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Abstract— Multilevel inverter have drawn tremendous 

interest in power industry since last decade. This paper 

presents the  Simulation and analysis of the Three Multilevel 

topologies such as Diode clamped or Neutral point clamped 

(NPCMLI) Multilevel Inverter ,Flying capacitor Multilevel 

inverter(FCMLI) and Cascaded H bridge Multilevel 

inverter(CHBMLI) for Three phase Five level. The 

Comparison based on THD analysis in the output voltage. In 
this paper, Multilevel inverter topologies are controlled by 

Sinusoidal Pulse Width Modulation. The Comparative 

Simulation Results have been obtained in MATLAB/ 

Simulink. 
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I. INTRODUCTION 

Growth in industries has certainly increased the demand for 

high power applications which ranges to megawatt level. In 

order to withstand such high voltage levels a single power 

semiconductor device may not be sufficient. Hence it is 

essential to use an array of semiconductors which paved the 

way for the design of multilevel inverters. As indicated 

above multilevel inverters include an array of Power 

Semiconductors and capacitor voltage sources, the output of 

which generates voltages with stepped waveforms. As the 

number of steps increases there is more possibility to get a 

smooth and distortion less sinusoidal waveform.[1] The 

concept of multilevel inverter has been introduced since 
1975.[2]The term Multilevel inverter begun with three level 

inverter. At present, there are three basic multilevel inverter 

topologies: diode-clamped multilevel inverter (DCMLI), 

flying capacitor multilevel inverter (FCMLI) and Cascaded 

H bridge multilevel inverter (CHBMLI).Diode clamped 

MLI needs more numbers of diodes wheres Flying capacitor 

MLI needs more numbers of capacitors. Among Cascaded H 

bridge MLI have no need of capacitor and diode. 

The main advantages of this approach are 

summarized as follows: [3] 

 They can generate output voltages with extremely low 
distortion and lower (dv/dt).  

 They can operate with a lower switching frequency.  

 Their efficiency is high (>98%) because of the 

minimum switching frequency.  

 They are suitable for medium to high power 

applications.  

II. MULTILEVEL INVERTER TOPOLOGIES 

Multilevel converters are increasingly being considered for 
high power applications because of their ability to operate at 

higher output voltages while producing lower levels of 

harmonic components in the switched output voltages.[4] 

Today, multilevel inverters are extensively used in high-

power applications with medium voltage levels. The field 

applications include use in laminators, mills, conveyors, 

pumps, fans, blowers, compressors, and so on.[2] 

A. Diode clamped Multilevel inverter         

The most commonly used multilevel topology is the diode 

clamped inverter, in which the diode is used as the clamping 

device to clamp the dc bus voltage so as to achieve steps in 

the output voltage. Thus, the main concept of this inverter is 

to use diodes to limit the power devices voltage stress. The 

voltage over each capacitor and each switch is Vdc. An n 

level inverter needs (n-1) voltage sources, 2(n-1) switching 

devices and (n-1) (n-2) diodes. By increasing the number of 

voltage levels the quality of the output voltage is improved 

and the voltage waveform becomes closer to sinusoidal 

waveform.[5] 
To produce a stair case output, let us consider only 

one leg of five level inverter, as shown in Figure 1. 

The steps to synthesize the five level voltages are as 

follows. 

1) Voltage level Van= V dc; turn on all upper switches S1, 

S2, S3 and S4. 

2) Voltage level Van= Vdc/2, turn on the switches S2, S3, S4 

and S1′. 

3) Voltage level Van= 0, turn on the switches S3, S4, S1′ 

and S2′. 

4) Voltage level Van= Vdc/2 turn on the switches S4, S1′, 
S2′, S3′. 

5) Voltage level Van= Vdc; turn on all lower switches S1′, 

S2′ ,S3′ and S4′. 

 
Fig. 1: One phase leg of Diode clamped Multilevel Inverter 

B. Flying capacitor Multilevel inverter 

FCMLI is a multiple voltage level inverter topology which 

uses capacitors (called flying capacitors) for clamping the 

voltage across the power semiconductor devices. One phase 

of three phase m level FCMLI requires 2(m-1) 

semiconductor switches. The five level FCMLI consists of 

four switching pairs (SA1 SA1’), (SA2 SA2’), (SA3 SA3’) 
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and (SA4 SA4’). If one switch of the pair is switched ON, 

the other complementary switch of same pair must be OFF. 

The switches are clamped by DC-link together with flying 
capacitors. The four switches (SA1 to SA4) must be 

connected in series between DC input and load and likewise 

for (SA1’to SA4’). The three flying capacitors CA1, CA2 

and CA3 are charged to different voltage levels.[6] 

 
Fig. 2: One phase of Flying capacitor Multilevel Inverter 

The steps to synthesis the five level phase a output 

voltage in this work are as follows:  

1) For phase a output voltage of VAN=0, two upper 

switches SA3, SA4 and two lower switches SA1’ and 
SA2’ are turned on.  

2) For an output voltage of VAN=Vdc/4, three upper 

switches SA1, SA2, SA3 and one lower switch SA4’ are 

turned on.  

3) For an output voltage of VAN=Vdc/2, all upper switches 

SA1 through SA4 are turned on.  

4) To obtain the output voltage of VAN= -Vdc/4, upper 

switch SA1 and three lower switches SA2’, SA3’ and 

SA4’ are turned on.  

5) For an output voltage of VAN = -Vdc/2, all lower 

switches SA1’ through SA4’ are turned on. [6] 

C. Cascaded-H-Bridge Multilevel inverter 

Fig.3 shows a five level cascaded H-bridge multilevel 

inverter. The converter consists of two series connected H-

bridge cells which are fed by independent voltage sources. 

The outputs of the H-bridge cells are connected in series 

such that the synthesized voltage waveform is the sum of all 
of the individual cell outputs. The output voltage is given by 

Vdc=V1 +V2 

There are five level of output voltage ie 2V, V, 0, -

V, -2V.The main advantages of cascaded H-bridge inverter 

is that it requires least number of components, modularized 

circuit and soft switching can be employed. But the main 

disadvantage is that when the voltage level increases, the 

number of switches increases and also the sources, this in 

effect increases the cost and weight. The cascaded H-bridge 

multilevel inverters have been applied where high power 

and power quality are essential.[7] 

 
Fig. 3: One phase of Cascaded H-Bridge Multilevel Inverter 

This inverter can be avoid extra clamping diodes or 

voltage balancing capacitors. 

III. SINUSOIDAL PULSE WIDTH MODULATION 

SPWM technique is one of the most popular modulation   

techniques among the others applied in power switching 

inverters. Number of triangular waveforms is compared with 

a controlled sinusoidal modulating signal. The number of 
carriers required to produce the m- level output is m-1. All 

the carriers have the same peak to peak amplitude Acpp. 

The reference is continuously compared with each of the 

carrier signals and whenever the reference is greater then the 

carrier signal, the pulse is generated.[8] 

 
Fig. 4: Sinusoidal Pulse Width Modulation 

A. Advantages of SPWM:  

 The output voltage control is easier with PWM than 

other schemes and can be achieved without any 

additional components. 

 The lower order harmonics are either minimized or 

eliminated altogether.  

 The filtering requirements are minimized as lower order 

harmonics are eliminated and higher order harmonics 

are filtered easily.  

 It has very low power consumption.  

 The entire control circuit can be digitized which reduces 
the susceptibility of the circuit to interference.[9] 

IV. SIMULATIONS AND RESULTS 

A. Three phase Five level Diode clamped MLI 

The Simulation of Three phase 5 Level Diode clamped MLI 

as shown in Figure 5 using MATLAB/SIMULINK. In this, 
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eight Switches are used with Connecting R Load. The 

supply voltage is 100V.The Figure 6 shows waveforms for 5 

level Diode clamped multilevel inverter. 

 
Fig. 5: Simulation of Three phase Five DCMLI 

For Vab: 

 
For Vbc: 

 
For Vca: 

 
Fig. 6: Waveforms of Three phase Five DCMLI 

A Fast Fourier Transform (FFT) analysis in 

MATLAB is used to conduct the harmonic analysis. Total 

harmonic  Distortions is the summation of all harmonic 

components of the voltage or current waveform compared 

agaist the fundamental component of the voltage or current 

wave: 

THD = √
(V2

2 + V3
2 + V4

2 +⋯+Vn
2)

V1
× 100% 

THD Analysis for Three phase five level as shown 

in figure 7 which is approximately 39.40%. 

 
Fig. 7: THD Analysis for Three phase Five DCMLI 

B. Three phase Five Flying capacitor MLI 

The Simulation of Three phase 5 Level Flying capacitor 

MLI as shown in Figure 8 using MATLAB/SIMULINK. In 

this, Eight Switches are used with Connecting R Load. The 

supply voltage is 100V.The Figure 9 shows waveforms for 5 

level Flying capacitor multilevel inverter. The flying 

capacitor inverter structure is similar to the diode clamped 

inverter.  

 

 
Fig. 8: Simulation of Three phase Five FCMLI 
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Vab: 

 
Vbc: 

 
Vca: 

 
Fig. 9: Waveforms of Three phase Five FCMLI 

According to FFT analysis, THD Analysis for 

Three phases Five level Flying capacitor Multilevel inverter 
as shown in Figure 10 which is approximately 33.60%. 

 
Fig. 10: THD Analysis for Three phase Five FCMLI 

C. Three phase Five level Cascaded H bridge MLI 

 

 
Fig. 11: Simulation of Three phase Five CHBMLI 

Cascaded H bridge 5 level Three phase Multilevel inverter 
using MATLAB/SIMULINK as shown in Figure 11.Here 

Five level Cascaded H bridge  is modeled where one 

reference wave (sine wave) and four carrier waves 

(triangular wave) are taken. The Three phase five level 

Cascaded H bridge MLI waveform as shown in Figure 12. 

In 5 level Cascaded MLI, Two H bridge are used. cascaded 

multilevel inverter made up of from series connected single 

full bridge inverter, each with their own isolated dc bus. 

Each level can generate three different voltage outputs 

+2Vdc, +Vdc, 0,-Vdc, and –2Vdc by connecting the dc 

sources.  

Vab: 
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Vbc: 

 
Vca: 

 
Fig. 12: Waveforms of Three phase Five CHBMLI 

According to FFT analysis, THD Analysis for 

Three phase Five level Flying capacitor Multilevel inverter 

as shown in Figure 10 which is approximately 30.63%. 

 
Fig. 13: THD Analysis for Three phase Five CHBMLI 

After Total Harmonic Distortion(THD) Analysis 

,Cascaded H bridge Multilevel inverter gives better results 

compared to other Multilevel inverter. The Cascaded H 

bridge Multilevel inverter has lowest THD as 30.63% for 5 

level MLI as shown in Figure 13. Comparison of different 
Multilevel inverter as shown in table1. 

Multilevel Inverter THD For 5 level 

NPCMLI 39.40 % 

FCMLI 33.60 % 

CHBMLI 30.63 % 

Table 1: Comparison of THD for Multilevel Inverters 

V. CONCLUSION 

There are different types of Multilevel inverter topologies 

such as Diode clamped Multilevel inverter, Flying capacitor 

multilevel inverter, Cascaded H bridge Multilevel inverter 

simulated for Three phase 5 level using MATLAB/ 

SIMULINK. The total harmonic distortion (THD) is highly 
reduced as the level of inverter is increased. The Cascaded 

H bridge has lower THD compared to other Multilevel 

inverter and observed 30.63%. 
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