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Survey on Topologies, and Control Techniques 
for the Most commom Multilevel Inverters 

Abd Almula Gebreel 

 

Abstract— Multilevel inverters have been attracting in favor of industry as well as academia recently for highand medium power 

applications. In addition, switched waveforms can be synthesized by multilevel inverters in order to achieve lower levels of harmonic 

distortion than an equivalently rated two-level converter. Decreasing the harmonic distortion in the output waveform can be achieved by 

using multilevel inverter topology without decreasing the inverter power output. Moreover, multilevel inverter have the ability to generate 

high quality output waveforms with a low switching frequency. This paper presents the most important topologies like Modular Multilevel 

Converter (MMC), Neutral Point Clamped Multilevel Inverter (NPCMLI), Clamped/Flying Capacitor Multilevel Inverter (CCMLI),  and 

Cascaded H-Bridges Multilevel Inverter (CHMLI). This paper also presents the comparison between four types of multilevel inverter in Total 

Harmonics Distortion (THD)  and Individual rating comparison. Also, this paper shows FFT the simulation results for THD. Authors strongly 

believe that this survey article will be very much useful to the researchers for finding out the relevant references in the field of topologies 

and modulation strategies of multilevel inverter. 

Index Terms SVPWM Modular Multilevel Converter (MMC), Neutral Point Clamped Multilevel Inverter (NPCMLI), Clamped/Flying 

Capacitor Multilevel Inverter (CCMLI),  and Cascaded H-Bridges Multilevel Inverter (CHMLI).   

——————————   �   —————————— 

1 MULTILEVEL CONCEPT                                                                     

The general principle of three main types of multilevel 
inverters will be presented and their behavior introduced in 
this chapter. Figure 1 shows how multilevel inverters work. 
Figure 1-a shows the leg of a 2-level converter in which an 
ideal switch is used instead of semiconductor switches. The 
output voltage can have only two values: 0 or E. Considering 
Figure 1-b, the output voltage of a 3-level inverter leg can be 
three values: 0, E or 2E. Figure 1-c represents a generalized n-
level inverter leg. Even in this circuit, n different voltage levels 
to the output can be provided and an ideal switch can be used 
instead of the semiconductor switches. Some simplifications 
will be introduced to get deep understanding of multilevel 
inverters’ circuits. A three-phase multilevel inverter composed 
of n-level legs will be considered for the analysis. Obviously, 
the number of phase voltage output levels is n. The number k 
of the line-to-line voltage levels can be given by (1). 

k=2n-1                                           (1) 

 
            (a)                              (b)                                (c) 
 
Fig. 1. Inverter phases. (a) 2-level inverter, (b) 3-level inverter, (c) n-level 

inverter 

Figure 2 shows a 2-level inverter; such inverters are mostly 
used today to generate an AC voltage from a DC voltage. Two 
different output voltages for the load, V_dc/2 or -V_dc/2, can 
be created. The concept of multilevel inverters depends on 
several voltage levels that are added to each other to create a 
smoother stepped waveform which is closer to a pure 
sinusoidal waveform; Figure 3 shows that with an increase in 
the number of output voltage levels, lower dv/dt and lower 
harmonic distortions can be achieved. With more voltage 
levels in the inverter, the waveform becomes smoother, but 
the design and its controller will be more complicated, with 
many levels with more components. 
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Fig. 2. One phase leg of a 2-level inverter and a 2-level waveform without 

PWM 

 

 

Fig. 3. A 3-level waveform, a 5-level waveform and a 7-level multilevel 
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To offer deep understanding of multilevel inverters, the 3-
level inverter, shown in Figure 4, can be described. Every 

phase leg can generate the three voltages, 
���

�
, 0, −

���

�
 , as can 

be seen in the first part of Figure 1.4. For a 3-level inverter 
design, there are twice as many valves in each phase leg. 
There are diodes in between the upper and lower two valves, 
called clamping diodes, connected to a neutral midpoint in 
between two capacitors, as can be seen in Figure 4. The 
capacitors build up the DC bus; each capacitor can hold the 

voltage 
���

�
 . Together with another phase leg, connected to the 

neutral point n, an output line-to-line voltage will have more 
levels. 
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Fig. 4. One phase leg of a 3-level inverter 

Zero voltage can be generated by switching on the two 
switches closest to the midpoint, and the clamping diodes 
hold the voltage to zero with the neutral point. The inverter 
can generate even more voltage levels by adding more switch 
pairs, clamping diodes and capacitors; according to Figure 3, 
the result is a multilevel inverter with clamping diode 
topology. The switching losses can be reduced by reducing the 
switching frequency, and the dv/dt also will be reduced, as 
can be seen in Figure 3 as the number of levels increase. More 
stepped output voltage waveforms can be generated by three 
different kinds of topologies of multilevel inverters and that 
are suitable for different applications. Multilevel inverter 
circuit topologies with different configurations have been 
developed to provide different designs, some of which will be 
studied in this chapter. The multilevel inverter topologies 
Neutral-Point Clamped Multilevel Inverter (NPCMLI), 
Capacitor Clamped Multilevel Inverter (CCMLI) and 
Cascaded Multilevel Inverter (CMLI) and Modular Multilevel 
Converter (MMC) will be investigated in this paper 

 

2   NEUTRAL POINT CLAMPED MULTILEVEL INVERTER, 
NPCMLI 

As can be seen in Figure 5, this topology is based on the 
same principle as mentioned before, the 3-level inverter in 
Figure 4. Using voltage clamping diodes is essential in the 
NPCMLI topology. An even number of bulk capacitors in a 
series with a neutral point in the middle of the line is used to 
divide a common DC bus and depends on the number of 
output voltage levels in the inverter, as can be seen in the left 

part of Figure 5. From the DC bus, with neutral point and 
capacitors, n-1 number of switches pairs are connected to 
clamping diodes, where n is the number of voltage levels in 
the inverter (voltage levels that can be generated). Figure 5 
shows one phase leg of a 5-level NPC inverter. Three phase 
circuits can be generated by adding two identical circuits of 
phase legs sharing the DC bus. Because all diodes have to be 
of the same voltage rating and are able to block the required 
number of voltage levels, they are connected in a series. To 

illustrate, all diodes are rated for 
���

	
�
, and in Figure 5 all rated 

diodes are 
���

�
. The D1´ diodes have to block 

	���

�
, so there are 

three diodes in a series. With the same configuration for other 
steps, 5-levels of voltage can be generated between point a and 

the neutral point n, and the voltage steps are 
���

�
, 
���

�
, 0, −

���

�
, 

and −
���

�
, depending on the status of switches that are 

switched on or off. The waveform of the output voltage for 
one phase leg of the inverter can also be seen in Figure 5, in 
which the steps are clearly visible. The steps will be smaller, 
and the waveform will be closer to a sinusoidal signal. 
However, the number of needed components and the 
complexity of the inverter will be increased with a higher 
number of voltage levels. 
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Fig. 5 One phase leg for a 5-level NPC Inverter with its output voltage 
steps 

A setup of switching state combinations has to be used to 
generate the different voltage levels in the output waveform. 
Table 1 shows the different states for the 5-level NPC inverter. 
Note that every switch will turn on (and off) once per cycle, 
which means a stepped sinusoidal waveform with a 
fundamental switching frequency can be generated by the 

inverter. Table 1 shows that for the voltage 
���

�
 all the upper 

switches have to be turned on, connecting point a to the 
���

�
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potential. For the output voltage 
���

�
, the surrounding 

clamping diodes D1 and D1' help switches S2, S3, S4 and S1' 
when they are turned on to hold the voltage. Clamping diodes 
D2 and D2' or D3 and D3' hold the voltage form voltage levels 

−
���

�
 and −

���

�
, respectively. The current goes through the four 

top or bottom switches when the voltages are ± 
���

�
. 

 

TABLE 1  
SWITCHING STATES OF ONE 5-LEVEL PHASE LEG. A “1” MEANS 

TURNED ON AND “0” MEANS TURNED OFF. 
Output voltage S1 S2 S3 S4 S1

' S2
' S3

' S4
' 

���

2
 1 1 1 1 0 0 0 0 

���

4
 0 1 1 1 1 0 0 0 

0 0 0 1 1 1 1 0 0 

−
���

4
 0 0 0 1 1 1 1 0 

−
���

2
 0 0 0 0 1 1 1 1 

 
When the current is positive, while voltage is positive, it 

will go through the Dx diodes, and when the current is 
negative, it will go through the Dx' diodes and also through 
the switches in between the clamping diodes and the load. For 

example, when the voltage is 
���

�
 and the current is positive, it 

will go through diode D1 and switches S2, S3 and S4. To keep 
the DC bus constant, the DC source is used to charge the DC 
bus. Therefore, currents are flowing through the DC bus. As 
can be seen from Table 1, some switches are on more 
frequently than others in order to generate a sinusoidal output 
wave that requires the use of all voltage levels, and mainly S4 
and S1' are used for that purpose. Since the capacitors are 
charged and discharged unequally and the current is drawn 
from nodes between capacitors, this leads to unbalanced 
capacitor voltages when the inverter is transferring active 
power. The capacitor voltages will deviate from each other, 
while the total DC bus voltage will be the same.  

Since the inner switches are used in several of the 
switching states, the inner switches are on more frequently 
than the switching status for the outer switches. Therefore, a 
different amount of RMS current will be flow through the 
switches depending on their status, and because the inner 
switches have a higher current rating, switches with a higher 
rating are needed for this purpose. Different levels of reverse 
voltage, depending on where they are connected, have to be 
blocked by clamping diodes, so the position of the clamping 
diodes is very important to their ratings. Because of the extra 
blocking diodes, the NPC topology is unpractical with higher 
amounts of voltage levels, and the number of diodes grows 
quadratically with the level n following the equation (n - 1) ∗ 
(n - 2) [1]. Based on the above explanation, all of the 
components (n - 1) DC capacitors, 2(n - 1) main diodes and 2(n 
- 1) switches are required for the NPCMLI topology. For a 
three-phase inverter of the NPC type, all components are 
multiplied by three except the DC bus, which can be shared, 

and only the (n - 1) DC-capacitors mentioned are needed. The 
general n-level a-phase diode-clamped structure is shown in 
Figure 6. Therein, only the upper half of the inverter is 
considered because the lower half contains complementary 
switches and may be analyzed in a similar way [3]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. The n-level Multilevel Diode Clamped/Neutral Point Inverter, 

NPCMLI [3] 

3    CLAMPED/FLYING CAPACITOR MULTILEVEL 

INVERTER, CCMLI 

Figure 7 shows a Capacitor Clamped (CC), or Flying 
Capacitor, multilevel inverter topology, which has a similar 
topology to the NPCMLI topology. It uses capacitors to hold 
the voltages to the desired values instead of using clamping 
diodes. Like NPCMLI, CCMLI has n-1 capacitors on a shared 
DC bus, where n is the output voltage level number of the 
inverter and 2(n-1) switches pairs are used. However, for the 
CCMLI, instead of clamping diodes, one or more capacitors 
are used to create the output voltages. They are connected to 
the midpoints of two switch pairs in the same position on each 
side of the midpoint between the valves [1]; see capacitors C1, 
C2 and C3 in Figure 1.19. As can be seen from Figure 7, the 
numbers of main switches and DC bus capacitors are used for 
the CCMLI as well as the NPCMLI. The number of switching 
combinations will be increased because capacitors do not 
block reverse voltages [1]. The same voltage levels can be 
generated by the same several switching. One or more of the 
clamping capacitors voltages are added together in order to 

generate output voltage by the DC bus voltage ±
���

�
. Generally, 

every capacitor is rated for the voltage 
���

�
�
. Therefore, every 

capacitor is rated for the voltage 
���

�
 for the 5-level case. To 
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illustrate, 
���

�
 is generated by the DC bus positive top value (

���

�
 

) and the reverse voltage of clamping capacitor C1. By helping 
other clamping capacitors, the other voltage states work in 
similar ways. The level of CCMLI switching status is shown in 
Table 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 7. A Capacitor Clamped Multilevel Inverter with five voltage levels 

 
To change one state to another, only one switch needs to be 

turned on and one turned off. Table 2 also shows switching 
states for the 5-level case, but these states are not the only 
states that put out these voltages. There are several switching 

states for all of the voltage levels, except the ±
���

�
 states. The 

capacitors can charge or discharge each other depending upon 
which switching state is chosen, making it possible to balance 
the charge in the capacitors with control methods [2]. The 
energy can be transferred from more charged to less charged 
capacitors when the same current flows through all the active 
capacitors in a state, and this leads to a balance of the 
capacitor voltages among the capacitors that are conducting.  

 
TABLE 2 

 SWITCHING STATES OF A 5-LEVEL CCMLI PHASE LEG. A “1” MEANS 

TURNED ON  AND “0” MEANS TURNED OFF. 

Output volt-

age 
S1 S2 S3 S4 S1

' 
S2

'
 S3

'
 S4

'
 

���

2
 1 1 1 1 0 0 0 0 

���

4
 1 1 1 0 1 0 0 0 

0 1 1 0 0 1 1 0 0 

−
���

4
 1 0 0 0 1 1 1 0 

−
���

2
 0 0 0 0 1 1 1 1 

 

Some states take a long time, and the active capacitors get 
discharged or charged more than the other capacitors. 
Therefore, the capacitors’ voltages are unbalanced while 
transferring active power. The CCMLI topology is very similar 
to that of NPCMLI. The components needed for CCMLI are (n 
- 1) capacitors on a shared DC bus and 2(n - 1) switch pairs, 
but CCMLI topology uses clamping capacitors instead of 
diodes. These capacitors do what the diodes did. Therefore, 
the number of required components grows quadratically with 

the voltage level n, following the equation 
��
��∗��
��

�
 [1], not 

counting the main capacitors on the DC bus. Because of the 
high voltage ratings, the topology requires as many 
components of the same sort and rating in a series as the 
clamping diodes have. As in the NPCMLI, the DC bus can be 
shared when CCMI is used as a three-phase system and all the 
remaining components are only multiplied by three.The 
general n-level a-phase Capacitor Clamped structure is shown 
in Figure 8. Therein, only the upper half of the inverter is 
considered because the lower half contains complementary 
switches and may be analyzed in a similar way [3]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. The n-level Multilevel Capacitor Clamped/Flying Capacitor Inverter, 

CCMLI [3] 

4    CASCADED H-BRIDGES MULTILEVEL INVERTER 

CHMLI 

A single-phase structure of an n-level cascaded inverter is 
illustrated in Figure 9 [3]. Each separate DC source (SDCS) is 
connected to a single-phase full-bridge, or H-bridge, inverter. 
Three different voltage outputs, +Vdc, 0 and –Vdc, can be 
generated by each inverter level by using the different 
combinations of four switches, S1, S2, S3 and S4, to connect dc 
source to ac output. By switching S1 and S4 on, the voltage 
will be +Vdc, whereas –Vdc can be obtained by turning on 
switches S2 and S3. The output voltage 0 can be obtained by 
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turning on S1 and S2 or S3 and S4. The voltage waveform 
generated is the sum of the inverter outputs of each of the 
different full-bridge inverter levels when they are connected in 
a series. The number of output phase voltage levels n in a 
cascade inverter is defined by n = 2s+1, where s is the number 
of separate dc sources. An example phase voltage waveform 
for an 11-level cascaded H-bridge inverter with 5 SDCSs and 5 
full bridges van = va1 + va2 + va3 + va4 + va5. Comparing the 
NPCMLI, CCMLI and CHMI, fewer components are required 
in CHMI, and the same number of components can be used to 
generate every voltage level. However, the number of 

required sources can be determined by s =
�
�

�
. Therefore, 

when the output voltage level increases, the number of 
sources increases. CHMI requires the same number of sources 
s and the number of full-bridge modules. Every full-bridge 

module has four switches in turn, giving the CHMI 4 ∗ 	
�
�

�
=

2�n − 1� = 4s switches. The number of needed components 
needs to be multiplied by three for all components for a three-
phase CHMI topology inverter and when there is no common 
DC bus to share. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Single-phase structure of a cascaded H-bridges multilevel inverter 

5   MODULAR MULTILEVEL CONVERTER, MMC 
The MMC had been invented by A. Lesnicar and R. 

Marquardt as a development from the Cascaded H-Bridge 
Converter [20]. Because of its modular structure, the MMC has 
received great attention because its modularity and 
expandability are used for high-power applications and it has 
many advantages as a multilevel inverter. Currently, many 
large HVDC transmissions projects all over the world are 
using MMC technology. Different power and voltage levels 
can be achieved by the MMC scalability, and they can be used 
with deferent variable semiconductor parameters. Also, 
multilevel waveform expandability to any number of voltages 

steps can be achieved in order to reduce harmonic distortion. 
Some multilevel inverter disadvantages in the previous 
chapter can be avoided by the MMC. The main idea and the 
operation principle of a MMC can be explained step by step, 
as will be seen, by assuming that two controllable DC voltage 
sources, to which the AC side is connected in between, are 
connected to the DC side of the converter as shown in Figure 
10. Each DC source represents one arm of the converter, and 
both arms are called legs of the converter, which correspond 
to one phase. The criterion for controllable voltage sources is 
that their voltage sums have to match the constant DC bus. 
Since the voltage balance between two arms is required, that 
leads to the value of the voltage source in the lower arm 
decreasing at the same time that the value in the upper arm 
has to be decreased and vice versa. Because of balancing 
voltage between two arms, the connected load then ideally 
shares their currents equally. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 10. MMC concept with two controllable voltage sources 

 
Several identical constant voltage sources can be added in 

each arm, which can be inserted or bypassed depending on 
the status of switches in order to acquire a finite number of 
voltage levels. Since the use of a large number of DC sources is 
not recommended, capacitors in this case can be used instead. 
Each capacitor has two switches, one of which inserts the 
capacitor and the other bypasses the capacitor and is called the 
submodule. If the converter has a number of N submodules 
per arm, each of them will supply a voltage of Vdc/N, where 
Vdc is the DC bus. In that case and in order to have a constant 
voltage in the DC bus, N modules for one arm have to be 
connected and N modules for the other arm have to be 
bypassed. In this way, a total number of N+1 levels will be 
achieved. The capacitors cannot provide a constant voltage 
when they connected or bypassed the circuit. Also, a capacitor 
voltage varies according to the direction of the current when it 
is inserted in the arm. Therefore, a specific algorithm, which 
will be explained in detail in the next chapter, is used to 
charge and discharge submodules capacitors in order to avoid 
low charge or over charge for the capacitors. Because of the 
current transient due to unequal voltages between legs 
converters, an inductor is placed in each arm. The final single-
phase MMC circuit is shown in Figure 11, and the respective 
three-phase in Figure 12. 
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Fig. 11 Single-phase MMC circuit capacitors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 12. Three-phase MMC circuit capacitors 

 
The submodule is the main part of a Modular Multilevel 

Converter. Figure 13 shows the submodule half bridge 
scheme. As can be seen from Figure 13, the final configuration 
of each submodule, which contains a DC storage capacitor C; a 
half-bridge composed of two switching elements T1, which is 
inserted into the capacitor; and T2, which is bypassing the 
capacitor, with the freewheeling diodes D1 and D2. 

 
 
 
 
 
 
 
 

Fig. 13 MMC submodule 

 
The number of the submodules connected in the series and 

on the converter size determines the capacitor’s nominal 
voltage. The rating of the switching devices is determined by 
how much of the nominal voltage. Insulated-Gate Bipolar 
Transistors (IGBTs) are used for high-power applications. It is 
possible to operate the submodule in two different states 

when a special control can be applied to the switching 
elements, which are shown in Figure 14. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14. (a) Positive and (b) Negative currents flow inside a MMC 

submodule 

 

The green line indicates that the current flows from the DC 
side in the direction of the AC terminals. The red line indicates 
that the current flows in the opposite direction. If both the 
switches are OFF, the capacitor will be charged through the 
freewheeling diode D1, in the green flow. In the red flow, the 
capacitor will be bypassed when the current passes through 
the diode D2. The voltage of the capacitor is applied across the 
terminals of the submodule when T1 is turned on. In the green 
flow, the capacitor can be charged through D1; in the other 
case, the capacitor will be discharged through T1. The 
terminals of the submodule will be short-circuited when T2 is 
turned on and the current flows through T2 for a positive 
direction or flows through D2 for negative direction. The 
capacitor keeps its state of charge and its voltage remains 
unchanged when it has bypass status. Therefore, each of the 
submodules can be controlled separately by using these 
switching statuses. Table 3 summarizes the submodule action 
as described above. 

TABLE3 
SWITCHING STATES FOR EACH SUBMODULE 

T1 T2 D1 D2 
Current 

direction  

Capacitor 

state 

Output 

voltage  

OF

F 
ON OFF OFF Iarm>0  

Uncharged 

(bypassed) 
0 

OF

F 
OFF OFF ON Iarm<0  

Uncharged 

(bypassed) 
0 

OF

F 
OFF ON OFF Iarm>0  Charging VC 

ON OFF OFF OFF Iarm<0  Discharging VC 

 
Each leg represents one phase for MMC. Each leg consists 

of an upper arm and a lower arm. Each arm has a number of 
N submodules connected in series and the arm inductor Larm. 
To get a sinusoidal voltage at the AC terminals, the two arms 
of each leg can be controlled separately in order to obtain a 
balancing voltage across the AC terminal. That can be 
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achieved when the number of inserted submodules from one 
arm equals the number of bypassed submodules from the 
other arm. Capacitor voltage for each submodule, which is 
equal to the DC bus voltage divided by the number of 
submodules per arm, stresses the switching devices. Because 
of the difference between the three DC leg voltages in normal 
operation, the arm inductor is inserted in order to dampen the 
balancing currents between the three phases by using special 
control methods, which will be explained in next chapter. 
Also, it is used to decrease and limit the effects of the faults 
currents. 

6    FTT SIMULATION RESULTS FOR NPCMLI, CCMLI, 
CHMLI AND MMC 

The studies above were performed with 3-level, 5-level, 7-
level, 9-level, 11-level, 13-level, 15-level, 17-level, 19-level, 21-
level, 23-level and 25-level multilevel inverters for further 
comparison for NPCMLI, CCMLI, CHMLI and MMC. Table 4 
shows line-to-neutral voltage and current THD. Figure 15 
shows voltage THD for NPCMLI, Figure 16 shows voltage 
THD for CCMLI and Figure 17 shows voltage THD for 
CHMLI and Figure 18 shows voltage THD for MMC. It is 
obvious that MMC is the best to reduce THD as can be seen in 
Figure 19. 

 
TABLE 4  

ODD NUMBER FROM 3-LEVEL TO 25-LEVEL NPCMLI, CCMLI, 
CHMLI, AND MMC TOTAL HARMONICS DISTORTION 

Type of    

Multi-

level   

Inv.                                                            

Number  

of levels  n 

NPCMLI CCMLI CHMLI MMC 

Voltage  

THD % 

Voltage  

THD % 

Voltage  

THD % 

Voltage  

THD % 

3-level  52.34 52.24 52.13 43.69 

5-level 27.01 26.95 26.18 22.72 

7-level  18.3 18.25 18.18 15.5 

9-level  13.75 13.72 13.59 11.78 

11-level 11.12 11.09 10.87 9.57 

13-level  9.38 9.36 9.22 8.16 

15-level 8.01 8.02 7.58 7 

17-level 6.76 6.88 6.40 6 

19-level  6.39 6.56 7.18 5.77 

21- level  5.72 6.10 5.22 5.31 

23- level  4.96 5.42 5.16 4.7 

25- level  4.71 5.11 4.92 4.57 

 

 
Fig. 15. Output voltage THD for NPCMLI 

 

 
Fig. 16. Output voltage THD for CCMLI 

 
Fig. 17. Output voltage THD for CHMLI 

Fig. 18. Output voltage THD for MMC  

 
Fig. 19. Comprehensive comparison for THD for four types of MLI in this 

paper 

7    COMPONENTS RATING COMPARISON OF MULTILEVEL 

INVERTERS 

Table 5 shows the numbers of required components per 
level. All the values in the table are for individual cases. 
Figure 20 shows the component requirements as stated in 
Table 5, not taking into account the rating comparison 
between the inverters. The main consideration for each 
inverter is its lowest voltage and current rating.  For MMC, 
Modules in both arms are connected or bypassed to create an 
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AC output voltage. So, for a number of voltage levels m the 
inverter needs n-1 = N number of submodules per arm, so 2(n 
- 1) = 2N submodules per phase-leg. Compared to the 
somewhat similar CHMLI topology, the modules in this MMC 
topology can only put out two voltages from upper and lower 
arms. The MMC topology does not need shared DC-capacitors 
in a DC-bus, but it does, however, require a DC-bus for 
circulating currents. These currents, however, can also 
circulate through other phase-legs. The two inductors, one in 
each arm in a phase-leg, are there to take up the voltage 
difference when modules are switched in and out. Table 5 can 
be written to figure out the comparison between MMC and 
multilevel inverters in chapter one. Figure 20 shows the 
component requirements as stated in Table 5. 

 
TABLE 5  

COMPONENT REQUIREMENTS FOR THE TOPOLOGIES FOR A THREE-
PHASE SETUP. THE VOLTAGE/CURRENT LEVEL IS REPRESENTED BY N  

Topology NPCMLI CCMLI CHMLI MMC 

DC bus 

cap./Isolated 

sources 

3	�� − 1� 3	�� − 1� 3	
�� − 1�

2
 

6	�� − 1� 

Main diodes 6	�� − 1� 6	�� − 1� 6	�� − 1� 

12	�� − 1� 

Main switches 6	�� − 1� 6	�� − 1� 6	�� − 1� 12	�� − 1� 

Clamping 

diodes 
3	�� − 1��� − 2� 0 0 

0 

Clamping 

capacitor 
0 

3	�� − 1��� − 2�

2
 0 

0 

 

 
Fig. 20. Components needed for the topologies NPCMLI, CCMLI, CHMLI, 

and MMC 

 

 
 

8 CONCLUSION 
 

This paper has presented some topologies for multilevel 
inverters (MLI), all of which are known to have applications 
on the market. Every topology has been described in detail. 
The same sine wave pulse width modulation techniques that 
are used with the presented topologies have also been pre-
sented. Topology comparisons, such as numbers of compo-
nents and their ratings, have been presented and show that 
multilevel inverters compete with inverters in the area of volt-
age ratings for their components (diodes, switches and such). 
Even though the number of components needed for multilevel 
inverters can be very high, as has been shown, they are used at 
a wide range of power ratings. The simulations in this chapter 
have presented results of the output waveforms for both volt-
age and current concerning both the voltage THD and current 
THD for the Multilevel Diode Clamped/Neutral Point Invert-
er (NPCMLI), Multilevel Capacitor Clamped/Flying Capacitor 
Inverter (CCMLI) and Cascade H-Bridge Multilevel Inverter 
(CHMLI) and Modular Multilevel Converter (MMC). It has 
also been shown that by increasing the output voltage level, 
THD can be reduced. Additionally, it has been shown that 
high voltage levels in the MLI are not needed for lower THD 
to be noticeable. Together with low switching frequencies, 
multilevel inverters can be used in applications for lower 
THD. To summarize the results of this chapter, it has been 
shown through simulations that multilevel inverters can be 
used to get lower THD for both output voltage and current. A 
higher number of components must be used, but these can be 
of a kind with lower voltage ratings, depending on the num-
ber of voltage levels used in the multilevel inverter. It seems 
that the main reason to use multilevel inverters is to reduce 
the THD so that fewer filters need to be used. Also this chapter 
explained the most important Advantages and Disadvantages 
of the Topologies for NPCMLI, CCMLI and CHMLI.. 

REFERENCES 

[1] José Rodríguez, Jih-Sheng Lai, and Fang Zheng Peng, “Multilevel Inverters: A 

Survey of Topologies, Controls, and Applications,” IEEE Transactions on Industrial 

Electronics, vol.32, no. 3, pp.509-517, Aug. 2002. 

[2] Jih-Sheng Lai, and Fang Zheng Peng, “Multilevel Converters-A New Breed of 

Power Converters,” IEEE Transactions on Industry Applications, vol.3, no. 3, 

pp.509-517, May/Jun. 1996. 

[3] Keith Corzine, “Operation and Design of Multilevel Inverters,” Developed for 

the Office of Naval Research, University of Missouri - Rolla, Dec. 2003. 

[4] Panagiotis Panagis, Fotis Stergiopoulos, Pantelis Marabeas, and Stefanos Mani-

as, “Comparison of state of the art multilevel inverters,” Power Electronics Special-

ists Conference, pp.4296-4301, Jun. 2008. 

[5] Fang Zheng Peng, “A generalized multilevel inverter topology with self voltage 

balancing,” IEEE Transactions on Industry Applications, vol. 37, no. 2, pp. 611-618, 

Marsh/Apr. 2001. 

[6] Fang Z. Peng, Wei Qian, and Dong Cao, “Recent Advances in Multilevel Con-

verter/Inverter Topologies and Applications,” Power Electronics Conference 

(IPEC), pp. 492-501, Jun. 2010. 

[7] E.Najafi, A. H. M. Yatim, and A. S. Samosir, “A New Topology -Reversing Volt-

age (RV) - for Multi Level Inverters,” Power and Energy Conference, pp. 604-608, 

Dec. 2008. 

0

500

1000

1500

2000

2500

0 10 20 30

n
u

m
b

e
r 

o
f 

re
q

u
ir

e
d

 c
o

m
p

o
n

e
n

ts

n (number of level)

NPCMLI

CCMLI

CHMLI

MMC

International Journal of Scientific & Engineering Research, Volume 6, Issue 6, June-2015 
ISSN 2229-5518 

352

IJSER



 

IJSER © 2015 

http://www.ijser.org  

[8] Abd Almula Gebreel, “simulation and implementation of two level and three-

level inverters by matlab and rt-lab,” master thesis , ohio State university, 2011.. 

[9] Abd Almula Gebreel and Longya Xu, " Numerical Analysis and Simulation 

Implementation for SVPWM Based on a New Region Segment Configuration 

Method," International Journal of Scientific and Engineering Research, Volume 6, 

Issue 3, pp. 614-621, March 2015.. 

[10] Jose Rodriguez, Steffen Bernet, Peter K. Steimer, and Ignacio E. Lizama, “Novel 

technique for maintaining balanced internal DC link voltages in diode clamped 

five-level inverters,” Electric Power Applications, IEE Proceedings, vol. 146, no. 3, 

pp.241-349, May 1999. 

[11] Ersan Kabalci, Ilhami Colak, Ramazan Bayindir, and Constantin Pavlitov, 

“Modelling a 7-level asymmetrical H-bridge multilevelinverter with PS-SPWM 

control,” Electrical Machines and Power Electronics and 2011 Electromotion Joint 

Conference, pp.578-583, Sep. 2011. 

[12] Jing Tang, Man-Chung Wong , and Yingduo Hun, “Novel Five-Level Inverter 

PWM Control in 3-Phase 4-Wire System for Power Quality,” Power System Tech-

nology, 2002. Proceedings. PowerCon 2002. International Conference on, pp.13-17, 

Oct. 2002. 

[13] Bing Hu, Shenggui Tao, Liucheng Chang, “Pulse Width Modulation Strategies 

and a Novel Mixed 

Control Method for Diode-Clamped Five-Level Inverter,” Electronics Computer 

Technology (ICECT), 2011 3rd International Conference on, pp.280-283, 2011. 

[14] S.Jeevananthan, R.Madhavan, T. Suresh Padmanabhan, and P.Dananjayan, 

“State-of-the-art of Multi-Carrier Modulation Techniques for Seven Level Inverter: 

A Critical Evaluation and Novel Submissions based on Control Degree of Free-

dom,” Industrial Technology, 2006. ICIT 2006. IEEE International Conference on, 

pp.1269-1274, Dec. 2006. 

[15]Gerardo Ceglia, Víctor Guzmán, Carlos Sánchez, Fernando Ibáñez, Julio Walter, 

and María Giménez, “Simulation of Simplified Seven Level Multilevel Converter 

Circuit,” Power Electronics and Motion Control Conference, 2008. EPE-PEMC 2008. 

13th, pp.268-274, Sep. 2008. 

[16] Jeffrey Ewanchuk, John Salmon, and Behzad Vafakhah, “A Five/Nine-Level 

Twelve-Switch Neutral Point Clamped Inverter for High Speed Electric Drives,” 

Energy Conversion Congress and Exposition (ECCE), 2010 IEEE, pp.2333-2340, 

Sep. 2010. 

[17] Alexander Varschavsky, Juan Dixon, Mauricio Rotella, and Luis Morán, “Cas-

caded Nine-Level Inverter for Hybrid-Series Active Power Filter, Using Industrial 

Controller,” IEEE Transactions on Industrial Electronics, vol. 57, on. 8, pp. 2761-

2767, Aug. 2010. 

[18] Alian Chen, Chenghui Zhang, Hao Ma, and Yan Deng, “A Novel Multilevel 

Inverter Topology with no Clamping Diodes and Flying Capacitors,” Industrial 

Electronics, 2008. IECON 2008. 34th Annual Conference of IEEE, pp. 3184-3187, 

2008. 

[19] Maheshkumar.N, Maheskumar .V, and M.Divya M.E., “The New Topology In 

Flying Capacitor Multilevel Inverter,” International Conference on Computer 

Communication and Informatics (ICCCI -2013), 2013. 

[20] A. Lesnicar, R. C. Marquadt., “A new modular voltage source inverter topolo-

gy,” Institute of Power Electronics and Control, Universität der Bundeswehr 

München, Werner-Heisenberg-Weg 39, 85577 München, Germany, 2004. 

[21] M. Glinka, R. Marquardr, “A New AC/AC-Multilevel Converter Fatmily,” 

IEEE Transactions on Industrial Electronics, vol. 52, no. 3, Jun. 2005. 

[22] A. Lesnicar, and R. Marquardt, “An Innovative Modular Multilevel Converter 

Topology Suitable for a Wide Power Range,” IEEE Bologna PowerTech Confer-

ence, Jun. 2003. 

[23] R. Marquardt, A. Lesnicar, “New Concept for High Voltage – Modular Multi-

level Converter,” PESC 2004 Conference in Aachen, Germany, 2004. 

[24] Yushu Zhang, Grain Philip Adam, Tee Chong Lim, Stephen J. Finney, and 

Barry W. Williams, “Mathematical Analysis and Experiment Validation of Modular 

Multilevel Converters,” Journal of Power Electronics, vol. 12, no. 1, pp. 33-39, 2012. 

[25] N. Prashanth, B. Kumar, J. Yadagiri, and A.Dasgupta, “Harmonic Minimiza-

tion In Multilevel Inverters By Using PSO,” ACEEE Int. J. on Control System and 

Instrumentation, vol. 02, no. 03, Oct. 2011. 
 

 

 

 

 

 

                                                                                                                               

Abd Almula Gebreel received the B.S. degree in electrical 

engineering from Omar Almukhtar University, Al-Byada, 

Libya, in 1998. He received the M.S. and PhD degrees in 

electrical engineering from The Ohio State University in 

2011 and 2015 respectivily, Columbus, OH, USA. He is 

currently working multilevel inverter, power electronics 

for large scale power systems, and PWM techniques for 

Modular Multilevel converter and other type of multilevel 

inverter. Also, he is working on development and research 

for FACTS by using multilevel inverters for deferent types of FACTS.  

 

International Journal of Scientific & Engineering Research, Volume 6, Issue 6, June-2015 
ISSN 2229-5518 

353

IJSER




