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Parameter Design and Digital Synchronous Rectification Implementation of
a Bidirectional CLLC Converter
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Abstract

This paper presents a comprehensive hardware parameter design and digital synchronous rectification (SR)
implementation method for a 400-W bidirectional CLLC resonant converter applied in electric vehicles (EVs) and
energy storage systems (ESSs). Distinct from conventional studies that emphasize dynamic compensation control,
this research focuses on the hardware design, implementation, and firmware development of the converter. First,
the equivalent circuit is derived based on the first harmonic approximation (FHA) method. A detailed analysis of
the effects of the inductance ratio and quality factor on the voltage gain is then conducted to optimize the main
circuit parameters and quantify the relationships among voltage gain, circuit parameters, and the zero-voltage-
switching (ZVS) boundary. Furthermore, a critical timing boundary condition for achieving ZVS is mathematically
derived from charge-balance principles, establishing a quantitative criterion for dead-time configuration in the
digital controller. Regarding digital control, this study utilizes an STM32G4 series microcontroller to establish
high-precision secondary-side SR trigger logic by accurately configuring the counter registers and dead time of its
high-resolution timer (HRTIM). Experimental results demonstrate that the proposed parameter design and digital
SR firmware control can effectively and significantly reduce the conduction losses of the power switches, elevating
the converter's peak efficiency in forward mode to 95.05%. This validates the feasibility and reliability of the

proposed design procedure and digital control strategy in practical applications.

Keywords: Bidirectional CLLC converter, First harmonic approximation (FHA), Zero-voltage switching (ZVS),

Synchronous rectification (SR), Microcontroller
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The CLLC converter parameters

HV side

Vv min = 100V

Vv nom = 200V

Vv max = 220V

LV side

VLV,min =45V

VLV nom ~ 43V

VLV,max =60V

Output power
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Resonant Frequency
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Reverse mode
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