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ABSTRACT

This paper presents the principle and process of 50-Hz, 550 VA and 50-kHz ,1600
VA transformers design by area product approach used for voltage and current transforming
process in electric circuits for 50-Hz transformer and in power electronic circuits for 50-kHz
transformer ,where both transformers are frequently found to be part of the circuits. Therefore,
well-designed transformers can be also regarded as a very important thing to be considered ,
especially when a whole system circuit of high power conversion efficiency is required. The
relation between the combined power on the primary and secondary sides ( P, + P,) and the
area product of the cross-section area of a transformer core (4, ) and the cross-section area of

a window containing the primary and secondary coils ( W, ..ot Wo condary

) will be applied

in the design process of both transformers.
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Tavma lumsesnuvumdendasinfhed Idmnnumilsnimiusimin (L) i
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AU (Core loss) tazmas ihgapdoludnimoeauns (Copper loss) HonINITuNITBRALLL

A

o 4 P - ¢ 1 d w '
gunsslimanianaseelidmd ihquduilesnngUnsalinimdndandn Uszumai-s%

o

voarhds Inthgadoswluszuudidonseiindids

232 maslvhgapdslunou
dmumasIiihgaydoluunuzdsznoudae MddWihgaydudosnnimnesda
(Hysteresis loss) uazida ihgyduiioannnizuaumeluunuuivin (Eddy current
=] = o dy
loss ) Tavaziisivazidundail

2.3.2.1 maslldhgaduiie s ndaneida

o o y = oo J 1 o 1
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23.3 madalWvhgapdeludnimeuns

mdaIhgadoludnimewnsannsomiseenldiiiu - MdsIndhagadunnaam
A Ifhnszuanss (Winding DC  loss) uaznds Ithgaydvarnaanudm i
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¥ '
Tumsesnuuumfionas i TaolF B nagaiiufivedszneudennuminouas

= ad Ri L
NUIVDIITNITODNLUUDAIU

241 anwwmngveddsmsesnuuuwsieuaslvlvhlasisnagamium

¥
= Y w

¥ ]
waguiuil 4, vouwnunlouwlas fie waguszndng Auivihdavessomhei

¥
= =

< - 4 i & o
vosndeuas Inhildussquanindgugiinazydondi ( w ) Fuduiui finszue i

L'

o]

9 a a ' ﬂ a v 4 4 Y o 3/ |tl ﬁ
m‘uﬂjuqn LAZNAUNY UHHNUIVUUAIT NG UALLAT AU Wunvimaveanunuailas v

d g X ddaie s ' - = vod
(4,) Fuduitui Aiidnduiman nadw Imiedunsaauiung sldaumsged
A =W A (2.16)

[] 1 ¥
Taglugui 2.9 fa3Uf 2.13 uamaginssvesunumdoutas Inihaiiadien wlouts

P TR ' Y 4 4 9o v
ssyunnihdavesyesninamaaziunmhdavesunundoudas vl
W, >
3UN 2.9 C core.
NN
0, >

31]‘?1 2.10 E core.



, >
31]?; 2.11 Pot core.
A
v, >
gll‘ﬁ 2.12 toroidal core.
S z
W, >

31]‘?] 2.13 Powder core.
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L 2 4
2.42 mnvesismssenuvuniientaslvihing3inagamiun

P am 3y as A4 4 4
nnveels masenuuurieudas i lae imaguiiui innnaumsvesrhsuad

Sl

g = N@ (2.17)

dt
¢ = ¢,sinot (2.18)
e = NM (2.19)
dt

e = N¢ wcoswt (2.20)

e = Ng, (2af)cos(2af) (2.21)

B o= 3% & %{Q = 4.44/Ng, (2.22)
il

¢, = B,A = B ,Ax10™ (2.23)
wld

E = K,B,ANfx10" (2.24)
vaglaunsing

Nd, = Ex10* (2.25)
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VINTUNITN (2.25) NN (2.28)

Ex10*

KW, A

o avUe
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¥ __a c

KB, f

W,A

ANurUunszua Ivvh

Uszansnm

A Ex10*
K,K,B,f

S~

P(oulpm ) P

> Llimputy =
P(r'npul)
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(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)
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M E 19 2 9799030UN1TN (2.32)

NAFUMIN (2.29) 92 14

EA, = K,B,fK,W,4,x10"

NAUMIN (2.33) waz (2.34) 92 14

EI
ki
W A
a“ ¢ lotal
INAUNITN (2.33)
P(ro:m')
MNANMIN (2.30)
a Clmra!
W A

F P

(input) (output)

})(ﬂurpui') P

J _Jn

W, A

a“-e

%
primary a”“Clsecondary

(output)

n

EIx10* nEI x10*

+
KB, /KJ KB, KJ

P x10*

(total)

~ K,B,fK.J
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(2.35)

(2.36)

(2.37)

(2.38)

(2.39)

(2.40)



26

A9
B x10*
= (total) (241)
KB, /K,J
A15199 2.1 Core configuration constants[1]
Core Losses (K, (25°C) |K,(50°C) | &) | O | K, | K, | K,
C core P,=P, | 323 468 1.16 |-0.14{39.2 | 66.6 | 17.9
E core P, =P, | 366 534 | 1.14 |[-0.12|41.3 | 68.2 | 19.7
Pot core P,=P, | 433 632 | 1.20 [-0.17|33.8 [48.0 | 14.5
Toroidal core | P, =P, | 250 365 | 1.15[-0.13(50.9 [82.3 | 25.0
Powdercore | P, WP, | 403 590 | 1.14 |-0.12]32.5 |58.8 | 13.1
A, =K A4 Vol =K 4,7
H/t s KWAIO,JS J = KJA;O.IES
211NA5199 2.1 A1 () waz () Wuvenidevesaums 4 Lz J Al
(x)
P, x10°
4, = [ (2.42)
KmefKqu
- (»
J = K,4; (2.43)

i e
INAIT19N 2.1 venmasvesaums J veaununtioutas Wiy E Core 3

] v
N -0.12 unumaeluaumsi (2.44) 1aaail

J = KA (2.44)
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A = P(rolal) X }'04

-012
3 K,B,/K.K 4,

B

4
0.88 (total) > 10

? K,B, /KK,

v
w2 ldaumseenuuuniouas Iihdmsy nleudas i uuy E core 891

P, x10* )"
4 = { (total) ]
P

KB, /KK,

27

(2.45)

(2.46)

(2.47)
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2.5 ANNANRUS sz HINNagUHTINUeIAYszneum ey veanenaslvidh
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o

251 anudniusszrinemaguiiui fudiinasvesniemadvivh
= v o dao 4 {
Psuasvemndoudas ihannsoudgasnnuduiusiunaguiuivesvdeulag

T 4, 18Taegdnsadfinasuaaclugilii 215 §e 31 2,17 flugdnssdulae bifia

s

USuasvesreanihdrsvesununioutas i Tasanuduiusuininmauaiissuins

]
=

wasuaslymwmmdsavesanuen 1 Taod woquituil 4, navuudaslimus

ke

]
1 =

Mdaftvesnnusnlavdmuald K, WlusmnsivestSuasinlaouuasmummidaeny
; 4 dd d T
vaanNueN uag K, iilumasvesnagaiiui nuldsunlasammiiidaivesnnueanie

asueld Taoaunmsaail
Volume = K,I’ (2.48)

4, =Kl (2.49)

Y o

v
NANMS (2.49) Wen vy 1A il

A
I* = ?" (2.50)
2
0.25
A
l= [F”) (2.51)
2

3
A 0.25
I’ = (—”) (2.52)

A 0.75
I = [—”] (2.53)
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unumEumMs 2.53) luaums (2.48) 214

K :
Volume = [KTI’SJ(A ’ )0 & (2.54)

2

Y ]
A A ow

Ed ]
gariuez laumsuaninnuduiuisenhanaguituil M USuasdsaunsi 2.55)
0.75
Volume = KV(A,,) (2.55)
' a 1w a d v w 1 ; A w =
mash K, dumdulszantvesnnudniussgnhamaguiiui fu Ysinasves
wienladlnih Tavlumsieh 22 Tuamsainei K, veandteulas Ifhudazuuy danly

3R 215 SagUit 2.17 WugihlSnesveanseulas IWfhudazuuy
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A 0.25
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66.6 C core
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M15199 2.4 Constant K, [1]

K, Core

39.2 C core

41.3 E core

33.8 Pot core

50.9 Toroidal core
32.5 Powder core
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322 468 C core

366 534 E core

433 632 Pot core
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2.6 Window utilization factor (K, )
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2.7 Core loss curve
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Mode 1 Regenerative Mode 4 S,,S,
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Mode 2 Powering Mode N4 &y S,

gﬂﬁ 3.18 Powering Mode A4 S, , S

] 322

Tnuai 2 Powering mode N4 S, , 5, Maa IWihmnunastvidez el Tuassu
- o o ::r: as . [
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Mode 3 Regenerative Mode N4 S,, S,
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Mode 4 Powering Mode i S,, S,

gﬂﬁ 3.20 Powering Mode g S, 5
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a ¢ a a o
18 TaeTToynsuyi5es Tausudnaeininaums

Vy square = o + Z a, cos(nwyt) + b, sin(nw,t) il (3.1
n=1
4
o
1 r
== |Vo,square (32)
£
1%
== decdr-k j v, dt (3.3)
"

1 T4 T
a, =?|:Vdc t lo/ +(-V,.t I%)} (3.4)



a, =0
< ' i o o - g ad A ' oa o
wiiuldh g, loAundvvoswussdunIedansznoudd fnuiiugud

2 1
a, = = J-v,, square COS(n@t)dt
0

T/ r
dec cos(nay)dt + j V.. cos(nem,t)dt
%

A 2 '
e o, = unuaadluguns

T
a, =—2— J-Vdc cos n[z—-tj dt+£‘[ V, cos| n 2—”1 dt
r T Ty r

wld

@ 3 ' & Y o
aniuez T lumey a, cos(nw,t) UAUMNUAUY

2 T
b, = — I o.square SIN(N@1)dlt
0

T
j V.. sin(na,t)dt

2%
b, = T _[Vdc sin(nawyt)dt + — T
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(3.5)

(3.6)

(3.7

(3.8)

(3.9

(3.10)

(3.11)

(3.12)
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dc
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a d
3.2.3 §A2995AIURNBUNRIINGS

a o ] ' [
MIMUUBUNesINeszleenilu 2 daudedufe

3.2.3.1 2993AUAU (Control Circuit)

MUz lunmssuiadygraiadgldimaou(square Wave) 188

e

e = o

LY { a o s & o o
dygrauildauqudunedined Fadggradinn 1 lumsdudygruvunavesses
a d o =t o = @ &
dunesnes Tavezld lofwed TL 494 Wuledving 16 11 lumsadudyaa deled
fl;.' yﬂ’: P [ a P ar

westiannsonigu ldninnuduaz Y5ulszianar msaauquanuiiawsodiuldlae
Ufumanudmmuliua ldfidedhin 6 uazmsiudszianaiDead Time)amisam
TaTasmalfum anwdumuliua 1dfidedhin 4 Taslumsidens ¢, fimnzay

wazdium R, M ldanuandsems dulumwawnisi 3.18)

1.1
= 3.18
e (3.18)

3.2.3.2 29959UV NN (Drive Circuit)
o o da o ' W [
yanaiaan Idnngaansnunuziudedhiugaesduuuna Tasgadees
W dy J i o Y ' 4 o [ z -
vvunaties 19 ledwes HPCL3180 fihanuieusio Taouas ieusnns1nivesdoyamiad
Qs 9 a [ o = [ ) = d = LT |
yanannganiugulnidudaszdedu Ui 3.26 TRuaavstunaaindifivsiufe

nngezidiues laToaoAussduivay

+ 15V + 15V

300Q 1000
1 U 8

3| HPCL 3180

4700u F ﬂ’mmqmi’n

REETRE]

Aryrynaan o_l,.'—_‘
— - ~

1APILAN

31N 3.26 2vstuinmihmihiiuennsdsznhamamduaznanugu
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Tuneumsosnuuurdendaslvihlneisnagamivm

4.1 Unin

Tumsinsannsesnuuyldnundendasliih dmivdeinusdahauias
¥ o ) ) =Hq ¥ o ' o = "\ W
qaviu anumzuﬂzTﬂsaﬁﬂwamuauﬂam%ﬁmsmmmummﬂqqn:nmmuﬂﬂmaﬂn
£ o ° ] o o o Y] a 9 P &
nvoudas M ludiuanud wazdmiumsinsanoenuuuniouasnnudgeds
° w & 1L )
ey Tnaadadursess Tauuudeynsusznuhmanudumuvesvaain tazsnig
milonhia Inaveansionr/as (Leakage inductance) sziiludusiitinadoninugiumuy

wazAIN MM TIN5 Tsuuudoynsy

4.2 msesnuuunieuasini 50-Hz

dmiumsesnuuunienaauy Step-Up TransformerTneliiiussfudnilguni
Wiy 110 v, usedudmegiivihiiy 220 V. nszuaioninn 2.5 A A28 50 Hz , Qunnil

50 °C, Uszansn1n 95% uazl¥ Core 1Y lamination 18 mil.
4.2.1 mseenuvuneutasvh 50-Hz luamveaununieudaslvih
ﬂyf d‘ [-] 1 [} L =Y =y
Yuapun 1. Awrmmamas i iy P,
P, = V,1, cos 0, (4.1)
=220 X 2.5 X1

=550 VA 130 550 watts

Nvaalin R ad19Au7 i power factor = 1.0



71

Ce

UADUN 2. MUIUMIAINIAL I P

=

total

total

P ,= P (l + 1] (4.2)

I
wn
wn
o
F i
|._
B
—
—

1129 watts

fdaTwihsay ( Total power ) Wudmlsznouildlumssuan lilgigs Wi

nioutasainsesoliiuvaa'ld

i ¥ 3 N
Tunowii 3. Anumamaguiiui 4,

1.14
P x10*
A = total (4.3)
= [KmefK"KJJ

fmuald
K, = 4.44 ( Sine waveform coefficient ) [1],[2]
B, = 1.3 Tesla ( Maximum flux density )
K,= 0.4 ( Core window utilization factor ) [1],[2]
K, =534 (Current density constant ﬁSO oc)[1],[2]
x = 1.14 \umA350Ti1uY Laminations ) [11,[2]

S =50-Hz (Operating frequency)

4 =[ (1129x10*) ]""’

(4.44x1.3x50%0.4x534)
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14
as

=
VUADUN 4

@onumumannsonlas Tamidmagaiitudt ffmoalduanien
10% udnhait 18 lidenvnavesunuminndonas i 91na1579 Standard EI
Lamination [1] 1300 Part No.175EI-1.5 (18 mil ) 44ii5100280n8 i

SF ( Stacking factor ) = 0.9 [1],[2]

Ay =439.177 cm', 4, x SF = 395259 cm’

Mean Length Turn (MLT ) =30.4 cm
Ay =29.637 cmt’, 4, % SF =26.673 com’

- 2
Wa(gmss) =14.819 cm s Wa(gmssj x SF=13.337 cm
ergm) = 1603 grams, W,cu(gm)x SF = 1442.7 grams
Wirosy = 5859 grams, W, x SF = 5273.1 grams

4.2.2 mseenuuunsiontlasih 50-Hz ludmvesvamiadnnlgugi

E
o

Funeuil 5. Aammmdmansovvanladwlgugi

Vix 10*
N={—— (4.4)
K.B,fA,

_ (110x10%)
(4.44x1.3x50x 26.673)

=145 591

v ]
dunauil 6. Murmmanssud Iihd il gugd

2 (4.5)
Vin

_ 550
(110x0.95)

=526A
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;4 ]
Tuaauh 7. Arsmmanuruuiunszue i (5]
_ —on
J=K, 4 (4.6)

= 534x395.259 "

= 260.56 A/ cm’

P - L d oo "
Fuaouii 8 Annwiuinihdaalaneunsvesvaniad iy gugi

I,
pr(B) :T]_ (47)
" 5.26
260.56

=0.0202 cm’
- ad o 2
[ADNUYUIAAIAN SWG No.15 UWUN 0.0254 cm

¥
Y

Fuaoui 9. Armmnnudmmuvaatadnnlgugi

_ (MLT X(N,)p)

p,20°C

(4.8)

AP"(B)

_30.4x145x17.23x107
0.0254

=03Q n20°C
Y20=0.00393 = Temperature constant for copper wire.

AT = HAANYDIQUNYI]

R, so0c = R, sezgocl 1+Y50(4T)] (4.9)
=0.3[1+0.00393(50)]

=0.359 Q N70°C
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c’.: o ° 1 v =
VUABDUN 10. AUINUAT Copper loss muﬂgugn

P, =I'R . (4.10)
=5.267%0.359

= 9,93 watts

423 mseenuuunsiemlasih 50-Hz Tuauvesvamand oyl

¥
o

A o ' o < -
VUADUN 11 ﬂ“l'.]iu'ﬂ‘lﬂ'I"t'l'm’J‘H‘iB‘]J'Uﬂﬁ'Jﬂﬁ"]uT}ﬂUpr

_NxV,
Nz
 145x220
110

=290 501

N, 4.11)

g P ° a" = Y o 1 a )
VUABUN 12. mu'amwuwﬂmﬂm%umﬂmunﬂugu

I
Aoy = 72 (4.12)

2.5
260.56

=0.0096 cm’
Vv 1
{@ONVYUINAIA SWG No.18 1IWUH 0.0113 cm’

=

¥ ]
YuABUTN 13. MUIUMANMATUNMUVARIAATUNALR]

W

R . = (MLT )(N,)p) (4.13)
£,20°C A
sw(8)
30.4x290x17.23x107
0.0113




=1.344 Q #120°C
R, e = 1.344 [140.00393(50)]
=1.608 Q N 70°C

v I3
YunouH 14, AU Copper loss AN AL
Pcu, 2= IZZ‘R:, ac

=2.5°x1.608

= 10.05 watts

¥
ar ﬁl o 1
YUABUN 15. ATHIUAT Copper loss 3 P,
Pcu = Pr:u, I+ Pcu,)
=9.93+10.05

= 19.98 watts

o

3 ¥ b4
YUADUN 16. AMUIUA Core loss 10 P, [5] Aail:

Zop,

total loss —

=i5.0__550

0.95
= 28.95 watts
1881 Core loss (P) iail:
Pc = otal,loss ~ Pcu

28.95-19.98

8.97 watts

75

(4.14)

(4.15)

(4.16)

(4.17)
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4.3 mseenuuuniientaslvivh 50-kHz
Tumseenuuunseuraseziiuuuy Step-Up Transformer Tnoliilus sfudninlgug i
WY 110V usesduAMAsgimiY 220V nszuadumaenil 7.3A nwd 50 kHz , gumgil

50°C , UszaAnsnm 95% uazld unuuLY E Core
4.3.1 mseenuvunsieutasvh 50-kHz luamveaununsiondaslvih
n’: g; ] T o o 3/ ey -
Yupoaui 1. Annumaihias iwdhd iy P,

P, = V,I, cos 8, (4.18)

220X 73 X1

Il

= 1606 VA 130 1606 watts

flnaalia R od1u@e7 $14a1 power factor = 1.0

¥ '
Tuaun 2. Aavimimas Wi p

total

P =P, (ln] (4.19)

total
n

= 1606(L + l)
0.95

= 3296 watts
fda i ( total power ) iWudlszaouildlumsduna lilyids Indhi

nieuasausone iy Tvaald

H 4 _ o ' &
VUADUN 3. mmmmmwaﬂmwuﬁ Ap

4 1.14

}::afal X 10

Ap= ¥ B (4.20)
rBnfK, K,
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fmuald

K,=4.44 ( Sine waveform coefficient ) [1],[2]
B,=0.06 Tesla ( flux density )

K = 0.22 ( Core window utilization factor ) [1],[2]

K; = 534 (Current density constant ‘ﬁso <) [1],[2]

x = 1.14 (unui 1955005 uunifodty Lamination E
Core llﬁ%ﬂﬁ]ﬁi‘]’f’ﬁﬁnﬂ Ferrite ) [1],[2]

J= 50-kHz (Operating frequency)

A4, =[ (3296x104) )}1.14

(4.44%0.06x 50000x 0.22 x 534

=3227 em’

o

4 o ' 4 ' dd {
Tavhndnmsidenlda B, wiusumanudidenldau lunsdinaud 50/60 Hz
1 ~ L a e A1 o w n’; = - 1
mmsgyduiisannnssumuingineiFaiimddniuiiannsadenlda B, geqalu
uinulnddumisgariaini Knee Poin) 18 daulunsdindmsidonldmanuiigedims
gaydunszumnuazBineiFaaziuainnsdl 50/60 Hz 1n Seiuiludesnnszduvesdr B,
MWneghusnaimshouludnuusFudunienzimsanszdua B, MWeglunion

v
davanvesmsnauludnvazidaduii[3)

L4 ¥ '
o/ - . |

dunouil 4. Fenunumdnndouaslanhraguitui Adwaulduandiusn
10% (1021 udnhaiiglidenvinaveunumdnndoudas it vnmsi
Ferrite International EE Core [1] 180 Part No.EE80-38-20 @4iiswaziBuadsil -
A,=44.69 cm' Mean Length Tum ( MLT ) = 14.9 cm

Core sectional Area (4,) = 3.925 cm’

Window area (/,) = 11.386 cm’

Copper weight (W, ) = 602.2 grams

Core weight (W) = 363.2 grams
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432 mseennuunsioulasih so-kiz ludmvesvamadlgugi

£ '
Tupouh 5, Annumminausouvaalndlgugi

W ¥ x10° 4.21)
= — .
KB, fA,

_ (110x10*)
(4.44 0.06 x 50000 x 3.925)

=22 70U

v
s

Pupouh 6. Annmummnszud Idihddgugd

(4.22)

_ 1606
(110x0.95)

=1537A
o v
Fuaoun 7. Suramamanunuuunssud i [5)
= -012
J=K; 4; (423)

534x44.69""

338.46 A/cm’
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l’l lﬂ‘- o g ‘J o =
Yunpui 8. Annwiuimhdnasaneunsvesuaaladmgugi

]l
p(B) = 7 (4.24)

v

@envinaldunae SWG 28 inuninthdaveadualnvingy 0.001134 em?
é ’ H - -3 :
$119u 41 1 du FeeelNuinida 590 = 0.04645 em’ Taos e @9 naunsves 154

AWAN ( 1-Skin depth : O ) TaaAr O Heunsoduialddaauns

[mm] =
ﬂO pr_cu fﬂ’-
- & =
= 0.2936 mm (W 1- ¥uUAUDN )
= 02936 mm ( SANYBIAIANGIUIAY)
18 0.5872mm  (1#urhguinaisaianeuns)
4 w ;
= Miduanmues SWG 28 (Fsiivinavaniuite¥inile
1 L] z i o
NnTEuAaIs Imanuduada ldauiuimida )
3 d’ a - 3 a2 A > A ¥ a ¥
Ml lumsinssidenvinawesatadinaoniu udenduaiauiuiulizdosld
o @ ¥ ddf P
uaandwaunn sazsznuilymimsalizsinvouduatauiady aaonvunuueiiid
Y o 4 4 y ) Q2 a4 A & ' a A )
winAaRUIRLIY uazezdesldnar lunsdsdndeannu uazlumsiFeusealnfiindoudh
o o é o -d o
fugunsal Ifhduiiudeayanuauson s ldmndnnnuazenznadnnaduily
L o o o L s e ' A
nszua imunselualdasugaiduatadnh ldliazaanlumal§id dawlunsdi
- = = a4 A & o 9 -~ o a
wonduaranuniuly widaussdmluvaziinde Seiuiiudeadonnaweialnfiming
4 ] = 4 ar U U { [} J ’w o =)
auewes 28 ieidoa hiliifadonlvdsna Taonduduaieii ldfmuntuudaisainni
= u’.r' [ ' = Y v n’: ; A a8 o -
nae ludunoudaly nounaz liundiouilas NatiNoaAn s gyaudutionn

1 d a = 1 4 1 a o .
amnuwimaniiannnszuai lnaluduataudazduineglnddadu ( proximity effect

losses) Tuanvaizswduilunguiduana [4]
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b4
@

Fupoud 9. AMmmanudumuaaIad gl

Rp_m'c - (MLT )(N,)(p) (4.25)

APW(BJ

_ 14.9x22x17.23x107
0.04645

-0.0122Q i 20°C
Y= 0.00393 = Temperature constant for copper wire.

AT = HARNVBIRUNYH

R, wnc=R, aeaoocL 1+Y 30(AT)] (4.26)

=0.0122 [1+0.00393(50)]
=0.0146 Q 1 70°C

M aulseans Skin Effect [3]

2
k=Re g MD| (4.27)
R, D,
: 4
Taoii  go| 20/ (4.28)
10.44

kb= mdulszAnd Skin Effect vosvananduilyugd iag dundogid awdidy
R_=MAnudumunszuaady
R, = AANNAUMIUNIZUAAT
H =8a51aau anudiumu nisuaddy Ao nszud assvaaduaiadninduidior

( faudfosn 350 kez S 1)

N, = $muvean1aanitly Liz Wire.
D, = durhgudnanavesatndnirlu Litz Wire.(inch)
D, = {urngudnanaves Litz Wire.(inch)

G = Eddy-current basis factor.

L] d'; o o o/ a
K = snsnvunudmiualednilu Litz Wire.



M15199 4.1 A1 K factor [3]

N 3 9 27 Infinity

K | 1.55 1.84 1.92 2

D, =0.038 cm. = 0.015 inch.

4
=(0.015\/50000] T

10.44

41x0.015

2
k, =1+1.92( ] 0.011=1.87
4 0.0958

Rp. ac = ’Rp. de 70°C xksp
=0.0146x1.87
=0,0273 Q

L
e

Yuauii 10. AuIUA1 Copper loss Au1lgugi

=15.37°x0.0273

= 6.45 watts

43.3 mseenuvunsfonlasih 50-kHz ludmvesvaaradumdagi

¥ '
Tunauil 11, fMwmmiausesvaalad Ao

U

22x220
110

=44 501

81

(4.29)

(4.30)

(4.31)
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v
L

1] k4 1
Tuapuii 12, Annuruimidaduaianenavesvaataduyiogi

I
Asw(s) = 72 (4.32)

7.3

338.46

=0.0216 cm’
- k. sl ° & | @
1BONYUIARIA SWG No.28 UWUN 0.001134 cm § 112U 20 14U FevzTRuinda

594 =0.02268 cm’

v ]
Yuneu 13. Annwmanudunuvaalad vl

Rs,20°C _ (MLT )(N,) p) (2.33)

Asw(B)

_ 14.9x44x17.23x107
0.02268

~ 0.0498 Q 7 20°C
R, 4 ywe= 0.0498[1+0.00393(50)]
=0.0596 Q #70°C

20x0.015

k, =1+ 1.89[
0.082

2
J 0.011=1.2783

‘Rr. ac = R.r. de 70°kas.s (434)
=0.0596%1.2783

=0.0762 Q

| ]
YUADUTN 14, A1IUA Copper loss AR

P~ LR, (4.35)
=7.3'x0.0762

= 4,06 watts
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L
o

Yunouh 15. AUIUAT Copper loss 34 P,
'Pcu = Pcw, I+ Pcu, 2 (436)
= 6.45+4.06

=10.51 watts

9 v
JUADURN 16. A1UIUAT Core loss 910 Py [5]

Eom!,!oss = %_ PZ (437)

- L 1606
0.95

= 84.53 watts
9 [ d”
1871 Core loss (P) A :
Pc = Prolal. loss P cu (438)
= 84.53—-10.51

=74.02 watts

4.4 vnagl
) e
vinmseenuuuviiouas Wi 50-Hz uaz 50-kHz ansoagliunoumsesnui
¥ v "
Tévanua 16 dunou Taondewaslidh s0-Hz uag s0-kHz #1Flumsesnuuusziunie
Adaw o o 9 a a 1 ow @ @ o o o &
uilasuuy step-Up Alinafide lihdmmAsglvhiy 550 Sad uaz 1600 Sad mwuddy F
-~ ° ' o

Tumseenuuundeudlas dhiFududremsinnamavesnumanndoudad i Ias

3
at

o/ o w & ' o o = a = { 1
DR FITUT T Imas wveaiids IWfhA i gugluasnRoginy sagaiiui senia
di‘ o Y (] [V o 9/ d:J = Y
nunmnAavesresInAvenumanndeulas  uaziuimhdaveununavoInNy
¥
o o o [ a Y = o o
man  vndufezdnnamsmednlgugi o Sunfogd awddulaslunseonuuy
u’:’ P ' ar n‘a’ 4 ) -
nifoudas ihvisaesdiyaiiuanseiufo Tuduneud 4 Humsidendidig vesunumdn
é = o 1 l=. - 1
0101519 [11,02] F9lunsdl vemmdoulaslih 50-Hz szdenivifidonninmsugmiud
1 { R o - a Y o ) o
sF neuvzihaniu lddnnaluduaoudalyl vz Tudunoud 9 uaz13 Wudunsumsd
wammanuAumMuvesvaaladlugll uazdmavgiilavlundeuadlnih so-

£ADITIUMI MU IAALIRUNAYDS Skin Effect 111D991nA A T
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uni 5

msnaasvtazHamsnaaevrsiendadluih

5.1 Unin

¥
ae

Tuunandisitldhmsnaaeundeudas i Iao 14 Tnaadu Tnaavasaly e

MindoudasInihannsasiomda i ldgsge WeidoyaunnSouivufunamsdnn
3 L

mangueduduanugadosluduneugarie  Tavlumsmarouguanidmalrihves

1
oy = 1w

niiomlaeIfhezaugulusedu ms iflounsaudhwanindudgugiiiisnsiinihdy 110 v

9
¥

o o g o a a a @ o
uagIdhmsiiunauussdunaznszus medmlgugi uag Al wiennairllm
midslwiism B uaz P, dwileannussdiuuss uaznssuavesssniszneve Tuiing

&
MHuA

5.2 mInarevuaznamsnaseunsienasllvh 50-Hz
5.2.1 unseinldlumsYanuazivnamsnaaey
unseluazinesiionn q Aldlunmidauaznaney fimunsouiindeyaldiftediu

o A 4 o - 4 C: 4 o 1
nang e Iiyanafiaulawnzdesmshaisumenee 1 umugnlumsvannde i

nifoutas Wit ldmamey 1
Digital Oscilloscope YOKOGAWA , DL 1520 2 mdes
Variac (0 Vac —420 Vac ) 30 A max 1 iﬂé‘m
Multimeter HP-Hewlett Packard 973A 1 m?m
vaoa I 1 A

5.2.2 manaaevnveuaslvivh 50-Hz
Tumsnaaeundoi)asliih s0-Hz 9214 Variac shousadu'vdh 110 v, 50-Hz
Wiudnnlgugiivomiomlastiih - daumednmdvgivomdouasTiih  sxgndedy

Tnaanaoalvl Sawaaalugzli 5.



Variac
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110V, 50-Hz

wiiaudaaliia s0-Hz

uagain

7N 5.1 manageuwdeulasInih so-Hz

5.2.3 HamInaaeuvnsentaslvlvh 50-Hz

& o & w ) S v
TuRBUMINUNAMINATE VAR IALIAZNszua  voanoutas IWihisd gy

3
glnezdmmAvgiivemsfomlasliih  miuh

Murmmlseansnmusansoutas v

[
1 =

AN

3

1

¥

avuananasummmas lhuas

aoIMiuiImsaniuiu Inaavasa v lay

wowwinuszAuus iU ulgugiveansioutas Inih 1vaed

[ CH=sv | GV - ; : T Zmagav CHT=00V ©  GiE=av T
DG 1001 W wr o : £ ¢ (2me/div) DG 100 DC 11 i (2ms/div)
£ 3 vz
by
4 beered
-'I'l'ﬂ:;‘lI m n;.w : Frpq 43,7 etraceie n.p . i th i
FIracers Res  SSSOW . Frbe SN eTeaceze Res 2590w Frea s9.soMRN
L ;Ex‘pe:tt!ment;  Expetiment ;
~ 250 harmonics analysis, Volts ~ 250 harmonics analysis, Volts
& At 2092
£ 100 107.55 £ 100
g 50 g 50
%1 3 5 7 9 %% 3 5 7 9§ 1
~  pp harmonics analysis, Amp = 2 harmonics analysis, Amp
= 16 < 16
a 12 3 132
8
E 4 5.51 E 3 257
0
0o 1 3 E o L.2o@s
=~ Pha1rrnon7cs alﬁalyslz-*., We?tts i harmonics analysis, Watts
L 1600 ~1600
% 1200 € 1200
800 2 800
g o 583.6 g 403 537.5
%1 3 5 7 9 1 01 3 5 79 N

3N 5.2 pUaduussdunaznszuaveansoulas vt so-Hz 7iTnan 97.83%vosiidn



[ CHmI00V ¢ Crzeav T 2ms/div
oG W0&1 : DG Y 1 ; (amsyav)
: o L 1 NORMCS00KS /5
H . vz : H
%
!
H » 8
/ ; i
H
}
Tracars Rms ©oErpg sede . /¢ =Tracel= Rmp  202.9v © Frpq 50,79z |
[*Tracein Rma 4094 . Frpg SHISONN /0 =Tracel= Rms  231.1n¥ ©  Frea  S0.50Hd
! : ; ; g : : i i e i
Experiment . - Experiment :
~ 250, harmonics analysis, Volts 250 harmonics analysis, Volts
S 200 y —200 212.81
150 5 ~150
2 100 107.82 S > 100
£ 50 50
0 0
01 3 5 7 9 01 3 5 7 09 i1
~ 20 harmonics analysis, Amp ~ 20 harmonics analysis, Amp
= 16 T
2 12 4 12
8 8
E 4 4.97 E 2.28
T A S % 1 3 5 7 8 i
—_ harmonics analysis, Watts = harmonics analysis, Watts
o 1600 ~ 1600
7 1200 % 1200
800 = 800
g i 526.4 g 400 485.1
0 0

o

1 3 5 7 9

Y A o
Ui 53 jUnduuseduuaznszua

"

0 1 3 5 7 9 1

voavnioutas v s0-Hz Nlvan 88.29%vefina

oG w1l DG W g::) phigtiid G 101 i . lmﬁ:.",
; ; T HORMESO0KS /9 i : NORM:S00KS /5
1 2
o
4
| | i s 4 | iy W
=5 F!i,ﬂlﬂ‘ i =Trace2= Rms  207.0av Freq 50.5i
ment - Experiment
~ 5o harmonics analysis, Volts 250 N@rmonics analysis, Volts
S 200 200
< 50 £ 5150 21340
2 100 108.22 S > 100
S 50 50
%1 3 5 7 9 % 3 5 7 9 11
~  pp harmonics analysis, Amp ~ 20 harmonics analysis, Amp
= 18 = 18
8 8
E 1 452 E : 2.03
°% 1 3 5. 7 9 % 1 d E 7%
= harmonics analysis, Watts - harmonics analysis, Watts
o 1600 & 1600
‘-guoo 513%
800
§ pos 474.2 g 400 4328
0 0

01 3 5 7 9

1

0 1 3 5 7 ] 1

3 5.4 JUnduuseiunaznszuavemeunlas i so-Hz 1nan 78.74%veswin
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L 2msfdiv CHI=100V . CHowav : 2ma/aiv
: : (2ms/div) DC 1001 oc 10 H ! . [2msydiv)
v PSR /| : L i e, NORME00KE/S

=Tracal= Rms  190.0v ©  Frbq 49,75z | i : sTracels Rms  218.3v . Frbq 50,7

eTracezs Rms 2w i Frea aeisoN /0 STracele Bms  WG.0w | Frea SOSMR
Experiment . Experiment
. harmonics analysis, Volts - harmonics analysis, Volts
= 250 = 250
S 200 < 200
< 50 = 150 Al d4
2 100 108.7 £ 100
S 50 > 08
00 1 3 5 7 9 11 0 1 3 5 7 9 11
~ 20 harmonics analysis, Amp = harmonics analysis, Amp
= 16 = 16
@ 12 w 12
8 S 3
E 4 4.06 E 4 1.81
%1 3 5 7 9 %17 3 & 7 9
_ harmonics analysis, Watts - harmonics analysis, Watts
o~ 1600 o 1600
7 1200 2 1200
= 800 4246 % 800
g 400 ; g 408 387.0
%1 3 5 7 9 01 3 5 7 9 11

4 é s C:: e
3N 55 gUaduussdunaznszuavesndendaslvlih s0-Hz 11 Tnan 70.40%vosiiia

[ BV - clamsv - 3 ; T Zmejav CHImIOOV |  CHZw2V  © ] T amegdv
Dc 1001 nc 101 ‘ £ (mmv']f‘ m: 100:1 Dc o : H Q [m,«ag‘

B A s

AL o
P
=Tracel= th m'i.w i Fl'r a7z - : =Tracel= Rms 214.2v i Frgq 50,7 5
=Traceze wmwrﬁ-sm sTracezs Rms 1590 | Frea SO.5OHR,

 Expetiment — -~ Experiment

~ 250 harmonics analysis, Volts 250 harmonics analysis, Volts
< 200 o —200¢ 214.12
= 150 £ S150F
£ 100 108.61 S = 100}
S 50

%91 3 5 7 9 1 %0 3 5 5 5 1
~ 20 harmonics analysis, Amp ~ 20 harmonics analysis, Amp
= 16 = 16f
g 2 @ 12f

8 8r
E: A 3.40 g af 150

%1 3 5 7 9 1 %1 3 3 7 9§ 1
— harmonics analysis, Watts - harmonics analysis, Watts
o 1600 ¥ 1600
g g

00 350.2 @ 20.
2 400 g 400 G

% 3 5 7 9§ 1 01T 3 & 7 9§ n

U 5.6 gURduusULaznszuavoandeulasInlih 50-Hz i Tnan s8.45%unafina



T Zmejd
;- (2msydiv)
NORMSIOD/s |

bq 4973wz i
po. 4D SO

tment

Amps (l14)  Volts (V11)

Watts(P1.1)

e

JUn 57 gUaduuseAniaznszuavemmfouasliih so-Hz 1 Tnan 47.73%vesfdn

150

100 108.39
50
0

1600
1200
800
400

CHImSOV » 7 T 2msjdiv
OC MW0¢1 0 DG W . (2msydiv)

1
harmor%cs analysm Amp

16
12
8
4 277
0

0 1 5 7 9 1
harmon?cs analysis, Watts

279.1

0

01 3 5 7 9 1

s Sorrsimay,

CHImI00V | CiamaV
nc 1001

T Zmajdv
: (2ms/div)
PoRMG

be 101 i

R S
S S

sTracel= Rm
*Trace?s Rms

PP

21y Fr;-q 50,7
lesnwi Freq 50i50H

Expehment

Amps (I 2)

Watts(P2,1)

1
1

250 harmonics analysis, Volts

200 214.67

50

01 3 5 9 1

harmomcs analysis, Amp

128

16
12
8
4
0

g: 1 3 5 . 7 9
harmonics analysis, Watts

600
200
800

400 261.8

0

o ams/div
. (2ms/div)
. NORMS00KS /5

0 1 3 5 7 9 11

0 1 3 5 7 L] 1

I
P
V2 i
: :
0 : 1
l'l'nc"h RII 2);.DV : Frbq 50,7 zL :
STraceze fup 103.2w0 ©  Freq So.Sohdy i
- Experiment :
= 250 harmonlcs anaIyS|s Volts 250, Darmonics analysns Volts
> 200  — 200}
» 150 2 150t “i9:87
3 100 108.52 S 2 100+
> 50 50 +
%1 3 5 7 9 % 1 3 5 7 93 n
~ 20 harmonics analysis, Amp ~ 2 harmonics analysis, Amp
= 18 = 16
g = w 12
8 8F
E 4 224 E 4 0w
%1 3 5 7 3§ 1 %1 3 5 T 9 3
= harmonics analysis, Watts — harmonics analysis, Watts
o 1600 o 1600 F
7 1200 % 1200 f
B 219.9 B I0F 2092
; 0 g pL_m

o
-

710 5.8 JUaduus Rz zuavesndeulas vl s0-Hz W Tvan 38.18%veafidA

3 5 7 9 1
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sTracets Rma  110.0v = Frbq 50,78z |

CHI=100V

CHamzv Zms v

Mracern R 223w ikq s, /0
- Experiment
~ 250 harmonics analysis, Volts
S 200
2 950
2 100 108.37
S 50
T % &7 .8
~ 2 harmonics analysis, Amp
= 16
g 12
g & 1.67
z 4
%1 3 5 7 3 N
- harmonics analysis, Watts
o 1600
F 1200
800 158.6
= 400

0

01 3 5 7 9

1

qun Dq1ll:| E (2ms fdiv)
: S - MORMSOOKS/5
¥z | :
T r
il il
O 1
26y el 50:;1- :
' TR0W  Frea SOSONR
- Experiment
~ apn harmonics analysis, Volts
S 200
Z 150 216.01
2 100
(@]
> 4
o 1 & & 7 11
~ 2 harmonics analysis, Amp
< 16f
0 121
L 8:
= 4F 0.76
< Sk
T & T 8 1
- harmonics analysis, Watts
= 1600
S 1200
= 800
® 400 164.0
= o
0% 3 &5 7T 8§ M

JUn 5.9 gunduussiunaznszuaveandiouasivih so-Hz #van 29.84%vosiinn

Friq 50;7

=Tracel= Rms 110.0v

[ cHi=s0v ©  ChHz=ev T 2msjdiv
DC 100c1 DC 1w : : (2maydiv)
Vi
: lI
L~

sTracezs Rms 1804w  Frea 50i50MMN
- Expetiment -~

~ 250 harmonics analysis, Volts
< 200}
>~ 150+
£ 100t 107.22
‘>3 50+

%1 3 5 7 9 1
~ 5o harmonics analysis, Amp
= 16f
2 124
£ 81 1.18
< 4t

% T3 5 7 3
_ harmonics analysis, Watts
o 1600 f
1200 |
T 800F 1044
= 400t

QL—m

01 3 5 7 9 11

CHI=100V @ ChH2=2v . T Bmagaiv
DGIOO“; nq1m| H T (2msydiv)
' e . HORMSOOKS/s
2! | ‘
1y
R R S /
*Tracel= Rms 216.8V Fribq 50,7 H
tTracame Pk . Bh.3w c  Frh 6iS0M :
 Experiment
250 harmonics analysis, Volts
P f-:_fgg 216.79
o
S =100
50
s L
= o harmonics analysis, Amp
ALY
@ 12
8 -
g 4f 0.51
%07 3 & T8 W
_ harmonics analysis, Watts
o 1600 F
1200 |
o 800
3 oot 110.5
0L —m
0. 47 8 5 7 9 N

U 5.10 jUaduussuuaznszuavemioudas i s0-Hz 7nan 20.20%veqdifa
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=Tracel= Rmp
sTracezs Ffms

1.0V | Frpq 50;7
123 :

iment |

Ba SO SO .

Volts (V1)

Amps (l1.1)

Watts(P1,1)

JUn 511 Uaduussduuaznszuaveaniteutlas I 50-Hz 7 Inan 9.54%unsiita

1
1

250

200

150
100

50t

RN HS

o

600
200
800
400

0

harmonics analysis, Volts

.

L 107.17

1 3 5 9
harmonics analys?s, Amp

0.57

3 5 7 _ 9 1
harmonics analysis, Watts

44.5

LI e |

01 3 5 7 9 1

CHI=I00V | CHasav | T Tms/div
DC 1001 ; DC w01 3 {2ms/div)
? ~— i _ NORMSOOKS /8
Y2 ¢
Lo\
: 1
. 1
Iy 1
H
H
:
§ 3 4 B ek o
sTracel= Rme  217.0v Frl :
Trace2= Rms  27.0mY ©  Frea  50i50HIN

. Experiment

250

harmonics analysis, Volts

01 3 5 7 9
harmonics analysis, Amp

217.02

Amps (l2.1)
[e]

161

0.24

W T R
harmonics analysis, Watts

1600
1200

oo
o
o

400
0

Watts(P2,1)

52.0

OfTrTTTrrITTT

1T 3 B 7 9

11



a3 5.1 wamsnaassguauiane Iihveandeudasinthanuddi so-Hz

|4 ' Vi I, cosf, Is Vi I, cos 8,

110 | 5.55 | 107.55 | 5.51 | 0.9848077530 2.59 | 209.20 | 2.57 | 0.9997806835

110 | 499 | 107.82 | 4.97 | 0.9822872507 2.31 | 212.81 | 2.28 | 0.9997733123

110 | 4.65 | 10822 | 4.52 | 0.9694453499 2.07 | 213.46 | 2.03 | 0.9989225180

110 | 4.23 | 108.70 | 4.06 | 0.9622179935 1.86 | 214.14 | 1.81 | 0.9986112052

110 | 3.59 | 108.61 | 3.40 | 0.9499720515 1.54 | 214.12 | 1.50 | 0.9992494557

110 | 3.07 | 108.39 | 2.77 | 0.9297764859 1.26 | 214.67 | 1.22 | 0.9997620271

110 | 2.62 | 108.52 | 2.24 | 0.9048270525 1.03 | 215.87 | 0.97 | 0.9991228301

110 | 2.23 | 10837 | 1.67 | 0.8763066800 0.79 | 216.01 | 0.76 | 0.9990482216

110 1.80 | 107.22 | 1.18 | 0.8251134983 0.54 | 216.79 | 0.51 | 0.999390827

110 1.23 | 107.17 | 0.57 | 0.7289686274 0.27 | 217.02 | 0.24 | 0.9995065604

. useau Idhunasne . usesu T RMS dumdsgil

- usadu ot RMS Al gugl I, : nszud i RMS Aundeqil

. nszua’lvivh RMs dAdgugl v,, : ussiwithilusimuneadiuydogil

- usau Ivihiluauwuneadulgugi L, : nszuaivihiluausumeadumdvgil

. nyzud Mihluaumeaduilgugi cosf,,: wnesuameives ussunaznszuaiuAIMUNBEad ALYl
. nedurlameives ussduuaznsuaiuaumeadnilsugl B, MdslWihiluasuneadumdogi

. e Iihfluauwunead il gugl P, fdelihdundogi

. fdeIrlihdmdgugl 7+ UszAnSamwemdieudas

16
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B RS SRS _
%050 100 150 200 250 300 350 400 430 200 550

Load (watts)

Efficiency (%)
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5.3 manaaeuazHamInaaevriientaslvih s0-kiz
5.3.1 gunsainllumsTanmaziunamsnaaey
gunssluaziniosilonn q Aldlumsiauaznamey faunsatuiindeyaldiediu

w A o ° aw A § o '
nang e Iiyanaiiaulwazdesmsiauisome i 18iduiug i lumsiande Ty

nifouras Wi limanoy 1
Digital Oscilloscope YOKOGAWA , DL 1520 2 IASed
Variac ( 0 Vac — 420 Vac ) 30 A max 1 m'%im
Multimeter HP-Hewlett Packard 973A 1 Lﬂém
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M3 5.2 vanmsnaassuauiane Infhvemdeutlas Infhanudgei sokHz

Vi I, Ma 1y, cosd A, I, Vai 1y, cosd,; B,
110.0 | 16.28 | 109.13 | 16.07 | 0.9505157316 | 1666.94 2049 | 7.83 | 202.86 | 7.79 |0.9990482216 | 1578.77
110.0 | 14.88 | 109.21 | 14.04 | 0.9499720515 | 1456.60 205.1 | 6.98 | 204.34 | 6.87 | 0.9992629164 | 1402.78
110.0 | 13.22 | 109.88 | 12.87 | 0.9483236552 | 1341.08 2054 | 6.12 | 20464 | 6.09 |0.9988898750 | 1244.87 |
110.0 | 12.45 | 109.76 | 12.07 | 0.9460853588 | 1253.38 2058 | 5.67 | 20545 | 545 | 09992629164 | 1118.87 |
110.0 | 1152 | 109.26 | 11.01 | 0.9449489122 | 1136.73 206.1 | 521 [205.73 | 5.11 |0.9990482216 | 1050.28
110.0 | 10.64 | 109.19 | 10.09 | 0.9438009516 | 1039.81 | 209.1 | 4.61 | 20847 | 4.51 |0.9993283938 | 939.57
110.0 | 9.86 | 109.18 | 9.27 | 0.9414705448 | 952.86 2100 | 4.14 | 209.03 | 4.09 |0.9990482216 | 854.12
110.0 | 9.42 | 109.37 | 9.08 | 0.9390942510 | 932.59 2116 | 3.67 | 210.12 | 3.49 |0.9993283938 | 732.82
110.0 | 9.10 | 109.46 | 8.60 | 0.9366721892 | 881.74 2123 | 346 | 21141 | 3.28 |0.9991228301 | 692.82
1100 | 791 | 109.19 | 7.02 | 0.9348256764 | 71655 | 81549 | 2153 | 2.45 | 214.03 | 2.16 | 0.9993283938 | 461.99
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I, : aszua i RMS Audgugi vy, useau Itfhiluauneaduyaog i
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L, aszuaiihiluawuneaduilgugd cosd,, : wnslianeives ussduuaznszuaumumoadunAsgd
cosf,, : mnesulnmesves useiuuaznszuaiuauneadnlyugld B, A Itihluauuuneadundogi
P, maeiihfluawuneadnlgugli P e Iwfhd Aoy
P e lwihduilgugd 7 UszAnEamesansoutas
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Abstract

This paper presents the principle and process of 50-kHz , 1.6 kVA high frequency transformer design by area
product approach used for voltage and current transforming process in power electronic circuits, where high frequency
transformers are frequently found to be part of the circuits. Therefore, well-designed transformers can be also regarded as
a very important thing to be considered, especially when a whole system circuit of high power conversion efficiency is

required. The relation between the combined power on the primary and secondary sides (Pw' st E ) and the area

secondary
product of the cross-section area of a ferrite core (4_) and the cross-section area of a window containing the primary and

secondary coils (W, Linunt Wy o aay) Will be applied in the design process of this high frequency transformer.
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a a o o [ H
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o o A o : 1 o
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Primary voltage = 220V
Secondary voltage = 160V
Secondary power = 1.6kVA
Operating frequency = 50-kHz
Efficiency = 95%
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A, Ex10* 1
A (8) P P [_+1] an
¢ " a Kf B,.,,fKn total secondary ’7
Tavih 1=1 ©) = 1600x(1/0.95+1)
p / » =3284 W.
INAUMIN (8) uaz (9) 9214 i ) r
o e da i ( total power ) Hudnlsznouitlélu
AW, = K,B.fK.J mssmnhilsmd ithiinfeudasannsodwlify
Bow +P an  Tvaald

INaNMIR (10) uae (11) 9214

AW = EIx10* nEIx10* (1
¢ Tewsl g B fKJ KB, fKJ

Bx10* 13)

inm'mmsﬁ (1) P o
P K;B,fK,J

Core Kj'ﬁ 509 X y

Lamination 534 114 | -0.12

mmﬂ 1 Core configuration constant [1],[2]

J 1 g o W
JMMAMTHN 1 A1 x UaE vy lﬂumuﬂwnmnwm

»
auns 4, uaz J muday Taoez1dmn 4, fatl -
Praral X ]0‘

T (14)
g [K,B,,fK,,KJ fow')

o o W J i\
fausoniide x luaumsi (14) ausounum x =

d v o
1.14 91nA1319N 1 ua:a:'lﬁﬁum:r'luumu:
P, x10*

114
= (.—_-] (cm‘) (ls)
Y\ XBFEK,

4 4
aumsn (15) uaumin ¥ lumsesnnuunienas
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g TneTEnaguium

2.3 Yumeumsesnuuumieuadlvivh
Tumsesniuumiouasezihuiuy - Step-
Down Transformer 1At 193] Spec. vaaussiudnnlgugi
220 V usadudumangil 160 V nizuadiunaogil 10 A
ATB 50 kHz vxildunoudail
Funoud 1. faummimdsiihdwndegi e,
Proconiay = Vel = 160x10 (16)
= 1600 VA 30 1600 W.
Taglunzii Inaniimanudmuiisiedaforny
1471 Power Factor=1.0

¥ ]
dugeuil 2, A e g,

- d. » . & 4 o
Juaouil 3. ANNUMIAHAGUALR 4, 9InAUMIN(IS)

Py x 104 )™
4,= [ﬁéﬁ—] o
1 Pnd Rk
Amuald
Kf= 4.44 ( Sine waveform coefficient ) [1],[2]
B_=0.06 Tesla ( Maximum flux density )
K =0.22 ( Core window utilization factor ) [1],[2]
K= 534 (Current density constant #ISO L & 1umﬂaﬂ 1)
x=1.14 (unui 195 2n39000i@erfy Lamination EE
Core 1A ¥erai 1971970 Ferrite ) [11,[2]
= 50-kHz (Operating frequency)
4,=[(3284x10") / (4.44x0.06x50000x0.22x534)] ™
afuez1d A,=32.14cm’

il
o 4
YUABUN 4.

donunumanuieuras Tnninagu
it Adnnalduandiusn 10% (11,21 udnihaild
Tidenvunaveanumanudoudadliih  vinasn
Ferrite International EE Core [1] {fien Part No.EE80-38-
20 FeitswazBuadadl
A =4469 cm'
Mean Length Turn (MLT) = 14.9 cm
Mean Magnetic Path Length (MPL) = 19.4 cm
Core sectional Area (4 ) = 3.925 em’
Window area (W,) = 11.386 cm’
Total surface area (4,) =278.0 em’
Core weight (W) = 363.2 grams
funoud s. fAnummsuseuvaaladulgugl
N,,:(.K'f’T"‘;;_) (19
s BmJ A
= (220x10%)/(4.44x0.06%50000%3.925)

=42 j01
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funoudi 6, snnamdnszuadihdnalgugd
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’ =V—- =1600/(220x0.95) (20)

7
=7.65A

Sunaud 7. Annamsnmumuiunszua i 5]
J=K, 4,0 (21
= 534x44.69""
= 33846 A/cm’
Suneuit 8. fnnufiuiinihdaaianeanveaain
Muilgugil

I
A, =-j =7.65/338.46 (22)

=0.02260 cm’
A ad d 20
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0.02268 cm”
Funouit 0. Annamn A MuAnIRd I gugT
. (MLT J( N, J( p) -
pdc0°C A

pv(B)
= 14.9x42x17.23x107/0.02268

- 0.0475 Q fi 20°C
"Y1 = 0.00393 = Temperature constant for copper wire.
T, = qungiiisudu, T, = gumgiqaihe
RP' P, RP‘ P 2 ,)] 24)
= 0.0475[1+0.00393(70-20)]
= 0.0568 Q i 70°C
wifdusz@n3 Skin Effect [3]

k, = Ra H+K(ND} G (25)
de DO
4
ol  G= (M] (26)
10.44

' a o
k,, k= MifurlszAng Skin Effect ¥993ARIAMAY

gugil uaz AMunAogil awdAy

R, 1mmmumunivuﬁﬁau
Ry = 'Iﬂ')'ll]ﬂ'll-lﬂ'luﬂ'i"llﬂﬂ‘iﬂ

H =8a51874 AU U ASSUANE A8 A3SUT

8/ o 9 3 =S 4’ - 3 1
ATIVDUTUAIRAIUNTUIAL ( naNUDIUBLNIN
350 kHz UAauvnu 1)

N, =$uvesnandniilu Liz Wire,

D= {f’r’urhquﬁnmwmmﬂﬁ'xﬁﬂu Litz Wire.(inch)
D, = /furigudna1sues Litz Wire.(inch)
G = Eddy-current basis factor.

1 IJ ot o o o . .
K= masivunusauananilu Liez Wire,

N| 3 9 27 Infinity
1.55 1.84 1.92 2
A3 2 M1 K factor 3]
D, = 0.038 cm. = 0.015 inch.
4
¢ =[0015¥50000 ) _ 00y
10.44
2
k =1+1.8 M 0.011=1.25
: 0.0862

R, =R, 4o ¥k, = 0.0568x125=0.071 ©Q (27)

¥ ]
Junoui 10, AuIuA1 Copper loss Aulgugi

y=1R . =765%0.071=4.15W.

ﬂuf] HII 11, ﬂ'lu‘)fuﬂ']ﬂ'ﬁl'l‘lﬂu‘iﬂU'I.Iﬂﬁ'lﬂﬂ"luﬂﬂﬂl]u

N=NXV, 1V, =42x160/220 =31 301

2 3. o
Juasui 12, Sruaniunmhsaduaianouinves

yaRIARTUN ALY

A5 =1,/J=10/338.46 =0.0295 cm’

» I
{@envUIARIA SWGH28 UM 0.001134 cm’$1u7u 27
4 ¥ 4 w
1y Sl nunvTAas I = 0.0306 cm’

Ed
o d 13 ' - -
YURDUN 13. mmmmﬂ'Jmﬁ'"numuuﬂmﬂﬁ’wmqmqn

_MLT )N N p) (28)

5de0°CT A
(B )

=14.9x31x17.23x10/0.0306
oo
=0.0260 QQ #20°C
R, 4 7p0c= 0.0260[1+0. 00393(70 -20)]
-0.0311 Q #70°C

2
k, =1 +1.92(%) 0.011=135

R, =R, 4 peck,=0.0311x1.35=0.042 Q

» »
duneud 14, AUIwA1 Copper loss AU AYYT

P,=TR, ,.=10"%0.042=42W.

» 1
Juapudi 15, Aiuand Copper loss 39U P,

P,=P, +P,  =415+42=835W.
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¥
o J o 1
Yuapun 16. AMUIUA1 Coreloss 1IN P, . [5]

o

Aail
P, .
Proml,.'oa: = __;}ﬁ_ﬂ’_ = Psu:andﬂ”)' (29)
= il I 1600
0.95
=84.21 W.

141 Core loss (P) Al :
Pc = Prumr, loss Pcu (3 0)

=84.21-8.35
=175.86 W.

3. Hamsnaaoy
Tuumanuideiiidimmeaeuniieoutas i
AwiAge 50 kHz fuTwandinda uazl&ideyaitld
Wiuiitoy fu wamsduan manqui ietuduaiy
qndealaomaneufutsesialuglit 2 Salszneudo
213 Rectifier imihfiulasusaiu AC 220 Vrms W
Wuussdu pe 310 vV udnildmaees 1-Phase Full
Bridge Inverter titoduiiunsafu AC mmﬁ'qq 50 kHz
Snumzaduaunt’ Fnuanuazauihify +310 V uaz
310 v auddy sintiusailuilewnees LR Series
Resonant 399zynIWl&nszua wnzusedy Hamedu
Ugugil uaznAogi Wudnsmzauland falugyit 7 uaz
8 mmddy daugUit 3, 4 unz s fughaesiug i lg
lunanamouisznoudis Open circuit test , Short
circuit test 182 Voltage regulation test 'c’hu'luzﬂﬁ 6

i ad
fluginesiiefildlunsmaneu

Vin

uader test

4 ; ;
311 2 29 ldlunmsmameundendasIdihanungs
Tau142995 Inverter Drofras T vy

nieut/aq

| A
Rated e Voltmeter
Votige (0 i rom

Primary side  Secondary side

< ik 3
3U#1 3 Open Circuit Test Connections

- 4 n
manageuluziit 3 iWun1smaney Open Circuit iy
[V 4 i . 3
M33AA1 Core LossaAnA1 Hysteresis Loss ln2A1 Eddy
Current Loss32unu In Uii‘luﬁ‘lvlﬁinnDigital Power Meter
[] " - 1 9 di =l = [ "
#IuA Copper Loss wziianissilen/iouinguium

»
Core Loss 3911/FvutailoudfitmwizaA1 Core Loss (M1

(~)
py
Varisble Low YOKOGAWA
Voltmeler
= Fawen

3 Primary side ~ Secondary side

E‘lfﬁ 4 Short Circuit Test Connections

mnaaeulujiii 4 Wunsnadey short Circuit Tny

3 1 . 4 1

1A 189710 Digital Power Meter $a9z1iua1 Copper
J H ° o

Loss 11849707 Full Load ﬂ’lmfji‘glﬁ 4910 Copper Loss

-

A ot J
silAgannilaouiua Core Loss

Swilch
Voltmeter Rated R
Load

Primary side  Secondary side

msnﬂﬁau'luzﬂﬁ 5 lﬂunﬁwﬂﬁamﬁamﬁﬂ/oltage
Regulation (VR) Taawm 180 naumsdail
VR = (Vo roaaVrunond Vet oaa) X100%  (32)
=[(166-163)/163] X 100%

=1.84%

31/t 6 YOKOGAWA WT2010 Digital Power Meter
Specifications
Rated input (range rms) 10/15/30/60/100/300/600 V
1/2/5/10/20/30 A
Frequency range DC and 2 Hz to 500 kHz
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H ¥
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# (Area Product) 3 finadnantanuasy 16 Yunsu
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. e HEBEAIFHE (Mn-Zn F41E}) (Material characteristics for Mn-Zh)

12

2 (100kHz BLE ) TR AERDRE 25 LAMETT,

ML Y=

Outstanding low power loss in high frequency range( = 100kHz). ML Series
#EMSER(120C) £ T. BhiBHRBEEZALLHATT, MB =X
Qutstanding permeability from room temp. to high temp(120°C ). MB Series
HHBERMY NS, BUWI P-4 2 2B ULEMETT, MQ ¥ —-X
Low relative loss factor and high impedance. MQ Series
BVERREFLAMETT, MP &) —ZX
High permeability. MP Series
VBREESEE (20 ~ 100°C ) CEREOTILE ERLAHMATT, MT 2 1) =X
Stable permeability for wide temp. range(-20 ~ 100°C ). MT Series
+ 25% + 25% + 25% + 25%
1200 2500 3000 3300
540 490 520 * 510 530
mT
440 360 420 % 390 400
mT 280 140 130 * 120 120
200 60 60 ¥ 80 70
Adin 60 12 12 %t 12 11
50 6 8 ¥ 7 8
X 10% 3.5 5.0 35 35 3.5
220 *¥1 680 600 560 400
190 ¥ 1 365
KW/ 180 ¥ 1 450 300 380 340
200 * 1 400 250 430 330
250 ¥ 1 400 300 550 355
340 X1 480 420 690 420
X 10% 1.0 5.0 45 3.5 2.0
c 240 210 240 220 230
Q-m 6.0 5.0 8.0 5.0 8.0
kg/m? 480 x10° | 480 x10° 485 x10° 480 X10° | 4.85 x10°
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& Material : ML24D

23C 2400 £ 25%
23C 490
mT
100°C 360
23T 140
mT
100C 60
A/m 23C i2
100°C 6
23C 680
60°C 450
kW/m? 80°C 400
100°C 400
120°C 480
X 108 5.0
T 210
Q-+'m 5.0
kg/m?® 4,80 X 10°
Test core : Toroidal
OD=25mm ID=15mm TH = 5mm
Initial permeability — Temperature Initial permeability - Frequency
10000 — 10000 —
10kHz 23°c
5 8000 2 A\
2
% 6000 = 3 \
] L — E 1000
g 1o 2
3 -
é 2000 el =
0 100 .
-20 0 20 40 60 80 100 120 140 160 180 200 220 240 1 10 100 1000 10000
Temperature(°C) Frequency(kHz)
Bs,Br = Temperature Core loss — Temperature
600 800 :
100kHz |
890 nﬁmo N 200mT
£ ey Zom <
300 Sa00 e
L] w
“ .00 - £300
b £ 200
aif o
e 100
0 0
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Temperature(°C) Temperature(°C)
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Amplitude permeability = Flux density
10000
100kHz
]
2 8000 e
z U Pt il B o o
2 5000 — il 1
: il
g il
8 4000 23°C
2 - — —g0°C
g 2000
------ 100°C
0 I
0 100 200 300 400
Flux density Bm(mT)
Core loss — Flux density Core loss — Flux density
10000 pmmms 10000 :
- 23°C — 100°C
200kHz
A 1] 200kHz
i e
e == Al e =
a f o /% 100kHz
E 47 ¥ 50kHz _[[] E 7 P
= A AT 3 AR MmN
: 10/ e : 17
@ 100 4S5y .'/1 - a 100 gt
2 TP 2 = 25kHz =
e 4 o 7 7
3 / 3 il
/ /
/ /
10 10 /
/ /-
1 1
10 100 1000 10 100 1000
Flux density Bm(mT) Flux density Bm(mT)
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SEMICONDUCTOR®

Data Sheet

20A, 500V, 0.270 Ohm, N-Channel
Power MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETSs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmental type TA17465.

Ordering Information

PART NUMBER PACKAGE BRAND

IRFP460 TO-247 IRFP460

NOTE: When ordering, use the entire part number.
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IRFP460

January 2002

Features

* 20A, 500V

* rps(oN) = 0.2700

* Single Pulse Avalanche Energy Rated
* SOA is Power Dissipation Limited

« Nanosecond Switching Speeds

* Linear Transfer Characteristics

* High Input Impedance

* Related Literature

- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards"

Symbol

Packaging

JEDEC STYLETO-247

DRAIN
(TAB)

SOURCE
DRAIN
y GATE

©2002 Fairchild Semiconductor Corporation
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Absolute Maximum Ratings Tg = 25°C, Unless Otherwise Specified

Dialn 16 Souice VORage (NOIBT ). . v ws v sim inie s suismame e sio waian siniesisine snmme o s Vbs
Drain to Gate Voltage (Rgg =20kQ) (Note 1) ... .o oviriii i VpeR
Continuous Drain CUment ... ....c.vneriisoerraronsonusrenssesssanasssrrrorssvossnnss Ip

To=s100°C suvveiin snnss SR R e s R e PR S S S sy
Pulsed Dialn CURent (NGO ) ... .o svamenimanis smisnsins sisisissee e niomevsioss e s s snn Iom
Gatoto SOUrCBVORAGE . ..o vvicviiiorsivrssossasssnnaneseecisinsssiacaasssasaninns Vas
Maximum Power DIssipation ... ... iveevimnsiaieiisiinsvesvesasss issivenneeese e Pp
Linear DOTelNg FACIOr «.uvssnmsrressronospssnsanensssasssssasioisiossssssssnssesnads
Single Pulse Avalanche Energy Rating (Note ). .. ......oooviiuiniiiiiii i aaanes Eas
Operating and Storage TeMPerature . . . .......ovvviirrrniaroreraneerrnaerinnnenns Ts TsTG
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm) from Case for 10S. . . . ....ooriiiiiiiteiii it eanns T

Package Body for 10s, See Techbrief 334 .. ........ccciineiiiiiiiiiii ey Tpkg

IRFP460

500
500
20
12
80
+20
250
2.0
960

-5510 150

300
260

UNITS

SS ga§s<>>><<
o

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

NOTE:
1. Ty=25°C to T, = 125°C.

Electrical Specifications Tg = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS

Drain to Source Breakdown Voltage BVpss | Ip=250pA, Vs = 0V (Figure 10) 500 - A
Gate Threshold Voltage Vas(tH) | Vas = Vps: Ip =250pA 2 4 A
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpgg, Vgg = 0V - 25 pA

Vps = 0.8 x Rated BVpss, Vgs = 0V, Ty = 125°C - 250 HA
On-State Drain Current (Note 2) Ipjon) | Vos > Ipon) X rosionymax: Vas = 10V 20 - - A
Gate to Source Leakage Current Igss |Vgs=%20V - - +100 nA
Drain to Source On Resistance (Note 2) roson) | lp=11A, Vas = 10V (Figures 8, 9) - 024 | 0.27 Q
Forward Transconductance (Note 2) Ofs Vpg 250V, Ipg > 11A (Figure 12) 13 19 - S
Turn-On Delay Time taon) | Vop =250V, Ip =21A, Rgg = 4.3Q, Rp = 120, - 23 35 ns
PR oy o] N BT B
Turn-Oft Delay Time t4(0FF) 85 130 ns
Fall Time ] - 65 98 ns
Total Gate Charge Qgrom) |Vas =10V, Ip=21A, Vpg = 0.8 x Rated BVpgg, - 120 | 190 nC
(Gate to Source + Gate-Drain) la(ReF) = 1.5mA (Figure 14). Gate Charge is
Gate to Source Charge Qgs Essentially Independent of OperatingTemperature N 18 nC
Gate to Drain “Miller” Charge Qgd - 62 nC
Input Capacitance Ciss Vps =25V, Vgg = 0V, f = 1IMHz (Figure 10) - 4100 pF
Output Capacitance Coss - 480 - pF
Reverse Transfer Capacitance CRss - 84 - pF
Internal Drain Inductance Lp Measured from the Drain | Modified MOSFET - 5.0 - nH

Lead, 6mm (0.25in) from | Symbol Showing the

Package to Center of Die | Internal Device
Internal Source Inductance Ls Measured from the Source | nductances = - 13 - nH

Lead, 6mm (0.25in) from

Header to Source Bonding

Pad
Thermal Resistance Junction to Case Rayc - - 0.50 | °cw
Thermal Resistance Junction to Ambient Rgga | Free Air Operation - 30 ocw

©2002 Fairchild Semiconductor Corporation

IRFP460 Rev. B
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IRFP460
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS

Continuous Source to Drain Current Isp Modified MOSFET D - - 20 A
- Symbol Showing the R 80 A

:’P:J;s;: ;ource to Drain Current lspm Integral Reverse P-N

Junction Rectifier
G
E]

Source to Drain Diode Voltage (Note 2) Vsp T,=25°, Igp = 21A, Vgg = OV (Figure 13) - - 1.8 \")
Reverse Recovery Time trr Ty=25°C, Igp = 21A, digp/dt = 100A/us 280 580 1200 ns
Reverse Recovery Charge QRR Ty =25°C, Igp = 21A, digp/dt = 100A/us 3.8 8.1 18 uc

NOTES:

2. Pulse test: pulse width < 300ys, duty cycle < 2%.
3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4, Vpp = 50V, starting T = 25°C, L = 4.3mH, Rgg = 250, Peak Ipg = 20A.

Typical Performance CuUrves unless Otherwise Specified

1.2

1.0

0.8

0.6

0.4

Ip, DRAIN CURRENT (A)

0.2

POWER DISSIPATION MULTIPUER

0 50

100

Te, CASE TEMPERATURE (°C)

150

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

20

=
o

=
N

I

N

N

25

50

75

100

Tc, CASE TEMPERATURE (°C)

125 150

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE

1 : —r—

§ ——
s
L Los
3 —_:::'
Z 015 02—t
a E _
l}._‘ r 0.1 J_ E
2 [oos P ™
il - DM 2
; 2 0.02 et et i
z 197E0.01 = : :
E =T i H Y =1 3
5 SINGLE PULSE NCTeE > 1 <]
3 DUTY FACTOR: D = tyt, ]
103 PEAKT = Ppm X Zgyc X Rgye + Te
1078 104 10 102 0.1 1 10

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE

ty, RECTANGULAR PULSE DURATION (S)

©2002 Fairchild Semiconductor Corporation
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Typical Performance Curves unless Otherwise Specified (Continued)

10°
5 OPERATION IN THIS ——F
QQEQ&% hl)mrso
2
< 402 L L
Z s e At
& ~ < HHH
2 - 10
x ] ST I!ﬁ
o 10 SE2 £
= 222 1ms 3
£ 5 = Ly
& Rin Homs
=] 2 M s
3 -
5 [Tc=25%C DCH
» | Ty= MAX RATED 1
0.1 [SINGLE PULSE 1
1 2 5 10 2 5 102 2 5 10°
Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 4. FORWARD BIAS SAFE OPERATING AREA
40
PULSE DURATION = 80us /’
DUTY CYCLE = 0.5% M?x o
2 2 Vas =10V s Vs ? b
= Vgs = 5.5V
E 24 o
[+4
o
2
Z 16 ,/ Vas = 5.0V
& /Z :
[}
B Vgs = 4.5V
VGS =4.0
0
0 4 8 12 16 20
Vps, DRAIN TO SOURCE VOLTAGE (V)
FIGURE 6. SATURATION CHARACTERISTICS
25
PULSE DURATION = BOps
DUTY CYCLE = 0.5% MAX
W20
Vgs =10V
o Y 15 GS
gz
z B
za
sz /
z=z
oo /
Z o5 P>
= Vgs = 20V
2 [ |
0 20 40 60 80 100

Ip, DRAIN CURRENT (A)

FIGURE 8. DRAINTO SOURCE ON RESISTANCE vs GATE
VOLTAGE AND DRAIN CURRENT

In, DRAIN CURRENT(A) Ip, DRAIN CURRENT (A)

NORMALIZED DRAINTO SOURCE

40

32

T
Vgs =10V
Vgs = 6.0V

PULSE DURATION = 80us
DUTY CYCLE = 0.5% MAX

Vgs = 5.5V

24

16

Vas = 5.0V

Vgs = 4.5V

Vgs = 4.0V

102

0.1

102

3.0

P
k'

ON RESISTANCE
&

ot
o

50

100

150

200 250

Vps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 5. OUTPUT CHARACTERISTICS

PULSE DURATION = 80ps
DUTY CYCLE = 0.5% MAX

Vps 2 50V

y, di

i
Ty=150°C £

1
¥ A

25°C

T
Py
u

;.:
I

-'"--r

4

8 10

Vgs: GATE TO SOURCE VOLTAGE (V)

FIGURE 7. TRANSFER CHARACTERISTICS

Vas =10V, Ip = 11A

PULSE DURATION =
DUTY CYCLE = 0.5% MAX

80us

-
n

-40 0

20

B0 120 160

Ty, JUNCTION TEMPERATURE (°C)

FIGURE 9. NORMALIZED DRAINTO SOURCE ON
RESISTANCE vs JUNCTION TEMPERATURE
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IRFP460

Typlcal Performance Curves unless Otherwise Specified (Continued)

1.25 ———— 10000 =
Ip = 250pA Vgs =0V, f=1MHz
w Ciss =Cas + Cap |
E 1.15 - 8000 S Crss=Cep
2 é’ L~ iy Giaa Coss = Cps + Cap
n / =
5 L~ b \
23105 - 2 n s
z2 > Z 6000
2z A E AN\ N
1 b 2 oo\ o [T
E 8 085 P & 4000 \ N
p S N
5@ 0.85 \ N
4 2000 Crss a
g \ \"‘\
0.75 T B
s e —
-40 0 40 80 120 160 L 2 s 10 2 5 102

Ty, JUNCTION TEMPERATURE (°C) Vs, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 10. NORMALIZED DRAINTO SOURCE BREAKDOWN FIGURE 11. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE
VOLTAGE vs JUNCTION TEMPERATURE

PULSE DURATION = 80ps ...wz E PULSE DURATION = 80us F
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2 16 / I
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e / S 5 F
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% 8 18 2a 32 20 0 0.4 0.8 12 16 2.0
Ip, DRAIN CURRENT (A) Vsp, SOURCE TO DRAIN VOLTAGE (V)
FIGURE 12. TRANSCONDUCTANCE vs DRAIN CURRENT FIGURE 13. SOURCE TO DRAIN DIODE VOLTAGE
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FIGURE 14. GATE TO SOURCE VOLTAGE vs GATE CHARGE
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IRFP460
Test Circuits and Waveforms
Vps
BVpss
L le— tp —>= v
DS
VARY tp TO OBTAIN . Ias 37 “ o "
REQUIRED PEAK Ing Ra ﬁj’ = Voo = o
VGS Q ) e s ! ‘\
puT ! i
- /s \‘
t ’
o — L Ias B s e s ’ . [
0.010
AN\~ s tay -

FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 16. UNCLAMPED ENERGY WAVEFORMS

— ton [ —>  topr |=—
—> ty(on) [~= —>t4(0FF) =
— 4 [=— — |ty |-
Vos 90% £ o0%
P R 5 10%
X 90%
f|: | I Vas 50% 50%
o __-T: 1% PULSE WIDTH

FIGURE 17. SWITCHING TIME TEST CIRCUIT FIGURE 18. RESISTIVE SWITCHING WAVEFORMS

Vps
CURRENT (ISOLATED
REGULATOR SUPPLY) Vop
- - .
o %
~ Qqrom)
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12V < AS DUT .~ gd
BATTERY | 0.2uF < 50k02 a
A T T 0.3yF [~ g8 Yo

>

b
> D *Vos
-
-

jnur 0 m— Yo i AR
§|G(REF) S
[ —

6

lg(REF)
—MWWV——\W\—o Vps
Ig CURRENT —L- Ip CURRENT I
SAMPLING — SAMPLING o
RESISTOR RESISTOR

FIGURE 19. GATE CHARGE TEST CIRCUIT FIGURE 20. GATE CHARGE WAVEFORMS
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST © OPTOLOGIC™ SMART START™  VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-§
DOME™ HiSeC™ PowerTrench® SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWRE™ SILENT SWITCHER®  UltraFET®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITYARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Definition of Terms

Datasheet Identification Product Status Definition

Advance Information Formative or

This datasheet contains the design specifications. for
In Design

product development. Specifications may change in
any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and

supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild

Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.
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