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Abstract: Multilevel inverters have created a new wave of interest 

in industry and research. These multilevel inverters are generally 

used in medium voltage high power application. In this paper a 

eleven level inverter is proposed which has less number of 

switches compared to the conventional inverter. This inverter 

topology reduces the size and complexity of the system. The 

effectiveness of the proposed topology has been demonstrated and 

the results are validated by simulating the proposed topology in 

MATLAB. 

       Index Terms: Multilevel Inverters, circuit topology, reduced 

device count. 

I. INTRODUCTION 

   Now a day’s many industrial applications have begun to 

require high power. Some appliances in the industries 

however require medium or low power for their operation. 

Using a high power source for all industrial loads may prove 

beneficial to some motors requiring high power, while it may 

damage the other loads. Some medium voltage motor drives 

and utility applications require medium voltage. The 

multi-level inverter has been introduced since 1975 as 

alternative in high power and medium voltage situations. The 

Multi-level inverter is like an inverter and it is used for 

industrial applications as alternative in high power and 

medium voltage situations. 

     Multilevel inverters continue to receive more attention 

because of their high voltage operation capability, low 

switching losses, high efficiency and low output of Electro 

Magnetic Interference (EMI). The term multilevel starts with 

the three-level inverter introduced by Nabae et al (1981). 

Nowadays, multilevel inverters are becoming more popular 

in power applications, as multilevel inverters have the ability 

to meet the increasing demand of power rating and power 

quality associated with reduced harmonic distortion and 

lower electromagnetic interference. Multi-level inverters can 

be classified to three types viz, Neutral Point Clamped 

(NPC), Flying Capacitor (FLC), and Cascade H-bridge. This 

 
 

Manuscript published on 30 April 2017. 
* Correspondence Author (s) 

     Mr.Ch Sankara Rao, Department of Electrical and Electronics 

Engineering, CMR College of Engineering & Technology, Hyderabad 
(Telangana), India. E-mail: sankarraoch@gmail.com   

     Mrs. K. Soujanya, Department of Electrical and Electronics 
Engineering, CMR College of Engineering & Technology, Hyderabad 

(Telangana), India. Email: itssoujis@gmail.com   

 Mr. T. Sudhakar Reddy, Department of Electrical and Electronics 
Engineering, CMR College of Engineering & Technology, Hyderabad 

(Telangana), India. E-mail: sudhakar.943@gmail.com 
 

© The Authors. Published by Blue Eyes Intelligence Engineering and 

Sciences Publication (BEIESP). This is an open access article under the 
CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

 
 

type of inverter has advantage over the other two as it 

requires less number of components as compared to the other 

two types of inverters and so its overall weight and price is 

also less. This inverter can avoid extra clamping diodes or 

voltage balancing capacitors [3], [4]. A single phase m-level 

configuration of the cascaded multilevel inverter shown in 

the Fig.1. One of the demerits of cascade multilevel inverter 

is that as the number of level increases, the number of 

H-bridges also increases [5]. This makes the modulation 

strategy more. 

 
 Multilevel inverter has several advantages over a 

conventional two-level inverter that uses high switching 

frequency Pulse width Modulation (PWM). The most 

attractive features of a multilevel inverter are as follows: 

1. They can generate output voltages with extremely low 

distortion and lower dv/dt. 

2. They draw input current with very low distortion. 

3. They generate smaller Common-Mode (CM) voltage. 

4. They can operate with a lower switching frequency. 

The main drawback of multilevel inverters is that the number 

of switches increases with the number of levels. 

In spite of these drawbacks, introducing multilevel inverters 

will decrease switching losses occurred in the power device. 
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Multilevel inverters have an arrangement of power switching 

devices and capacitor voltage sources. Multilevel inverters 

are suitable for high-voltage applications because of their 

ability to synthesize output voltage waveforms with a better 

harmonic spectrum and attain higher voltages with a limited 

maximum device rating. 

II. TOPOLOGY OF MULTILEVEL INVERTERS 

 Multilevel inverters have an arrangement of power 

switching devices and capacitor voltage sources. There are 

three main types of multilevel inverters: diode-clamped 

(neutral-clamped), capacitor-clamped (flying capacitors), 

and cascaded H-bridge inverter. 

 

Fig.2.Topology of Multilevel Inverters 

III. CASCADED H-BRIDGE MULTILEVEL 

INVERTER 

Cascaded Multilevel Inverter (CMLI) is built to synthesize a 

desired AC voltage from several levels of DC voltages. A 

cascaded multilevel inverter consists of a number of H-bridge 

inverter units with separate DC source from each unit and it is 

connected in cascade or series as shown in Fig.1.Each 

H-bridge can produce three different voltage levels +Vdc,0 

and –Vdc.By connecting the DC source to AC output side by 

different combinations of four switches S11,S12,S13&S14.The 

AC outputs of each of the different full bridge inverter levels 

are connected in series such that the synthesized voltage 

waveform is the sum of the inverter outputs [9]. The number 

of output phase voltage levels m, in a cascaded inverter is 

defined as ‘m=2s+1’, where‘s’ is the number of separate DC 

sources. 

    This paper presents a multilevel inverter, based on the 

study of different topologies in [9-11], with reduced number 

of switches as compared to conventional topologies. Hence it 

reduces the installation area, gate drivers needed, and 

consequently the cost of the whole setup [6]. It is also more 

efficient since the inverter has a component which operates 

the switching power devices at line frequency [5] in this 

multilevel inverter and can be extended to any number of 

voltage levels. The simulation results of the proposed 

topology are also presented. 

IV. PROPOSED MULTILEVEL INVERTER 

The proposed multilevel topology is a simplified multilevel 

inverter and is shown in Fig.3. In this proposed topology of 

multilevel inverter the switches from S1 to S5 generates the 

required output levels and the switches S6 to S7 of the circuit 

(H-bridge inverter) decides about the polarity of the output 

voltage. The H-bridge is responsible for generating the 

polarity of the output voltage. H-bridge consisting of four 

switches which are operated at fundamental frequency. It 

requires 9 switches and five isolated sources of equal DC 

value.  

A. General Description 

The proposed system consists of a normal H bridge inverter 

and some auxiliary switches. The levels are generated by 

switching the switches from S1 to S5and according to how the 

sources are connected to the load. The circuit consists of an H 

bridge with switches S6, S7, S8&S9 which are switched at 

natural frequency to produce the positive and negative half 

cycles. 

  During positive half cycle, switches S6 and S7are turned on 

and during the negative half cycle, switches S8 and S9 are 

turned on. To obtain the first level, the dc source V5 must be 

connected to the load. To generate the second level, both V5 

and V4must be connected to the load. The rest of the sources 

are also connected in steps to the load in similar manner. The 

switches are controlled in such a way that respective sources 

are connected to the load during desired time intervals. 

In the proposed topology the total switch count is 9 for an 

eleven level multilevel inverter, in case of a conventional 

cascaded multilevel inverter it is 20. Number of switches are 

reduced in this topology reducing the complexity and cost of 

the overall system. 

 

Fig. 3. Proposed Multilevel Inverter 

B. Switching Sequence  

Switching sequences in the proposed multilevel inverter are 

simpler as compared to conventional topologies. The control 

signals are generated based on the timing intervals without 

using any PWM technique.Table.1. shows the switching 

sequence of the proposed topology. Switches (S1 to S5) are 

used for the level generation 
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Table.1. Switching Table 

Vo S1 S2 S3 S4 S5 S6 S7 S8 S9 

5Vdc 1 1 1 1 1 1 1 0 0 

4Vdc 0 1 1 1 1 1 1 0 0 

3Vdc 0 0 1 1 1 1 1 0 0 

2Vdc 0 0 0 1 1 1 1 0 0 

Vdc 0 0 0 0 1 1 1 0 0 

0 0 0 0 0 0 1 0 1 0 

0 0 0 0 0 0 0 1 0 1 

-Vdc 0 0 0 0 1 0 0 1 1 

-2Vdc 0 0 0 1 1 0 0 1 1 

-3Vdc 0 0 1 1 1 0 0 1 1 

-4Vdc 0 1 1 1 1 0 0 1 1 

-5Vdc 1 1 1 1 1 0 0 1 1 

C. Simulation Results 

The simulation has been carried out in MATLAB/Simulink 

to validate the result. Fig.4. shows the simulation model of 

the proposed topology. To generate the 11- level output 

voltage, 9 IGBTs and five DC power sources of 50Volts are 

used. Output voltage is shown in Fig.5 and the harmonic 

spectrum was analysed using the FFT Window in 

MATLAB/Simulink.  

 

The 11 level inverter output is shown in Fig.5.and the 

switching pulses are shown in Fig.6. The output voltage has 

11 levels of voltages in a half which resembles much more to 

a sine wave. As a result, the harmonic spectrum of the output 

will be improved. The FFT analysis of the output voltage 

waveform is carried out to find the THD of the output voltage  

 
waveform shown in Fig.7. Table.2. shows the comparison 

with conventional cascaded multilevel inverter with 

proposed system. Total harmonic distortion (THD) of the 

proposed topology is 15.5%. 

 

 
Fig.6.Switching pulses 

 (a) Switching pulses to S1(b)switching pulses to S2 

 (c) Switching pulses to S3 (d) switching pulses to S4 

 (e)Switching pulses to S5 (f) switching pulses to S6, S7 

 (g)Switching pulses to S8, S9 
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Table. 2. Comparison with Conventional Topology 

Topology 
Number of 

levels 

Number of 

switches 
THD 

Cascaded 

Multilevel 

Inverter [16] 

11 20 15.90% 

Proposed 

Multilevel 

Inverter 

11 9 15.57% 

V.   CONCLUSIONS 

A simplified eleven level multilevel inverter topology with 

less number of switches is shown and simulated in 

MATLAB. This topology consists of 9 switches which 

reduces the overall size, cost and installation area of the 

system. Simulation results using MATLAB is also provided 

to validate the design. 

     The proposed topology can be extended in levels by 

increasing the number of switches and the DC input can be 

extracted by renewable energy sources. This multilevel 

inverter can be applicable for any single phase AC drives. 
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