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I. INTRODUCTION 

        Inverters become the need of today’s world due 

to the change in the use of drives, equipments, 

devices, gadgets etc. from industries to houses. At 

the same the efficient semiconductor switches are 

responsible for the loss component during the 

triggering actions. In inverter voltage control is an 

important issue to maintain a fixed output voltage 

when the dc input voltage regulation is poor, or to 

control power to a load. The inverter and its output 

can be single-phase, three-phase or multi-phase. 

Variable output frequency may be required for ac 

motor speed control where, in conjunction with 

voltage or current control, constant motor flux can 

be maintained. Inverter output waveforms (either 

voltage or current) are usually rectilinear in nature 

and as such contain harmonics which may lead to 

reduced load efficiency and performance. Load 

harmonic reduction can be achieved by either 

filtering, selected harmonic-reduction chopping or 

pulse-width modulation. The quality of an inverter 

output is normally evaluated in terms of its 

harmonic factor, ρ, distortion factor, μ, and total 

harmonic distortion, THD [1]-[5]. 

       Two-level inverter produces more harmonics 

which results in increasing losses. Indirectly 

decreases efficiency and results in poor power 

quality [5]. To reduce these harmonics multilevel 

inverter is design, number of input dc voltage of 

multilevel inverter depends upon the output voltage 

levels of inverter, as level increases harmonics 

reduces. A multilevel inverter (directly or indirectly) 

divides the dc rail, so that the output of the leg can 

be more than two levels. In this way, the output 

quality is improved because both pulse width 

modulation and amplitude modulation can be used. 

The output pole is made from more than two series 

connected switches, so the total dc rail can be the 

sum of the voltage rating of the individual switches. 

Very high output voltages can be achieved, where 
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each device does not experience a voltage in excess 

of its individual rating. Thus due to the use of both 

pulse width and amplitude modulation multilevel 

inverter allows higher output voltages with low 

distortion [3]. 

       The design of inverter and role of switches 

therefore are the prime factor in academic pursuits 

of the graduate level students. Hence the aim of this 

paper has set to demonstrate and perform a 

comparative study of the behavior of the output of 

single phase multi level inverter by changing 

semiconductor switches for triggering purpose. In 

this paper inverter has been designed and simulated 

using soft tool i.e. MATLAB / SIMULINK. 

II. MULTILEVEL INVERTER 

       The concept of multilevel inverter has been 

introduced since 1975. Using only one power 

semiconductor switch directly made some trouble 

for medium voltage grid. To overcome this limitation 

multilevel power inverter structure has been 

introduced as an alternative in high power and 

medium voltage situation; it decreases the harmonic 

distortion in output waveform. Three types of 

multilevel inverter are reported in literature until 

now. [1] Cascaded H-bridge inverter, diode clamped 

(neutral- clamped) and flying capacitor (capacitor 

clamped). Cascaded multilevel inverter needs less 

number of components comparative to diode-

clamped or capacitor clamped, so the price and the 

weight of the inverter is less than these two types. 

Multilevel inverter having important phenomenon 

that as the level of inverter increases from three-

level, five-level to so on, and harmonics reduces 

which increases the efficiency and as efficiency 

increases voltage quality or power quality is 

improved [3]. 

III. SEMICONDUCTOR SWITCHES 

       Power semiconductor device is the heart of 

modern power electronics. Power electronics 

system plays important role in making efficient use 

of electric power in many applications, both in 

industries and in houses. Power semiconductor 

devices are used as switching devices in many power 

electronics devices such as inverter, converters, and 

so on. A power electronic converter is made up of 

some power semiconductor devices controlled by 

integrated circuits. The switching characteristics of 

power semiconductor devices permit a power 

electronic converter to shape the input power of 

one form to output power of some other form. It 

operates as a switch when the device conducts; it 

behaves as an ordinary closed switch. Therefore, 

ideally no voltage drop occurs across the device and 

the supply voltage applies to the load. Similarly, 

when the device does not conduct, it behaves as 

opened switch and offers ideally infinite impedance. 

The silicon material is widely used for the fabrication 

of power semiconductors. It will take long way to 

replace silicon when the technology of these 

materials advances. 

A. MOSFET 

The Power MOSFET (Metal Oxide Semiconductor 

Field Effect Transistor) was evolved from integrated 

circuit 

technology in response to the need to develop 

power transistors that can be controlled using much 

lower gate drive 

power levels as compared to the existing power 

transistors. A power MOSFET is a unipolar voltage 

controlled device and requires very small gate 

current for its turn on. 

B. IGBT 

An IGBT is basically a hybrid MOS-gated turn on/off 

bipolar transistor that combines the attributes of a 

MOSFET, BJT and thyristor. The device was 

commercially introduced in 1983. The device is also 

known as a metal oxide semiconductor insulated 

gate transistor (MOSIGT), conductivity-modulated 

FET (COMFET) or gain-modulated FET (GEMFET), and 

was originally called insulated gate transistor (IGT) 

or insulated gate rectifier (IGR) [8]. It is used for 

medium power application.     

C. GTO 

A gate turn-off thyristor (GTO), as the name 

indicates, is basically a thyristor-type device that can 

be turned on by a positive gate current pulse and 

turn off by a negative gate current pulse. It is also 

used for medium power application. It has high 

efficiency and high power handling capability but 

requires a large gate power source (negative) to turn 

it OFF. 

IV. PULSE WIDTH MODULATION (PWM) 

       Pulse width modulation techniques are used to 

achieve voltage control in an inverter and to reduce 

the harmonic contents in the output voltage of an 

inverter. The main aim of the modulation strategy of 

multilevel inverters is to synthesize the output 

voltage as close as possible to the sinusoidal 
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waveform. Many modulation techniques have been 

developed for harmonic reduction and switching 

loss minimization. The modulation methods used in 

multilevel inverters can be classified according to 

switching frequency. Switching techniques of pulse 

width modulation (PWM) have been popular in the 

area of power electronics and drive systems. PWM is 

commonly used in applications like motor speed 

control, converters audio amplifiers etc. PWM is 

used to adjust voltage applied to the motor. There is 

no single PWM method which can suite for all 

applications. As per the advanced technology in 

solid state power electronic devices and 

microprocessors, various pulse-width modulation 

(PWM) techniques have been developed for 

different industrial applications. For the above 

reasons, the PWM techniques have been the subject 

of intensive research since 1970s. The pulse width 

modulation (PWM) techniques are mainly used for 

voltage control. These techniques are most efficient 

and they control the drives of the switching devices. 

The different PWM techniques are Single pulse 

width modulation, Multiple pulse width modulation, 

Phase displacement control, Sinusoidal pulse width 

modulation, Harmonic Injection modulation, Space 

Vector pulse width modulation, Hysteresis (Delta) 

pulse width modulation, Selective Harmonic 

Elimination and Current Controlled pulse width 

modulation. Hysteresis controller is used for Current 

source inverter and all the remaining PWM 

techniques are used for Voltage source inverter. 

Sinusoidal and Space Vector PWM techniques are 

most widely used. They control the output voltage 

as well as reduce the harmonics. 

V. MATLAB/SIMULINK MODEL 

Five-level cascaded H-bridge inverter is design using 

soft tool MATLAB/SIMULINK. Discrete PWM 

generator is used for triggering semiconductor 

switches giving suitable phase shift angle. Using 

different semiconductor switches such as MOSFET, 

IGBT and GTO simulation is carried out in 

MATLAB/SIMULINK. After simulation THD of 

multilevel inverter using different switches are 

compared by increasing modulation index from 0.4 

to 1.   

 
Figure.1. Five-level IGBT based inverter 

 
Figure.2. Output waveform of IGBT based multilevel 

inverter. 

 
Figure.3. Five level MOSFET based inverter. 
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Figure.4. Output waveform of MOSFET based 

multilevel inverter. 

 
Figure.5. Five level GTO based inverter. 

 
Figure.6. Output waveform of GTO based multilevel 

inverter. 

VI. RESULTS 

By increasing modulation index from 0.4 to 1, THD % 

is noted for IGBT, MOSFET and GTO. 

 

 

 

 

Modulation index (m) Total harmonic 

distortion (THD) Vo % 

0.4 131.7 

0.5 109.8 

0.6 90.63 

0.7 74.43 

0.8 59.8 

0.9 46.86 

1 28.66 

Table.1. for IGBT 

Modulation index (m) Total harmonic 

distortion (THD) Vo % 

0.4 134.6 

0.5 112.8 

0.6 98.76 

0.7 79.24 

0.8 61.02 

0.9 49.05 

1 32.42 

Table.2. for MOSFET 

Modulation index (m) Total harmonic 

distortion (THD) Vo % 

0.4 138.23 

0.5 121.64 

0.6 101.01 

0.7 82.76 

0.8 64.76 

0.9 52.08 

1 39.43 

Table.3. for GTO 

VII. CONCLUSION 

       By observing above tables it is concluded that 

THD is less in IGBT as compare to other switches. So 

it is better to select IGBT switch for designing 

inverter, as THD is less, efficiency increases and 

power quality of inverter get improved. This paper 

will help to select proper switch for designing 

inverter.      
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