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the split ratio of the resonant capacitor (0 < a < 1).
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Fig. 2. Primary-referred equivalent circuit, based on the first
harmonic approximation.
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TABLE 1
Circuit parameters used in the simulation and experiment.
Rated input / output voltage Vin/Vo 380V/48V
Output Power Wo 2kW
Turns Ratio N:1:1 4

Magnetizing Inductance Lm 285uH

Resonant Inductance Lr 50pH

Resonant Capacitor Cr 100nF
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Fig. 3. Simulated resonant rms current plot considering parameter
variation in the resonant capacitors. Variation ratio for the three
phases: Cr1/Cr=1.1, Cr2/Cr=1, Cr3/Cr=0.9. Refer to Table I for
the circuit parameters.
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Fig. 4. Example gain curves of two LLC resonant converters with
different resonant parameters. Appropriate selection of a can
equalize the converter gains at some operating points.
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Fig. 8. Increment in the resonant frequency Afr with phase shedding.
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Fig. 12. Integrated magnetic components. Five-leg transformer and
resonant inductor on a 2-kW prototype of the proposed converter.
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Fig. 14. A total of 36 super-junction FETs are mounted on the back of
Fig. 20 to suppress the positive temperature coefficient.

=06 i

% 0.5 \\\

<04 “

g 03 | —Totalloss o
~— Conduction loss

o2 Driveloss ...

o1 b

n 0.0

10

Gate drive voltage [V]
Fig. 15. Loss of 1 leg (13mQ, 4-parallel) of synchronous rectification at
2kW output.

12

WEOIFEAZ, 7 — MEREEK S H. > T< %, Fig. 15
12, ER IR FET % 43641925 U 7= [R] A R nl #s o
1V aHRELT, r— MNREEIEEEL 2L 20E
AR & IREPRGET R AR g, X & D 7 — b RS
TV D 0,

7. KBRER

2kW iR fEF$IZ TABLE I OH[E%/ S5 X — & & 5kt

P S a=05D7#EAHL -, Hika V749 Cr:
100nFIZ BB O RINZHE > TATaF THEIL T 5, %
R T VT U EERE ) TOVETIER 2 5 HAHNEE H
720 “AHNRIEE D, DD BO—D A hE Iz L
P TE SRR A Ty, SRR Z 4y F I
TA & RN 2 2 U TK25V60X (600V, 254, 110m (),
HE), XU TPWI500CNH (150V, 384, 13mQ, #HZ)
&5 72S]-MOSFET i L, HMEEHRR 7 7 Y AET
5W/cc DB IVEE 2 L 7=,

1

{

Fg16'ﬂ@@%%fT0A% 5 it V-4 RE A& BTAT
T 577201, MWHEET 4 — F3y ZHilfi 8L 7,
*Hﬁ(@]ﬁﬂi W EHRPE XN, Phase2, 3D —

MESDRT 2T 4 TERZ3IET T4 Tk b, HAHE)
FEREIS, AHELHE RN EE HVEE L 700 & 5 Fig. 9 lnlitk
CHET 5,

Fig. 1713AER O L E AR, /87— X — 2%
Newtons4th % PPA5530HC T & 1, 0.03% O DCH5JE T
H%, FREE, ®%K99.57% &S BV A ER L,
300W % 5 2kW & TOJAWFHIPHT99% LU F % =K L 7=,
B MR — XM Ok 2 F DAk oRh#EIL
RAK99.41% TTdHh > 720 —MHEEEIHMEIELD &5
ORI AR LT % O3 FISHEATE S R 2 HHR%
EhBZET, AaTHEDEDI LT EIZX S,

Fig. 18 I3 IREIROFERILE Th 5, —MHEETIX
AR OV % L 5, HAHE)E S FBIL 72, Fig. 1913,
S HENE & BB E O VIR RO M IEITIE AR LT\ B,

fosc 2fosc
LLCIC ‘

Hex counter
)
CL al
Q2
Q3
Q4

Qs

O
Output current monitor
O Vo-

1
T

Fig. 16. Controller implemented in the prototype, including output
voltage feedback and phase shedding.



¥oror s oH

#}  vol. 52 (2020)

100

99 r
g 98 r
g\‘ !
= 97 i) L
.g . —#— 3-phase main circuit
£ 96 —=— ]-phase main circuit
= =-- 3-phase overall

1 —— 1-phase overall

94 1 1 1

0 500 1000 1500 2000

Output power [W]

Fig. 17. Measured efficiency under natural air cooling. A Newtons4th
PPA5530HC power analyzer (0.03% DC accuracy) was used.
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TABLE I
Prototype AC/DC power supply specification.
Input Voltage ACS85V ~ 265V
Output Voltage 360V
Efficiency 92% at AC100V / 94% at AC200V
Power factor 0.99 / 0.98 AC100V/200V
Operating Temperature —20C~+60C
Cooling condition Natural Air 600W

Air cooling with blower 1000W
W280mm X D130mm X H50mm
Interleaved PFC + 3 pase LLC converter

Externals size
Circuit system

[ : / v

Resonant current 2A/div

Output Voltage IV/div (360V offset)

+ Vo 100V/div

1 X i
40us/div 20ms/div

Fig. 27. Output ripple Voltage at Fig.28. Start up waveform of three-
rated output 600W. phase LLC resonant converter. Ro=
0.6Q.

Fig. 29. Prototype AC/DC power supply. AC85V~265Vin, 600W/
360Vo. Natural cooling.
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Fig. 30. 3x3 Matrix connected for larger current output.
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Fig. 31. Resonant current. 3x3 i 30 349 Matrix LLC converter.
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Fig. 33. 3x3 Matrix connected for high voltage output.
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