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Abstract 

This project proposes a scheme in the soft switching of an auxiliary resonant circuit to accomplishment over the switching losses 

and to reduce the stress of boost Operation, the basic idea of soft switching is provided. Zero voltage conduction takes place at a 

closed switch for which a Conventional PWM boost converter is used, a resonant path with auxiliary soft-switch in the 

application of power factor correction. An auxiliary resonant circuit is used to activate the main IGBT switch to turn it on over a 

zero voltage condition of the switch and to turn it off during zero current condition parallelly executing together with turn on and 

off of the switch.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The Power Factor Correction (PFC), operation of the switch etc. are the recent applications of power system. It requires a 

consistent AC to DC or DC to DC converter. A confined and monitored dc output voltage in power converter provides two 

processing levels. The stage of first is rectification that gets the pulsating dc voltage from ac. The very effective perform of level 

first is to present power factor correction of the input side current in sequence to dismiss the harmonics on it. Second processing 

level is an isolated converter of DC-DC that produces a controlled DC output voltage from the input voltage of it. DC-DC 

converter is a device that accepts a DC input voltage and produces a DC output voltage. 

Typically, the output produced is at a different voltage level than the input. In addition, DC-DC converters are used to provide 

noise isolation, power bus regulation, etc. This is a summary of some of the popular DC-DC converter topologies. The most 

popular among these converter topologies is the Pulse Width Modulated (PWM) Boost converter which is used more in PFC 

applications today [9]. A boost converter is a power converter with an output DC voltage is always, greater than its input DC 

voltage. Hence it is also known as step-up converter. It is a class of Switch Mode Power Supply (SMPS), containing at least two 

semiconductor switches and one energy storage element. Filters made of capacitors or sometimes in combination with inductors 

are normally added to the output of converters to reduce output-voltage ripple. Since the power (P = VI) must be conserved, the 

output-current is lower than the source current or input current. To improve converter performance, one of the most widely used 

converter technique is Soft Switching, which generates electrical resonance between a capacitor and an inductor during a short 

turn-on/off period and consequently achieves zero voltage and/or zero-current switching i.e. where voltage across the device and 

the current through the device are not allowed to change simultaneously at the time of turn-on and turn-off of the switches 

The strategies that have been developed to fulfill this objective are generally known as zero voltage switching (ZVS) or zero 

current switching (ZCS) methods, depending upon which variable is allowed to vary while maintaining the other at zero. 

Implementation of this strategy requires that additional resonant elements are used along with the core converter circuit, so as to 

create oscillations in voltage and current waveforms. Simultaneously it is also necessary to organize the control and pulse 

generation methods in such a way that the resonant waveforms can be utilized for ZVS or ZCS transitions. There are a few 

strategies that have evolved over the years to achieve ZVS or ZCS in power semiconductor devices. 

II. PRINCIPLE OF OPERATION  

This project proposes a novel auxiliary resonant circuit that can be easily incorporated into a multichip power module. In 

addition, by minimizing the number of components and the required power rating, the circuit can easily and cost-effectively be 

incorporated into Multichip power modules. 
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Fig. 1: Proposed ZVT-PWM Boost Converter Topology 

Fig. 1 shows the circuit scheme of the proposed ZVT-PWM boost converter. This converter differs from the conventional 

PWM boost converter of a resonant branch, which consists of a resonant inductor Lr, a resonant capacitor Cr, and an auxiliary 

switch S2 (MOSFET). Generally, auxiliary switch S2 has a lower power rating than that of main switch S1 [insulated-gate 

bipolar transistor (IGBT)]. Resonant capacitor Cr is the sum of the parasitic capacitor of S1 and others incorporating multichip 

module technology. 

The proposed circuit is simple, being realized with a low rated MOSFET and a small l inductor due to full utilization of the 

conduction resistance RDS (on) of MOSFET while providing ZVT turn-on switching for a conventional pulse width 

modulated(PWM) converter.  At the same time, the MOSFET of the auxiliary circuit operates under soft-switching conditions 

during both turn-on and turn-off transitions. In addition, by minimizing the number of components and the required power rating, 

the circuit can easily and cost-effectively be incorporated into multichip power modules. 

The following assumptions are made in order to easily describe the steady-state analysis during one switching cycle: 

1) Input voltage Vinis constant. 

2) Output capacitor C0 is sufficiently Large. 

3) Main inductor Lfis sufficiently large. 

4) Main inductor Lf is much larger than auxiliary inductor Lr(Lf >Lr). 

For one switching cycle, the proposed circuit operations can be divided into eight  

1) Stage 1: Main switch S1 and auxiliary switch S2 are off before t0. When the auxiliary softly turns on at t0, the auxiliary 

inductor Lr current linearly increases from 0 to Ii at t1. During this period, diode D is conducted. 

2) Stage 2: In this stage, the circuit starts to resonate between Lr and Cr. Auxiliary inductor current ILr continues to increase up 

to IS2_peak. Cr is discharged until the resonance brings its voltage to zero. 

3) Stage 3: When the anti-parallel diode is conducting, the main switch current flows negatively for a very short time. Main 

switch voltage VCE_S1 is zero at t3. Main switch S1 is turned on under the zero-voltage switching condition. 

4) Stage 4: Main switch current IS1 increases, whereas auxiliary switch current IS2 decreases. Therefore, the sum of both 

switch currents is equal to Ii. In this stage, IGBT and MOSFET can be changed to the voltage source Vsat_S1 and on-

resistance RDS(on) _S2, respectively,for analysis. This is because the characteristic of the current flowing through the two 

switches is determined by the resistance elements of each switch 

5) Stage 5: Auxiliary switch S2 is softly turned off. The flowing current in the auxiliary inductor is converted to voltage on the 

parasitic capacitor of S2. Auxiliary inductor current ILr is zero at t5. 

6) Stage 6: This stage is identical to the conventional PWM boost converter behaviour. D is turned off at t5. Main switch S1 

conducts and Ii flows while the auxiliary circuit is inactive 

7) Stage 7: At this stage, the main switch is turned off, and resonant capacitor Cr is linearly charged up to Vin voltage. Diode D 

is turned on naturally at t7. 

8) Stage 8: This stage is a freewheeling condition as in the conventional PWM boost converter. Main switch S2 turns on again 

at t0 and the operation mode repeats. 
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Fig. 2: Equivalent Circuits during One Switching Cycle 

 
Fig. 3 Theoretical Waveforms of the Proposed ZVT-PWM Boost Converter 

III. DESIGN PROCEDURE 

 Specification of the Proposed ZVT-PWM Boost Converter: A.

The design specification of an air conditioner with a PFC converter are shown in Table I.A prototype of the proposed ZVT-

PWM boost converter as shown in fig. 4. It has been built to verify the analytical result using the components in Table II. 

 
Fig. 4: Proposed ZVT-PWM Boost Converter 
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 Selection of Lf and C0: B.

To minimize both the current ripple and the voltage ripple, we design Lf and CO to be as large as possible. However,the system 

cost increases according to the stringency of the specification. The optimized CO and Lf of the proposed ZVTPWM  boost 

converter are designed by following equations- 

 Selection of S2: C.

The turn-on condition, auxiliary switch current IS2 flows through the drain to the source for a very short time(a few 

microseconds) and its duty ratio is less than 0.1. In this paper, the on-time of S2 is within 3 μs. Thisdesign value of the auxiliary 

switch S2 can be applied in order to select the MOSFET device by using the pulsedrain current specifications. Usually, the 

maximum pulse dain current is about four times the vlue of thecontinuous drain current. In addition, the predicted value of 

IS2_peak can be applied toselect the auxiliary switch. 

The auxiliary switch  MOSFET should be more than twice the calculated value ofIS2_peak while the pulse draincurrent is 

45.6 A. In order to achieve a rapid decrease in the slope of IS2, S2 is selected to satisfy the following condition:Vsat_S1 < IS_S2 

R DS(on)_S2 Where IS_S2 is the maximum continuous drain source forward current of S2. Whenthe R DS(on) of S2 is selected 

sufficiently large, the voltage stress of S2 is much smaller than its rated voltage. 
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IV. SIMULATION OUTPUT WAVEFORMS 

 Output Voltage For The Proposed ZVT-PWM Boost Converter A.

 
Fig. 5: Output Voltage for the Proposed ZVT-PWM Boost Converter. 

 Simulation Waveforms for the Proposed ZVTPWM Boost Converter B.

 
Fig. 6: Simulation Waveforms for the Proposed ZVTPWM Boost Converter. 

V. CONCLUSION 

This paper has presented a new ZVTPWM boost converter with an active snubber. The output voltage of PWM boosts converter         

i.e. 304V can be integrated in to the multichip power module. The proposed method has a reduced circuit complexity, a 

minimized auxiliary Lr and reduced CE. The proposed circuit has the main and auxiliary switches are confirmed to have ZVT 

turned on   and softly turned on and off. Hence the voltage stress of the auxiliary switch is quite low. 
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