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New 3-Level Phase-Shift Contorol LLC Converter
employing Voltage Doubler Type Rectifier

Je-Hyung Cho, Ki-Bum Park, Woo-Jin Lee, Gun-Woo Moon and Myung-Joong Youn
KAIST

ABSTRACT

The 3-Level LLC Converter using
frequency-control has a disadvantage of designing magnetic
components. To overcome this problem, a new constant
frequency phase-shift controlled three-level LLC converter is
proposed. Moreover, by employing voltage doubler type
rectifier, an additional resonant capacitor is not needed.
Therefore, this converter is promising for the high-power,
high-voltage application with simple structure.
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Fig. 1 Proposed Phase-shift Control LLC Converter
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Fig. 3 Voltage Conversion Ratio

32 g™t A8 =A
AL 293¢ 7] AdXE FEAY F 29A )
AZtztel g Fojop g o] Ak 7 2$12]9) 7|4 AHA
Bzt Fdsed dle Azelth Mode 2914 he(DE 38
st Ajztel FE8 Atz gstd, 7 714 AN
LMol oA FHdd & & gon ogn 2 24¢
& op Ft.
26, *+ V.2

T('icud_s ad = T (tz) (6)
26:)53 * V,/z
]:lead_lag = Im (td) (7)
4. A8 Az

600W Fo AEE AEE A ALE HHEHY T
S AZsd 48 V. = 600V, 8 V, = 10VE Fd37
A#A Lig = Qub], L = 400ul], C; = C; = 220uF/400V, Cs
= 22uF, Dn = Dp= APT30D60BCT, Qi-Qs = FQPI2NS0, Dy
= Dy = STTH3003, Cai = Ca2 = 37uF, Cou = 470uF/450V, Np
iNs =3:1, 294 F35 F = 60kHz 2 328 F2AA
otfel 22 AAE FU

a9 4= 78 FF 39E Uehiin 496X 9 53 Y
I BNE F2 FF gyo] dX¥E ¢ F Id9 1™ 5&
A 2919 AL 2948 vehiin] AR 2HMFH
10% %3t 278717 2= AL 29Fo] o]FoiFS & T
Atk 2F 62 A% 2929 FAY% 2948 vehis 10%
FabA FHG 293 E #AE & QUch

- 367 -



facroy 1 [ Ve s00vaiv |
AR oo ..
,/—f | [ 1o 5Avaiv |
//,—\\; Ips : 10V/div | _
1

B

iV

,:5VIdivi--~+

L] T —

L~ 4

feresoroe?

==

Time : 2us / div I

a3 4 MEsolMel AE SA uiy
Fig. 4 Experimental Waveforms at Full Load

< Tis @e he jl Va1 © 100V/div l_
l 1
e
!
Time : 0.2us/di lass : 0.5A/div |

.

Half Load
p—

f

1| Va1 : 100V/div l_.

I
‘ e

| Time : 0.2us/div LI

Full Load
1i3°88 he

i

+
{ lass : 0.5A/div }
T T

—1 V¢,1l2 100V/div i—

* —

-

Time : 0.2us/div |

i

i
lgs1 © 1A/div |-

a8 5 T AR Q19 MY A
Fig. 5 2VS of Lagging leg Switch 01

-
=]
*
U
°

o

a

I

115°35 he

1' Vas2 : 100V/div l_
I

v -

-

Time : 0.2us/div }

T
{Tasz : 0.5A/iv

Haif Load
= I3 he _ll Va2 : 100Vidiv |_
T
) -
-
{
{ Time : 0.2us/div | { lasa : 1A/dIV_}
Full Load
— T13.1s he j| Vas2 : 100V/div |._
I
* d
-
¢
i Time : 0.2us/div | f 14az 1 1A/diV

a8 6 XY Ax| 2o HHY AH
Fig. 6 2VS of Lagging leg Switch (2

96

95

94

93

92

Efficiency(%)

g1

90

89 L R " -
10 20 30 40 50 60 70 80 90 100 .

Output Load (%)
a7 &g
" Fig. 7 Efficiency

5.8 &

A AolE A8 At WIS HE 3-dd LLC
ANEE AdsHon 600w o AY AES SAN AFa9
. Alete AHEE 29970 sk Aol 4 Wyel
ol H& BAL AmE 2z 2EYLE ZAM AF3
849 RolA FHE 7Tk 94 Aol AolE B A7
2l 4AZ 43, We Ba wglel dH Gt 2970|
s, 4% WS Aged 3 ARAHE gAg &
gths e 7Y a¥ne Add AWEE Fo 188
292 s DAY $8Bokld S84 AEE & otk

=22 HWRS-ERC2| &4d| x|lof 2|5t A=

oo &

o]
AR

dned

[1] RL. Steigerwald, "A Comparison of Half-Bridge Resonant
Converter Topologies,” IEEE Transactions on Power
Electronics, Vol. 3, Issue 2, April 1988, pp. 174-182.

[21 PP. Roy, Doradla, SR. "Analysis of the series resonant
converter using a frequency domain model,” PESC, 24-27
June 1991, pp. 482-489.

[3] JF. Lazar, Martinelli, R. "Steady-state analysis of the LLC
series resonant converter,” APEC 2001. Vol. 2, 4-8 March
2001, pp. 728-735.

[4) JA. Sabete, F.C. Lee, "Off-line applicaton of the  fixed
frequency clamped mode series-resonant converter,” APEC’
89. Conference Proceedings 1989, 13-17 March 1989, pp.
213-220.

[5] F. Canales, P. Barbosa, "A zero-voltage and zero-current
switching three-level DC/DC converter,” IEEE Transactions
on Power Electronics, Vol. 17, Issue 6, Nov. 2002, pp.
898-904.

[6] Y. Gu Z Lu, "Three-level LLC series resonant DC/DC
converter,” IEEE Transactions on Power Electronics, Vol.
20, Issue 4, July 2005, pp. 781-789.

[71 F. Canales, P. Barbosa, "A wide input voltage and load
output variations fixed-frequency ZVS DC/DC LLC resonant
converter for high-power applications,” 37th IAS Annual
Meeting. Conference Record of the Vol. 4, 13-18 Oct. 2002
pp. 2306-2313.

- 368 -



