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Analysis of Semi—Bridgeless Rectifier in Inductive Power Transfer Systems
for Electric Vehicles Considering Reverse Recovery Phenomenon

Won-Jin Son!, Sangjoon Ann!, Jongeun Byun!, Jae-Han Lee!, and Byoung-Kuk Lee™

Abstract

This study analyzes the reverse recovery phenomenon of a semi-bridgeless rectifier (SBR) in an inductive
power transfer (IPT) system for electric vehicles. Ideally, the reverse recovery phenomenon does not occur in a
diode rectifier, however, in practical systems, the reverse recovery phenomenon occurs even when the SBR
operates like a diode rectifier due to high operating frequency. Therefore, a practical analysis of operation
modes for SBRs is presented in this study, considering the reverse recovery phenomenon, and the requirements
for SBR switches are proposed. The analysis results are experimentally verified using a 3.3 [kW] IPT system
prototype to which three different types of switches are applied.
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Fig. 2. IPT converter with semi-bridgeless rectifier.

TABLE I
SYSTEM PARAMETERS
Parameter Value Parameter Value
Vi 200-420 [V] k 0.083-0.215
P, 33 [KWI  frevonant 85 [kHz]
Vitt 240-410 [V] Fow 81.38-90 [kHz]
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Fig. 3. Voltage and current waveforms of SBR.
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Fig. 6. Input/Output waveforms and SBR control signal without
reverse recovery phenomenon.
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Fig. 7. Input/Output waveforms and SBR control signal with
reverse recovery phenomenon.
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TABLE II
COMPARISON OF DEVICE CHARACTERISTICS

Parameter | Qg [nC] Coss [DF] Qr [nC] Ragton [mS]
Switch [
(IPW60R125CP) 81 120 9000 125
Switch 1T
(IPW65R080CFD) 167 215 1000 80
Switch III
(C3M0065090D) 04 60 150 6
200 [ u Conduction loss Switching loss |
161.8 X P,=33 kW
150 1
— 1152
Z 100 ~ 916
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3 50 | [ 355 )58 325
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Fig. 9. Analysis of conduction and switching losses according
to the switches.
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TABLE III

EXPERIMENTAL SYSTEM PARAMETERS
Parameter Value Parameter Value

Vie 420 [V] k 0.083

P, 33KWI | fresonant & [kHz]

Viart 240-410 [V] Sow 81.38-90 [kHz]

L, 29.396 [uH] G 234 [nF]

L 455,19 [uH] G 119.26 [nF]

L, 75.584 [uH] G, 46.334 [nF]

Fig. 10. 3.3 [kW] IPT system prototype with SBR.
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