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converter under steady-state, where the following 

assumptions are made: 
 

1) All switching components are ideal. 

2) The inductors 1sL and 2sL  are identical, 

sLsLsL == 21 . 

3) The capacitors 1sC and 2sC  are identical, 

sCsCsC == 21 . 

4) The switch output capacitors are identical, 

ossCossCossC == 21 . 

5) The output voltage ripple can be neglected. 

6) The converter is operating in DCM. 
 

Typical voltage and current operating waveforms for 

the proposed circuit topology are illustrated in Fig. 5. The 

steady-state operation of this circuit can be described as 

follows: 

Mode 1 ( 10 tt − ): At time 0t , according to the duty factor 

D of the power converter treated here, 1S and 2S are 

turned on simultaneously under a zero current condition. 

The primary side of the transformer is clamped by input 

voltage. The primary current circulates through 

1S and 2S and increases linearly. Partial resonance based 

on sL and sC begins. Assuming that 0)0(,2/)0( == LsiPVcsv , 
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Fig. 5.  Key theoretical waveforms of proposed converter. 

the equations for the resonant inductor current and 

capacitor voltage during this operation mode can be 

expressed as: 
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where sCsL/1sw =  is the resonant angular frequency 

and s/CsLsZ = is the characteristic impedance. 

On the other hand, the current through 1S and 2S can be 

derived from the flyback transformer’s primary side 

current and resonant inductor current. Therefore, the 

active power switch current can be represented as: 
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Mode 2 ( 21 tt − ): Initially, at 1t , csv equals 2/iV− and 

Lsi equals )
01

(sin
2

ttsw

sZ

PV
− . The diode PD is turned on 

to provide a path for the regeneration current. For energy 

recovery, current Lsi flows through the current 

regeneration loop composed of 2,1,,4,3 sLsLPDDD and 

iV . The regeneration current can be represented as: 
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The flyback transformer’s primary side current flows 

through the active power switches. The capacitor voltage 

csv is clamped at 2/iV− and the regeneration current 

Lsi is decreased towards zero. 

 

Mode 3 ( 32 tt − ): In this mode, the magnetizing 
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inductance 1L and the leakage inductance lkL are charged 

up linearly by the input voltage source iV . At 3t , the peak 

transformer’s primary side current can be given by: 
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where sfsT /1= . 

 

Mode 4 ( 43 tt − ): According to the duty factor D, at 3t , 

1S and 2S are turned off simultaneously under zero voltage 

soft switching. The diode PD begins to conduct. The 

output capacitor of the active power switches ossC is 

charged and the voltage across the switches increases 

linearly with a certain slope. The voltage across sC is 

linearly changed from 2/iV− to 2/onV . The voltage 

across the active switches and the voltage across sC are 

given by: 
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Mode 5 ( 54 tt − ): At 4t , csv2 is equal to onV and the 

output diode oD begins to conduct. The output current 

starts to increase and the leakage inductor current begins 

to decrease. From the equivalent circuit of mode 5, the 

equations for the leakage inductor current and the 

capacitor voltage can be expressed as:  

 

)4(cos ttkwPIlki −=  

onVttkwPIkZcsvcv +−== )4(sin2          (11) 

where 2/)(/1 ossCsClkLkw +=  and 

)/(2 ossCsClkLkZ += . 

At 5t , lki drops to zero and the peak capacitor voltage 

is given by: 

 

  onVPIkZPV +=                 (12) 

 

Substituting (4) and (9) into (12) gives: 
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The maximum off-state voltage across the active 

switches 1S and 2S is given by: 

 

  2/)(max,2max,1 PViVsVsV +==               (14) 

 

Mode 6 ( 65 tt − ): At 5t , lki drops to zero. All the 

remaining magnetizing current flows into the output. The 

voltage across the primary side of the transformer is onV . 

 

Mode 7 ( 76 tt − ): The magnetizing current in the 

secondary winding reduces to zero at 6t . The output 

capacitor is discharged through the load resistance. 

Switches 1S and 2S are turned on at 7t  to start the next 

switching cycle. 

 

4. Experimental Results 

 

4.1 Design Considerations 

Practical conditions must be met in order to select 

optimum parameters. To achieve zero voltage switching 

when 1S and 2S are turned off, PV should be higher than 

iV . Using (13), this is given by: 
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The minimum on-time of active switches 1S and 2S is to 
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be longer than the full discharging interval of capacitors 

1sC  and 2sC : 

 

   sTDsCsL min<π .                         (16) 

 

From (10), the maximum dtdv / during turn-off of 

active power switches should be 

ossCsC

PI

+
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4.2 Experimental Evaluations 

To determine the feasibility of the proposed 

soft-switching two-switch flyback converter, a prototype 

of the circuit shown in Fig. 3 was built according to the 

following specifications: 

  Input voltage: 200 V. 

  Output voltage: 80 V. 

The following are the circuit parameters used in the 

experiment: 

kHzsf 35= , 4.2=n , HlkLmHL µ38,33.11 == , 

nFsCsC 4.421 == , Η== µ20021 sLsL . For 1S and 2S , an 

IRF 840 is used. For 3,DbD , and 4D , a DSEI 12-06A is 

used. And a DSEI 30-10A is used for oD and pD . 

Fig. 6 shows the coupled inductor used to 

implement 1sL and 2sL . The primary and secondary 

inductances of the coupled inductor are 100 uH , 

respectively, to effectively achieve the experimental two 

200 uH inductors. The control circuit is shown in Fig. 7. 

Gate signals 2,1 gVgV are generated in order to control the 

two transistors 2,1 SS . 

The experimental voltage and current waveforms of the 

active power switch 2S are illustrated in Fig. 8 for D=0.41. 

From equations (9) and (12), the peak transformer’s 

pr imary side current  PI  and the peak capacitor 

voltage PV are 1.76 A and 423 V, respectively. From (14), 

2Lsi

Dp

1Lsi

 
Fig. 6.  Implemented circuit of 1sL and 2sL . 

 

 
   

Fig. 7.  Control Circuit and related waveforms. 
 

the maximum off-state voltage across switch 2S is 311.5 V. 

From the experimental waveforms, the active switch turns 

on under a zero current condition and turns off under a 

zero voltage condition. The experimental waveforms show 

excellent agreement with the theoretical results. 

The experimental voltage across 2sC and current 

through pD are illustrated in Fig. 9. From Fig. 5, the 

theoretical peak positive and negative values of 2csV are 

211.5(= 2/PV ) V and -100 V (= 2/iV− ), respectively. 

From the Dpi waveform, we can see the regeneration 

current after 2csV reaches -100 V. Fig. 10 shows the 

experimental waveforms of 2csV and 2Lsi . From (6), 

sZ is 213Ω and the peak value of the resonant current is 

0.99 A.  

Fig. 11 shows the experimental voltage waveforms 

across 1S , 2S , 1sC , and 2sC . From the experiment, it can 

be verified that 1sV and 1csV are identical to 
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Fig. 14.  Line voltage and current waveforms . Outer trace: line 

voltage at 100 V/div; inner trace: line current at 0.2 

A/div. Time base is ms5 /div. 

 

5. Conclusions 

 

A novel soft-switching two-switch flyback converter 

with a wide operating range and regenerative clamping is 

proposed. The voltage stress on each main switch is 

clamped to a limited level. The leakage inductance energy 

is also clamped and recycled back to the input to improve 

efficiency. Due to its simple circuit configuration, 

consisting of a minimum number of components and since 

only passive components are utilized in the clamping 

circuit to achieve zero voltage soft switching, the proposed 

converter can be controlled by a single PWM signal, 

establishing a low-cost circuit configuration and a simple 

control scheme. The duty ratio of the proposed converter 

can be more than 50%, and the magnetizing inductor 

energy transfer to the transformer’s secondary side is 

possible even if the reflected output voltage is higher than 

the input voltage. A detailed analysis and the design and 

implementation of the circuit have also been discussed. 

Experimental results have demonstrated that the proposed 

converter can function very efficiently as a PFC circuit. 
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