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Fabrication of metal composite magnetic core transformer
with surface-oxidized carbonyl-iron powder
and its application to the flyback-type dc-dc converter
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The fabrication and evaluation of a flyback-type dc-dc converter with a metal composite magnetic core
transformer consisting of surface-oxidized carbonyl-iron powder and epoxy resin is described. The windings of the
transformer consisted of a copper-clad polyimide tape. Two windings with a different arrangement of primary and
secondary windings were fabricated and disposed in the composite magnetic core. The flyback-type converter with
fabricated transformer demonstrated a power conversion efficiency of 91%.
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Fig. 1 Electromagnetic properties of metal composite
magnetic core material consisting of surface-oxidized
carbonyl-iron powder and epoxy resin.
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Fig. 2 Device structure.
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Fig. 3 Winding structure of fabricated transformer.
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Table 1 Electromagnetic field analysis conditions for metal composite core transformer.

Part Material

Constant

Magnetic core | Metal composite material

Complex permeability: shown in Fig. 1(b).

Complex permittivity: shown in Fig. 1(c).

AC conductivity: calculated by Equation (2).
Thickness: 10 mm, External dimensions: 40x40 mm?

Windings Cu

Conductivity: 5.8x107 S/m
Thickness: 70 um, Width: 5 mm
Number of turns: primary 16turn, secondary 8 turn

Insulator layer | Polyimide

Complex permittivity: & =3.5 (const.), & =0 (const.)
Conductivity: 0 S/m
Thickness: 100 um, Width: 5.2 mm
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Fig. 4 Frequency dependence of inductance, resistance,
and coupling coefficient of “type-A” transformer, where
plots are measured results and solid and dashed lines
are calculated ones.

Transaction of the Magnetics Society of Japan (Special Issues) Vol.1, No.1, 2017 47



=
3

,_,
=< -
°

¢ ]
w

h

. ]
= ]
o 7
N ) ]
© Primary ]
Q 7
c ] 1
ol Secondary E
o -
=) ]
© ]
£ ]
0 O @ :Meas. ]
——----:Calc. b

1 -1

-5+ T —

Primary
(Ao =71.1mQ)
v,

PRI BRI

ol Secondari/_—
(Abc = 36.8 Q)

O @ :Meas.fi
—---=:Calc. H

.
0.01 - rerm—r =

Resistance A, [Q]

Tl o 400 bds

1.00

type-B3

x ]
: i
s 0.99 -
© ]
o ]
o ]
o ]
g) ]
5 0.98 -
g ]
[e) ]
®] O :Meas. | 3]
—: Calc. |1

0.97

10k 100k M 10M

Frequency 7[Hz]

Fig. 5 Frequency dependence of inductance, resistance,

and coupling coefficient of “type-B” transformer, where

plots are measured results and solid and dashed lines
are calculated ones.

100M

RIEICRERENEL D, PRI, BRMEDEN B
Bl i OE) IZ L DERDMAOLICRRNTE D EE %
B, ZIUCOW TR TEET .
42 BREETHhORZE

ATEIORER DS, ARGWICTH D b T 2 AT N OB
PETIIC L DR T RE SN2, Fig. 2 1SR L2t
TE O WL T M OB E TS KD BT/ hEneE
265, LvL, JEEJFI OB A1 S S i i A
DIAENREL, FT o ZAOREIZ G 2 DN R E L
LI ENEEESND. £Z T, Fig. 6 IR T X9 ICiLF
P & BRI O BB d 2 2 S E RO EKRHED
Pl BRI 2 —2a kO ELE. d=0
[mmDEEBRABLL PR ICEE SN TN D L&, d=25
[m] (A0 T & BHR T —E L CWAIREETH 5. 7

Magnetic core Winding

t-——T--—-—-—-—-—- ——————Ldmmm
"___|§| _______ ®____%_

Fig. 6 Analysis model of the winding position shift.

30 11— 135
=1MHz | @ A :type-A|F
25 5 (0] A:type-B:_s
—_ o E _
el ° 5 t._ G
~ 20 ® o 2.5 @
< o9 P OO F
8 15 ®e,0 2 8
S A A ° G
3 A @
S 10 15 5
: o 04
= 5 A 4, A A NN 1
O+———r———1 7105
1OOOEL----,----,....,...., .
© 00 O ]
x ] Oooop
- (o)
% - g
:§0.995— -
E | f=1MHz |
o 4 @ :type-A | 1
2 4 O :type-B | 4
= 0.990+ ® oo -
3 ® o, :
8 *
] [ J
0.985 4+ T

T T T |
0 05 1 15 2 25
Position shift @ [mm]

Fig. 7 Effect of winding position shift.

B, M7 UREEORHENS, BRD EH~T oL &
DOERIIFE SRR B ETH LB bND.

Fig. 7 £ 0, MBS A v X0 % v A LAIArE T d<
1 [mm] CixZIEEE Ly, LaL, d>1 [mm]& 7
D EEAENPRKEL 2D, THUL, BRMIETICLDE
M OREEKTmEN /NS R ENFRREBZZ L.

— 07, SAMEFNES B b TR T T o8558 & 72 o7z,
Ak, DR U7 2 IRoTREFUIRET 10 & (3R D5 T
bD. BEIETIICED, FAUI M ORI AL 3B <
72D LBRHRE R AT DR AL, O TEREAN
WRLTRIIRELS 2D, 3ILEHRA Y Iab—va
THIORETIIERIND. LoLans, LBMETT2
Z & CHOREENmEE L, AT B RMETL
EbDEEZ TN,

FEERE E bAIETIE dBRKRE LS RDDIEVMET T
D3, type-B O S DMEFIEIZ/N SV, 23U, ko
type-B OIS DA, 1 R & 2 iR DA%
DERMATORL TV AT EEZ LS.

48 Transaction of the Magnetics Society of Japan (Special Issues) Vol.1, No.1, 2017



1 Primary winding—1

(a)
Primary:1 2 3
Secondary

)
Primary-1: 1

Primary—2: 9
Secondary:

B3 Primary winding—2 2734 Secondary winding

7
’
|
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Fig. 11 Circuit diagram of the flyback-type dc-dc converter.
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Fig. 12 Photograph of fabricated converter.

Table 2 Specifications of the converter.

Input voltage 48V
Output voltage 12V
Maximum output power | 60 W

Switching frequency
Control system

400 kHz, 1 MHz
PWM control (Open loop)
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Fig. 18 Power conversion efficiency versus output power.
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Fig. 14 Waveforms of converter, where switching
frequency is 400 kHz and converter output power is 60 W.
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Fig. 15 Waveforms of converter, where switching
frequency is 1 MHz and converter output power is 60 W.
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Fig. 16 Waveforms of converter, where switching
frequency is 400 kHz and converter output power is 15 W.
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