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Multilevel converters are an answer to the shortcomings of power ratings in conventional methods of power converters as a 

result of the growing need for power conversion technology. This study suggests a multi-level inverter (MLI) that uses two or 

more DC voltage sources that are not equal and has fewer parts. The proposed MLI consists of three fundamental DC source units, 

each of which is connected in series to produce greater voltage levels. MATLAB Simulink software is used to design and model the 

inverter circuit.Equal phase angle modulation and half height modulation techniques are used to construct and simulate the 

proposed 11 level inverter circuit, and THD is compared. 
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1. INTRODUCTION 

 The increasing need for power rating and power 

quality, which are linked to less harmonic distortion and 

electromagnetic interference, can be met by multilevel 

inverters. As a result, technology has advanced quickly, 

and these inverters have undergone improvements that 

have extended their industrial application. 

 The component power ratings of conventional 

inverters place a limit on their efficiency. Therefore, 

electricity is shared and distributed collectively through 

the components using multilayer conversion 

techniques. The flying capacitor and diode-clamp 

structures are the two topologies that are most 

well-known. However, as levels rise, these grow in size, 

price, and switch count. Asymmetrical design with 

increased levels improves output voltage harmonic 

distortions which are within the percentage nominals 

that are regulated by IEEE standards.In response to the 

conventional limitations of inverters, this paper 

proposes an asymmetrical 11-level inverter design, 

simulated with MATLAB Simulink. Let us discuss the 

inverter circuit design and switching operations.  

 

STRUCTURE OF PAPER 

 The  paper  is  organized  as  follows:  In  Section  1, 

the introduction of the paper is provided along with the  

structure,  important  terms,  objectives  and overall  

description.  In Section 2 we discuss design and 

operation of the circuit. In Section 3 we have the 
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complete information about modulation techniques 

used. Section 4 shares information about the MATLAB 

Simulink model with results. Section 5 concludes the 

paper with references. 

 

OBJECTIVES 

1. To select the most suitable inverter topology with 

least components to make it economic in order to 

generate desired AC voltage waveform. 

2. To generate higher steps in the AC vo1tage waveform 

so that the THD (Tota1 HarmonicDistortion) of the 

obtained wave is within the defined standards. Higher 

the output leve1s,lesser is the %THD. 

3. To e1iminate the specific harmonic contents in the AC 

voltage waveform by incorporatingvarious soft 

switching techniques & then finding the most optimum 

technique whichsuccessfully minimizes the THD. 

Therefore improving the power qua1ity of the output 

voltagewaveform. 

2. CIRCUIT DESIGN AND OPERATION  

The single phase transmission of multilevel inverter is 

calculated. The single phase multi-level inverter is 

shown in Fig.1. The inverter is divided into two stages; P 

(S1-S4) and Q (S5- S8).Stage P (S1-S4) is used to 

configure and construct number of m-levels (11-level 

design) in the asymmetric inverter and Stage Q (S5-S8) 

is used to change polarity of the inverters. Stage P 

(S1-S4) DC output resulting to m- level AC output. Stage 

P (S1-S4) is directly connected to DC power source, for 

this proposed 11-level inverter design, configuration of 

the DC source is divided to three isolated DC sources 

whose nominal value is E, 2E, and 2E which means the 

definition value in DC voltage of E are calculated by the 

designer while the switches series type, power ratings 

are still in high consideration. 

 

  
Table 1: Switching table for proposed circuit 

 

 
Figure 1: 11 level asymmetrical inverter with reduced 

switches. 

 

Switching Operating Modes 

Switches configuration are operated in total of 11 mode 

levels, ranging from operation mode 0 - 10. The 

operation for mode 0 are achieved when all switches in 

Stage P(S1- S4) are conditioned OFF "0" and Stage 

Q(S5-S8), divided into two primary conditions; First 

condition achieved when switches paired S5, S8 

conditioned ON "1" while switches S6, S7 conditioned 

OFF "0". Second condition for mode 0 are when switches 

S6, S7 logically conditioned ON "1" and switches S5, S8 

conditioned OFF "0". Pairing switches in this operation 

are configured freewheeling. 

 

Switching Operating Modes 

Switches configuration are operated in total of 11 mode 

levels, ranging from operation mode 0 - 10. The 

operation for mode 0 are achieved when all switches in 

Stage P(S1- S4) are conditioned OFF "0" and Stage 

Q(S5-S8), divided into two primary conditions; First 

condition achieved when switches paired S5, S8 

conditioned ON "1" while switches S6, S7 conditioned 

OFF "0". Second condition for mode 0 are when switches 

S6, S7 logically conditioned ON "1" and switches S5, S8 

conditioned OFF "0". Pairing switches in this operation 

are configured freewheeling. 

 

Fig 2: Mode 0 operation of the circuit for 0V level 
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Where Vin = 0 as a result of switches Stage P(S1- 

S4) conditioned OFF &quot;0&quot; and pairing 

switches in Stage Q(S5- S8) are conditioned 

&quot;1&quot;. Therefore the result of this 

operation is analyzed before the inductive filter as 

Vo = 0.Operation modes 1-5 are the basic 

constructing operations of the 11-level inverter 

with stage Q (S5-S8) operating switches S5 and S8. 

The operation for mode 1 are achieved when 

switches S3, S4 in Stage P (S1-S4) and S5, S8 in 

Stage Q (S5-S8) closed. Where Vin = E as a result of 

switches S3, S4 in Stage P(S1-S4) and S5, S8 in 

Stage Q(5- S8) are conditioned &quot;1&quot; or 

closed.  

 Therefore the result of this operation is analyzed 

before the inductive filter as Vo = E. 

 
 

Fig 3: Mode 1 operation of the circuit for V level 
 

Fig 4. Shows operation for mode 2, achieved when 

switches S2, S3 in Stage P (S1-S4) and S5, S8 in Stage Q 

(S5-S8) closed. Where Vin = 2E as a result of switches S2, 

S3 in Stage P(S1-S4) and S5, S8 in Stage Q(S5-S8) are 

conditioned "1" or closed. Therefore the result of this 

operation is analyzed before the inductive filter as Vo = 

2E. 

 

Fig 4: Mode 2 operation of the circuit for 2V level 

 

Described in Fig 5. Operations mode 3 are achieved 

when switches S2, S4 in Stage P (S1-S4) and S5, S8 in 

Stage Q (S5-S8) closed. Where Vin = E + 2E as a result of 

switches S2, S4 in Stage P(S1-S4) and S5, S8 in Stage 

Q(S5-S8) are conditioned "1" or closed. Therefore the 

result of this operation is analyzed before the inductive 

filter as Vo = 3E 

 

Fig5: Mode3operation ofcircuitfor3Vlevel 

 

Fig 6. Describes the operation for mode 4, achieved 

when switches S1, S3 in Stage P (S1-S4) and S5, S8 in 

Stage Q (S5-S8) closed. Where Vin = 2E + 2E as a result of 

switches S1, S3 in Stage P(S1-S4) and S5,S8 in Stage 

Q(S5-S8) are conditioned "1" or closed. Therefore the 

result of this operation is analysed before the inductive 

filter as Vo = 4E. 

 
Fig 6: Mode 4 operation of the circuit for 4V level 

 

 Shown in Fig 7. The operation for mode 5 are 

achieved when switches S1, S4 in Stage P (S1-S4) and S5, 

S8 in Stage Q (S5-S8) closed. Where Vin = E +2E +2E as a 

result of switches S1, S4 in Stage P(S1-S4) and S5, S8 in 

Stage Q(S5- S8) are conditioned “1” or closed. Therefore 

the result of this operation is analyzed before the 

inductive filter as Vo = 5E. 
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Operation modes 6-10 are the exact opposite polarity for 

modes 1-5. The half positive cycle of modes 1-5 are 

configured to oppose polarities by Stage Q (S5-S8) 

switches S6, S7 configured "1" or ON resulting in a half 

negative cycle. 

 

 

Fig 7: Mode 5 operation of the circuit for 5V level 

 

3. MODULATION TECHNIQUES 

 Modulation is the technique used to change the state 

of a power electrical device. The multilayer output 

waveform is produced by the modulation techniques. 

To produce the required output waveform, each 

modulation approach generates a unique switching 

pulse. 

 

Equal Phase (EP) Switching Modu1ation Technique 

In this technique the switching ang1es are distributed 

average1y over the full complete cycle ranging from 0 – 

360 degrees. The equation to calculate the switching 

angles by Equal Phase (EP) method is given by 

 

Ug = g ∗ (180/ M)       where g = 1, 2, 3, 4…, 2M 

M = Number of output voltage levels 

 

Half height switching modulation technique method 

The half height method is employed to reduce the 

harmonic content at the output voltage side. For M is 

odd, 2(M - 1) switching angles is determined for the 

period of 0°– 90° Since the sine wave is symmetrical 

waveform, the positive half cycle is mirror symmetrical 

to its negative half cycle. We define the switching angles 

in the first quadrant period (i.e. 0°- 90°) as main 

switching angles. Switching angles in second quadrant 

(90°-180°), third quadrant (180°- 270°), and fourth 

quadrant (270 °- 360 °) are to be calculated. 

 
 

IV. MATLAB SIMULINK MODEL 

Fig 8: MATLAB SIMULINK model for 11 level 

asymmetrical inverter 

 

The subsystem design of the pulse generator for 

switches by half height method are as below 

 

Fig 9: Subsystem for gate input for S1-Half height 

method 

 
Fig 10: Subsystem for gate input for S2-Half height 

method 
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Fig 11: Subsystem for gate input for S3-Half height 

method 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 12: Subsystem for gate input for S4-Half height 

method 

 

Fig 13: Timing diagram of switches for EPA modulation 

technique 

 

 

Fig 14: Output voltage waveform of asymmetric 11 level 

inverter circuit using EPA method  

 

 

Fig 15: FFT analysis for THD of 11 -level proposed 

topology using equal phase angle modulation technique 

 

 
 

Fig16:Timingdiagramofswitchesforhalfheightm

odulationtechnique 
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Fig 17: Output voltage waveform of asymmetric 11 level 

inverter circuit using half height method 

Fig 18: FFT analysis for THD of 11 level proposed 

topology using half height modulation technique. 

 

Table 2: Comparison table for number of switches and 

circuit topology. 

Type of circuit No. of switches 

needed 

No. of output 

voltage levels 

Conventional 

H-bridge 

 

20 

 

11 

Proposed 

11-Level inverter 

 

8 

 

11 

 

 

Table 3: Comparison table of results with equalphase 

modulation technique and half height modulation 

technique. 

5. CONCLUSION 

A new family of multilevel inverters has been presented 

and built in MATLAB-Simulink. It has the advantage of 

its reduced number of switching switches compared to 

conventional similar inverters. However, the high rating 

of its four main switches limits its usage to the medium 

voltage range. The modes of operation and switching 

strategy of the new topology are presented. Equal phase 

modulation technique is applied with the help of pulse 

generator to study the THD of this model and later half 

height modulation technique is applied with the help of 

pulse generator to this model based on the theory of 

resultant has been applied for harmonic elimination of 

the new topology. The switching angles are calculated 

by carrying out half height method, it has the advantage 

of finding all existed solutions, where the solution 

produces the lowest THD is selected. Other PWM 

methods and techniques are also expected to be 

successively applied to the proposed topology. The 

simulation results show that the algorithm can be 

effectively used to eliminate specific higher order 

harmonics of the new topology and results in a dramatic 

decrease in the in the output voltage THD i.e. 4.01%. 
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