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Abstract – This paper focuses on power loss analysis of single 

switch isolated DC-DC boost converter using quasi resonant ZVS 

(zero voltage switching) and ZCS(zero current switching). Low 

rated lossless snubber with low magnetizing current, 100kHz, 

250W prototype converter are provided to validate the proposed 

concept. This design has high efficiency and low switching loss. 

The design and performance are verified through simulation 

using MATLAB environment. 

Index Terms – Soft switching, Isolated Boost converter, Single 

switch.  

1. INTRODUCTION 

The proposed system is a combination of flyback and forward 

converters. Isolated dc-dc converters contains one main switch 

and one clamp switch creates ZVS and ZCS. ZVS reduces turn 

on switching loss and ZCS reduces turn of switching losses. 

Conventional PWM converters are operated under hard 

switching conditions, where rectangular voltages and currents 

of semiconductor devices are changed abruptly from high 

values to zero and vice versa at turn-on and turn-off, causing 

switching losses(Fig.2) and generating a substantial amount of 

electromagnetic interference. 

 

Fig.1. General Block diagram of Isolated DC-DC boost 

converter. 

Since switching losses are proportional to the switching 

frequency fs , they limit the maximum switching frequency. A 

high level of EMI is due to a wide spectrum of harmonics 

contained in rectangular PWM waveforms. In addition, high 

current spikes caused by diode reverse recovery generate a 

large spectrum of harmonics. Switching losses and EMI level 

in dc–dc power converters can be reduced by soft switching 

techniques. Since semiconductor devices turn on or turn off at 

zero voltage or zero current, the product of the device voltage 

and current during the transitions is zero, eliminating switching 

losses. This allows for high switching frequencies, reducing the 

size and weight of the soft-switching converters due to lower 

values of reactive components. The harmonic content of the 

current and voltage waveforms is also reduced, yielding a 

lower level of EMI. Topologies of soft-switching converters 

absorb many parasitic components, such as transistor output 

capacitance, diode capacitance, and transformer leakage 

inductance. In the ZVS technique, a semiconductor device 

turns on at zero voltage. In the ZCS technique, a semiconductor 

device turns off at zero current. 

 

Fig .2 Effects of hard switching. 

An isolated transformer is used to eliminate any direct 

electrical connection between the input and the output of the 

converter power stage. Since the operating frequency of PWM 
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converters is much higher than 50–60Hz line frequency, the 

transformer, Inductors, and capacitors are much smaller than 

those operated at line frequencies.  

2. PROPOSED SYSTEM 

A.Open Loop Isolated Boost Converter with Single Switch 

 

 

 

 

 

Fig .4 Effects of soft switching using ZVS & ZCS 

Fig.3 shows the circuit diagram of isolated boost converter. It 

consist of input filter inductor Li , switch S1 a lossless snubber 

which includes capacitor Cs, inductor Ls, and diodes Ds1and 

Ds2, and clamp capacitor Cc at the primary side and Lr-Cr 

series resonant circuit and diodes D1and D2 at the secondary 

side. The lossless snubber achieves ZVS turn- off of switch. the 

voltage spikes of the switch by leakage inductance. Also, the 

Lr- Crseries resonant circuit makes it possible to achieve ZCS 

turn-off of diodes. 

 

The total switching losses are smaller for below resonance 

operation resonance operation (DTs> 0.5Tr1). Since both turn-

off current and diode di/dt of the below- resonance operation 

are smaller than above resonance operation. Therefore, the 
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below resonance operation is selected for isolated boost 

converter operation. A. Operating Principle  

Fig.3 shows waveforms of the proposed converter in the below-

resonance operation. In order to simplify the analysis of the 

steady-state operation, it is assumed that the input filter and 

magnetizing inductances are large enough so that they can be 

treated as constant current sources during a switching period. It 

is also assumed that clamp and output capacitances are large 

enough so that they can be treated as constant voltage sources 

during a switching period. The voltage VCc across the clamp 

capacitor is the same as the input voltage Vi. In the below-

resonance operation, nine modes exist within Ts.  

Mode 1 (t0-t1): This mode starts when switch S1 is turned ON. 

Ls and Cs start resonating and resonant current iLs flows 

through Ls, Ds1, Cs, and S1. The voltage and current of 

resonant components are determined, as follows, 

 

 

 

Fig. 5. Mode 1 

Mode 2 (t1-t2):This mode started with current iLr. When it 

changes its direction Lr and Cr start resonating and resonant 

current iLr flows through Lr, Cr, and D2.  

Mode 3 (t2-t3): In this mode is turned ON. Current iLs is 

determined by following equation, and this mode ends when 

current iLs reaches 0A. 

 

Fig. 6. Equivalent resonant circuits: (a) Mode 1-2 (t0-t2).  

(b) Mode 2-4 (t1-t4). (c) Mode 7 (t6-t7). (d) Mode 8 (t7-t8). 

Mode 4 (t3-t4): The Lr-Cr resonance keeps on during this mode 

and ends when current iLr reaches 0A. Note that diode D2 is 

turned OFF under ZCS condition.  

Mode 5 (t4-t5): In this mode a constant current flows  through 

S1 whose value is the sum of the input current Ii and  the 

magnetizing current ILm.  

Mode 6 (t5-t6): This mode started with S1 is turned OFF. Then, 

Ii + ILm flows through Cs, Ds2, and Cc. Voltage across 

snubber capacitor Cs which is determined by the following 

equation increases linearly with the slope of (Ii+ILm)/Cs, 

resulting in ZVS turn-off of S1.  

Mode 7 (t6-t7): D1 is turned ON at this mode. Equivalent 

circuit of this mode is shown in Fig. 6(c). Lr and Cs start 

resonating and resonant current iLr flows through Cs, Ds2, Lr, 

D1, and Cr. Assuming that Cs << n2Cr, vCr can be considered 

constant, and resonance frequency can be determined by Cs 

and Lr. 

 

Fig. 7. Mode 7 

B. Closed Loop Isolated Boost Converter with Single Switch 

 

Fig. 8. Closed loop operation of isolated boost converter 

C. Design Procedure 

1) Determination of voltage gain:  

Let us take,  

ILs,avg = 0.27A  

For below resonance operation,  
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Fig. 9. Voltage gain of the proposed converter (Vi = 28V, Lr 

= 5ìH, Cr = 560nF, Ls = 5ìH, Cs = 16nF, n = 5, fs = 100kHz). 

 

TABLE I Components Rating and Selected Devices 

3. EXPERIMENTAL RESULTS 

A 250W laboratory prototype of the proposed converter has 

been built and tested to verify the proposed concept. 

Component ratings and selected devices of the proposed 

converter are listed in Table I. 

 

Fig. 10.Experimental waveforms at Vi =28v, Ro = 577Ω. 

 

 

Fig. 11. Waveforms under closed loop conditions.(a) output 

power Po=250w,  (b) output voltage Vo=380v 
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Fig. 12. Theoretical and experimental voltage gain of the 

proposed converter under Vi = 28V, Ro = 577Ω. 

 

Fig. 13. Loss analysis of the proposed converter at full load 

(Vi= 38V). 

4. CONCLUSION 

This soft switched converter propsed for step-up application. 

Here we used single switch and diode low rater lossless 

snubber circuit achieves low cost and high power density 

compared to conventional flyback converter. Experimental 

results on a 100kHz, 250W prototype are provided to validate 

the proposed concept.The maximummeasured efficiency of 

97.0% was obtained at full load.  
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