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A study on an optimal design of the high frequency
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Abstract

This paper presents an optimal design of the slim type high frequency transformer used in the LLC DC to DC
resonant converter for 65-inch UHD-TV with the rated power of 315W. This paper also performs an optimal
design of the slim type high frequency through core loss analysis, AC winding loss analysis, and optimization
design of the winding arrangement of the LLC resonant transformer. Particularly, the high-efficiency and slim type
high frequency transformer based on the obtained results from theoretical analysis in this paper is constructed in
the interleaved and vertical winding structures of its transformer to realize the winding method of automatic type
and minimize AC winding loss. The primary and secondary windings of the slim type high frequency transformer
the vertical winding structure proposed in this paper used the Litz-wire windings, PCB and copper plate windings,
respectively. Finally, an optimal design of the slim type high frequency transformer proposed in this paper was
carried out through the experimental results to confirm the validity of theoretical analysis based on the simulation
results using Maxwell 2D and 3D tool.
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Table 1. Output specification of high—frequency LLC
transformer in 65-inch UHD TV SMPS.
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Fig. 2. LLC DC to DC resonant converter considering
the output specification of LLC transformer.

J7 2. LLC H7| &3 Al¥g 12f8t LLC DC/DC 3%l
ZAHE

2. 1t LIC WY 2ol &4 Tepe 2 ¥ 2
o] &4 ALt

7k 1FT LLC ¥iY7] Fo] &4 mietdE |
IFT LLC HYY] AAE fel 2 =RollA A%8d

PL-F1 Fo}E ARgsto] 4] (1ol vehdl Steinmetz’

equationZ 5ofl Fo] <A e Riesto] AKXl ot

2H|E] ke ol-gslo] T WG Fof SR, [k W/m?))

S AKX},
P,=kf*B? [kW/m?®] (1)

A (DA f D B,,v T 2 Y A e
ANE, k, o E pE EY B4 o= o EHE Y
ERfict,

19 3(a)(b)= 15T} LLC HYY] AAS 98] 2 =
FoJlA A79% PL-F1 F°] Datasheeto 4 AlZsh= F
e} Hoff ARGdEo| wE 3o &4 4 B4 1
o] &4 HEYS EYE AKXl Fuee) FHof A&
o] mE o] &4 A BG4S UEI itk

000
80C 3
3000 Mz
= 200kHz
1000 « x
o 700 = JORHZEE=  0krz
£ 00 € -
= o <
= / %
3 00 <
S 80
g
=2
L
£ o
o
30 100
Flux density (mT)

(@

1=10*

o
1 500kHz

\,u
ok
o,

100

pils00.10° B [kKW/m*)

<

6.01 01 1

B [T]
(b)

Fig. 3. Core loss curves characteristic of the peak flux
density and the frequency as a parameter : (a)
core loss datasheet, (b) core loss modeling.
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Fig. 10. Transformer of horizontal winding structure
with different primary and secondary widths :
(a) transformer of horizontal winding structure,
(b) horizontal direction of horizontal winding
structure
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Fig. 11. Winding structure and MMF diagram considering
interleaved parallel winding :
(a) winding structure, (b) MMF diagram
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Fig. 12. Winding layout of high frequency LLC transformer
with 3oz PCB and copper plate windings.
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2 AL HAS Aot 28T 5 3o, 235 AA
2 PCB sHHEACR LT OZH slimste &st
or, TRt 2215 9] S WAI(Ns4, Ns5)2= i
F PAO=Z PCBE 30z 4 Layers ARESI9ITH

# 12 30z PCB ¥ FHdAo= #4449 5ut ¥
U719 A A Ak YELL A & 104 12}
& EANpDT 235 FANsD)S AFEEE 47
450[A/cm?], 460[A/cm?1 & AAE XYt X 2
£ Mathcad tool ©]&3to] o]22x oz HAgt U
S-S AXRE A3kg YERIL Qloth B 2004 & 5 9
o], 1215& #AolA dA &4o] 7P A+, 235 A
o= Ns2(Ns3)7F 7H 28-S o 4= Qlck.

R (I

Table 2. Winding design specification for high frequency
LLC transformer with 20z PCB and copper plate
windings.

. 20z PCB 3 SH@MO= FYFE 1RO} LIC HY
719 HM AA MY

kA
N

Wire , Curre.znt

Lims[Al type Turns | Aclmm’] &7111;1;};]
Npl | 361 | AWG38 | 17 0.4x2 450
Nsl 2.34 PCB 5 0.252x2 460
Ns2 0.28 PCB 1 0.105 270
Ns3 0.28 PCB 1 0.105 270
Ns4 6.95 Plate 1 1.4 500
Ns5 6.95 Plate 1 1.4 500

Table 3. Winding loss calculated by theoretical analysis
using Mathcad tool.

E 3. Mathcad toolS 0510 O|2XO=Z Mt M
&4
Im[Al | RDCIL] E. RaclQ] Loss[W]
Npl | 3.61/2 | 0061 |5656 | 0347 1.129
Nsl | 2.34/2 | 0.034 11 0.038 0.052
Ns2 | 0.28 0.017 11 0.019 1.49%10°
Ns3 | 0.28 0.017 1.1 0.019 1.49x107
Ns4 | 695 | 0.48x107 | 3.956 | 1.89x107 0.091
Ns5 | 695 | 0.48x107 | 3.965 | 1.89x107 0.091

1% 132 30z PCB ¥ s@aAo=s 49 15}
Y719 HHlg YERHAL Sk I 13914 & & 9L
o], HHl Hof #o](a), E¥1 2o Z(B), NpdAd 33t
#°1(0) % NpdAl 83t Z(D)= 22 10.9[mml, 33.2

[mm], 1.8[mm] ¥ 10.2[mm]& Yehdtt. 19 49] &
o] g4+ 1% 149 30z PCB ¥ &% @AoE 74
H 13 LLC H471E ©l8ste] Maxwell 2D ¥ 3D
AlEdolAgt 23t I 404 YERdrkel Zo] 12159
Npl HEAE At YHZ] HAEE All shorteddt 73
§ FAJIEEA(L)E 3.41[«HIE 2

Fig. 13. Bobbin shape of high frequency LLC transformer
with 3oz PCB and copper plate windings.
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HATI9 HHI S4at

Fig. 14. High frequency LLC transformer with 30z PCB
and copper plate windings.
JZ 14. 30z PCB ¥ SHEMOZ JdE 130t LLC HAYY|

I9 15= 30z PCB ¥ S¥HEACZ A 1w
LLC ¥S4719] AAIE= YERHL Qlek 30z PCB 9 &
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Lot 33 JAYEA(L)= 22 64.35[1HI%}F 3.61[x
HIZ &=t & 49] 30z PCB ¥ 5-@AC0=E
g9 10k LLC BIY719) Lkt A9l gAshe & &
Qth. 19 162 30z PCB ¥ HW@Aloz FLAH 11
1 LLC HY719] 135 331 AF(mdADE HEFH L
Ack. I™ 169] 12 34 HAR(1ms[ADE AC 90[V],
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Table 4. Lk simulation result of High frequency LLC
transformer with 30z PCB and copper plate
windings.

H 4. 30z PCB ¥ SHEMOZ FHE IS LLC
HA719l Lk AlZ2014 Zit

Lk(All shorted)[«H]

Npl Nsl Ns2 Ns3 Ns4 Ns5
Npl 3.41
Nsl 0.07
Ns2 0.03
Ns3 0.03
Ns4 0.004
Ns5 0.004

Vdrv, B13V@Full load, 293 Fak= 480(kHz] =7
N Toms = 2.09[A)7F SHE A, 18 172 30z PCB
9 AR HgE 15 LIC A9 o #
A g Fo] LEE YERfIL Qlot. I 17004 & 5= U
o], Fu LLC ¥Y719] HdidA H Fof =71 2+
7t 71.5[Cl, 60.9[CIZ 75[C] oJst] A AlFE 7=
L A SRS

ol

==

Fig. 15. Actual sample of high frequency LLC transformer
with 3oz PCB and copper plate windings.
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. Resonant current on the primary side of high
frequency LLC transformer with 30z PCB and
copper plate windings.
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#HYY |19 115 S HR
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Fig. 17. Maximum winding and core temperatures of high
frequency LLC transformer with 30z PCB and
copper plate windings : (@ maximum winding
temperature, (b) maximum core temperature.
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27 A4 PCBo 53 A4S ARSISITE A4 o=
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¥, 150k LLC WY719] HddAd 9 Fof =7 247}
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o HAES F83o =X slim3 I LLC ¥HY7|9
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References

[1] J. H. Kim, I. W. Lee, J. W. Kim, J. S. Won, D. S.
Oh., J. S. Kim, “Technical Trends of Power
Electronics and Flat Panle Display,” 2009 Power
Electronics Annual Conference, pp.201-204, 2009.
[2] M. Rascon, R. Prieto, O. Garcia, J. A. Cobos
and J. Uceda, “Design of very low profile magnetic
Proceedings of APEC
97-Applied Power Electronics Conference, pp.561-
567, 1997. DOIL: 10. 1109/APEC. 1997.575614

] J. Biela, and J.W. Kolar,

integration of high power resonant circuits

components using flex foils,”

“Electromagnetic

comprising high leakage inductance transformers,”
2004 35th [EEE Annual Power Electronics Specialists
Conference, vol.6, pp.4537-4545, 2004.

DOI: 10.1109/PESC.2004.1354802

[4] Eleftherios 1. Amoiralis, Marina A. Tsili and
Antonios G. Kladas,
Optimization: A Literature Survey,” /EEE Transactions
on Power Delivery, vol. 24, no.4, pp.1999-2024,
2009. DOL: 10.1109/TPWRD.2009.2028763

[5] C. Quinn, K. Rinne, T. O'Donnell, M. Duffy

and C. O. Mathuna, “A review of planar magnetic

“Transformer Design and

techniques and technologies,” Sixteenth Annual
IEEE Applied Power Flectronics Conference and
Exposition, vol.2, pp.1175-1183, 2001.

DOI: 10.1109/APEC. 2001.912514

[6] M. T. Quirke, J. J. Barrett, and M. Hayes, “Planar
magnetic component technology-a review,” /EEF

Transactions on Components, Hybrids, and Manu-

facturing Technology, vol. 15, no.5, pp.884-892,
1992. DOI: 10.1109/33.180055

[71 Hwa-Pyeong Park, Jee-Hoon Jung, ‘Design
and Implementation of 500 kHz High Frequency
LLC Resonant Converter for High Power Density,”
The Transaction of the Korean Institute of Power
Electronics, vol.20. no.1, pp.51-58, 2015.
DOI:10.6113/TKPE.2015.20.1.51

[8] Jae-Hee Park, Rae-Young Kim, “Analysis, Design
Method of Integrated Transformer Structure Adjusting
Leakage Inductance for LLC Resonant Converter,”
The 52th KIEE Summer Conference, pp.1227-
1228, 2021.

9] D. H. Lee, K. H. Phuc, K. H. Kim, S. W. Choi,
“700kHz GaN-based Low-Profile LDC for 800V
EV,” 2021 Power Electronics Annual Conference,
pp.171-173, 2021.

[10] Jae-Gon Yoo, Jong-Soo Kim, “Design and
Analysis of 10kW High-frequency Planar Transformer
for Arc Welding Machine,”
the Korean Institute of Electrical Engineers, vol.
71, no.12. pp.1780-1786, December, 2021.
https://doi.org/10.5370/KIEE.2022.71.12.1780

[11] M. S. Jeon, G. Y. Lee, R. Y. Kim, “High
Density, High Frequency Planar Transformer Based

The Transactions of

on Interleaved Serpentine Winding with Low
Parasitic Capacitance of LLC Resonant Converter
for Fuel Cell,” 2022 Power Electronics Annual
Conference, pp.43-45, 2022.

[12] Dong-kyun Kim, Chan-bae Park, Jae-Bum
Lee, “Design and Analysis of 12kW Multiple Resonant
LLC Converter with Parallel-Input and Series-
Output,” The Transaction of the Korean Institute
of Electrical Engineers, vol.70. no.10, pp.1569-
1579, 2021. DOI: 10.5370/KIEE 2021.70.10.1569
[13] Daniel Whitman and Marian K. Kazimierczuk,
“An Analytical Correction to Dowell's Equation
for Inductor and Transformer Winding Losses
Using Cylindrical Coordinates,” IEEE Transactions
on Power Electronics, vol.34, no.11, pp.10425-
10432, 2019. DOI: 10.1109/TPEL.2019.2904582
[14] A V Bashkirov, V V Glotov, N Yu Veretennikov,

V M Pitolin A S Demikhova, “Analysis of methods

(599)



A study on an optimal design of the high frequency transformer in LLC DC to DC resonant converter

and means for estimating losses in magnetic
components caused by proximity effect and skin
effect,” International Conference on IT in Business
and Industry(ITB12021),

DOI :10.1088/1742-6596/2032/1/012001

— BIOGRAPHY ———

Jong-Hae Kim (Member)

1996 : MS degree in Electrical
Engineering, Yeungnam University
1999 : PhD degree in Electrical
Engineering, Yeungnam University
2005 : PhD degree in Electrical

WA Engineering, Nagoya University

2005 ~ 2012 : Principal Engineer (Group leader),
Samsung Electro-Mechanics, Co., Ltd.

2012 ~ Present : Associate Professor, Department of
Electrical Engineering, Daegu Catholic University

(600)

233



