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Performance of an SIC-MOSFET Based 11-kW Bi—directional On—-board
Charger

Sang-Youn Lee!, Woo-Seok Lee!, Jun—-Young Lee!, and II-Oun LeeT

Abstract

The design and performance of a SiC-MOSFET-based 11-kW bi-directional on-board charger (OBC) for
electric vehicles is presented. The OBC consists of a three-phase two-level AC/DC converter and a CLLLC
resonant converter. All the power devices are implemented with SIC-MOSFETSs to reduce the conduction losses
generated in the OBC, and the DC-link voltage is designed to track the level of battery voltage in the forward
and reverse powering modes. As a result, the CLLLC resonant converter always runs at the switching
frequency near the resonant frequency, resulting in high-efficiency operation at the maximum powering modes.
As the DC-link voltage varies according to the battery voltage, the AC/DC converter in the proposed OBC
adopts an adaptive DC-link voltage controller. The performance of the proposed 11-kW OBC is verified by a
prototype converter with the following specifications: three-phase 60-Hz 380-V input, 11-kW capacity, and
battery voltage range of 214 - 413-V, resulting in the conversion efficiency of over 95.0-% in the forward and
reverse powering modes.
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Fig. 1. Proposed on-board charger. (a) Topology, (b) DC-link voltage range.
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Fig. 2. Equivalent circuit model of the CLLLC resonant
converter.
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Fig. 3. CLLLC resonant converter analysis according to
resonant frequency.
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Fig. 4. Voltage gain, Mpagine in charging Mode according
to different k& factor with v=1, L,,=100uH, £=140kHz.
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Fig. 5. Voltage gain, Mischaging in discharging mode according
to different v factor with k=4, L,=100uH, £=140kHz.

Fig. 6. Control algorithm.
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TABLE I
COMPNENTS LIST
Components Parameters
Input filter capacitor (Ca, Cr, Cea) 3.3 uF
AC/DC inductor (L, L L.) 2 mH
AC/DC switches (Syrer) IMW120R045M1
Link capacitor (Cpm) 550 uF
Primary switches (Q;+) SCTWA50N120
Primary resonant inductor (Z,;) 20 uH
Primary resonant capacitor (C;) 5 nF
Transformers (7;, 72 Iﬂ;{fﬁg ﬁIIjII’
Secondary resonant inductor (Z,») 546 pH
Secondary resonant capacitor (Cy) 300 nF
Secondary switches (M;~) SCT3030AL
Output filter capacitor (C) 2.2 uF
Output filter inductor (L) 50 uH
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Fig. 9. Efficiency, power factor, and THD in charging mode.
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Fig. 10. Efficiency, power factor, and THD in discharging mode.
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Fig. 8. Keywaveforms with nominal voltage. (a) Charging
mode, (b) Discharging mode.
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