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Research on High Frequency LLC Converter Based on GaN
RONG Zhenshuai, CHI Yingchao, SUN Zhan, WANG Yijie, XU Dianguo
(School of Electrical Engineering and Automation , Harbin Institute of Technology ,
Harbin 150001, Heilongjiang , China)

Abstract: The arrival of the 5G era has put forward higher requirements for the power system, that is, the
converter is required to have high efficiency, high power density, and rapid dynamic response. In response to this
problem, the third generation of wide bandgap semiconductor device gallium nitride (GaN) transistors was used. A
new type of fractional turn structure was adopted to optimized transformer structure. The DSP digital control method
was used to design a 400 V to 12 V,and the output power is 500 W high efficiency,high power density LLC resonance
converter. Through theoretical analysis of the influence of actual LLC circuit parameters under high frequency
conditions, the system optimization direction was determined, and the structure of fractional turns transformer was
improved by combining finite element simulation software. Finally, a physical platform was built to verify the
feasibility of the theory.
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Fig.1  System structure diagram
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Fig.2 Equivalent circuit diagram of LLC
converter in high frequency state
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Fig.3 Schematic diagram of influence of secondary side
leakage inductance on output characteristic curve
SR FHAS ] #9130 T JR% {1 22 ol 1 8 4 i 2k
WE 3 PR . ATLUR 3, & i A A7 7R I LLC



R, T RAE Y HIMLLC TR EMA

WA AR 20235F 534K 24

R A g i R TR g ol 2 R AR e A L e
R, 7 Wi e i 3 A ORGSR B TR
IR, 28 Gk 8 i AR AR AR

R HHATR] A S RO A B B A T B O
g h 2 an izl 4 815 Bz . ATLAR il TAER0E
BELF™ A=A DITRE S AORURE i 114 R PRI £ 2R
¥, SAHFRRORI , S P i B Hofg = ST REAE
s o FESEPRAELEE R, SRR R A L (e
LRSS 7 5 W RGE M TR 4T H g
AE) , I R AGREXT T R R e S O B A T
LRSI R S8 2 A T DIE A LAl /> 52 7 0 R ot 4
Rk 3 45 BRI RGBCR BA R E

1.4

1.2
R,=200 m¢

os l\ R,=50 mQ)
/ S

ool
il

0 05 1 15 2 25 3 35 4
IA—ALS% £,

P4 i Sk e BELYO i s A 5 ) S T

Fig.4 Schematic diagram of influence of secondary equivalent

1.0

impedance on output characteristic curve

1.4
1.2
N\ R=0.1Q
1.0 N
0.8 <
= ’R‘:] Q
0.6 Kzau\
, | \\
0.4 /
0.2
0

0 05 1 15 2 25 3 35 4
H— LA f,

PS5 ity S5EA F BEL i 1 A R ) T T
Fig.5 Schematic diagram of influence of primary equivalent

impedance on output characteristic curve
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Fig6 Model diagram of high frequency inductor and transformer
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Fig.7 Capacitance distribution diagram
of different winding structures
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Fig.9 Capacitance voltage comparison diagram

of different turn to turn connections
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Fig.10  Positive half cycle modal diagram of

fractional turn transformer structure
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Fig.11 ~ Optimization process of half turn transformer structure
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Fig.15 Schematic diagram of pulse control mode
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