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A Study on the Optimal Design of Planar Flyback

Transformers suitable for Small-size and Low-profile
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Abstract

This paper presents the optimal design of planar flyback transformer suitable for small-size and low—profile of AC to
DC adapter for 10W tablet. This paper also proposes the injection winding transformer of Hybrid and Drum types
capable of the winding method of automatic type and the reduction of transformer size and leakage inductance(L)
compared to the conventional mass—production flyback transformer with the winding method of manual type. In
particular, the injection winding transformer of Drum type proposed in this paper is constructed in a horizontal laying of
its transformer to solve the connection problem of copper plate injection winding on the secondary side of the one of
Hybrid type. The primary and secondary windings of the injection winding transformer of Hybrid and Drum types used
the conventional winding and the copper plate injection winding, respectively. For the injection winding transformer of
Hybrid and Drum types proposed in this paper, the optimal design of planar flyback transformer suitable for small-size
and low—profile was carried out using Maxwell 2D and 3D tool.
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Table 1. Product specification of AC/DC Adapter for 10W
Tablet.
1. 10W TabletZ AC/DC Adaptere| MZE ARt

i

Description Specification Remark
Rated output power 12.5[W] 5[V1, 2.5[A]
Output voltage(Cable End)| 4.8[V] ~ 5.4[V] Typ. : 5V
. . Maximum
Ripple & Noise 150mV,, ,[V1] value
Output current 0 ~ 2[A]
Rated input voltage 100 ~ 240V, [V]
.. Minium
0,
Average efficiency 80[%] 1 value
. . 85[kHZ] : viﬂma)(y
Switching frequency 140[kHZ] © Vi
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¥ 25 10WH Tablet-& AC/DC Adapter?] Flyback
Helrle] A A HERE VeEha 9tk & 29
Al UER vRe} Zo] 7]E WSHY] div] WShy] Ab
oz} 125 FAAM FH dAE A9t
All shorted?d 79 leakage inductance(Ly)+=
40[%] = 20% olst Aztsta, A e
AN A5 AXOR AF3tE g2 I}

4 LM
off N Hr

Table 2. Research target of AC/DC Adapter for 10W Tablet.
¥ 2 10W Tablet® AC/DC Adapter®| A+ =3

.. Conventional Target
st it transformer transformer zcpeis
Transformer | 20.5%235x11.2[mm] | 18x15x8[mml] A00%] |
volume (5,395[mm?®]) (2,160[mm®]) °
Leakage
inductance 8[uH] 6luH] | 2(uHl
(All shorted)
Winding . Automatic
method Manual type Automatic type winding
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233t & Slims}e] 4
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719 #°(EE1510) &3 A4+5 Yeplar

Fig. 2. Actual appearance of conventional Flyback transformer.
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Fig. 3. Core appearance and its dimension of conventional

Flyback transformer.
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Fig. 4. Schematic diagram of its winding connection for
conventional Flyback transformer.
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(d) Nst (e) St (f) S2

Fig. 5. Winding structures of actual sample for conventional
Flyback transformer.

3% 5. 7|& Flyback B1et7(of Cist MMMES HAMTE

¥ 32 10WH Tablet® AC/DC Adapter?] 7]&
Flyback WSt719] A7 54& yeu Atk
3 39 A vERA BRel o] 235 A whEr B Al
shorteddt 4%, 125 HAANA ZA3 Leakage
inductance:= Z+z} 22[pH1¢} S[uHIoH, 1x= 5
BAANpl+Np2), 1232 BxAXA(Na) @ 2312 AXA
9] Inductancex= 700[uH], 14.3[uH] 2 3.6[uH]°]t}.

Table 3. Electrical characteristics of AC/DC Adapter for 10W
Tablet.
E 3 10W Tablet& AC/DC Adaptere| M7|H SA

. Terminal Electrical
Description ..
g F characteristics
2 1 700 [uH]
Inductance 3 4 14.3 [uH]
6 7 3.6 [uH]
Leakage 2-16-7 Shorted) 22 [uH]
inductance 2-1(3-4, 6-7 Shorted) 8 [uH]
2 1 1.26 [Q]
DC Resistance 3 4 0.065 [l
6 7 0.02 [Q]
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Fig. 8. Core shape of Hybrid type injection winding transformer.
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Fig. 9. Distribution diagram of magnetic flux density for
Hybrid type injection winding transformer.
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Table 4. Reductions in transformer size and Lk of Hybrid

type injection winding transformer.
E 4 Hybridd AFE AM HHebT|o Hely| 37| M2

Lk M
Description Winding Trﬁ(sizilr?:r I;Iize Reduction in Ly
Number of Npl, Np2,
layers Na 3 layers 2 layers
Winding type 2UEW Litz
Thickness of | Npl, Np2, | gqr 1 0.46[mm]
whole winding Na
- . 0.23x9= 0.23x14=
Winding width| Npl, No2 | o0 37
Copper plate Shield 0.3[mm] 0.1[mm]
thickness Nsl 0.3[mm] 0.2[mm]
Npl-Shieldl 0.4[mm] 0.1[mm]
Distance Shield1-Ns 0.4[mm] 0.4[mm]
between
windings Npl-Ns 1.1[mm] 0.6[mm]
Ns-Np2 0.4[mm] 0.1[mm]




A Study on the Optimal Design of Planar Flyback Transformers suitable for Small-size and Low-profile 157

Bxo 2 A3 53 ShieldE 133 AXo=z 3t
F3te] 12 B4} F 3 Shieldgte] AdlEs 43

=2 sy LAY TERE
23}o] Maxwell Simulation

& Sgstan

Ny %' %Nd %No
<

-

Fig. 10. Winding structure and equivalent circuit for Maxwell
simulation of Hybrid type injection winding transformer.
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Fig. 11. Winding structure and core shape of Hybrid type
injection winding transformer.
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Table 5. Lk simulation result and coupling coefficient of
Hybrid type injection winding transformer.

¥ 5 Hybridd AFE AHM BeTlo AT ¢ Lk
Algellold Zzt

Coupling coefficient Lk(All shorted)[nH]

Na Np Ns Na Np Ns

Na 1.00 | 095 | 0.9 Na 1.30

Np 1.00 | 0.99 Np 8.35

Ns 1.00 Ns 0.04

39 102 Hybridd A& A W <t7] 2] Maxwell
simulations 9% 57132 % AM Fx2E HE
Wi ok 29 10914 & 7 %ol LAts 9
& 2x= HAHAES InterleaveddtAth. I 11
Hybrid®d AF&E A4 ®Wst7]e] 30 4 2 A4
A715 YERR AL Jlow, BlS AAdstA &2 A
ef o] Wet7] 271(WxLxH)E (19mmx14.26mmx7mm)

2 3tk 2¥ 119 Hybridd AFE A4 W7
£ Maxwell simulation & ZA¥}, 3% 5914 YEA
vke} o] All shorted 3 4% 4 A= E (L)
= 835[pHlE 42Ut

1} Drumd AFE @A 97
Hybridd AFE #4 W79 mole AA AL
< Hybridg A& A4 ®@7]19] 125 9 23

=9 AlE A4S PCB 992 wxo] A4 a 4
T3 AAX3 PCB 71t A4 e Wt 1
24 PRI 221 B ¢kd 1F FHE Q)

F W) Alol= F7h, 9 AbE AA 14§
Fhz A% Az 34 27 59 BAMel 9

=}
ol ZAHES AMAT F U= Aoz WY
= 7

He7 & Aokstdt. 1¥ 12+ Drumd AlE
A WSk ol P4 A 2 E YUE

.19 12014 & 4 9lkel, Drum® A& A
He7 = O 535 1 Hog AEgo=Ex ¢
Zhe] et A H e AdEd A4 A
¥ A4 PCB7|3e] AAdLo] @ s34

Aol A A HdS & 5 7] wiel W
A

DUl M ooff o ¥ oMo o o
S ¢
)

o
0,
o

Foz F3 A4 A Sel
=4 % 12 Drum® A& 9419)
Zol @4 2 AN FEE e ol eeA

Fig. 12. Core cross—sectional and winding layout diagrams
of Drum type injection winding transformer.
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Fig. 13. Core shape of Drum type injection winding transformer.
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Fig. 14. Distribution diagram of magnetic flux density for
Drum type injection winding transformer.
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Table 6. Reductions in transformer size and Lk of Hybrid
type injection winding transformer
E 6. Dum¥E AtE AN HYY(o WY 37| M

Lk M
Description Winding Trﬁ(sizflilr(l):r I;Iize Reduction in Ly
Number of Np 9 layers 9 layers
layers Na 6 layers 6 layers
Winding type Np, Na Litz Litz
Np 2.07[mm] 2.07[mm)]
Th1ckne§ S .Of Ns 0.3[mm] 0.2[mm]
whole winding
Na 1.38[mm] 1.38[mm)]
Np 1.23[mm] 1.23[mm)]
Winding width Ns 1.23[mm] 1.23[mm)]
Na 0.23[mm] 0.23[mm)]
Copper plate Shield 0.3[mm] 0.1[mm]
thickness Ns 0.3[mm] 0.2[mm]
) Ns1-Shield1 0.8[mm] 0.4[mm]
Distance
between Shield1-Np 0.4[mm] 0.1[mm]
windings
Ns1-Np 1.5[mm] 0.6[mm]
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Fig. 15. Winding structure and equivalent circuit for Maxwell
simulation of Drum type injection winding transformer.
Drums ALE AN H 7|2l Maxwell simulations
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St Sutslz 2 AN Px

=
S

W

Fig. 16. Winding structure and core shape of Hybrid type
injection winding transformer.
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Table 7. Lk simulation result and coupling coefficient of
Drum type injection winding transformer.

T 7. DrumdE AE HM HeT|o| AEAT 2 Lk

Alzelold Zot

Coupling coefficient Lk(All shorted)[uH]
Na Np Ns Na Np Ns
Na 1.00 0.99 | 099 Na 0.20
Np 1.00 | 0.99 Np 6.39
Ns 1.00 Ns 0.07
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Table 8. Comparison of Lk and transformer volume of
conventional winding type and injection winding
transformers.

8. 7|&E HME HT|et A

37| ¢ |k Hw

3]
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