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ABSTRACT: 

A bidirectional isolated full-bridge dc–dc converter 

with a conversion ratio around nine times, soft start-

up, and soft-switching features for battery 

charging/discharging is proposed in this paper. The 

converter is equipped with an active flyback and two 

passive capacitor diode snubbers, which can reduce 

voltage and current spikes and reduce voltage and 

current stresses, while it can achieve near zero-

voltage-switching and zero-current-switching soft-

switching features. In this paper, the operational 

principle of the proposed converter is first described, 

and its analysis and design are then presented. A 1.5-

kW prototype with a low-side voltage of 48 V and a 

high-side voltage of 360 V has been implemented, 

from which measured results have verified the 

discussed features. 

 

Index Terms—Bidirectional, snubbers, soft switching 

 

INTRODUCTION: 

In Renewable dc supply systems, batteries are usually 

required to back up power for electronic equipment. 

The voltage levels of the batteries are typically much 

lower than the dc-bus voltage. Bidirectional converters 

for charging/ discharging the batteries are therefore 

required. In past studies, bridge-type bidirectional 

isolated converters have been widely applied to fuel 

cell and electric vehicle driving systems . For raising 

power level, a dual full-bridge configuration is usually 

adopted  and their low and high sides are typically 

configured with boost- and buck-type topologies, 

respectively. However, component stress, switching 

loss, and electromagnetic interference (EMI) noise are 

increased due to diode-reverse-recovery current and 

MOSFET drain–source voltage, resulting in low 

reliability. A more severe issue is due to leakage 

inductance of the isolation transformer, which will 

result in high-voltage spike during switching 

transition. A possible solution is to pre-excite the 

leakage inductance to raise its current level up to that 

of the current-fed inductor, which can reduce their 

current difference and, in turn, reduce voltage spike. 

 

 
Existing System: 

The proposed soft-switching bidirectional fullbridge 

converter with an active flyback and two passive 

capacitor–diode snubbers is shown in Fig. 4. It can be 

operated with two types of conversions: step-up 

conversion and stepdown conversion. Fig. 4 consists of 

a current-fed switch bridge, an active flyback snubber 

at the low-voltage side, a voltage-fed switch bridge, 

and a passive snubber pair at the high-voltage side. 

Inductor Lm performs output filtering when power 
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flows from the high-voltage side to the low-voltage 

side, which is denoted as a step-down conversion. On 

the other hand, it works in the step-up conversion. 

Moreover, snubber capacitor CC and diode DC are 

used to absorb the current difference between current-

fed inductor current iL and leakage inductance current 

iP of isolation transformer TP during switching 

commutation. The flyback snubber is operated to 

transfer the energy stored in snubber capacitor CC to 

buffer capacitors Cb1 and Cb2, and voltage VC can 

drop to zero. Thus, the voltage stresses of switches M1 

∼ M4 can be limited to a lower level, achieving near 

ZCS turnoff. The main merits of the proposed snubber 

include no spike current circulating through the 

switches and achieving soft-switching features. Note 

that high spike current can result in charge migration, 

over current density, and extra magnetic force which 

will deteriorate in MOSFET carrier density, channel 

width, and wire bonding and, in turn, increase its 

conduction resistance. 

 

Proposed System: 

The purpose of using an active flyback snubber is to 

transfer energy from snubber capacitor CC to buffer 

capacitors Cb1 and Cb2, which can attain a near ZCS 

soft-switching feature. To reduce high-voltage spike 

occurring on switch MS, the flyback snubber is 

operated in discontinuous conduction mode, and the 

key components of the proposed snubber are designed 

as follows. 

 

 

 
 

 
 

EXPERIMENTAL RESULTS 

To verify the operational principle and performance of 

the proposed converter, three experimental prototypes 

of 1.5 kW, the converter shown in Fig. 2 (type A), the 

one shown in Fig. 3 (type B), and the proposed, shown 

in Fig. 4 (type C), were designed and built. The low-

side voltage is 42–54 V, and the In the following 

discussion, type A will be first compared with the 

proposed converter to verify that a turnoff soft-

switching feature can be achieved in both step-up and 

step-down conversions. The voltage and current 

waveforms measured from type B and the proposed 

one prove that two snubber diodes Db1 and Db2 are 

needed to block the ringing current. Then, the current 

waveforms iP measured from the converter with an 

active clamp circuit [13] and the proposed one show 

that the energy stored in CC is recycled by the 

proposed snubbers and its discharging current does not 

flow through themain switches. 
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and current Ids(M4) from type A and the proposed one 

at M4 turnoff transition, in which Fig. 13(a) and (b) are 

with a load of 1.5 kW and Fig. 13(c) is with 500 W. It 

can be observed that the voltage spike in type A is up 

to 197 V, due to the parasitic capacitance of switches 

M1 ∼ M4 and stray inductance on the circuit. On the 

other hand, the proposed one can not only achieve near 

ZCS turnoff soft-switching feature but also can 

alleviate the voltage spike to 107 V, as shown in Fig. 

13(b). Moreover, Fig. 13(b) and (c) shows that the soft 

switching feature can be achieved at both light- and 

heavy-load conditions. Fig. 14 shows the measured 

waveforms of voltage Vds(M8) and current Ids(M8) 

from type A and the proposed one at M8 turnoff 

transition. It can be observed that, with Cb1 and Cb2, 

Vds(M8) of the proposed converter rises up with a 

lower slope and the switching loss of (Vds(M8)· 

Ids(M8)) becomes lower, achieving near ZCS turnoff 

soft-switching feature. Fig. 15 shows the measured 

waveforms of voltages Vds(M5) and Vds(M6) from 

type B and the proposed one under stepdown 

conversion. It can be observed that, due to large buffer 

capacitors Cb1 and Cb2, voltage Vds of type B is 

ringing at switching transition, as shown in Fig. 15(a). 

Fig. 16 shows the measured waveforms of voltages 

Vds(M5) and Vb1 and current Ids(M5) from type B and 

the proposed one under step-down. 

 

CONCLUSION 

This paper has presented a soft-switching bidirectional 

isolated full-bridge converter, which allows input 

voltage variation from 42 to 54 V, for battery 

charging/discharging applications. The proposed 

converter can reduce the voltage spike caused by the 

current difference between leakage inductance and 

currentfed inductor currents, the current spike due to 

diode reverse recovery, and the current and voltage 

stresses, while it can achieve near ZVS and ZCS soft-

switching features. The passive snubber can hold 

voltage Vb1 or Vb2 and improve the slew rate of diP 

/dt, which can reduce duty loss. However, near ZVS 

turn-on transition cannot be achieved under light-load 

condition in step-down conversion. Experimental 

results measured from the three types of 1.5-kW 

isolated bidirectional full-bridge dc–dc converters have 

verified that the proposed converter (type C) can yield 

the performance of lower voltage and current spikes, 

higher efficiency, and less ringing. It is suitable for 

highpower applications with galvanic isolation. 
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