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LLC Resonant Converter using Proposed Planar Transformer

Seung-Min Leel, Eun-Soo KimT, Bong-Gun Chungz, Jae-Sam LeeZ,
Yu-Seon Kimz, and Dong-Young Huh®

Abstract - In this paper, a new planar transformer with a novel core configuration that can regulate the
leakage inductance is proposed and described in detail. In order to design the slim size power system for flat
panel TV, Two planar transformers applied to LLC resonant converter are connected in series at primary and in
parallel by the center-tap winding at secondary. In this paper, a 300W low profile LLC resonant converter was
built and tested to verify the proposed planar transformer.
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Fig. 6 Winding method for parameter measurement

Table 1 Variation of self-inductance due to gap variation

Trans. gap(er) | (qp 0.165 022 | 027
Inductor gap(lr) [mm] [mm] [mm] [mm]
008 L 9uH | 72H | 58uH | 4%uH

: L BuH | 20uH | 25uH | 22uH
ol L T0uH | 7200 | 5%uH | 48uH

' L 3wH | 2wH | 24uH | 2lH
oo L 9RuH | 7l | 5H | 47uH

: L 3H | 2%uH | 23ud | 20uH
oL L 9uH | 7WH | 5uH | 47uH

: L 2uH | 23uH | 2 | 19aH
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Fig. 7 Coupling coefficient variation due to gap(lgr, lgr)
variation

AsE A0 AS Azsks] GAAE Age
FUAZ(ADS FFE A& solof ha ALe F
AR 7 AACE S A E 1 2



124

A N ST L = N B B ol = N - R S S N
J¥ & K RE 2R _VBEFRIR T W _HEETD X
i T 5 _ mH TR DR LRl o
A oll c 5 o) R 7 N al] pE o m o B %0 2y =X ol TR S
7 © = £ 5 AR 1uumﬂ%ﬁLarmﬁﬂ%mL)n% of -
8 o = B ﬂﬂATiVE]Q‘izT e Vlgﬁﬂﬁomﬂﬂl

e o = o B N WY _ X Tl g e m AW
S 8 = E Mool Oy mo ,, KRR T BN KB W 1ﬁﬂn_rmau P
< . °F oWy RBPFrdErTa wagr=h

; _ = i3 Z S%E o#ﬂi%%ivﬂl‘,t] o @ W "o oy KO
| § . NI 3 E & B R T o Ho ur T o e NI S
| wm - : e85 TREIUWPaATepATT el g oS
L o | E . o= W E e  FEHEE xR H oy o bYW
oo a gy - £ o8 ev]ﬂzﬁﬁﬂrﬂod‘ﬁ%A_.@qwﬁc_wwwa,momﬂd”aﬂ]
R Y 5 3 z N . & N I T
| ._ S 2 8 FEBXpd e mnyy g o TP x O

i NI = » - > < o Lf — I Eﬁ 3 E__l
E E Sz i S 2p RNEFMNTGEEGRY BUalng 2T 00

| 85 iz FEE HesfH® XQRgam550° % gk
@ O = g NN B S — W = Ho . o) =W o

2 L% = 2 E i N A > REA o= o
- 2 NiZ 2 33 ar o= M — N o -~ 4D o

o & i3 = =g g oo L W=z A %
S 7 QEF TRERORWAEND g O S@rn T’
— id = B o N ¥ Lodo oEar T T .m oo

= = oM R oo < E TN wE )
- = s o xNmep o Tomxewmm  Twa
I~ 7_|IE1rL1F.XﬁﬁﬂqeﬂemMMﬂ‘leﬂl__/ll__/l_ﬂnoHo o T

5 = -0 TN R T I hap FEITETRNET
> R R R - . DR Al R
" TP ETEFTRNTTEHRPREB NN WTTEH oI
NWIZIEINCPTRTUEDE WE AT PR R Te
T PG ﬁ%%ﬂ%ﬁu%ﬂmm%ﬂ%wlﬂmmthi%u% & ST

E e o £ ~ © oL B & T N ~ i X x
P a%¢%WQ%M%Mé®1%aﬂ%M%% T U

il = . ) N p— ~ f

5 1= & SN B BT T T LT, M, ® =
o S Thearzm " o palT sk ®8yg X Rl N ER
= 3 T BT T IR PE s, REO B =%~
i T o5 res G =
- E £ 3 wfmﬁﬂomﬂ_ﬂ%oﬂw%%%%ﬂéwﬂaww4m O Eaowl
o & Bog R I S B g % RN
¢ TN § S8, itEEEIiEiEriLizoy i ow zeed

R i 7 sl = ~ — ~ mr o —_— — B = ) ,JlIEIM;Cl

I o = N W IR TR g w2 o wE o7 o = = X il
@ 2 Lg Pau™¥d wes T3 " a®5 - R N sMTZ

LN e " @2 o#eﬂemﬁe#a%m];_l iy . N o0 Jﬁﬂﬂﬂﬂlﬂr‘_ - B > o)

U2 Aci < = < Ho o#e QL]‘UIﬂA_I ‘Ol\H_OI ~ < i ki) = ,.m_lc_l

S 88 TaaldoSs Pwm_ 2o Thoy®y s K . G
< Er Mol " wea=e® 348 Mg hs, & wlam N b x H
\Illlnll‘.[.l‘m. S = ,l 0 ;L.ou lo o#a JH ‘A‘.ﬁ X \H_Ol % OL o . s [ A_I B ZT” ._Mo ‘m ™ ™
- Ll £ SETR T g TRNCTE Ty M. 2T 5 LI
& S S ! SR AW FTe WK B PN IFT By S N G D
FE R U s~ S Fomree®T e SE W FwH T
) 0 N E:il.lleﬂoioioﬂnﬂ_ri loﬁﬂﬂ%mﬂlo = s ] Ho 75 o%

. —_ }A%g7}4 0 - X I l
& e X o o X % o KA ! D B! ) I oy < ™
<, i AR N FTRRDT N WTN® PPN < < = Mg o3
No "B B W Mo % oF T E EN N R GE M N B RT R Mo W o 2 Nr w3



The Transactions of the Korean Institute of Power Electronics, Vol. 17, No. 2, April 2012

Fol ddE e FakE
*@ s okl mepy z
o= Egtel= A3
a7 99 SUMERE Agde] 2k &

Bt Ak a9 109 22 578 EE ¥ty

T4k 1Y 99 57 2E 19 109 %ﬂﬂii

UERf7] s 13130 A%

2o I7hE = A (Vim, Vi) S T8t S '3]'313’—, F

Ml zsIg el QI7bE ASte] mE

= AFE o7l ffsEiA KCL, KVL&

o A7t E A¥e TIESE 6‘}913}.
Lit, Lie 2 N°Lig,, N'Lig 2831 Ly, Lo 334

B9 125 FAdYds o 2x}1 LHJ

i Z}@r‘ﬂgﬂﬂig UrEM 7401@. T3

=

T
—

98 ARNEE 5AAa el 14%0w ;
9ol WF 57 RaAFelth 4 e dUx
CR DI DEEE BRP ST
15 58S dehle el 4 (G PFAY
7129 Az ArbEE A AL
3 ek Aelth 4 (6% 1514 ek
2 Qoldas deha glov 4 (6) EAA 4
72 sepe e Aot 4 (el mdsddrh 4 @S
gto]= E4 Walo] £0d @40l (3= FAolY
AsedEze] H(A)E vehlE 43 233
HElsh AstlEzg mB)E tehls 4 g
waksh sl ze) MOF el 4 49
b Aolth 4 @elA A ©)% B8 4 o F )
o ASAEAZ Ly, Lol Q745 A% WS 4 (9
4 (1009 93 9& 5 9A Bk

o
=)
1:0 Pnﬁérzim&m}.i_ﬂi"«

—
N

o Jn (B
S

=)

1o/ Vo O = o [ B o R A A =5

all r:”_

d'ﬂrﬁﬁm

¢

V;Tl
Cyrm = Vl 4)
_ (Z,+2,)
Z, Y2, +2.,
" Zml
V.
GVLmZ = I/"2 (5)
n
(Z,+Z,)
ZotZ,+ 2,
in T
e (Z, +Z +an1) (Zy+Zy+2,,)

7, =N*julL,,, Z,=N*juwL,, Z =2N°R

0 acr

Zml L1n17Z1712 J LmZ (7)
2 2
A = L711 B = N [/l?l C _ N Ruc (8)
! Lm] . Lrn] . jwz/ml 7
A = [412 B = NZLIZQ C = NzRac
: LmZ o LmZ o jMLWQ

NZL 24 NZL22
_{'Y‘fﬂ__r\’m_

I

v D) 3 NzRacL Ve

125

Fig. 10 Equivalent circuit by using the KCL and KVL'law

Gypm =

Gypmy =

H
5

fins

)

5

O okl ol oo o AN ot nu do rlo

—

I
7]
(

4 £ ofor Z, o dx o o

jon
@
=
lo
ol
SO
2

N
U

~
o

4 &

ru

ful

2 Vsz, +jwly

B, +C,

tiwl, (A Y5

[ JuC, )+_j’u7Lm2(A2 +

2 .
2N°R,, +jwiyy,

B,+ G,
1+B,+ G

)] « (B, +C +1)

()

BEG
178, + |0 bm| 4

[qu +jwk,, (A

|

atell QI7be] = A4S s el
Mol skl 7WU1 = e AYdo zHE

it

_1

= F3t setEE A 8s }04 T
19 as]=27F 14 A4, 22 ¥4

AAME 9 Agtol5E-S ¥4 &
7119 Apsilge 2o 17bE =
19 222 FAAYHA Nyl E—E}E ARLES
1Dl YERSLaL WSt7129] #ksielg |
ASE Vigel sl ®sh7129] 2343

Lxd 22 AF LE 4

- =

£ % he AFE shiel el
Ax S8z el 4 9l |
2 32844 KCL, KVL ¥3&
el 71 Wbl A Aol

QA ) md e A

N (11)4_ Al (12)/] zsL

AX HE FHAYISL 4 (19)

B+ G
1+B,+0C

0_1_4
A
o
>

(12)°l iet

2 4
ol A= 19 110t}
I = Veime — (NijLm + NQRac)Iz
' NR,
N2jw[,,21
VGLml - ( NQR VGLm2
b= ; N jwlL,
: > ; 1
NzRau - (NZJU)LIZ‘Z +N2]2u(1) NZRGC
L=1+1
— [ N2
V, = LN, ~ 5

L )] « (B, +Cy+1)

10)

LT O}Oﬂ
13)01]

A
o=

Q_OH

Q
J*“E

il
A @k 29 99 19 109 571329 A (4)~
de AgAels B4 4 109
A (149E #g3te] Math-CADS

o] &3k A&

(11

(12)

13)

(14)




126 Aok

RL = 20W
R2 = 100W
. R3 = 150W
g R4 = 200W |
z RS = 250W
2 R6 = 300W
=
c
2 ,
= fin=105.7kHz
z
£ §,=134.8kHz
5
&
2 M| f.=105.7kHz ~ 130.3kHz
W -
0 03 : § 13
w(f)

FREQUENCY /RESONANT FREQUENCY

Fig. 11 Voltage gain characteristics due to the load
variation

Table 2 Specifications of proposed planar transformer

Input voltage(Viy) 360V g~ 400V gc
Output voltage(Vo)/current(Ip) 24V/125A
Output power(Po) 300W
Switching frequency range(fs) 105.7kHz~130.3kHz
Resonant frequency (f;) 134.8kHz
Resonant capacitor(Cs) 24nF
Input/output capacitor(Ci/C,) 231uF/132uF
Switching devices(Qi, Q2) SPW24N60C3
Ouput diodes MBRF20100CT
IC Controller MC34067
(Transforme?dgerlletrelrg t51:11r1d side leg) 0.12mm
(Inductor (C}gr?tell?nfr% side leg) 0.32mm

Table 3 Parameters of proposed planar transformer

Primary inductance(Ly1/Lys) 142.6uH/141.6uH
Secondary inductance(Lgs1/Ls) 6.948uH/6.922uH
mﬁggﬂelﬁﬁaﬂgﬁg) 16.12uH/16.05uH
Magnetizing inductance(Lmy/Lig) 126.5uH/125.5uH
Equivalent inductance 28.90uH/29.15uH
Turn ratio(1/N=Ny/Nj) 0.223(2/9)
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(b) Experimental waveforms of the terminal voltage and
current in the load conditions(24V/12.5A(300W))
Fig. 12 Experimental waveforms of the terminal voltage
and current in the input voltage 360V
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(a) Experimental waveforms of the terminal voltage and
current in the load conditions(24V/0.8A(20W)) .
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(b) Experimental waveforms of the terminal voltage and
current in the load conditions(24V/12.5A(300W)) .
Fig. 13 Experimental waveforms of the terminal voltage
and current in the input voltage 400V
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