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Abstract

To adapt to the wide range of load variation, the conventional LLC resonant converter adopts a frequency
conversion control strategy. However, the range of frequency modulation is too wide, which limits the design of
inductive components, and further causes problems such as additional loss. Therefore, the frequency conversion
combined with phase shift{(FC-PS) control is usually adopted to reduce the frequency modulation range, and it can
better realize zero-voltage switching(ZVs) of a switching tube on the primary side and zero-current switching(ZCs) of
a rectifier diode on the secondary side. But the difficulty in achieving ZvSs within dead time Tg increases additionally
due to the lagging and leading arms under light load. In this paper, through the analysis of the working waveforms
of the circuit, the idea of optimal processing the circuit's working waveforms by the traditional analysis method is
inherited, and the time-domain analysis method is combined. Under the premise of satisfying the realization of ZVS,
the effect of dead-time on the gain of output voltage is studied. By idealizing the circuit's working waveforms and
considering the charging/discharging process with the participation of parasitic capacitance of switch, the function
of gain G over parameters such as phase shift duty ratio D, dead time T4, and switching frequency f5 is established
with the combination of the critical realization condition for ZVS in dead time. Finally, the optimal phase-shift duty
ratio and dead time are derived with both the consideration of dead time and the satisfaction of requirement for a
given gain. The effectiveness of the proposed method was verified by designing a simulated prototype and an

experimental prototype with rated input of 200V, rated output of 160V, and output rated load of 5%.
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