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Yanyong Dangyuenyong . (2003) . A Design and Construction of Electronic Ballast for 36 watt
Fluorescent Lamps. Master thesis , M.Ed. (Industrial Education) . Bangkok : Graduate
School,Srinakharinwirot University . Advisor Committee : Dr. Pairus Vonguttrakrai , Mr. Opart
Sukwan.

The purpose of this study was to design and construction of electronic ballast for 36 watt
fluorescent lamps. In order to design and construction electronic ballast, the researcher were decide to
devised the circuit in to two circuits. First circuit was a converted circuit that convert 220 volt
alternating current 50 hertz in to 400 volt direct current. Second circuit was a inverted circuit that invert
400 volt direct current in to 87.84 volt alternating current 57.67 kilohertz. In this study the researcher
chose integrated circuit (IC) as a main circuit part (No. L6561) to control the power factor and the
direct current voltage-stabilized and later inverted to oscillator and resonant circuit for starting the
fluorescent lamps.

In this study the researcher used the Thai Industrial Standard (TIS 885-2532) and (TIS1506-
2541) the title of A.C. — Supplied electronic ballasts for tubular fluorescence lamps as tools for
comparison.
The Thai Industrial Standard (TIS 885-2532) and (T1S1506-2541) on the title of A.C. -
Supplied electronic ballasts for tubular fluorescence lamps have a detail as followed:
1. The power factor should not less than 0.85 (TIS1506-2541;2,10,26) and the error
should not more than 0.5 when compare with the name plate shown (TiS1506-2541;5).
2. The current crest factor of electronic ballast should not less than 85 percent
(T1S1506-2541;3).
3. The power voltage supply should not more than 110 percent (T1S1506-2541;3).
4. The temperature of the fluorescent lamps should be between 23-27 degree Celsius
(TIS1506-2541;4,11)
5. The temperature of ballast case should be between 0-50 degree Celsius (TIS885-
2532;12)
The result of this study was follow the Thai Industrial Standard were:
1. The electronic ballast have power factor of 0.99.
2. The current crest factor of electronic bailast was 97 percent
3. The input power voltage supply were 219.9 volt 53miliampare 116.54 watt and the
output power voltage supply were 87.84 volt 384miliampare 78.53 watt. The efficiency was 106.069
percent.
4. The temperture of the fluorescent lamps was 25 degree Celsius.

5. The temperture of ballast case was 40.2 degree Celsius.
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asiRNtud A saanUasnaananas Hesnidtsanssuaunsuafiiudninusiduamaoaazan

A Q. 4! Qs ar ] [ A dld 1 2 s )
MLaNTUAINLANIN B aINa IR DU N B s aaqﬂnsrﬁnumm’mmuw\uw sadluau(avai<o)

| Lamp Vellaga (V)

Lamp Current [(A)

amilszeu 156 anuduiuiszniiussiunseumasauasnszudiunasavgoeLs iU
(Iwena yoidow . 2543:11)

o as U Q- ﬂl 1} & L U L ﬂl ﬂl ﬂ!
mmu"lamammammagmaaq’mwa\maaﬂwgaaLsmmuﬁa:ﬁmmwmumumwwumu
aw & o ' A ' o ' "
qnm:q]umuumnmmauwuﬁs:mnanszu,aﬂ'lﬁamumamta:mwuﬂsawaaﬂwgaanmmuﬂ' waz &
waeangeassloudmuIndouiu eTsuysveInssangesssudtiinnund lalanauydld

. 1 L!I A & ° v [ 9
ns:ua‘lmmuwgaameuﬁmuns:uawaanmnqﬂnonmwaﬂama@m‘lﬂmmmLmam'mmumu
lansaaudasdnudunsiniladaninusznauf21(Mark Sun and Bryce L. Hesterman., 1998) tvaliiln

o a A a X 4 & a ' a Gn @ e s a o
maﬂwﬁ'mm@mum%aa@ﬂgaanmmumso ualunvujidnisiadiidsesnvainaanszialdiam:
ns:uamuﬂaaﬂwgaawamuﬁ a1 iaus e unIanaTole INTIEAaITaLTIAY ?mﬁﬁaasamm

a ' [% Y A a. a o AN o
aunsauldnasavgaasmaudiin Slmagydofilanaee tszanm 12w

i - - -
l Fluorescent Lamp l 'L High-Frequency Fluorescent Lamp Modelj

MWUSENEY 16 WULAIABILBINABANGEBITALTRATLL I ING

(Twena yayidow . 2543:12)
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2.2.4mslinusansangeasmaudTINALTRMEAUNWASN  (fluorescent lamp working
with Magnetic ballast)

Lﬂaomn'v\aaw@‘aaLsm‘nu@?ﬁﬂﬂuﬁmmulum’zzmsﬁwmuﬂnﬁLﬂuauf'ﬁai‘imﬂué’aa‘l’ﬁwda
ahnwﬁanu'lﬂﬁwﬁﬁé’nﬁmﬂnﬁﬁmumioﬁhuns:umﬁa'l.ﬁmsﬁwmumamaaﬂwgaanawuﬁﬁmﬁus
mwmiﬁﬂﬁmdotmﬁ'uﬁé’nam:lnﬁﬁmﬁ'mmdoahunizum:ﬁﬂrﬂmul'ﬁﬁuﬁuﬂwxfﬁﬁmgwiaagnw
AUUNIITIBUTIAH é’mﬂuwaﬁﬂﬁmauﬁumoﬁmmumieii'muﬂﬁugei‘fu flanvucantfseunldna
FAUUREITIBNTIUR '[ﬂuﬁ":‘lﬂﬂ:\’&ﬁamﬁmmtﬂuﬁuﬂu.ﬂwﬁqiaagnmﬁ'uLmeiaii'muﬂﬁu‘lwﬂ'msma
soualilWiAamdsgmidsudufivandunmiinly Fntusnsazmisensaavigeatsmaudusdud

mwilsznaut?

mMwilsznay 17 é’num:mm‘avxaamﬂ§aawm«nueﬂ’i@’mﬁuﬁuﬁ'amaﬁunumﬁnua:ams‘mﬂas‘
( ENNUAUSNITUMTULBLUIENIINUUKITIA 2543:2)

msﬁ’m’mwamaaﬂwgaaLsamwﬁﬁa’lﬁs‘wﬁuﬁama'ﬁunumﬁnua:ams‘wma%ﬁé’num:é’qﬂ
e daSaulauunssigwihnszussauliases wasangaasmaudz bidinTzuaiudl ussaulwienn
unasinsulngazanaiansainaed vlwiAa glow discharge Tufinidudmuasaainiass vl
whdudafouduuasdaises Wamhiudarassameaifiiu vimetal sarsasusidunionganininas
98989 glow discharge neyauazmiAuATIBIEM IMIAaTazIiuas wazdanaslugafsaimiasianls
mﬁama@fu.num§na:mﬁmﬁﬂﬁﬁmmﬁugaﬂs'a&maaﬂNgaaLsauﬁuﬁmaé’ui‘fﬁun’husoﬁ’uwmaﬂ
(Striking Voltage, V) t1 V, 'lajgmﬁuawaﬁa:gwaamiﬁ'ﬁmin mu’mmsaqwaam:ﬁluﬁu'lmj uditn
v, enaazvilinasangesismaudaaing LLsoﬁuﬂs'aumaﬂwgaatsm‘nuﬁa:am‘iwaa MlAUTIAH
ﬂiauamﬁﬂmaﬂajgwaﬁa:ﬁﬂﬁﬁﬂ glow discharge 1#8n aenimieasiandansasadnsiiasanly Hae
audn@vasmasangaalsmand
3aTaandd
ﬂ'amaﬁtﬂuqﬂnmfﬁﬁwLi'JuLm:ﬁm']uﬁqﬁm’lmnmma'mmemanmnﬁlz'ﬁaU’Iumsﬁﬁmu
289 Weshiauysaludadefinadatfan sumaing ergmaldonu uasndanulwifhgydsluasasdae
wihilnanfamadiiagaasediefiddy fe rwsiliitaussauisinalunissanaaafobamialw

a ' o o @ a. a et
mﬂmuquﬂ%mmns:uavlwﬂ'lmmmwm:ams'ﬂLLa:mmuuazmm'lﬂﬂ'mm:J'lwmaﬂ‘lwmmm:au
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“¥Y BV
mwilsznay 18 mMuhaaad westulusasussing

( ENIIUATNITUMTULHLNENRINUURITIG 2543:3 )

a & e o o as ¢ 4 o o o e ,
vamadfegunsaiiianldhununsaangessmaudinarimiiniugunszusi narm
' i o o A ' , v A '
'naaﬂwgaansavnuﬁ'lﬁﬁmmuﬁmwu@ 'lumﬂwaaﬂvlgaawmmuﬁmamsaaomww:waaumwmms
) ' e e P o ' v A v o ar A a
IFnuwiudassd(Ballashuazaminiaas(Startenfinzdashnuiunuialhiiausidugesnivam
Qe » L7 & 13 & & -~ A » vt
wasaldRarinnniusmmieasfiaznganau uas Jamad flazvhminaugunszusrunaaalil
' a o ) & A = oo o w i e ¥ o Ao a
seanufimmuaudiamsddndussfiznaufindyihunldgiunssangaassauduudnslings
A 1 i e L= i - o “ 1
gdsniiaanndianunisnhuenanadiiianniamaussunwnaniiags Mldundanis

wval o & a oo d e aw o ] a a A o
sanuuuliiim gy doddnnidalidadmaluGasasmaussnausniamadidnsnazaaiaogy

womansnazhldlasnisldununinfififdggisdanlflunsiuseaiauasiimssanuouly

<

o ¥ ° a L 73 L3 - Lo 3 Jl L v
AN EN YN LA mmsnaﬂmaagryLauao‘lﬂﬂszmm4-61m@T(Watt)a:Lmnuamavfmuﬂmmama@T
WU ENgYLFB(Low-loss Ballast) udtivamaanldszlauwialng hminann uazsengs 3En1sfiae
o o = ° aa 4 a o d ° a : '
safsgmEsaanInashlaaniiniieie NITAATWIATAIG AR ANITRUANUAYBINTTURARY
' v a '3 a ' s [ 4 o ° aHa 3 -
30 TWlw el szum 20-50 \Eai(HerzH)lawazvihauiwivgUnssimisnihnduwaidniiasnn
ms‘l’Emnmﬂﬂwﬂ']m:uaaﬁm'amﬁgw:mmaﬂfhLtawmmaafmumﬁmﬁmﬂﬁﬁaﬁﬂﬁmmm
o O - LY “ - o & & J. a oo o a [ . -~ I
aﬂmmgryLauvl.ﬂmmma:Lmnuamamu@mmamaﬂaLanmauna(Electromc Ballast) aaziilu
d‘ Lt A (" V Qs L L
qﬂn'miw'l’ngnwaaﬂwﬁaal.sawuﬁmammeuamaﬂ‘tmuwm@wwuunum§nTﬂUmﬂwanmﬂ'n
a a A o a Y ' wa ' A w
Ihnszusadunuiigaiesaidgy foreniaasdudimusoganasalidasingldlunauudu
wazdimugunizuan inadunaaaildnuiiniwue
a a 3
3.1 TUHIVSILUIRRR
a & d - & A A " L% d' 0 1 et 9 ’
TasadiduzadongUnsnlirfianiiihmiinauguundsawssnuliuivasaluii Tuge
a A a e s as [ 4 o s a4 o o i a
SuwsnnasdsazdunldUdsass vuptsaunfisnhfszsunsdsnudaninE3oniusaadoiaze
1 ' R o P Y ° " o e A E A a o
IAUNULARN lugu'l%uﬁﬂuauUmn'uuuamaﬁgnmmlmﬂmnmmmﬂam‘ljmfuuum'g@munmm
Ve '~ a A a I . o b4 a va &
NsaaEdalEnnIaied FIENITNaTLNERANMIVTNINUY AN RN RGN IR IBAA la e IR
3.1.1 U aariauaaiaununan
o € o Xea o € o v oA o o - tY € o a
UaaFATHA BRI NITM NN U IR e T I U E I B AR IV I THATIAI SN AN TL

naaa brhawaaslunwlsznau19
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i iy il Seet Sare
I

nwdsznau 19 ﬁ'ama@f'ﬁﬁmmmunumﬁn
( ECONOWATT CATALOG.2540:2)

Ad a o o« a o M o ' A
Luawm’]au'l.ﬂﬂ'ﬂ'nnmaﬁnmmwﬁ'lumna'luams‘mmas‘ﬂ:ag'lmuﬂmﬂmuanszua'lma
I} L 3 = Qe A L. 1) o L ) “' A =3 G
iuldmasalastiunadadluriadesilildnsealsendoawdrgnaaa ungaliasiadluiuia
v & a a i ° 4 a a a P o
Souundunsziarsrraaunisnhaswinmuiazinmnszauvanszug i ing uaziiflauseduge
' ada " , A o R v ad a . &
ANATONNADA LANRINNITN Baauaanyiatiidaiilasnaaanas Strike NUNNLA@NTT Discharget
LIIRANATBUTVLRAAIAIUTIARGUNI (Main) AIANNLANAINTENIHUTIAUANATOUNRAANLUTIAY
.~ “ w ' o A e = & o o . X v o -
dunafia ussaufianataudunianh anudauniisnhlvszifasiwihnauguifinunssush
Tnaluiiay Mldarddsznaumsadiun ﬁaihLﬂm'faq'liﬁ';Lﬁuﬂixq'lumsuﬁmd’aﬂiznauﬁ'm”dumm:
A ' - A o a * o \ aw o d
vmaaﬂag'luama:mwgﬂﬂaumytyﬁmnmaﬂua:m:uaﬁ'lvsamumam:ﬁgﬂman‘lutﬂauuuﬂaamn
L d. d‘ ¥ 1 [} A [} r s ' " a*» A ar Qe w
unfinnudvasundsiieinih LL@L;JawamLﬁuﬂﬁzfgmnm'mn‘hlumzﬂﬂauarytyﬁmm:um:gnﬂm‘l‘n
« P a o o o & X a ' ™ ~
8A8I(%THD>25%) unwninaziianisdudiih liliddsgaseiuwGenin Ballast lossestlasadaiiaua
aaadmiunsaangaasmaud smmlngfldagludastiumiunuy induction( i1 Power Factoruas 1ia
a da.
arewieiiadszuim 0.5)
3.1.2 vaangaaranniafingd(Electronic ballast)
o o o a €A ¢ a o v o - : o A4 = '
UsaraalannIannana qﬂnsmﬂn’mmmﬂauuumo'lvdﬁ'ms:uaaaun'nunmLﬂmmaa
v ] ™ P ° et o - o a o ’
'Lwﬂ'ms:uaaaumwngommmaanuuummumm’lwummmanua:ummgtyLaumu.a:ﬁﬂ'l'luuwo
Anldldnshnufienaiigauenanmusasaimdgysludunianhihwiniuiasaaduds 6

° LY a e 3 » . X 4 °
MlRUsEEnSanwnisaaaina(luminous efficacy) 'uaamaemlgamsm‘nwfgwumum'mﬁmsmmu

ar ga o a €
MwUznau 20 UARIRABLANNTBUNT

{ ECONOWATT CATALOG.2540:2)
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3.1.2m3nursstaanadadnnsafing
Y s A A “ Y ) o o a o €
nilinaaangaaismaudriiuiinnuigs fawdartpsamdigydsluiamaduazan
'Y Qe P L = ¥ A I [ L Q" &) 3 [ Qe
fasuthrainaanaslafiade uaiiassnunasiendiulasmlasiuunsdsite Wi inssusasu
A Vo . o & ° - v o
a8 50Hz viahimdulWiinssugass ssnudssndudadldnauasinas (Converter) luntsata
C o 4 X 4 - . 4
unasgiwihnzussduanudgaauiGunidunefinefinverter) mauwdsulWinszuaasanialni
s A; | a o ~ o o O ] A’ L4 [ 4 4
nazugsauaaddiulninsussdunnudgrashWifamasgyidsiulunaunefisedios waziie
Weusnaeidgyiienssasuuald dnaunedinasdasiivsziminw galamadaidnnsaiing
o €9 2 a (4 A (% A & v Aa -
Huginsainldhniunsaangesmaud inahwiiivnldsaadunizushiivuenemainzidiuiom
= | ] Y [ ° ar o . as -
nmm:aunaumsqwaaﬂua:aﬂqusmugammua‘maaeﬂﬂoma'nmaw'mmﬂm'laua:muqu
' wa A o P o o - y o @ " &
nazusiunaaalifisranuidimuadialinmsiouletssnmeselsfdludniunmsldisaad

a o a

oW m o ' o A < v s &

alinnsafinddsliduiuninmnoinninfiasnneumguanedsznmsanangetiald(Reliabiity i Juaing
aHo w e A a4 a . A o o a_« o s
nddannduniilymanugetaldlasdmlnglimmangnsaltidnniaiing luaservasiamad
-4 - L ° A o - L
BidnmIslindlaTuanuidu (Stress) ilswagansiiemziainazaimauiannuiu usznmmuw

o A > L (% ¢ v ($ & € of a _ eod
muudlrduiudaadilalasssiimahnudasduramasangeaisaisuduasiamnadaiinnsaiinds

Y a da o ) .
Usznaumeng@nTinlumsrhnuzamasangeasseudniansuziihiuunlidudu (non linear) ua:
fdi,

)y Taadn

fiamnauduwmulunmzmahanudn@illusy (negative dynamic resistance ; R, = av .,

lamp
ANUAUNMUIES naaangealImaud (R, ) sxfimapuudsatumdiduaanuainaes, 29904
Lnafiead uazmitinusasvasiuhadias ﬁ'amawf'nﬁm‘{a:ﬁ-qﬂﬁ’uﬁuﬁLﬁnmaﬁﬂiﬁﬂm’waaﬂ #
as"'nam'::msams‘nua:msmmuﬁmm:au'lvi”ﬁ'umam‘lgaanawuﬁ wasINTRIN MR aRa
wiapwiluundsienszuglni oc dgmivasesaindaiaansaiadaanniiannufeniadyyio
mwﬁge (Flawria g ldaaud 25-50 kHz) easdusudmmudmasslivhouasuiulasidamieni
u.nul.waﬂsﬁﬁmﬁﬂﬁmuqunszua"lwﬂ'ma:é'fmﬁuﬂs:qﬂs'awaaﬂﬁmﬁﬂﬁﬁmuﬂm’mﬁua:msamﬁ“n
w933 fanwilsznauss adnalsfiaauasgwEce2e unsihliiamaddidnnsaiind avsfianudl

2 ' A o A a
AN 25kHz N aINUNITIUNIUDEIANALTES

BECTIFIER  PFC INVERTER

EMI FRLTER S

DIMING

1 Qe ‘a -~
mwisznay 21 ugesasRuguastamadadinnsaing
( MOTOLOLA Semiconductor.1989:4 )

ﬂ'ama@fﬁtﬁnmaﬁnzﬂﬂUYT’JVLLIué’qa:ﬁmﬁ'xﬂi:nauﬁ'\ﬁﬂﬂnqﬂnscﬁﬂ%’uﬂ;amé’msznau
o o v ' “ a v
asdsznanitnduad1uniiereslasaaaIgunay
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10°[V { v*H =P} - {PtanB} ]

2 TV

Tasn
C fa danulzasdniuilszy dmiumsdsuuuawu (lulasnhia)

V a2 unsduungssne (1aad)
f fa anudunsssne (Fvad)
| fa n3zuarhunaaa (Lawut)
P o fadlWiuwadns (ﬁ']é’o'lwﬂﬁﬁmaﬂ+ﬁﬁ§'egn~u.§uﬁﬁamaﬁ) (as)
tan 0 = 0.62 unsdidasmimdatsznauriaailno.ss (msu p.f=cos 0 = 0.85)
tan O = 0.43 lunsdidasn1adndtsznauiaanino.90 (w3 p.f.=cos 0 =0.90)
tan 0 = 0.33 lunsdidaantsrdysznauiaaiing. o5 (w3 p.f=cos 0 =0.95)
dathi 2esmasengasTmaudssindunssing 220 1aad 50 3ot drssinihfinaaa 36
Fad amssgaiiolutamad 10 - 12 Jad dnszusiunaea 0.43 waa]
dlsznauiaidn = 0.85 = Ranlidufiuyszazwia C = 3.40 - 3.56 LLF/250V,,
dsznauiad = 0.90 = Ranlfdufiudszgawe C = 3.81-3.95 UF/250V,,
dsznaurian = 0.95 => Ranlfanfiutszawue C = 4.32 - 4.44 LF/250V,,
4 MIvanuLLLAzEFTAasAdalannIaRnddmiunasagaasaEuaLwIA 36 Tae

a1 laasnadasadalannyafing

AC Input Filter Rectifier PFC
SIGNAL | > ' > Circutt | P Circuit
y
l Inductor Capacitor
Lowpass Inverter | > ] >
Fiiter Circuit
Drive Circuit FluoresentLamp

(Iwena ymi3ow . 2543:15)

mwdsznay 22 Tasssivassaniasnadaiannsaing
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nlumndsznay 22 Julasisisvansasiamedsidnnsefinfifaldlunisaanuuiisesiu

gauans g miuillusudssnauvanismadaidnniafindimiunasangaasmaudimualilisu
Ysznaufianddaluil

299TNTBIMWTURE1351]89n% (Input Filter and Protection Circuit )

29951 389n320a ( Rectifier Circuit )

'stﬂ%’ugﬂﬂﬁmaonszua@ﬁ’mﬁmnﬁ ( Power Factor Circuit )

299NN ( Low pass Filter )

NavBuzafiaat (Inverter circuit )

GT';mﬁmﬂ’mﬁl’&‘lumsmuqumzua ( Current Control Inductor )

299U RIaT ( Switch Drive Circuit)

é‘atﬁuﬂi:ﬁgﬁ‘l’ﬁlﬂumoshu maanszuaeju'lz?waaﬂ( Bypass capacitor)

naaﬂﬂﬁaawawuﬁ ( Fluorescent Lamp )

4.1.12937NTAINWITILEZ 9931 89n% (Input filter ans Protection Circuit)

NITNTHINTTURAMLD LLa:'Jaaﬁ‘]aoﬁuﬁ*nﬁﬁﬁaﬂé’ryzy'\mmn'mmnmuuanﬁtﬁﬁmmmu
Sasas uazntamasnazeanllfimessilasiunszuanizan (Surge Current) LATUTITUAUT IV A
TusanilelWitnn993 uanifiasantasaddidnnsaiind Lﬂuqﬂmtﬂﬁ'l'ﬁmu'luzhumwuﬁgo%ammsn
Lﬁ@nmnmsnu‘nmamé‘ummﬁ%nq(Radio Frequency Interference : RFI) W ludsasddiaiaes
ldnsrnweniamadiiafanae Widluaadsnudismadaidnnsaiindiaunnaidygim
sunnusindnWRA (Electromagnetic Interference : EMI) sansunauginsaigunsolnmauan nmsuws
NITNVBIRYUIBTUNIU Fanlngiazunnnunassuiia Raawwuainanntangah uasanoss
ﬁ"n;zywmﬁﬁnm‘lﬁﬂumamwaoﬁryan'lm‘lﬂﬂﬁ%ﬂ:tﬂuﬁaﬁ”;uwinszmU UazAISUFT Y MTUNINAL
Yaidaanis Sualdrsasuansumszanniinlthionns Overloadvinldnnsvineu 289999sinunnsas uas
Lﬁ@mans:’nuﬁ'uqﬂnsm"lnéﬁﬁmﬁﬂﬁmsﬁ’muﬁ@wm@'lﬁﬁufumsﬂaaﬁumsmmué’mﬁaqmnRFl

wae EMI mmmmﬁa:ﬂs:nammﬂﬁ é’auaﬂﬂumwﬂs:nau%

MuUsznay 23 93TnTassmuitnuazsetianu
(31594 WiTww1.2543:7)

ANMWUTENaV23 299InTasemdazaTadnuaslsznaudrsanniieni GT'JLﬁuﬂs:fg

u,a:qﬂmm‘fﬂ'ﬂaoﬁmmﬁmﬁu(’n‘%amas‘) Undinsihswsastssssiaansaiindaziimstuiiaanudgs



22

o ¥ a o w v oa e o a 8 e U3
aanmmuummmumaamaaswnsaaarymmﬂ’numy"lu'lﬂmuaanmsumuqﬂnsm“lwﬁ'\u,a:qﬂmm
A ; 9 L 4 L d. o a o o I ar d'
samamauan lapsasiesimitsedygnasumuiifiennnsiwsasissgs  Dhagluszaun

Qs = Qs A Qs - a % A =) [ 0' . ﬂl L7
vauduldlaslidamisnhussdifudsy rwihiduisasniasdmdi(Low pass Filter) fusulviame
oo ¥4, v A A a a e . P » LY @ ar
anufduriniundulyle u.a:'lumaammwsaLanmaunaug@aauﬂ'lummsnnumauﬁﬂumu'lﬂm
4 a P - ™ w o d X a v a s v < o
uulusesdiannsafindiemsinmsilasiuusedmindeluaesiutanldriaaefunldidugUnsaiiasmu
MIFIaTINUTIRBIARTIBME(Surge Current)
4.1.279350389n3:u& ( Rectifier Circuit )
a . . . ° v A o P A
29935BenTzud(Rectifier Circuit) YwsiawdasIWinszusssuandulnfinsuaasaie
' v a §a & a ¢ o AL a o M a & . X
swlvnuseTvesasadadnnsefing  slunifanlteesiSonszusuuuniad  (Bridge Rectifier
. . v o ° v d A A o -
Circuit) ua:l'nmmuﬂs:gmnwmnsaanszumwaaﬂmsmzLwawaausmu'lwﬂwm:umﬂ lasnah

2 J A L4 ] » W
Lﬁan'lmwsﬂs:mwumaamn’l'ﬂmummw:ﬂmgn LTWm&l’ﬁﬂﬂE]’Jﬁﬁiﬂﬂdll.ﬁﬂdl%ﬂ’lﬂﬂi:ﬂiJ';IJ24

Input
AC f o‘g’t
supply supply

MWUIENeY 24 29ATILINTEUR
(31390 WIIRIUN.2543:7 )

G A £ 9 L . .
4.1.3 ’Jd’%iﬂmgﬂﬂau’uaans:t.l.ﬁﬂ’m@'ml,'u'l ( Power Factor Circuit :PFC)
s A 1Y (7 LV ) o o v A [V K" (a9
wasﬂmgﬂﬂawuaanizLLamumummvsm'n'lumsﬂmgﬂﬂaumams:ua‘lmm‘lnaamnvnm
A @ a - ) o & w Y A o o

anewl LiNesasuImESueing uaziRumdsznaumaidudnlasasasiumea PFC sazviwiilu
msu,ﬂao'lwﬁ'ms:meo'lﬁné’umn.i’Ju‘lﬂ'N'ms:uaaé'Uﬂ’rmﬁga wasdarhwiflumsuiuauseaulw
ﬁ'ms:LLamo'luﬂ’mLmﬁvgﬂNﬁLtsoﬁ‘u'lwﬂ'lﬁﬁmmaﬂmaua

oYY YL o o+

AC Input = DC Output

pw-fig02.vsd

L A L2 v 2
awdsznay 25 Nﬁﬁﬂmgﬁﬂaumaons:uamumulm

(31591 WyiaIun.2543:7)
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4.1.42397n7896 U6 (Low pass filter)
' o o w o A v o A a a A

21IINTAVEIREIIIMIN AR INTzIN N8 ILTIG UM U IBaNTIARISIT T BN TzUET U
i A. ° =t Q» -t [} A L »v [J wv Qs =)
yoasfsesdpanTsussurnausiiusenmiugaavimasnnudmednntt  unsldussaulnased

A * Qs d. -l ' @ o Av A L Qr 1] L
manszfenldnndussdulasuadsSaniusaudiidsdsmausouitymdinanlasmsldiesn
o 4 'Y o A ° o o a o) e ald a I o
saammumﬂiznaumUmmummua:mLnuﬂs:alﬁuﬂwauLtuu‘luw’mammunmwsmamwmw

O A ° w @ = A’ !
ﬂia\'ilL?Gﬂ%‘ﬁﬂi]:ﬂql"ﬂLL?GG]%YI'N‘M"ISE]HL?UU AN

o9

AC Input =

pw-fig0dd.vsd

MAUsznay 26 1AINTAINIUEAN
(3l wydamn.2543:7)

4.1.579339w3851907 (Inverter circuit )
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4.1.7739353uv 30T ( Switch Drive Circuit )
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2.8.17299INTDILVUMFTNN LT Waa-T LC(Passive Filter)
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input voltage = 220 volt
Output voltage = 337 volt
Current = 0.5 Amp
Maximum output current = 0.6 Amp
Maximum ripple current = 2 Amp(l max)
(aY) = 20 %

| peak = 2.25 Amp
{ Full load (Irms) = 3.732 Amp
Power output = 202.2 watt
Frequency = 50 Hertz
Time operating = 0.02 sec
Efficiency(1]) = 0.4
Temperature rise = 30 °c
Duty ratio = 1.53
Inductance(L) = 1.64 mH
Reactance(xL) = 0.51 Q
Ferrite core = EE-22
Area product(Ap) = 1.8x10°  cm’
Total window area(Aw) = 0.196 em”®
Core area (Ap) = 0.41 em®
Center pole area(Ae) = 3.99 cm

Awg wire no. = 30
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OVER VOLTAGE
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( ST Microelectronic.2001:5)

e 2211

AwYsznaw 55 WaAI9I0vervoltage Protection Circuit
( ST Microelectronic.2001:5 )
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FIGURE 3-21  schematic diagram of a nonisolated Sheppard-Taylor converter.
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daud WAV NI329 | Bwrazasan)iey | Ardanaia U 2z
(wilwrhin) (lalasrhsa) (Fawaz) |AaaAInu (V)

1 22 nF - 10 630 V milar
2 10 nF - 10 2000V polypropylean
3 10 nF - 10 400 V polypropylean
4 12 nF - 10 400V polypropylean
5 680 nF - 10 400 V polypropylean
6 1nF - 10 63 V polyester
7 100 nF - 10 63 V polyester
8 47 nF - 10 600 V polypropylean
9 10 nF - 10 600 V polypropylean
10 100 nF - 10 400V polypropylean
11 100 nF - 10 400 V polypropylean
12 4 22 UF 20 50 V electrolite
13 - 22 UF 20 400 vV electrolite
13 - 20 400 V electrolite

22 UF
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Seud was zha A (Tnd)
1 1N4007 Silicon 1/2
2 1N56817 Zener 1/2
3 1N5008 Silicon 1
4 Uf4005 | Fast recovery 1/2
5 MICDB107 | Bridge rectifier 112

AT 17 URAITIDaZLBEAVaINORING

was | e

UWIIAN (V)

nIzud (A)

BUZ90 | N-Chanel | 600 V

4A
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9L | TUIRVDIRIAIUMN (PWATDIAIATIWIR | IWIATDIGIAUNIK|  @ida | awia
naa
(Tavin) (lalasin) (unzlava) (Fasaz) | (Had)
1 100 Q2 - - 1% 1/4
2 10 Q - - 1% 1/4
3 05 Q) - - 1% 1/2
4 10 Q) - - 1% 1/4
5 10 Q) 10 kKQ) - 1% 1/4
6 - 440 KQ) - 1% 1/4
7 - 68 KQ - 1% 1/4
8 - 6.3 KQ - 1% 1/4
° - 47 KQ - 1% 1/4
10 - 22 KQ) - 1% 1/4
11 ) - MO 1% 1/4
12 i - MQ 1% 114
39 19 uaaITasiduavasled
aau was #ia
1 L6561 PFC
AT 20 uRAIMEatBuauasdaeas
819U was uIIAH
1 CNRC7D821K 500 v
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L6561

POWER FACTOR CORRECTOR

» VERY PRECISE ADJUSTABLE OUTPUT
OVERVOLTAGE PROTECTION

= MICROPOWERSTART-UP CURRENT (5QUATYP)

VERY LOW OPERATING SUPPLY CURRENT:

(AmATYP.)
INTERNAL START-UP TIMER
CURRENT SENSE FILTER ON CHIP
DISABLE FUNCTION '
1% PRECISION (@ Tj = 25°C) INTERNAL
REFERENCE VOLTAGE ‘

n TRANSITION MODE OPERATION

» TOTEM POLE OUTPUT CURRENT: +400mA
u DIPB/SO8 PACKAGES

DESCRIPTION

L6561 Is the improved version of the L6560
standard Power Factor Corrector. Fully compat-
ible withthe standard version, it has a superior
performant multiplier making the device capable
of working in wide input voltage range applica-
tions (from 85V to 265V) with an excellent THD.
Furthermore the start up current has been re-
duced at few tens of pA and a disable function
has been implemented on the ZCD pin, guaran-
teeing lower current consumption in stand by
mode.

o

s08

b i
" "Minldip
ORDERING NUMBERS:

L6561 (Minidip)
L6561D (SOB)

Realised in mixed BCD technology, the chip gives
the following benefits: '

- micro power start up current

- 1% precision intemal reference voltage
(T}= 25°C)

- Soft Output Over Voltage Protection

- no need for external low pass filter on the current
sense

- very low operating quiescent current minimises
powerdissipation  °

The totem pole output stage is capable of driving
a Power MOS or IGBT with source and sink cur-
rents of +/- 400mA. The device is operating in
transition mode and it is optimised for Electronic
émngs Ballast application, AC-DC adaptors and

BLOCK DIAGRAM
come MULT cs
e P
. 2 3; 4
.. 40K
r 2sv ] MULTIPLIER
VOLTAGE “ovsa-vom\éﬂ + BpF
REGULATOR || *DETECTION s
A
8 Vee
! A
Veo INTERNAL e
20v s l
- - rGD
R L
K
ZERO CURRENT i
2.V T
18v I N 5T
DISABLE
8 I 5
GND ZCh DITINSITC

February 2001
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1.6561

ABSOLUTE MAXIMUM RATINGS

Symbol Pin Parameter Value Unit
lvee 8 otz 30 mA
leb 7 Output Totem Pole Peak Current (21s) +700 mA

INV, COMP | 1, 2,3 | Analog Inputs & OQutputs 03107 \Y
MULT
CS 4 Current Sense Input -03to7 \'
ZCD 5 Zero Current Detector 50 (source) mA
~10 (sink) mA
- Pt Power Disslpation @Tamb = 50 °C (Minidip) | w
(508) 0.65
T Junction Temperature Operaling Range ' -40 to 150 °C
Tsig Storage Temperature -55 to 150 °C
PIN CONNECTION
IN 1 8 11 Veo
conp [] 2 7 1 GD
HuLT [ 3 B [] GND
csi]4 S ZCD
NIILEIEG-82R
THERMAL DATA
Symbol Parameter ) SO 8 MINIDIP | Unit
Rinpamb | Tharmal Resistance Junction-ambient 150 100 °Cw
PIN FUNCTIONS
N. Name Functlon

1 INV Inverting Input of the error amplifier. A resistive divider is connected between the output

regulated voltage and this point, to provide voltage feedback.

2 COMP Output of error amplifier. A feedback compensation network Is placed between this pin and

the INV pin.

3 MULT input of the multiplier stage. A resistive divider connects to this pin the rectified mains. A

voltage slgnal, proportional to the rectified malns, appears on this pin.

4 Ccs Input to the comparator of the control loop. The current Is sensed by a resistor and the

resulting voltage Is applied to this pin.

5 ZCD Zero current detection input. If itis connected to GND, the device is disabled.

6 GND Current return for driver and control circuits,

7 GD Gate driver output. A push pull output stage Is abie to drivethe Power MOS with peak current

of 400mA {source and sink).

8 Vee Supply voltage of driver and control circults.

&7




L6561

ELECTRICAL CHARACTERISTICS (Vcc = 14.5V; Tamb = -25°C to 125°C; unless otherwise specified)

SUPPLY VOLTAGE SECTION ‘
Symbol } Pin Parameter Test Condition ‘Min. | Typ.| Max.| Unit
Vce 8 ] Operating Range after tum-on 11 18 \'4
Vce on 8 [ Turn-on Threshold 11 12 13 \Y
Vcc oFF 8 | Tum-off Threshold 8.7 9.5 10.3 \'
Hys 8 | Hysteresls 2.2 25 2.8 \%
SUPPLY CURRENT SECTION
Symbol | Pin Parameter Test Condltion Min. | Typ.| Max.| Unit
ISTART-U 8 | Start-up Current before tum-on (Vce =11V) 20 50 90 pA
Iq 8 | Quisscent Current ) 2.6 4 mA
Icc Operating Supply Cuirent CL = 1nF @ 70KHz 4 5.5 mA
In OVP condition Vpin1 = 2.7V 1.4 2.1 mA
Iq Qulescent Current Veins < 150mV, Vee ™ Vec ot 14 2.1 mA
Veins < 150mV, Vee < Ve off 20 50 90 pA
Vz 8 | Zener Voltage lec = 26mA 18 20 22 \Y
ERROR AMPLIFIER SECTION
Symbol | Pin Paramester Test Condition Min. | Typ.| Max.| Unit
Vinv 1 | Voltage Feedback Input Tamb = 25°C 2465) 2.5 | 2.535 \'4
Threshold 12V < Vg <18V 2.44 2.56
Line Regulation Vce= 12 to 18V 2 5 mV
linv 1 | Input Blas Current -0.1 -1 pA
Gv Voltage Galn Open loop 60 80 dB
GB Galn Bandwidth 1 MHz
lcomp 2 | Source Curent ‘Veomp = 4V, Viny = 2.4V -2 -4 -8 mA
Sink Current Vcomp = 4V, Vinv = 2.6V 2.5 4.5 mA
Vcomp 2 | Upper Clamp Voltage Isource = 0.5mA 5.8 \'2
Lower Clamp Voltage Isink = 0.5mA 2.25 \
MULTIPLIER SECTION
Symbol | Pln Parameter Test Condition Min. | Typ.| Max.| Unit
VMULT 3 | Linear Operating Voltage 0to3 |0t03.5 \'
AVes Output Max. Slope VmuLt = from OV to 0.5V 165 | 1.9
—_ Vcome = Upper Clamp Voltage
AVinuit )
K Gain Vmurr = 1V Veowe = 4V 0.45 0.6 0.75 1V
.CURRENT SENSE COMPARATOR
Symbol |Pin Parameter Test Condition Min. | Typ.{ Max.] Unlt
Vcs 4 | Current Sense Reference Vmurt = 2.5V 1.6 1.7 18 A"
Clamp Vcomp = Upper Clamp Voltage
Ics 4. | Input Bias Current Vos=0 -0.05 -1 HA
td (Hy 4 | Delay to Output 200 450 ns
4 | Current Sense Offset 0 15 mV

7
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L6561

ELECTRICAL CHARACTERISTICS (continued)

.ZERO CURRENT DETECTOR
Symbol | Pin Parameter Test Conditlon Min. | Typ.] Max.| Unit
Vzep 5 | Input Threshold Voltage (1) 21 Vv
Rising Edge
Hysteresls (1) 0.3 0.5 0.7 \
Vzep 5 | Upper Clamp Voltage tzcp = 20pA 4.5 5.1 5.9 \'4
Vzeo 5 | Upper Clamp Voltage lzco = 3mA 4.7 5.2 6.1 Vi
Vzco 5 | Lower Clamp Voltage Izcp =—3mA 0.3 | 0.65 1 \'A
lzcp 5 | Sink Blas Current 1V< Vzcp S 4.5V 2 pA
lzcp 5 | Source Current Capability -3 -10 mA
lzco 5 | Sink Cumrent Capabliity 3 10 mA
Vbis 5 | Disable threshold 150 | 200 | 250 | mV
Izcp 5 | Restart Current After Disable } Vzcp < Vdis; Voc > Vecorr -100 | -200 | -300 RA
OUTPUT SECTION
Vep 7 | Dropout Voltage IgDsource = 200mMA 1.2 2 \
lGDsource = 20MA 0.7 1 \'4
IGDsink= 200mA 1.5 Vv
lGDsink = 20mA 0.3 \'
ir 7 | Output Voitage Rise Time CL =1nF . 40 100 ns
tr. 7 | Output Voltage Fall Time CL=1nF o 40 100 ns
lco oft 7 | lgp Sink Current Vec=3.5V Veo=1V 5 10 - mA
OUTPUT OVERVOLTAGE SECTION
lovp 2 | OVP Triggering Current 35 40 45 pA
Static OVP Threshold 2.1 225 | 24 \
RESTART TIMER _ )
| tstarr | | Stert Timer | ] 70 | 150 | 400 | ps |

(1) Parameter guaranteed by deslign, not testedin production.

OVER VOLTAGE PROTECTION OVP

The output voltage is expected to be kept by the
operation of the PFC circuit close to its nominal
value. This is set by the ratio of the two external
resistors R1 and R2 (see fig. 2), taking into con-
sideration that the non inverting input of the error
amplifier is biased inside the L6561 at 2.5V.

In steady state conditions, the current through R1
and R2s:

Vout - 2.5

e = 2.5V
Risc = R1

=lR2="g2

and, if the external compensation network is
made only with a capacitor Ccomp, the current
through Cecomp equals zero.

When the output voltage increases abruptly the
current through R1 becomes:

Voutse + AVout — 2.5
w1 = R1

= Ir1sc + Alr1

Since the current through R2 does not change,
Alr1 must flow through the capacitor Cecomp and
enter the error amplifier.

This current is monitored inside the L6561 and when
reaches about 37pA the output voltage of the multi-
plier is forced to decrease, thus reducing the energy
drawn from the mains. If the cumrent exceeds 40uA,
the OVP protection is triggered (Dynamic OVP), and
the extemal power transistor is switched off until the
current falls approximately below 10pA.

However, if the overvoltage persists, an internal
comparator (Static OVP) confirms the OVP condi-
tion keeping the external power switch turned off
(seefig. 1).

Finally, the overvoltage that triggers the OVP
functionis:

AVout = R1 - 40pA.
Typical values for R1, Rz and C are shown in the

‘application circuits. The overvoltage can be set inde-

pendently from the average output voltage. The pre-
cision in setting the overvoltage threshold is 7% of

&7
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L6561

the overvoltage value (for instance AV = 60V %

4.2V).

Disahle function
The zero current detector (ZCD) pin can be used

Figure 1.

for device disabling as well. By grounding the

ZCD voltage the device.is disabled reducing the
supply current consumption at 1.4mA typical (@
14.5V supply voltage).

Releasing the ZCD pin the internal start-up timer
will restart the device.

OVER VOLTAGE

E/A OUTPUT

225V emmanacaun dememnansT

1] ]
: : —f

i 5 :
DYNAMIC OVP 1 __’
i ; J

] [ ]
N {
)]

STATIC OVP D97IN592A

Figure 2. Overvoltage Protection Clrcuit

+V0R1 —_—"_—U Al

R2

D97iN581

4
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L6561

Figure 9. Supply Current vs. Supply Voltage

ICC DS7INS48A
(mA)
10 £
5 g
1
0.5 )
0.1
0.05
CL=1nF
0.01 // f = 70KHz ]
0.005 TA=25°C
0 |

0 5 10 15 20  Veo(V)

Figure 11. Output Saturation Voltage vs. Sink

Current
VPINT DBIINGAD
) I
Ve =146V | SINK
20 /
15
1.0 /
0.5
0
0 100 200 300 400 Igp (mA)

Figure 13. Multiplier Characteristics Family

Vcs(pind) porwsssa  VCOMAPIN2)
(V) [{imoeryoiags. v
1.6 s
e Ly | 1/

MY ZL
) ‘ / 3.2
1.0 / Pen -
g /
0.8
/ / 3.0
0.6 A
WAL
04 HIftA 7
/
02 28
/L-" k- 28
0 0 05 1.0 15 2.0 25 3.0 3.5 40 45
Viunripind) (V)

Figure 10. Voltage Feedback Input Threshold
vs. Temperature

VReF DO4ING4EA
/]
250 —
2.48 N
2.46
-50 0 50 100 T (°C)

Figure 12, Output Saturation Voltage vs.

Source Current
VPIN7 D94IND53
V) T
VCC = 14.5V
VCC -0.5
VCC -1.0 \ i
VCC-1.5 \\
VCC -2.0 P,
SOURCE
0 I
0 100 200 300 400 IGD (mA)

q
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L6561
mm inch
DiM. " o Trve Twax OUTLINE AND
IN. | TYP. | M : - | MAX. MECHANICAL DATA
A 3.32 0.131
at | 051 0.020
B 1.15 1.65 ] 0.045 0.065
b |o0.356 0.55 | 0.014 0.022
b1 ]o0.204 0.304 | 0.008 0.012
D 10.92 0.430
E 7.95 9.75 |0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 8.6 0.260
i 5.08 0.200
L | 348 3.81 {0.425 0.150 Minidip
z 1.52 0.060
' ed
I | | —
-
F ~ Y 4
A
J ] w
‘ B [B1
- l“b‘ e L E _l
3 Z '
[}
z >
D
a1 1ri
8 5
| § W
1 4

q
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L6561
mm inch

O o Tove. Twmc | v, | Tve. [ max MEggXle\(IS\I{\%?\TA
A 1.75 0.069

at | 01 0.25 |0.004 0.010

a2 1.65 0.065

a3 | 0.65 0.85 |0.026 0.033

b | 035 048 | 0.014 0.019

b1 | 019 0.25 }0.007 0.010

c |ozs 05 |o0.010 0.020

cl , 45° (typ.)
D(1)| 48 50 |0.189 0.197

E | 58 6.2 |0.228 0.244

e 127 0.050

e3 3.81 0.150
F() | 38 40 | 015 0.157

L | o4 127 | 0.016 0.050

M 0.6 0.024 SO8
S 8° (max.)

(1) D and F do not Include mold flash or protrusions. Mold flash or

potrusions shall not exceed 0.15mm (.006nch).

o

bi

%
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BUZ 90

SIPMOS ® Power Transistor

= N channel
» Enhancement mode
« Avalanche-rated

Pin 1 Pin 2 Pin3

G D - S
Type Vos |b Rps(on) Package Ordering Code.
BUZ S0 600V 45A 1.6 Q TO-220 AB C67078-S1321-A2
Maximum Ratings

- Parameter Symbol Values Unit,

Continuous drain current b A
Tc=28°C 45
Pulsed drain current Ippuls
Tc=256°C 18
Avalanche current,limited by Timax IaR 45
Avalanche energy,periodic limited by Tjmax EAR 8 mJ
Avalanche energy, single pulse Eas
Ip=45A, Vop=50V, Ags=25Q
L=29mH, Tj=25°C 320
Gate source voltage | Ves +20 \
Power dissipation Pot w
To = 25°C 75
Operating temperature Tj -55 ...+ 150 [°C
Storage temperature Tsig -65 ... + 180
Thermal resistance, chip case Rinic <1.67 KW
Thermal resistancs, chip to ambient Rinaa 75
DIN humidity category, DIN 40 040 E
IEC climatic category, DIN IEC 68-1 55/150/56
Semiconductor Group 618 07.96

BE A2235L05 008uu4L3 125 WM

'his Material Copyrighted By Its Respective Manufacturer
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SIEMENS iz

Electrical Characteristics, at 7j= 25°C, unless otherwise specified

Parameter Symbol Values Unit
' : min. typ. max.

Static Characteristics

Drain- source breakdown voltage ViBR)DsS \

Vas =0V, p=025mA, 7j=25°C 600 - -

Gate threshold voltage ) Vastth) .

Vas=Vps, Ip=1mA 2.1 3 4

Zero gate voltage drain current Ipss : . pA

Vps =600V, Vgs=0V, Tj=25°C - , 0.1 11

Vbs =600V, Vag=0V, 7j=125°C - 10 100

Gate-source leakage current lass nA

Vgs =20V, Wpg=0V - 10 100

Drain-Source on-resistance Rps(on) ‘ Q

Vgs=10V, p=28A - 1.5 1.6
Semiconductor Group 619 07.96

IR 4235605 008uubYy 0L WA

‘his Material Copyrighted By Its Respective Manufacturer
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SIEMENS BUZ 90

Electrléal Characteristics, at 7j= 25°C, uniess otherwise specified

Parameter Symbol Values Unit
min. typ. max.

Dynamic Characterlstics
Transconductance ~ Ofs _ S
Vbs= 2+ Ip~ Rps(on)max, o =2.8 A 2.5 3.8 -
Input capacitance Ciss : pF
Vas=0V, Vpg=25V,f=1MHz - 780 1050
Output capacitance : Coss ,
Ves =0V, Vpg=25V, f=1MHz - 110 170
Reverse transfer capacitance Crss
Vas=0V, Vpg=25V, f=1MHz - 40 70
Turn-on delay time Id(on) ns
Vop=30V, Vgg=10V, Ip=26A
Rgs =50 Q - 20 30
Rise time tr
Vop=30V, Vgs=10V,p=26A
Ags =50 Q | . - | 50 75
Tum-off delay time t(of) ‘
Vop=30V, Vgs=10V, In=2.6 A
Rgs =50Q . v 120 150
Fall time &
Vob =30V, Vgs=10V,Ip=26A
Rgs=50Q - 70 90

Semiconductor Group 620 | 07.96
m &235':05 00844L5 TTS IR

his Material Copyrighted By Its Respective Manufacturer
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SIEMENS | | BUZ 90

Electrical Characteristics, at Tj= 25°C, unless otherwise specified

Parameter Symbol Values Unit
min. typ. max.
Reverse Diode ®
Inverse diode continuous forward current | /g A
- Tc=25°C _ - - 4.5
Inverse diode direct current,pulsed Ism _
Tc=25°C - - 18
" Inverse diode forward voltage Vsp : Vv
Vas=0V,=8A : - . 1.1 1.2
Reverse recovery time | : ns
VR =100V, lg=k, dir/dt = 100 A/us - 350 -
Reverse recovery charge Q ucC
Vg = 100V, k=ig, dir/dt = 100 A/ps - 3 -
Semiconductor Group 621 ’ 07.96

.Hl 8235L05 D084ubLL 93y MR

This Material Copyrighted By Its Respective Manufacturer



SIEMENS BUZ 90
Power disslpation Drain current
Prot = H(To) b = 1{Tc)
parameter: Vgg210V
80 ] | 50— 1" T
\ - A .
W -
- TN - 4.0
Pm \ 'D I . \ :
60 N A 5 . N : -
T ' ' AN
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20 \\ 1.0
10 i . Y\ 05—~ - -
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Safe operating area Translent thermal impedance
Ip = f(Vps) Znac = f(b)
parameter: D= 0.01, 7, =25°C parameter: D=1,/ T
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SIEMENS BUZ 90
Typ. output characteristics Typ. drain-source on-resistance
Ip = f(Vpg) Rps (on) = flUp)
parameter: f, = 80 ps parameter: Vgg
I
10— 5.0 I ‘ {" 3
- 1 | * b ) c ;
— [ o J—— T ‘- SOV W
- .7 T
a 40 R 2 -
lD b 45 DS {an) // /
c 60~ ‘ 36— o
;o /
TE 30— -4
! &5 o / !
g 70 25 SR —d
h 75 1 / .
i a0 20 — e ——
i 90 ) —h, ¢
-k 10.0 - 15 ==
200 K
b )
2 1.0 _ I
v =
1 . 05" _Es[v:; ¢c d e t g h 1 } k&
y 4% 50 55 60 85 70 75 BO 9.0 100 200
o o . 0.0 -t C o -
0 5 10 15 20 25 30 35 V 45 00 1.0 20 30 40 50 60 A 80

b VDS

Typ. transfer characteristics /p = f(Vgs)
parameter: f, = 80 ps

Vbs22 x Ip X Aps(onymax

60 T : - j
A— {
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45—

40 I
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35
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25
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20— ! -

~—]

1-5___4__ - - ...'_
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Semiconductor Group
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Typ. forward transconductance g, = f (Ip)
parameter:-f, = 80 ps, :
Vbs22 x Ip X Aps(onymax

5.0 T

s ,

g *° = E. . /
i

Y / |
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l 20— LT T
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BUZ 90

Drain-source on-resistance

Aps (on) = AT))
parameter: jp =2.8A, Vgg=10V

[-X- et
Q

§5— —m T
Postem 5.0 + - = m e — e

T .
4.0

38
30—
Q5 -
20 -

1.5

05— ~——-—= —— Y 4 = e mm————

0.0

-60 -20 20 &0

Typ. capacitances
C=f(Vps)
parameter:Vgs = OV, f= 1MHz

0V o e e e i e .

\\
301 N e e

Semiconductor Group

M 3235L

Gate threshoid voltage

Vas ny = AT
parameter: Vgg = Vps: p =1 MA

e = s s m et st . = — \"\_" e e

- e e e g

1.2._ B ._...._.—..-—-.--.--—*-¢—»<-——-._.—— . LR

Forward characteristics of reverse diode
I = f(Vsp) '
parameter: 7}, fy =80 ps
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SIEMENS BUZ 90
Avalanche snergy EAs=f(7]) Typ. gate charge
parameter: Iy =4.5 A, Vpp =50V Vas = f(Qgae)
- Agg=25Q, L=28mH parameter: I s =7 A
340 - I - - 16 "'I‘“'""“‘_" . T "‘T_"‘—
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TN ST 7
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Drain-source breakdown voltage

Viempss = (7))
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SIEMENS  uw

Package Outlines
TO-220 AB
Dimension in mm
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IS77

BUL216

HIGH VOLTAGE FAST-SWITCHING

NPN POWER TRANSISTOR

» STMicroelectronics PREFERRED
SALESTYPE

NPN TRANSISTOR

HIGH VOLTAGE CAPABILITY .
VERY HIGH SWITCHING SPEED
HIGH OPERATING JUNCTION
TEMPERATURE

= HIGH RUGGEDNESS

APPLICATIONS

= ELECTRONIC BALLASTS FOR
FLUORESCENT LIGHTING

=« SWITCH MODE POWER SUPPLIES

DESCRIPTION

The BUL216 is manufactured using high voltage
Multiepitaxial Mesa technology for cost-effective
high performance. It uses a Holiow Emitter
structure to enhance switching speeds.

The BUL series is designed for use in lighting

T0-220

INTERNAL SCHEMATIC DIAGRAM

applications and low cost switch-mode power Co(2)
supplies.
(1)
B
EO(3)
SCO6960
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vces |Collector-Emitter Voltage (Vge = 0) 1600 Y
Vceo |Collector-Emitter Voltage (ls = 0) 800 \Y
Veso |Emitter-Base Voltage (Ic = 0) 9 Vv
lc Coliector Gurrent 4 A
lcm Collector Peak Current (tp < 5 ms) 6 A
s Base Current 2 A
Iem Base Peak Current (t, < 5 ms) 4 A
Piot Total Dissipation at T¢ = 25 °C 90 w
| Tsg Storage Temperature -65 to 150 °c
Tj Max. Operating Junction Temperature 150 °C

June 2001
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THERMAL DATA

Rinj-case | Thermal Resistance Junction-Case Max 1.39 °c/w
Rinj-amv |Thermal Resistance Junction-Ambient Max 62.5 °ciw
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit 1
Ices Collector Cut-off Vce= 1600V 100 RA
Current (Vgge = 0) Vce=1600V Tj=125°C 500 HA
lceo Collector Cut-off Vce =800V 250 pA
Current (le = 0)
Vceo(sus) |Collector-Emitter lc=100mA L =25mH 800 Y
Sustaining Voltage
VEgo Emitter-Base Voltage |l = 10 mA 9 \'
(lc=0)
Vceany* | Collector-Emitter lc=1A Ig=0.2A 1 \'
Saturation Voltage Ic=2A 1g=0.66A 3 \'4
Vagsat)* |Base-Emitter le=1A Jg=02A 1.2 \
Saturation Voltage Ic=2A 1g=0.66A 1.2 \
hre* DC Current Gain lc=04A Vce=5V 12 40
lc=10mA Vee=8§V 10
INDUCTIVE LOAD Ilc=15A lg1=0.5A
ts Storage Time VBE@m=-5V Ree=0Q 2.1 3.3 us
tr Fall Time VoL =250 V L =200 pH 450 720 ns
INDUCTIVE LOAD lc=16A ls1 =0.5 A
ts Storage Time Ve =-5V Rep=0Q 3 Rrs
t Fall Time Vel =250V L =200 pH 600 ns
Tj= 100 °C
» Pulsed: Pulse duration = 300 s, duty cycle 1.5 %
Safe Operating Areas Derating Curve
1c(A) e GC26552 5% 6C57291
(o1 LPILSED [IPULSE OPERATION ¥ ]
% i T0ps =
= 100
o tic MAX| ] 100us N
10%| Cont R o~
X 151
2 lS/B
™
1074 ims ~
s T +— 50 ™~
4 ~ ~
, -1 D-C. OPERATION PN 10ms N
ot LTI -
K = For single non
N repetifive pulse
O 51
2 4 68 2 4 B8 4 6
10! 107 10° Vee (V) 0 50 100 T, (°C)

g
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BUL216
DC Current Gain DC Current Gain
GC26461 GC26471
hre = hre T
W -~
_— nl
- <]
NS NN
o\ \\ o, \\ P o,
T,=125°CN\\N 1,=25°C 17,=125°C| NI\ T,=25°C
1 01 - m 1 01 it ‘\ ‘\ 1
Y m \
AN AY
\
= [T TAY Ve =5V \
A
0 \ 0
10 10
1072 107 10° Ic (A) 1072 07! 10° Ic (A)
Collector Emitter Saturation Voltage Base Emitter Saturation Voltage
vCE(:al) GC26480 VBE(saI) GC26490
) s 1 v)
4
, i 1.2 —
s ][]
10° : ¥
[} 7 m A
4 T £ )] 1.0 l oc |
. Hr ~ lﬂ T1,525°C
2 | V1
» — o 0.8 d 4
1 Lt T,=25°C E A P’
107, : ] L1 I
6 =1 o _ o
. 1 0.6 L —1] LTI To=125°C
. —1 bee=5 i 1
* 10_2 y 2 4 l“a 2 4 68 2 4 0.4 o
10 10° 70! lc(A) 1072 107 10 I (A)
Inductive Fall Time Inductive Storage Time
b
h(n S) GC26510 f,(,us) GCZSf:m
VCIt:rnp= 250V vClamp= 250V :
hre=3 1 hrg =3 -
ipz == 2lg 1 a2 =~ 2lg, ]
T, =100°C T,=100°C
103 10! L
s
S ™ - I~
o — e
\\ \\~ ‘\‘\
T,=25°C| T~ T,=25°C
102 10°

0 0.4 0.8 1.2 1.6 2 2.4 Ic(A)

4

0 0.4 0B 1.2 1.6 2 2.4 Ic(A)
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Inductive Fall Time

GC26530

11(“5) =3
Vclump=250v :
hpg=3 —]
Voot =—5Y [T

T,=100°C
Sy
10°
~
\ Ty
N N
T,=25°C I~
102

0 04 08 1.2 1.6 2 24 Ic(A)

Reverse Biased SOA
GC57300
Ic(A)
4
3 hre =5
|| lez=— 2igy
T,5125%C
2
1
0 3
10 100 1000 Vee (V)

Inductive Storage Time

GC26540

ts(us) 1T
Vetamp= 250V [
hge=3 1
6 Voeott =—9Y ||
) | ]
TN {1, =100°¢
[N
W\ T~
T, =25°C ™
———
2 <
L
1

0 0.4 08 1.2 1.6 2 2.4 Ic(A)

RBSOA and Inductive Load Switching Test
Circuits

A

|

SC-0354

(1) Fast electronic switch
{2) Non-inductive Resistor
(3) Fast recovery rectifier

3
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BUL216
TO-220 MECHANICAL DATA
DIM mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 4.40 4.60 0.173 0.181
C 1.23 1.32 0.048 0.052
D 240 2.72 0.094 0.107
E 0.49 0.70 0.019 0.027
F 0.61 0.88 0.024 0.034
F1 1.14 1.70 0.044 0.067
F2 1.14 1.70 0.044 0.067
G 4.95 5.15 0.194 0.202
G1 2.40 2.70 0.094 0.106
H2 10.00 10.40 0.394 0.409
L2 16.40 0.645
L4 13.00 14.00 0.511 0.551
L5 2.65 2.95 0.104 0.116
L6 15.25 15.75 0.600 0.620
L7 6.20 6.60 0.244 0.260
19 3.50 3.93 0.137 0.154
M ' 2.60 0.102
DIA. 3.75 3.85 0.147 0.151
— 7 E
, r \- J . >
T | o g
C
L3
L6 L4
—1 L5 {— | l—L9 --]
- ¢ = e
T
. AT
F1
F2
L2 PO11CI

4
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R
FAIRCHILD
SEMICONDUCTOR m

2N4403 MMBT4403

coryLENIN / SOPPNZ

c B TO-92 'SOT-23 B

Mark: 2T

PNP General Purpose Amplifier

This device Is designed for use as a general purpose amplifier
and switch requiring collector currents to 500 mA.

Absolute Maximum Ratings*  1a-25:c uniess otherwise noted

Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 40 v
Veso Collector-Base Voltage 40 \
VEso Emitter-Base Voltage 5.0 Vv
le Collector Current - Continuous 600 : mA
Ty, Teig Operating and Storage Junction Temperature Range -55 to +150 °C

*mesemm\gsmﬁnﬁﬁngvaluesam«Mﬁnwﬂmwnydmymimdemmaybeinpairad.

NOTES:
1) These ratings are based on a i junction temp. of 150 degrees C.
2) These are steady state limits. The factory should be consuited on applications involving pulsed or low duty cycie operations.

Thermal Characteristics 1425 uniess thenwise noted

Symbol Characteristic Max Units
2N4403 *MMBT4403
Pp Total Device Dissipation 625 350 mw
Derate above 25°C 5.0 2.8 mwW/°C
Resc Thermal Resistance, Junction to Case 83.3 °C/W
Resa Thermal Resistance, Junction to Ambient 200 357 °C/W

*Device mounted on FR-4 PCB 1.6"X 1.6"X 0.06."

© 2001 Fairchild Semiconducior Corporation 2N4403/MMBT4403, Rev. C
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PNP General Purpose Amplifier

(continued)
Electrical Characteristics 7 =25 uness oterwiss noted
Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
V(BR)CEO Collector-Emitter Breakdown lc=10mA,lg=0 40 \
Voltage*
V@rceo Collector-Base Breakdown Voltage lc=0.1mA, lg=0 40 \
VERrEBO Emitter-Base Breakdown Voltage le=0.1A,Ic =0 5.0 v
13 Base Cutoff Current Vee=35V,Ves =04V 0.1 pA
lcex Collector Cutoff Current Vee=35V,Vee =04V 0.1 WA
ON CHARACTERISTICS
bee DC Cumrent Gain lc=0.1mA, V=10V 30
Ic=1.0mA, Veg=1.0V 60
Ic=10mA,Vce=1.0V 100
lc =150 mA, Vce =2.0 V* 100 300
Ic = 500 mA, Vce = 2.0 V* 20
Vee(sat) Collector-Emitter Saturation lc=150mA, la = 15 mA 04 \'
Voltage® Ic = 500 mA, Is = 50 mA 0.75 \
VBE(sat) Base-Emitter Saturation Voltage lc=150 mA, Iz = 15 mA* 0.75 0.95 v
Ic =500 mA, Ig = 50 mA 1.3 \'
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product lc=20mA,Vce=10V, 200 MHz
f= 100 MHz
Co Collector-Base Capacitance Vea=10V,le=0, 8.5 pF
f =140 kHz
Ceb Emitter-Base Capacitance Vee=05V,lc=0, 30 pF
f = 140 kHz
hie Input Impedance Ic=1.0mA, Vce=10V, 15 15 kQ
f=1.0kHz
bie Voltage Feedback Ratio lc=1.0mA, Vce=10V, 0.1 8.0 x 107~
f=1.0kHz
hie Small-Signal Current Gain lc=1.0mA,Vce=10V, 60 500
f=1.0kHz
hoe Output Admittance lc=1.0mA, Vee =10V, 1.0 100 umhos
f=1.0kHz
SWITCHING CHARACTERISTICS
tq Delay Time Vee =30V, Ic = 150 mA, 15 ns
t Rise Time Bt =15mA 20 ns
ts Storage Time Vec =30V, Ic =150 mA 225 ns
tr Fall Time lg1 = g2 = 15 mA 30 ns

*Puise Test: Puise Width £ 300 ms, Duty Cydle £2.0%

covvy.LaNIN /| EOVYYNZ




PNP General Purpose Amplifier

{continued)
Typical Characteristics
Typical Pulsed Current Gain Collector-Emitter Saturation
> vs Collector Current E Voltage vs Collector Current
< 500 G 05—
g i Ve | B B =10
E 400 128 °C M. s 04
3 2
a 300 "\ E gs 25 °C
] u
3 200 2 Sa2
r £ |/
< 4
'g‘ 100 410.‘[- R gm 125°C 11 .
T l [ 0‘ —— L [
L o1 03 1 3 10 30 100 300 i 10 100 500
Ic - COLLECTOR CURRENT (mA) > 1c- COLLECTOR CURRENT (mA)
Base-Emitter Saturation Base Emitter ON Voltage vs
s Voltage vs Collector Current s Collector Current
W 11 - 6!
= | A LU g
oo IR s 4
- =
Ene — ihd =t ; 06 p=— c ]
B ot E 11|
g 04 B =10 ] § 0.4 125°C ! _
Y 0.2 902 ce o —
i i
g
> 9 10 100 500 Y 1 10 25
1c- COLLECTOR CURRENT (mA) > 1~ COLLECTORCURRENT (mA)
Coliector-Cutoff Current Input and Output Capacitance
vs Ambient Temperature vs Reverse Bias Voltage
g 100 20
~ PRIV 1 T 3 a
?l Ves N T T 16 ™
10 & N
: ARG
o F4 N N A
o 1 < = b
5 F f S8 [~
y =t F S
3 o1 S c TTTH
U 1 ) —— 1 1 4 \
" 1 | S B T |
£oor I S N B 0 N
25 50 75 100 125 -0.1 -1 -10 -50

Ta- AMBIENT TEMP ERATURE (¢ )

REVERSE BIAS VOLTAGE (V)
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PNP General Purpose Amplifier

(continued)

Typical Characteristics (continued)

Switching Times
vs Collector Current

250 .
I N
Ipy= gz T x
200 -
| Ve =15V
-~ t
& 150 \\ d
w
£ 100 \‘
1 t¢ N,
t, [ w\ \
50 | \
TN Y
0 LT
10 100 1000
1 ¢ - COLLECTOR CURRENT (mA)
Rise Time vs Collector
and Turm On Base Currents
)
E
-
z 7 y/
Z
20
?: / d
3
w OFt,=15v = A
g T, el .l
o5 = - 7
E 30 ns - —
: ,— T
E 60 ns //’
& 1
- 10 100 500

J ¢ - COLLECTOR CURRENT {mA)

Turn On and Turmn Off Times
vs Coliector Current

500 T T
— lgy=la2 Ty
400 +—t
Vo =18V,
2 300 Sag
w
= \
= 200
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100 B
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10 100 1000

I ¢ - COLLECTOR CURRENT {mA)

Power Dissipation vs

Ambient Temperature
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N
PNP General Purpose Amplifier E
(continued) | &=
(=]
w
Typical Common Emitter Characteristics (= 1.0kHz) ;
=
3
< Common Emitter Characteristics » Common Emitter Characteristics g
s s $13
v hoe IB Ry Vi o
k] > \ hie / o
g2 S e 12 hreand hos hse ]
§ \\\~é hl. g \ hoe ——
g ! g H X . Z, ,4/ )
2os hie e 1 %/
g w
E E he
a 0.2 — Veg=-10 V a 0.9 4 lg=-10mA
- TpA=25C :é A e To=25C
204 . <00 [ |
E -1 -2 -5 -10 -20 -50 o 4 -8 -12 -16 -20
’ 1 c- COLLEGTOR CURRENT {mA) Ve COLLECTOR VOLTAGE (V)

Common Emitter Characteristics

N 7 Ig=-10mA - he
1.4 k
P Y veg= -0V hb\

"
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[

/
w09t hy /'

E 08
307 %
o 0677y
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N
PNP General Purpose Amplifier E

(continued) | &

)

@

Test Circuits -~
-30V g

o =

2000 3

>

-

1.0KQ o

° M w

—-=18V 500

]
—>1 s200001—

FIGURE 1: Saturated Turn-On Switching Time Test Circulit

15V - -80V

NOTE: BV, = 3.0V an

-7 500

FIGURE 2: Saturated Turn-Off Switching Time Test Circuit
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" WTE UF4001 — UF4007
h 1.0A ULTRAFAST RECOVERY RECTIFIER

Features
® Diffused Junction
® Low Forward Voltage Drop
® High Current Capability |<__ A —+—B A —.I
® High Reliability _h‘_i l
® High Surge Current Capability —

[ — ]

| I

T

Mechanical Data C
® Case: Molded Plastic D
® Terminals: Plated Leads Solderable per ATV
MIL-STD-202, Method 208 Dim Nin Viax
®  Polarity: Cathode Band
. A 254 —
® Weight: 0.34 grams {approx.) B 206 251
® Mounting Position: Any - ;
® Marking: T Numbe Cc 0.71 0.864
a 9: type Number D 2.00 2.72
All Dimensions in mm
Maximum Ratings and Electrical Characteristics @t,=25°C unless otherwise specified
Single Phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.
UF UF UF UF UF UF UF
Characteristig Symbol | 4001 | 4002 | 4003 | 4004 | 4005 | 4006 | ao07 | UMM
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 \
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 \'4
Average Reclified Output Current o 1.0 A
(Note 1) @TA=55°C :
Non-Repetitive Peak Forward Surge Current
8.3ms Single half sine-wave superimposed on IFsM 30 A
rated load (JEDEC Method)
Forward Voltage @I = 1.0A VFM 1.0 | 1.3 l 17 Vv
Peak Reverse Cument @T,=25°C IRM 5.0 A
At Rated DC Blocking Voltage ~ @T,, = 100°C 100 H
Reverse Recovery Time (Note 2) trr 50 75 nS
Typical Junction Capacitance (Note 3) Cj 20 10 pF
Operating Temperature Range T -65to +125 °C
Storage Temperature Range TsT1G -65 to +150 °C

*Glass passivated forms are available upon request

Note:. 1. Leads maintained at amblent temperature at a distance of 9.5mm from the case
2. Measured with IF = 0.5A, IR = 1.0A, IRR = 0.25A. See figure 5. '
3. Measured at 1.0 MHz and applied reverse voltage of 4.0V D.C.

UF4001 — UF4007

10of3

© 2002 Won-Top Electronics
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~. 100 T T T < T,=25C
< Single phase half wave b 4D L_Pulsewidth=300us
}2 Resistive or Inductive load e =
w lnl:'l 1T
x 74 AR VA
3 075 a /
o 2 UF4001 - UF4003 UF4004
m <
I 1.0
— ; y A ya Z
5 o w2 7 a—
g 0.50 8 y 7 7
o \ ] VARV AWA
= o] /
a ]
[T \ E 0.1
g 0.25 E F—AFF—F
i £ 7 7 UF4005- UF4007 ]
z 2 /17 /
& -
2 “ 0.0
0 25 80 75 100 125 150 175 0 02 04 06 08 1.0 12 14
T, AMBIENT TEMPERATURE (°C) Vi, INSTANTANEOUS FORWARD VOLTAGE (V)
Fig. 1 Forward Current Derating Curve " Fig. 2 Typical Forward Characteristics
30 v ——r—T 100 T
< Pulse width T,=25C ]
hd 8.3 ms single half-sine-wave f= 1.0MHz--t
£ (JEDEC method)
iy AN
[id
[
3 \ UF4001 - UF4004
w 20 P T N
3 ) s L DN
? %N Z 10 2 B
a N £
4 N = T —
< \ Q UF4005 - UF4007 ~
S 10 S g
L -
5 \\ o
n.i \\$
Y N
0 | 1
1 10 100 1 10 100
NUMBER OF CYCLES AT 60Hz Vg, REVERSE VOLTAGE (V)
Fig. 3 Peak Forward Surge Current Fig. 4 Typical Junction Capacitance
ety —!
+0.5A 1
5002 NI (Non-inductive) 1092 NI |
I
T
Device |
Under ¢ 1
) Test 0A : /—ﬁ"""
+
{-: 50V DC Pulse iy
= Approx Generator -0.25A ¥
6T (Note 2) \ /
§1 Sln 0) Oscilloscope (+) 7
{Note 1)
Notes: -1.0A

1. Rise Time = 7.0ns max. Input Impedance = 1.0MQ, 22pF.

2. Rise Time = 10ns max. input impedance = 50Q. Set time base for 5/10ns/cm

Fig. 5 Reverse Recovery Time Characteristic and Test Circuit

UF4001 ~ UF4007 20f3 © 2002 Won-Top Electronics



e L T

Device Ratings and Characteristics

Part No. Maximum Varistor Clamping \_/oltage Maximum . | Maximum (... Typ.ical
Allowable Voltage @ Test Current Energy |Peak Current{p = Capacitance
Davice Voltage (@1mA) {8120 ps) A9 4 18720 ps) {@1KHz2} |Standards
Marking ACrms{V) {DC(V} | Min. | Vb{Vdc) {[Max.| VelV) IplA) 10/1000 ps (A) (W) (pF)
CNR-05D751K| 1290 5 15.0 400 0.10 60 * o
CNR-07D751K | . | R 1240 10 . 33.0 1200 0.25 100 AW %O
CNR-10D751K| 460 | 615| 675( 750 | 825{ 1240 35 75.0 2500 0.40 150 TS
CNR-14D751K | ’ 1240 50 143.0 4500 0.60 330 A %O
CNR-20D751K 1240 | 100 255.0 6500 1.00 530 AR ®O
CNR-07D781K 1280 10 37.0 1200 |o0.25 90 [&x¥0O
CNR-10D781K N 1290 " 25 80.0 2500 0.40 150 A% %O
o .4 780 | 858
¢NR-14p781K | 488 | .840) 702 /B0 < | 1290 '50 148.0 4500 | 0.60 330 [aax0
CNR-20D781K 1280 .| 100 265.0 6500 1.00 500 TS
CNR-07D821K]|. . 1355 10 | . 400 ! 1200 0.25 - 90 # %O
CNR-10D821K. : L 1355 ‘25 ' 85.0 2500 | 0.40 150 * % O
820 | 902 . : o '
CNR-14D821K 510 | 670 738} 8 1355 50 157.0 4500 0.60 | 330 % %0
CNR20D821K 1355 100 282.0 ° 6500 1.00 " 500 ey
*- [cNR-10D811K ] 1500 25 a3.0 2500 0.40 140 Q)
CNR-14D911K 550 745 | 819{ 910 [1001| 1500 50 "175.0 4500 '0.60° 300 * %¥0]
CNR-20D811K : 1500 100 " | 310.0 6500 1.00- 480
CNR-10D102K o : 1650 25 102.0 2500 | 0.40 | -140 -2 |8
CNR-14D102K| 625 | 825| g00{ 1000 [t100{ 1650 50 190.0 4500 0.60 300
“|cnr-20p102k |- 1650 100 342.0 6500 1.00 460 -
CNR-10D112K | 1815 25 115.0 2500 | 0.40 [ - .130°
CNR-14D112K} 680 | 895] 990 1100 [1210| 1815 50 213.0 4500 0.60 | 200
-CNR-ZOD112K . N 1815 100 | 383.0 6500 1.00| - 400~
CNR-14D1B2K 1000 | 1465 |1620] 1800 1980 2970 50 337.0 4500 0.60 150 ...
CNR-20D182K.|- = . 1 2970 100 625.0 6500 1.00 | 250
Note: 1.05D series Varistor voltage test current by DC 0.1mA
».4;'.:'. . ' v _ ,.
' Apphcatlon Notes for UL Recongmzed Componets ) -
Related Standards .
Standard No. |: uL1414 - © UL1449 .. CSA | . :“VDE
Title Across-The-Ling' Transient Voltage | Accessories and Parts |  Varistors for use in -
Components Surge Suppressors | for Electronic Products | Electronic equipment
File No. _E165143 E150709 LR109736-1 21557-4790-0001
Symbols ‘A v P Ne)

Selectlon gunde

1. Determine the necessary steady state voltage (workmg voltage)

_ 2. Establish' the transient energy absorbed by the varistor..

3 .Calculate: the peak transient current through the anstor
' powe)r dlssmatlon requlrement.
a.model to:provide the, requnred voltage clamphng.charac

" '4 Determl‘

ff‘"StICS
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" DIAC

FEATURES
« VBo: 32V and 40V
« LOW BREAKOVER CURRENT

DO-35
DESCRIPTION (DB3 and DB4)
. Functioning as a trigger diode with a fixed voltage ;
reference, the DB3/DB4 series can be used in
- conjunction. with triacs for.simplified gate control
circuits or as a stamng element in ﬂuorenscent , 2
- lamp ballasts.... . Co 3
A new surface mount version is now available in v
SOT-23 package, providing reduced space and 1
compatibility with automatic pick and place
equipment. SOT-23
(SMDB3)*"
Pin 1 and 3 must be shorted
together
ABSOLUTE MAXIMUM RATINGS (limiting values)
~"Symbol | - : Parameter = Value Unit
HRM Repetitive peak on-state current SMDB3 1.00 A
tp=20us F=120Hz :
.DB3/DB4 2.00
Tstg Storage temperature range -40to+ 125 °C -
T Operating junction temperature range .

Note: * SMDB3 indicated as Preliminary spec as product is still in development stage.

October 2001 - Ed: 2B 115
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DB3 DB4 SMDB3

OTHER INFORMATION

Part Number Marking Weight | Base Quantity | Packing Mode
SMDB3 DB3 0.01g 3000 - Tape & Reel
DB3 DB3 (Blue Body Coat) 0.15g 5000 Tape & Reel
DB4 . DB4 (Blue Body Coat) 0.15g 5000 - Tape & Reel

Diagram 1: Voltage - current characteristic curve. Diagram 2: Test circuit.
10kQ 500kQ DUT Rs=0

4

3/5




155

-DB3 DB4 SMDB3

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise specified)

Symbol Parameter Test Conditions » SMDB3 | DB3 | DB4 | Unit

Veo Breakover voltage * C=22nF** MIN. 28 28 35 \

TYP. | 32 32 { 40
MAX. 36 36 | 45
I Vo1 - Veo2! | Breakover voltage C=22nF ** MAX. 3 \'
symmetry

AV Dynamic breakover | Veo and VF at 10mA | MIN. 10 5 Y

voltage * -

Vo Output voltage * see diégram 2 MIN. 10 5 \

(R=20Q)

8o Breakover current * C = 22nF ** MAX. | 10 50 A |
tr Rise time * see diagram 3 MAX. 0.50 2 us
R L eakage current * VR = 0.5 Vo max MAX. 1 10 HA
Ip | Peak current * see diagram 2 (Gate) | MIN. 1 0.30 A

* Applicable to both forward and reverse directions.
** Connected in paraliel to the device.

PRODUCT SELECTOR

Part Number _ Veo Package

SMDB3 28-36 SOT-23
DB3 ' 28 -36 DO-35
DB4 35-45 DO-35

ORDERING INFORMATION

SM DB 3

_Surface Breakover voltage

Mount «— 3:VBo typ = 32V

~Version 4:VBo typ = 40V
Diac Series

4

215
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DB3 DB4.SMDB3

Fig. 1: Relative variation of VBO versus junction
temperature (typical values).

Fig. 2: Repetltlve peak pulse current versus pulse
duration (maximum values). :

VBO [Tj] /VBO [Tj=25°C] ITRM(A)
T i P 20'0I ----- : ] !,f U ravaome
T 10.0 b R ’ ) ! minbszsc |
i j ——ipeDEe o
! R N 0 1 . NS ——
1.0 I iy S
N H P : l
T I i ™ i
085 r——— 7 ; '
e TJ("C) ! T 01 i1 tp(us) |
0.80 et b ! i L ] N ‘
25 50 75 100 125 1 10 100
Fig. 3: Time duration while current pulse is higher
50mA versus C and Rs (typical values).
tp(ps)
40 T T T [ T T 1
35.' Tj=25'C j 77! f ; Lﬁ I san\_’—-/),
30 ——— T+ A
25- e A
20 e TS
15 o . L I i : o 2% P
. A i
10 r 1 D \”?
e ——— %——u :
ol : 0 e s ”ﬁ
10 20 50 - 100 200 500
PACKAGE MECHANICAL DATA (in millimeters)
DO-35
REF. DIMENSIONS
c A c M Millimeters inches
! i Min. Max. Min. Max.
’ A 3.05 4.50 0.120 0.1%7
/L Al :
— 7/ T A O B 1.53 2.00 0.060 | .0.079.
/7 b 77 : .
[2]s] ®p
| C 28.00 1.102
D 0.458. 0.558 0.018 0.022 .
4/5 Ky[
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DB3 DB4 SMDB3

PACKAGE MECHANICAL DATA (in millimeters)
S0T-23

REF. DIMENSIONS
Millimeters inches
[ Min. Max. Min. | Max.
A | 089 | 14 | 0.035 | 0.055
o[ A~ =y l° At 0 0.1 0 | 0.004
B 0.3 051 | 0.012 | 0.02
- c 0.085 { 0.18 | 0.003 | 0.007
275 | 3.04 | 0.108 | 0.12
085 | 1.05 | 0.033 | 0.041
el 1.7 21 | 0.067 | 0.083
1.2 16 | 0.047 | 0.063
2.1 2.75 | 0.083 | 0.108

" 0.6 typ. 0.024 typ.

035 | 065 | 0.014 | 0.026

]
[

WiriTzm

FOOTPRINT

0.8
0.035

0.043

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences of
use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject to
change without notice. This publication supersedes and replaces all information previously supplied.

STMicroelectronics products are not authorized for use as critical components in life support devices or systems without express written ap-
proval of STMicroelectronics.

The ST logo is a registered trademark-of STMicroelectronics
© 2001 STMicroelectronics - Printed in Italy - Ali rights reserved.

STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - ltaly - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S.A.

http:/iwww.st.com
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1N5817, 1N5818, 1N5819

1N5817 and 1N5B19 are Proeferred Devices

Axial Lead 'Rectifiers

...employing the Schottky Barrier principle in a large arca
metal-to—silicon power diode. State—of-the-art geometry features
chrome barrier metal, epitaxial construction with oxide passivation
and metal overlap contact. Ideally suited for use as rectifiers in

low—voltage, high-frequency inverters, free wheeling diodes, and http://onsemi.com
polarity protection diodes. ;

e Extremely Low V§ SCHOTTKY BARRIER
o Low Stored Charge, Majority Carrier Conduction RECTIFIERS

o Low Power Loss/High Efficiency 1.0 AMPERE
Mechanical Characteristics 20, 30 and 40 VOLTS

® Case: Epoxy, Molded

e Weight: 0.4 gram (approximately)

e Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable .

® 1ead and Mounting Surface Temperature for Soldering Purposes:
220°C Max. for 10 Seconds, 1/16” from case

Shipped in plastic bags, 1000 per bag.

® Available Tape and Reeled, 5000 per reel, by adding a “RL” suffix to
the part number
e Polarity: Cathode Indicated by Polarity Band
e Marking: 1N5817, IN5818, IN5819 AXIAL LEAD
CASE 59-04
PLASTIC

MAXIMUM RATINGS
f Please See the Table on the Following Page

MARKING DIAGRAM

[ menem— I 1-N581x b

1N581x= Device Code
X =7,80r9

ORDERING INFORMATION

Device Package Shipping
1N5817 Axial Lead 1000 Units/Bag
1N5817RL Axial Lead 5000/Tape & Reel
1N5818 Axial Lead 1000 Units/Bag
1NS818RL Axial Lead 5000/Tape & Reel
1N5819 Axial Lead 1000 Units/Bag
1N5819RL Axial Lead 5000/Tape & Reel

Preferred devices are recommended choices for future use
and best overall value.

© Semiconductor Companents Industries, LLC, 2000 1 Publication Order Number:
October, 2000 — Rev. 4 1N5817/D
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1N5817, 1N5818, 1N5819

MAXIMUM RATINGS
Rating Symbol | 1IN5817 | 1N5818 | 1N5819 | Unit

Peak Repetitive Reverse Voltage VarMm 20 30 40 v

Working Peak Reverse Voltage VRWM

DC Blocking Voltage VR
Non—Repetitive Peak Reverse Voltage VRsM 24 36 48 \
RMS Reverse Voltage VR(RMS) 14 21 28 \
Average Rectified Forward Current (Note 1.) lo 1.0 A

{VR(equiv) S 0.2 Vr(dc), Ty = 90°C,
Rgya = 80°C/W, P.C. Board Mounting, see Note 4., Tp = 55°C)

Ambient Temperature (Rated Vg(dc), Pay) = 0, Raya = 80°C/W) Ta 85 L 0o | 75 °C
Non—Repetitive Peak Surge Current IFsm 25 (for one cycle) A
(Surge applied at rated load conditions, half~wave, single phase 60 Hz, : -
TL=70°C) .
Operating and Storage Junction Temperature Range Ty Tag -651to0 +125 °C

(Reverse Voltage applied)

Peak Operating Junction Temperature (Forward Current applied) Ta(pk) 150 °C
THERMAL CHARACTERISTICS (Note 1.)
Characteristic Symbol ' Max Unit
Thermal Resistance, Junction to Amblent Rgja 80 °CW
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) (Note 1.)
Characteristic Symbol | 1IN5817 | 1N5818 | 1N5819 Unit
Maximum instantaneous Forward Voltage (Note 2.) (iF=0.1 A) VE 0.32 0.33 034 \
(ir=1.0A) 0.45 0.55 0.6
(ir=3.0A) 0.75 0.875 .09
Maximum Instantaneous Reverse Current @ Rated dc Voltage (Note 2.) IR - mA
(TL=25°C) 1.0 1.0 1.0
(T, = 100°C) 10 10 10

1. Lead Temperature reference is cathode lead 1/32” from case.
2. Puise Test: Pulse Width = 300 ps, Duty Cycle = 2.0%.

http://onsemi.com
2



1N5817, 1N5818, 1N5819

NOTE 3. — DETERMINING MAXIMUM RATINGS

Reverse power dissipation and the possibility of thermal
runaway must be considered when operating this rectifier at
reverse voltages above 0.1 Vrwy. Proper derating may be
accomplished by use of equation (1).

Tagman) = Tignax) — RasaPF(av) — ReuaPRriav)
where Taimax) = Maximum allowable ambient temperature
Timax) = Maximum ailowable junction temperature
(125°C or the temperature at which thermai
runaway occurs, whichever is lowest)
Pgav) = Average forward power dissipation
PRr(av) = Average reverse power dissipation
Rgua = Junction—to—ambient thermal resistance

Figures 1, 2, and 3 permit easier use of equation (1) by
taking reverse power dissipation and thermal runaway into
consideration. The figures solve for a reference temperature
as determined by equation (2).

TR = Ty(max) — ResaPRr(av)
Substituting equation (2) into equation (1) yields:
Tamax) = TR~ ResaPriav) @)

Inspection of equations (2) and (3) reveals that Ty is the
ambient temperature at which thermal runaway occurs or
where Ty = 125°C, when forward power is zero. The
transition from one boundary condition to the other is
evident on the curves of Figures 1, 2, and 3 as a difference
in the rate of change of the slope in the vicinity of 115°C. The
data of Figures 1, 2, and 3 is based upon dc conditions. For
use in common rectifier circuits, Table 1 indicates suggested
factors for an equivalent dc voltage to use for conservative
design, that is:

&)

()

VR(equiv) = VinPk) X F 4

The factor F is derived by considering the properties of the
various rectifier circuits and the reverse characteristics of
Schottky diodes.

EXAMPLE: Find Tp(max) for IN5818 operated in a
12—volt dc supply using a bridge circuit with capacitive filter
such that Ipc = 0.4 A (Iravy = 0.5 A), Ipmy/l(av) = 10, Input
Voltage = 10 V(ims), Rgja = 80°C/W.

Step 1. Find VR(equiv)- Read F = 0.65 from Table 1,
VR(equiv) = (1.41)(10)(0.65) =9.2 V.

Step 2. Find TR from Figure 2. Read Tg = 109°C
@ VR = 9.2 Vand Rg s = 80°C/W.

Step 3. Find Pg(ay) from Figure 4. **Read Pray) =05 W

!
@—I@L =10 and IF(AV) = 0.5 A.
(AV)
Step 4. Find Ta(max) from equation (3).
Tagmax) = 109 - (80) (0.5) = 69°C.

**Values given are for the 1N5818. Power is slightly lower for the
1N5817 because of its lower forward voltage, and higher for the
1N5819.

125
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Figure 1. Maximum Reference Temperature
1N5817
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Figure 3. Maximum Reference Temperature

1N5819
Table 1. Values for Factor F
Circuit Half Wave Full Wave, Bridge Full Wave, Center Tapped*t
Load Resistive Capacitive* Resistive Capacitive Resistive Capacitive
Sine Wave 0.5 1.3 0.5 0.65 1.0 1.3
Square Wave 0.75 15 0.75 0.75 1.5 1.5

*Note that Vr(pk) ~ 2.0 Vin(px)- tUse line to cenier tap vollage for Vi,

http://lonsemi.com
3



1N5817, 1N5818, 1N5819

161

7222 A
VECTOR PIN MOUNTING

3 "
980 5.0
= ! 1 ! J E - Sino Wave P ; |L ~—
Hao BOTH LEADS TO HEATSINK, S 30} iy =* Mesisive Loag) -
7 EQUAL LENGTH /7 Z 50 —‘F—'ﬂl AL AZA
2 - E L™ N K
g A B N
E 60 L~ a L0 (— E ' = de
Z MAXIMUM A = 07 A—
= 50 = g o5 Z SQUARE WAVE
g‘m // TYPICA o 03 - A 27 T| 125!(;
1 " P =
E / 9 02 4///)/ y
‘lﬁ 30 ~ / E / 7] < -
5 1 2 0.1 / /
X 20 -s . 5I’L
Z Z 00752
w
Z 10 & 005
1 18 14 38 12 5/8 3/4 7 1.0 0.2 0.4 06 08 1.0 2.0 4.0
- L, LEAD LENGTH (INCHES) Ipav), AVERAGE FORWARD CURRENT (AMP)
Figure 4. Steady—State Thermal Resistance Figure 5. Forward Power Dissipation
1N5817-19
a
H
=z 10 : _
z 07
2 05
W o3 et
Z 0w et ZoiLgy = Zoar = 1)
BTt » R T S +
g o — i P Pok  purvcvcle, Daty
< O - tp-F‘ l I PEAK POWER, Py, I8 poakofan -+
£ 007 . TIME  equalont squaie pover pusa.
& o0os J‘— i 1
2 ATy ok ® Rlagg 1D + (1 - D) o 1ty + 1) 4 it ety H
(]
- 0.03 ATy =the increass in junciion temperalure above the laad lamperstre T
& 002 = value of yranslent thermal resistance & ¥me, £, from Figura 6,Le: |
g 1ty + o) = normalized value of transient thenmal resistance at time, t + 1.
§0~01 e
= 01 o2 05 10 20 50 10 20 50 100 200 500 1.0k 2.0k 50k 10k
= 1, TIME {ms)
Figure 6. Thermal Response
NOTE 4. — MOUNTING DATA Mounting Method 1 Mounting Method 3
Data shown for thermal resistance junction—to—ambient P.C. Board with '::_(i'lzs,o::d__:';;h,
(Rgja) for the mountings shown is to be used as typical gnide- ;;z_’;l};;g copper surtace.
line values for preliminary engineering, or in case the tie ) .
point temperature cannot be measured. L , ’ L , L=3
TYPICAL VALUES FOR Ry, IN STILL AIR W 3“
Mounting Lead Length, L (in) =
Method 1/8 114 12 3/4 Rosa BOARD GROUND
1 52 65 72 85 W Mounting Method 2 PLANE
2 67 80 87 100 °CIW [ 1)
3 50 °*CIW L L

http://onsemi.com
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1N5817, 1N5818, 1N5819

NOTE 5. — THERMAL CIRCUIT MODEL
(For heat conduction through the leads)

Use of the above mode] permits junction to lead thermal re- (Subscripts A and K refer to anode and cathode sides, re-
sistance for any mounting configuration to be found. For a  spectively.) Values for thermal resistance components are:
given total lead length, lowest values ocour when one side of Ry, = 100°C/MWiin typically and 120°C/W/in maximum
the rectifier is brought as close as possible to the heatsink.  Rgy = 36°C/W typically and 46°C/W maximum.

Terms in the model signify:

Ta = Ambient Temperature  Tg = Case Temperature
TL = Lead Temperature Ty = Junction Temperature
Regs = Thermal Resistance, Heatsink to Ambient

Rg = Thermal Resistance, Lead to Heatsink

Rg) = Thermal Resistance, Junction to Case

PD=Eower Dissipation 125 T T T 171
& \\
20 g " TN —={ 1Cycle f=—
4 E N
/ ] TL=70°C T\
0 . § f=60Hz nl
— uw 105
7.0 € -
5.0 Te = 100°C = 3 g S
2 3.0 1 s 8
. r
= J & | SugeAppledat
g 20 Rated Load Conditions
8 2500 75 1 1 1 12
e v 1.0 20 30 50 70 10 20 30 40 70 100
g 10 / NUMBER OF CYCLES
y 4
2 o7 4 7 Figure 8. Maximum Non—Repetitive Surge Current
(2]
3 o5 [’
Z ol NPT I —
w— p— et el
E o3 =
5 ' g 6|
=2 £ =
v £ 50 1000 et
o g > | e
o 30 [
5 20 = p—
0.1 8 o 75.“0 ——— — hoant
—H— Wooqp
0.07 F X
oos—f [r £ o = 25
T 171 £ 02 A= L=
0.03 T 0.1 = = iga17 =
=== N5818 —
0.02 =1, T =
01 02 03 04 05 06 07 08 03 10 11 3;33 T— — — — IN5819
Vi, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 8 40 80 12 16 220 24 2B 3R I 40
Vi, REVERSE VOLTAGE (VOLTS)
Figure 7. Typical Forward Voltage Figure 9. Typical Reverse Current

http://onsemi.com
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1N5817, 1N5818, 1N5819

NOTE 6. — HIGH FREQUENCY OPERATION

Since current flow in a Schottky rectifier is the result of
majority carrier conduction, it is not subject to junction
diode forward and reverse recovery transients due to minor-
ity carrier injection and stored charge. Satisfactory circuit
analysis work may be performed by using a model consist-
ing of an ideal diode in parallel with a variable capacitance.
(See Figure 10.)

Rectification efficiency measurements show that opera-
tion will be satisfactory up to several megahertz. For exam-
ple, relative waveform rectification efficiency is approxi-
mately 70 percent at 2.0 MHz, e.g., the ratio of dc power to
RMS power in the load is 0.28 at this frequency, whereas
perfect rectification would yield 0.406 for sine wave inputs.
However, in contrast to ordinary junction diodes, the loss in
waveform efficiency is not indicative of power loss: it is
simply a result of reverse current flow through the diode ca-
pacitance, which lowers the dc output voltage.

C, CAPACITANCE (pF)

163

=25
f=1.0MHz

10
. 04 06 0810 20 40 808010

Vg, REVERSE VOLTAGE (VOLTS)

Figure 10. Typical Capacitance

20

http:/ionsemi.com
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EFAIRCHILD
ey
SEMICONDUCTOR®

1N4001 - 1N4007

Features
* Low forward voltage drop.

* High surge current capability.

DO-41

COLOR BAND DENOTES CATHODE

General Purpose Rectifiers

Absolute Maximum Ratings* 1, -2s°cuness otherwiss noted

Symbol Parameter Value Units
: 4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
VR Peak Repetitive Reverse Voltage 50 100 | 200 | 400 | 600 | 800 | 1000
ey Average Rectified Forward Current, 1.0
375 " lead length @ T, = 75°C :

lesm Non-repetitive Peak Forward Surge .

Current 30 A

8.3 ms Single Half-Sine-Wave

Terg Storage Temperature Range -55to0 +175 °C
T, Operating Junction Temperature -55 to +175 °C

*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

Thermal Characteristics

Symbol Parameter Value Units
Py Power Dissipation 3.0 w
Raa Thermal Resistance, Junction to Ambient 50 °CIwW

Electrical Characteristics 1, =25cuisssonewisenoted

Symbol Parameter Device Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Ve Forward Voltage @ 1.0 A 11 V-
le Maximum Full Load Reverse Current, Full 30 pA
Cycle T,=75°C

s Reverse Current @ rated Vi, T, = 25°C 5.0 pA

T, = 100°C 500 pA
Cr Total Capacitance 15 pF

Ve=4.0V, f=1.0 MHz

©2003 Fairchild Semiconducior Corporation 1N4001-1N4007, Rev. C1

LOOYNL-L00YN}
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1N5817, 1N5818, 1N5819

PACKAGE DIMENSIONS

AXIAL LEAD
PLASTIC
CASE 59-04
ISSUEM

.

1. AL RULES AND NOTES ASSOGIATED WITH

I 2. POLARITY DENOTED BY CATHODE BAND.
3. LEAD DIAMETER NOT WITHIN F
DIMENSION.
—pff— D
K MILHUETERS INCHES
M | MAX |
Al 687 { @60
A Bl 279 3051 01V
B| 078 | 086
Kizul( —Tiwel —
D 3
K

http:/lonsemi.com
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LOOYNL-LOOVNL

General Purpose Rectifiers
(continued)
Typical Characteristics
Forward Current Derating Curve Forward Characteristics
16 20
14 10
< = =
e 1.2 E 4 /-—Zh:
& z 2
€ 1 u 4
§oa | woeuast — 1\ g =
9 - HALF WAVE N © 04 s
HZ
;0'6 B RB;WM g 02
& 0.4 |— INDUCTIVE LOAD E 01 I é
e 375" .0 mm LEAD o Pulse Width = 300pS —]
0.2}—  LENGTHS i 0.04 2% Duty Cycle =
oL \ ocz(” 1
0 20 40 60 80 100 120 140 1680 180 0.01
AMBIENT TEMPERATURE (*C) 06 08 1 12 14
FORWARD VOLTAGE (V)
Non-Repetitive Surge Current Reverse Characteristics
x 30 1000
-8
< <
k24 < 3 100
b AL =
318 Sy E 10
w
3 12 x & 1
[=]
2, § o1
g
2
4] 0.0
1 2 4 6810 20 40 60 100 0 20 40 60 80 100 120 140
NUMBER OF CYCLES AT 60Hz RATED PEAK REVERSE VOLTAGE (%)

©2003 Falrchild Semiconduclor Corporation 1N4001-1N4007, Rev. C1
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Central , INA139 THRU 1NG146
Semiconductor Corp. |
f SILICON RECTIFIER

Central .
Semiconductor Corp. B i 3.0 AMPS, 50 THRU 1200 VOLTS
Central™ : P |

Semiconductor Corp. : JEDEC DO-201AD CASE

145 Adams Avenue )
Hauppauge, New York 11788

JESCRIPTION
The CENTRAL SEMICONDUCTOR INA139 serles types are high quality axial lead silicon power
rectifiers designed for power supply and general purpose rectifier applications.

MAXIMUM RATINGS (Tp=25°C unless otherwise noted) _
1N4139 IN41 4O ILLARS! INGTL42Z.  IN4IL3 INAI B4 INBI45 INBILE6  UNIT

VRRM 50 100 200 40 600 800 1000 1200 Vv
Vg 50 100 200 500 600 800 1000 1200 v
VR (RMS) 35 70 140 280 420 560 700 840 v
o ?TA=HO°C) 3.0 A
P 300 A
Ty, Tseg -65 to +175 °C
ELECTRICAL CHARACTERISTICS (Tp=25°C unless otherwise noted)
5YMBOL TEST CONDITIONS IN MAX UNIT
I IF=3.0A ' ' 1.1 v
IR VR=Rated VRRrM 100 pA
R VR=Rated VRpM, Tp=150°C 1.0 mA
210 (5.3)
188 (4.8) T
1.0 (25.4)
Lyl T
:375 (2.6)
285 {7.2)
]
1.0 (25.4)
052 (1.3) MIN
WH_ZT_’U‘— i

™
Dimensions in inches and (millimeters) ce “t ru I

Semiconductor Corp.

145 Adams Avenue

Hauppauge, NY 11788 USA

Tel: (631) 435-1110 + Fax: (631) 435-1824
www.centralsemi.com



A.2 EE core data

Filter Inductor Design

' A laeoReeR 0 Loo] Y
Ao ‘ I Fow se
Core Geometrical ~ Geometrical Cross- Bobbin Mean Magnetic Core
type constant constant sectional winding length path weight
area area per turn length
) K, K, A4, W, MLT L,
(mm) cm’ cm’ em) _ (m)  (cm) m) __ (g)

EE12 0.731-107? 0.458-10° 0.14 0.085 2.28 2.7 2.34
EE16 2.02-103 0.842-10° 0.19 0.190 3.40 3.45 3.29
EE19 4.07-107 1.3-10°3 0.23 0.284 3.69 3.94 483
EE22 8.26-10° 1.8-103 0.41 0.196 3.99 3.96 8.81
EE30 85.7-10° 6.7-10° 1.09 0.476 6.60 5.77 324
EE40 0.209 11.8-10? 1.27 1.10 8.50 7.70 50.3
EES0 0.909 28.4-10° 2.26 1.78 10.0 -9.58 116
EE60 1.38 36.4-107 247 2.89 12.8 11.0 135
EE70/68/19 5.06 127-103 3.24 6.75 14.0 9.0 280
A.3 EC core data

Core  Geometrica Geometrica  Cross- Bobbin Mean Magnetic  Thermal Core

type 1 1 sectional  winding length path resistance  weight

constant constant area area per turn length
(4) 4, w, MLT I, R,
(mm) K, Ky, @)  (Em)  (m) @m  (CW) @
cm cm”

EC35 0.131 9.9-10°3 0.843 0.975 5.30 7.74 18.5 355
EC41 0374 19.510° 1.21 1.35 5.30 8.93 16.5 57.0
EC52 0914 31.7-10° 1.80 2.12 7.50 10.5 11.0 i
EC70 2.84 56.2:10° 2.79 4,71 12.9 14.4 7.5 256
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Section 11 Lamination Size E Cores

PHYSICAL DIMENSIONS

PARTNO. | TYPE _
~41203EC | E2829

*-41707-EC E3233

“41808-£C ENne7

T LT P

Bl

*-42510-EC E2425

“-43009-EC E2627

“-43515-EC B1375

“-44317-EC [S74]

“447T21EC El825

*45724-EC 75

MAGNETIC DATA
Ungapped A, mi/1000 turme Magnetic Miniause Set
. Path Core Cors Core Nom. WaAc
PART Length Arsa Area Volume | Weight {em’)
*-41203-EC 310 440 480 F£0) 1025 —_ 2n A0 100 79 13 07
“41707-EC 520 760 825 1300 1425 2240 3.04 166 128 505 a0 031
*-41808-EC 600 885 940 1500 18715 0 LY 228 8 o1 4.4 078
*_42510-EC 220 1325 1440 " 2300 20775 4835 485 .385 384 187 95 182
*-43000-EC 1515 N7 2360 3760 4420 8500 6.24 836 BO7 522 2 74
*-43515-EC 1300 2000 2180 3500 4380 ) 7900 804 -840 Eiv,] 583 33 858
44317-EC —_ 2025 3180 5800 7350 13720 175 1.62 149 18 57 1.48
“-44T21-EC — 4020 4370 8300 10,600 19,810 8.90 239 238 213 103 277
*- 45724 EC — 6070 6600 10,400 10.610 — 10.7 3.49 3.39 3B.7 179 6.34
FOR PREFERRED PARTS, SEE INSIDE BACK COVER (1) Product of printed circuit bobbin window-area and core-area.
HOW TO ORDER

(a) Add (*) materia! code to part number. E.g., P-41203-EC
(b) Any practical gap is-available. See pages 1.6 and 1.7.
{c) Cores are sold in pleces (multiply sets x 2).

Gapped pieces are normally packed separately from
ungapped pleces. If desired in sets, this must be specified.

"MAGNETICS » BUTLER. PA "1
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PLAIN BOBBINS

{

— [ y——
(Squars)

P Py

s~ E J F
Figure 2
DIMENSIONS IN INGHES e mdll [l

FOR PART A B c D E F Area Turn

CORE: |FIG. | TYPE | NUMBER | MAX . |MAX.] MAX. ] MAX.] MIN. | NOM.| in’' | o’ n Matarial
41203 | 1 £2829 | B1203-01 386 | 310] 78] 130 | 261]| 024]| 158 089

41808 | 1 ‘EM87 | 8180801 5450 — | 436] 255 185 375 063] .342 31

42510 | 1 E2425 | B2510-01 J28 | — 488) 331] 261 { 408] 079] 510 184

43008 | 2 E2627 | B3008-01 840 | 980 | BoO] 452] 378 | 818] 430 839 226 | tvon® ‘
43515 1 E375 B3515-01 78| — J45) ar2| 3% 6151 1151 1.13 238

4317 | 1 E21 B4317:01 | 1463 | — 808] 575] 505 | .748| 195] 126 277

Aq721 | 1 E625 | B4721-01 | 1228 | 28] 725| 635 | 842 218] 141 | 320

45724 | 1 E75 | B572401 | 1490 — (| 1.125] s8s50] 753 | 1.045] 332|214 388

*(UL 84 HB rated)

MAGNETICS »BUTLER, PA
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NTED CIRCUIT BOBBINS Lam E Cores

Nk sy Fq
! bk !
it (e e
c o c o Fig. A
ﬁi.ﬂmlﬁ\ S TREATRIGRIL
[
BL x
j—A j E:-‘ K
Her] l -
lL ] -T_ .. Fu.B
T E Dl L
—Juif ) T G H : J
~ 4 - e e -
Fig. 1 : Fig. 2 Fig. 3 "
Material:(PC-B4317-L)Rynite  (cthers above) Glass-filed nylon Terminal pins: Phosphor bronze,
(UL 94 V-0 rated) (UL 94 HBraled) 025 square
o - A
e Y
=
L 1
F. i Fig. 4 Fig 5
) Material: DAP Material: LGP
. UL 94 V-0rated ‘ UL 94 V-Oraled
c —-E f— 0 P ipse i L
J__(gj__‘j_[j@ Terminal pins: Aoy 510, tin plated } Teminal pins: Phosphor bronze,
036" square 020" square
. DIMENSIONS IN INGHES , » _ Nominal | Average
FOR PART A B | ¢ D) E Flel r| 3t K L ] Area Tum
CORE: NUMBER | FIG. | MAX | MAX | MAX'[ MAX.( MIN. | MAX. { MIN. | NOM.{NOM.| MAX | NOM.| NOM [fn? [ cp | ft
41203 |SMB12034A | 5 | 359 | 413 | 554 J 177 | 130 | 678 | — ] .100 J150 | 312 | 272 ] — | 025 | 162 | .087
41808 | PCB180881~ | 1-A | 545 | 635 | 685 |.288 | 195 | 755 | 165 150 | 200 | 435 | ey | 515 | 048 | 316 | 133
42510 | PCB2510-T1* | 2B | 735 | 802 | 825 | 350 | 281 |1.035 | 165 150 |.200 | 485 | 404 | 815 | 063 | 408 | .178
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S e
WIRE TABLE: Copper Wire, Heavy Insulation
Current
Dia. Area Dla. Ins. Area Qim Qim @ 4.5 Almm?
AWG mm mm2 mm m @20°C @ 100°C Amps
10 2.59 5.26 273 5.85 0.0033 0.0044 23.68A
1 2.31 4.17 2.44 4.87 0.0041 0.0055 18.78A
12 2,05 331 2.18 3.73 00.52 0.0070 14.90A
13 1.83 262 1.95 2.98 0.0066 0.0088 11.81A
14 1.63 2.08 1.74 2.38 0.0083 0.0111 9.365A
15 1.45 1.65 1.56 1.90 0.0104 0.0140 7.43A
16 1.28 1.31 1.39 1.52 0.0132 0.0176 5.80A
17 1.15 1.03 1.24 1.21 0.0166 0.0176 4.67A
18 1.02 0.82 1.11 0.97 0.0209 0.0280 3.70A
19 0.91 0.65 1.00 0.78 0.0264 0.0353 2.94A
20 0.81 0.52 0.89 0.62 0.0333 0.0445 2.33A
21 0.72 0.41 0.80 0.50 0.0420 0.0561 1.85A
2 0.64 0.32 071 0.40 0.0530 0.0708 1.46A
23 0.57 0.26 0.64 0.32 0.0668 0.0892 1.16A
24 0.51 0.20 0.57 0.26 0.0842 0.1125 0.92A
25 0.45 0.16 0.51 0.21 0.1062 0.1419 0.73A
26 0.40 0.13 0.46 0.17 0.1338 0.1789 0.58A
27 0/.36 0.10 0.41 0.13 0.1689 0.2256 0.46A
28 0.32 0.08 0.37 0.11 0.2129 0.2845 0.36A
29 0.29 0.06 0.33 0.08 0.2685 0.3587 0.29A
30 0.25 0.05 0.30 0.07 0.3386 0.4523 0.23A
31 0.23 0.04 0.27 0.06 0.4268 0.5704 0.18A
32 0.20 0.03 0.24 0.04 0.5384 0.7192 0.14A
33 0.18 0.025 0.22 0.037 0.6788 0.9070 0.11A
34 0.16 0.020 0.20 0.300 0.8560 1.1437 0.091A
35 0.14 0.016 0.18 0.024 1.0795 1.4422 0.072A
36 0.13 0.012 0.16 0.01¢ 1.3612 1.8186 0.057A
37 0.11 0.010 0.14 0.016 1.7165 22932 0.045A
38 0.10 0.008 0.13 0.013 2.1644 2.8917 0.036A
39 0.09 0.006 0.12 0.011 2.7293 3.8464 0.028A
40 0.08 0.005 0.0 0.008 3.4417 4.5981 0.023A
4 0.07 0.004 0.09 0.007 4,3399 5.7982 0.018A

AWG = American Wire Gauge
Area = (x*D2)/4

Copper resistivity at temperature T: p = 1.724*(1 + 0.0042*(T-20))*10-6 —cm

at T =20°C: p = 1.724*10-5 Q-cm

Current Density Limit:

An rms cument densiy of 4.50 A/mm2 causes
approximately a 30°C temperature increase with natural
cooling for a transformer or an inductor whose core area

product (AP = Aw*Ae) is 1 cm?.

With a larger core, the allowable current density decreases
because the surface usable to dissipate the heat increases
less rapidly than the volume producing the heat:

Jmx = 4.5*Ap—0.125
When the frequency increases, the skin effect becomes

A/mm2

dominant and the resistance increases:

RHF =

P
2*x*r*a

The thickness (a) is given, by Lord Rayieigh's formula:

a

1

-2 Fr 0y

The RHF value can be derived from Equation 30:

_ 1' '(8‘”’F'p‘10—i)

RyF = d (30)
with: F Hertz r resistivity (0.018 for copper)
1 meter
d mm p permeability (1 for copper)
Table 8. Resistance as a Function of the Frequency
» 0.50 1.00 2.00 Thickness
Frequency mm mm mm a
25kHz N/A N/A 0.0094Q | 0.427mm
35kHz N/A N/A 0.011202 0.360mm
50kHz N/ 0.0268Q | 0.0134Q 0.301mm
75kHz N/A 0.0328Q 0.01640Q 0.246mm
100kHz N/A 0.03790 ! 0.01890 0.213min
200kHz 0.1073Q 0.05360 0.0268Q 0.150mm
300kHz 0.1314Q 0.0657%2 | 0.0328Q 0.123mm
500kHz 0.16970 | 0.0848Q | 0.0424Q | 0.095mm
1000kHz 0.2400Q 0.1200Q2 | 0.0600Q 0.067mm




The values are given for a copper of wire of 1 meter long,
at the ambient temperature of 25°C.

0.07

0.06

E

g8 8

RESISTANCE £2)
e

8

/

o
2

0

0 200 400 600 800 1000 1200
FREQUENCY (kHz)
NOTE: Wire is solid copper, one meter long, diameter 2.00 rmm,
temperature is +20°C.

Figure 48. Copper Wire Resistance as a Function
’ of the Frequency

0.1

THICKNESS (A)

0.0t

0 200 400 600 800 1000 1200
FREQUENCY (kHz)
NOTE: Curve valid for copper only.

Figure 49. Thickness of the Skin Effect as a
Function of Frequency
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Table 9. Fluorescent Tube Characteristics

Length Dta. Power Operating

ftimm mmiT W) Volt/Ampere
872400 36/T12 125 152/0.94
8/2400 36/T12 100 128/0.89
6/1800 38/T12 85 123)0.77
6/1800 36/T12 75 131/0.64
6/1800 28/78 70 128/0.70
511500 36/T12 65 113/0.64
5/1500 28/78 58 113/0.63
411200 3671712 40 104/0.42
4/1200 28/T8 36 104/0.42
3/800 28/78 30 101/0.36
2/600 36/T12 20 58/0.38
2/600 28/18 18 58/0.38

Table 10. Preferred Core Suppliers

THOMSON LCC
SIEMENS
PHILIPS
VOGT

Wl
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High Frequency Electronic Ballast for Fluoresent Lamp

Lamp cireut

Indoar use onty

Range of application  AC 0 31A 230V to 254V SOMCH2
igrution tame Zsec Temp st 1.~ 0-80%
Suitabie tor Sefty nstailation to TISE85-2532

Transisnt Cher Votage Siotection IS 1506-2541

2x36W / 230-240V / 50Hz
PLOW | Unlv) | (S | InA) Pt taf®c) Standard e l s
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