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Fig. 11. Thermal imaging diagram of resonant converter at full load.
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Fig. 13. Control signals for different modes of operation.
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generally set between 15-30 ns.
As shown in Fig. 12, when the dead time is too large, the
turn-on time of the switch is delayed, so the voltage spike
phenomenon described above will occur. The converter has
lost the ZVS condition at this time. With the increase of dead
time, the voltage spike gradually increases, and the switching
loss also increases.
With the further increase of the load, the energy consumed
by the parasitic capacitance at both ends of the drain and source
of the switch occupies a smaller proportion of the switching
loss. Therefore, in order to further improve the efficiency of
the converter, the realization of ZVS should be abandoned at
this time. It should pay more attention to the realization of ZCS
(in the case of realizing ZVS, the inductor current will drop
sharply in a short time. So, when state switching occurs, the
current flowing through is not zero, which means the ZSC is
not realized). As the Fig. 13 shows there are only two modes in
the circuit topology, the switches are divided into two groups,
which operate synchronously. The control signal also has a
short dead time to prevent short-circuit.
Fig. 14 shows the waveforms of key nodes in the cascade
connection of the first and second stages and the waveforms
of output voltage and current under heavy load conditions. It
can be seen from the Fig. 14 that the prototype abandons the
ZVS scheme under full-load working conditions. The inductor
current does not drop significantly and the whole cycle is greater
than zero, achieving complete half-cycle quasi-resonance. The
MOSFET switches at the current zero-crossing point. At the
cascade connection, it can be seen from the current waveform
that the currents flowing through L 2 and L 3 are phasesynchronized. The inductor current fluctuates around zero at
the switching point. In other words, the switching between the
first-level unit and the second-level unit is smooth, and there is
no circulating current phenomenon.
To sum up, the multi-resonant cascaded switched capacitor
converter proposed in this work can have a higher step-down
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Fig. 12. (a) Drive, drain-source voltage waveforms of S'1B under ZVS. (b) S'1B
turns on too late causing voltage spikes.

switches is finally achieved in the prototype. Fig. 12 shows
the drive signal, drain-source voltage and inductor current
signal of S'1B. After the drain-source voltage drops to zero, the
drive signal rises to a high level at this time. Due to the ZVS
operating mode, the voltage waveform is clean and there is no
significant switching noise. In the process of this experiment,
a fixed dead time is used to realize ZVS. For the converter in
different working states, the magnitude of the output current
will change, and the corresponding drop speed of the inductor
current will also change. Therefore, the dead time should also
be adjusted accordingly. Finally, in the hardware experiments
in the manuscript, the dead time and the phase shift time are

