
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 02, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 2083 

Isolated Bidirectional Full Bridge Dc Dc Converter with Active and 

Passive Snubbers 
Jain Jose

1
Latha N

2 

1
M.Tech Student 

2
Assistant Professor  

1,2
Department of Electrical Engineering 

1,2
Reva Institute of Technology & Management Bangalore, Karnataka, India

Abstract—A bidirectional isolated full bridge converter with  

conversion ratio around nine times, soft start up, soft 

switching and  which is equipped  with a fly back snubber 

and passive capacitor diode snubber have wide applications 

in battery charging/discharging circuits. Voltage spikes 

caused by current difference between leakage inductance 

and current fed inductor currents, the current spikes due to 

diode reverse recovery, and the current and voltage stresses 

can be reduced.  It can achieve near ZVS and ZCS soft-

switching features. In this paper operation principle of 

proposed converter with 48V on low side and 360V on high 

side   is described and analysis is presented. Simulation of 

circuit with 48V at low voltage side and 360V at high 

voltage side has been presented. 
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I. INTRODUCTION 

Batteries are widely used to back up power for electronic 

equipments in renewable dc supply systems and   hybrid 

vehicles. The voltage levels for the batteries are typically 

much lower than the dc bus voltage. Bidirectional converters 

which  control    the energy flow  between energy sources 

are required. Many advanced control strategies such as 

fuzzy neural control or sliding mode control have been 

proposed to enhance the steady state and dynamic 

performance of power electronics systems. Although these 

control strategies are predicted to be promising   in more 

complex structured converter such as dual active bridge and 

dc dc converters. Most of the present applications are still 

confined to simple structured circuits such as buck, boost 

and half bridge converters. Isolated bidirectional dc dc 

converters have many advantages such as electric isolation, 

high reliability ease of realizing soft switching control and 

bidirectional energy flow. The low side is configured as 

boost type and high side is configured as buck type.  

Fig .1 shows Block diagram of closed loop isolated 

bidirectional full-bridge dc-dc converter.The current fed full 

bridge and voltage fed full bridge are the essential structural 

parts. Two voltage fed full bridges are sub-circuits of dual 

active bridge. The disadvantage of this circuit is that the 

performance of converter is largely determined by 

parameters of transformer. Because leakage inductance is 

used for storing and transferring energy , in addition to that 

freewheeling currents increase losses in switches. Full 

bridge converter have draw backs of component stresses, 

switching losses and EMI will be increased due to diode 

reverse recovery current and MOSFET drain source voltage. 

Another severe issue is due to leakage inductance of 

isolation transformer, which will result in high voltage spike 

during switching transition. A feasible solution is to pre 

excite the leakage inductance to raise its current level up to 

that of current fed inductor   which will reduce voltage 

spike. But the current levels will vary according to the 

changes in the load. It is a weary task to tune the switching 

timing to match these two currents. 

 
Fig. 1: Block diagram of closed loop isolated bidirectional 

full-bridge dc-dc converter 

Fig. 2: Bidirectional isolated full-bridge dc-dc converter 

with active clamp 

Fig.1 shows block diagram of closed loop isolated 

bidirectional full-bridge dc-dc converter. A conventional   

passive methods to use resistor – capacitor- snubber to 

clamp the voltage. This will suppress the voltage spike due 

to current difference between current fed inductor and 

leakage inductance currents. In this topology the energy   

absorbed  in  the buffer capacitor is dissipated to resistor, 

this will result in low efficiency. An active clamping circuit 

which is shown in the Fig .2 was used. But in this topology 

the resonant current will flow through main switches and 

this will significantly add to the increase in current stresses. 

An isolated bidirectional converter with a fly-back snubber 

shown in Fig.3 was proposed. This circuit topology can 

restrict the resonant current flow through main switches. 

The fly-back snubber can recycle the absorbed energy which 

is stored in clamping capacitor cc. it can also clamp voltage 

to desired value just slightly greater than voltage across low 

side transformer. During heavy load conditions, current 

stress can be substantially reduced by not allowing the 

snubber current to circulate through main switches. 

Additionally, fly-back snubber can be controlled to pre-

charge high side capacitor to avoid in rush current during 

start up period. However low and high side switches are 

operated with hard switching turn off.  

Two buffer capacitors (Cb1 and Cb2) are 

connected in parallel with upper legs of voltage fed bridge 

with these two buffer capacitors the low and high side 

switches can operate near zero voltage switching and zero 

current switching. Th ese  parallel connected capacitors will 

resonate with leakage inductance of transformer during step 
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down conversion resulting EMI noise and increase 

switching loss. Two passive capacitor diode snubbers can be 

supplemented with active flyback snubbers as shown in Fig. 

4. The  proposed snubber configuration cannot only reduce 

the voltage spike caused by current difference between 

leakage inductance and current fed inductor currents but 

also it can reduce draw backs of high current and high 

voltage stresses imposed on main switches at both turn on  

and turn off transitions. 

 
Fig. 3: Bidirectional isolated full-bridge converter with a 

fly-back snubber 

Fig. 4: bidirectional isolated full-bridge dc-dc converter with 

a flyback snubber and paralled snubber capacitors Cb1 and 

Cb2 

A. Isolated Bidirectional Dc-Dc Converter With   Only 

Active Snubber: 

The isolated bidirectional full-bridge dc-dc converter with a 

flyback snubber is shown in Fig 3. The converter is operated 

in two modes buck mode and boost   mode . Circuit  consists 

of a  current –fed switch bridge, a flyback snubber at low 

voltage side , and a voltage fed bridge at high- voltage side. 

Inductor Lm performs output filtering when power flows 

from the high-voltage side to batteries, which is denoted as 

buck mode. on the other hand , it works in boost mode when 

power is transferred from the batteries to high voltage side. 

Further more , clamp branch capacitor Cc and diode Dc are 

used to absorb the current difference between current-fed 

inductor Lm and leakage inductance and leakage inductance 

of isolation transformer during switching commutation. The 

flyback snubber can be independently controlled to regulate 

capacitor to desired voltage , which is slightly greater than 

VAB . thus , voltage stress of switches in M1 –M4 can be 

limited to a low level. The major merits of this circuit 

include no spike current circulating through the power 

switches and clamping the voltage across switches M1-M4, 

improving system reliability significantly. A bidirectional 

dc-dc converter has two types of conversions, step up 

conversion (boost mode) and step down conversion(buck 

mode). in boost mode, switches switches M1-M4 are 

controlled , and the body diodes of switches M5-M8 are 

used as a rectifier. In buck mode , switches M5-M8  are 

controlled , and body diodes of switches M1-M4 operates as 

a rectifier.   

Average power transferred to clamping capacitor is  

 

Power rating of flyback converter can be expressed as  

 

II. PROPOSED CONVERTER TOPOLOGY AND OPERATION 

ANALYSIS 

 

Fig. 5: Proposed soft-switching bidirectional isolated full-

bridge converter with an active fly-back and two passive 

capacitor diode snubbers 

Proposed circuit is shown in Fig. 5. The low voltage sides 

have fly-back snubber and it can be operated for battery 

discharging operation in boost mode with   passive capacitor 

diode at high voltage side for battery charging. High voltage 

side can be operated in buck mode. The inductor Lm will act 

as output filter in step down conversion. Snubber capacitor 

Cc and diode Dc will absorb the current difference between 

current fed inductor and leakage inductance current Ip of 

isolation transformer during switching commutation. Fly- 

back snubber is operated to transfer energy stored in snubber 

capacitor Cc to buffer capacitor Cb1 and Cb2. Voltage 

stresses of switches in low voltage side can be limited. In 

step up conversions M1-M4 are controlled and body diodes 

of switches M5-M8 serve as rectifier. To simplify steady 

state analysis several assumptions are made 

1) All components are ideal except that the 

transformer is associated with leakage inductance. 

2) Inductor Lm is large enough to keep the current iL 

constant over a switching period. 

3) Snubber capacitor CC is much larger than the 

parasitic 

A. Operating Modes: 

1) Step Up Conversion: 

In step up conversion M1-M4 will operate as boost 

converter. When switch pairs (M1, M2) and (M3-M4) 

conducts energy will be stored in inductor Lm. When switch 

pair (M1,M2) is turned on the current difference ic (= iL –iP ) 

will charge the clamping capacitor Cc until iP rises to iL and 

capacitor voltage Vc will be clamped to VHV (NP/NS) 

achieving near ZCS turn off for M2  or M4. In the mean time 

high side current will flow through one of the passive 

snubbers and cb1  or cb2 will be fully discharged before diode 

D5  or D7 conducts. When switch pair (M1,M4) or (M2,M3) is 
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switched back to (M1,M2) and (M3,M4), switch M2 or M4 

can have near ZCS turn-on feature due to leakage 

inductance Lll limiting the di/dt of high-side diode-reverse 

recovery current. The flyback snubber operates 

simultaneously to discharge snubber capacitor CC and 

transfer the stored energy to buffer capacitors Cb1 and Cb2. 

With the flyback snubber, the energy absorbed in CC will 

not flow through switches M1 ∼ M4, which can reduce their 

current stresses dramatically when the leakage inductance of 

the isolation transformer is significant.  

1) Mode 1 [t0 ≤ t < t1]: Before t0, all of the four 

switches M1    ∼ M4 are turned on. Inductor Lm is 

charged by VLV. At t0, M1 and M4 remain 

conducting, while M2 and M3 are turned off. Then, 

clamping diode DC conducts, and snubber capacitor 

CC is charged by the current difference iC. In this 

mode, the flyback snubber still stays in the OFF 

state. The equivalent circuit is shown in Fig. 6(a). 

2) Mode 2 [t1 ≤ t < t2]: In this mode, leakage 

inductance current iP will start to track current iL, 

and buffer capacitor Cb1 will start to release energy. 

At time t2, current iP is equal to current iL, the 

voltage of switches M2 and M3 and capacitor CC 

will reach the maximum value simultaneously, and 

its equivalent circuit is shown in Fig. 6(b). A near 

ZCS soft switching is therefore attained during t0 to 

t2. 

3) Mode 3 [t2 ≤ t < t3]: Before t3, the energy stored in 

buffer capacitor Cb1 is not fully discharged yet. 

Thus, the capacitor will not stop discharging until 

Vb1 drops to zero. The equivalent circuit is shown 

in Fig. 6(c). 

4) Mode 4 [t3 ≤ t < t4]:When the energy stored in Cb1 

has been completely released to the output at t3, 

diode D5 will conduct. The circuit operation over 

this time interval is identical to a regular turnoff 

state of a conventional current fed full-bridge 

converter. The equivalent circuit is shown in Fig. 

6(d). 

5) Mode 5 [t4 ≤ t < t5]: At t4, all of the four switches 

M1 ∼ M4 are turned on again, and switch MS of 

the flyback snubber is turned on synchronously. 

Switches M2  and M3 achieve a ZCS turn-on soft-

switching feature due to Lll, and current iP drops to 

zero gradually. In the flyback snubber, the energy 

stored in capacitor CC will be delivered to the 

magnetizing inductance of transformer TS. The 

equivalent circuit is shown in Fig. 6(e). 

6) Mode 6 [t5 ≤ t < t6]: When switch MS is turned off 

at t5, capacitor voltage VC drops to zero, and the 

energy stored in the magnetizing inductance will be 

transferred to buffer capacitor Cb1. In this mode, 

the time interval of driving signal Vgs(Ms) is slightly 

longer than the discharging time of capacitor CC.. 

The equivalent circuit is shown in Fig. 6(f). 

7) Mode 7 [t6 ≤ t < t7]: At t6, the energy stored in the 

magnetizing inductance of transformer TS was 

completely transferred to buffer capacitor Cb1, and 

the circuit operation is identical to a regular turn-on 

state of a conventional current-fed converter. Its 

equivalent circuit is shown in Fig. 6(g). The circuit 

operation stops at t7 and completes a half-switching 

cycle.  Fig. 

 

 
Fig. 6: Mode Operation modes of the step-up conversion. (a) 

Mode 1. (b) Mode 2. (c) Mode 3. (d) Mode 4. (e) Mode 5. 

(f) Mode 6. (g) Mode 7 
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Fig. 7: key voltage and current waveforms of the proposed 

converter operated in the step-up conversion 

B. Step-Down Conversion: 

The leakage inductance of the transformer at the low-

voltage side is reflected to the high-voltage side, in which 

equivalent inductance L∗ eq equals (Llh + Lll · N2s /N2p). 

In the step-down conversion, switches M5 ∼ M8 are 

operated like a buck converter in which switch pairs 

(M5,M8) and (M6,M7) take turns conducting to transfer 

power from capacitor CHV to battery BLV. For alleviating 

leakage inductance effect on voltage spike, switches M5 ∼ 
M8 are operated with phase-shift control, achieving ZVS 

turn-on features.. The key voltage and current waveforms of 

the converter operated in the step-down conversion are 

shown in Fig. 7.  

1) Mode 1 [t0 ≤ t < t1]: In this mode, switchesM5 

andM8 are turned on, whileM6 andM7 are in the 

OFF state. The  high-side voltage VHV is crossing the 

transformer, and it is, in fact, crossing the 

equivalent inductance L∗eq and drives current iS to 

rise with the slope of VHV/L∗eq. With the 

transformer current increasing toward the load-

current level at t1, the body diodes (D1 and D4) are 

conducting to transfer power, and the voltage 

across the transformer terminals on the low-voltage 

side changes immediately to reflect the voltage 

from the high-voltage side. The equivalent circuit is 

shown in Fig. 8(a). 

2) Mode 2 [t1 ≤ t < t2]: At t1, switchM8 remains 

conducting, while M5 is turned off. The body diode 

of M6 then starts conducting the freewheeling 

leakage current. The transformer current iS reaches 

the load-current level at t1, and VAB rises to the 

reflected voltage (VHV · NP /NS). Clamping 

diode DC starts conducting the resonant current of 

L∗ eq and the parasitic capacitance ofM1 ∼ M4. At 

the same time, switch MS of the flyback snubber is 

turned on and starts transferring the energy stored 

in capacitor CC to buffer capacitors Cb1 and Cb2. 

The process ends at t2 when the resonance goes 

through a half resonant cycle and is blocked by 

clamping diode DC. With the flyback snubber, the 

voltage of capacitor CC will be clamped to a 

desired level just slightly higher than the voltage of 

Vds(M4). The equivalent circuit is shown in Fig. 

8(b). 

3) Mode 3 [t2 ≤ t < t3]: At t2, the body diode of 

switchM6 is conducting, and switchM6 can be 

turned on with ZVS. The equivalent circuit is 

shown in Fig. 8(c). 

4) Mode 4 [t3 ≤ t < t4]: At t3, switch M6 remains 

conducting, while M8 is turned off. Buffer capacitor 

Cb2 is discharging by the freewheeling current. 

When Cb2 is fully discharged, a near ZCS turnoff 

condition is therefore attained, and the body diode 

ofM7 then starts conducting the freewheeling 

current. The equivalent circuit is shown in Fig. 

 
Fig. 8: Operation modes  of the step-down conversion. 

(a)Mode 1. (b) Mode 2. (c) Mode 3. (d) Mode 4. (e) Mode 5 
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Fig. 9: Key voltage and current waveforms of the proposed 

converter operated in the step-down conversion 

C. Advantages and Analysis Of The Proposed Converter: 

1) The proposed snubber can reduce the voltage spike 

caused by the current difference between the 

leakage inductance and current fed inductor 

currents.  

2) It can relieve the drawbacks of high current and 

high voltage stresses imposed on mai switches at 

both turn on and turn off transitions. 

3) It can achieve near ZVS and ZCS for switches on 

both side of the transformer. 

Clamping capacitor needs to satisfy the following inequality 

 

 
The leakage inductance needs to satisfy the 

following condition 

 
Power rating of flyback snubber can be expressed as 

 
The magnetizing inductance of the flyback snubber 

should satisfy the following inequality 

 

For Cb1 and Cb2 being charged up to VHV by the flyback 

snubber, they need to satisfy the following inequality: 

 

D. Simulation Results: 

The MATLAB simulation results verify the successful 

operation of isolated bidirectional full bridge dc dc 

converter with passive and active snubbers.. Figure 10 

shows the simulation diagram and Figure. 11 shows the 

output voltage, current through main inductor, current 

through switches M1, M2. 

 
Fig. 10: Simulation Circuit 

 
Fig. 11: Simulation Output 

E. Experimental Verification: 

In order to verify the effectiveness of the proposed 

converter, a prototype circuit with the photograph shown in 

fig.12.  

 
Table 1: Specifications of components 
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Fig. 12: Photograph of the Prototype Circuit 

III. 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. 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  

can yield the performance of lower voltage and current 

spikes, higher efficiency, and less ringing. It is suitable for 

highpower applications with galvanic isolation. 

REFERENCES 

[1] Z. Zhang, O. C. Thomsen, and M. A. E. Andersen, 

“Optimal design of a push–pull–forward half-

bridge (PPFHB) bidirectional DC–DC converter 

with variable input voltage,” IEEE Trans. Ind. 

Electron., vol. 59, no. 7, pp. 2761–2771, Feb. 2012. 

[2] D. V. Ghodke, K. Chatterjee, and B. G. Fernandes, 

“Modified softswitched three-phase three-level 

DC–DC converter for high-power applications 

having extended duty cycle range,” IEEE Trans. 

Ind. Electron., vol. 59, no. 9, pp. 3362–3372, Sep. 

2012. 

[3] F. Zhang, L. Xiao, and Y. Yan, “Bi-directional 

forward-flyback DC DC Converter,” in Proc. IEEE 

Power Electron. Spec. Conf., 2004, vol. 5, pp. 

4058–4061. 

[4] H. Li, D. Liu, F. Z. Peng, and G.-J. Su, “Small 

signal analysis of a dual half bridge isolated ZVS 

bi-directional DC–DC converter for electrical 

vehicle   applications,” in Proc. IEEE Power 

Electron. Spec. Conf., 2005, pp. 2777–2782. 

[5] L.-S. Yang and T.-J. Liang, “Analysis and 

implementation of a novel bidirectional DC–DC 

converter,” IEEE Trans. Ind. Electron., vol. 59, no. 

1, pp. 422–434, Jan. 2012. 

[6] D. Liu and H. Li, “Design and implementation of a 

DSP based digitalcontroller for a dual half bridge 

isolated bi-directional DC–DC converter,” 

in Proc. IEEE Appl. Power Electron. Conf., 2006, 

pp. 695–699. 

[7] B. Zhao, Q. Yu, Z. Leng, and X. Chen, “Switched 

Z-source isolated bidirectional DC–DC converter 

and its phase-shifting shoot-through bivariate 

coordinated control strategy,” IEEE Trans. Ind. 

Electron., vol. 59, no. 12, pp. 4657–4670, Dec. 

2012. 

[8] U. K. Madawala, M. Neath, and D. J. 

Thrimawithana, “A power-frequency controller for 

bidirectional inductive power transfer systems,” 

IEEE Trans. Ind. Electron., vol. 60, no. 1, pp. 310–

317, Jan. 2013. 

[9] D. Aggeler, J. Biela, S. Inoue, H. Akagi, and J. W. 

Kolar, “Bi-directional isolated DC–DC converter 

for next-generation power distributioncomparison 

of converters using Si and SiC devices,” in Proc. 

PowerConvers. Conf., 2007, pp. 510–517. 

[10] H. Krishnaswami and N. Mohan, “A current-fed 

three-port bidirectional DC–DC converter,” in 

Proc. Telecommun. Energy Conf., 2007, pp. 523–

526.  


