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 Soft switching converter is used to achieve the function of resonant converter by zero 
voltage switching turn on in power switches and it also step up the dc voltage. The size 

of the transformer core and load current sharing is reduced. So two circuit designs are 

connected in parallel. To minimize the leakage and magnetizing inductance of the 
transformers, a snubber circuit is connected between them. This snubber circuit is also 

used to reduce the voltage stress across the switches. During commutation period, two 

switches output capacitance of the switches and the leakage inductance of the 
transformer are at resonant condition so power switches can turn on under zero voltage 

switching. During Simulation, the output is 420V which verifies the efficiency of the 

converter. 
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INTRODUCTION 

 

 Boost converters with zero voltage switching (ZVS), have proposed with advantages of high frequency 

operation, ZVS switching and high circuit efficiency (Lin et al 2010; Lin et al 2009). However, the voltage 

stress in the resonant converters are much high for high input voltage applications ( Li et al 2007; Kim et al 

2010). Active snubbers are used to reduce voltage spikes and switching losses and to increase circuit efficiency. 

Power switches are turned on under ZVS during the transition interval based on the transformer leakage 

inductance and the switch output capacitance ( Kim et al 2010). However, a high power rating and a high power 

density are required in many practical applications such as computer servers and telecommunication power 

supplies. One way to increase output power is to connect two or more converter cells in parallel. Gomes Silva et 

al., (2013) & Sha et al.,(2010) have proposed that the current stresses and the power losses can be distributed 

among all of the converter. An interleaved PWM controller can control several converter cells with a phase-

shifted PWM technique to realize load current sharing and ripple current cancellation. Forward converters with 

soft switching techniques have been presented by Lin et al.,(2009); & Hong et al.,(2010) to realize ZVS 

operation and to achieve conversion efficiency improvements. However, the control schemes are more difficult 

to implement and many switches are used in the circuits. This paper presents a parallel soft switching converter 

with an output voltage doubler topology (Lee et al. 2007).  

 Two circuit modules with the same power switches are connected in parallel at the input and output sides to 

reduce the current stresses on the output diodes and the primary and secondary windings of the transformers. An 

active snubber is connected between two power transformers to achieve a transformer flux reset, to limit the 

voltage spikes on power switches and to achieve the ZVS turn-on of switches (Jae-Jung Yun et al 2012; Kim et 

al 2008). In the secondary side, an output voltage doubler is used to achieve an output voltage step-up. Power 

electronics is the field of electrical engineering related to the use of semiconductor devices to convert power 

from the form available from a source to that required by a load. The load may be AC or DC, single-phase or 

three-phase, and may or may not need isolation from the power source. The power source can be a DC source or 

an AC source (single-phase or three-phase with line frequency of 50 or 60 Hz), an electric battery, a solar panel, 

an electric generator or a commercial power supply. A power converter takes the power provided by the source 

and converts it to the form required by the load. The power converter can be an AC-DC converter, a DC-DC 

converter, a DC-AC inverter or an AC-AC converter depending on the application. 
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Boost converter using snubber circuit: 

A. Circuit Configuration: 

 The circuit configuration of the proposed converter is shown in figure1 in which of two modules connected 

in parallel to share the load current. Vin is the input voltage, T1 and T2 are the isolated transformers, Lr1 and Lr2 

are the resonant inductances, Lm1 and Lm2 are the magnetizing inductances, and S1 and S2 are the main and 

auxiliary switches. DS1 and DS2 are the anti-parallel diodes of S1 and S2, respectively.  

 

 
 

Fig.1: Circuit configuration Boost converter using snubber circuit. 

 

 An active snubber including S2 and Cc is connected between the two transformers T1 and T2 to limit the 

voltage stress of the power switches S1and S2 and to implement the flux reset of T1 and T2. During the transition 

interval of S1 and S2, the capacitors CS1 and CS2 and the inductors Lr1 and Lr2 are resonant to allow the ZVS turn-

on feature on the switches S1 and S2. From a general PWM IC or from an active clamp PWM IC with an isolated 

gate driver. Thus, the switching losses and the thermal stresses of the semiconductors and the transformers are 

reduced. In the secondary side of T1 and T2,a voltage double rectifier is used to obtain a stable output voltage 

Vo. The PWM signals of S1 and S2 are complementary to each other with a small delay time which can be 

generated. 

 

B. Operation of circuit configuration: 

 Based on the on and off states of the switches S1 and S2 and the diodes D1 D4, there are six operating 

modes in the proposed converter during one switching cycle. Before the system analysis, the following 

assumptions are made:  

i. 𝛿is a duty cycle of the main switch S1. 

ii. The conduction times of S1 and S2 are 𝛿Ts and (1-𝛿)Ts, where Ts is the switching period. 

iii. The capacitances C, Cc, Co1 and Co2 are much larger such that the voltages VC, VCC, Vo1 and Vo2 are 

assumed to be constant. 

iv. The capacitances CS1 and CS2 are less than the capacitances C and Cc;. 

v. The turns ratio of T1 and T2 are identical n=nT1=nT2=Np/Ns. 

vi. The resonant inductances Lr1=Lr2=Lr are much less than the magnetizing inductances Lm1=Lm2=Lm. 

vii. In the steady state, the average capacitor voltage VC=Vin.  

 Before time t0, the switch S1 is in the on-state. Since the inductor current iLr1<iLm1 and the inductor current 

iLr2>iLm2, the secondary winding current iT1, sis negative and the secondary winding current iT2,sis positive, 

respectively. Thus, the diodes D2 and D4 are conducting. The primary voltage VLm1=-nVo2 and the primary 

voltage VLm2=nVo2. The inductor current iLr1increases and the inductor current iLr2 decreases. 

 

C. Modes of operation: 

   
Fig. 2: Circuit configuration for mode 1 Figure 3 Circuit configuration for mode 2. 
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Fig. 4: circuit configuration for mode 3 Figure 5 circuit configuration for mode 4. 

 

(a) Mode 1 [𝑡0 ≤ 𝑡 < 𝑡1]: 

 At time t0, in figure 2 the inductor current iLr1>iLm1and iLr2<iLm2 respectively.Thus the diodes D1 and D3 are 

conducting in this mode. The primary voltage VLm1=nVo1 and the primary voltage VLm2=-nVo1.Since the switch 

S1 is in the on-state, the inductor currents iLr1 and iLr2 are expressed as:  

𝑖𝐿𝑟1 ≈ 𝑖𝐿𝑟1 𝑡0 + 𝑉𝑖𝑛 − 𝑛𝑉𝑜1/𝐿𝑟(𝑡 − 𝑡0)           (1) 

𝑖𝐿𝑟2 ≈ 𝑖𝐿𝑟2 𝑡0 + 𝑛𝑉01 − 𝑉𝑐/𝐿𝑟(𝑡 − 𝑡0)           (2) 

 Since Vin>nVo1, the inductor current iLr1 increases and the inductor current iLr2 decreases. The magnetizing 

currents iLm1and iLm2 are given as:  

𝑖𝐿𝑚1 𝑡 = 𝑖𝐿𝑚1 𝑡0 + 𝑛𝑉𝑜1(𝑡 − 𝑡0)/𝐿𝑚            (3) 

𝑖𝐿𝑚2 𝑡 = 𝑖𝐿𝑚2 𝑡0 − 𝑛𝑉𝑜1(𝑡 − 𝑡0)/𝐿𝑚            (4) 

 Power is delivered from the input terminal voltage Vin to the output capacitor Co1 through T1, S1 and D1. 

The energy stored in the capacitor C also delivers power to the capacitor Co1 through T2, S1 and D3. The 

secondary diode currents iD1 and iD3 are given as:  

𝑖𝐷1 𝑡 = 𝑛𝑖𝐿𝑟1 𝑡 − 𝑖𝐿𝑚1(𝑡)             (5) 

𝑖𝐷3 𝑡 = 𝑛𝑖𝐿𝑟2 𝑡 − 𝑖𝐿𝑚2(𝑡)            (6) 

 

(b) Mode 2 [t1 t<t2]: 

 At time t1, in figure 3 S1 is turned off. CS1 is charged from the zero voltage and CS2 is discharged from 

Vin+VC1-VCc. The components Lr1, Lr2, CS1 and CS2 are resonant in this mode. Since the time interval in this 

mode is negligible when compared to the switching period Ts, the primary currents iLr1 and iLr2 are almost 

constant and CS1 and CS2 are linearly charged and discharged, respectively. The diodes D1 and D3 are still 

conducting in this mode. At time t2, the capacitor voltage VCS2 decreases to zero and the capacitor voltage VCS1 

increases to Vin+VC-VCC. When the voltage VS2,ds(or VCS2) becomes zero at time t2, the anti-parallel diode DS2 of 

the switch S2 is conducting.  

 

(c) Mode3 [t2 t<t3]: 

 At time t2, in figure 4 the anti-parallel diode DS2 is conducting and the switching current iS2 is negative. 

Thus the switch S2 can be turned on in this mode to realize ZVS. Since the diodes D1 and D3 are still conducting 

in this mode, the magnetizing current iLm1 increases and the magnetizing current iLm2 decreases, respectively. 

 The inductor voltage 𝑉𝐿𝑟1 = 𝑉𝑐𝑐 − 𝑉𝑐 − 𝑛𝑉01 < 0 and the inductor voltage VLr2=nVo1+Vin-VCc>0𝑉𝐿𝑟2 =
𝑛𝑉01 + 𝑉𝑖𝑛 − 𝑉𝑐𝑐 > 0.Therefore, the inductor current iLr1 decreases and the inductor current iLr2 increases. At 

time t3, iLr1=iLm1 and iLr2=iLm2. Then the diodes D1 and D3 are off and the diodes D2 and D4 are conducting.  

 

 
 

Fig. 6: circuit configurations for mode 5. 
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(d) Mode 4 [t3 t<t4]: 

 In this mode, figure 5 iLr1<iLm1 and iLr2>iLm2.Thus the diodes D1 and D3 are off and the diodes D2 and D4 are 

conducting. The auxiliary switch S2 is still in the on-state.  

 The magnetizing voltage VLm1=-nVo2 and the magnetizing voltage VLm2=nVo2. Thus the magnetizing current 

iLm1 decreases and the magnetizing current iLm2increases, respectively. The inductor voltage VLr1=VCc+nVo2-

VC<0 and the inductor voltage VLr2=Vin-VCc-nVo2>0. Thus the inductor current iLr1 decreases and the inductor 

current iLr2 increases.  

 

 (e) Mode 5 [t4 t<t5]: 

 At time t4, in figure 6 the auxiliary switch S2 is turned off. Since iLr2(t4)-iLr1(t4)>0, the capacitor CS2 is 

charged and the capacitor CS1 is discharged. The drain voltage VS1,𝛿 decreases from Vin+VC-VCC and the drain 

voltage VS2,𝛿 increases from zero voltage. Since the time interval in this mode is negligible when compared to 

the switching period Ts,the inductor currents iLr1 and iLr2 are almost constant and CS1and CS2are linearly 

discharged and charged, respectively. The diodes D2 and D4 are still conducting in this mode. At time t5, the 

capacitor voltage VCS1 decreases to zero and the capacitor voltage VCS2 increases to Vin+VC-VCC. When the 

voltage VS1,ds(or VCS1) becomes zero at time t5, the anti-parallel diode DS1 of switch S1 is conducting.  

 

(f) Mode 6 [t5 t<T+t0]: 

 At time t5, in figure 7 the anti-parallel diode DS1 is conducting and the switching current iS1 is negative. 

Thus the switch S1 can be turned on at this instant to achieve ZVS. Since the diodes D2 and D4 are still 

conducting in this mode, the magnetizing current iLm1 decreases and the magnetizing current iLm2 increases. The 

inductor voltage VLr1=Vin+nVo2>0 and the inductor voltage VLr2=-nVo2-VCc<0. Therefore, the inductor current 

iLr1 increases and the inductor current iLr2 decreases. At time T+t0, iLr1=iLm1 and iLr2=iLm2. Then the diodes D2 and 

D4 are off, and the diodes D1 and D3are conducting. Then, the circuit operation of the proposed converter in a 

switching cycle is completed. 

 

 
 

Fig. 7: circuit configuration for mode 6. 

 

 Current and voltage waveforms of the converter components were provided to show soft switching 

operation of main switches and auxiliary switch. The advantages of the proposed converter over a conventional 

current-fed PWM full-bridge converter were also reviewed. 

 

Design and simulation results: 

 The efficiency of a current-fed PWM full-bridge DC-DC boost converter in Figure 8 can be improved by at 

least 2% under heavy-load conditions and more than 10% under light-load conditions by using a simple 

auxiliary circuit to allow the main bridge switches to operate with ZVS. A laboratory prototype circuit with a 

340W (200V/1.7A) rated power was built to verify the effectiveness of the proposed converter. The nominal 

input terminal voltage in fig 9 Vin is 48V and the minimum and maximum input voltages are 36V and 60V, 

respectively. The proposed converter is operated at a switching frequency fs=70 kHz. An EI-40 core was used 

for the transformers T1 and T2. The primary winding turns Np are 18 and the secondary winding turns Ns are 50. 
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Fig. 8: Simulink of Boost converter using snubber circuit. 

 

 The magnetizing inductances Lm of T1 and T2 are 100mH. The resonant inductances of Lr1 and Lr2 are 

10mH. The output filter capacitances Co1 and Co2 are 330mF/420V. IRFP264N MOSFETs are used for the 

switches S1 and S2 and ER605 fast recovery diodes are adopted for the diodes D1∼D4 and the diode current 

shown in the Figures (10-12).The capacitances of Cc and C are 16mF. A type II voltage controller was adopted 

to regulate the output voltage using IC UCC2893 PWM control. In Figure 8 Shows the measured gate voltage 

VS1,g , the drain voltage VS1,d and the switch current IS1 of the switch S1 at 30%, 60% and 100% load conditions, 

respectively. Before the switch S1 is turned on, the switch current iS1 is negative to discharge the capacitor CS1 . 

Thus the drain voltage VS1,d is decreased to zero and the anti-parallel diode in figure 13 DS1 is conducting. 

Therefore, the switch S1 is turned on at this instant to achieve ZVS. figure 14 shows the measured gate voltage 

VS2,g , the drain voltage VS2,d and the switch current iS2 in figure 14 of the switch S2 at 30%, 60% and 100% load 

conditions, respectively. Similarly, S2 is also turned on at ZVS. 

 

 
 

Fig. 9: Output Voltage     . 

 

 
 

Fig. 10: Diode current Id1. 

 

 
Fig. 11: Diode current Id2      
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Fig. 12: Diode current Id4 

 

 
 

Fig. 13: S1switch current Is1  

 

 

 

Fig. 14: S2 switch current Is2 

 

 The primary winding currents iLr1 and iLr2 , and the switch currents iS1 and iS2 at 60% and 100% load 

conditions. When S1 is in the on state, the switch current iS2 is zero, the inductor current iLr1 increases and the 

inductor current iLr2 decreases, and the switch current iS1 =iLr1 -iLr2 .When S1 is in the off state and S2 is in the on 

state, the switch current iS1 is zero. The inductor current iLr1 decreases, the inductor current iLr2 increases, and the 

switch current iS2 =iLr2 - iLr1. Figure 7 illustrates the measured results of the gate voltages VS1,gs and VS2,gs , the 

clamp voltage VCC and the capacitor voltage VC at 30%, 60% and 100% load conditions. It is clear that the 

clamp voltage VCC is related to the duty cycle of the switch S1 . If the duty cycle δ is greater than 0.5, then VCC is 

a negative voltage. In figure 9 the output voltage of 420 volt is verified.  

 

Conclusion: 

 In this paper, a ZVS Boost converter with an output voltage double is proposed. An active snubber is used 

to reduce the voltage across the switches, and to adopt flux reset on transformer, to reduce the peak voltage on 

the semiconductors, and to achieve ZVS turn-on for the main and auxiliary switches. Thus the converter 

efficiency is increased. The two circuit are connected in parallel consist of same switches is to achieve load 

current sharing based on 420V stimulation prototype have been provided to verify the theoretical analysis and 

the performance of the proposed converter. 
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