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Abstract— This paper deals with the analysis of DC-AC converters (Inverters) with different Pulse Width Modulation 
(PWM) techniques used to control output voltage and harmonics. As inverter switching frequency increases, switching 
losses will increase due to turn ON and turn OFF. So it is necessary to reduce switching losses by in cooperating soft 
switching technique along with inverter for solar inverter. In this paper soft switching techniques i.e. ZVS techniques for the 
reduction of the losses are implemented in simulation and analyzed in detail for different PWM techniques.  
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I. INTRODUCTION 
 
In Recent days Solar energy plays a vital role in 
generation of power. The generated power from a 
solar system is in the form of DC. In order to run AC 
loads a pure sine wave must be generated from 
inverter to avoid problems related with square wave. 
Among different PWM techniques, single PWM, 
multiple PWM and Sine PWM are analyzed in detail 
& its output voltage and harmonics analysis are 
described [1]. To reduce the dominant harmonics and 
filter requirement the switching frequency of PWM is 
increased. Block diagram of the topology is as shown 
in Fig.1. 
 

 
Fig.1 Block Diagram of Topology 

 
In block diagram, There is first of all charge the 
battery using solar panel between them there is a 
charge control circuit which is used to control the 
reverse charging current to protect the battery to 
discharging when sun light is low.After that DC 
supply given to inverter from battery then using filter 
pure sine wave produced and given to load. 
The bridge inverter topology for the conversion of 
DC to AC voltage is as shown in Fig.2. It consists of 
two arms with a two semiconductor switches on both 
arms. The switches are T1, T2, T3 and T4 [2]. 
 

 
Fig.2 Single Phase Full wave Bridge Inverter 

The switches in each branch is operated alternatively 
so that they are not in same mode (ON /OFF) 
simultaneously.In practice they are both OFF for 
short period of time called blanking time, to avoid 
short circuiting. The switches T1 and T2 or T3 and 
T4 should operate in a pair to get the output. These 
bridges legs are switched such that the output voltage 
is shifted from one to another and hence the change in 
polarity occurs in voltage waveform. If the shift angle 
is zero, the output voltage is also zero and maximal 
when shift angle is π. 
 
II. PWM TECHNIQUES 
 
Pulse Width Modulation (PWM) means controlling 
the inverter output voltage to incorporate time ratio 
control. Output changed by changing the width of 
pulses. Also possible to substantially reduce or 
eliminate lower order harmonic. It gives the input 
power factor high. 
Different Pulse Width Modulation techniques are as 
listed below [3]. 

A. Single Pulse Width Modulation 
B. Multiple Pulse Width Modulation 
C. Sine Pulse Width Modulation 

 
A. Single Pulse Width Modulation 
In this modulation there is an only one output pulse 
per half cycle. The output is changed by varying the 
width of the pulses. The gating signals are generated 
by comparing a rectangular reference with a 
triangular reference. The frequency of the two signals 
is nearly equal. 
 

 
Fig.3 Single Pulse Width Modulation Circuit 
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Fig.4 Gate Pulses of Single Pulse Width Modulation 

 
The RMS ac output voltage, 

 

 
Vr = Reference signal voltage, 
Vc = Carrier signal voltage 

By varying the control signal amplitude Vr from 0 to 
Vc the pulse width ton can be modified from 0 sec to 
T/2 sec and the rms output voltage Vo from 0 to Vs. 
 
B. Multiple Pulse Width Modulation 
In this modulation there is multiple numbers of output 
pulses per half cycle and all pulses are of equal width. 
The gating signals are generated by comparing a 
rectangular reference with a triangular reference. The 
frequency of the reference signal sets the output 
frequency (fo) and carrier frequency (fc). 
 

 
Fig.5 Multiple PWM 

 

 
Fig.6 Gate pulse of Multiple PWM 

 
The number of pulses per half cycle is determined 

by 

 
The ac RMS voltage output 

 
The variation of modulation index (MI) from 0 to 1 
varies the pulse from 0 to π/p and the output voltage 
from 0 to Vs. 
 
C. Sine Pulse Width Modulation 
A high frequency triangular wave is used as carrier 
signal (Vc), which is compared with sinusoidal wave 
that is called reference signal (Vr) to generate SPWM 
signals. Fig.7 shows the generating technique of 
SPWM signal. The most important parameter of 
designing the switching strategy is amplitude 
modulation (MA) that will influence the performance 
of the inverter, which is defined as the ratio between 
reference signal and carrier signal. 
 

 
Fig.7 Sine pulse width modulation 

 

 
Fig.8 Gate Pulse of Sine PWM 

 
The RMS ac output voltage 

 
Where, P=number pulses per cycle 

δ=duty cycle. 
The most common and popular technique for 
generating True sine Wave is Pulse Width 
Modulation (PWM). Sinusoidal Pulse Width 
Modulation is the best technique for this. This PWM 
technique involves generation of a digital waveform, 
for which the duty cycle can be modulated in such a 
way so that the average voltage waveform 
corresponds to a pure sine wave. The simplest way of 
producing the SPWM signal is through comparing a 
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low power sine wave reference with a high frequency 
triangular wave. This SPWM signal can be used to 
control switches. This technique produces a much 
more similar AC waveform than that of others. The 
primary harmonic is still present and there is 
relatively high amount of higher level harmonics in 
the signal. 
 
III. SIMULATION ANALYSIS 

 
Simulations for the all three proposed topology are as 
shown below and the outputs of the solar inverter 
without ZVS and with ZVS are also shown. 
 
1. Inverter without ZVS 
Inverter without Zero Voltage Switching is as shown 
in Fig.9. In this topology all three PWM techniques 
are applied and analyzed in detail and switching 
losses are measured for the same. 
 

 
Fig.9 Inverter Without ZVS 

 
2. Inverter with ZVS 
Zero Voltage Switching topology is implemented in 
inverter topology as shown in Fig.10. Also in this 
topology all three PWM techniques are applied and 
analyzed in detail and switching losses are measured 
for the same. Here the change in the parameters 
related to the output voltage, output current and the 
switching losses are also measured. 
 

 
Fig.10 Inverter With ZVS 

IV. SIMULATION RESULT 
 

1. Output waveforms without ZVS 

 
Fig.11 Single PWM Inverter without ZVS 

 

 
Fig.12 Multiple PWM Inverter without ZVS 

 

 
Fig.13 Sine PWM Inverter without ZVS 

 
2. Output waveforms with ZVS 

 

 
Fig.14 Single PWM Inverter with ZVS

Fig.15 Multiple PWM Inverter with ZVS 
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Fig.16 Sine PWM Inverter with ZVS 

 
COMPARISION AND DESCUSSION 

 
The comparison of the result of output voltage, output 
current, conduction losses, switching losses and the 
THD values of inverter without implementation of 
ZVS with all three Pulse Width Modulation 
techniques are as shown in Table.I.  
It is observed that out of all three PWM techniques i.e 
Single PWM, Multiple PWM & Sine PWM gives 
output voltage almost nearly equal, output current and 
voltage waveforms are same. Out of all Sine PWM 
technique gives the lowest THD value for the same 
topology and output voltage is more compare to 
Single PWM and Multiple PWM. 

 
Table I: Comparison of PWM technique output 

without implementation of ZVS in Inverter 

 
 
The comparison of the result of output voltage, output 
current, conduction losses, switching losses and the 
THD values of inverter with implementation of ZVS 
with all three Pulse Width Modulation (PWM) 
techniques are as shown in Table.II. 
It is observed that after implementation of ZVS, 
output voltage is not reducing that much but 
reduction in the switching losses and the conduction 
losses of the MOSFET is very high. THD values are 
also reducing after implementation of the ZVS. 

Table II: Comparison of PWM technique output 
with implementation of ZVS in Inverter 

 
 

CONCLUSION 
 

Different techniques for the switching is studied and 
analyzed in detail. Based on the analysis of both soft 
switching methods, ZVS technique is most efficient 
technique to control switching losses as it uses 
parasitic capacitances of MOSFET. The simulation 
study shows that SPWM technique is best suited for 
Cost effective applications and to improve Switching 
performance ZVS technique is most suited.  
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