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Abstract : This paper proposes a single-stage on-board charger designed to reduce the number of MOSFET devices used. It
integrates an inverter power factor correction circuit utilizing unipolar pulse width modulation and a half-bridge LLC
resonant converter. The entire circuit consists of four wide bandgap power semiconductor devices. The analytical formulation
of the zero voltage switching turn-on condition for the integrated switching leg is provided, accompanied by a design
methodology rooted in detailed analysis. The effectiveness of the proposed switching method is demonstrated through
experimental results from a prototype circuit with a 220 Vac 50 Hz input / 400~800 VDC 3.7 kW output.

Key words : Electric vehicle(d 7] A" %}), On-board charger(Z} 5218 %% 7]), Power factor correction( % & 7] A1),
Resonant converter(3 %13 AW E), Zero voltage switching(d A % =9 A)
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CC : constant current 7] 8 u} o}x] ul OBCE F 2 7‘4}%‘— o] Y= F7tol| 2 %3}
CMI : common-mode current 7] = z = A7 7} BA o)

- =T

CMV : common-mode voltage T} 29

CP  :constant power A= OBCAAIE f13l o] dso] =3 vk 3l
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EMI : electromagnetic interference T} WBG 22te] A48 0BCY) 22 #ete o] g

T HE 3T R |
EV : electric vehicle Ak S B S ool gl WBG A Abe] 9% &

OBC :on-board charger Ao nleo 2 322 T8k 32 Topology S o] 54

PFC  : power factor correction =yl Ab a2 axl W A7 3] 2 o] By A 7S o

= =2
WBG : wide bandgap 235190150 121}, o] 9F 78 7] A AR e A

ZVS  : zero voltage switching 2}o] 7)1 WA 7]Q1d ZAolx], OBCE TAEH=
Topology &2l 22} 7§-d o]t Ale] 71 7} d k= 7]

CV  :constant voltage
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Fig. 3 The operational waveforms of proposed single-stage
OBC
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Table 1 Parameters for partial ZVS and voltage gain analysis

Parameter Value
AC input voltage (vq) 2,200 Vac
AC input voltage at Partial ZVS (vg(t0)) 150V
PFC link voltage (Vzink) 700 Ve
Output voltage (Var) 500 Vpc
Output power 3.7kW
Resonant frequency (f7) 100 kHz
PFC inductor (Lrrc) 260 pH
Magnetizing inductance (L) 55.9 uH
Turn ratio (n) 0.7
Mosfet (Or-) (120((3)3\/1\4/()6()33/2x1/23()2K mQ)
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Table 2 1/O specification

Parameter Value
AC input voltage (vy) 220 Vac
AC input frequency 50Hz
PFC link voltage (¥zin) 700~850 Vpc
Output voltage (V) 400~800 Vpc
Output power 3.7kW
Resonant frequency 100 kHz
Fig. 8 Prototype hardware of the proposed OBC Table 3 Key parameters of prototype circuit
Parameter Value
v PFC inductor (Lprc) 176.37 pH at full load
Inv| CC cp cv " Total 240
>< >< Viink Link capacitor (Crn) (120 F 4-paralle£-series)
/ %% Magnetizing inductance (L) 74.27 uH
q %% Resonant inductance (L) 18.95 yH
600V Resonant capacitance (Cr) 133.67 nF
500V Inductance ratio (k) 3.92
>y 200V Quality factor (Q) 0.443 (at V=500 V)
7 C3M0032120K
6.174
%294 Mosfet (0r-) (1200 V /63 A/32 mQ)
’ Diode (D C4D20120D
iode (D1-) (1200 V/20 A)
> 8 uF

Output capacitor (Co) (P246Q90805JAS2 / 900 V)

Fig. 9 HV battery charging profile of the proposed OBC
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Fig. 14 Comparison of peak efficiency between the OBCs in
the references and the proposed single-stage OBC
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