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Basic Studies of Film Transformer

Yoichi Midorikawa, Student Member (Hosei University), Seiji Hayano, Member (Hosei University),
ya
Yoshifuru Saito, Member (Hosei University)

In order to realize light and small power supplies, we propose here a film shape transformer named the film transformer. The

basic operating principle of this transformer is the skin effect similar to those of the coreless transformer which is exploited

" previously by us. Both the primary and secondary coils composed of thin film conductors are arranged coaxially on one layer film

base, and the film transformer is constructed by the lamination of these films.

In this paper, experimental as well as numerical studies are carried out about basic characteristics of the film transformer in

order to examine possiblities in practical use. As a result, it is revealed that the film transformer may be applicable to the high

frequency swiching power supplies.
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Fig.1l. Principle of the transformer operation.
()

(b) coreless transformer.

Conventional core type transformer and

primary coil secondary coil
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Fig. 2. Magnetic flux path of film transformer.
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Fig.3. A pair of coil patterns for a basic

unit of the film transformer.
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Fig. 4. Connection of the primary and second-

ary coils at the center of two films. Upper
and lower layers correspond to the Figs.3(a)

and 3(b), respectively.
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Fig. 6. Examples of the series and parallel

connections. (a) Series and (b) parallel

connections.
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film transformers.

(1) BHFE RIUTTKENTVWAIRET 1 VLEESR
O ¢ OO MIEAB RO MNER RSO ZRER LU
HEELY., ThPFhEL1 11 2I0R7Y, 2B, BFE
22, 50, 0QOMIEHAT THY . hFEL,

hEE= (HH/AH) X100®%
L LT,

K1i1@EMBLUVKL 2@ &) EEBTDZE, W
THOBRLATEAESKEL 252> THRITER
BEBTHNT 5, k. BEBOA L F 7 FLABET
B, REPRICLYBEZOBHL 25, Z0RDE
ERLATEDA L E—F o ABBC L 28N ERENL, K
11 OBERBFLNZDWY, ZOFEREYA A agqn
REERLFAFETHY ., REPDEENHL-EERERO
BHEZEX LW, K11 @D2B7 4 VAEERD
DEXRFHRIIL.8ITHY, K1 1B DAET 4 VLAEE
BOOREKREILN. % THD, 2. 4B 7 4 VAEE
BOFR 2B L CURWEEERE T E0NRE#
Bta, Zhid, BBAESENT 5 X ESaR cafET
HIEBFEETHY . TOREEBENEL RDE2E
b, £/, K11, 12T, 4BOFN2E L EN

(2)

T.IEE Japan, Vol. 115-A, No. 12, '95



7 4 W AEEROERNEE

Fig.

(a)

Fig. 12.

(2

B

100
Load(Q)
80
- —o—: 22
; 60 --k- 50 ’."
2 -u-: o
]
‘S 40
=
=
20
0 &
1 10 100 1000
Frequency(kHz)
(a) 2BRAETY 4 VATERERD
100 -
Load(Q) Ay
- 80 —a—: 22
X --k- 1 50 1
g’ 60 ~m—-: 90 ..A'
) s
E /
=
20
on
1 10 100 1000
Frequency(kHz)
(b) 4BRIET 4 VLAEERO
K11 2h¥ExEmEet (ERE)
11. Efficiency vs. frequency characteristic.

2 and (b) 4 layers (experimented).
100 .
80 Load(Q) 'l
\’? —— 22
E’. 60 --&-: 50
2 -
_5 40 .- 90
g
20
0
1 10 100 1000
Frequency(kHz)
(a) 2BRET 1 NVLEEHED
100
%0 Load (2) l“:: by
= ——: 22 i
s
E 60 .-k~ 50
£ 40 -m-: 9
g
20
]
1 10 100 1000
Frequency(kHz)
) ATBRIET (N AEERO

X1 2 PhEMEEEEE GtEE

2 and (b) 4 layers (computed).

A, 115%128, PRIE

Efficiency vs. frequency characteristic.

1225

BAREOEZATRETS, ZRRIUTOL S ITHRTE
B, MO DBRAHROETELBIEBFEOBRENS, 2
BOT7ANLAEERIVGABT 4 VAEEBOFBER
ENOEANRRLL R-oTWAILIZHLNTHD, 2Dk
DABD T A VLAEEBOFMMEFENSL—K - ZKkFED
BAEMPEL., PEANBARESHEOHBRS 2 BOB IR
BEAE»SIHENRD, 8-T, 4BOFNR 2B LV EN
B0 =5, SEMAREBEOBRAZELL
Zxbhd,

() BERER ZELEESRTERSILIMESC,
MR CTHRBRATBR L vizd, BESHSRBRTEHK
BdHd, K10()EDGIFRINTWVE LI, ZKRNHA
BENZBATRORBBERIHA O M ICHREEORLE R B
WEEERORBBEL IV BREVWEEZ LR, LIL
aRb, K1 0O0BATWROBRELEL 3D ZKRICATA
BRI TOBHEED t = 0sec. BIZBIT 28R LORA
REEDFELET AL, T4 AL LBIOEECEL—T
FHRL. ELICHETORKRDOERY b/h & < IBRREEK
e, BRICEB MM 13 VIR
b, TNITHEBRESEMNT 3B -K - ZROBANEL
Y —ROAFT=ZRNVE—ORIEBHB _R~MeEIND
O THbH, ZOEENS, 74 VAEERZREMES
BRETAE0, ZRICAWAERELEZRET-REBOE
FEEBRATAHZEBREE L2 EBbhs, LKL 3
HOESL, 2. 3, - - i (a) RO (b) TR—X
7 WVEKRTF v VEERT,

b) 4ABRIET 4 NLEERD
M13 ZRERFORBIRST

(100kHz, FEfH. t =O0sec.. IFOEF 1,
2. 3, « X ) RV TR—Y PART
VX NMEERTT, )

Fig. 13. Magnetic field distributions of the
film transformer with secondary short circuit
at 100kHz. (a) 2 and (b) 4 layers film
transformers (computed).



4. £&¥

ARX T, EEFEPRET S 7 4 VABEBRIZONT,
FE&UTERNLEBBEL T, TORE, 7404
FEBIFEBHEZENT 2 Z 2o & » TEBRK i BT
AR ZREOEAEBHLLBTETHY ., BRLE
LTABRIET A VAEEBROTIR, AFEROKRE &I
KIEFETDHMN, 300kHz~1MHzORHEHE T8 0%
UEOBWHEBRESNDZ ENHBA LKL, £, Rl
BLHBEKEOBEMICL ~TERBRENAZ L 2HLMICL
oo BB, FHROEMEERICE /L THV ESofiak
T FH BRI RFTBZIZ L Marinova B+ ~KE % (&
DUELSBILER L BiFET,

(FRE64E10 8 20 H 3. EART4AE6 A 20 B BEAS)

3K

(1)K. Harada and.T. Nabeshima, ” Application of Magnet-
ic Amplifier to Highfrequency DC to DC Converter”,
Proc. IEEE, Vol.76, pp.353-361 (April 1988)

(2)F.C. Lee, “High-Frequency Quasi-Resonant Converter
Technology”, Proc. IEEE, Vol.76, pp.377-390 (April
1988)

(38)T.Sano, A.Morita and A. Matsukawa, ” A New Power
Ferrite for High Frequency Switching Power Supplies”,
Proc. 3rd Annual High Frequency Power Conversion
Conference, San Diego, CA., MAG1-5 (1988)

(4)S.Hayano, Y.Nakajima, H.Saotome and Y.Saito, ~ A
New Type High Frequency Transformer”, IEEE Trans.
Magn., Vol.27, No,6, pp.5205-5207 (Nov. 1991)

()N )1) - BBy - 3k TEBRKEZELFI 2% HWED
C/DCayv I —5DAFEEl BEXRERYIRT 4
v 7 AFREER MAG-92-132 (F4)

(6)/Ni - BB - FiE: TELEEREFAVWEDC/DC
Ay AN—ZORLUERIERNT] ERERIRT A v 7
ARFFESE R MAG-92-274 (F 4)

(7)) - i TELEERDO—EBE) ERES~IX
T4 v 7 ARFRSE R MAG-93-132 (£5)

(8)T.0gawa, H.Saotome, S.Hayano and Y.Saito, “Re-
alization of a Coreless Transformer and Its
Application to a DC/DC Converter”, ELEKTROTECHN.,
CAS., Vol.44, No.7, pp.238-241 (1993)

(9)S.Hayano, Y.Midorikawa, and Y.Saito, ” The Film
Transformer”, Elsevier Studies in Applied Electro-
magnetics in Materials 5, pp. 257-260 (1994)

QO) R - B8R - HEE: [T 4 VAEERORE] BRE
RYTRT 4 v 7 AFRLSEE, MAGC-93-168 (F5)

(11) I.Marinova, Y.Midorikawa, S.Hayano and Y.Saito,
“ Electromagnetic Analysis of the Thin Film
Transformer”, BRFEVITXRT 4 v AHEELE
£, MAG-94-11 (F6)

{12)P.Silvester ” Modern Electromagnetic Fields”,
Prentice-Hall, Inc., Englewood Cliffs, N. J.
pp. 153-156 (1968)

R 3

T T, 7 A NVAEERFE RS LTRI =0
BLAROaANEBTHD & LEEGEOREERTT L
OEHUZ DV TEHAT 5,

FaradayDiERI L WV BFEuICH LT, KB D Lo,

u=AiR+d2, : (1)
©odt

=L, BEOEREZR, BFEA, SXEEREEG LT
B, BEBRMRIICTTA—~TRBELICLVEBRENLTY
BEThil, BRRHEEEIL. R MART Vv VAR
WTIREM D,

<I>=‘fAdl (f+2)

ELTRDON, AIRIE, BRE 2/V— 7 IR THEHA L.
AiR = ¢ Edl : > (+3)
f

tR&ND, (1) RgE. FW2) . (F3) XEAV
BE. ok jor TRENAE 1ICRT 0RO — 7K
HRLBRAFWEE L, 518 2EREERTELT,

i =2mp ,E(Q) + jo2mp,A(Q) (1 4)
LETD, SHIQRDNRY MRT UV ¥ viE, okl
EEL LT,

AQ) = 2 [oDEMN [P47 S (#45)
S 2

THEZLNBY, 2L, Sik. BEOMER, ME, &
ROMBTHRET D, £K)IT.

Flk) = (%-k)K(k) —%E(k) (#6)

THEZLND, ZEL, K&), FEIX, 5. F_HE5%
ERAMTE L, M. z, &z, BTREhO, MADZK
fFIEEEE & LT, N
K = APoPus , (4 7)
(P +Pu) +(25 -2, ) '
ThHdH, (T4) Kz, F5) ~ (F7) XERATS
& & fEFredholmig 4y H R

i

E Ao (MYEM) P2 £kyds =
D+j !0( YE(M) pQf() o

)

~ 4 (+8)
i b, BEL, A=op,/2n:¥+5, (F8) Rr#E<
ZEiLkD, ERANKROLND, HEILEEZnBON—
TEENOR LGS, EEBOEE 2y b7 T,
8) XA HERNIL.

u
1

. L . Pu ‘ N
E(Q) +J7»};£G(M)E(M) 0, S(k)ds, = o

g
i=1,...,n f+9)
LB, (119) REBERILTHIE,
(CIE]=[F] (11 0)
DY AT LFBEREBD, 22T, [C E1E L OF.

T.EE Japan, Vol. 115-A, No. 12, '95



7 4 VAEEROEBEHEE

BREATII, ROZBR~Y b,
ST 2T VB ENEIRT,
(1 0) KR[CloFFHE[C] £+ 5L,
[£1=[CT[F]

(fr9) XEWOAAI

(f11)

CLVBRANY MBRES, ZOBRNYS fL L EER

POBREE., ERBENLLY MBRFLrvvy A, FL
TR MVRT Uy A BERRHERENRD S 5,

¥, SEIOFHEIR., —HOEEIZSONT 20455 LT
HEAITo T,

Ov

1 B R E

(#4£B) 1970 75 4H4, 19954 38

ERRKZERFRLFHERNER L EERIE
TEERET., BE. RRKERZRIENE
BERIFERELEIERAESS, L
LT, BARELEER, /JAXT74NVE-
BT 2HFRICTESE, BARAMFERRE,

g -

(IEB) 19474F 7H 6B %4, 19774 38k
| BOKERERLEHARHELERET. @
ERKREBFE. 1993FEFEMHA. HEIZ
b, BMRFOHBE»HBY, FL 1L T,
HEEBMAZE. RUB{EEOETY v 7
BT ARRRICEE, T+, IEEE. A
| KIRBRFES. AAEFBRFES. B

FAMFES

wik k&

(IEB) 1946%4F 7TH24H 4%, 19754 3R
| BORFERER LEFRMELRERET, [
FIR%#BHF. 1976FFEMM, 19784EFB)
i, 198TERER. BEICED, EER
. BRESB. ROKRFREAKE. Bt
HhE, BRILFOHEEZAY, FL LT,
HEEHMAFICETOMARICHSE, LFHE
+., International Journal of Applied Electromagnetics
in Materials, Advisory Editorial Board, IEEE, &+
BEFHRESR. AFAEAMRFS. BAREFHEIFES. B
AAEMF L4 B . Electromagnetics Academy MIT) £ 8,

BymA, 158128, FRTE

1227



