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turn-off of the primary switches and ZVS turn-on of the 
secondary side switches mentioned above, the total switching 
losses are reduced enormously.  

Voltages across the primary winding of the HF transformer 
VAB are illustrated in parts (b) of Figs. 10-11. The 
high-frequency bipolar voltage waveform clearly states the 
clamped devices’ voltage (less than 100V). Low on-state 
resistance can be used due to the naturally low clamped voltage 
across them resulting in lower conduction loss and higher 
efficiency. Parts (a) of Figs. 12-13 show the boost inductor 
current waveforms with 2x device switching frequency, which 
brings a reduction of size of the inductor. 

Fig. 12 shows measured efficiency for different load for the 
proposed design and the developed laboratory prototype. The 
peak efficiency of 93.6% for 200W and full load efficiency 
92.9% for 250W are obtained in forward direction. Loss 
distribution estimation from the loss model given in [31] is Fig. 
13. It is easy to find that conduction losses of primary devices 
are rather low because of the usage of low voltage devices. 
Switching loss of both sides of HF transformer are reduced 
significantly due to soft switching. A considerable part of total 
loss is from boost inductor and HF transformer. The percentage 
of this part of loss can be reduced with the increase of power 
level and optimized design. Compared with similar topologies 
with active-clamp circuits or snubber circuits, efficiency can be 
improved more than 2% for the experimental prototype. 
 

 
Fig. 12. Plot of efficiency versus output power for different load condition. 

 

 
Fig. 13. Loss comparison of proposed converter at full load condition. 

V SUMMARY AND CONCLUSIONS 

This paper presents a novel soft-switching snubberless 
bidirectional current-fed isolated push-pull dc/dc converter for 
application of the ESS in FCVs. A novel secondary side 
modulation method is proposed to eliminate the problem of 
voltage spike across the semiconductor devices at turn-off. The 
above claimed ZCC and NVC of primary devices without any 
snubber are demonstrated and confirmed by the simulation and 
experimental results. ZCS of primary side devices and ZVS of 
secondary side devices are achieved, which reduces the 
switching losses significantly. Soft-switching is inherent and is 
maintained independent of load. Once ZCC, NVC, and 
soft-switching are designed to be obtained at rated power, it is 
guaranteed to happen at reduced load unlike voltage-fed 
converters. Turn-on switching transition loss of primary 
devices is also shown to be negligible. Hence maintaining 
soft-switching of all devices substantially reduces the 
switching loss and allows higher switching frequency operation 
for the converter to achieve a more compact and higher power 
density system. Proposed secondary modulation achieves 
natural commutation of primary devices and clamps the voltage 
across them at low voltage (reflected output voltage) 
independent of duty cycle. It therefore eliminates requirement 
of active-clamp or passive snubber. Usage of low voltage 
devices results in low conduction losses in primary devices, 
which is significant due to higher currents on primary side. The 
proposed modulation method is simple and easy to implement. 
These merits make the converter promising for interfacing low 
voltage dc bus with high voltage dc bus for higher current 
applications such as FCVs, front-end dc/dc power conversion 
for renewable (fuel cells/PV) inverters, UPS, microgrid, V2G, 
and energy storage. The specifications are taken for FCV but 
the proposed modulation, design, and the demonstrated results 
are suitable for any general application of current-fed converter 
(high step-up). Similar merits and performance will be 
achieved. 
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