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Abstract: An auxiliary circuit is presented to perform zero-voltage-switching (ZVS) operation of 
IGBT switches in full-bridge dc-dc converter. Proposed circuit is passive and has a very simple 
structure. The significant increase of output power and efficiency of the new converter in comparison 
with previous model is the major advantage of proposed circuit. The principle of operation is described 
and the new converter is simulated by PSCAD/EMTDC software. Simulation results and comparisons 
validate and prove the accuracy of these claims. 
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INTRODUCTION 

 
 The full-bridge (FB) zero-voltage-switching (ZVS) converter (FBZVS converter) is the most popular 
topology for dc-dc converters. This converter has many advantages including the ZVS operation, high 
efficiency, low circulating reactive energy and the device is moderate stresses. The major limitation of the 
FBZVS converter has been the limited range of operation over which ZVS can be achieved. In the case of high-
power converters using IGBT, an external snubber capacitor is connected to reduce the rate of rise of voltage 
and turn-off losses (M. Borage, et al., 2008). 
 An auxiliary circuit ideally is not required to store energy at full load since the energy stored in transformer 
leakage inductance is sufficient for ZVS operation. The additional stored energy is required only for lower load 
current when the energy stored in the transformer leakage inductance is not sufficient to ensure ZVS operation 
(M. Borage, et al., 2005). 
 In this paper a simple passive auxiliary circuit is proposed to achieve ZVS operation of active switches over 
the whole conversion range. Due to elimination of a transformer from auxiliary circuit presented in (M. Borage, 
et al., 2008) the new converter has very simple and proper circuit in comparison with previous models of 
converter and its complexity is reduced. The significant increase of the efficiency and output power of new 
proposed converter comparison to model presented in (M. Borage, et al., 2008) are the major advantages of new 
proposed circuit. Simulation topology is implemented in PSCAD/EMTDC software. Simulation results and 
comparisons prove and validate the accuracy of these claims. 

 
 New Passive Auxiliary Circuit:  
 Fig.1. shows the proposed auxiliary circuit and new converter. In the converter proposed in (M. Borage, et 
al., 2008), existence of two transformers in the auxiliary circuit of this converter cause auxiliary circuit 
complexity and lack of proper efficiency of converter is. In this paper by elimination of a transformer from the 
converter circuit proposed in (M. Borage, et al., 2008), the auxiliary circuit of new converter is very simplified 
and its complexity is reduced and the converter efficiency is increased considerably. Four IGBT switches, S1-S4, 
four anti-parallel diodes, D1-D4, and four snubber capacitors, C1-C4, constitute the full-bridge switching circuit 
(M. Borage, et al., 2008). The forming elements of new auxiliary circuit include: inductor La (stores the 
additional energy for ZVS operation when the stored energy in transformer leakage (M. Borage, et al., 2008) 
inductance is insufficient), transformer Tr with primary-to-secondary turns ratio of N:1. The diodes Dr1-Dr2; 
inductors Lf1-Lf2 and capacitor Cf form the output current doubler rectifier and filter. Ro is load resistor and Vd is 
the input DC supply. 

 
Principle of Operation:  
 The idealized waveforms of proposed converter in steady-state are shown in Fig. 2. Let D be the duty cycle 
of the output voltage vs at the terminal of secondary winding of transformer (M. Borage, et al., 2008) Tr. To 
analyze the converter operation we assume that D is constant. The operation is analyzed in four operation 
modes. fs =1/Ts is the switching frequency. In the Fig. 2, first mode is defined in time interval from t0 to t1. 
 In this mode switches S1, S4 are on and S2, S3 are off. So vp1= Vd, vp2 = 0. According to Fig. 1, the voltage 
across the inductor La, vLa, is input voltage of transformer Tr and can be written as vLa = vp1-vp2 so vLa is equal to 
Vd and transformer output voltage vs is equal to vLa/N or Vd/N. 
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 The time interval from t1 to Ts/2 is defined as second operation mode. In this mode switches S1, S3 are on 
and S2, S4 are off. So vp1, vp2, vLa and vs are equal to zero. Time interval from Ts/2 to t2 is the third converter 
operation mode.  
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Fig. 1: New Proposed converter and its passive auxiliary circuit. 
 

 
 

Fig. 2: Idealized waveforms of the new proposed converter in steady-state. 
 
 In this mode switches S2, S3 are on and S1, S4 are off. In this state vp1 is equal to zero and vp2 is equal to Vd. 
So vLa is equal to –Vd and vs is equal to –Vd/N. The time interval from t2 to Ts is the 4th mode of converter 
operation. In this interval switches S2, S4 are on and S1, S3 are off. In this state vp1, vp2, vLa, vs are equal to zero. 
From converter analysis in four operation mode waveforms of vp1, vp2, vLa, vs are obtained. The waveform of vLa 
is three-step bipolar square wave voltage waveform with amplitude equal (M. Borage, et al., 2008) to ±Vd and 
duty cycle D. The waveform of vs is a three-step bipolar square wave voltage waveform with amplitude equal to 
±Vd/N and duty cycle D. When the converter operates in full-load condition the duty cycle D is near 1. 
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According to the waveform of current iLa in Fig. 2 The peak value of current iLa (ILa) is derived as follows: 
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 Where Ts is switching period and in full-load condition iLa is maximum. So iLa is proportional to D. The 
load current Io also can be written as: 
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 The load current Io is proportional to D. Both of these currents increase with D and are maximum in full-
load condition where D is near 1. 
 
Simulation Results: 
 In the new proposed converter the ZVS operation of active switches in whole conversion range is analyzed. 
The DC input voltage of converter is 250 V. The converter delivers 69.2 A maximum (in full-load condition 
where D = 1) in a load resistor 0.2 Ω. 
 The output current variation is in the range of 0 to 69.2 A. This variation for converter proposed in (M. 
Borage, et al., 2008) is in the range of 0 to 69.44 A (in full load, D = 1). The output voltage variation is in the 
range of 0 to 13.84 V (in full load, D = 1) and this variation for converter proposed in (M. Borage, et al., 2008) 
is in the range of 0 to 13 V (in full load, D = 1). 
 The range of output power variation for new converter is from 0 to 1026 W (in full load, D=1) and this 
range for converter proposed by is 0 to 900 W (in full load). The switches S1-S4 are IGBT. Switching frequency 
fs is equal to 100 KHz. In transformer Tr, N = 8.6. Lf1 = Lf2 = 22 μH and Cf = 15 μF. 
 The values of inductor La and snubber capacitors C1-C4 are 240 μH and 5 nF respectively. The simulation is 
carried out with PSCAD/EMTDC software. The voltages Vg1-Vg4 are the gate voltage signals for switches S1-S4. 
The key waveforms of new proposed converter for D = 0.1, D = 0.5, D = 0.9 are shown in Figures 3, 4, 5 
respectively. 
 

 
 

Fig. 3: Simulated waveforms of the new proposed converter for D = 0.1. 
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Fig. 4: Simulated waveforms of the new proposed converter for D = 0.5. 
 

 
 

Fig. 5: Simulated waveforms of the new proposed converter for D = 0.9 
 
 The ZVS operation of switches S2, S4 for D = 0.1 and D = 0.9 is shown in Figures 6, 7, 8, and 9 
respectively. 
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Fig. 6: ZVS operation of switch S2 in D = 0.1. 
 

 
 
Fig. 7: ZVS operation of switch S2 in D = 0.9. 
 

 
 
Fig. 8: ZVS operation of switch S4 in D = 0.1. 
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Fig. 9: ZVS operation of switch S4 in D = 0.9. 
 
 According to figures 6, 7, 8, and 9, when the voltage across the switches (Collector-Emitter Voltage) is 
zero, ZVS operation of switches is performed and in the switches, Collector-Emitter current is not zero and 
switches are turned on. Fig. 10 shows the efficiency of new proposed converter in terms of output power.  
Maximum efficiency of converter proposed in (M. Borage, et al., 2008) is 80% while in the new proposed 
converter conversion efficiency is increased significantly and is equal to 95% in the real behavior of switches. 

 

 
 
Fig. 10: Efficiency of new proposed converter. 
 
 For low powers the converter efficiency is increased and also in the high powers the output power Po and 
converter efficiency are increased significantly. Fig. 11 indicates the efficiency of new proposed converter in 
real behavior of switches operation which is the equal to 95%. 

 

 
 
Fig. 11: Efficiency of new proposed converter in real behavior of switches. 
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Conclusion:  
 In this paper a new auxiliary circuit is proposed for ZVS operation of IGBT switches in the entire 
conversion range. Due to elimination of a transformer from converter circuit proposed in (M. Borage, et al., 
2008), the new auxiliary circuit is very simplified. The simulation results shown the significant increase of 
converter efficiency and output power in comparison to results obtained in (M. Borage, et al., 2008). 
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