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 The multilevel converter to achieve higher power is to use a series of power semiconductor switches with 

several lower voltage dc sources to perform the power conversion by synthesizing a staircase voltage 

waveform. Batteries can be used as the multiple dc voltage sources. This paper focus on phase shifted and 

level shifted pwm based cascaded multilevel inverter fed drive. It offer several advantages compared to the 

conventional 3-phase bridge inverter in terms of lower dv/dt stresses, lower electromagnetic interference, 

smaller rating and high efficiency. The proposed method has been designed an thirteen level cascaded 

multilevel inverter by using phase shifted and level shifted pulse width modulation technique and compare 

the Total harmonic distortion. The selected pattern has been exposed to give superior performance in total 

harmonics distortion. Simulation and experimental results confirm the feasibility of proposed method. 
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I. INTRODUCTION 

Power electronic devices play a major role in the 

conversion and control of electric power, especially 

to extract power from renewable energy sources 

like photovoltaic array and wind energy [1]. 

Conversion of DC to AC power can be done with the 

help of inverters (single phase or three phases). 

Conventional bipolar inverters produce alternating 

staircase waveforms with higher harmonics. Thus, 

the multilevel inverters (MLI) were developed [2]. 

This paper provides a new three phase 

configuration to produce the II-level output with 

less total harmonic distortion (THD) in its output 

voltage. IPD, APD, CO and VF PWM techniques 

were used to produce switching pulses[3]. 

The cascaded H-bridge (CHB) configuration has 

lesser number of components as compared to the 

conventional diode clamped or capacitor clamped 

inverters [4]. It contains single phase inverters 

connected in series with separate DC sources that 

can be derived from renewable energy sources like 

solar PV cell, bio fuel cell or wind turbine [5]. Each 

single phase inverter produces two DC voltage 

levels. Bridges with separate DC sources are 

cascaded to each other for more DC levels. The 

switches operate at fundamental frequency of 

50Hz. 

The diode clamped MLI has 20 switches, 90 

diodes and 10 main DC-bus capacitors per phase 

to produce an 11- level staircase as the output 

voltage. The capacitor clamped MLI uses 20 

switches, 45 clamping capacitors and 10 main 

DC-bus capacitors per phase whereas the 

cascaded H-bridge inverter uses only 24 switches 

per phase to produce the same output [6-7]. This 
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paper describes a single phase inverter 

configuration with eight switches and three DC 

sources. A three phase multilevel inverter is 

obtained by interconnecting three single phase 

inverters to a star connected pure resistive load 

with a common earth point. Therefore, this circuit 

offers lesser gate control circuitry, lesser cost, 

lesser heating, more ease of installation and lesser 

electromagnetic interference. Table.I shows the 

comparison of the number of components between 

different topologies. The performance of the 

inverter using IPD, APD, CO and VF PWM methods 

is shown [8]. A passive series LC filter is designed to 

produce a sine wave from the staircase inverter 

output. The purpose of the output LC filter is 

attenuating voltage ripples due to the inverter 

switching [9]. 

 

II. MULTILEVEL INVERTER 

Importance of multilevel inverter  

A power inverter, or inverter, is an electronic 

device or circuitry that changes direct current (DC) 

to alternating current (AC). The input voltage, 

output voltage and frequency, and overall power 

handling depend on the design of the specific 

device or circuitry.  

The importance of multilevel inverters has been 

increased since last few decades. These new types 

of inverters are suitable for high voltage and high 

power application due to their ability to synthesize 

waveforms with better harmonic spectrum and 

with less Total Harmonic Distortion (THD). 

Numerous topologies have been introduced and 

widely studied for utility of non-conventional 

sources and also for drive  

 

Main feature of Multi-Level Inverter (MLI) 

1. Ability to reduce the voltage stress on each 

power device due to the utilization of multiple levels 

on the DC bus.  

2. Important when a high DC side voltage is 

imposed by an application (e.g. traction systems).  

3. Even at low switching frequencies, smaller 

distortion in the multilevel inverter AC side 

waveform can be achieved (with stepped 

modulation technique).  

 Advantages of Multi-Level Inverter (MLI)  

A multilevel converter has several advantages 

over a conventional two-level converter that uses 

high switching frequency pulse width modulation 

(PWM). The attractive features of a multilevel 

converter can be briefly summarized as follows.  

1. Staircase waveform quality: Multilevel 

converters not only can generate the output 

voltages with very low distortion, but also can 

reduce the dv/dt stresses; therefore Electro 

Magnetic Compatibility (EMC) problems can be 

reduced.  

2. Common-Mode (CM) voltage: Multilevel 

converters produce smaller CM voltage; therefore, 

the stress in the bearings of a motor connected to a 

multilevel motor drive  

3. Input current: Multilevel converters can draw 

input current with low distortion.  

4. Switching frequency: Multilevel converters can 

operate at both fundamental switching frequency 

and high switching frequency PWM. It should be 

noted that lower switching frequency usually 

means lower switching loss and higher efficiency.  

Unfortunately, the multilevel converters do have 

some disadvantages. One particular disadvantage 

is the greater number of power semiconductor 

switches needed. Although lower voltage rated 

switches can be utilized in a multilevel converter, 

each switch requires a related gate drive circuit 

[40]. This may cause the overall system to be more 

expensive and complex. Plentiful multilevel 

converter topologies have been proposed during 

the last two decades. Contemporary research has 

engaged novel converter topologies and unique 

modulation schemes.  

In recent years, new industrial applications for 

medium and high voltage motors (which may 

require voltages in megawatts ranges) applied 

these inverters which can be used as an alternative 

to the power of a multilevel converter for high and 

medium renewable energy sources. The use of 

multilevel converters has been started since 1975, 

which is in fact the development of the two-level 
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converters. Purpose of the use of multilevel 

converters, access to a high power is the key to a 

series of semiconductor strength and low DC 

voltage sources for energy conversion based on 

elements such as capacitors, batteries and 

renewable energy sources is implemented. Using 

the appropriate switching and considering several 

sources of input DC converters, high voltage can be 

obtained in a multilevel converter output. 

Multilevel converters have advantages and 

disadvantages compared to two level converters 

considering switching frequency and Pulse Width 

Modulation (PWM) can include. 1- Quality of the 

AC output waveform: a multilevel converter cannot 

only produce a voltage output with extremely low 

distortion, also capable of decreased stress dv /dt. 

So the problem of electromagnetic interference 

(EMI) can be reduced. 2 - Less Common Mode 

voltage (CM): less CM voltage multilevel converters 

and therefore less stress on the motor bearings as 

well as semiconductor components connected to a 

multi-level inverter will be reduced. 3 - The input 

source: the use of multilevel converters can already 

having low distortion input sources, problems 

related to power quality in distribution systems to 

overcome. 4 - Switching frequency: multilevel 

converters can be both primary and high switching 

frequency to be used. Lower switching frequency 

usually means higher efficiency as well. The 

disadvantages of multilevel converters can also be 

summarized as follows: 1 - To be expensive due to 

the high number of switching elements (which 

cannot be economically affordable.) 2 - Design 

complexity due to the lack of sufficient knowledge 

(creates problems) 3 - Different techniques for 

controlling converters, multilevel provided. 

Example can be pulse width modulation sine, 

eliminating the harmonic selective modulation 

vector space mentioned. Most important 

applications of inverters multilevel can to drive 

motors, medium voltage, transmission systems AC 

flexible and renewable energy sources are 

connected to the grid . In this section, the 

advantages and disadvantages of multilevel 

converters, kind of actives switch usage, how to 

charge and discharge the closing of diodes and 

capacitors of the converter structure and especially 

for the inverter connected to the grid will be 

reviewed 

III. MODULATION SCHEMES 

To control the frequency and harmonics of the 

output voltage of the inverter, we must select the 

most appropriate PWM technique. The sinusoidal 

PWM (SPWM) method has been applied to the 

power switches, in which a reference sinusoidal 

wave of fundamental frequency is compared to high 

frequency carrier wave(s). The level, frequency or 

amplitude of the multiple carrier signals are varied 

based on the PWM technique. The modulation 

indices are kept same in all the methods for 

comparison. Amplitude modulation index is the 

ratio of the amplitude of the reference sine wave to 

the amplitude of the carrier waves. Frequency 

modulation index, is defmed as the ratio of the 

frequency of carrier wave to the frequency of the 

modulating wave.  

The PWM techniques in this paper are InPhase 

Disposition (lPD) type level shift pulse width 

modulation (LS-PWM), Anti-Phase Disposition 

(APD) PWM, Carrier Overlap (CO) PWM and 

Variable Frequency (VF) PWM. The amplitude 

modulation index rna is maintained at 0.9 and the 

frequency modulation index mr at 200. The RMS 

value of the fundamental component of the output 

voltage and the total harmonic distortion (THD) are 

observed by using simulation results. In all the 

PWM techniques, 'N' number of carrier signals are 

used to obtain 2N+ 1 voltage levels. 

In this paper, control technique of phase 

shifted (PS-PWM) and level shifted (LS-PWM) pulse 

width modulation strategy is employed. The two 

pwm techniques are, 

3.1 Phase Shifted PWM (PSCPWM) 

 
Fig. 2 Phase Shifted Carrier PWM 

 

In psc pwm all the triangular carriers have the 

same frequency and same peak-peak amplitude 

.but there is a phase shift between any two 

adjacent carrier waves.For m Voltage levels (m-1) 

carrier signals are required and they are phase 

shifted with an angle of θ=(360°/m-1).The gate 

signals are generated with proper comparison of 

carrier wave and modulating signal .  

3.2 Level shifted PWM (LSCPWM  

For carriers signals, the time values of each carrier 

waves are set to [0 1/600 1/300] while the outputs 

values are set according to the disposition of carrier 
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waves. After comparing, the output signals of 

comparator are transmitted to the IGBT. This 

technique is divided into 3 types,  

 

In Phase disposition (IPD) 

 
Fig.3 in phase disposition 

 

All the carrier signals are in phase.  

 

Phase opposition disposition (POD) 

 
Fig.4 phase opposition disposition 

All the carriers above zero reference are in 

phase but in opposition with those are below zero 

reference.  

Alternate phase opposition disposition (APOD) 

 
Fig.5 Alternate phase opposition disposition 

 

 The modulating signal of each phase is 

displaced from each other by 120°. All the carrier 

signals have same frequency Fc and amplitude Ac 

while the modulating signal has a frequency of fm 

and amplitude of Am. The fc should be in integer 

the multiples of fm with three-times. This is 

required for all the modulating signal of all the 

three phases see the same carriers, as they are 

120° apart. The carrier waves and the modulating 

signals are compared and the output of the 

comparator defines the output in the positive half 

cycle the comparator output will have the value 

high, if the amplitude of the modulating signal is 

greater than that of the carrier wave and zero 

otherwise. Similarly for the negative half cycle, if 

the modulating signal is lower than the carrier 

wave the output of the comparator is high and zero 

otherwise. 

IV. PROPOSED CIRCUIT 

The proposed inverter configuration has 10 

switches and two DC sources per phase as shown 

in Fig.l. The series combination among the two DC 

sources V dc, 2V dc and 2V dc can be used to 

produce eleven DC levels at the inverter output in a  

single cycle. Fig.2 provides the simulation circuit of 

the proposed single phase circuit in MA TLAB. In 

each mode, four of the switches operate 

simultaneously. 

 

 
Fig 1: Proposed Simulation Circuit 

V. SIMULATION RESULTS 

In this section, the proposed control structure is 

simulated in MATLAB SIMULINK environment. A 

resistive load is connected  by the h-Bridge . 

 

 
Fig no: 5.1 simulink output of the inphase disposition 

 

 
Fig no: 5.2 simulink result for the anti phase disposition. 
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fig no: 5.3 simulink result for the carrier overlap 

 

 
Fig no: 5.4 Sinusoidal output voltage wave form for three phase 

11 level inverter using VF-PWM technique with series LC filter. 

 
Fig no 5.5 FFT Analysis of the harmonic spectrum for VF PWM 

technique (with LC filter) 

 

 
Fig: Pulse generator for the proposed circuit 

 
Level Shifted PWM (Pulse Generator) 

 
Load Voltage 

 
THD Analysis for Load Voltage (4.56%) 

 

VI. CONCLUSION 

Three phase eleven level inverter topology with less 

number of switches is proposed and simulated. 

Various PWM methods are analyzed and 

compared. From the simulation results, it was 

found that VF-PWM provides minimum THD of 

12.51%  in the inverter output voltage. This will be 

the best PWM technique for inverter switching 

because small inductance can be used in the LC 

filter placed in series to the inverter output to 

produce a rectified AC sine wave of low THD of 

1.77%. 

Future Scope: 

 The control technique offers multilevel power 

converters can be further simplified and 

generalized to different levels and other class of 
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power converters and inverters. The levels of 

multilevel configuration can be increased and 

further improvements in terms of performance and 

power quality issues can be broadly studied and 

could be implemented with hard ware circuits. 
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