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INDUCTION MELTING

Thanee Nudum

Weerapat Cholcharean
Sutepong  Pochana

Dr. Virtiya Pichetjumreon adviser
Anuwat Jangwanitlert

1996

Abstret

Faraday’s law is applied for induction melting . Basically an induction
melting is a melting that melp metal using electro-magnetic induction . This electro-
magnatic applied eddy current to heat energy for melts metal . The induction
melting must works at the resonant frequency for maximum efficiency . AC voltage
will be changed by the diode brigde rectifier into DC voltage afterthat it changed
again by inverter . The power output of inverter is used to generated electro-

magnatic .
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Direct current in coil
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mﬂmmauwumamu1uuuman1ugﬂianz‘nugﬂmaﬂszuaﬂmu YI‘I'H

H, = H_ cos ot

9 ar ar o
w2 ldanuduiusi
d*H 1dH juw
+———k*H=0 where k= —=2jg?
ar* rdr ’ Yol /
Faunifesmsmovmeglugvesnnuduiuiivuaa TroffiaeuYBIadNNTS
izl

H = Al (kn)+Bk (kr) (2.17)
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Tagh o uaz Ko ifludusuiiguiveumaailansu

& 9 ] (=4 9/ o a dar d’
°]NHa‘\lﬂ‘llﬂutlidllu&ﬂaﬂi')”ﬂ$1ﬂﬂ1ﬂﬂ11uauwuﬁﬁ~1u

b=, A,q~jp)=¢ - jo, (2.18)

uazAaTvBINAINUgdsey 1o

P, = (L. wh)yfI1H?,, P

=(1, A, Ifu)H? o P (2.19)

[ .
A sta as <4

1AM 1AMz HaveaIn N AN INasun s M s hawelmen Wi
aact o a' ar as a’ d‘d d'
'lﬂumsaﬁmanmmmmmmm'sﬂ_muwamu“luwqm*nu;ﬂmaﬂszuan weonlSeu
= s s .Yl d' o d’d oy ot 1
MYUNUMIAFUNTIDNVRIAIAMII NI Taohlinmsuny d /O) 45 9xiinanaons

mienh Welimwnsofvzmuanudiulden  Taemanudinganlden

Loss up to depth y /8 = C_, v /8 -.(2.20)

Total loss C_,



_ 9'0/1
4

Loss up 10 depth p/ 8
Total loss

12

y/o

P ? - =2
Elh’l 2.7 mnnugaaununuan
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2.5 M3lwuUug
c& o s:id' 9 o U d' d' ¥ é U
werrlfuarmdntleuldtulseseynsy RLC wwwuihiianuddmils X, 9
[ Y 1A [ 4 J o' 4 &
whiy X, Wlunalddhdufiuaud mpedance) v842993 RLC Hishéhiiqa siufle z=r
[) d’ =1 [] ¥ =1 [ 4 ’ Aad A ‘_; Jd ] et o
TuaamzruiisiSenhegluanizs Tauuud mnrwdifatuilSoni anuds Tauuud
P v oo e 40 o P FI R -
(Resonance Frequency) HBININABUNUAUTUANGA nizuaw'lua‘lu'msmummﬂ'nqa
[l [ ¥
uazlumaliuseduiinnasen L uaz ¢ Sauiudy
< o o Y 1 =) Y [ Y]
W5 Le Aannsohimldedluanred Touwuudidisudu  uaz x, suwhdy
v A A a o oy = ' IR a0 Y A
Xe Tuvazwuilmauiuaudyesieseeiisminiga uazainalienszuadianiooiiga
] d' =} 4? as T o
uanszuai naulugl LoOPwes L uaz ¢ sefidmnndy 21esamnsad$ulis Taunud
1aTaensUsuA L uaz C
=} o
2.5.1 BYNINT IpnUcE

Ada 1 a o [ 4
ATUBIANUONUADDUNHAUY

o o 4 a1 a S o
’N‘Dimgﬂill RLC uaﬂ\lﬂ\izﬂﬂ 2.8 FIITUMBDUNLAUYAIU

Z =RH(X , -X ) (2.21)
P ~ &1 -~
“ixLi I //
P! 7
S X = Xe)
0
ng
\‘ iV B
]
LE n
Or ok B
. -
! { 1 | | i i | ! { !
(a) Serics LCR circuit o
q [
{ resonance |
1 frequency |
- S 4
) WITBYNITU LCR VX, , X, WONQDANUA . 1ND

o ar

U7 2.8 mawdea +X, naz X, fuanuddms

b= o
NITOYATULCR T I3tuns
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¥
= 1 ’

[ b 4
WewInm1 X, = 2L oz X, =/N0) fulumvsduiiaudsainegius

= vt as A s A dy o 9/ 1 ~ d? v
anudvewmaill dugd 28 v senudulenuBiiuiuseiia x, duduede
a 9/ . o ar & a A :; [ et »
Aududu Linear) Tumanduiy X, szanaudommiiuiu udm X, oz laifmai
fugud
raTIvesueAuANGRe X, - X, dwasdiRedulszlunsmivesyyi 2.8v)

= g v R 1 ar e’/’ ) o 1 P
nawamm X, wzlianieenhii X . dnfusaswvesSueauaudeziiusves X, @
o ' o et o
AT AMNANUDT Tty
Z = R+(0) (222

Z =R
e Z=VR? + X* dundeuiunsiilsdununindez 18U 2.0

(a) Graph of impedance
versus frequency
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I

=

a3 e L o S o A

+90° ——

— ) =
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I
f |
!
/ ! (b} Graph of current
! 2 " versus {requency
i
/ i
i
— t
f
i
t
I
i
i
]
1
!
]
|
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(c) Graph of current phase
angle versus frequency

1 2.9 uamana v Bufiaud nszua uaz yutaduawd
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4
R+ (XL - XC)

ﬂizuﬂiu')ﬁﬂiﬂl{ﬂiﬂ I=

4 4 <
nszuad Inaule louuud X, = X.)

' a1 o A o T o o
nngdsznuhinselimduiionudlues lieghiyes Tauuud

et P
2.5.1.1 ANND3 Tamuiusy

XL = 27UL
XC = 12TfC
2TUL = 12THC

dis L imioidu 815 (henrys)
¢ fmietluvhsa (farads)

- (] ad
R iimitedluesa (Hertz)

v
o <

2.5.1.2 USIAUNAT o

L

..(2.23)

(224
(2.25)

.(2.26)

o o T a 9 o o e ' o P Gl
usIdUNAnNAI oA IUNIN NS LCR 21]1’!2.8?'1) SUANMNMNUIXRUBENY AT

Touuud ussunanassuaImuMUsEls A BLsIRuiuvass e
[] Y v o o as - ° a8y oo d’
Auusnunanaseudunulszaazauniioninelindadl

Ve = IXC
v, = IX,

-(2.27)
..(2.28)

A o 1 o o < 1 A Y o
oM v Ve uaz v inwasansmiumanuieznuilidnyuzadeduns i

o o o <
vaunszuanuANNDAaallugln 2.10
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250 k 500 k 1M M 4N (Hz)
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U7 2.10 nsmlanuduiudseniem v, Ve saz v, fuanwd

FTNUT V, uaz v, 1993 lsuuudeziidunanhusssuiunasswegraiom

2.5.1.3 WAINUAAH IS ZHIN L ez C
4 9 & P =) L4 o ar = 3
wetsnhzuaduves vy v, uaz v, 1983 lanuudsinm@eanigui 2.11 a) szwud
v, sendueiu 180 8 dau v, sxlinunniigaiie v, uaz v, lswndugud ek
’ d’ b S ] LR ar 1 o @ A 1 ot
aavaniiaa e Nesinsdwundanusznin L oy ¢ aduhhn disegluanigs
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it

n) guienwes laszunsy
= 4
Y999997 LCR 5 laiuus

3

@

' d a2 o g = o
atha lsinwiges Iauudies lifimsazaundsny

2514 Q ulAABSUBINLIBYNTU LC
ANTUIAUMST LV, V. 1995 lsnniud

V= IX

v

"R
V*X,
L= R
v Y, X,
AU T 5 T
'y % R

) JUATUNTIAY V, Vo uaz v,

A - ¢
AT sy

Ui 2.1 gillenwes lnevunsuvewssduluaes Ler Flauund

.-(229)

-(2.30)

-(2.31)

-.(2.32)
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as ] VL VC A Ad’ . = 4 A A
ANIIU 7 {ay 7 fIONAIB0A (Quality) UBITI lHUUUS HTofe
1 7 o
il Q urAamas UL
X, X 1 1[I
Q = = = =" e ...(2.33)

R R wCR R C
NENMIHUTI Q  urAineveeeseyn Ty Ianuudeus ovvu 1@

4 v A A ] L
Lll'f)ﬁﬂﬂ’ﬂﬁﬁ'lﬂﬂ'lﬂﬂiﬂiﬂﬂﬂ'l'ﬂwuaﬂflﬁ?u‘uﬂ\i E

-} r'd
2.5.2 YUIUT lauuusy

o \ = 4 =
:\ms‘uum?huuucx?uam'l%’mgﬂ 2.8.1 MUBANAUAUY (admittance)VBIINITUM

1 1
Y = 3/ el e (2.34)
R, ).(L X
¥ AN
/Cf“’ —)’
el
LRl =
l(
N 1. ]I. —
XN
] \ i /l }
|, . \ yays
\
\\ /
\ 7
\_/

I,

A

0 Phasor dingram bor paralled () Warvelorms ol £ I, and
P & S o o
1 2.12 uamudawes laezunsy guadu vesnszuaiyes Tauuud

VYOINIT LCR YUY



dlfupnutveamassioldounssie X, wazx,  Tewhiusueaia

o = [ Y
HAUgGILIAUNINY
Y 1 (2.35)
= I )
RP
va A =]
gazAouNUAUFLA
Z =R, -(2.36)
ATTUAINUNAINBUAN
I 4 (2.37)
% (2

d' | =t a ar o 1t 4:; ' .
nvzuai lnai sxliyudulanuussduveandsne  nszuadilvai  sed
ndausaduly 90 eaen daunszuailvory  sslwbusidueg 90 s danane 3y
o & A a LR [ Y v as a o & o
14 23.8 MiuRelins e umaiundy Tlinsenndumiioniwasduimlsey
é = o d' 9 - 9 r 9y o'o 4:; ar
iiosnnluanundue s ludumiioninelmanudumusuegdas Taoi luid

mudsziinnudumuegiosnn Sudoudiurcsauyadidagy 282
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Ameatinuaudyeirsesauyadiinm

1 1

Y= - +— ...(2.38)
R, +jX, JX
", figas Tamuud
R*+X,}
= ..(2.3
XC XL (2 9)
Z L 2.40
= CR, (2.40)
} $
z I
| |
— f—
f

) AMBURUAUTAVATIND

o =} o J 4 o
z‘lj‘ﬂ 2.14 ﬂi']ﬂuﬁﬂﬂﬂ'Iﬂllwuﬂu“lfltﬁ:ﬂizl!ﬁﬂﬂﬂ1ﬂ1'lﬂﬂ

) AINTTUANUAND

’ a4y a o 4 P = o
NANTINITHUTI0T VU LC ﬂzumaummumqaqmmmnﬂmmw

2.52.1 Q urinMs Y8919 YU LC

a ' =t v iy
‘inﬂill'ﬂ 2.13 %swmmaﬂmmnizuan'lnaimws @O NAUNIENAIIDS

u’z a ar o [ 1 1 1 ar
Touuudniu ssBumaduussiuveamdatie ( v) 1 elisnfeondi I uag 1 wanooh fa

A
uhnwsvuniFTauud Lo wlifnsvnenszug mQ ulnimesfemsasidves 1

39 I, ABAINTZUATINUNEINY (I)
dad  a s
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Fanudiges lsnuuddmsunesvnu Leiie Q> 10 fie

1
f = —— ...(2.43
T 2aNIC @43)

Tunstin Q < 10 Avwdnges Tsuuudaziia

£ = s 1 xR 2.44)
* 2xJLC L (244
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o
Unn 3
+ 4
mssenuuumiaias
o o s A 1 1o
niiouaafids ( Power Transformer ) sziflugunsaifiunszuaiioz I gaaganh
Yy d’ - 9 Y a o dy ar : o o a 9/
waou Milimgauie Il difanssuadad ludaBuanu mshauinnudgunuvende
» b4

utlasezldunumesTsa Tuumiisenands s daudsiifie vinavemdaudas, $wuseu
msgaudoluuny ( core loss ) , Mygaudoluvaadn ( copper loss ) , HavssaRueiva

(skin effect )

8.1 vnavesndamlag
= A a o a [ 4 1 =) 1 =
UINGAUBINVVIAVDINAUD MM Hansznuvemgdsluuny sqadoluva
¥
arnanweila wSeondlawWida  ( proximity effect ) , dsganinmnisszuneanuiou,
SR o a a -
MIRUIUMIUNTATIITAUVANITINUYBIGUND ( temperature rise ) UATVUIAVBINTD
) H otdealy a 7 a =] ar
wlas  anvdutlundedda  msintuvesgungi iumnsensy idmeldaniizns
o A a ar o o 4{ da Sy
mauedniud liiaaiuiiiandesmsuazving
3.2 Yszansawiimanzau
a a o - 2 4 o o = )
Usz@niamimungauszinavudismsgaide luunumaniayms gaudo luanaiia
° o LR o o o a 3 g a
agalumenia . lumsdeihudids msgaolunaumdnsumuilovinauaznisais
t (-] A 4 A 4 4
A iduis anim ity tazmsgudoluveaiavsiintuiliovinaunuuazng
~ | 1o o a o o
ananumunindusanimanaaas - dniudes i idusz@niamgegaidesinegy
t 4 o =t
@olunuauaadiumsgydoluvaaia
Tumadiamsunisihutudaudnnugadoieliifadszaniamqagaion
At @ a4 Yo ddq v d’ P 3
deafudaqiliunu  junsveny  uwazarwditldou  usnnnfiudmnesndwade
o g ¥ o s iq 9/ 0 o ° '
vaunufne awailsay, $uausey, Jaghldtwnu Swauerdumianisaeves
o [ v 3 3
MU uazmaiRuuEay  sannimionlasihauiitcudgaimsasvemanuuy
sIsuAwazdeimuanIRuIY szdeems Idununinadn
3.3 MIAnnavINavenulMoNYeINURIAURITNY ( Area Product )
| o o v o o 9 wAAaw 0o & o 1 o
ueisolsdng anwdunuinuhdsiidavewny Taonssiasuruvesmnuls

M1d aumsveInsi¥ouvenU Area Product fudidaewimnannsoadinld
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v = | Y4 Y a s 1 S/ o o A
M uaFellsdng  grdaunuszdindn q TMunavewnufawsainsdonld
(] o o v 9 (=) vel Yy A b
a819530:5 7 Iaensane uad i fszunnldnniannundeeniveany
(Ap=Aw * Ae)
N 4 o
Ap = (11, 1*Pi/K’ Bf) em g ldninnianuan
4 4
e Ap = Area Product, cm
Pin = MADUNN, w
’ P ¥ 7 o
K = udaweinslydsy lemivesvaaiansauaananua
= MR NUMIHMAUNS UM EnvenY T

f A9 (Hz )

b4 >
MnauMsHauuAtauil
[ v
1) MINUTUYBIRUUN ( temperature rise ) TV INABATLAWTITUIA 36 C
2)  anumuuniuntzualyme . dnhmewsuhauinnununnivnszuadudadiu
o o 218 g - 2N .
URUMIANTUYDIgUNYE 30 C ¢ AN 450 fom @ WM5Y Area product of unitv ) n3ie
s (72 p=] ] ; = Yo o ’ dy d‘n
mlasdr Ingideslinnunuutunszuadwiiou lddudasdiuvesiuininsszueny
1 =y [} d' 9 =3 dy d’ o 1 dy P B o' 9 é Y
foudorSumsvesdauiniuiougnniniu Fedaniduiisziidm @1d9n Flden
MIFUNAUASNAGD)
o oA as s a [] d’d 9/ dy
3) dszaniam awu@liduiundl 98 % ( Msesnuuunnnlg 1Ml )
¥
4 ulawesnslfsz lomiveswamanewanianua (K ) K =Ku*Kp * Kt i1 K
& 2 o - s 4 At a g °
a ldvinasngemyuivsiavesnsunefines, nssudsmsisad iy , mavhawau , suluuy

vosdiniwamesms 1duss Tomiassiisoamiin afiulfinesdosdes 1duana’ll

Converter type | Primary form | Secondaryform {(Kp(Ap/wb) Ku |Kt(Idc/Ip) K (Kp*Ku*Kt)
forward SE T 032 |04 0.71 0.091

SE SE 04 |04 0.71 0.114
full and half SE CT 041 (04 1.0 0.164
bridge SE SE 05 (04 1.0 0.2
CT pushpull CT CT 025 (04 141 1.141

CT SE 0.295 0.5 141 0.208

4.1) urmnes NunMaLsugll ( primary area factor Kp )
wlnmesidiusandu Ap/wb  (the effective primary copper area ap to the

{ 4 o  ar o o ] ar \
available winding window area wb ) Ap IMoulisInuIvenBUNDIIADT U AI0619
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as o 1 o *
doyanufany Nundasananava (a full wave center tapped winding ) 19#1# 50 % M
/o o w Y 4 g Y Y Y
udaaes dmiuiatelunuudung ldenmsieiedy
42) uWMABIMIVAIVARIA (winding packing factor Ku )
a o dy ot [] 8 3/ 7o s
Tumalgiddseina 40 % vssiufunusenhanldlsz lonidmivavanin
Ku Feziertesiuiniuveimsaivaataasmsiauiuinls
[
43 ) unnesveInszUaADISIBUEDA  ( RMS current factor Ki)
wilmmesdasidiu  Idolp  MeniuiunszuadunmasnszuaesiduoTgeqaves
WRAWUQTl  ( the maximum rms primary current ) NULIHANINWIIAVBIADUNIDS
7 ° P ' ' o & s s o v ¥
W3 uaznMIMUiInedn 9 A K dmivasunesmesni ligldnamswdruu
d'u tJ
3.4 NaveIANNANUVIIAYRINsanLlag

aumsndoulas N= 10°* V[ K+*B*A (3.1)

AT IUIUTBUMEA (5DU)

UFIA UNUAAIA
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f
B

AN MUUEUUS IR

’ dy a <a ¥
A, = muiuaunls
o o & 4
K =444 dmsugdadulan
o o & @ dat o
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} 4 v »
vngastivznanldiiui Swauseunazautitludadunduiy  wwauudiiy
a v o < A &2 P dv a0t y:i o a 3 9
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uasdudnaeld  udlumadfidsiserim nsgydsluunuiuiuesnsas uilonud
a ; sl:; o ' b4 ro 1
mivdiy myldmanuanuagenmmuminduussezanas e uaswauvesvaaali
annsoan ldnuiimald nsasvesvnandeundasfitiuesa i1y SudoualFunumles

=

lsdmlszgndlflunmidgalda  msesnuuuidesTinnziaianiilfuaznisadveni
\ o y o4 o 4 g
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3519 useumIlgugil
a = o = 3/ A Q o o a oo P
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Yt o Y o v qy = o S o
an Milawgudemavaaaniosiiqe nisdaldanuduazusedunsii, Suauseumalgy

ad v o ] [ v 4 Ay ar A o o o dy
NUNUDY, ﬂ13fnwmmnmmuuuwmxmuumannummmaqnmuﬂu 1umsmﬂﬂuuﬂu
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WINAMIDUAT  HANTINUNADIVBINITAATIUIUTBUNBTMIIANA MU UIS N
2 o 4 v o 9 oy W ' o
Fumsiivanugadoluunumandis Anawdd welianiooniunn uasuiamesiezan
o o o 3 o P-1 o & 9/ o A o
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N =V * T/B*Ac (32
e N = seunnilgugil
V = Dc voltage fuaainuilonisadalutig “on”
T = ¥R AY0NTINY
B = msadnnunumtiuiduusunimingega
dy :i Y o
Ac = WUAMTAAYIIVBIUNY

3.5.2MIMUIUTOUNMINAL)T
A o Swy o v a  ad Y Wy
wedwseumalgugildgnduanuudy  seumandsgiinensaadialdnn

Y

8nT I IUus W UNRUsUglidenAunl
ussnuilgugiiusadundogy = Sruauseumadgugll Suauseunaniogi

4 L]

8.8UHIAVBIAIN
suduusndesianumniunszuavewdnh Henfigungll 30°C @uauns J =
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3.7 mAadaMINKYAaIANe AT HS U auilag
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3.7.1 MIWUYARIAUUUEITUAY (Simple winding)
o o q 5 =~ a
M ldTaouvaaranewasssuunu Iiasume ltiluva Insans udrfnuvamaua

wuaalduwvalnwsud @l 3.

3.7.2 MITAYATIAUULLLIATINY (Split Winding)
Avsiu 1 1dd manssumudeamsudesutsvaadneendiuassdiuuasiigady

VUNTAAUTSHINAAN msuivduwusziiunsarsia i uveInEn TS as

> 3 .
nousuludozneiduald  ninfle Snauseuvesvaaaimiviuszdeaiiusuausg

L L4 .
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3.7.3 MITAVARIALUVAUUNTANAN (Sandwiched winding)

A as ¥ 1 Y 2 o o
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Designer's™ Data Sheet
Insulated Gate Bipolar Transistor
with Anti-Parallel Diode

MGY40NG0OD

Motorota Prelerred Device

N-Chan ne' Enhancement—MOde Si”con Gate IGBT & DIODE IN TO-264
0
This Insulated Gate Bipolar Transistor (IGBT) is co—packaged gg 2 g ggog
with a soft recovery ultra~fast rectifier and uses an advanced
e h \ id enhanced and reliable high 600 VOLTS
termination scheme to provide an enhanced and reliabie ig SHORT CIRCUIT RATED

voltage~blocking capability. Short circuit rated IGBT's are specifi-
cally suited for applications fequiring a guaranteed short circuit
withstand lime such as Motor Control Drives. Fast switching
characteristics result in efficient operations at high frequencies.
Co—-packaged IGBT's save space. reduce assembly time and cost.

Industry Standard High Power TO—264 Package (TO-3PBL)
High Speed Eqqf: 60 pJ per Amp typical at 125°C

High Short Circuit Capability — 10 us minimum

Soft Recovery Free Wheeling Diode is included in the package
Robust High Voltage Terminaticn

Robust RBSOA

* o s s s @

CASE 340G-02, Style 5

TO-264
MAXIMUM RATINGS {Tc = 25°C unless otherwise noted)
Rating Symbol Value Unit
Collector-Emitter Voltage Vees 600 Vdc
Cotlector~Gate Voltage (RGE = 1.0 MQ) VeeR €00 Vde
Gate—-Emitier Voltage — Continuous Vae 220 Vde
Collector Current — Continuous € Tc=25C \ icos €8 Adc
~— Continuous @ T¢ = 90:C Iceo 40
— Repetitive Puised Current (1) le1¥] 132 Apk’
Total Power Dissipation @ T = 25°C Pp 260 Watts
Derate above 25°C 2.08 wrC
Operating and Storage Junction Temperature Range T3 Tstg -5510 150 *C.
Short Circuit Withstand Time tse 10 us
(VCe = 360 Vde, VGE = 15 Vde. T = 25°C, Rg =20 Q)
Thermal Resistance — Junction to Case — IGBT Rgyc 0.48 °C/w
— Junction'to Case - Diode RgJc 1.13
— Junction to Ambient Rgga 35
Maximum Lead Temperature for Scldering Pumposes, 18 from case for 5 seconds Ty 260 °C
Mounting Torque, 6-32 or M3 screw . 10 Iblein (1.13 Nem)

(1) Pulse width is limited by maximum juncoon temperature. .
Designer's Data for “Worst Case” Conditions — The Designer's Data Sheet permas ha design of most circunts entirely from the information presented, SOA Limit

Curves — fepresenting b ies on device ch G ~— are given o facilitate “worst case” design.
Preterred devices ara M cehoces for future use ana Sest overall vaive,
i,
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ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise noted)

r Characteristic Symbol Min ] Typ | Max | Unit l
OFF CHARACTERISTICS
Coliector-to—Emitter Breakdown Voltage Bvces Vde
(VGE = 0 Vde, I = 250 pAdc) 600 —_ -
Temperature Coetiicient (Positive) - 870 — mV/°C
Zero Gate Vottage Collector Current IcES nAdc
(VCE = 600 Vdc, VGE =0 Vdc) — —_ 100
(VCE = 600 Vde, VG = 0Vde, Ty =125°C) - — 2500
Gate-Body Leakage Current (Vgg = = 20 Vdc, Vo = 0 Vdc) IGES - - 250 nAdc
ON CHARACTERISTICS (1)
Collector-to—Emitter On-Staie Vohage VCE({on) Vvde
(VGE = 15 Vdc, I = 2C Acc) —_ 2.20 2.80
(VGE = 15 Vdc, I = 20 Adc. Ty=125°C) - 2.10 -
(VGE = 15 Vde, iC = 40 Adc) — 2.60 3.25
Gate Threshold Voltage VGE(h) Vde
(Vee=Vge. lc=1 mAdc} 4.0 6.0 8.0
Threshold Temperature Coefiicient (Necative) — 10 —_ mv/C
Forward Transconductance (Vg = 10 Voo, ig = 40 Adc) Gle — 12 -— Mhos
DYNAMIC CHARACTERISTICS
Input Capacitance Cies — 6810 — pF
< Vee =25 Vde, VGe =0 vde, A
Output Capacitance | = 1.0 MHD) Coes 464 —
Transter Capacitance Cres — 15 —_
SWITCHING CHARACTERISTICS (1)
Turn=0On Detay Time tdion) —_ 126 —_ ns
Rise Time i — 95 -
Tumn-Off Detay Time (VCC = 360 Vde. Ic = 40 Ade, id(off) P 530 —
VGge =15 Vde, L =300 uH oy I B
Fall Time A =200 Ty=25°C) Y 180
Turm~Off Switching Loss Energy losses include “tail” - Eoff — 1.50 2.10 mJ
Tum=-On Switching Loss Eon F— 2.30 -
Tota! Switching Loss - Eis -— 3.80 -
Tumn-On Delay Time td(on) -— 13 —_ ns
Rise Time tr - 104 —
Tum-Off Detay Time (Vge = 360 Vde, Ic =40 Adc, td(otf) = 588 —
VaE = 15 Vde, L= 300 uH > —
Fall Time Rg=20Q.T = 125°C) t 346
Tum-Off Switching Loss Energy losses include “tail” Eoff — 2.70 -_— \mJ
Tum-~On Switching Loss Eon - 3.80 —
Total Switching Loss Ets —_ 6.50 -
Gate Charge QT —_ 248 — nC
(Ve = 360 Vde, Ic = 40 Adc, — —
Vg = 15 Vdo) & 9
Q2 - 81 -
DIODE CHARACTERISTICS
Diode Forward Voltage Drop VFEC Vde
(igC = 20 Ade) - - 1.19 1.70
(lgc = 20 Ade, Ty = 125°C) - 1.04 —_
(IgC = 40 Adc) — 1.36 2.00
(1) Pulse Test: Pulse Width < 300 ps. Duty Cycle s 2%. {continued)
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ELECTRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted)

l Characteristic Symbol ] Min | Typ l Max | Unit T
DIODE CHARACTERISTICS — continued
Reverse Recovery Time r — 138 —_ ns
(IF = 40 Adc, VR = 360 Vde, ta - 78 -
dig/dt = 200 Afus) 1 — 60 —
Reverse Recovery Stored Charge QAR - 2.1 - uC
Reverse Recovery Time tr - 213 — ns
(IF = 40 Adc, VR = 360 Vdc, ta - 122 -
clp/dt = 200 Alus, T = 125°C) ® — 91 _
Reverse Recovery Stored Charge QRR - 4.9 — uC
INTERNAL PACKAGE INDUCTANCE
intemal Emitter Inductance Le H
{Measured from the emizier lead 0.25" irom package to emitter bond pad) — 13 —_

TYPICAL ELECTRICAL CHARACTERISTICS

Ty=25°C Yoz = ///xz;v / Ty 125 .'/G—-NV///A"IZSV

) ¥ % N

o y /4
W

. z/V
y 4

u-

i

I, COLLECTOR CURRENT (AMPS)
Ic. COLLECTON CURNENT (AMPS)
&

| i
I A

V| ;
0 0
0 1 2 3 4 & 0 1 2 3 4 5
Ve, COLLECTCR-TC-EMITTER WOLTAGE (VOLTS) Vce. COLLECTCR-TO-EMITTER VOLTAGE (VOLTS)
Figure 1. Output Characteristics, Ty = 25°C Figure 2. Output Characteristics, T = 125°C
I . &
T El e
Veg =100V 1 i i // e VGE= 15V I
73 I~ 5 us PULSE WIDTH : w 80 us PULSE WIDTH
a { i 4 [<} I=40A
: Y : —
= & Ty=125C S / I T
z ] = 26 = -
g v Y = L~ T
o -,
b} 7 L] 20A
2 s %2
. 7 w
© P g —~
L~ /T ! o
0 ; o 18
H 6 7 s 9 19 = T80 0 50 100 150
VGE. GATE-TO-EMITTER VCLTAGE (VOLTS) Ty, JUNCTION TEMPERATURE (°C)
Figure 3. Transfer Characteristics Figure 4. Collector-to—Emitter Saturation

Voltage versus Junction Temperature
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12000 : ! "
vee=92Y . | Tj=25°C
N b
‘ I t 3
— ! HE
'Sy i 3
S 8000 o~ \
8 Tl
E |
S L
o i
g & [
< H H
© 4000 \ - :
o i
i ! t
\ I~ Coes —
o i \
Cres ™ .
0
0 H W 13 20

25

GATE-TO-EMITTE= CR CCLLEC - =-TO-EMITTER VOLTAGE (VOLTS)

Figure 5. Capacitance Variation

s B[y
E | Vee =38
@ s} YeE=1SY T -
§ Ty=125°C y -/
% 65 D
g 12
& ss 2% "
1T}
<
xI
L 45—
Z —_—
3‘ 35 1 2LA e
o
-
25 L
10 2% X 40 30
Rg. GATE SESSTANCE (OHMS)
Figure 7. Total Switching Losses versus
Gate Resistance

I i T
£ Veo=37 | : l %
@ 6 Vge=15¥ : T v
a3 Rg=20Q [ ! /
S sk Ty=15C : L 2
& I i L
@0 v .
w 4 :
& .
(ZD 3 \ /
= / {
(5] N H
= e e
[Z23
2, pd |
e P t pod

0 H H 1

0 5 10 15 2 25 30 35 40

Ic. COULLECTCR-TC-EVITTER CURRENT (AMPS)

Figure 9. Tota! Switching Losses versus
Collector-to—Emitter Current

VGE, GATE-TO-EMITTER VOLTAGE (VOLTS)

TOTAL SWITCHING ENERGY LOSSES (mJ)

TURN-OFF ENERGY LOSSES {mJ)

20 -[
o1 |
15 =
0y o} ! ]

10 i - 2 T

5 / T3=25°C |

/’ Ig=40A
0

) 50 100 150 200 250
Qg. TOTAL GATE CHARGE (nC)

Figure 6. Gate—to—Emitter Voltage versus
Total Charge

'Jc(;:'saov
T vge=15V —
Ag=200Q /
| ’c=4°V/. /
v ’ /T f
. 30 A
\ ./, //
. 20A
i |
3 2 50 75 100 125 150

;. JUNCTION TEMPERATURE (°C)

Figure 8. Total Switching Losses versus
Junction Temperature

4
Veo=260Y
F Vgs=15V
Ty=125°C Ic=40A L—
-
// oA
L e
2 —
20A
_———'__“-‘"—_
1
[}
10 20 30 . 40 50

- Rg. GATE RESISTANCE (OHMS)

Figure 10. Turn—Off Losses versus
Gate Registance
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TURN-OFF ENERGY LOSSES (mJ)
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17, INSTAHTANEOUS FOWARD CURRENT (AMPS,

4 — 3 ™—r—T
Vog =360V ! Veg = 360V i
l— Vge=15V ; =Ef _VGE=15V A
fe= 20 ! A 5 [Reema 7T e
o Ty=125°C !
! v 8 J i 7
! et p- (=3 // .
' L~ >
. =
/ ¥ P / ‘: /
BA uw
// - ? !
1 . = g ]
/ ' 2 !
| . o
0 : a
0 r=} 50 3 100 125 150 4] 5 10 18 20 25 30 35 40
TJ. JUNCTION T2MFSRATURE (C) Ic. COLLECTOR-TO-EMITTER CURRENT {AMPS)
Figure 11. Turn—Off Losses versus Figure 12, Turn—Off Losses versus
Junction Temperature Collector-to—Emitter Current.
100 100
<
—
T . 5 T
1 o 0
. ! < < I ]
10 ] - 71 ’/ g 10 i '
e — E : :
- /1 // i = i [T TI
+ ¥ + ¥
Py 4 7 .J =z3:C A é T : | -
; 7 : ) | TN D
——F T g E $
ll - /1 c 1 o :VGE=15V =
7 Al | § | Rez=200 1
I L . i L =155°C ! ! |
04 AN A T [ S0 LHES
0 O 38 12 1 10 100 1000
VM. FORWARD VCLTAGE DROP (VCLTS) V¢e. COLLECTOR-TO-EMITTER VOLTAGE (VOLTS)
Figure 13. Typical Diode Forward Drop versus Figure 14. Reverse Biased Safe
Instantaneous Forward Current Operating Area
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MAGNET WIRE DESIGN DATA {Courresy Efectronic Design)

TABLE 3-
'-‘Ei'are.wue . Single Film Doubte Fitm
AWG Max : .
Siza Max 00 Max 1 | tensue | QIMt Max 00f ft/tb Qlib Toi Tpi2 Max 00 | ft/ib e Toi Tgit
- Strengtn
0 0102+ | 336 824 000106 § 0.1047 | 316 0.0315 | 9.351 91.22 0.1061 | 313 00313 | 3323 85.33
1 00512 282 63.3 000125 | 0.0935 | 333 0.0501 107C 144 00948 | 39.7 0.022¢ w33 1313
12 0£3:2 | 237 318 000135 | 0.0834 | 503 00800 11,88 1438 00847 13500 00733 et 138 £
i3 0072 169 41.2 0.602CC ¢ 0.0746 | €33 0.1256 134G 8.7 0.0757 | 628 01233 32 1743
4 0052 167 325 0.00252 | 0.0586 | 799 0.2013 15.062 2253 00682 (793 01e3z 1255 2158
15 0.037¢ 141 259 0.00318 1 0.05%4 | 101 0.3212 16.84 283.4 0.6509 100 0.318¢ 18 22 2835
15 0.051¢ 1.2 203 000402 § 00331 | 127 05105 18.83 547 0.0545 126 0.5Cs2 18.33 337
17 00233 | 3 18.3 0.005C3 | 0.0475 | 159 63029 | 2103 343.2 0.0438 | 158 0.7973 | 20.49 4193
15 00233 {835 12,5 0.00835 | 0.0424 | 200 1284 23.55 33%.2 00237 | 195 1272 22835 5233
ie 038t | 702 102 0.008C3 | 0.0379 ] 253 2.037 26.3¢% 6%6.2 0.0291 251 2.020 2333 6321
2% 00322 | 582 8.14 00107 | 0.0339 § 318 3212 29.30 8702 00351 315 3182 3117
21 I 00235 | 493 64 0.0128 | 00303 | 302 3.148 330 1038 00314 | 387 sCsz 1012
= 9e2= | 235 3.07 6.GigZ 1 0.027¢ | 503 3230 370 1372 0023t | 303 ERE 1232
22 €.0227r | 330 403 0.0202 ! 0.0243 | 833 12.83 4113 1684 0.0233 | 825 1ige 1352
o 00202 | 2.34 3.20 0.L257 | 0.0217 | 806 20.71 46.08 2124 00227 | 794 2043 1821
P 00180 | 247 2.54 0.032: | 00194 { 1013 32.82 5153 2857 00203 | 90 32.068 3825 2427
23 00120 | 207 20 00410 | 0.0172 | 1252 52.58 57 80 334 00182 | 1280 5168 383 3019
kn 003 175 161 0.0512 | 0.0156 | 1608 32.65 84.10 4109 6.0164 1580 8121 60.55 3rie
28 00127 147 127 00833 | 8.0140 | 2033 1328 7143 5102 0.0147 194990 128 ¢ 3563 4g2¢
25 00 125 162 00812 § 2.0126 | 2523 2050 7337 6299 00133 | 2470 2006 AT 283
k] 0.0%08 104 0.301 0.104 00112 | 3215 334.¢ 88.29 7972 05118 [ 314 3258 ] k8] 7032
R 0.005C | 0374 0636 0.131 0.0100 | 4063 3325 100.8 10000 00108 | 3830 3174} €233 2573
3z 0.0031 0747 0.515 0.162 8.0091 | 5000 810.0 108 ¢ 12075 00098 | 4830 7 25 ! 30412
2 0.0072 0526 0.407 0.206 0.0081 8359 1312 VA 15242 000se 6170 1 132 ‘ 126142
k=3 0.0064 0.524 0322 0.251 00072 | 8064 2105 133.3 16290 00073 737 HEr ] . 18437
3 0.0057 | 044 0.255 0.331 0.0064 | 10216 | 3380 158.2 24414 0.0070 | 9940 3230 1926 204C5
33 0.0051 0.373 0.204 0.415 0.0058 | 12760 | 5265 172.4 29727 0.0063 12440 | 3183 1587 25163
37 0.0046 '0.319 B 0.166 0512 0.0052 | 15800 | 8090 192.3 35932 0.0057 15300 7834 1754 36779
3 0.0041 ;,02,6_9_.. 0.132 0848 0.0047 | 19920 12908 212.8 45269 0.0051 18300 12505 195 1 38247
3 0.c035 | 0.221__ |o0.10 0.847 0.0041 | 26040 | 22056 243.9 59488 0.0045 | 25100 21260 2222 49383
4 0.0032 | 0.185 0.0804 1.08 0.0037 | 331 10| 35739 270.3 73046 0.0040 | 32200 775 23500 §2500
41 0.0028 | 0.160 0.0661 1.3? 0.0033 | 40100 | 52932 303.0 91827 0.0036 ] 39500 52140 2578 77160
42 0.0025 | 0.136 0.0531 1.66 0.0030 | 51000 | 845660 3333 11111 | 0.0032 | 49800 82668 3125 97654,
43 0.023 0.113 0.0475 | 214 0.0026 | 65800 | 1408k | 384. 147928 | 0.0029 | 63700 1363k | 3443 116@06» .
o 00021 | 0.0985 {00346 | 259 0.0024 | 79460 | 205.6x | 416.7 173611 | 0.0027 | 76300 1976k | 3704 137174 ’{
4 0.00176 | 0.0756 ]0.0243 | 382 0.00205 | 104k 376.5k | 487.8 237954 | 0.00230 | 99600 360.6k | 4348 189036 -
45 0.00157 | 0.0637 |0.0194 | 454 000185 | 132k . | 5933k | 540.5 292184 | 0.00210 | 126k S720k | 4752 206757
47 0.00140 | 0.0536 |0.0154 | 571 0.00170 | 162k 925.0k | 5882 346020 ; 0.00190 | 153k 873.6k | 5263 277003
48 0.00124 | 0.0447 0.0121 729 0.00150 | 205k 1.494M | 666.6 444444 1 0.00170 | 199k 1451M | 5882 346020
49 0.00111 ; 00379 [o0.0097 | 900 0.00130 { 258k | 2.345M | 769.2 581716 | 0.00150 | 252k 2291M | 65556 444444
50 0.00099 | 0.0319 00077 | 114 0.00120 § 312k 3557TM° | 8333 694444 0.001;40 306k 3.488M | 7143 =
. 510204
St 0.00088 | 0.0267 | 0.0061 145 0.00110 | 416k 6.032M | 909.1 826446 g
S2 0.00078 | 0.0223 |0.0048 18.4 0.00100 | 555k 10.21M | 1000 1.000M 5’;
S3 0.00070 | 0.0190 [0.0038 | 229 0.00085 | 667k 15.27M | 1176 1.384M -
54 0.00062 | 0.0158 |0.0030 | 291 0.00075 | 859k 25.00M | 1333 LITIM é
c
S5 0.00055 | 0.0132 {0.0024 | 370 0.00070 | 1.090M | 40.33M | 1429 2.041M 91
5 000049 } 00111 |00019 | 466 000065 { 1.380M | 643tM | 1538 2.367M : g
[w]
Umts Inches | Amperes | Pounds 1 [o 4] inches | itrip ) an Toi Toi? Inches | ft/ih (o131} Tor Tow g
o
Maximum rated current is 10% <

Maximum ODs. /ft and ft/!b’are taken from Materials and Processes Handbook.
20°C. Maximum tension is based upon a tensile strength of 10.00 PSI.

(1/Max OD)?,

Q/lb is derived from (2/ft) X {ft/ib). T,

of the fusing current at
pi ™ 1/Max OD. T2 =

18t
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Aufiunuil¥nuveansioirlas (Transformer Area Product , Ap )
mmdwdunnnodeiuidueninnlasdlszdniam
Pin = Pout/n 1)
n = Uszansnw
& a S du jo Y % ¢ da 4 v o
Idc fAonszuaduwmmah llfmioulasneunesiaey Aimsifeadeaty
AGIOUNN Pin uazus @ UBUNNAT Al
Idc=Pin/Vin )
' 7 o 1Y a a -; A o a Sy o . .
AnszuasBUaNMUIguLiidpm) Arvuilous WuBuNniiAwgR Vin(min)

b o o 4 o o da a A or = 4
wazAnunINasgIgaudames Kr fuiusiudunnad  Tldnszumlgugiiluaounes

CLH
Kt = Idc/Ipm
Ipm = Icc/Kt . (3)
inuiiaunts ) adduaunts 3) Fusadudunndiga
Ipm=Pin/Vin(min)*Kt @

A1 ( window area ) Ap (MlAdwiuvamiadsugitanuidestunaswmthe
1 4
window area ( primary area factor ) Kp (antilization factor ) Ku Ay
Ap=A*Kp*Ku &)
o - é b7 T (] ¥ dw o Y e 1]
uvsvamalugil Np Fezdesldlugesiuiuinminie ap Tashlanunuun
b4
voanszud J Funutdioiunssumlgugii qaiu
Np=Ap*}/Ipm (6)
UNUTUMS (@), (5) Haun1si ©)

Np = Aw*Kp*Ku*J*Vin(min)*Kt/Pin )
&

3o

Aw = NpPin/Kp*Ku*I*Vin(min)*Kt
snnguaathsuad

Edt=NC0 (8)
AU Vin(min)*ton(max) = Np*B*C

EL

Ac = Vin(min)*ton(max)/Np*B

8 ton = AMUYN on



[19

B = anunuwiundngmufountaslugie © on
v o da gt 1 .
C = anunuudunangnaouuladlueg effective core area

! [ 6 2 o < = o o . & u’l‘
MPTA  on  ADNITNWIUATINUNANUDINNY £ AU

fon(max)-1/2f 9
unudi 9 aluaums (@)
Ac=Vin(min)/Np*B*2f 10)
AP = Aw*Ac
FINAUMS (7) Uag (10)
Ap=Pin/Kt*Ku*Kp*J*b*2f a1

3/ o a o A d? = 9 ] =
dmdloulasidadt 30 ¢ msiiviuvesgungll moldanniz aAnumuiuvenszuaii1g
UIINMTAAUNAUBTNAT

4 -0.125 2
J =450*%10 *Ap  a/m
v ) ¥ [}
hnivinsmutueurgiag ,  anwmuminvesnssuaanatni U vIaYes
13 ¥ ) 4 1) * ¥
wioulauiuiiu sasidmveTinasAeNUNAINN AR TN ITMUTUYBIVLIR)
d’ 1 S
unueums (12) a9ty A1) uaznlaeu ap Tuidunissuduas
8 4 -0.125
Ap =Pin*10  / Kr*Ku*Kp*450 * 10 * Ap *B*2f cm

(1-0125) p 4 L1434
= ( Pin*10 /Kt*Ku*Kp*450*B*2f ) cm

8 4 -0.125 4
Ap = Pin*10 ~ / Kt*Ku*Kp*450 * 10 * Ap *B*2f cm  (13)
K’ = Kt*Ku*Kp (@m3NniI9e 3.3 undi 3) uazunuat K aslueums 3) uazilvio
a3no

1.143 4

Ap = (1LIPink *B*f)  cm

»
a o EY

AnTuvinavenelaaves Ap aunsom 1dlasnisg ( Pin) Mawdunm, B, A9 (£ ),

[] [l v v »
uazindh K dmuememi limsmuiiuvesgunail (temperature rise ) 30 °C
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Standard material characteristics (Linear material)

Property Symbol Unit 2H03 2HO4 2HOE 2HO7?7 2H10 2H15 2H18 !
.. . . 2500 4000 5500 | 7500 10000 15000 18000
Initial permeability sac £20% | £20% | +20% | +25% | +30% | +30% | x30% |
5 tané -5 <4 <10 <30 <5 <70 <15 < 980
Relative loss factor u x10 {100kHz) | (100kHz) | (100KHzZ) | (10kHz) | (10kHz} | (10kHz) | (TOKHZ) .
-30t0 20°C 01020 | 0t02.0 { 0020 | Ow1.5 | Oto1.5 | Oto 1.5 |
Temperatura 2010 55°C apr X107 : 051015 | 05015 |
coefficient !
20 to 70°C 0t020 | 0t02.0 | 0t020 [-0Sw15
Gauss 4700 4200 4200 4100 4000 4000 4000
Saturation magnetic flux density 8s mT 470 420 420 410 400 400 400
Gauss 1000 800 800 500 600 600 800
Residual magnaetic flux density 8r T 100 80 80 60 60 60 80
Coercivi y Ho Qe 0.16 0.10 0.10 0.05 0025 0.02 0.02
oercivity A/m 12.8 8 8 4 2 16 16 |
H ; 4 X10™° <08 <038 <06 <1.0 <20 <20
ysieresis mafegal constagy i i {10kHz) | (10kH2) | (10kHz) | (10kHz) |-(30kHz) | (10KHz)
Disaccommodation factor OF X107 <3.0 <3.0 <30 <20 <1.0 <1.0
Curie temperature Te ‘1 > 200 > 140 > 140 > 130 <120 <120 <120
Resistivity - P Q-m 1 1 0.2 0.1 0.01 0.01 0.01
Density d kg/m’ X 10°| 48 4.8 4.8 4.9 4.9 4.9 5.0
Note: 1) The values were obtained with toroidal cores (FR25¢/15¢/5).
2) The values were obtained at 23+2°C unless otherwise specified.
3) Initial permeability was measured at 10kHz, 0.8A/m.,
10! L I 10 T T
T RS
1
2H1 Cx’
2HO7T] 1
2HO6H
2H18 le% i
NI2H15 / 1 V % 17120
ZHO3
10° ~C2H10 107 1/ 4 . O
2H07 f )
A 3 - e f !
2 i $3 ¢ ZARKL
= [ '7‘}'.‘04 Q g Z 1l
- =1 § S f I
2HO3 = = H i
- A ll
’
0 ' 10 i :
Jii
10 107 ; i i
107 107 1 10 10° 1077 10" 1 10
Frequency (MHz) Frequency {MHz)



Standard material CharaCteriStics (Linear material)

3H21

Property Symbol Unit 3HO1 3H10 3H20
L. - . : 800 1200 2200 2400
Initial permeability tiac +20% +20% - £20% £20% "
<20 <15 <25 <35
L tan 6 -6 {0.5MHz) {0.1MHz) (0. 1MHz) 0.1M
Relative loss factor. ane X10 <40 b “!{
{1MHz) {0.5MHz) -
T A -30t0 20°C 0t02 0312 041016 041102
conthciomT® 2010 55°C awr X107 Oto2 02101 041012 04102 °
2010 70°C Oto2 02101 041012 04102 --
Gauss 3900 4650 4200 4100
Saturation magnetic fiux density Bs mT 390 465 420 410
Gauss 1700 1500 800 1100
Residual magnetic flux density Br mT 170 150 80 110
- Oe 0.7 0.5 0.15 0.3
Coercivity ol A/m 56 0 12 24
. . . X107 <18 <04 <04 <0.6
Hysteresis material constant nNa v {10kHz} {100kHz) {10kHz} (10kHz)
Disaccommodation factor DF X107 <20 <4 <2 <3
Curie temperature Tc °C > 250 > 200 > 160 > 160
Resistivity » Q-m 5 5 5 4
Density d kg/m* X 10° 4.6 4.7 48 48
Note: 1) The values were obtained with toroidal cores {FR25¢/15¢/5).
2) The values were obtained at 23::2°C uniess otherwise specified.
3} Initial permeability was measured at 10kHz, 0.8A/m.
104 10 Ht I m
3HO1
Vi
5
/V
10 F 0t
041 oz 11
0}
=R s
B 3121 ) 3 H' 1
= g
3H10 ¥ { 3H10
10° / l 10
—FAN3HOT]
I ,
10 iin 107 -
10t 107 1 10 10 10 0 1 1
Frequency {MHz) Frequency (MHz)




FERRITE MATERIALS

Material characte'ristics

Material Symbol| Unit | HS6Z | HS5Z | H54Z | H53Z | HS2A | HS28B HS2Z | HSTA HS1Z
. . z n 17 50 130 0 800 1200 1200 1200
Initial permeability e +20%| £20%| *20%| +20%| £20%| 0% | £20%| +20%| 5%
<200 <160 < &0 <30 <25 <2 < 5 < 3| <5
tan 5§ o~ 40MHz| 40MHz| 5 MHz{ 1 MHz| 1 MHz|0.SMHz| 0. 1MHz | 0.1MHz] 0. IMHz
Relative loss facter e X <20| <z0] <e8o| <120] < <4f <12| < 8 < 4
100MHz | 100MHz { 10MHz | 10MHz| 5 MHz]| 1 MHz|0.SMHz | 0. SMHz | 0. SMHz
Temperature factor
-~30~20" 3~i0 1.5~7 0.3~2
20—-§50 g ATV g A 0~2
20~70°C 4~20 3~10 0~5 1.5~7| 0.2~2} 0.2~1
Gauss 2200 2100 2500 2300 3300 3900 3800 4650 4650
Saturation flux density 8s -
mT 200 210 0 290 330 390 330 465 455
Gauss 1100 1200 1300 1600 200 1700! 1600 1500 1500
Residual flux density 8r
mT no 120 130 160 20 i70 160 150 150
Qe 12 10 8.0 30 20 0.7 0.5 0.5 0.5
Coercive force He
A/m 960 800 640 240 160 6 40 40 40
. X110~ ‘<18 <0.5 <0.6 <0.4
Hysteresis material constant ng mT 10kHz| 10kHz! 100kHz| 100KkHz
Disaccomodation factor DF X10— < S0 < S0 < 30 <2 <10 <2 <10 < 6 < 4
Curie temperature Te Kol >450 >450 >400 >350 >30 >0 >230 >20 >a0
Rasistivity 4 Q-cm |- 10 v d 10 10* 10° 500 500 500 500
Density d g/cm® 43 4.3 4.5 4.5 4.4 4.6 4.7 4.7 4.7

Note : 1) The vaiues were obtained with toroidal cores (FRZS$/154/5).
2} The values were obtained at 232 °C uniess otherwise specified.
ed at 10 kHz. 0.8 A/m.

3) Initial p bility were




H21B| H2Z | H23B | H4B|H24A | H24Z | H25Z [ H288 | H43N | H498B H45 H63 | HE3B|H45A{HE3A
. N -
2000 2000 3500 4000 5000 7000 12000 3500 1600 1700 00 2500 2000 24001 120
+209% | +20% | +£20% | *20% | £20%| *£25%| £30%| +20%| *20% | *£20%| £20% 2% | +£20% | *20%| *20%
<35 <25 <30 <15 < 40 < 7 < 8 < 50 <5 < 8 < 4 < 4 < 8§ < 5f{ < 13
100kHz | 100kMz| 10kHz| 100kHz| 100kHz | 10kHz | 10kHz | 100kHz| 100kHz | 100kHz | 100kHz | 100kHZz 100kHz | 100kHz | 100kHZ
0.5~2{0.4~1.2| 0~2.0| 0~1.5{~0.5~2| 0~2.0
0~1.5] =3~3
0.5~2{0.4~1.2| 0~2.0} 0~1.5[-0.5~2] 0~2.0
~
I
4100 4200 4000 4400 4500 4000 4000 4700 5000 5300 4700 < 52“} 5000 4800 4700
410 420 400 440 450 400 400 470 500 530 47 520 500 480 470
1100 800 900 1500 1500 900 950 1000 1500 1800 1000 1200 1500 1200 3100}
110 80 €0 150 150 €N 100 150 180 100 120 150 120 310
0.30 0.15 0.3 013 0.13 0.13 0.05 0.20 0.18 0.20 0.16 0.16|. 0.16 0.18 0.5
24.0 120 4.0 10.4 10.4 10.4 4.0 16.0 12.8 16.0 12.8 128 128 128 2.0
<0.4 <0.4 <10 <.0|- <0 <10 <10 <0.8
10kHz | 10kHz| 10xHz| 10%Hz| 10kHz| 10xHz| 10kHz| 100kHz
. <30 <20 <30 <i0| <ao <30 <20 <3.0
»>160 >170 >15 S5 >145 >15 >15 >200 >30 >0 >20{ >0 >2001 >Z0| >0
400 500 20 2 10 3 3 100 1.0..‘) © 1000 100 100 100 100 1000
4.8 4.8 4.8y 48 4.8 4.9 4.9 4.8 4.8 48 48| a8 4.8 43 ‘47




Terms and definitions

l. Permeability +1. Initial permeability, i

This is the limit value of B/H where H is indefinitaly close to zero (H~O)
at the virgin magnetization curve of a feromagnetic substance, and is
derived by the following equation:

. M_l_ lim 8

..Where s permesbility in vacuum
H: AC magnetic fisld strength
B: AC magnetic flux density
(Note) The essential permeability of a core material is measured using a
toroidal core wound with a coil, and is represented by the following
equation:

Lto 28 4n7
=N ag 10

Where L: seif-inductance of core including coil (mH)
Lo seif-inductance of coil (mH)
N: number of tums
Ae: average cross-sectional area of toroidal core (mm?)
Le: average magnetic path length of toroidal core (rnm)
1-2. Effective permeabliity, ue

This is usually defined as the permeability of a cors formmq a closed
circuit whera leakage flux is negligibly smail.

m=ﬂwz-%-10’
Where L sefif-inductance of core with coil (mH)
N: number of tums
. ﬁ.—? = C, = core factor (mm™")
1-3. Apparent sffective permeability, z.,
This is generally a ratio of two inductances in'a closed circuit:

I-hw=l'_-_° -
Where L: seif-inductance of coil including core
Lo:-seif-inductance of coil not including core

Magnetization curves 2-1. Saturation magnetic flux density, Bs

When the strength of a DC magnetic field H is intensified around a
completely demagnetized magnetic core, the magnetic flux density 8
increases from the initial point “0° Bedecocmaca—

as shown in the figure on the right.

This is called an initial magnetiza- 8

tion curve. The magnetic flux den- I by
sity eventually reaches its upper
limit, called the saturation
magnatic flux density Bs, where
the value of B is defined as By, He 0
when H = 10 Qe.

3 o,




2.2. Residual magnetic flux density, Br ‘e
This is the amount of residual magnetic flux density retained by the core
after the DC magnetic field is weakened and finaily removed to the level
of H =0. ’

-2-3. Coercivity,He

This is the strength of the magnetic field whereby the residual flux densrty
becomes zero under the intensification, in the opposrte diraction, of the
DC magnetic field. 4

3-1. Loss factor tand‘
The core loss factors of three different types of lossas: hysteresis loss,
eddy-currant loss and residual loss.
tansd =tandh+tande+tandr
=mn L.+e‘ f+n

The loss coefﬁclent tand can be also represented by the ratio of resis- ’

tance to reactance as follows.

Rm_ _ Betl-Rw
tand bl

Where tandh: hysteresis loss coefficient
tande: eddy-current loss coefficient
tandr: residual loss coeffecient

L: self inductance of core with coil (mH)
v: core vokmme (mm®)
i cument (A)
4 h.:hysteresislossoodﬁd,nt
@,: eddy-cument loss cosfficient
r,: residual loss coefficient
f: frequency (Hz)
Rm: resistance of magnetic core (Q)
Reff: resistance of core and coil (Q)
Rw: resistance of coil (0)
w: anguiar velocity (radien/sec.)
(Note) h, is expressed as follows:
= "f”.“‘
wL iz=i1
Wheta R, =resistance for current i,
=resistance for cument |,



rms and definitions

perature characteristics

3-2. Relative loss factor tand/ i
This is the amount of loss per unit permeability and is expressed as
follows:
tand/ui (for magnetic materiats)
tand/pe (where gaps are added to the magnetic circuit)
3-3. Relative hysteresis loss coefficient, h,, (h-one-zero)
This is the value of h, when £i=1000 and is used for comparing different
materials. it-is expressed as:

hio =h|-(%.n)x
(Note) The relationship between h,, and n is represented as follows:
hio=50.1 74X 10°
3-4. Quality factor, Q
This is the reciprocal of the loss coefficent and is” given by:
Q=-l_=2L
tand ~ Am
(Note) The Q for the coil with the core is expressed as follows:

]
Qe_Reff

4-1. Temperature coefficient, ax
This is the fractional difference of permeability per 1°C in a temperature

range of from T, to T,,
P oo R B
FHETmT T-n

Where g, permeability at temperature T,
4. permeability at temperature T,
4-2, Relative temperature coefficient, aur
This is the tamperature coefficient per unit permeability and is reprasent-
ed by:
aur=ffi
Thus, the temperature coefficient of an actual core is obtained as follows:
au=autX e
4-3. Curie point, Te
As shown by the typical tempera-
ture characteristic of permeabil-
"ity in the figure on the right, the
Curie point Tc is defined as the
temperature at which the mag-
netic core changes from the fer-
romegnetic to the paremagnetic
state. It is the temperature
obtained st the intersection point
of the horizontal line of x =1 and
the line passing through the
points 0.8u¢max. and 0.2uxmax.

nﬂl.'
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5. Disaccommodation factor, DF

.6. Electrical resistivity, p ((2-m)

7. Density, d (kg/m”)

8. Power loss

This is the factor representing the variation of permeability through time
after a complets demagnetization of the core at a constant temperature.

or—'=l‘£‘é-ﬂy (t>t)
Where z,: initial permeability t, minutes after complete demagnetiza-
tion
' initial permeability t. minutes after compiete demagnetiza-
tion
{Note) Generally, t, to t, is set at 10 to 100 minutes.

This is the electrical resistance per unit length and cross-sectional area
of a magnetic core.

This is the weight per unit volume of a magnetic core as expressed balow:

W
d=y

Where W: weight of magnetic body (kg)
V: volume of magnetic body {m>)

Power loss denotes the loss by an electrical transformer, such as a
switching regulator, under a magnetization condition featuring a high
frequency and a large amplitude. Operating magnetic flux density, B, is
generally expressed as follows:
B=t44_fE_NTeX1°‘ (mT)
Where B: magnetic flux density (mT)
) E: coil terminal voitage (V)
f: frequency (kHz)
N: number of coil tns -
Ae: effective cross-sectional srea (mm?)



FERRITE MATERIALS

« i vs. frequency tan ¢/ ui vs. frequency
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ui vs. temperature
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FERRITE MATERIALS

Power loss vs. temperature
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Static magnetization curves
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SP CORES

H21B sSP2616T-160

’ —LAL value G F
Shape detail r_ , ! :
Core height ’ 1] .
Core length o OEL —T
E Shape : £
Material ;Jl
T Dimension (mm) Magnetc characteristics
ey 7 & 8 c ) e £ a W [1tnioa~] £ elcmd | Ae(cm) |Velcm}] (g/see)
SPO704 T AT 73528 5 5823 [ 1023, frazos| 4223, [ 28732 17202 | s520.25 143 .00 | ao? | a7 | as
SP 005 T A 9333 o) 7.5232 {2923, | 203" [ 542g, 16353 21202 | 65+0.25] 125 124 .o | a1} as
0. 33 Q 0.2 ) 3
SPIO7 T A [N140.2 180234 14723, | 20%3" | astat | 44233 | 21202 [ 20205 | 4.5 .55 | 0162 | 021 | 1.8
—0 2 0
SP 1408 T 8 14002 16234 [ a0¥] . 20732 | a4l | 5639 ] 23406 | a5203 | 788 1.8 | 0.251§ 048 | L2
SP 44T 8 1140253 h2 0¥ [aorors| 2ixa1 [14.0+2 , fio2a 4 | 1.ax0 3 [1e.0x0.4 | 1.3 293 | o2 | are| 18
SPI1SUI T B |17.920.3 149255 | 2,630, | 20¥32 1a723, | 7.27%5 | as+0s 13083, | S97 | 258 | o4amu | 112 | &4
SP2213T B |20%8, 129238 | a.4¥2, | 44732 lja 5+, 9.2%34 | 1ax06 f1sotas| 497 315 | a6M | 200 | 126
SP %I4T A_|B505 1217205 |11.340.2 |5, 5640.15(14. 03] 4 | 2240.5 | 4.040.3 182203 | 365 | 140 | aaat | 207 | 19
SP 2616 T B (55205 (21,2238 [1.520 , | 55207 16,0352 [11.0¥3 ¢ | 1a+a6 180504 | o0 | 155 o.6m | 115 | 2.8
SP3019T B 30.0%0.5 [Z0X5° 125t , | 55232 19,029, (120735 | 43405 [20.5%0.5 | 130 450 1.35 €12 | 3%
' 3
L =9 Qs
Letter for AL veive tolerance
S:+3% Jitie% T £25%
U x5% N :20% M +30%
Core oh Ferrite material AL value (nH/N?), tolerance
name
HS3IZ HS28 HS1Z H21 B Hue H2A HZ HXSZ H& H288
. | meew 8,25/8 §/S 100/S
without gap /T 1000/T 1300/T 1400/7 200/T]  3S00/M
. r i oo 10,1678} 25,40,63/S 100, 160/S | 200, 250/U
: withat gap 100/T 125077 1700/ 1800/T ®00/T]  S000/M
sPiorT e 16.25,40/S| &3, 100/S| 100, 160/8 20/ 400/U
Wit gag 120/7 1600/T 2500/T 700/ so00/T|  esoorm
sPlagT |Tme 18.25/8|  40,6/S| 100.160/S] 20,315/ 400/Y
withat gap 18/7 2100/T 3200/T 200/T 8500/ M S000/M
SP T * | v gag /8 40,63/S] 100,160/8] 20, N15/8 /u
o gap 140/7 2000/ 3000/T 2000/T ss00/7|  7e00/M
sPisn T |meee 2.40/5) Q. ievs| 2:e.3s/8{  4007uf 620, 10007 4 .
wihout gap 2077 200/T]  5000/T SX0/T{  (3000/T)| (12000/M)
Pz | 40,63/3| 100,150/8] 2 s ovs| 630, 1000/U 1600/U
withaut gap 3700/7 §500/T 7500/T|  (12000/T)| (18000/M) 00/ 4m0/T
spauT |hom &, 100/S] 180, 250/5 N =
. withast Gap 4600/T 8000/ T $500/T “200/7 57200/T
sPxsT | &, 10/8| 180,20/ NI =
. without gsp 4s00/7 8000/ T 9000/ 000/T $500/T
with N3, 400 1000/
sP3018 T knd foo/s) | igcosd
without gap 6500/7| 1000077 | (12000/T) . So00/T %000/T

{ ) :Upon raquest




Type B Type C . Type G
A A
B E B E
G F -G F
| 1 |
o] 3 T (M7 o[L P———f
L v OI T =
] 1
N , ma]
Dimension (mm) Magnetic charscteristics
Core rame | Type (—— s c ) 3 F Py M [Ttilc")] 2e(cm)|Aelem?) [Velcm®)| (g/set)
SP3BT B |2.020.5 |27.040.5 |123£0.2 | 5.4 70 16204 [ sox03jzaexo3| 272 | 43 | 161 | 205 |
SP362T B8 %0F0, (29750 16028, | 55232 [2.079, 16734 | 4.920.6 [5.240.6 | 264 530 | 20 | 107 55
SP5336T B |sasktl.2 |aasr)® |57, | 55252 |35.653, (630 | 75205 [askr0 | 184 .80 | 477 {420 |zm
SPI4BFU | C [OX0211.673% [ 60X] , [ 20252 [ 043l {5620 27203 | 0205 | 867 204 | 0S| o0se0] 12
SPIBI4FU | C 1177403 149235 | 7.623 , | 20r8 Lha0*3, fies*d4 | 29%0.3 ns+0.4 | 7.07 20 0.4% | 128 9
SP6I4FU | C [B52A5 [2.720.5 {11.320.2 [5.5540.15[14.023 5 | 9220.5 | 40203 17.0%0.4 | 298 | 34 | osr| 203 | 19
SPINIFU | C [30.0+0.5 |=.520.5 1a320.2 |s.s5+a18[19.023 5 haoXlo | coxo3 [m3tes | 361 | @ L2 | 591 E3
SPI2ZNTVG| A [120%3 4] 28233 | soxn1s 10873 | 8223 | xok0.3 | 2.00.3 | 103 247 | o8| asss| 23
SPIBI4LVG| O [180F%3 ha7tss | 7428, 1423 5 herrg e dotas | xazos | a5 L 1ot 646 | 1.3 25
SPEBSELV | D |easkls isastd? lmer?, |6t 0r?, 20t 2.0%37 haotes| 174 120 | 713 | s | s
Letter for AL vaiue tolerance
S:k3% J 1 210% T:+2%%
U:x5% N © +20% M £30%
Fentte material AL value (nH/N?), tclerance .
Core name Gap
HS3Z . H28 HS512Z H21B H248 H24A H242 HS2Z H& H2B
with gap PEN 125, 16007y '
SPIBT £, 1000/5
without gap 7S00/T{  13000/T| (1S000/T) §700/T %00/T
315, 400 1600/
SP3/2T it g% élg[s wl‘j
without gap 7200/Y]  13000/T{ (15000/T) 7000/T| 1000077
NS, 40 1600/
SPSIWT rno® e oors|  mwy
without gap 12000/T|  15000/T -
with 100,160/S| 250,315/ 00/U E
SP 1408 FU ks
without gap ado/T 200/7 3I00/T 6000/T 8S00/M
with gap 250,315/ 400/u} 630, 100074
SP 1814 FU
-| without gap 2600/ 4500/T s20/T| (esoo/T)| (110c/m) |
315, «00
with
SP 2614 FU i
withaut gap 4400/T 7500/7 8500/T 4000/7 S500/T
with gap 8, 400 1000/u
SP 2019 FU &aeoors|  1eosy
without gap §200/7 9500/T| (11000/T) 5700/ 7S00/T
with =, 40/S /s 100.160/5] 250,315/8
SP 1211 V8 =0 =
withoust gap 120/7 1500/T 200/7 =00/T 4500/T S500/M
with X.40/8| e toss| 20,318/ A0/u| 630, 1000/
SP 1814 VG o
without gap 15077 2300/T 500/T s000/%|  (e000/T)| (t11000/M)
whn gap 215, 400 1600/U
SP 6656 LV 1000/l 250073
without gap 14000/T

( ) ! Upon request



P 1308 FV- 160

—[_—AL value
Shape detail
Core height
Care length
Shape
Material
Type 8 Type C i
8 H B
l dl h i—'l
) i
m 1 | [22] per
vlr = a1}
~N 't
of S cE= @ S 3
& NS
[}
Dimension {(mm) Magnetic characteristics
Core name | Type
A 8 [+ d1 d2 43 H h TlMen™") £ e{cm) | Ae(cm?} | ve(cm?®)| (g/sat)
CPOGFV | A [9423, {70 2.0 83253 [ 4o*, | 182323 | 652y, ] 27283 a2 .26 | ez | a0 | 110
CPI3IFV| A 113520, 4 30 1212534 1 6620 5] 20232 | 9573, | 87284 ] 7.4 | 225 | 00| o5 | 4.3
CPI403TV | B |1£20.3 [14.720.3 |7.75%0.25] a.5+0.55] € 0x0.15| 20520.1] a.620.2 | 7.020.2| 7.5 | 1.00 | 0.28 | o4z 48
cPI7Is C 16723, {2043, | 2973, hinsxos 2.0X0 5 | 10%3! 202 fiosrez| a6z | 218 | o | .17 | &5
CPNW4FV| A [D0T3, |16s 60 18.425-5 | 2833, | 20732 hasty, heord! «s0 | 13 40701 213 | 13
CPBBFY| A jB.2x, |xo 6.0 21,2285 16538 5| 10¥32 |30 1720284 | w12 | 4% | L2 | s | 2
’ Letter for AL vaiue tolerance
S:*3% N : +£20%
Uikxs% T +25%
3 110% M +30%
. Fernte matertal AL vaive (nH/N?), tolerance
Core name’ Gap
HS12 HR28 HS1Z H218 H24B HAUA H242Z H2SZ HE HZBB
with gap 10,16/S 25,40,63/8 100. 160/S | . 200, 250/
CP 0506 Fv g .
without gap 120/7 i 1500/ 7 2100/7 2000/T 4000/T{ - 6000/M
with gap 16.25/S|  ¢0,63/s| 9% 162 us/s
CPI9 FV fm Bus| ory
without Gao 160/T Z300/T 3400/7 3800/T 7000/T|  10000/M
with gsp 160, 250/T 20/ ns/T
CcP 1409 TV ki
without gao 2000/ 3500/T 330077 §500/T|  S000/M
cPins with gap 160, 250/S As/S b
without gao 240077 3500/T 3900/T|  (7000/T)| (10000/8)
with gap 63/S| 100.160/S| BMNSAMS| 600.800/U 1000su
CP 2014 FV = 1600/
without gao 3500/T 6700/T T200/7 3300/7 4600/T
with gap 20318 s 630, 1000/S{ 1250, 16007y
cPAB Y g
withowt gap 4500/T sooo/y|  (8200/7) 4000/T S400/7

( ) :Upon request



v
H4 U—1
| [“ Core length
Shape
Matecial
1
@D <
t ’ [ i i
LD
L C | E
Core name
Chaeracterisucs ” -
usis | vzt | u-ls ) oy | ueao u-30 ' u-e0
 Almm) | 1s2ze? §o2iemec | 28207 | N0w0s | mes0s | mosns | s0er
i t f}
[ B{mm) s2203 | somn | 22203 | mo*es | zesos | seozas | 30no
Dimension Poctmm) 2205 | 15.8me lieszas | ossas | xiss03 | rzszor " mozas
L D(mm) 1 &6204 | goma | 112203 | t3sa: | 1565409 | woxe: 13003
L E(mm) 65223 | 75%03 | nozes [ or=e3 | ossea3 | owsozas | 1s.e=0s
Core tactor D Eem™) | 182 | i2s L9 | ouw e a% L
Eftective length | 2elem) 5.04 { 6.38 &n : roo 13,91 1683 15.91
Effective area | Aelem) e | es  ew | aw | oem | ix I
i - >
Eftective volume | velerm) te | | re [ exm | oo E S TR
| H4s 150 a0 = ! w0 | 1m0 | o ;0
AL vaive (nH/N? £25%) g T T - :
H4SN 120 | s aw p e ;0 ! 2o 1 2

-24-




TOROIDAL CORES

H24A FR 8¢,/3¢ /6

Core height
Core inside diameter
Core outside diameter

Shape
Material
o a
[ H ]
Dimension (mm) AL vaiue (nH/N?)
Core flaie 0 | ed H H 45 H24 8B H24A HUZ H25Z
(£25%) (£25%) | (£25%) (£25%) | (£30%)

FR 4 $/2.29/2.7 40202 | 22402 | 27402 800 1250 1600 200 3800
FRS$/3.24/3 5.0%0.2 | 32402 | 30%0.2 650 1100 1350 1850 3200
FRE$/3 4/6 8.0+0.3 | 3.0+0.2 | 60%0.3 2700 4300 5400 7600 13000
FR11$/54/3 11.0£0.3 | 5.0+£0.2 | 3.0%0.3 1100 1750 200 3100 5300
FR134/79/5 13,0204 | 7.0%0.3 | 5.0%0.3 1500 2400 3000 4200 (7100}
FRI4$/T8/7 14.0£0.4 | 7.0%0.3 | 7.0%0.3 2300 3700 4600 6500 (11000)
FR1S4/34/13 15.040.3 | 9.0%0.3 | 13.0%0.3 3250 5200 6500 9100 {15000)
FR164/100/7 16.020.5 | 10.040.5 | 7.0%0.3 1600 2600 3200 4500 (7000}
FR164/124/8 16.0£0.3 | 12.0%0.3 | 8.0%0.3 1150 1800 200 3200
FR194/104 /10 18, 4530.3 | 9.75%0.3 10.25£0.3 3000 4800 6000 (8300)
FR204/124/4 19.540.3 | 12.0540.3 | 4.1520.3 400 5500 7000 (9700)
FRZ54/15$/12 =005 | 15,0405 | 12.0+0.5 3000 4800 6000 (8300)
FR314/204/10 .03, | 2.0F35 | 10.0FY 2100 3500 4300 (5000}
FR384/19¢4/13 BIZ05 | 18,0405 | 127405 ‘4300 (6900) (8500)
FR40$/204/12 0.0%2 , F0.0+S [ 14gr0s 5000 (8000) {9800)
FR504/254/10 sa.0¥?, | 50%3¢ [10.0t38 3300 (5300) (8500)

{ ) :Upon request




T | b _
I | ! P Shape cetail ; } _
l i ’ Core heignt U B ;
l L Core length 2 @< <
Shape { :
Material i B
F oy : f
P E ¢l ol S
' Core name
Charactenslics I T T - T T
! E122/19K . E125/19 ! E€128/20 ' EI30/26K | E135/29 : E140/35K | EI1S0/42K E160/44K
o Almm)  fzoxo3 | Aexes {moxes !Xz lasoxes 100205 | 0.0=0.7 § 60.020.8
! S(mm) 12.8 mm. il&ﬁmm imSmm J1e5mn. | WSma | ZEmn | Sma | Limn.
[ + H
i Gtmm) 8079 | &sxm | 2579, in.0Tg, |0, §2er3, (seI3, 1802,
Dimension O{mm) 5073 ¢ |,as:aaixLo:&. j0xg e | g, {2073, ilso:&, 18078,
Elmm) | 0323% | 16373% | 1eszd 20280 jauzzed (2073 fmord? jssty?
;
Flmm) | 103%3S | 13029 reo*ds 1 1e0X3S (m2ead 200735 | 205rST 1 77s2S
i ' t » [
| Glmm) 45£02 | Lo=a2 ) 15202 | S5#0.2 § 5002 . 2520.3 | 20=C3 i &520.2
Core tactor i Z%Rm") 25 T R 1 P A s2¢ 3 88 52 L1 L4
EHective length 2el{em) poas | s osa ¢ &% e ! a8 i 09’
. [ -
Effective area Ae{cm?) a1 o oes PRI w7 L 21 24
ENective voiume ve{cnr) Lo boz@ | oam ! oas gw | owr | oae | oz
Approx. weight Wig/set) 24 TN &2 C e\ 3 ¥ ! & Ix meo b
H4S 2400 me | e ] oaw mo e 5800 5300
H49N 1650 1m0 | o |z x| 2200 %2
AL value {nH/N* £25%) - -
HagwW 00 10 | w0 | wso =0 i s w0 | w0
HE3 2100 [xm { e | w0 m | e 0 | s

=22~




EE CORES

HE3 EE 30.26K

r T—Sha'pe detail
Core height
Core length

Shape

~ Material

LF.
L€ ]

Core name
Charactaristics A
EEI6/14x | £€19/16K | EE22/18K | €E/ 26k [Ra0/ux | EEL | B/ T eecnion e osa | ssoraen -
A(mm)  16.020.3[13,120.3|22.0£0. 3 30.0%0.5 {40 00, § 42,0259 142,04 9150, 0+0. 7{ 5. 01 2 60, 00 8
B(mm)  [1.7min [14.2min |12 8min. [19.S mia 27,4 min, 295 min. A.Smin. {3 2min |37.5min, [43. 8 min,
C{mm) 4000 | 47235 60k 4 n.02 .03 gf12.233 12243, 15.223 , (17243 (16 0%3 ,
i D(mm) 5028 o 5248 | 60X, 1,028 5111033 4 |15.243 , 2,033 4115032 ,{21.0% (116,042,
E(mm) | 71283 7.8333| 92283 13,038 1e 72 o[21.229 o200, 2.0235|7.8% 2. 043
Flmm) [s13323) 55+0.2) 57403 8023311002551 14,848 7| 14,2427 12553 5] 18.625-¢[ 12,839 5
Core factor z%(cm-') 120 12.0 975 528 (4 s.42 “z % 51 4%
Effective length Le(em) 152 1% .97 el R L7 .70 L8 1240 1.0
Effactive area Ae(cm?) a19 o 0.41 ﬁ_/.os,_.‘ .23 1.7 2% 228 i 245
Effective volume Ve(cm?) 0.6 [¥:7] 1.682 6313 .86 [ 1723 | zn | a7 arn | za
Approx. weight W(g/set) 13 46 22 2 <) 116 ns = 140
H4S 1100 1250 2400 400 2900 4300 5700 700 o] 5300
H48N 50 %0 1650 3000 o 000 4000 4000 00 600
AL value (nH/N® £25%)
H4gw 1050 1200 208 «“00 200 - | 4000 5300 5300 00 4200
HE3 1050 1200 2100 Q100 500 3700 4500 4900 sx0 4500




EER CORES

H63 EER35/34

|' l
Core height —
Core length i
Shape o,
Material I
PRGN |
o
| D}
/
Core name ~ /
Characteristics
EER34/25 EER39/40 EER&/4S EER49/49
EER19/24] EER26/X} T ETD T ssnss/ulsamm| m.mg,!ssmzuzl(aw, EEA4S/62] TeTrug)
! Almm)  [19.2%0.4]26.220.4:35.0%5 4 zs.ozo.sizgoto.s 40.0+¢ o142.020.5]45.022 o143.0%0.5i49.8*3 ,
} 8{mm) llﬁmin.’lﬂ.ﬁmh. !as:.',-‘ X.6min. |28 Smin. |20.3%) ¢(31.0£0.5{325%3 %] 4mmn. {36.1154-8
! Ctmm) 5.623:31 72203123 4f11.320.3 na:o.:{llza:g_. 15.2%0.3/15.2%9 ¢ 17.2:0.2'1&7‘_‘8,,
Di n - T
] D (mm) S68 3] 7.220.3)1018 ({11.320.3(12.8:0.3112.87F 5)15.220.3 ls.z‘:g_l, 17.220.3/16.7%3 4
i Elmm) [12120.2|16320.3{17.3+0.2|20.7+0.3 zz.ozo.aiw.a:o.z{zl.z:o.a 22.3%0.2131,2%0,3/ 24.7%0.2
YOF(mm) 8.9%0.2)12 8203011820 8|14, 720.3)17. 020, 3 [ 1027 815 220, 3161 28 22 720 317, 758 #
] 0 ) ) ¢ 0
Core tactor , E—;E(cm") 18.8 16.89 812 812 7.61 7.38 S.2% 593 i %4 5.40
]
Eftective length . telem) 2 7.43 7.9 8.0 1612 ;.2 T 1038 1480 ;1140
+ 1 ! !
Elfective area i CAelem?) 0.28 0.44 097 L1 3, L5 L83 | 1.75) 235 n
Etfective volume ve{em?) 1.45 ! 1z 7.68 10.0 135 11.53 17.64 18.09 M3 24.05
Approx. weight ' w(gsset) 7.3 17 40 82 69 €0 9 94 mo
H45 200 2600 3100 3200 4100 3600 500 4000
HAIN 900 %00 o | 1o | 200 | zo | zm0 | w0 | s | 2m0
AL vailue (nH/N? £25%) HeswW 2300 2400 2900 3000 3800 3400 3300 3700
HE3 180 1200 2100 200 200 70 3500 3200 000 | 3500
H248 2000 2000
H24 A 2350 2400 | . - . l




PM CORES . L

H63 PM3230
B ; I LCore height _—t,_
Core length <
l Shape (&} mi O .-F

Material

A

¢
FE

Coce name
Characteristics

PM-2016 | PM-2020 | PM-2620 | PM-2625 | PM-3220 | PM-3230 | PM-3535 | PM-4040

[ A (mm) 25204 | 2.520.4 | 652045 | .5+0.45 | 2.0+0.5 | 20%0.5 | 1.0+05 wokld

B(mm) 18.0£0.4 | 18.0£0.4 | 250,45 | 22.5%0.45 | 2.520.5 | 27.5+0.5 | 32.0+0.5 | 37.0+0.5

C{mm) 20283, | 903, |122%Y, 12278, [ 13738, | 17E, [ ey, 18233 4

Dimension O (mm) 40504 | 14.020.4 | 19.0£0.45 [ 19.020.45 | 2.020.5 | 22.0+0.5 | 8.0+0.5 | 28 00,5

E{mm) 8233, | 10223, | 10.249 .. 12520 25 | 100423 g | 18358 5 | 17.578 20,023 .

F (mm) 5023 | 70333 | 56+ | 79493 | s5eiq3 105282 11235393 | 14,6%9:3

G{mm) 120min. | 12.0min. [ 1S.5min. | 1S.5mm. | 19.0min. | 19.0min. | 225 mn 27.5 mia.
Core factor f I-i—(cm") 6.0 73 19 el s 464 448 5.08
Eftective length | tefem 1% 54 w8 555 ¢ s 246 %) i0.19
Eftective area I aetcm) 0 0.62 119 e | L 1.t 1% 201
Effective volume ! Vve(cm®) 21 I pA ] 5.45 6.53 i 9.42 .97 7.2 2,45
Approx. weight | Wlg/set) 3] s ki % , @ s5 7 £
HE3 B0 | 00 5500 20 | sm so00 5000 4500
H4s m o s%0 5500 720 s200 s200 00

AL value (nH/N? £25%)

Hagw 300 3100 5600 500 | 650 5100 sico 4500
H4ON 0 | 20 4100 000 | 00 m0 me | o




EP CORES

Hé3 EPZ . ‘
_L— Core length | . E]
h J |
- fdaat:fial @E @ <'
| NN
G Y \
e =
Core name
Characteristics v
EP7 0. | ep3 EP 15 EP17 EP 20
A(mm) 9.20.2 1.520.2 12.520.3 15.0:£0.5 18.0x04 24.0%0.5
B (mm) 7.420.2 9.4%0.2 10.020.3 1.820.5 12.0+0.4 16.5%0.4
C{(mm) 14*y, 14578, a5¥3, 48205 | s85X3 9.0%0,
Dimension D(mm) 8553, 7.857%3., 2.0%3, 10.0+0. 4 g n.s*g, 15.3%8 ,
- 2 E{mm) 15X, 10,423, 13,043 5 15.020.4 | 17.0%3 , 21.6%3 .
£ (mm) 507 2234 9.0+ 4 10.4%0.3 1,073 i 14.023:¢
G{mm) 1.8%3 4 L8528 RSO 275%0.2 | 125%0.2 Y
Core factor ) z%(cm-') 15.2 17.0 | 124 103 ' g0 I s0
Effective length | ze(em) 1.57 192 ’ 202 11 X 34 ! s
Effective area As(em?) 010 QLo STY on e | aa 0.3
Effective volume ve{cm®) 0.16 (%3 0.47 09 1.50 180
Approx. weight w(g/set) 1.4 28 5.1 7.5 1.8 21.6
H4IN &0 ) %09 1050 “1350 200
HE3 &0 850 1200 o rx0f J 1750 2800
AL vaiue {nH/N? £25%) HuB 1100 10 1700 o ;=00 200
. HAA 1600 1 R 2000 = | 300 5700
H24Z 20 20 3400 0 | (s00)

( ) :Upon request




RM | CORES S ~

218 RM6—400

T H
AL value h
Core length
Shape
Material b
N
A
mj
L Dimension {mm) Magnatic characteristics
Core name Type |
| A 8 al .d2 d3 a4 H h T2Mow™"} 2 a(cm) | Ae(em?) [Ve(em®) | (g/set)
AM S A D23 | 25238 haerd, Jlo2¥ee 4820 51 2023 [a523, |11s2%2 | 101 214 | o | a4 | an
AM 6 B Ie733 ¢ | 28280 17,978, 124285 [ 62782 | 2.0+37 62540, | €032 se3 270 | o3 | oes | 47
AM 8 A AT, | S0Xy0 [2a229 , 12,0538 Jasstl , [ 44xg2 82513, | 5433 a0 1s5 | as2 | n& |10
RM 10 A 20728 | so*yo 28520 5 [21.238° 110,949 , | s.4¥32 [ a35%0, 622331 506" | 420 083 | 347 |20
AM 14 A |72, | 56X 2220, [motyo 15,080 | 54332 [1a523, (104723 [ 19 7.0 L7 |24 |es
Lecter for AL vaiue tolerance
- E S:t3% N $20%
U:ts% T:+2%
J D R10% M +30%
Ferrite matarial AL vaiue (nH/N?), tolersnce
Core name Gap
H532Z M528 H51Z | H2ae H2u8 H24 A HAuZ HSZ "e3 H2se
s with Gap 10.16.25/5|  40.63/s| 100.180/] 250,315/ “©0/S
withas gap 120/7 800/T | 1ecare}  e200/r|  w3400/r| wssoorr *6300/M{,  *1200/T|  »2200/7]
A6 with g0 16.25.40/s| ex o0 1e/s| mo3s/st QNI om rman
without gap | 140/T H0/T 000/T|  #3200/T| #4000/T{ @€S00/T| we00O/M| w2000/T| #3000/T
AM 8 with gap 40.63/s| 1m1@2vs] 318, 400/S| 630, 1000/U] 1250, 1600ss
without gap 180/T 1200/7 BU/T|  +540/T]  600/T| s(ooo/T)| e(xow/M)| e200/T] w4007
), 18 1
AM 10 with geo =3 8s0rs 6ry
withast gap »7500/T|  wesoo/T s3900/7|  #S700/T
AM 14 with gap AN oss| 120 1ss
withas gap | 5000/T{  (9300/T) 00/T S400/T

{ ) :Upon request
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H21 X 25 15 FUG-350 A e“
—[—— AL value ~B F
——————————Shape detail
Core height © |
Core length a -
Shape l_.
Material
)
Type A With center hole
Type B Without center hole
Core name Type A B Cc 0 E F G
X 2515 FU “A 24523 5 RER an-SOURN < - N RN - TS , 4.8%%:2 4382
X 2515 FUG B 24530 4 12738, |- =z6xe .81 , 7.8%3 5 48392
X 3023 FU A 28.90.5 16.3%0.4 x.8+)2 1423 1,5%%3 7.532%:3 44182
X 3023 FUG B 28.9%0.5 16.3%0.4 28rl? | n4ry, 1.5393 7.53%3
X 3623 FUG 8 36.5+0.8 2.1%0.4 ;. 2*)e 18249 . 1.8%5 4 75405
Cors name IL/A e X Ae Ve W
X 2515 FU 57 4,15 0.7 3.03 16.5
X 2515 FUG 5.7 415 0.73 203 16.7
X 3023 FU 4.89 5.58 114 6.36 8
X 3023 FUG 4.9 5.5 115 6.3 33
X 3623 FUG 115 660 210 13.9 b7
Core name Gap H53Z | H52B | HS51Z | H2IB | H24B | H24A | HAZ HSZ |
with ga 100/ 250/ 40075 11250, 1500/ J
X 2515 FU 90 500/U
without gap as00/T
1000, 1250/ 4 :
X 2515 FUG i
I 5400/T 6200/T 11000/T 1600C/M |
. 25075 | 490, 800/S 4254 16007y
X 3023 Fy 1000/U l
4300/T
1250, 1600/ J
X 3023 FUG -
6300/T (7200/7) 13000/ 18500/M
|
X 3623 FUG !
6400/T %00/T 1oy | 19000/T | 28000/M




camn . e s

~

FERRITE MATERIAL REFERENCE T‘A.Eil.fi’

gy G M WK WC MK KR NT MK NG me AR N MK NE AR RN MR TG e NN MWW Gm MG M mw am e D

SEPTEMBER, 1984 b

o wRIa

voL. I FUJI- ELECTROCHERICAL' CO.,LTD. :
F UJ I |PHILIPS!SIEMENS|FERRINOX|CERAMAG | FERROX- mvm INDIANA|MAGHE-|FATR- |T.D.K |
(L CC)|STACKP.|  CUBE| Ipppres|GENERAL| TICS| RITE f

H21B| 3B1{N22|T10 | 26 3B9 Tc-9| D | 72{E6A |

3H2| T26| T13 | 28 G |- 13lH62 |

Tid H 6B

H23B| 3E1 503 H5A |
H2¢ 3E2| T35 T4 24K >4 H5B2
H24A| 3E4| N3O 24H| 32 |38 | 0-56 7 5 |APS000
H24B T§. HP4000
H2S 3E3| T38 222 HS5C2
H28B N41| T22 EV-A : HTA .
HS 2 3C2| NS§58 2 1A ¢ H6HS3
H521| 3B3|M25| T31 | 25 3D3 A 33|HG6F

3D3| M33| B10 :
H52N| 4B1 H20 9 §2(KS

6 4
HS3 ic1 H32 | 11 4C4 Q-1 §1|K6A
54 4D 1 H52 | 12 Q-2 67

4D 2
HSS 4E1| K12| H62 | 14 Q-3 | 68|Ks
HS56 U117 14A
H6 3 Bs1 | | &) HiC1
H6 4 | | | 2er | HTC4|
'H4 4 l | . | H4M
‘H4s | 3ce |B50 |24 | 3cs|,z | 0-5] H3S
H49 3cs| N27| B30 | 248 | 77|H3T
H49N| | ESE-F
H4SA l ! I H7Cl
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