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ABSTRACT 

In this paper, a zero-voltage transition PWM synchronous buck converter, which is designed to function at 

low output voltage and high efficiency typically necessary for portable systems. To make the DC-DC converter 

efficient at lower voltage, synchronous buck converter is an obvious choice because of lower conduction loss in 

the diode. The high-side IGBT is subjugated by the switching loses and it is eliminated by the soft switching 

technique. Additionally, the resonant auxiliary circuit deliberate is also devoid of the switching losses. The 

suggested procedure ensures an efficient converter. Theoretical analysis, computer simulations are presented to 

explain the proposed schemes.  
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1. INTRODUCTION 

The next generation of portable products, such as delicate communicators and digital assistants, has 

demanded step up in dc-dc converter topology in order to increase battery life time and enable minor, cheaper 

systems. Since many portable devices operate in low-power reserve modes for a greater part of the time they are 

on, increasing light load converter efficiency can drastically increase battery life time. A key element in this chore, 

especially at low output voltages that upcoming microprocessor and memory chips will necessitate, is the 

synchronous converter. The synchronous rectifier buck converter is fashionable for low-voltage power conversion 

because of its high efficiency and reduced area utilization. A synchronous rectifier is an electronic switch that gets 

better power-converter efficiency by placing a low-resistance conduction pathway athwart the diode rectifier in a 

switch-mode regulator 

 

2. ANALYSIS AND OPERATION PRINCIPLE 

2.1. Definitions and assumptions: The circuit format of the proposed new-fangled ZVT synchronous buck 

converter is shown in Fig.1. The auxiliary circuit consists of switch S1, resonant capacitor Cr, resonant inductor 

Lr. The auxiliary circuit operates only during an underdeveloped switching transition time to build ZVS condition 

for the main switch. The body diode of the main switch is also utilized in the converter. A high frequency schottky 

diode Ds is used for discharging the capacitor voltage to the output, which happen prior to the turn on of the 

synchronous switch. During one switching cycle, the following assumptions are made in order to shorten the steady-

state analysis of the circuit shown in Fig.1. 

2.2. Modes of operation: Eight stages take place in the steady-state process for the period of one switching cycle 

in the proposed converter. The key theoretical waveforms of these stages are given in figure.2. 

2.3. Design Procedure: Thus it is more considerable to spotlight on design procedures of the auxiliary circuit. 

The resonant inductor, resonant capacitor, and the delay time of the auxiliary switch are the most vital 

components when deceitful the auxiliary circuit.  

2.3.1. Delay time (TD): The on time of auxiliary switch (S1) must be shorter than one tenth of the switching period. 

TD =Ts/10       (Equation: 1) 

2.3.2. Current Stress Factor (a):The current stress factor of the auxiliary switch is defined as  

a = ILrm/Iin(max)        (Equation:2)    

                                       but the limit of current stress factor is in between 1 to 1.5. 

2.3.3. Resonant capacitor (Cr): The resonant capacitor can be articulated as  

(Cr)= (a-1)^2*Iinm*Td/[V0(1+pi/2(a-1))]      (Equation:3) 

2.3.4. Resonant Inductor (Lr): The resonant inductor is given by 

(Lr)=V0*Td/[Iinm(1+pi/2(a-1))]     (Equation:4) 
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           Fig.1.Proposed converter circuit     Fig.2.Key theoretical waveforms concerning the operation stages 

 

3. SIMULATION MODEL AND RESULTS 
3.1. pen Loop: Pulse generator generates the pulse for the switching devices with delay or without delay based on 

our requirements. The output voltage and other measuring instrument voltages and pulse are converted into 

graphical user interface by Scope.  

It consists of pulse generators, input voltage, resonant inductance and capacitance, output inductance and 

capacitance, resonant capacitor voltage, resonant inductor current and output voltage. When the inductor current 

reaches its maximum value, the voltage becomes zero, at this moment, the main switch get turn ON, its synchronous 

switch get turned OFF. The ZVS condition was achieved. When auxiliary switch is turned off when the inductor 

current reaches zero, hence ZCS condition was achieved too. When inductor current reaches its negative maximum, 

the voltage across Cr reaches its maximum value. 

Figure.3. shows the status of switches, Resonant inductor current, capacitor voltage and output dc voltage 

of a Zero voltage transition synchronous buck converter with an input of 12 v of duty cycle 80% with a resistive 

load. The main and synchronous switches changed their status by zero voltage, termed as zero voltage switching. 

The auxiliary switch will turn off by zero current in the inductor. The switching frequency of all the IGBT are in 

200Khz.The resonant frequency can be calculated from Lr, Cr values. 

3.2. Varying Duty Cycle: Load=100ohm, Input Voltage =12v                 

3.3. Varying Input Voltage: Load= 100ohm, Duty cycle= 80% 

3.4. Closed loop and its voltage variations: In closed loop the output voltage will be evaluate to in one allusion 

value. That reference value is given via relative operator. The varying voltages with respect to the reference value 

in closed loop is given below table. 

                Table.1.Duty cycle Vs  Output voltage                           Table.2.Input voltage 

 

                 
 

                   Figure.3. Open loop simulation              Fig.4.Open loop waveform results 

Duty Cycle (%) Output Voltage (V) 

40 6.3 

50 7.6 

60 7.8 

70 8.9 

80 9.3 

Input Voltage (V) Output Voltage (V) 

10 7.7 

12 9.3 

15 11.7 

20 15.8 

24 19.0 
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Fig.5.Closed loop simulation                                  Table.3.Output Voltage Variations 

 

4. CONCLUSION 

 ZVS buck converter is a competent step down DC-DC converter used in abundant electronics devices. 

Also the waveforms athwart capacitors and assorted test points were obtained, studied and compared with the 

theoretical waveforms. A ZVS Circuit was realized and its waveforms were observed. Parasitic capacitance of the 

transistor and the diode parasitic inductances of acquaintances are all parts of the resonant circuit. 

 Switching of the transistor and the rectifying diode at zero voltage in the converter enables high working 

frequency of the scheme at the same time as high energy efficiency is maintained. The range of the converter’s 

operating frequency, in which ZVS switching is certain, is variable and reliant on the load resistance. ZVS buck 

converter generates dc voltage which can be functional in power supply system where high energy efficiency is 

indispensable.  

Future Scope: To eliminate the errors, the output can be fed to the input through Fuzzy Logic controllers, 

so that the overall efficiency can be improved and also improve same via hardware implementation. 
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Vin (Volt) Vref (Volt) Vout (Volt) 

10 8 7.507 

12 8 7.876 

12 10 9.31 

15 10 10.6 
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