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Design of a 2kW Bidirectional Synchronous DC-DC Converter for
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Abstract

This paper introduces the bidirectional dc-dc converter design case study, which employs silicon—carbide

(SiC)

MOSFETs for battery energy storage system

(BESS). This converter topology is selected as

bidirectional synchronous buck converter, which is composed of a half bridge converter, an inductor, and a
capacitor, where the converter has less conduction loss than that of a umdirectional buck and boost
converter, and to improve the converter efficiency, both the power stage design and power conversion
architecture are described in detail. The conduction and switching losses are compared among three different
SiC devices in this paper. In addition, the thermal analysis using Maxwell software of each switching device
supports the loss analyses, in which both the 2 kW prototype analyses and experimental results show very

good agreement.

Key words: BESS(Battery Energy Storage System), Bidirectional synchronous buck converter, High efficiency,

Photovoltaic energy
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Fig. 1. The block diagram of the hybrid ESS using
photovoltaic energy.
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Fig. 2. The topology of the bidirectional synchronous buck
converter.
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Fig. 3. The key waveform about switching loss.
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TABLE 1
SPECIFICATIONS OF THE BIDIRECTIONAL DC-DC
CONVERTER
Parameter Value
Battery voltage 200 \Y%
DC link voltage 420 \Y%
Rated power 2000 W
Switching frequency 40 kHz
Average load current 10 A
Cooling Air cooling
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TABLE I
THE MAIN PARAMETERS OF
HIGH FLUX CORE (CH610125)

Parameter Value
A, value 400 nH/N?
Permeability 125
Cross section area 367 em?
Path length 14.37 cm
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TABLE IV
SPECIFICATIONS OF
THE DC-DC CONVERTER

Parameter Value
Battery voltage 200 A%
DC link voltage 420 \%

Rated power 2000 W

Switching frequency 40 KkHz

Filter inductance 1 mH

Filter capacitance 282 uF

DC link capacitance 1 mF
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Fig. 4. The frequency response of the transfer function of

buck converter.
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Fig. 6. The frequency response of loop gain with digital
current controller on working in buck converter.
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current controller on working in boost converter.
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TABLE V
COMPARISON OF MAIN PARAMETERS
FOR SILICON CARBIDE MOSFETS
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Fig. 8 Steady state thermal analysis using ansys maxwell.
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