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ABSTRACT 

This paper presents a comprehensive review on three basic types of multilevel inverters i.e., diode-clamped, 
flying-capacitor, and cascaded H-bridge multilevel inverter and their variation for photovoltaic power system. The 
electrical power generated form photovoltaic power system is in DC form. Hence, it is necessary to be controlled and 
converted to useful form. Inverter is a power electronic device which is used to convert the DC power into AC form at 
desired output voltage and frequency. Multilevel inverters nowadays become interesting area in field of electric power 
system because it has the capability to produce staircase AC output voltage waveform without using a bulky passive filter. 
The state of art of multilevel inverter technology for photovoltaic power system has been presented in this paper, which 
will be very helpful to the researchers to trace the drawbacks in this field of research and thereby will provide information 
to resolve the existing issues in the near future. 
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1. INTRODUCTION 

The demand of clean energy is increasing toward 
a large distribution of energy generated by renewable 
energy sources such as solar, wind, hydro, and so on [1]. 
The sun is the most important source of renewable energy 
available all over the world. Photovoltaic (PV) power 
systems convert sunlight to electricity via PV panels. DC 
power generated by solar panels need to be controlled and 
converted to usable forms [2-4]. Different types of power 
inverters have been proposed by researchers. Among 
them, pulse-width modulated (PWM) multilevel inverters 
are gaining more and more popularity due to its wide 
spread reliable applications [5]. Their staircase output 
voltage consists of low total harmonic distortion (THD) 
and hence does not require bulky expensive and 
dissipative passive filters [6-8]. 

The multilevel inverter can be classified into 
three basic types such as diode-clamped, flying-capacitor 
and cascaded H-bridge multilevel inverter [9]. The 
operation, advantages, and disadvantages of diode-
clamped, flying-capacitor and cascaded H-bridge 
multilevel inverter are discussed in following sections. 

The remainder of this paper is organized as 
follows. In Section 2, the detail description and variation 
of diode-clamped multilevel inverter is presented. In 
Section 3, the flying-capacitor multilevel inverter and its 

modification is discussed. In Section 4, the comprehensive 
details and modifications of cascaded H-bridge multilevel 
inverter are provided. The classical diode-clamped, flying-
capacitor, and cascaded H-bridge multilevel inverters are 
compared in Section 5. Finally, the conclusion is provided 
in Section 6. 
 
2. DIODE-CLAMPED MULTILEVEL INVERTER 
AND MODIFICATIONS 

This section consists of two subsections as 
follows: a brief description of diode-clamped multilevel 
inverter and modified diode-clamped multilevel inverter. 
 
2.1. Diode-clamped multilevel inverter  

In 1981, the diode-clamped multilevel inverter 
was introduced by Nabae. First proposed diode-clamped 
inverter essentially consists of three levels [10]. In the 
1990s, researchers published many articles on the 
experimental results of four, five, and six-level diode-
clamped converter for several uses such as, variable speed 
motor drive, PV power system and high voltage system 
interconnections [11-12]. Fig. 1 shows the circuit diagram 
of a 5-level diode clamped multilevel inverter. It consists 
of eight power MOSFETs, twelve clamping-diodes, one 
DC voltage source and four capacitors. 
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Figure-1. 5-level diode-clamped multilevel inverter. 
 

The DC bus consists of four capacitors C1, C2, 
C3 and C4 as can be seen in Figure-1. For DC bus, each 
capacitor has VDC/4 voltage and the stress on each power 
MOSFET will be limited to the voltage level of one 

capacitor through clamping diode. The operation of 5-
level diode-clamped multilevel inverter depends on 
switching states of inverter. Table-1 shows the switching 
states of 5-level diode-clamped inverter [10, 13]. 

 
Table-1. Switching states of 5-level diode-clamped multilevel inverter. 

 

Van S1 S2 S3 S4 S5 S6 S7 S8 

VDC/2 1 1 1 1 0 0 0 0 

VDC/4 0 1 1 1 1 0 0 0 

0 0 0 1 1 1 1 0 0 

-VDC/4 0 0 0 1 1 1 1 0 

-VDC/2 0 0 0 0 1 1 1 1 
 

(Zero indicate the switch is off and 1 indicate the switch is on) 
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From Table-1, there are five switching 
combinations for producing the five voltage levels across 
‘a’ and neutral point (‘n’).  
 
a) When S1, S2, S3 and S4 are turned on the voltage level 

“Van” is VDC/2. 
b) When S2, S3, S4 and S5 are turned on the voltage level 

“Van” is VDC/4 
c) When S3, S4, S5 and S6 are turned on the voltage level 

“Van” is 0. 
d) When S4, S5, S6 and S7 are turned on the voltage level 

“Van” is –VDC/4. 
e) When S5, S6, S7 and S8 are turned on the voltage level 

“Van” is –VDC/2. 

The number of power MOSFETs or active 
switches, S of diode-clamped multilevel inverter is given 
by the following equation [14]: 

Number of power MOSFET (S) = 2*( 1)m  .    (1) 

 
The number of capacitors, C of diode clamped 

multilevel inverter is given by Eq. (2): 
 
Number of Capacitors (C) = 1m  .     (2) 
 

The number of clamping diodes, CD of diode 
clamped multilevel inverter is as follows: 
 
Number of Clamping Diodes (CD) = ( 1)*( 2)m m  .  

(3) 
 

Hence, m is number of inverter levels. The 
advantages and disadvantages of diode-clamped multilevel 
inverter are given in Table 2 [15-17]. 

 
Table-2. Advantages and disadvantages of diode-clamped multilevel inverter. 

 

Advantages Disadvantages 
 Efficiency is high for fundamental frequency 

switching.  
 The capacitors can be pre-charged as a 

group. 
 All of the phases share a common DC bus, 

which minimizes the capacitance 
requirements of the converter. 

 Real power flow is difficult for a single inverter 
because the intermediate DC levels will tend to 
overcharge or discharge without precise 
monitoring and control.  

 The excessive clamping diode requires if the 
number of level increased therefore the use of 
this inverter is limited to 3-levels. 

 
2.2. Modified diode-clamped multilevel inverter  

Hybrid-diode-clamped three-level transformer-
less inverter is another inverter topology for photovoltaic 
system [18]. It has several benefits such that the PV 
system has fewer harmonics and the filtering equipment 
will be reduced at the same time. Moreover, it reduced the 
losses, costs of the PV system and resolved the leakage 
current problem. With N inverter modules, the main 
disadvantage of clamped capacitor topology is imbalance 
of capacitor voltage in the DC side. In this topology, the 
capacitor CX is used to solve this problem as can be seen 
from Figure-2. 
 

 
 

Figure-2. The hybrid clamped three-level inverter. 
 
3. FLYING-CAPACITOR MULTILEVEL 
INVERTER AND MODIFICATIONS 

In this section, the operation, advantages, 
disadvantages and modifications of flying-capacitor 
multilevel inverter are discussed. 
 
3.1. Flying-capacitor multilevel inverter 

In 1992, the flying-capacitor multilevel inverter 
was proposed by Meynard and Foch. The flying-capacitor 
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gave large attention for high power application such as PV 
power system,large motor drives and static power 
conditioners [19]. Figure-3 shows the circuit topology of 
5-level single phase flying-capacitor multilevel inverter. 
The five-level flying-capacitor has eight MOSFETs, four 
DC-link capacitors, six balancing capacitors and one DC 
voltage source. 

The operation of five-level flying-capacitor 
multilevel inverter depends on switching states of inverter. 
There are many ways to produce the same level of voltage 
by changing the switching states.  It causes redundancy in 

the switching states of the topology. The sum of a certain 
output voltage is generated by the DC bus voltage 
±VDC/2 and one or more of the clamping capacitor 
voltages are added together. Since every capacitor is rated 
for the voltage VDC/4, DC-capacitor and clamping 
capacitor are identical for the output voltage. For this 
example, VDC/4 is generated by the DC-bus positive top 
value VDC/2 and the reverse voltage of clamping 
capacitor C1. The switching states of 5-level flying-
capacitor inverter are presented in Table-3. 

 
Table-3. Switching states of 5-level flying-capacitor multilevel inverter. 

 

Van S1 S2 S3 S4 S5 S6 S7 S8 

VDC/2 1 1 1 1 0 0 0 0 

VDC/4 1 1 1 0 1 0 0 0 

0 1 1 0 0 1 1 0 0 

-VDC/4 1 0 0 0 1 1 1 0 

-VDC/2 0 0 0 0 1 1 1 1 
 

(Zero indicate the switch is off and 1 indicate the switch is on) 
 

From Table 3, there are five switching 
combinations for producing the 5-level voltages across ‘a’ 
and ‘n’.  
a) When S1, S2, S3 and S4 are turned on the voltage level 

“Van” is VDC/2. 
b) When S1, S2, S4 and S5 are turned on the voltage level 

“Van” is VDC/4. 
c) When S1, S2, S5 and S6 are turned on the voltage level 

“Van” is 0. 
d) When S1, S5, S6 and S7 are turned on the voltage level 

“Van” is –VDC/4. 
e) When S5, S6, S7 and S8 are turned on the voltage level 

“Van” is –VDC/2.  
 

The number of MOSFETs or active switches, S 
of diode clamped multilevel inverter is given by: 
 

Number of MOSFET (S) = 2*( 1)m  .     (4) 

 
The number of DC-link capacitors, C of diode 

clamped multilevel inverter is given by: 
 
Number of DC-link Capacitors (C) = 1m  .    (5) 
 

The number of balancing capacitors, BC of flying 
capacitor multilevel inverter is given by: 
 
Number of Balancing Capacitors (BC) = ( 1)*(m 2)

2

m   .(6) 

 
Hence, m is number of levels. The advantages 

and disadvantages of flying-capacitor multilevel inverter 
are given in Table 4 [20-22].   
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Figure-3. 5-level flying-capacitor multilevel inverter. 
 

Table-4. Advantages and disadvantages of flying-capacitor multilevel inverter. 
 

Advantages Disadvantages 
 Real and reactive power flow can be 

controlled compared to diode-clamped 
multilevel inverter.  

 For m number of levels, the harmonics 
content is low compared to diode-clamped 
multilevel inverter. 

 The capability of storage power is high due to 
large number of capacitors. 

 The large number of capacitors enables the 
inverter to ride through short duration outages 
and deep voltage sags.  

 For balancing, the voltage levels of the 
capacitors several phase redundancies are 
available. 

 Control is complicated to track the voltage 
levels for all of the capacitors.  

 Pre-charging of all the capacitors to the same 
voltage level and startup are complex.  

 Efficiency and switching utilization is poor for 
real power transmission. 

 Packaging is more difficult for a high number 
of levels due to the requirement of large 
number of components as compared to 
cascaded H-bridge inverter.  

 The flying-capacitor inverter is often 
expensive and bulky compared to the cascaded 
H-bridge inverter. 
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3.2.Modified flying-capacitor multilevel inverter 
To cope the drawbacks of classical flying-

capacitor multilevel inverter, the researchers proposed 
several modified flying-capacitor multilevel inverters 
based on bridge modular switched-capacitor [23-26]. 
These topologies require lower number of components as 
compared to classical flying-capacitor topology. In 
addition, these topologies have features of voltage 
balancing property, purge the more dc source, boost-up the 
output voltage levels, and provide better the output 
frequency range.  
 
4. CASCADED H-BRIDGE MULTILEVEL 
INVERTER AND MODIFICATIONS 

In this section, the operation, advantages, 
disadvantages and several modifications of cascaded H-
bridge multilevel inverters (i.e., Quasi-Z source, switched-
capacitor, and switched-battery boost multilevel inverter) 
are discussed. 
 
4.1.Cascaded H-bridge multilevel inverter 

A cascaded H-bridge multilevel inverter is 
different from diode clamped multilevel inverter and 
flying capacitor multilevel inverter in structure. The 
number of output voltage levels can be easily adjusted by 
adding or removing the H-bridge. H-bridge was 
introduced in 1975 [7]. It was the first multilevel inverter. 
In 1996, the cascaded H-bridge multilevel inverter was 
proposed by Jih-Sheng [27].  
 

 
 

Figure-4. 5-level cascaded H-bridge multilevel inverter. 
 

Cascaded H-bridge multilevel inverter is among 
the most popular inverter topology in stand-alone PV 
systems. Figure-4 shows 5-level cascaded H-bridge 
multilevel inverter. H-bridge inverters are connected in 
series with their output voltages are summed up. Hence, it 
has voltage boosting capability and highly reliable with 
lowest voltage unbalance problem. With N number of H-
bridge inverters, the output staircase AC voltage produced 
consists of 2N+1 levels [28]. This inverter topology 
requires separate DC source for each H-bridge inverter as 
can be seen from Figure-4.The operation of 5-level 
cascaded H-bridge multilevel inverter is dependent on 
switching states of inverter. Table-5 shows the switching 
states of 5-level cascaded H-bridge multilevel inverter. 

 
Table-5. Switching states of 5-level cascaded H-bridge multilevel inverter. 

 

Vo S1 S2 S3 S4 S5 S6 S7 S8 

2VDC 1 0 0 1 1 0 0 1 

VDC 1 0 0 1 0 0 1 1 

0 1 1 0 0 1 1 0 0 

-VDC 0 1 1 0 1 1 0 0 

-2VDC 0 1 1 0 0 1 1 0 
 

(Zero indicate the switch is off and 1 indicate the switch is on) 
 

From Table-5, there are five switching 
combinations to produce five voltage levels are discussed 
as follows: 
 
a) When S1, S4, S5 and S8 are turned on the voltage level 

“Vo” is 2VDC. 

b) When S1, S4, S7 and S8 are turned on the voltage level 
“Vo” is VDC. 

c) When S1, S2, S5 and S6 are turned on the voltage level 
“Vo” is 0 or when S3, S4, S7 and S8 are turned on the 
voltage level “Vo” is 0. 

d) When S2, S3, S5 and S6 are turn on the voltage level 
“Vo” is -VDC. 
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e) When S2, S3, S6 and S7 are turn on the voltage level 
“Vo” is -2VDC.  

The number of levels, m of cascaded H-bridge 
multilevel inverter is calculated by following equation: 
 
Number of level (m) = 2N+1.   (7) 
 

Hence, m is the number of inverters and N is the 
number of H-bridge inverter. The total number of power 
MOSFETs can be calculated through Eq. (8). The main 
advantages and disadvantages of cascaded H-bridge 
multilevel are discussed in Table 6 [29-31]. 
 
Number of MOSFET = 2*( 1)m  .  (8) 

 
Table-6. Advantages and disadvantages of cascaded H-bridge multilevel inverter. 

 

Advantages Disadvantages 
 Less number of components is required to get 

equal voltage level as compared to diode-
clamped and flying-capacitor multilevel 
inverters. 

 Extra capacitor and diode are not necessary. 
 The series of H-bridges makes packaging 

easier with modularized layout.  
 Due to structural flexibility of cascaded H-

bridge, the manufacturing process is cheap 
and fast. 

 Separate DC source are required for each H-
bridge.  

 The synchronization of reference and the 
carrier waveforms is required to communicate 
between the H-bridges. 

 
4.2. Modified cascaded H-bridge multilevel 
inverter # 1 

To eliminate the limitations of cascaded H-bridge 
multilevel inverter, the researchers proposed several 
modified cascaded H-bridge multilevel inverters based on 
Quasi-Z source concept [32-38]. Quasi-Z source cascaded 
H-bridge multilevel inverter (QZS-CHB) is a new 
topology for PV system. Figure-5 illustrated the structure 
of PV system based on QZS-CHB multilevel inverter [33]. 
This system consists of two PV strings, three QZS H-
bridge modules, filtering inductance and the distribution 
grid. The output voltage of the QZS H-bridge multilevel 
inverter is the sum of all module output voltages. When 
increasing the number of the QZS H-bridge modules in 
series, the number of levels of output voltage waveform 
often increased. The main advantage of this topology is 
that, it can eliminate the DC-link voltage imbalance 
problem effectively. The drawbacks of this system are: it 
consists of large number of components which makes it 
very complex and costly [32-38].  

  
 

Figure-5. QZS-cascaded H-bridge multilevel inverter. 
 
4.3. Modified cascaded H-bridge multilevel 
inverter #2 

To eliminate separate DC link, another variation 
of cascaded H-bridge topology has been proposed which is 
known as switched-capacitor multilevel inverter. 
Switched-capacitor (SC) multilevel inverter is useful 
inverter topology for photovoltaic applications [39-49]. 
The switched-capacitor (SC) multilevel inverter is 
composed of series connected switch capacitor cells as 
shown in Figure-6. A basic SC cells consist of one 
capacitor, two externally controlled switches and one 
diode. In this topology, the number of output voltage 
levels is determined by the number of SC cells. Each cell 
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adds two voltage levels to output AC voltage waveform. 
The capacitor and input DC voltage source are connected 
in parallel during the charged mode while during the 
discharged mode the capacitors are connected in series via 

switching devices. This topology has been proposed for 
high frequency switching. However, it increased switch 
losses and required faster switching. Therefore, it has trade 
off in term of lower efficiency and higher cost.  

 

 
 

Figure-6. Series-parallel SC based multilevel inverter. 
 
4.4. Modified cascaded H-bridge multilevel 
inverter # 3 

Recently, another modification of cascaded H-
bridge multilevel inverter topology is proposed to improve 
the performance of switched-capacitor multilevel inverter. 
It is known as switched battery boost multilevel inverter, 
which consists of a PV module, a MPPT charge controller, 
a SPDT relay, N number of cascaded switched-battery 
cells and a full-bridge inverter as shown in Figure-7 [50-
52]. Each switched-battery cell consists of a power 
MOSFET, a diode, a SPST relay and a battery as shown in 
Figure-8. 

This topology can be operated in two different 
modes such as: charge and inverter mode as controlled by 
SPDT relay. In order to operate the converter in charge 
mode, the SPDT relay is switched to MPPT charge 
controller and all SPST relays are closed while during the 
charge mode all power MOSFETs are open, all batteries 
are connected in parallel and store energy generated by PV 
module.  After the batteries are fully charged, the 
converter can be operated in inverter mode to produce AC 
voltage and current suitable for most electrical appliances. 

 

 
 

Figure-7. Single phase switched-battery boost-multilevel inverter. 
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Figure-8. Switched-battery cell. 
 

In inverter mode, the MPPT charge controller is 
connected to the inverter circuit and all SPST relays are 
off. By turning on the power MOSFETs of switched-
battery cells, the batteries are connected in series and total 
input voltage of H-bridge inverter can be controlled. The 
number of levels, m of proposed inverter topology is given 
by 
 
Number of Level = m = 2N+1.   (9) 
 

Here, m is the number of inverter level and N is 
the number of switched-battery cell. The number of power 
MOSFET required is equal to number of switched-battery 
cell with additional 4 units for H-bridge inverter. 
Therefore, total number of power MOSFET is given by 
 

Number of MOSFET = 
1

4
2

m 
 .   (10) 

 
This inverter topology has high power MOSFET 

utilization factor as compared to conventional multilevel 
converter such as cascaded H-bridge multilevel inverter. 
As an example, a 7-level cascaded H-bridge multilevel 
inverter requires 12 power MOSFETs while the proposed 
switched-battery boost-multilevel inverter requires only 7. 
In addition, this inverter has integrated charge mode 
operation which is very suitable for PV systems.  
 
5. COMPARISON OF BASIC TYPES OF 
MULTILEVEL INVERTERS 

In this section, the comparison between diode-
clamped, flying-capacitor, and cascaded H-bridge 
multilevel inverter is presented. The comparison indicate 
that the cascaded H-bridge multilevel inverter has gained 
higher popularity due to several features such as: it does 
not require an excessively large number of clamping-diode 
and flying-capacitor. The output voltage levels easily can 
be controlled by adding or removing the H-bridge. By 
increasing the number of levels, it produces a multistep 
staircase voltage waveform which is nearly sinusoidal. 
The cascaded H-bridge multilevel inverter structure 
consists of a cascaded connection of H-bridge units and 
each bridge is fed with separate DC source, therefore it 
does not require voltage balance circuit. The required 
number of components for diode-clamped, flying-
capacitor and cascaded H-bridge multilevel inverter are 
shown in Figure-9(a) to 9(c). 

 
 

Figure-9(a). Required number of diode for different types of multilevel inverter. 
 

0

100

200

300

400

500

600

1 3 5 7 9 11 13 15 17 19 21 23 25

N
um

be
r

of
 D

io
de

Number of Levels

Number of Diode vs Levels

DCMLI

FCMLI

CHBMLI



                                    VOL. 12, NO. 11, JUNE 2017                                                                                                              ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               3546 

 
 

Figure-9(b). Required number of capacitor for different types of multilevel inverter. 
 

 
 

Figure-9(c). Required number of total components for different types of multilevel inverter. 
 

Figure-9(a) shows that the clamping diode is 
required only for diode-clamped multilevel inverter and 
Figure-9(b) shows that the balancing capacitor is required 
for diode-clamped and flying-capacitor multilevel inverter. 
The lower number of components is required for cascaded 
H-bridge multilevel inverter which can be seen from 
Figure-9(c). Due to lower number of component cascaded 
H-bridge multilevel inverter has recently become most 
popular topology in high AC power supplies and PV 
system. In addition, the probability of system failure is 
decreases and control of the switches is not complicated. 
 
6. CONCLUSIONS 

The paper demonstrates a comprehensive 
discussion on basic multilevel inverter topologies, and 
their variations. In addition to that the basic types of 

multilevel inverters are compared from different aspects. 
Classical multilevel inverter structures including the 
advantages and disadvantages of each technique have been 
discussed. The main advantage of multilevel inverter is 
that it provides a solution to the problems of THD, and 
dv/dt stress on switch. Based on proceeding discussion, it 
can be concluded that cascaded multilevel inverters 
require minimum number of components compared with 
other types of multilevel inverters. So it produces an 
increased stepped output with less number of 
semiconductor switches. The control of the overall circuit 
becomes less complex and smaller due to fewer number of 
switches.  
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