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ABSTRACT 

The Multilevel inverters are used to obtain the desired AC voltage from several levels of DC voltage and also 

reduce the filter requirement in the system. It has more advantages when compared to traditional two level inverter. This 

paper proposes Multi carrier pulse width modulation (MCPWM) and multiple sinusoidal pulse width modulation 

techniques (MSPWM) based Modified Multilevel Inverter with reduced number of switches. Reduced harmonic distortion 

is achieved in the output voltage waveform without reduction in the output power using these techniques. The inverter is 

able to produce seven and nine levels from the dc supply source. The analysis has been made based on the Total Harmonic 

Distortion (THD). The pulse width modulation techniques used in this paper are MSPWM and MCPWM with triangular 

wave as carrier wave. The proposed inverter is simulated in Matlab/Simulink. The hardware prototype implementation is 

done using Power MOSFET switches and the THD is analysed using Power Quality Analyser. 

 
Keywords: multilevel inverter, multicarrier pulse width modulation, multiple sinusoidal pulse width modulation, total harmonic 

distortion. 

 

1. INTRODUCTION 

Power electronic converters are becoming 

familiar and are implemented for medium as well as high 

power applications. The electronic device which converts 

fixed DC voltage to a variable AC voltage is known as 

inverter. The output may be a variable voltage and 

variable frequency. Multilevel converters were used with a 

normal three level inverter. Multilevel inverters are the 

power electronics voltage synthesizers in which the output 

voltage level can be increased in steps to a stair case 

waveform [1-3]. The output voltage levels are increased to 

achieve an approximate sinusoid. Hence the reduction of 

Total Harmonic Distortion (THD) is achieved [3]. When 

compared to two level inverter, multilevel inverter has 

advantages like minimum distortions, least components, 

lower switching loss and high efficiency [4-9]. Diode-

clamped MLI, Flying capacitor MLI and Cascaded MLI 

are different topologies of multilevel inverters. Cascaded 

inverter has simple structure when compared to Diode 

clamped inverter and Flying capacitor inverter [10]. Diode 

clamped inverter is restricted to five levels only, because 

of the unbalanced voltage across capacitors. The General 

cascaded MLI is shown in figure1 and from the figure it 

was inferred that the General Cascaded MLI needed 12 

semiconductor switches for a seven level output. The 

Modified Cascaded Multilevel inverter consists of only 8 

IGBT switches and 8 diodes for seven level and for nine 

level 10 IGBT switches and 10 diodes are used [11-

16].Thus by using this Modified Cascaded Multilevel 

inverter the switching losses are reduced because the 

power semiconductor switches are reduced and the 

complexity of circuit minimized. 

 

2. CASCADED MULTILEVEL INVERTER 

The normal cascaded H-bridge Inverter consists 

of a series connection of H-bridges and contains four 

switches in each cell. The universal function of this 

multilevel inverter (MLI) is to combine a required voltage 

from several input dc sources. The input DC sources are 

connected to each converter cell. The resultant output 

voltage is addition of voltages generated via different H-

Bridges. The resultant output ac voltage varies from -4Vdc 

to +4Vdc [14-16]. The general cascaded 9 levels MLI 

consists of 10 semiconductor switches and 4 separate DC 

sources. 

 

 
 

Figure-1. General cascaded MLI circuit. 

 

3. MODIFIED CASCADED MULTILEVEL  

    INVERTER 
The modified multilevel inverter consists of less 

number of switches when compared to other familiar 

topologies [12-16]. The switches are arranged in the 
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manner as shown in the Figure-2 for nine levels. The 

number of switches involved is increased by two for every 

level increment and similarly this topology can be 

expanded up to n number of levels. Table-1 shows the 

comparison of switches required for the conventional 

cascaded MLI and the modified cascaded MLI for the nine 

levels. 

 

 
 

Figure-2. Modified cascaded MLI with reduced switches. 

 

Table-1. Comparison of switches. 
 

Levels 

Switches required 

Cascaded MLI 
Modified Cascaded 

Multilevel Inverter 

5 8 6 

7 12 8 

9 16 10 

11 20 12 

13 24 14 

 

4. OPERATION OF MODIFIED CASCADED MLI 
The modified nine level inverter consists of ten 

switches along with four dc voltage sources. The circuit 

diagram for nine level inverter of proposed topology is 

shown in figure 2. The nine level output voltages are +Vdc, 

+2Vdc, +3Vdc, +4Vdc, 0, -Vdc,-2Vdc,-3Vdc,, -4Vdc. The 

operation of conducting switches for nine level is shown in 

table 2. For getting +Vdc diodes D9, D10 are ON and the 

load is connected to Q1 with respect to Q4. For getting 

+2Vdc auxiliary switch Q7 is ON and the load is connected 

to Q1 with respect to Q4.Now the upper two sources are 

connected in series via Q7, Q1, load, Q4, and D10.For +3Vdc 

auxiliary switches Q7, Q6 is ON, load terminal positive is 

connected to main switch Q1 and negative terminal to 

Q4.For –Vdc,-2Vdc,-3Vdc,- 4Vdc the main switches Q2 and 

Q3 is in ON state instead of Q1 and Q4 and the remaining 

switches operation are similar. For zero level auxiliary 

switch Q9 or Q10 is alone in ON state. This topology can 

be extended up to n number of levels and the generalized 

multilevel inverter configuration of the new topology as 

given in Figure-3. 

 

Table-2. Switching table for modified cascaded multilevel 

inverter. 
 

Duration 
Switches to be 

turn on 

Diodes 

that 

conducts 

Voltage 

levels 

Positive 

Half Cycle 

Q9,Q10 - 0 

Q1,Q4 D9,D10 Vdc 

Q1,Q4,Q7 D9 2Vdc 

Q1,Q4,Q6,Q7 D8 3Vdc 

Q1,Q4,Q5,Q6,Q7 - 4Vdc 

Negative 

Half Cycle 

Q9,Q10 - 0 

Q2,Q3 D9,D10 -Vdc 

Q7, Q2,Q3 D9 -2Vdc 

Q6,Q7, Q2,Q3 D8 -3Vdc 

Q5,Q6,Q7, Q2,Q3 - -4Vdc 

 

 
 

Figure-3. Generalized multilevel inverter configuration of 

the new topology. 

 

5. MODULATION STRATEGIES 

 

A. MCPWM strategy 

Multicarrier PWM technique is the best switching 

technique for multilevel inverters [17-20]. All the carrier 

signals are compared with same sinusoidal reference 

waves. The various multicarrier PWM techniques are PD 
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method, APOD method, POD method, Variable frequency 

method.  

 

a) PD (phase disposition) PWM 

In this technique all the carriers are in phase with 

each other as given in Figure-4. All carrier signals are 

having the same amplitude and frequency. 

 

 
 

Figure-4. PD method. 

 

b) APOD (Alternative phase opposition disposition)  

     PWM 
In this technique every carrier signals are 

alternately phase shifted by 180 degrees as given in 

Figure-5.   

In this method also all carrier signals are having 

the same amplitude and frequency [20]. 

 

 
 

Figure-5. APOD method. 

 

c) Variable frequency PWM (VFPWM) 
In this method all the carriers are in  phase with 

same amplitude with different frequency as given in 

Figure-6. 

 

 
 

Figure-6. Variable Frequency method. 

B.  MSPWM strategy 
In this technique, multiple sinusoidal signals are 

compared to a single carrier to get the gate signals of 

required pulse width [9]. For the seven level output, three 

sinusoidal waveforms with equal amplitude and equal 

frequency are compared with a single carrier and gate 

pulses are generated similarly for nine level four 

sinusoidal modulation signals compared with single carrier 

wave. Am is the amplitude and fm is the frequency of the 

modulation signals. The following equation defines 

modulation index ma as  

 

ma = Am/ (N-1)/2*Ac  

Where,  N is the number of levels.  

The frequency modulation ratio mf is given by  

mf  = fc / fm.  

 

 
 

Figure-7. MSPWM strategy. 

 

6. SIMULATION RESULTS 

The simulation for the proposed configuration is 

done with help of MATLAB/SIMULINK. The simulation 

diagram for the proposed MLI for seven levels is given in 

Figure-8. The load used in the simulation is RL load. Each 

input DC supply has the value of 200V. Switching 

frequency is 5 kHz. 

 

 
 

Figure-8. MATLAB/Simulink model of modified 

cascaded 7-level inverter. 

 

A) PDPWM technique 

 

a) Seven level PDPWM technique 

The output voltage waveform and FFT analysis 

for corresponding THD value for seven level using 

PDPWM techniques is given in the Figure-9. 
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Figure-9. (a) Output voltage (b) Harmonic analysis. 

 

b) Nine level PDPWM technique 

The output voltage waveform and FFT analysis 

for corresponding THD value for nine level using 

PDPWM techniques is given in the Figure-10. 

 

 
 

Figure-10. (a) Output voltage (b) Harmonic analysis. 

 

B) APODPWM technique   

 

a) Seven level APODPWM technique 
He output voltage waveform and FFT analysis for 

corresponding THD value for seven level using 

APODPWM technique is given in the Figure-11. 

 

 
 

Figure-11. (a) Output Voltage (b) Harmonic analysis. 

 

b) Nine level APODPWM technique 

The output voltage waveform and FFT analysis 

for corresponding THD value for nine level using 

APODPWM techniques is given in the Figure-12.  

 

 
 

Figure-12. (a) Output voltage (b) Harmonic  analysis. 

 

 

 

 

 

 

C) VFPWM technique 
 

a) Seven level VFPWM technique 

The output voltage waveform and FFT analysis 

for corresponding THD value for seven level using 

VFPWM techniques is given in the Figure-13. 

 

 
 

Figure-13. (a) Output voltage (b) Harmonic analysis. 

 

b) Nine level VFPWM technique 

The output voltage waveform and FFT analysis 

for corresponding THD value for nine level using 

VFPWM techniques is given in the Figure-14. 

 

 
 

Figure-14. (a) Output voltage (b) Harmonic analysis. 

 

D) MSPWM technique 

 

a) Seven level MSPWM technique 
The output voltage waveform and FFT analysis 

for corresponding THD value for seven level using 

MSPWM techniques is given in the Figure-15. 

 

 
 

Figure-15. (a) Output voltage (b) Harmonic analysis. 

 

b) Nine level MSPWM technique 

The output voltage waveform and FFT analysis 

for corresponding THD value for nine level using 

MSPWM technique is given in the Figure-16. 
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Figure-16. (a) Output voltage (b) Harmonic analysis. 

 

Table-3. THD comparison chart. 
 

Methods 
Seven level 

(THD %) 

Nine level 

(THD %) 

PD method 12.71 % 11.17 % 

APOD method 17.22 % 15.50 % 

VFPWM method 21.07 % 15.19 % 

MSPWM method 22.82% 18.89 % 

 

7. HARDWARE IMPLEMENTATION 

The hardware has been implemented for seven 

level inverter using PDPWM technique. The gating signals 

are generated using PIC16F877A microcontroller. Gate 

Driver circuits are used for boosting the pulses from a 

microcontroller. The IRF540 - MOSFETs are used in this 

design which has high voltage and current carrying 

capability. The THD value has been analyzed using power 

quality analyzer and the value is 13.33% compared to 

12.71% calculated from simulation. The prototype for 

seven level multilevel inverter is shown in figure 17 and 

the output voltage for seven level multilevel inverter 

measured by the power quality analyzer is shown in 

Figure-17. 

 

 
 

Figure-17. Hardware setup for PDPWM based seven level 

inverter. 

 

 
 

Figure-18. Hardware output voltage waveform. 

 

 
 

Figure-19. THD result from power quality analyser. 
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Table-4. Comparison chart. 
 

PDPWM method THD (%) 

SIMULINK Software 

MATLAB Version 7.9 
12.71 

Hardware Implementation 13.33 

 

8. CONCLUSIONS 
In this paper four PWM techniques of modified 

cascaded seven and nine level inverter has been simulated.   

Out of four PWM techniques, PDPWM control 

technique of modified cascaded inverter is best based on 

the FFT analysis observed from the simulation results. The 

simulation result also shows that the THD get reduced for 

increase in higher voltage levels. The size of the inverter is 

reduced since the required number of components is less 

compared to conventional H bridge inverter. Thus the 

modified multi level inverter with PDPWM method 

control technique is validated through the detailed 

simulation analysis and experimentation. 

The hardware and simulation results were 

compared based on the aspects of total harmonic 

distortion. This inverter can be a solution to solar based 

grid connected system. 
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