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Design of Power Supply for Green PC using Low Voltage High Current
LLC Resonant Converter

Young-Do Yool, In-Dong KimT, Eui-Cheol Nhoz,

Myung-Hyo Ryu:g, and Ju-Won Baek®

Abstract - This paper proposes a low voltage high current LLC resonant converter for Green PC. Green PC is
composed of a lot of blade PCs, and it is a centralized system to manage them in computer center. Green PC
should require that its power supplies have several characteristics such as low output voltage, high output
current, and high power conversion efficiency. Conventional PSFB (Phase Shift Full Bridge) converter is usually
used as DC/DC converter for computer power supply because it has high power conversion efficiency thanks to
ZVS (Zero Voltage Switching) operation under middle and high load conditions. However, this converter has
some problems such as large switching noise and limitation of ZVS operation under light load condition. In
order to improve the performance of power supply for Green PC, a new power supply using popular high
efficiency LLC resonant converter for low voltage and high current application is proposed in this paper. The
proposed power supply has ZVS capability over the entire load range, thus resulting in good efficiency and
high switching frequency. Experimental results verify the performance of the proposed power supply for Green
PC using 2[kW] (19[V], 105[A]) rated prototype converter.

Keywords: green PC, LLC resonant converter, voltage compensator, ZVS(Zero Voltage Switching)
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Fig. 1 Basic of green PC system

Table 1 Energy saving effect of green PCB]
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consumption| % 1Wh | PC PC ratio[ %]
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Air conditioning R 30 21.2
Total 130 100 23.1
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Fig. 2 Basic structure of RPSU[Q}

PCe £AE sl Rackel A4 sgtel uhah ALg-3}

Al = PCe 2849 A9 w7t 7hestal, PCo &
d om Qg Wiy A3 "o

dut PCo &89 Power
88 EAY AY9F53# RPSURack
Unit) 2 thalgto 24 oqux A7 7]

110
=

E 15 s 4yt PCell Hls) 11 PCO] PC &% A

g H7bgo] 239(% )= MAE AL Felst 4= gl o]
£ d¥agor ety Id PC Y 7|Eow 94
T oF 379k, A7 oF 440vHle] oF Hokg d o
2 2 4 otk 3 AgdE s0lkmvlE, €8 25 A
£ WEXZ getste] AXEAY g AFeF 49
Abel e olWPC 1927Hg], T1RIPC 155Fglol kY whebA
=2 &8 EA RPSUY Age oA A7HS 943
Fa3 Q4o

RPSUS] 713 e 29 29 2l nxue oF
TAS wEe7] Yall PEC7F ddte] Yx|&bar, Sdkol
= Byl PCol AYS FF3t7] 3 AA<L A
F AF¥el DC/DC AWEZF §1A18t) Elo]= PCE

AWE S o] 8¢k 17 PCE HATH

A A

Table 2 Comparison of DC/DC converter topology

Separation PSFB converter e
converter
-ZVS capability
) over the entire
High POWer load range
Advantage conversion High power
efficiency(ZVS) e t?o
‘High power density -Simple circuit
structure
‘narrow input
. Limited 7ZVS voltage operation
Disadvantage . range
operation under Difficulty to
light load condition design
optimization
Y AF2 Rackel 2% 7l=2 719941= 7Q0E& PC
oy, F& FtA oy e PCE Fi AHE3EH] 9
s S== A A=t PColtt.
durd oz DO/DC AATe 2914 &4, 2895 o
of o =% £d¢ 9% BE Aavt 7w
oltf. 2914 Fa57} ol weh RPSUS -

< S(Zero Voltage Switching) &%+&
Zolnh, B3k EHw A SYANGlA tol
| ot mFEsde] TAEHY

[ o rr oot
ul

& 2o 2 Yelo] Hruw Ty AFYAS Mgs)
Aol nigA st} old o]f= ZVS o] 7Hsdt

Y =80 HAagE Y6 7] FHFEA
%} PSFB(Phase Shift Full Bridge) ZWE7} A8
2 %«i AR5 3L Q)T
O 29A] ko] ATAIEL W]
N A% o os zZVS E#& s+ PSFB A

g el ZVS F2o] AlgtEL) o]
20 30[%]4 Hatzel A 7 ol 53
%/] EQA e B zpoa gg&o] =
A ek EAZE Qth mEbA sk Rt ME ZVS
F7o] 7Fs3 DC/DC EZE 2] Melo] F Qs

LLC 348 AWEE T34 Aos T 92 Al
oj3H= DC/DC EZ=ZAolt}, Ha A e ool
VS E2bo] 7bssin, w& A el 3z Aol 7t
ek gdo] 9tk PSFB W E o] e gt Ao
W7 & o] A v RPSUS Ao PFC7F ¢
218k dA4g DC Link A4S fA1817] wio] & &
A7y = we

I 2= AA za PC& RPSU¢ DC/DC At E%—
222 o] g¥= PSFB 7AHE 9} Aetsl= LLC &

PN H P ol fooall Jm gL > o

T Ob o o



The Transactions of the Korean Institute of Power Electronics, Vol. 19, No. 3, June 2014 213

DC link Design tool for LLC

E I T SVout

+

D1 03

wk o Sg_E} SQ_E}

]
|
|
|
]
|
|
|
:
12 =
i
|
|
I
|
|
|
]
|

E‘.’f
2
Q 1

Bridgeless PFC ’ LLC resonant converter

Fig. 3 Proposed RPSU circuit
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Fig. 4 Algorithm of design
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Table 4 AC Equivalent resistor in each load

Load[7%] Ry [Q]

100 34.57

30 10571

60 140.95

40 211.43

20 422.835
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Fig. 6 Gain characteristic for LLC resonant converter
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Fig. 11 Loop gain 7' (s) (closed loop)
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Table 6 Comparison of average efficiency
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Fig. 18 Efficiency of proposed LLC resonant converter
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