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Abstract—Multilevel inverters have been attracting the 

industrial sector in the recent times for the purpose of high 

power and medium voltage control. These multilevel inverters 

reduce the total harmonic distortion (THD) in the output 

waveform of the inverter without reducing the output voltage 

quality. This paper discusses the comparison of three different 

topologies of multilevel inverters that includes the diode 

clamped, flying capacitor and cascaded H-bridge multilevel 

inverter. These topologies are simulated in MATLAB-

SIMULINK environment for grid connected application and 

results are presented. 

Index Terms—Multilevel Inverter (MLI), Total Harmonic 

Distortion (THD), diode clamped MLI, flying capacitor MLI, 

cascaded h-bridge MLI, Pulse Width Modulation (PWM), Level 

Shifted PWM 

I. INTRODUCTION 

The concept of multilevel inverters was introduced first in 

1975. As the name indicates, a conventional two level inverter 

has only two levels in the output. But a multilevel inverter is 

capable of producing an output of more than two levels 

(including a zero voltage level). Nowadays multilevel 

inverters have gained a special attention in the areas of high-

power and medium voltage applications. Many industries now 

are in a need of high or medium voltages for the drives. In 

high power grid connected inverters, we cannot afford a single 

switch with such a high voltage ratings, hence as an 

alternative to that we use MLI which makes use of many 

switches with reduced voltage ratings [7].The multilevel 

inverters have a lot of advantages as compared to a two-level 

inverter which are: lower harmonic content and hence lower 

THD, high power quality, lower switching losses, and finally 

better electromagnetic interference [10]. The MLI can also be 

used for interfacing the renewable energy sources to the grid. 

MLI give an output voltage as a staircase waveform and as 

the number of levels of a MLI increases the waveform 

approaches closer to a sinusoidal waveform and the THD 

reduces with the increases in the number of levels of MLI. 

From the past two decades a number of multilevel 

topologies have been proposed. Some of them are: diode 

clamped MLI (Neutral Point Clamped MLI), flying capacitor 

MLI, cascaded H-bridge, generalized MLI, reversing voltage 

MLI, modular MLI [6], multiple transformer MLI, 

multiwinding transformer MLI, modular topology of MLI etc. 

[4]. Along with these topologies there are also modulation 

techniques which are being studied upon. The various 

modulation strategies are sinusoidal PWM, phase shifted 

PWM, level shifted PWM and Space Vector Modulation 

(SVM). 

In the area of MLI many researchers have been working 

from the beginning and a lot of research is still going on. 

Work done in this sector has been studied and can be 

summarized in the subsequent lines. Paper mentioned in 

reference [5] has the MLI topologies used in standalone PV 

systems. The reference [10] includes the comparison of the 

three topologies of three phase five level MLI. The reference 

[11] gives a brief idea regarding the various topologies and 

control strategies of MLI. 

Reference [14] includes the various newly developed 

topologies of cascaded H-bridge MLI with reduced number of 

switches and dc voltage sources. This topology helps in 

reducing the hardware required and finally the cost. Paper [15] 

includes advancement in the conventional cascaded MLI with 

the reduction in the number of voltage sources on the input 

side. In [16] a new topology of cascaded H-bridge was 

proposed which reduced the number of switches required as 

compared to the conventional topology. The percentage 

reduction of the switches is 41.667%. 

In this paper we are focusing on three topologies of MLI 

which are diode clamped, flying capacitor and cascaded H-

bridge. The simulation for all the three topologies is 

performed in MATLAB and the results are presented in the 

paper. The modulation technique used for all the three 

topologies is level shifted PWM considering five levels of 

output voltage. The three topologies are compared based on 

Lowest Order Harmonic (LOH), Total Harmonic Distortion 

(THD), total number of switches required, number of 

controllable and uncontrollable devices required, etc. 

II. DIFFERENT TOPOLOGIES OF MLI 

 

In this section the basic structure and the working of the 

three topologies are mentioned. The three topologies under 

study are diode clamped MLI, flying capacitor MLI and 

cascaded H-bridge MLI. All the topologies in this paper are 

being studied for single phase grid connected systems for 

injecting 1000W active power. 

A] Diode Clamped MLI (NPC) 
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The diode clamped MLI is also known as neutral point 

clamped MLI (NPC-MLI). The basic connection of NPC-

MLI is as shown in figure-1 [6]. This figure shows only one 

leg of a single phase diode clamped MLI. For the three 

phase connection we need to connect such three legs. The 

number of voltage levels is defined only with respect to the 

positive half cycle of the voltage waveform i.e. while 

stating a five level MLI it means that we have 5 levels in 

the positive half cycle itself. 

          In case of a 5-level diode clamped MLI we have 

voltage levels as: Vdc/4, Vdc/2, 3Vdc/4, Vdc and 0. With the 

appropriate switching of the switches we obtain the desired 

five level output voltage waveform.  Normally, for a n-level 

diode clamped MLI we require 2(n-1) number of switching 

devices, (n-1) number of capacitors and (n-1)*(n-2) number 

of diodes [11]. In diode clamped inverters the number of 

diodes required is quite high, hence this topology is not 

preferred for higher number of voltage levels. 

 

 
 

Figure 1-Diode Clamped MLI (NPC-MLI) 

 

B] Flying Capacitor MLI 

 

This category of MLI is similar to that of the previous one 

discussed above. The only difference is that instead of 

diodes which are used for clamping the voltage we use 

capacitors to clamp the voltage across the switch.         

Figure-2 represents the connection diagram of the flying 

capacitor MLI [6]. 

The number of switches required in case of this 

topology is same as that of the diode clamped MLI. The 

number of capacitors used in a flying capacitor topology 

increases quadratically following the relation as shown 

below for a generalized n-level MLI (excluding the 

capacitors on the main dc line) 

2

)2(*)1(  nn

 
Where n is the number of levels of an MLI 

 

 
 

Figure 2-Flying Capacitor MLI 

C] Cascaded H-Bridge MLI (CHB-MLI) 

As the name suggests this topology consists of H-bridges 

connected in a cascade connection with each other. As the 

number of voltage level of the MLI goes on increasing 

according to it the number of H-bridges also increases. For 

a general n-level cascaded H-bridge MLI we need (n-1) H-

bridges. This category of MLI can be further classified as: 

1. Cascaded H-Bridge MLI with Equal Voltage Sources. 

2. Cascaded H-Bridge MLI with Unequal Voltage 

Sources. 

 

An H-bridge normally consists of four switches connected 

across a dc voltage source as shown in figure-3. 

 
Figure 3- H- Bridge Unit 

 

          Now, in this paper we are studying the MLI with 5-

levels. So, for a 5-level cascaded H-bridge we would need 

four such units which are connected in cascade. 

          In the case of CHB-MLI with equal voltage source 

both the H-bridges have voltage sources which are equal in 

magnitude. And the other way round in case of CHB-MLI 

with unequal voltage sources both the H-bridges have 

voltage sources with different magnitude. Figure-4 shows 

two H-bridges connected in cascade [6]. 
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Figure 4- Cascaded H-Bridge MLI 

III. CONTROL STRATEGY 

In the case of a conventional two level inverter we can 

generate PWM pulses for the switches, by comparing a 

reference wave with a carrier wave. In most of the cases the 

reference wave is the sinusoidal wave and the carrier wave is 

the triangular wave. The frequency of a sinusoidal wave is 

same as that of the output voltage. But at the same time the 

frequency of the carrier wave should be higher than the 

frequency of the reference wave. 

          The modulation strategies used in the case of MLI’s are 

classified on the basis of the switching frequency. The 

modulation strategy may be studied in two categories as: 

1. Based on Fundamental Frequency. 

2. Based on High Switching Frequency PWM. 

 

The fundamental switching PWM may be further classified as 

Space Vector Control PWM (SVC-PWM) and Selective 

Harmonic Elimination (SHE).The high switching frequency 

PWM can be further classified as Space Vector PWM and 

Sinusoidal PWM (SPWM). SPWM is the most popular 

technique used among all other PWM techniques. In SPWM 

the two most common ones used are Phase Shifted SPWM 

and Level Shifted SPWM. 

 

A] Phase Shifted Sinusoidal PWM 

 

          In this technique we have triangular wave and the 

sinusoidal wave compared with each other. But the carrier 

waves i.e. the triangular waves used are each of equal 

magnitude and also phase shifted from each other by a 

particular phase angle Φ. 

For a particular n-level MLI we need to have (n-1) number of 

triangular waves and all these waves should be phase shifted 

from each other by an angle given by (1) 

 

 
 

where, n is the number of levels of MLI. 

 

 

B] Level Shifted Sinusoidal PWM 

 

          In this PWM method we have (n-1) carrier i.e. 

triangular waves compared with a sinusoidal wave for an n-

level MLI. And in this method the triangular waves used are 

only level shifted from each other and all of them are in phase. 

Figure-5 shows a waveform representing a level shifted 

waveform. 

          This technique of level shifted PWM can be further 

divided as [13]: 

i. In Phase Disposition (IPD). 

ii. Phase Opposition Disposition (POD). 

iii. Alternate Phase Opposition Disposition (APOD). 

 

          In this paper, all the three topologies of MLI are 

simulated using level shifted PWM technique and among level 

shifted IPD scheme is utilised. We have chosen this PWM 

scheme because it is easy to implement and along with this the 

main reason is that the THD level of this scheme is less than 

that of phase shifted PWM [14]. 

 

 

 
 

Figure 5- Level Shifted PWM 

IV. SIMULATION RESULTS 

          In this paper all the MLI’s are studied for 5-level but 

here 5-level is considered only with respect to the positive half 

cycle of the voltage and current waveform. And when we take 

into consideration one complete cycle, then we have in all 9 

voltage levels. Values considered for simulation are listed in 

table 1. These values are based on PV- grid connected 

application of inverters. 

 
TABLE 1- VALUES CHOSEN FOR THE SIMULATION 

 

Sr. No. Parameter  

1. Output voltage (rms) 230V 

2. Output power  1000W (1KW) 

3. Output frequency 50Hz. 

4. Inverter switching frequency 20.052KHz. 

5. Modulation Index 0.93 

 

I] Diode Clamped MLI 

          Figure -6 shows a MATLAB model of a diode clamped 

MLI and figure-7 shows the voltage waveform of the same. 
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Figure -6 Simulink model of NPC-MLI 

 

 
 

Figure 7- Output voltage of 5-level NPC-MLI 

 

II] Flying Capacitor MLI 

          The MATLAB model of this MLI is shown in Figure-8 

and Figure -9 shows its output voltage waveform. 

 

 
 

Figure 8- Simulink model of Flying Capacitor MLI 

 

 
 

Figure 9- Output voltage of 5-level Flying Capacitor MLI 

 

III] Cascaded H-bridge MLI 

          The simulation of cascaded H-bridge MLI with equal 

voltage sources was performed using the MATLAB software 

the circuit connection and the output of the same are shown in 

Figure-10 and Figure-11 respectively. 

 

 
Figure 10- Simulink model of Cascaded H-Bridge MLI 

 

 
 

Figure 11- Output voltage of 5-level Cascaded H-Bridge MLI 

 

Along with all this the THD’s off all the topologies were also 

compared with each other. The THD’s for all the topologies 

for 5-level can be summarized as shown in Table 1. 
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TABLE 2- THD OBTAINED FOR ALL THE THREE TOPOLOGIES 

 
MLI Topology THD 

Diode Clamped MLI 17.48% 

Flying capacitor MLI 17.82% 

Cascaded H-Bridge MLI 15.90% 

 

According to the IEEE standards the permissible THD limits 

for grid connection is 5% [2]. So, if we use these MLI 

topologies for grid interfacing then we need to connect a filter 

with appropriate design at the output of MLI to get a perfect 

sinusoidal wave. Table 3 includes the comparison of the 

topologies based on number of devices, total harmonic 

distortion of voltage and current, number of sinusoidal and 

triangular waves required, etc. 

 
TABLE 3- COMPARISON BASED ON THE VARIOUS FACTORS 

 
Parameters Diode 

Clamped MLI 

Flying 

Capacitor 

MLI 

Cascaded H-

Bridge MLI 

No. of Levels 5 5 5 

Modulation Strategy Level Shifted 

PWM 

Level Shifted 

PWM 

Level shifted 

PWM 

No. of Triangular 
Waves Required 

8 8 8 

No. of Sinusoidal 

Waves Required 

2 2 1 

No. of Cascaded H-
bridges Required 

None None 4 

Extra logic gates 

required 

None None Required 

No. of Legs needed for 
single Phase Connection 

2 2 1  

LOH in Voltage 3rd 3rd 5th 

Current THD 17.48% 17.82% 15.90% 

LOH in Current 3rd 3rd 5th 

No. of controllable 
Devices Required 

16 16 16 

No. of Uncontrollable 

Devices Required 

24 diodes+ 4 

split 

capacitors 

12 

capacitors+4 

split 
capacitors 

0 

No. of Voltage Sources 

Required 

1 1 4 

V. CONCLUSION 

In this paper, various topologies and control strategies of 

multilevel inverters which can be used for PV-grid connected 

applications were studied. Simulation was done to verify the 

theoretical aspects. This paper might help the researchers to 

choose a particular topology of MLI for a specific application. 

Based on the comparison we can choose cascaded H-bridge 

topology of MLI for PV-grid connected applications for 

feeding 1KW power to the grid. But while achieving grid 

connection we need to make the output voltage a perfect 

sinusoidal wave which is possible by the use of filter. This 

might be considered as the future expansion of this paper. 

The main reason for selecting this topology is that it 

requires less number of uncontrollable devices as compared to 

the other topologies and also we require a single sinusoidal 

wave for generating the PWM signals for the switching 

devices. Also the future expansion of the number of levels of 

this MLI can be easily done simply by addition of appropriate 

number of H-bridges to the present circuit. One more reason 

for selecting this topology is that from the comparison we can 

note out that the THD of this topology is less as compared to 

the other two topologies of MLI. 
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