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A Study on the Gain Characteristics of Multi—output
LLC Series Resonant Converter
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ABSTRACT

This paper describes the gain characteristics of Multi-output LLC series resonant converter by using the new
analytical method. Specially, using the Math-CAD simulated result, this paper analyzes an influence from the
secondary leakage inductance of transformer. The theoretical results are verified through an experimental
prototype of the 430W 3-output LLC resonant converter for 46inch PDP power module.
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Fig. 2 Equivalent circuit model of multi-output LLC
series resonant converter
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Table 1 Design specification
qE Ay 380 [V] ™ 400 [V]

0 [Arms] ~ 1.67 [Arms]
6 [Apeak/2msec, pulsating]
0 [Arms] ~ 1.38 [Arms]
5 [Apeak/2msec, pulsating]
0 [Arms] ~ 1 [Arms],
constant

Vs (198V) &3 A7

Va (60V) &3 A7

17V &9 A/

2 Mz HAHES| BT ARQF
Table 2 Transformer parameters of prototype

Core PM7 ETD4949F

12 & FARJIYE (L) 28 [uH]
ARG HA(L,,) 139 [uH]

22k & Vs © FARJMY-EA(L) 296 [uH]
2} a © FANYHEA(L,) 348 [uH]
2 & 17V & FANGEA(L,) 056 [ut]
12 & A w(ny,) 27 [turns]
27} & Vs © A4 F(ny,) 21 [turns]
22k & Va ©@ 94 F(ng,) 7 [turns]
22t *f— 17V & A4 F(ngg) 2 [turns]

¥ 3 HMzEE AHES 32 2EF
Table 3 Circuit parts of prototype

7 AGAEA(C) 22 [nF]

12 & 291A] FET STW20NK50Z (500V-20A)
Vs & AfF tolo= FCF10A40 (400V-10A) 2EA
Va @ 4§ gele= FCF10A40 (400V-10A)
17V & Af{ gole= FCF10A40 (400V-10A)
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Fig. 10 Picture of Multi-output LLC series resonant
converter for PDP power module.

time scale 10 msec/div

1XF =5 S T [SA/div]

VA &= ™5 [BA/div]

17V & =1 =% [SA/div]

a3 11 9/EY MF 54

Fig. 11 Input / Output current characteristics.
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X FIE(f,) 2ol AR(K), A AERE
BAE moo AAFA(f,)E 44 78 F A

1
f, = ————=202.7[KHz] (28)
2w/ L, C,

o = A+ AB,
s = m = (0.66 (29)

fo=f.K, =133.8KHz] (30)

24, 29 119 Vs 249579 5 ¥4 @ 4
FANME =934 FI57F 135KHzol A 139KHz
92 29s A ASRE FrhlA] BAGS
oFT) ol a9 139 mAE ¥ 54 A
o A8 QA g,

o

\ — R - A0.T02
H ¥ e R, = 61.102
. R, = 81.502
—--= R, =244.502

R, = 3524[2]
1378(02]

2 fo = 133.8KHz\} K, = 0.66
185KHz— {! ~— 139KHz

a8 12 AE slzel AgEolM A
Fig. 12 Simulated result for experimental circuit.

time scale 2 usec /div
1XF = ®H2D| ] [H5A/div]

bl b ah T

Fs=135KHz
R=40.7% 1XF = FET &= [5A/div]
CCM 2X} = VS Rectifier =& [SA/div]

(a) Vs & Fo =A

time scale 2 usec /div
' 1XF 5 #1217 M5 [SA/div]
=
L 1X} =5 FET ™5 [SA/div]
| Fs=139KHz |
| R=244.5Q cCM
2X} = VS Rectifier & [S5A/div]

(b) Vs & st =

a2 13 Vs RER| e AR SX
Fig. 13 Resonant current characteristics in each Vs
load resistance
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7.3 Cross regulation §4
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T LRy = 1378[02 // PoRy=1378(0) |

(a) Va, 17V & =3t

(b) Va, 17V & &5}

7 14 EF REEEF w0 T2 VS 05 S
Fig. 14 VS gain characteristics by cross regulation
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AZIAA =913 sAFE s A AnE a9
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HelolME Va ¥ 17Ve] &4
2934 FAFIE dopdnh 2y Hdl
(Vs) AF7F 05A oo & HolxH Vs &
217V %8 grd Ao AN F
ol Vs 84l oj&EsHA
Aol #AGlo] ~9H B2 FubE Vs B
2 38 3 & T Atk
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| == VA LA, 1TV 1A

el AR Z7bel
%9
o] v
%X

oz, B Rael

Ex]—

T

q
=]
9

s

gghﬂmm @rﬂj

Switching Frequency [KHz]

VS current [A]

a8 15 2 2SE Wl wE A9E o

Fig. 15 Switching frequency characteristics by

cross regulation

EM
o

7.4 et A23(ZVS) N
PDP %8} x 1 A At =913EZVS) Hop 7
x4l Vs peak AF 9A(R, =27.1702) ¥ Va 7
H3h 17V 1A MHMW ZVS 4 HHE g9l 3 B
a9 162wl - (Vs) o5 thak Al o]
A Aol 1 17L Hotxo Mo Fara F
2 9398 Jehdoh, 293 F347F 130.9KHzEA]
AAF R (w,)RTE ol AF BH&R=(DOM)E
28k, 12k & FETE BF J39 e @ZVS)elA
&8s Hoenh
..I! —_— }.’;T 2?.1.753
| i | A R, = 61.12
R, =81.60

- B 244.582

R, = 3524[0) —]
R, = 13.78[87)

FOR—

F5=130.9KHz |

216 VS +I°*x7+0|IA1°I 0|5 AlEelo|lMd Az}
Fig. 16 Simulated result for ZVS in worst-case.

time scale 2 usec/div
1X} = High-side FET 15 [10A/div]

VS
1X} = Low-—side FET =% [10A/div]

Vs & =f Rectifier & [10A/divl

1 Xt = Low-—side FEE 2! [500V/div]
| i
v PG GKHZ  eene— \

(a) A%IA AXle| Sxb ks (2us/div)

time scale 400 n sec/div
1X} = High—side FET & lmm’unﬂ
N ZVS turn—-0ON
" DCcm s,
1X}t = Low—side FET E & [10A/div]
ZVS turn—0ON i __DcMm

Vs &= Rectifier &% [10A/div]

o e T

1X} = Low-side FET & [500V/div]
m

L
\

(b) A9IE AXte| ==t msd(400ns/div)

O 17 VS z[ =0 Mo S&F kg
Fig. 17 2ZVS operating waveforms in worst-case.
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75 2VS A=A

A Eko 2 ol oMo GHY 29 (ZVS)
s W) 9e Absk iy se] g AAAE
Ags] woprh AAd F3 AWEe AEEY IC
2 165999 ~9A 2 STW20NKSZE 24433l o
4% "E=ERd(t,, )2 200nse]al Cossi= 400pFo]th
T3k Ak A E Y 3E FAEAS B 49 Zr

E 4 MEE LC ARST AHE o S5 54

Table 4 Operation characteristics of prototype LLC
series resonant converter

dl=Ekel (4y,) 200 [nsec]
2912 7NAARANE S () 400 [pFI
W] (MAEH) 22 & AR (B 035
NE FR FR5 (f, =1/ (2my/L,C,)) | 2027 [KHzl
ol & (K) 0.66
s} Jge s (L,,) 139 [uH]

S @Dol & 49 N45E AEsHA A% Agw
2o 4% BAAE 7T 5 gon, Azd Hgw
A3} QE R AT} 1HEA AAEAS T

(200 107?) x (1+0.35)

m : (31)
16 % (0.4 x 107?) x (202.7 < 10*) X 0.66
= 316 [uH]
8. &

2 =rdAe e 2898 2 LLC g2 331
WEIS] %Y F34 o5 (Gain) 549 BT A
< flste], WA =9 o5& A]olS(self gain)¥}
A8~ o]5(cross gain)o® HodE NEE £33
A2 Py AR o2 Bl Mgl 24 = ¢
A guzs} 718 1 AR dsucs B w
S ARt FAFEAE(w, )BT ol e 8

glaklar, ol& Boy¥ o] A4(shift factor K,)=
xdst] FAoZ {FEg & Math-Cad AlEH A
S 58 4E9 ol5(Gain)e A WIS 459

B} §&t AF7F @2 AR = o)de A7 A%
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