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Abstract: This paper presents a DC-DC converter with 

parallel snubber capacitors across the primary side 

switches. It achieves near high output voltage on the 

load side with improved reduction of voltage stresses 

on switches. This converter reduces voltage spikes 

across the primary side of the transformer for boost 

operation. Based on the conventional dc-dc converter, 

an active fly-back snubber, passive snubbers and also 

parallel snubber capacitors are added on the primary 

side which reduces the voltage spikes and improves the 

voltage on load side. The simulation results shows that 

the proposed converter can achieve near high output 

voltage with reduced voltage spikes on the primary side 

of the transformer. 

 

Keywords: full bridge DC to DC converter, parallel 

snubber capacitors, isolated transformer. 

I. Introduction 

In Recent trends, due to the requirements of battery 

based energy storage systems and solar applications, 

high power isolated bidirectional DC–DC converters 

have become very popular. soft switching Bidirectional 

full bridge DC-DC Converter with the parallel snubber 

capacitors across the primary side switches achieves 

near high output voltage with improved reduction of 

voltage spikes on the primary side of the transformer 

[1].  

      The conventional configuration reduce the voltage 

spike caused by the current difference between the 

leakage inductance and current-fed inductor currents 

but also can relieve the drawbacks of high-current and 

high-voltage stresses imposed on the main switches at 

both turn-on and turnoff transitions. Moreover, it can 

achieve near ZVS and ZCS for the switches on both 

sides of the transformer [2].  

      The needs of a bi-directional DC to DC converter 

for a fuel cell system with various combinations of 

current-fed and voltage-fed converters are explored for 

the application of different voltage levels. With a 

preliminary study, putting current-fed on low-voltage 

side and voltage fed on high voltage side indicated 

higher efficiency than the other way around. Two low-

side circuit topologies were then selected. One is the L-

type half-bridge current-fed converter, and the other is 

full-bridge current-fed converter. The high-side circuit 

topology is fixed with a full-bridge voltage-fed 

converter [3]. The fly-back snubber can recycle the 

absorbed energy which is stored in the clamping 

capacitor Cc, while without current flowing through the 

main switches. It can also clamp the voltage to a 

desired value just slightly higher than the voltage 

across the low side transformer. The fly-back snubber 

can be controlled to pre-charge the high-side capacitor 

to avoid in-rush current during a start-up period [4]. 

The design and analysis of a zero-current-switched 

(ZCS) bidirectional fly-back dc/dc converter is based 

on extending a previously developed unidirectional 

ZCS fly-back converter and replacing the output diode 

with a controlled switch, which acts as either a rectifier. 

By adding an auxiliary winding in the coupled inductor, 

a switch, and a capacitor, the hard-switching design is 

converted into a soft-switching one. The technique 

utilizes the leakage inductance of the fly-back coupled 

inductor to create zero-current-switching conditions for 

all switches in both power flow directions, leading to 

reduced switching losses, stresses and electromagnetic 

interference [5].  
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          The major concerns of these studies include 

reducing switching loss, reducing voltage and current 

stresses, reducing conduction loss due to circulation 

current, improving output voltage across load side. 

Compared to conventional dc-dc converter, isolated 

bidirectional dc-dc converter has many advantages such 

as electrical isolation, soft switching feature and high 

reliability [6-7].  

      A dc–dc converter boosts the battery voltage to a 

desired high voltage. In order to increase efficiency, 

soft-switching technology has been widely used in DC–

DC converters. However, most of the existing soft-

switched dc–dc converters are low power or 

unidirectional and often are difficult to meet the 

requirements of the high power, UPS applications. Full-

bridge isolated bidirectional DC–DC converters with 

parallel snubber capacitors soft switching are 

considered as one of the best choices for these 

applications [8].  

      This paper presents a power converter for a fuel cell 

electric vehicle driving system. A new bidirectional, 

isolated topology is proposed in consideration of the 

differing fuel cell characteristics from traditional 

chemical-power battery and safety requirements. 

Simulation results are carried out to validate the 

proposed work through MATLAB simulink. 

   

2.   Converters methodology 

DC-DC converters are electronic devices used 

whenever we want to change DC electrical power 

efficiently from one voltage level to another. They are 

needed because unlike AC, DC cannot simply be 

stepped up or down using a transformer. In many ways, 

a DC-DC converter is the DC equivalent of a 

transformer. Typical applications of DC-DC converters 

are 24V DC from a truck battery must be stepped down 

to 12V DC to operate a car radio, CB transceiver or 

mobile phone; where 12V DC from a car battery must 

be stepped down to 3V DC, to run a personal CD 

player; where 5V DC on a personal computer 

motherboard must be stepped down to 3V, 2V or less 

for one of the latest CPU chips; where the 340V DC 

obtained by rectifying 240V AC power must be stepped 

down to 5V, 12V and other DC voltages as part of a PC 

power supply; where 1.5V from a single cell must be 

stepped up to 5V or more, to operate electronic 

circuitry; where 6V or 9V DC must be stepped up to 

500V DC or more, to provide an insulation testing 

voltage; where 12V DC must be stepped up to +/-40V 

or so, to run a car hi-fi amplifier’s circuitry; or where 

12V DC must be stepped up to 650V DC or so, as part 

of a DC-AC sine-wave inverter.  

     In all of these applications, we want to change the 

DC energy from one voltage level to another, while 

wasting as little as possible in the process. In other 

words, we want to perform the conversion with the 

highest possible efficiency. An important point to 

remember about all DC-DC converters is that like a 

transformer, they essentially just change the input 

energy into a different impedance level. So whatever 

the output voltage level, the output power all comes 

from the input; there’s no energy manufactured inside 

the converter. Quite the contrary, in fact some is 

inevitably used up by the converter circuitry and 

components, in doing their job. We can therefore 

represent the basic power flow in a converter with this 

equation:  

P��

= P���

+ P	�

�
                                                                           (1) 

where Pin is the power fed into the converter, Pout is the 

output power and Plosses is the power wasted inside the 

converter. Of course if we had a perfect converter, it 

would behave in the same way as a perfect transformer. 

There would be no losses, and Pout would be exactly 

the same as Pin. We could then say that 

V�� ∙ I��

= V���

∙ I���                                                                         (2) 

Or by re-arranging, we get 

V���/V��

= I��/I���                                                                           (3) 

   In other words, if we step up the voltage we step 

down the current, and vice-versa. Nowadays some 

types of converter achieve an efficiency of over 90%, 

using the latest components and circuit techniques. 

Most others achieve at least 80-85%, which as you can 

see compares very well with the efficiency of most 

standard AC transformers.  

 

3. Protection of snubbers 

To enhance the performance of the switching circuit of 

power converters, snubbers are placed across the power 

switches to suppress voltage spikes and damp the 

ringing caused by circuit inductance when a switch 

opens. They can also be used to prevent arcing across 

the contacts of relays and switches. Proper design of the 

snubber can result in higher reliability, higher 

efficiency, and high load side voltage and lower EMI. 

The object of the snubber is to eliminate the voltage 

transient and ringing that occurs when the switch opens 

by providing an alternate path for the current flowing 

through the circuit’s intrinsic leakage inductance.   

     A simple RC snubber uses a small resistor in series 

with a small capacitor. This combination can be used to 

suppress rapid rise in voltage across the switch. 

Determination of voltage rating can be difficult owing 

to the nature of transient waveforms. RC snubbers are 

very useful for low and medium power applications but 
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when the power level is more than a few hundred watts 

the loss in the snubber can be excessive and other types 

of snubbers need to be considered. resistor to reduce 

junction temperature. Resistor–capacitor–diode snubber 

clamps the voltage, and has several advantages over the 

RC snubber: 

• In addition to peak voltage limiting, the circuit can 

reduce the total circuit loss, including both 

switching and snubber losses. 

• For a given value of Cs, the total losses will be 

less. 

• The shunt capacitance across the switch (Cp) is a 

useful part of the snubber. 

• RCD snubbers can be applied in high power 

applications. 

    But there is one disadvantage however,

the diode across Rs, the effective value for R

the charging of Cs, is essentially zero and  the energy 

which have to be absorbed in the buffer capacito

be dissipated on the resistor, resulting in low efficiency.

    Parallel Snubber Capacitors are circuits which are 

placed across semiconductor devices for protection and 

to improve performance. Parallel Snubber Capacitors

can do many things: 

• Reduce or eliminate voltage or current spike.

• Limit dI/dt or dV/dt. 

• Shape the load line to keep it within the safe 

operating area (SOA). 

• Transfer power dissipation from the switch to a 

useful load. 

• Reduce EMI by damping voltage and current 

ringing. 

• Improve voltage across the load side. 

   Apart from RC snubber and RCD snubber,

parallel snubber capacitors across the switches 

naturally reduce the voltage and current stress across 

the primary-side devices. Switching losses are reduced 

significantly owing to zero-voltage switching and zero

current-switching soft-switching features.

switching enabling the use of semiconductor devices of 

low voltage rating and also improves the output voltage 

across the load side. Much better load lines can be 

achieved, allowing the load line to pass well within the 

safe operating area. 

4. Proposed Topology 

The proposed block diagram shows a dc-

with parallel snubber capacitor across the upper and 

lower switch which increases the output voltage across 

the load side. The proposed configuration for boost

operation reduces the current and voltage spikes.

a new type of DC-DC converter with the parallel 

snubber capacitors across the primary switches 

introduced. These snubber capacitors naturally reduces 

the voltage and current stress across the primary

devices, reduces voltage stresses across the primary 

side of the transformer which in turn increases the 

when the power level is more than a few hundred watts 

the loss in the snubber can be excessive and other types 

resistor to reduce 

diode snubber 

has several advantages over the 

ltage limiting, the circuit can 

reduce the total circuit loss, including both 

For a given value of Cs, the total losses will be 

The shunt capacitance across the switch (Cp) is a 

an be applied in high power 

But there is one disadvantage however, because of 

, the effective value for Rs, during 

the charging of Cs, is essentially zero and  the energy 

which have to be absorbed in the buffer capacitor will 

be dissipated on the resistor, resulting in low efficiency.  

Parallel Snubber Capacitors are circuits which are 

placed across semiconductor devices for protection and 

Snubber Capacitors 

or eliminate voltage or current spike. 

Shape the load line to keep it within the safe 

Transfer power dissipation from the switch to a 

Reduce EMI by damping voltage and current 

 

Apart from RC snubber and RCD snubber, the 

capacitors across the switches 

the voltage and current stress across 

Switching losses are reduced 

voltage switching and zero-

switching features. This Soft 

switching enabling the use of semiconductor devices of 

low voltage rating and also improves the output voltage 

Much better load lines can be 

allowing the load line to pass well within the 

-dc converter 

capacitor across the upper and 

lower switch which increases the output voltage across 

side. The proposed configuration for boost 

operation reduces the current and voltage spikes. Thus, 

DC converter with the parallel 

snubber capacitors across the primary switches 

introduced. These snubber capacitors naturally reduces 

ltage and current stress across the primary-side 

reduces voltage stresses across the primary 

side of the transformer which in turn increases the 

voltage across the load side. The block diagram and 

circuit diagram of proposed converter are depicted

figures 1 and 2 respectively. 

Figure 1..Block diagram

Figure 2. Circuit diagram of proposed converter

Modes of operation

There are two types of conversion is available in this 

proposed method like boost mode conversion (step up) 

and buck mode conversion (step down).

Boost Mode (STEP UP CONVERSION)

In the step-up conversion, switches 

controlled, and the body diodes of switches 

serve as a rectifier. The all operation modes of step up 

converter is depicted in figure 3. 

The block diagram and 

circuit diagram of proposed converter are depicted in 

 

lock diagram 

 

of proposed converter 

Modes of operation 

There are two types of conversion is available in this 

proposed method like boost mode conversion (step up) 

conversion (step down). 

Boost Mode (STEP UP CONVERSION) 

up conversion, switches M1~ M4 are 

controlled, and the body diodes of switches M5 ~ M8 

The all operation modes of step up 
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(a) mode 1 

 
(b) mode 2 

 
(c) mode 3 

Figure 3. Boost mode operation 

Mode 1: In this mode, M1 and M4 remain conducting, 

while M2 and M3 are turned off. Then, clamping diode 

DC conducts, and capacitor CC is charged. Leakage 

inductance current ip will start to track current iL and 

buffer capacitor Cb1 will start to release energy but it 

continuous discharging until voltage across it becomes 

zero. 

Mode 2: In this mode, after the energy stored in Cb1 has 

been completely released to the output and diode D5 

will conduct. 

Mode 3: In this mode, switches M2 and M3 also turned 

on and switch Ms of the fly-back snubber is turned on 

synchronously. When switch Ms is turned off, capacitor 

voltage Vc drops to zero, and the energy stored in the 

magnetizing inductance will be completely transferred 

to buffer capacitor, Cb1. 

 

Buck Mode (STEP DOWN CONVERSION) 

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

controlled, and the body diodes of switches M1 ~ M4 

operate as a full-bridge rectifier. The all operation 

modes of step down converter is depicted in figure 4. 

 
(a) mode 1 

 
(b) mode 2 

Mode 1: In this mode, switches M5 and M8 are turned 

on, while M6 and M7 are in the OFF state. The high-side 

voltage VHV is crossing the transformer, the diodes D1 

and D4 starts conducting and hence the voltage across 

the transformer terminals on the low-voltage side 

changes immediately to reflect the voltage from the 

high-voltage side. 

Mode 2: In this mode, switch M8 remains conducting, 

while M5 is turned off. The body diode of M6 then 

starts conducting the freewheeling leakage current. 

Then, clamping diode DC starts conducting. At the 

same time, switch MS of the fly-back snubber is turned 

on and starts transferring the energy stored in capacitor 

CC to buffer capacitors Cb1 and Cb2. 
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(c) mode 3 

Figure 4. Buck mode operation

Mode 3: In this mode, switch M6 remains conducting, 

while M8 is turned off. Buffer capacitor 

discharging by the freewheeling current. When 

fully discharged, the body diode of M7

conducting the freewheeling current. At the end of this 

mode, the active switches changes to other pair of 

switches. 

 

5. Results and Discussion 

The bidirectional converter topologies have various 

topologies; however, these topologies with isol

transformers have high-conduction losses, because the 

usual number of power switches is between four and 

nine. Non-isolated bidirectional converter under hard 

switching is less efficient than soft-switching converter 

due to its simple configuration and small account of the 

power switching devices. In this paper the simulation 

results were obtained which includes the 

primary and secondary voltages, buffer capacitor 

voltage and output voltages for both modes. 

simulation results were taken through MATLAB 7.6 

SIMULINK platform using 2.8 GHz Intel Core 2 Duo 

processor based PC. 

Boost mode 

     Figure 5. Gate pulses 

    In step up mode of operation, a 24V DC supply is 

given as input to the primary side of the converter and 

the voltage boosts up as 210.8V in the load side.

corresponding gating pulse given to MOSFET switches 

M1, M2, M3, M4 and Ms is shown in figure 5. The

transformer primary voltage and secondary

 

Buck mode operation 

remains conducting, 

is turned off. Buffer capacitor Cb2 is 

When Cb2 gets 

7 then starts 

conducting the freewheeling current. At the end of this 

the active switches changes to other pair of 

The bidirectional converter topologies have various 

topologies; however, these topologies with isolated 

conduction losses, because the 

usual number of power switches is between four and 

isolated bidirectional converter under hard 

switching converter 

d small account of the 

In this paper the simulation 

results were obtained which includes the transformer 

primary and secondary voltages, buffer capacitor 

voltage and output voltages for both modes. The 

through MATLAB 7.6 

SIMULINK platform using 2.8 GHz Intel Core 2 Duo 

 

In step up mode of operation, a 24V DC supply is 

the primary side of the converter and 

up as 210.8V in the load side. The 

given to MOSFET switches 

is shown in figure 5. The 

and secondary voltages 

and currents are depicted in figure

respectively. The primary voltage across the 

transformer raises up to 24V. By adding snubber 

capacitors across the primary side MOSFET switches, 

the voltage stress across the primary side of transformer 

reduced. The secondary side of the transformer rises 

to 210.8V. Similarly the voltages

through the buffer capacitor Cb1 

figure 8.  

  Figure 6. Transformer’s primary and secondary 

voltages 

Figure 7. Transformer’s primary and secondary 

currents  

Figure 8. Buffer capacitor 

Figure 9. Output voltage

     The output voltage with respect to time where it is 

found that the 24V gets boosted up to 210.8V using this 

proposed converter shown in figure 9. 

 

are depicted in figures 6 and 7 

The primary voltage across the 

to 24V. By adding snubber 

capacitors across the primary side MOSFET switches, 

the voltage stress across the primary side of transformer 

reduced. The secondary side of the transformer rises up 

the voltages which are flowing 

 and Cb2. is shown in 

 

Transformer’s primary and secondary 

 

Transformer’s primary and secondary 

 

Buffer capacitor voltages 

 

Output voltage 

The output voltage with respect to time where it is 

found that the 24V gets boosted up to 210.8V using this 

proposed converter shown in figure 9.  
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Figure 10. Gate pulses 

Figure11.Transformer’s primary and secondary 

voltages 

Figure 12. Transformer’s primary and secondary 

currents  

Figure 13. Buffer capacitor voltages

Figure14. Output voltage 

Buck mode 

In step down mode of operation, a 210V DC supply is 

given as input to the secondary side of the converter 

and the voltage bucks down as 17.36V on load side.   

The corresponding gating pulse given to MOSFET 

 

 

secondary 

 

Transformer’s primary and secondary 

 

Buffer capacitor voltages 

 

In step down mode of operation, a 210V DC supply is 

given as input to the secondary side of the converter 

and the voltage bucks down as 17.36V on load side.   

given to MOSFET 

switches M5, M6, M7, M8 and Ms

10.  The transformer primary voltage and secondary 

voltages and currents are depicted in figures 11 and 12 

respectively.  The secondary voltage across the 

transformer is 210V and it bucks down in to 24V on 

primary side.  

Table 1. Proposed Circuits Parameter Rating         

 

    Table 2. Proposed circuits voltage rating      

 

Similarly the voltages which are flowing through the 

buffer capacitor Cb1 and Cb2. is shown in

output voltage with respect to time where it is found 

that the 210V gets bucked down to 17.36V using this 

proposed converter shown in figure 14. The proposed 

converter parameters rating and circuits voltage rating 

are given in tables I and II respectively.

6. Conclusion

This proposed converter with parallel snubber 

capacitors with high efficiency can 

performance of lower voltage and current spikes.

isolated full bridge dc-dc converter with parallel 

snubber capacitors across the primary side switches 

was proposed which increases the output voltage and

the hard switching’s voltage stress was minimized. 

Hence, the simulation results are observed with low 

side voltage of 24V and high side voltage of 210V in 

the proposed converter whereas in the conventional 

converter, the simulation results are observed with low 

S.No. Parameters 

1 
Current fed 

inductor(Lm)

2 Leakage inductor(Lil)

3 Leakage inductor(Lih)

4 Buffer capacitor(Cb1)

5 Buffer capacitor(Cb2)

6 
Snubber capacitors 

(C1~C4) 

7 
Clamping 

capacitor(Cc)

8 
High side 

capacitor(CHV)

S.No. Modes 

1 
Step up mode 

 

Input 

voltage

Output 

voltage

2 

Step down 

mode 

 

Input 

voltage

Output 

voltage

switches M5, M6, M7, M8 and Ms is shown in figure 

10.  The transformer primary voltage and secondary 

voltages and currents are depicted in figures 11 and 12 

The secondary voltage across the 

transformer is 210V and it bucks down in to 24V on 

Proposed Circuits Parameter Rating          

Proposed circuits voltage rating       

which are flowing through the 

is shown in figure 13.  The 

output voltage with respect to time where it is found 

that the 210V gets bucked down to 17.36V using this 

converter shown in figure 14. The proposed 

converter parameters rating and circuits voltage rating 

are given in tables I and II respectively. 

Conclusion 

This proposed converter with parallel snubber 

capacitors with high efficiency can yield the 

nce of lower voltage and current spikes.An 

dc converter with parallel 

snubber capacitors across the primary side switches 

was proposed which increases the output voltage and 

the hard switching’s voltage stress was minimized. 

the simulation results are observed with low 

side voltage of 24V and high side voltage of 210V in 

the proposed converter whereas in the conventional 

converter, the simulation results are observed with low 

 Ratings 

inductor(Lm) 
0.5µH 

eakage inductor(Lil) 1.5µH 

Leakage inductor(Lih) 9.0µH 

Buffer capacitor(Cb1) 4.7nF 

Buffer capacitor(Cb2) 4.7nF 

Snubber capacitors 
0.1nF 

capacitor(Cc) 
100nF 

capacitor(CHV) 
230µF 

Voltages 

Input 

voltage 
24 V 

Output 

voltage 
210.8 V 

Input 

voltage 
210 V 

Output 

voltage 
17.36 V 
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voltage side of 24V and high side voltage of 190V.The 

modified circuit can also yield the performance of less 

voltage stress across the primary switches and reduces 

voltage spikes across the primary side of the 

transformer for boost operation. 
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