ashudmisindansocdaiias
(i,(£)>0)

(V) e

A o 3 { . .
gﬂﬂ 212 UFOSIRNANIIIN N ULULNTEURGDL e (a) switch on, (b) switch off



33

b= t { J Ci 8/ Qs Qw
luam'zzmsmmmmunizm@aLﬁae HET) NW%ﬂl@ﬂﬁ’lWLﬁx‘i@W’ﬂ 873

witlensin a:ﬁmﬁﬁhm']ﬁug{uﬁ AIRUANT
Ve, +V, =V, )l‘aﬂ =0 (2.13)

wsTeaasdnedae T, uazdaglsunisinsesleéi

o
@q&
P

wmﬁmsmﬂﬁaamﬁmmmgn‘;Lﬁm’hmn, Py =P,

SV, =VI, | (2.15)

[$834

1o _ (1-D) (2.16)
1,

3 ° 3 a a A
2). 3894 L‘Ilﬂigﬁ'r\\ﬂrﬁ&lﬁﬂ']‘i‘n'\ﬂ'\%ullﬂﬂig BERA ﬂlﬁﬂ\? lla$ﬂ'ﬂillﬂl&lﬁﬂ twag

= a8 o Ad da & ' A
angdf 2.13 ugesfadneuzgnadiufiiedululnuanszugdaifios la
3 1 A’ . 1 hd 9 i = ]
rwweritinlnued iy 4, wirudugud lugeaasvesiedldtnssus -(t;,ﬂ }
g § A s § o 9 2 { o o Qs 9
dadurasnszusidnniisnhiaaganisluises ArlWssdsihaululauansus

oA A
fADLUAN a8

1

I, = —Z—iL,mk 1NgUH 2.13
W,
2 L
V '
L, D(1- D) s nsumshi (2.14) (2.17)

2L



34

V, = Constant
; T,V,
g — LB mex = =
i . Iy =Iip i . x 8L
L pea : L QO7A TV,
vy i Hop, m§= i
W e . Y 1
{ d I
o) t i |
I I
1 i foB
t i
| i
t [ i 1
e ton . Fotf— 0 025 ¢ 0.5 0,75 105 P
£
H
fa} (b

3ﬂﬁ 2.13 PsuiasEn i lruemsThasLuunsuasatissnas lsideitos va19s
UNTEAULIINH IR NS uER T
Mo s funseduusidu nssusiioaumiionihmel
wasuaenszuaduna (unszusdudoaniu (i, = i, Jussanaunsi (2.16) uss 2.17)
mfﬂzmmmmmm’&'mmnszLLaLm@Tvg@ﬁLﬁ@%ulu‘[ﬂmmsﬁﬁmmmumma@iaLﬁaalﬁ

AIFUNNT
TV 5
I, ==22pD{1-D 2.18
o =7 D-D) (2.18)

lunsiszendldnwesanszduussdusiuannazdasms s
& e 2 o o = a . e
.meg@mwL'sw_amaﬂ.u@lu V, a9 aeanansoiaiaunanwsening 1, uss./ , nuen Duty
. | ] { sy A el i - A
ratio (D) léi¢isgUfl 2.13 laafildien ¥, asfiuszuSusin Duty ratiolyiZes 9 lae
WReuEilaulSuiusdudune

N3N 2.13 uaesbilfindnszus 7, edldnunngadion D = 0.5

TV
I =22 2.19
LB, max 8L ( )
ULRRN IoBazﬁmgazg@ﬁ D =0.333
N T
1, =2tV ool (2.20)
’ 27 8L L

9/ Qw

IEWISOBIUTNMT [ uee 7, nanvadmgee i feil



35

Iy =4D(- D) 1 .. 2.21)
RS

]-oB = %ZD(] - D)2 ]oB;max (222)

2 : A oy oA e A d N :
9n3U# 2.13 urastionn D 1o aliden ¥, aefiuda snalonszuailvaadindy 7 uss

de A . 2, \ A
nszushTaatisahdindy 1, wasevhawluluuensusalidaiios

3). lunanszualaidaiitas (Discontinuous-Conduction Mode)

o oA o -~ oy
MINURIeTIIHaa lasiatas et ruadawlaledn 19a5es
© ‘ A . X 4 « “
laamt.mﬁvg@wnmas(a@m \Wa ¥, uas D ddnef anguf 244 (HunsulSeudisy
swhamshnudhgedlinshnuliluuensusdadissss lnuansuslidaiias
{ [ W i A
Warmualil, usz D Jenh
'} A ° B + ['4 s
angy 2.14 Tnnanszuslideiiias %mlmwsmmmmgmwwma‘?l@
. e P PN PEag A8 =2
dad thasannsus 7,(=7,) Tdénas WaReasmn ¥, Hdned ludisusnauds
. o A o ° , oA & 8 = ~
7 peae WWHRNBRAZN UM ABUNLN I W Inuanszuadaiios asuudadulunad
= a e as (3 ° =) o = [ P > [
L@.a'ma—:mlma’mwwqm fa I, dwafesnanvlddafionnn: ¥ aatrell
WANTEL
° A/ d 2 Qs T a d‘ 3
NN MINRATINTBIRUA L NN I LI IGUaN AT O NI RIS L1
ﬁ’ b ey e &
wisaULs I%SJﬂ’lL'YI’lﬂ'iJf"’MEJ

VDI, +(Vd —Vo)Alz; =0

D
e _AD (2.23)
Vd A!
WHS
I
o B dap,=p (2.24)
I, A+D



36

-~ i < - ] iL,
Va . Va
0 1 -t 0 i oy ]

vy~ V) Ve

D— Ao ] . ¢
on T L—DT,——{-—A,T,%A;.T,

L r N L r |

r s 1 g ] g

fa} fb)
2 o A4 . 4 e
31 2.4 Wipufisunssusfidamiienih ulnuenszusdafiosuszlidaiiias

A ' = Py ;A a a ° [
'“‘D—']ﬂ?iﬂﬂ- 2.14 ﬂ'lLQ:QfJ’HEmﬁﬂﬁiLLﬁB%%ﬁgﬂLﬂﬂﬂiJﬂﬁLLﬁﬂ@? FRBYIUN IFUNNT

I,= :—ZDTS (D+A)) (2.25)
WIURRAIMST (2.18) $98 (2.19) 9518
TV
I, =22 1\DA, (2.26)
2L

o Ui g 2R ) { a 1 3 c! @
Tunmsdfi@rueelden ¥, asfl uazdfusn Dldanaeh v, Aidasms
4 a A a o ) . & & P . R a
FIritmsndnieuld laany Duty ratic By iWwdsimesnsvuanlnaalasazud wiu
a ! o P> 4 o A
auaeTsw V, /¥, susnatue idansumsh (2.17) uazaun1Tn (2.20) a3

7z
D= A7 K"——l f (2.27)
27 Vd Vd IoB,max

Toswlfeuen v, /7,

1 s o s oA e oA
li5en 9 Tagvsuasenislnuanmsviauuuunssusdafiosuaznuanszuslidaiiios

1INFUN 215 #n D grwdanluileiunes 1, /7

oB,max

%% IUFAI LA LLLE UL a9mN



37

[T

Discontinuous

] v oA -
zﬂﬁ 215 ua@waummaﬂ%mﬂsma@amamaz‘lmamm

Tulnaanszuglaideiilas dh 7, azlsimansnaugulémninalums

FIATTIIBLNI FUMTH

2
%iimk = %Q— W-s (2.28)

o A 3 2 5 & ' s & =3 ar

wisnmhgninenaamnune lhadwaniazihudaifudsraussasluds

naa winlnsalisunsngadundsnulildnuaudh wilw ussdmendne ¥, thiaann
& [Y) o o A & o a [
I usesnivaaasangazld ¥V, gennawnseiadafivdssgfiemsiwsnanaile

2.5.3 Hanad Parasitic Elements

VO
v, . IL,/!deal =
/
JI .
/ //’\\ (Due_ttp
\\/e%z::es:ﬂ':)
}
{
]
{
i
|
: I

U 246 1 V, [V, pesssuueiafisuiuasasiugaund



38

Parasiic Elements lw33asunszauusssulniinisusass thaannnia
gy fundsnumiiesanms associate Tudinilei dufiviezy fad wazlalaa 9n
3‘;}?5 2.16 uamsfenmansne ¥, /V, vssmunsneduussduliihnszusass ilasnn
Wawe3 Parasitic Elements (13sulfinuiuamdnsuzasasiuganad Sazmvnldiie
#in Duty ratio (D) Lﬁmmn"ﬁvuﬁaq@ anite nevassasiliulilum el §iides s

oot = s g > ¥ = = . - o g .
LEuass wazluuwa liuldsns dannnwaanndnazisnamiluaiudnen D = 1

2.5.4 mMIzaanaandasuven iniesn

K 4 & o ) a 4 o a
fszaanadwtmnmanInazdwmnldann suedun 2.16 &wiuluue
° oA oY W | a o ' o a
ANIYNBEaLilas RuNAIRNIzLEnsNsuS N lalaa "Lwamu'lﬂmmmuﬂsz@ uezlna
Y A a o i A A
.mwghm MmUUOUFIBINY mﬁgﬂ.ﬂaumgﬂn 2.17

y &
/

W

5
N\
By

3
N\

Ip=1,

| ]
ol | 1
DT, 1-Di7, |

(]

i 3 A A 1
Fn2.17 uamgilmunﬁn'mnmﬁau

A P a. A Y
dalwlinmSaiszg AQ udheusidu peak - peak 3a9szaanafuw fan

AV, ==X =200 (2.29)

Qo Qs a A:‘ VD D s
Tovl¥ussauaaniisgnae ==



39

AV, DI, (2.30)
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2.6 szuulfuasanfiag (Photovoltaic system)
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- Ranldmenasuasdinien 2 1§ 9218 Manasuaiues 34 x 2 18w)
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- AN InRSHUNRINR I L 70 W

- Fuuseenlninluzas 80 - 120 Vde ussliusssnlwihaannaf 310 Vde srfawsalaifin
5%

- usssulihesnliAemsnsen(Ripple) latailRin 5%

- wsiiAnenszuF WiAu 1.5 A
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u

U 3.9 useaudsnmsiusasaITyasnawasine (Boots Converter)
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- MOSFET IRF730
- Switch mode TL4G4

- Photo Isolate TLP250

Fast Recovery Diode MUR160
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0.60 111.7 114.3 Discontinuous
0.55 119.5 124.6 Discontinuous
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4.2 HANARBULURAIIBLSI ﬁ%'g\‘l ﬂ‘)’]&lﬂq\‘]

-t

2009/03/10_01:54:40
CHI=20V @  CHZ=500V : : : o 1Bus/div
DG 181 BE: 10001 4 : : : :

e, NORMI0BMS /s

Min -7.200v

Freq 28:41Kz
SO SO SO ik i
Frisq 26i31kHz

=Fiter= =0ffspt= =Record Length= =Trigger=
D OFF CH1: o0ov Main ¢ 1K Mode : AUTO
BW I FULL cH2 : w Zoom . 10K Type : EDGE CH1 &
Delay : 0.onhs

Held OFF ¢ MENIMUM

3N 4.4 usasgeduussaudumtmdaulssussdugafeuniusygrudunn
(Moutpur = 4 kV)

3 20008 /03/10 0L1159
CHI=20V @ CH2esav : : I 10us/fdiv
oc 1@l ;DG 10wy ; : : :

Mih -6.300Y
Freq 28:57kiz
AOUUORRTE SURUPUUN SRUPON i g
Friq  26;57kHz

sfiltera =0FFset= =Record Lengthe =Trigger=
Smoothing : OFF  CHT : ooV Maln ; 10K Mede ! WUTO
BW : FULL CH2 a0V Zopm © WK Type : EDGE CHY £
Delay 0.0ns

Hold Off |  MINTMUM

d' A Qs Q Qr Qs = Qs Qs Qs
Eﬂﬂ 4.5 LLamgﬂ.JﬂauLm@umuaanmﬂ‘mauﬂmLLsa@ugamﬂuﬂuangrmmwmﬂ
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CHZ=500Y
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2805/03/718 915528
: wusldiv

NORM:‘IODMS/S

=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CH1 : ooV Main . 10K Mode © AUTO
BW | FULL CH2 oV Zoom @ 10K Type . EDGE CHY £
Delay : 0.0ns
Hold OFf |  MINIMUM

7N 4.6 mesﬁﬂammwumum%m
(Vourpur = 5 kV)

aulag LLSG@%EN i El‘i_lﬂ‘i_lﬁtllty’] UDLLNN

3 2608/03/710 011505
CH1=20V CHZ=SDY 1Bus /&Y
pC X1 DC 1001 :
: NmM.mDMSls

-8, 40W

Rns Freq 28 57kHz
................ Buty 25:1% i
p=p 54,00V m_n ~i4 oy
Rms 1.172v Fraq 28;57&"2
) Duity : . :
=FHiter= =20ffsei= =Record Length= =Trigger=
Smoothing : OFF CH1 0.0V Main © 10K Made : ASTO
BW : FULL CHz2 : oov Zoom : MK Type : EDGE CHY 4
Delay : 0.0ns
Hold Off : MINIMUM

ﬂﬁ 4.7 LLﬁﬂﬂﬁﬂﬂa%LLﬁﬂﬂuﬂﬂuﬂaﬂﬁﬂﬂ“lﬂSJE]LLlJaﬂLL'N@%&GL‘Y] Uunuammwm"numw
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oo DUy 2B0EX ot
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BW : FULL CH2 : o Zoom © 10K Type : EDGE CH1 4
Defay : 0.0ns

Hold OFf : MINIMUM

ﬂﬁ 4.8 LLﬁﬂGSﬂﬂﬂ%%ﬁﬂﬂ%ﬂ’]%L‘lﬂ“ﬁN’e}LLﬂﬁ{‘! LL‘N@I%&GLY]UUH']JEZUEU”IM"UU LN
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BW @ FULL cH2 ¢ 0.0V

ﬂﬁ 4.9 LLﬁ@](‘!‘iﬂﬂﬂ%LLSG@%@’]%EIBﬂ’@’]ﬂ%&IBLLﬂQGLLSG@%TDNL“flEliJﬂiJﬁEUﬂJ’]mmiJLﬂ‘ﬂ
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................ Duty 25:8% T i
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Hold OFF :  MINIMUM
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................ Duly 88X © il
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BW @ FULL CHz : 0.0v Zoom @ 10K Type : EDGE CH1 £
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Delay 0.0ns
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Moutputr = 8 kV)

20089/03/10_0125:10
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: Rms 187.3v fAvg 8.882v Freq 28;:74kHz
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=Fillers =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 @ ooy Main . 10K Mode @ RUTO
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Delay : 0.0ns

(Vourpur = 9 kV)
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Format
TopMenu
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode : AUTO
BW @ FULL CH2 : 0oy Zoom @ 10K Type ! EDGE CH1 £
Defay : 0.0ns

Hold OFf :  MINIMUM
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O3+ 2Kl + H,0 —> O, + I, + 2KOH

2. mylowasalasldmsazmolodonnladaiwannudadu 0.1 uasuen
I, + 2Na,$,0; —> 2Nal + Na,S,0¢ (L1ifi§)
PnFuMITsswEInTafmwImmUSualelauldananusunusg
Panolalan@sdiniv) = 24 * Vhinewaslodvylnlesana (Had8an)
fMatmsiwim unsiiflFlndeninladawalumslamsasanas
0.05 Sad8aT aAlFlumewulolsusddusemeoTnuamdoalalaladiiu 5 wni de
Wanaiealaloufile = 24+0.05%60/5 = 14.4 mg/hr 16w
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aredamMIfnwIms unsdinlFlodouinlagdanelumslaiasadSunas 0.05 Ss85as

A ' = &
it lumsvulaloussluasscsnslnuamdoulalaladiiu 5 wifl foliunas
Talawitlel = 24*0.05*60/5 = 14.4 mg/hr 1 Jusu

71U 4.18 usasFvasmsasasnuasBoulelolod fowusenasrnufAsorulalou
NO.1 m3aza1w K1 nsumnilfnsenniuTe Teu

NO.2 myazais KI vavinjaserdule lau

= A ac @ N
Mhm3ensdivBinmlelaufisfitausdmeiyadn g Tay
o 1 o A4 a4 a x:nl = 2] 9 o
fwualinudiiinnsnin 30 kHz Sid loda 20% FolduUSunadaloudsusasluanm



79

1 { a J’ | U a t
A1919N 4.2 LLa@aﬂ’%wﬁmIaImuﬁm@muﬂmmwmmﬁmmae]
o A r=3 i . (=3 2
El@i’lﬂqivl,‘ﬁﬂ’ﬂﬂﬁE]’"Iﬂ']?l“ﬂé]ﬂﬂ?]’lﬂ‘gﬂﬂLﬁﬂI@S@L‘n’lﬂU 1 fasdawf

LIIFULENTING nadivwlelaw | Buetlmdoninle | Warolelow | YSanolelon
(kV) (W) TALNG ( mg/hr) ( mghw-h)
(mL)
4.0 5 0.00 0.0 0.00
5.0 5 0.00 0.0 0.00
6.0 5 0.05 14.4 483
7.0 5 0.15 432 0.89
8.0 5 0.25 72.0 12.19
90 5 0.35 100.8 13.16

WANEILAG 1wmm,s\1é'w,mﬁv§@ 4 kVuaz 5 kV UsunmlalowdanfAunlyl 5eldaasada
Mamsetamle

d 1 1 U
A1 MN4.3 LRASHANTTNARaULREIT IWRN lwmsashalalamw

ussaudunn | nsusBuwn | Al LIA% Ssnmlalaw | USunmlalow
V) N Sunm LenYin ( mgthr) ( mghw-h)
W) kV)
101.4 0.19 ’ 0.96 40 0.0 0.00
132.3 0.30 1.98 50 0.0 0.00
156.8 0.38 2.98 6.0 14.4 4.83
181.9 048 4.36 7.0 43.2 9.91
207.3 0.57 5.91 8.0 72.0 12.18
232.3 0.66 7.67 9.0 100.8 13.14

WANELNG 1wzhmmé’mmﬁvgm 4 kVuse 5 kV Usunolalawianfinll 39kiausada
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TL494, NCV494

SWITCHMODE™ Pulse Width
Modulation Control Circuit

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

Features

Complete Pulse Width Modulation Control Circuitry

On—Chip Oscillator with Master or Stave Operation

On—Chip Error Amplifiers

On—Chip 5.0 V Reference

Adjustable Deadtime Control

Uncommitted Output Transistors Rated to 500 mA Source or Sink
Output Control for Push—Pull or Single—Ended Operation
Undervoltage Lockout

NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes

® Pb—Free Packages are Available*

MAXIMUM RATINGS (Full operating ambient temperature range applies,
uhless otherwise noted.)

Rating Symboi Value Unit
Power Supply Voltage Veo 42 Vv
Collector Output Voltage Vo1, 42 v
Vez
Collector Output Current It lez 500 mA
(Each transistor) (Note 1)
Amplifier Input Voltage Range ViR ~-0.3to +42 v
Power Dissipation @ Ta <45°C Pp 1000 mw
Thermal Resistance, Junction-to—-Ambient Rasa 80 °Ciw
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg -55t0+125 | °C
Operating Ambient Temperature Range Ta °C
TL494B -40to +125
TL494C Oto +70
TL4941 -40to +85
NCV494B -40to +125
Derating Ambient Temperature: Ta 45 °C

Maximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress limit values (not
normal operating conditions) and are not valid simultaneously. if these limits are
exceeded, device functional operation is not implied, damage may occur and
reliability may be affected.

1. Maximum thermal limits must be cbserved.

*For additional information on our Pb~Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

@ Semiconductor Components industries; LLO, 2005 1
Jupe, 2005 ~ Rev, 6

ON Semiconductor®

http:/lonsemi.com

MARKING
DIAGRAMS
16
BRARARE
SOIC-18 TL494xDG
D SUFFIX
AWLYWW
CASE 751B B RREE
6[‘11"1 [l alulal)
PDIP-16
N SUFFIX TLASAN
CASE 8648 o AWLYYWWG
LA
X =B,Corl
A = Assembiy Location
WL = Wafer Lot
YY, Y = Year

WW, W = Work Week
= Pb~Free Package

G

*This marking diagram also applies to NCV494.

PIN CONNECTIONS

) Noni
Moo 1] 6] toput
lng; E 1:5} ;:;ul
Ch o LI 1] Ve
DG Lt 3] Goro
(s 0
1
Cr E E‘ Vee
Ry [8] 1] c2
Ground EI: E E2
18] 9] E1

(Top View)

ORDERING INFORMATION
See detailed ordering and shipping information in the package .
dimensions section on page 4 of this data sheet.

Publication Order Number:

TL494/D




RECOMMENDED OPERATING CONDITIONS

TL494, NCV494

Characteristics Symbot Min Typ Max Unit
Power Supply Voitage Ve 7.0 15 40 A
Collector Output Voltage Ve, Vez - 30 40 \%
Collector Output Current (Each transistor) ien oz ~ - 200 mA
Ampiified input Voltagé Via -0.3 - Ve - 20 \Y
Current into Feedback Terminal I - - 0.3 mA
'Reference Output Current Yef -~ - 10 mA
Timing Resistor | i T R 18 | a0 Ts00 | ke
Timing Capacitor Cy 0.0047 0.001 10 uF
Oscillator Frequency fose 1.0 40 200 kHz

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

L Characteristics ] Symbol t Min Typ Max ' Unit I
REFERENCE SECTION

Reference Voltage (Ip = 1.0 mA) Vref 4.75 5.0 5.25 \

Line Regulation (Vog = 7.0 V to 40 V) Regiine - 2.0 25 mvV

Load Regulation (I = 1.0 mA to 10 mA) Regicad - 3.0 15 mvV

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

OUTPUT SECTION

Collector Off-State Current L) - 2.0 100 A
(Vo =40V, Ve =40 V)

Emitter Ofi~State Current le(o) - - -100 yA
Veg=40V,Ve=40V, Ve =0V)

Collector-Emitter Saturation Voltage (Note 2) \%
Common—Emitter (Vg = 0V, I¢ = 200 mA) Vsat(c) - 1.1 1.3
Emitter-Follower (Vg = 15 V, Ig = -200 mA) Vsat(E) - 1.5 2.5

Output Control Pin Current
Low State (Vpoc < 0.4 V) loc - 10 - A
High State (Vor = Vies) locH - 0.2 35 mA

Output Voltage Rise Time t ns
Common-Emitter (See Figure 12) -~ 100 200
Emitter—Fotlower (See Figure 13) - 100 200

Output Voltage Fall Time te 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 dose to ambient temperature as possible.

2
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TL494, NCV494

ELECTRICAL CHARACTERISTICS (Veg = 15V, Cr = 0.01 uF, Ry = 12 k@, unless otherwise noted.)
For typical values T = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol [ Min | Typ | Max { Unit
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (pin3) = 2.5 V) Via - 2.0 10 mvV
Input Offset Current (Vo (pin 3y = 2.5 V} lio - 5.0 250 nA
Input Bias Current (Vo (pin3)= 2.5 V) s - -0.1 -1.0 A
tnput Common Mode Voltage Range (Ve =40V, Ty = 25°C) Vicr -0.3to Vge—-2.0 Vv
Open Loop Voltage Gain (AVp=3.0V, Vo =05V 10 3.5V, R_=2.0 k) AyoL 70 95 - a3
Unity-Gain Crossover Frequency (Vg =0.5V1t0 3.5V, R, = 2.0 kQ) fo- - 350 - kHz
Phase Margin at Unity~Gain (Vo= 0.5 V10 3.5V, R = 2.0 kQ) b - 65 -~ deg.
Common Mode Rejection Ratio (Ve = 40 V) CMRR 85 90 - dB
Power Supply Rejection Ratio (AVee =33V, Vo= 2.5V, Ry =20 kQ) PSRR - 100 - daB
Output Sink Current (Vo pin3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (Vo (Pin3) = 3.5V) lot 2.0 -4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voitage {Zero Duty Cycle) VTH - 2.5 4.5 \
Input Sink Current (V(pin 3y = 0.7 V) I~ 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
input Bias Current (Pin4) (Vpi, 4= 0V 10 5.25V) s o) - -2.0 -10 . pA
Maximum Duty Cycle, Each Output, Push-Pull Mode DCrnax %
{(VPin4 =0V, Cy=0.01 pF, Ry = 12kg) 45 48 50
{Vpin 4 = 0V, C1 = 0.001 yF, Ry = 30 kQ) ~ 45 . 50
Input Threshold Voltage (Pin 4) Vi vV
{Zero Duty Cycle) - 2.8 33
{Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = 0.001 uF, Ry = 30 k) fosc - 40 - kHz
Standard Deviatlon of Frequency* {Ct = 0.001 uF, Ry = 30 k) ofosc ~ 3.0 - %
Frequency Change with Voltage (Ve = 7.0 V0 40 V, Ty = 25°C) Afogc (AV) - 0.1 - %
Frequency Change with Temperature {ATa = Tiow to Thigh) Afose (AT) - - 12 %
(Ct=0.01pF, Rr=12kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turmn-On Threshold (Vg increasing, het = 1.0 mA) Vi, [ 55 [ 6.43 [ 7.0 Y,
TOTAL DEVICE
Standby Supply Current (Pin 6 at V¢, All other inputs and outputs open) lcc mA
(Vec=15V) - 55 10
{Vee =40V) - 7.0 15
Average Supply Curent mA
(Cy=0.01uF, Rr=12kQ Vipin 4)= 2.0 V) - 7.0 -
(Mg = 15 V) (See Figure 12)

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

http:ﬂonsemi.cbm-
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TL494, NCV494

ORDERING INFORMATION

Device Package Shippingt

TL484BD S0OIiC-18 48 Units / Rail

TL494BDG SOIC-16 48 Units / Rall
(Pb—Free}

TL494BDR2 SOIC-16 2500 Tape & Reel

TL494BDR2G . SOIC-16 2500 Tape & Reel
(Pb-Free)

TL484CD SOICc-16 48 Units / Rail

TL484CDG SOIC-16 48 Units / Rail
{Pb-Free)

TL484CDR2 S0OiC-16 2500 Tape & Reel

TL484CDR2G S0iC-18 2500 Tape & Reel
{Pb-Free)

TL494CN PDIP-16 25 Units / Rail

TL494CNG PDIP-16 25 Units / Rail
{Pb~Free)

TL494IN PDIP-16 25 Units / Rail

TL484ING PDIP-16 25 Units / Rail
{Pb-Free)

NCV494BDR2* SOiC-16 2500 Tape & Resl

NCV494BDR2G* S0IC-16 2500 Tape & Reel
{Pb-Free)

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

*NCVA484: Tigy = ~40°C, Thigh = +125°C. Guaranteed by design. NCV prefix is for automotive ard other applications requiring site and change
control.

' http:llonsemi.com
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TL494, NCV494

Output Control Veo
Q
r
o5
~ ¥
o ' |
Cr :—[ES f _%
= |
l =
Ot
‘o
Deadtime I
Controf | =
|
|
|
|
|
|
|
o _T_Gnd
Error Amp Feedback PWM Eror Amp Ref. 1
1 Comparator input 2 Output -
This device contains 46 active transistors.
Figure 1. Representative Block Diagram
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APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building biocks
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
RreCr

fosc=
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 Jow slate. 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 2 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 voliage,
ranging between 0 Vto 3.3 V.

Functional Table

Input/Output fout
Controls Output Function Yoo =
Grounded Single~ended PWM @ Q1 and Q2 1.0

@ Vit 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 (Vcc —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.

2

o T T 1T
B >~ i ——
5 ¢ 0,001 o fi- Yoo =15V
& 100 ki==t= =
=2
S
o] 1
w 1
= |
=] 0.01 pF
5 10"% :
2 =
S 0.1 ~
B0k ik £
500

10k 20k 50k 10k 20k 50k 100k 200K 500k 1.0M

Ry TIMING RESISTANCE (€2}

Figure 3. Oscillator Frequency versus
Timing Resistance
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TL494, NCV494
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Emor Amplifier
|+~ Under Test
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Figure 10. Error-Amplifier Characteristics

Figure 12. Common-Emitter Configuration
Test Circuit and Waveform
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Figure 11. Deadtime and Feedback Control Circuit

Figure 13. Emitter-Follower Configuration
Test Circuit and Waveform
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Figure 15. Deadtime Controf Circuit Figure 16. Soft-Start Circuit
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Figure 18. Slaving Two or More Control Circuits
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Figure 20. Pulse Width Modulated Push-Pull Converter
Test Conditions Results
Line Regulation Vin=10Vio 40V 14mv 0.28% L1-35mH@03A
- Tt - Primary: 20T C.T. §28 AWG
Load Regulation Vin=28V,lg=1.0mA01.0A | 3.0mV 0.06% Secondary: 120T C.T. #36 AWG
Output Ripple V=28V, lg=10A 65mV pp PARD. Core: Ferroxcube 1408P-L00-3CB
Short Circuit Current | Vi, =28V, R =0.1Q 16A )
Efficiency Vin=28V,lp=10A 71%

httb:llonseini.'comv V

10



TL494, NCV494

1.0mH @ 2A
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Figure 21. Pulse Width Modulated Step~-Down Converter

Test Conditions Results
Line Regufation Vihr=8.0Vtod0V 30mvV  0.01%
Load Regulation Vir =128V, lo= 0.2 mA o 200 mA 50mV  0.02%
Output Ripple Vin=126V, Io = 200 mA 40mVpp PARD.
Short Circuit Current Vin=126V, R =01Q 250 mA
Efficiency Vin = 12.8V, o = 200 mA 72%
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PACKAGE DIMENSIONS

S0IC~16
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ISSUE J
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NOTES.
. DIMENSIONING AMD TOLERANCING PER ANS!

2.
3. DIMENSIONS A AND B BO NOT INCLUDE

4.

Y14.5M, 1982.
CONTROLLING DIMENSION: MLIMETER.

MOLD PROTRUSION.
MAXIMUM MOLD PROTRUSION 0.15 {0.005)
PER SIBE.

. DRAENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005 TOTAL

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION,
MMAHETERS | INCHES |
D] N | WAX | WN | MAX
A | 980 | 100D | 0386 | 0308
B 380 | 400 | 0150 [ 0.457
C | i35 | 175 | 0056 | 0088
B .35 049 | 0014 | 0018
F | 0401 125 oms _g._qu
& | 127B5¢C 50 BSC
J | oie ] 02 ____j 0.008
K1 010 ] 025 noa 0.009
M| o 7° 7°
Pl 580 | 620 | _m 0.244
R | 0251 050 0010 | 0019
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PACKAGE DIMENSIONS
PDIP-16
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CASE 648-08
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NOTES

(23]

. DIMENSIONING AND TOLERANGCING PER

ANSI Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
. DIMENSION L TO CENTER OF LEADS

WHEN FORMED PARALLEL.

. DIMENSION B DOES NOT INCLUDE

MOLD FLASH,
. ROUNDED CORNERS OPTIONAL.
INCHES | MILLIMETERS
D[ MIN | MAX | MIN | MAX
A _|0.740 10770 11880 | 19.55
B | 0250 {0270 | 635 | 685 |
C 10145 10175 | 369 | 444
D 10015 {0021 { 039 | 053
F Joodo | 070 ] 102 | 177
G | 0.100 BSC 2.54 BSC
H | 0050BSC 1.27 BSC
J [ 0.008 [0.015 | 021 38
W 0110 {0130 | 280 | 3.30
L J0205 (D305 | 750 | 774
[ | o0°1 10°1 0°] 10°
S | 00720 10040 | 051 | 1,01
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SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON Semlconductor and tﬁ are regisiered trademarks of Semiconductor Components industries, LLC (SCILLC). SCILLC reserves the right to make changes withowt further notice
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assoclated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal
Opporlunity/Affismative Action Emplayer. This Iiterature is subject to all applicable copyright laws and Is not for ressie in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Tolt Free ON Semiconductor Webslte: hitp:/fonsemi.com
Literature Distribution Center for ON Semiconductor USAJCznada §
P.O. Box 61312, Phoenix, Arizona 85082-1312 USA Order Literature: hitp://www.onsemi.com/litorder

Phone: 480-829-7710 or 800-344-3860 Toll Free USA/Canada Japan: ON Semiconductor, Japan Customer Focus Center .
Fax: 480-829-77089 or 800-344~3867 Toll Free USA/Canada 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051 For additional information, please contact your
Emall: ordertit@onsemi.com Phone: 81-3-5773-3850 local Sales Representative.

TL494/D




TOSHIBA

TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

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

This unit is 8~lead DIP package.

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

s Input threshold current: IF=bmAGnax.)

e  Supply current (Icc): 11mAmax.)

+ Supply voltage (Vco): 10-35V

s  Output current (I0): +1.5A (max.)

¢ Switching time (tpLH/tpHL): 1.5ps(max.)

» TIgolation voltage: 2500V rms(min.)

e UL recognized: UL1577, file No.E67349

* Option (D4) type
VDE approved: DIN VDE0884/06.92, certificate No.76823
Maximum operating insulution voltage: 630VPK
Highest permissible over voltage: 4000VPK

{Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
» Creepage distance’ 6.4mm(min.)
Clearance: 6.4mm(min.)

Schmatic
icc
i * © Veo
8
Ig (1)
_..)
2+ —0 Vg
3 2° Vo
lo 6
-I- (Tr2)
. o ©  GND
5

A 0.1pF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).

Unit in mm
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i

EL S

TOSHIBA

11-10C4

Weight: 0.54 g

Pin Configuration (top view)

10
2[]
3 [
al

I=

s
17
e
315

:N.C.

: Anocde

: Cathode
:N.C.

- GND

: Vo (Output)
Vo

Voo

O ~NOO D WN

Truth Table
Trt T2
Input On On Off
LED off off On
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Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current le 20 mA
Forward current derating (Ta = 70°C) Alp I ATa -0.36 mA/°C
(T | Peak transient forward curent (Note 1) iepT 1 A
Reverse voitage VR 5 \
Junction temperature T} 125 °C
“H’peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2} lopH -1.5
*L"peak output current {Pyy < 2.5ps,f < 15kHz) {Note 2) lopL. +1.5 A
(Ta< 70°C) 35
Output voltage Vo \
5 (Ta=85°C) 24
3 (Ta s 70°C) 35
2 Supply voltage Vee \
' {Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AVp ] ATa -0.73 V/e°C
Supply voltage derating {Ta 2 70°C) AVee I ATa -0.73 Vi°C
Junction temperature Tj 125 °C
Operating frequency {Note 3) f 25 kHz
Operating temperature range Topr —20~86 °C
Storage temperature range Tstg ~55~125 °C
Lead soldering temperature (10 ¢) {Note 4) Tsol 260 °C
isolation voltage (AC, 1 min., R.H.s 60%) (Note 5) BVg 2500 Vims

Note 1:  Pulse width Py < 1us, 300pps

Note 2: Exporenential wavefom

Note 3:

Note 4:  itis 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

together.

Exporenential wavefom, Igp < —1.0A( < 2.5ps), lopp s +1.DA( £2.5us)

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

A ceramic capacitor(0.1uF) 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 iead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on {Note 7} Ir(oN) 7 8 10 mA
Input voitage, off VE(OFF) 0 —_ 0.8 \'%
Supply voitage Vee 15 — 30 20 \
Peak output current topH/lopPL - —_ 0.5 A
Operating temperature Topr -20 25 70 85 °C

Note 7: Input signal rise time (fall ime) < 0.5 ps.
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TOSHIBA TLP250

Electrical Characteristics (Ta = -20~70°C, uniess otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — lg=10mA, Ta=25°C 1.6 1.8 v
Temperature coefficient of _ _ _ o
forward voltage AVE/ATa —_ IF= 10 mA — 2.0 mvV/°C
Input reverse current iR -— Vr=5V, Ta=25°C — 10 A
Input capacitance Cr — V=0,f=1MHz, Ta=25°C - 45 250 pF
. IF=10mA
H” level loPH 3 0.5 -15 -
= Vg g=4V
Output current ?{(1:3: 30V A
an IF=0
L” level lopPL 2 Vg 5= 2.5V 0.5 2 —_—
i Veet = +15V, Veggq = -15V .
Hfevel Vo |4 IR =2000, If = 5mA N
Output voltage v
. Voot = +18V, VEgq = ~15V _ _
L” level VoL 5 RL = 2000, VF = 0.8V -14.2 125
Ve =30V, IF = 10mA _ 7 .
“H” level JecH — |Ta=25C
Ve =30V, Ig = 10mA - — 11
Supply current ce F mA
Vee = 30V, I = OmA __ 75 .
“L” level leeL — {Ta=25C
Voo =30V, [ = 0mA - — 11
Threshold input *Qutput i Veo1 = +H15V, VEgq =15V
. FLH —_ — 1.2 5 mA
current L—H - RL=200Q, Vo > 0V
Threshold input *Output IFHL — |Vee1=+18V, VEg =15V 0.8 _ _ v
voltage H-L” R =200Q, Vo < 0V ’
Supply voltage Vee — 10 —_ 35 \%
Capacitance c Vg=0, f=1MHz
S — ! — 1.0 2.0
{input—output) Ta=25 » PF
; : Vg =500V, Ta=25°C 12 14
Resistance(input—output) Rg —_ R H.<60% 1x10 10 - Q

* All typical values are at Ta=25°C  (*1): Duration of I time < 50ps
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TOSHIBA TLP250
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H torH - 0.15 05
delay time HoL | tout IF = 8mA (Note 7) — | o155 | o5
6 Veet = +15V, Veggq = -15V us
Output rise time ty Ry =200Q — — -—
Output fall time t —_ — -
Common mode transient
: h . Vo = 600V, Ig = 8mA
immunity at high ilevel CmH 7 Vgg =30V, T aF = 25TC -5000 - — V/ps
output
Common mode transient
. - Veum = 600V, Ig = OmA .
immunity at low level Cmt 7 Vog = 30V, Ta = 25°C 5000 — V/us
output
* All typical vaiues are at Ta = 25°C
Note 7: Input signal rise time (fall fime) < 0.5 us.
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TOSHIBA

TLP250

Test Circuit 1
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TOSHIBA

TLP250
Test Circuit 6: tpi 14, tpHL it
sER B I
[ | I® tr
l ‘ IE 0.1pF Veet <
o— T ovo T 7 vor 8%
R U I A .
N l L l V, GND
] s VoL 80%
1000 ¥ [] Iz v iy
/}7 T =2 ~4
Test Circuit 7: CyH, CML
8
1o
1 [ ]
sw IF 0.1uF
___I T | Vee
Ao'o B ]
I H—
4 [ ]“
Ve
AN o
L T
600V
v T 90% |
cM
10% o 480
G T< Cum= )
SW :A(IF=8mA) ' (us)
\/ CMH CMH = _4199_(!1
Vo — 3y v 1
M\ c
HL
SW :B(I=0)

Cm(Cmn) 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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TLP250

I (mA)

Allowable forward current
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TOSHIBA | TLP250

RESTRICTIONS ON PRODUCT USE

* The information contained herein is subject to change without notice.

» The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or cthers.

» TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vuinerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.
in developing your designs, please ensure that TCSHIBA products are used within specified operating ranges as set forth inthe
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

» The TOSHIBA products listed in this document are intended for usage in general electronics applications {computer, personal
equipment, office egquipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality andfor reliability or a
malfunction or failure of which may cause loss of human life or bodily injury ("Unintended Usage®). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shalt be made at the customer's own risk.

» The products described in this document are subject to the foreign exchange and foreign trade laws.

» TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any faw and regufations.

* GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.
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TOSHIBA GT40T101

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR SILICON N CHANNEL MOS TYPE
GT40T101

HIGH POWER SWITCHING APPLICATIONS Unit: um

20.5MAX, | #3.3£0.2

<
® Enhancement—Mode PoR3 - _Ig
e IHigh Speed Ttr= 0.4 ps (Max.) Ic =40 A) - - §
® Low Saturation 1 VCE (at) = 5.0 V Max.) Ic=404) 2 wln'i = -j ~
: 1n n
_2 ; N E ° al
MAXIMUM RATINGS (Ta = 25°C) 22 0 pay
+03 g E
10-025 § §
CHARACTERISTIC SYMBOL RATING UNIT S a5201s iors
Collector—Emitter Voltage VeEs 1500 v 82 gl
. 1 <9
Gate~Emitter Voltage \Y £25 v @ i D BRI 3
2 oEs °:£=t==\6===)lﬂ, - %
DC Ic 40 ¥ +
Collector Current A
tms Icp 80 1. GATE
-§ Collector Power Dissipation 2. COLLECTOR {(HEAT SINK}
(Tc =25°C) Pc 200 w 3. EMITTER
Junction Temperature T 150 C JEDEC .
Storage Temperature Range Tstg -55~150 °C JEITA -
’ TOSHIBA 2-21F2C
Weight: 9.75g

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN TYP. MAX | UNIT
Gate Leakage Current IgEs VeE=#25V, Vee =0 - — 1 15001 nA
Collector Cui—off Current Ices Voe =1500V, Vae =0 - —_ 1.0 mA
Gate~-Emitter Cut-off Voltage VGE (OFF) |lc=40mA, Vee=5V 3.0 - 8.0 v
Collector-Emitter Saturation Voltage VeE(sat)y |lc=40A Vge =15V — 40 50 A
. . VYee=10V, Vg =0,

Input Capacitance Cies f=1MHz — 3600 — pF

Rise Time tr — 0.6 1.0

o]

Turn-On Time ton 15V Ottt B —_ 0.7 1.1
Switching Time 0 510 - us

Fall Time t 15V — | 02 | 04

- U Voo =600V

Tumn-Off Time toff —_ 05 1.0

Thermal Resistance Rih ¢ —_ -_ — 0625 | °C/W
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ic - VCE R VCE — VGE
100 S 10
COMMON | =
EMITTER e
3 To = 25°C 20 15 12 8
= 80 f 8
2 zsi §
E &0 1///7 g 6 \ 80
g y / / 0__| > 60\\
=] 40
; 40 ﬂ f/ / E‘_‘ 4 lg@ L\\k —]
g ——
; /) N o Lo
4
3 / VG =8 = l l Suma na
= 20 g 2
8 /1 8 * COMMON EMITTER
= Te = —-40°C
0 Pk ki 6 Q
0 2 4 8 8 10 0 4 8 12 16 20
COLLECTOR-EMITTER VOLTAGE Veg (V) GATE-EMITTER VOLTAGE Vgg (V)
VCE -~ Vg - VCE - VGE
s 10 s 10
n k3
o
2, N
8 ] | N\ s
< 80 < N
S 6 S 8 i \ 60 \\
o 0N (=} T ——
- o : Nl ]
N ] = e
E 4 201 N £ 4 20 ——
& g )
53 Ig=10A o Ig=10A '
& L1 S, S I
g COMMON EMITTER 3 COMMON EMITTER
2 ol Te=35¢C § Te = 126°C
o
° 0 1 8 12 16 20 0 4 8 12 16 20
GATE-EMITTER VOLTAGE Vgg (V) GATE-EMITTER VOLTAGE Vgg )
Ic ~ VGE VCE (sat) — Te
100 10
COMMON EMITTER = COMMON EMITTER
g Ve =56V g 8 VGE:.lsv
Lo g s Pl
= Ea Ig=80A
e 2 bt
Z o b § 6 — !
: i B o]
2 L~ o™ !
e 852 4 et} 40__|
ﬁg gl ol !
g gs 20—
=] . .
j (ﬂg 2 I 10__]
2 2 2
o / P <)
| Te = 125°C L ) o
ol 1A t 0
0 4 8 12 16 . 20 ~B0 -40 ¢ 40 80 120 180

GATE-EMITTER VOLTAGE Vgg (V)

CASE TEMPERATURE Te (°C)
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TOSHIBA

GT40T101

(35

COLLECTOR-EMITTER VOLTAGE Vg (X10V)
GATE-EMITTER VOLTAGE Vgp

SWITCHING TIME  (us)

COLLECTOR CURRENT Ig {A)

VCE» VGE - QG

50
COMMON EMITTER
RL =750
Te = 26°C
40
30
//
20 300V L
\ / /fzoov
10 von _L;‘
rVoE = 100V
o e SN
0 80 160 240 320 400
GATE CHARGE Qg (ne)
SWITCHING TIME - I¢
3.0
COMMON EMITTER
Voe =600V, Rg =518
VYgE = 15V, Te = 25°C
1.0
0.5 toff
| oo ‘on
0.3 e
‘// // tr
|
— Y
Lorr™ ]
01
0.05
o 10 20 30 40 50
COLLECTOR GURRENT g (A)
SAFE OPERATING AREA
OO T T T T 1
LI AR B R R i Y
Ig MAX. (PULSED) ¥
100~ T ! Eois =
[ 1 MAX. E?ﬁ’ 9 mNH t 10 i 25
" ) 100 e3¢ N
30} (CONTI. S -NHH ps31 ]
[ xuous) I AN Nimest\
DC OPERATIO] NN N
O SINGLE N
NONREPETITIVE \\ -
PULSE Y
3| Te=2C \
CURVES MUST BE
1| PERATED N \\ Nl
LINEARLY s
WITH INCREASE 7. \
IN TEMPERATURE. IR N
0.3 _ N
1 3 10 30 100 S00 1000 3000

COLLECTOR-EMITTER VOLTAGE Vgg (V)

CAPAGITANCE C (pl) SWITCHING TIME (us)

COLLECTOR-EMITTER CURRENT Ic (A)

SWITCHING TIME - Rg

8.0
COMMON EMITTER
30/ VCC =600V, Ic=40A
Vge = 215V, Te =25°C
1.0 é
P
.
7
L L
0.5 S
ol WE ,/: -
___..Eon // L~ /
t e | Lt
i
0.1 L
5 10 30 50 100 300
GATE RESISTANCE Rg ()
C - VCE
10000‘ T F
T
¥ -
3000 Cies
1000 0%
‘\\
At
300
\\~h. COCS
100 t =
COMMON EMITTER a5 :
VGE =0V g .
C BTV =
Te = 25°C
10
1 8 . 10 30 100 300
COLLECTOR-EMITTER VOLTAGE Vep (V)
REVERSE BIAS SCA
200
100
N
30
10
Tj = 125°C
VGe = 115V
Pigp =518
10 30 100 300 1000 3000

COLLECTOR-EMITTER VOLTAGE Vog (V)
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TOSHIBA GT40T101

- Rint) — tw
10
& 2 SR To = 25°C
3] ni 1
% i I
JE 10°
gg t
2 i
=31 s (13
&5 107 z = =
g i
2 w0
g | i s maii
1078 il Hjit] il H i T13Ge

)
107% 107% 107 107% 107! 10 10t 10®
PULSE WIDTH ty, (s)
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TOSHIBA GT40T101

RESTRICTIONS ON PRODUCT USE

» TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vuinerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a maifunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and

conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

000707EAA

o The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human fife or
bodily injury (“Unintended Usage”™). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signa! instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer's own risk.

» The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPCRATION for any infringemants of inteflectual proparty or other
rights of the third parties which may resuit from its use. No license is granted by implication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

« The information contained herein is subject ta change without notice.
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TOSHIBA | GT60M303

TOSHIBA INSULATED GATE BIPOLAR TRANSISTOR  SILICON N CHANNEL IGBT

GT60M303

HIGH POWER SWITCHING APPLICATIONS Juit mm

20.5MAX. , #3.310.2
® The 4th Generation J}QAE ~E—t
® FRD Included Between Emitter and Collector 3 e
o 1.5
® Enhancement-Mode = & _-{ }
i%) ]
® High Speed 1GBT :tf=0.25us (TYP) E T w ZA{
25 ~
FRD :tyr=0.Tns (TYP) 20 1 § i
& Low Saturation Voltage ' VCE (sat) = 2.1V (TYP) RN m S ﬁ
‘ 5.4530.15, 5454015
MAXIMUM RATINGS (Ta = 25°C) ge 4
%S L
@ P R N
CHARACTERISTIC SYMBOL RATING UNIT °-r-_.é- NEDI R —f
i
Collector—Emitter Voltage VCES 900 \
- 1. GATE _
Gate-Emitter Voltage Vaes *25 A 2. COLLECTOR {HEAT SINK)
De e 60 3. EMITTER
Collector Cumrent A .
1ms lcp 120 JEDEC —_
Emitter—Collector Doc lECF 15 A JEITA -
Foward Cusrent 1ms lECFP 120 TOSHIBA 2-21F2C
Weight : 9.75
Coliector Power Dissipation P 170 w ght ¢
(Te =25°C) c
Junction Temperature T 150 e
Storage Temperature Range Tstg -55~150 °c
Screw Torque — 0.8 N-m

Collector

Gate O-—JLTJ

& Emitter

1 2002-02-06



TOSHIBA GT60M303

ELECTRICAL CHARACTERISTICS (Ta = 25°C)

TR A Fa- el 5100, 1 o
CHARACTERISTIC SYMBOL TEST CONDITION MiIN TYP. | MAX | UNIT

Gate Leakage Current lGES VGE =125V, Vcg =0 — — +500 nA
Collector Cut—off Current Ices Vce =900V, Vg =0 - — 1.0 mA
Gate~Emitter Cut—off Voltage VGe (0FF) | lc = 60mA, Vo = 5V 3.0 - 6.0 \
Collector-Emitter Saturation Voitage VCE (sat) (1) |lc = 10A, Vg = 15V - 1.6 22 \
Coliecioi~Emilier Salurdlion Vollage VCE (satj 2) |iC = B0A, VGE = 15V — 23 27 V
input Capacitance Cies VcE = 10V, Vgg =0, = 1MHz — | 3800} — pF

Rise Time ir — 0.35 0.60
o Turn-On Time ton — D_é\lmﬂ_,é [ g — | 04| 075
SwHChing 1ime - ) "O' J Ll_ ‘,l I — — . , us

Fall Time s —15V 0.25 0.40

Turn-Off Time toff 600V — { 060 | 070
Emitter-Collector Forward Voltage VECF lec =15A, Vge =0 — 1.5 20 \'
Reverse Recovery Time tr LF. I= dls-:A—;/(?E Ing — 07 | 25 ps
Thermal Resistance Rth (-¢) IGBT — —_ 0.74 }°C/W
Thermal Resistance Rth §-¢) Diode — —_— 40 {°C/wW
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TOSHIBA

GT60M303

COLLECTOR. CURRENT Ig (A)

COLLECTOR-EMITTER VOLTAGE Vgg (W)

(A)

COLLECTOR CURRENT Ic

100 Ic - Vce
o
COMMON 20/ 15 ,/ 10
MITTE / / 9.5
B pe=z5C // /T |
P
4
// // 9]
60 f
V=
e
20 -
Ver=7V
v - I
0 1 2 3 4 5
COLLECTOR-EMITTER VOLTAGE Vog (V)
VCE ~ VGE
10
COMMON EMITTER
Te=25°C
8
B0
6
- 60
4
3017
A
2 \ =5 ==
Ig=10A ]
0 L
0 4 8 12 16 20 24
GATE-EMITTER VOLTAGE Vgg V)
VCE - VGE
100
COMMON EMITTER /[
VoE =5V
o /1
/{/ [
” // //
R
“ =]
A/
2 Te=125°C / /-40
1 [T A 4 / ¢
. A
0 2 4 6 3 10

GATE-EMITTER VOLTAGE Vgg (V)

COLLECTOR-EMITTER SATURATION

CULLECTOR-EMITTER VOLTAGE Vgg (V)

VOLTAGE VCE (saty (V)

COLLECTOR-EMITTER VOLTAGE Vgg (V)

VCE — VGE
10
COMMON EMITTER
Te=—40°C
3
[ 80
) - 60
2 ”
307
2 k‘-
Ie=10A
T
0 1 3
0 4 8 12 16 20 24
GATE-EMITTER VOLTAGE Vgg (V)
VCE - VGE -
10 ¥
COMMON EMITTER
Te=125°C
8
85
[
- 60
4 304,
L
S|
2 o
Ig=10A
R L]
0 4 8 12 16 20 24
GATE-EMITTER VOLTAGE Ygg (W
. VCE (sat) ~ Te
COMMON EMITTER
Var—15v
3 80 -
mpp—_
— 60 B
frar]
-l
#—"/.’-—-
2 80
Ig=10A
1 C
0 [
-40 0 40 80 120 160

CASE TEMFERATURE Te (°C)
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TOSHIBA GT60M303

VCE. VGE ~ QG . SWITCHING TIME — RG
I 20
2 / COMMON COMMON EMITTER
Xz / EMITTER 3] Vog=600V
w16 i Vor=150V R1 =250 _ I5=004
- 1 = oY,
:;)E my / Te=25°C S VoE=2%15V - Coff
- ‘ / . Te=25°C / ton
S > 1
< 12 B 174
3 o A !
28 4 a A
= et oy 0.0 e
EE 8 J 100 E == “///
|- 50 0.3 - o
w _/
?:_,E 4'7(\ LA
S 7
o /
S E DN, :"/ /
=1 A R o.tb AT »
5‘2 0 80 160 240 320 400 5 10 30 50 100 300 500
33
GATE CHARGE Qg (@0) GATE RESISTANCE Rg D)
SWITCIIING TIME —~ i C - voR
8 CoMMON EMITTER 10000 :
T3 COMMON
Voo =500V Y CiesT] mmiTTER
Rg =518} 3000 VeE=0V
- VGE= %15V = f=1MHz
(23 -4 =
3 Te==25°C = P
. 1 o 1900
=
E tofy g s
o 05 E 300
E =" > NN
"] — o ey
E o3 — — T é 100 =
g 1 L1 © %0 =
= | et tp 30 N Coes
P [N
/"/ C J
01 1 10 TR
15 16 20 o v rm %0 1 3 10 30 100 300 1000 3000
COLLECTOR CURRENT Ig (A) COLLECTOR-EMITTER VOLTAGE Vgg (V)
SAFE OPERATING AREA REVERSE BIAS SOA
T 500
- o TE125C
g N L T 1.(1 |‘|4nD)\ \ g N VGE=il5V
W00 Eip MAK. s = 100 L= Rg=1002
2 E(CONTINUOUS) 3 o102 X HH © e
N 1 ALY 56 \
. 56 T L X = A A
E an N ms K \ -1 0 \
& [~ OPERATION ) 10ms (0"/’5 * 2 N
e il WAL VL) N
® 10 \ 10
o ¥ SINGLE 5 3 S
5 NON-REPETITI X g
5} 5{ PULSE Tc=25" 53
= CURVES MUST BE 1y 3
Q 3|DERATED \ v 1\ Q
© LINEARLY WITH o
INCREASE IN \ Vi !
1 [ TEMPERATURE. \ 1 |
1 ) 10 30 100 300 1000 10 20 100 300 1000 3000 10000
COLLECTOR-EMITTER VOLTAGE Vg (V) COLLECTOR-EMITTER VOLTAGE Vcg (V)
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TOSHIBA

GT60M303

(C/W)

TRANSIENT THERMAL IMPECANCE
Rep (1)

(us)

REVERSE RECOVERY TIME trr

. Rth(t) — tw
10
Te=25°C
102.-»-%7.. T 24
e 1 ;
10t
DIODE STAGE
107
B {"IGBT STAGE
107t
1077
s e 1 i B i 17 A
1o~ C O TN i )
1975 107 107 1072 107! 10° 100 10®
PULSE WIDTH ty, (5)
Ires Yrr — IBCEF
30 30
B § COMMON COLLECTOR
di/dt=~20A/
265 26 48
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22 2. 22
o< L
2 Trp Lo
ﬁ_g: L~
1887 18—
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| =
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2
163 1
5
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1.0b 10
0 20 40 60 80 100
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TOSHIBA GT60M303

RESTRICTIONS ON PRODUCT USE

« TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

davices in general can malfunction or fail due to their inherent slectrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage {o property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Refiability
Handbook” efc..

000707EAA

» The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy contral instruments, airplane or
spaceship instuments, tansportation instruments, waffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer's own risk.

« The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other
rights of the third parties which may result from its use. No license is granted by implication or otherwise under
any intellectual property or other rights of TOSHIBA CORPORATION or others.

FmmE e

» The information contained herein is subject to change without notice.
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CODI Semiconductor, Inc.

LINEAR

LOGIC SYMBOLS AND CUNNECTION DIAGRAMS
L-CD1 L-CD2 L-CD3
5 45 oo -
Do (D
T IrTY E-l cfg; !"‘.
= coMmM
l l o
w T
" 2] COW,“ ?"‘1
COMb
1} o
PACKAGE OUTLINES
JEDEC T0-220 Outline
Plastic Power Package
. X INCHES MILLIMETERS
Q L. Kk o, § RABE__ TYP, MAX. MIN.__TYP.__MAX
D—:i_lks L~ A 356 310 10.03 10.41
- ) B 365 385 8.27 8.77
f ! T T R Z_EL_;:-—- c 300 320 7.62 813
AR @ I" 0 .00 120 2.54 305
Hir TS M E 040 060 1.02 3.52
l ] ! -CL F 141 145 358 .68
N o G 578 600 14.8 15.24
S H 235 268 597 6.73
ST f .60 .90 4.08 483
= J 020 EIery £08 1.490
; x X 500 12.20
Lyl l‘=== xa L .250 . 6.35
e SCTONY X ml 0 210 483 .33
K] P N 045 056 1.08 140
}:‘A [ 098 108 241 2.86
-Q [ 018 030 281 62
[} 020 045 508 1.43
NOTES: Sep 1abla for dimansions in inches and mitimetars Pachage walght Is 2.1 grems
LCenier lend Is elactrical contact with Ibe mounting tsb
A~ JEDEC T0-92 Qutline
I Plastic Package
H WCRES VAIVETERS
{ - oM. { RN, TP MAX. W, IVE. . FAX.
T u t oM A 3176 208 315 €.
o] = 3 Leans 8 A0 210 4.32 6.33
. I B U/ o c 500 12.70
[ 018 018 0.408 0.483
— E 136 k -
£ ¢ —1 F i ed 3 252
G 080 1.27
1 © H A28 188 3.8 418
| 080 108 203 2.67
] 080 105 202 267
H ¥
i ) NOTES: See isbie for dimensions In inchag snd miliimaiers
J (] Package matsrisl iy iranster molded tharmoseiting plastie
Packags walght s D.25 grams
b g




TOLL-FREE: 1-800-232-COD}

CODI Semiconductor, Inc.

LINEAR INTEGRATED CIRCUITS
3 - TERMINAL VOLTAGE REGULATORS

H =g, 1§ 2P Eoa. 1 L3R Poe, R
3805-7824" ) 7905-7524 | 7im0s-78li24 | 78L0S-78L24
Thermal resistance
Ri-c 5% /v 7%e/w
Ri-3 70%¢c)v 100%e/w
x
Diesipation 200 109 SoOIaE

Stapcisiers seuge
Operating Ambient
Opersting Junction

=20 to + 80°C
-20 to + 125%

~20 to + 75°C
~20 to + 125°¢

Storage -55 to + 125°% -40 ta + 125°¢
“Line Begulatien {MV)
Ve/vi (3) 2.0 1.0 2.0
Load Regulstion (HV}
vo/Io (%) 2.0 1
Logic/Counection
diagres L-¢D L~CO 2 L-CD 1 L-tb 3
Package
10-220 T0-92
OUTPUT
Hoainal . Yoltage
ouTPUT OUTPUT INPUT Quiescent Ripple OTTPUT Drife
¥plcage Yoltags Voltage Gurrent Rejection (4B} Hoise {1YR)
TYPE Ro. Range {V) Range (V) Renge (V) [4:78] MIN vpltaxe {u¥) w/°c
1 AMP POSITIVE
335 ] - £.8-5.% 2.8-35.8 a1 i3 A5 Bk
i ___78D6 £.0 §.75-6.25 R.0-25.0 AT [ 1:1 45 0&
... 2808 - 2. 1R 10.5-35.0 AZ LT3 50 nA
7832, i12.0 11.5:12.5 38.5-45.0 a1 55 —n 8.R
| z81s 15.0 Y4 4=Y5 K 17.5=95.0. A1 54 85 1.0
18 18,0 17.3-18.7 21 0-35.0 SN 33 [-14 1.2
Eﬁ?b 5.0 24.0-2% .4t 22 0-408. 0 &n <n. 120 1.4
1 AMP NERCATIVE
7903 ~5,0 =4,8-5.2 =¥.D=35.0 1.0 s 100, 04
1805 -6-0 =527526,25 ~8,0-35.0 1.0 546 150 0.5
| 2908 __ 3. 8.0 _ ..=1.7-8.3 220523800 1.0 54 200 0%
7912 ~12.9 -13.5-12.5 ~15.%-35.0 1.5 34 _00 =0.2
1315 ~15,0 ~15.4-15.6 ~17.5-3%.0 1.3 54 25 1.0 -
it =18.0 +37.3-18.7 =21,0-25,0 ) 991 L1 ARO 1.
L 2924 ~24.0 =23,0-25.0 =22.0-50.0 3.5 L5 £00 =1.%.
.5A {50Dma) POSITIVE
T )13 5.0 A B=5.2. 2. 05,0 4.5 A2 40 21.0
18106 £.9 2. 186,25 2.8-15.4 4.k 5% AS =10,
808" 3.0 227=8.3 10.5-3%.0 AR a5 57 -1.0
78012 12.0 11.3-12.5 14.98-35.0 b8 13 35 = 0
78R1S 3.0 16.8-1%.6 17.8-35.6 AR s& 40 1.4
7518 i 17.3-18.7 21 35,9 e 531 LiEd AN
28H24 24.0 23,0-25.0 22.0-40.0 5q 50, 1280, 21.0
—
.1A (100wa) POSITIVE
| 78103 5.0 4,75-3.25 7,0-36,0 $,0% 49 A0 -1.0
| ZELDS [ %5k f $.0-30.3 $.9% 33 . 30 -i.8
. —ZBLOY 8.0 2.6-8.5 10.5-30.0 5.0F 39 &0 -1.0
. 7BLI2 12.0. 11.4-22.6 14.5735,0 §.5% ) 80 1.5
. _7BRL1S 15.0 14.3215.2 172.5-35.0 6, 3% 34 -1} -1.3
| 7BL1R 18.0 17.1-18.9 21.0-50.90 §.5¢ k2] 120 +2.8
78124 26,0 22.B-25.2 27.0-40.0 7,04 32 200 -2.9
*max

TELEX: 844

-796

FAX NUMBER: 201-298-0477






