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Abstract— The main goal of this paper is to develop a
multilevel converter topology to be useful in photovoltaic system
applications. Although many topologies are introduced rapidly
using a bunch of switches and isolated dc sources, having a
single-dc-source multilevel inverter is still a matter of
controversy. In fact, each isolated dc source means a bulky
transformer and a rectifier that have their own losses and costs
forcing the industries to avoid entering in this topic
conveniently. On the other hand, multilevel inverters topologies
with single-dc-source require associated controllers to regulate
the dc capacitors voltages in order to have multilevel voltage
waveform at the output. Thus, a complex controller wouldn't
interest investors properly. Consequently, developing a singledc-source multilevel inverter topology along with a light and
reliable voltage control is still a challenging topic to replace the
2-level inverters in the market effectively.
This work investigates modern topology of multilevel
converters, which are suitable to be used in high power
photovoltaic applications with the main target on achieving
lower total harmonic distortion and better efficiency. Multilevel
converters offer several advantages compared to conventional
types. Multilevel converters provide high quality output while
using the low switching frequency. It affects the switching losses,
size of semiconductor switches and harmonic filters. This
research investigates various topologies of multilevel converter
for high power photovoltaic applications. All topologies are
simulated using MATLAB/SIMULINK in the same operating
conditions. Finally, the more suitable multilevel topology is
chosen with reference to the simulation results.
Keywords— Cascaded Inverters, Flying Capacitor, Grid
connected Multi-level inverters (GCMLIs), Hybrid Inverter, Multilevel inverter (MLI), Solar Photovoltaic (PV).

I.
INTRODUCTION
The continuous growth of the electrical power system,
resulting in an increase of electric power demand across the
globe forces us to switch to other sources of energy.
Renewable Energy sources are most popular among other
sources because of their less carbon emission which plays a
major role in reducing Global warming. As the efficiency of
Renewable energy sources is relatively less than that of
conventional fossil fuels, so improvements are made on either
side for the purpose of power quality improvement as well
increase the usage of Renewable Energy sources. In the
supply side Maximum Power Point tracking is implicit
whereas within the converter side the reduction of Total
Harmonic distortion as well the increase of the output levels of
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Multilevel Inverter is one to increase the performance of
Renewable Energy Sources.
II. MULTILEVEL INVERTER TOPLOGIES
Because of reduced disturbances and operational losses at
lower switching frequency makes the Multilevel Inverter more
appropriate for Renewable Energy sources. Multilevel
Inverters gives smoother output waveforms once the levels are
increased at the same time the Total Harmonic distortion in
additionally reduced [2], [14]. The numbers of levels are
inversely proportional to Total Harmonic Distortion such that
THD becomes zero at infinity levels. Increasing the levels
increases the component necessity and control complexity, so
the selection of appropriate topology is necessary to overcome
the above disadvantages [4]. The usually used multilevel
inverter topologies are Diode Clamped multilevel inverter
(DCMLI), Flying Capacitor Multilevel Inverter (FCMLI), and
Cascaded Multilevel Inverter (CMLI).
A. Diode Clamped Multilevel Inverter
The Neutral point Clamped MLI (NPCMLI), also known
as a Diode Clamped MLI (DCMLI) [17] was first introduced
by Baker and Bannister in the year 1980. Diode Clamped or
Neutral Point Clamped MLI has diode that clamps the supply
DC voltage to attain steps within the output wave form [6]. In
DCMLI to attained N levels 2(N-1) switches, (N-1)*(N-2)
Diodes for Clamping and (N-1) capacitors for DC link are
required. The structure of a 3 phase DCMLI in fig 1. The
source Vdc is split into different voltage levels by using
capacitor C1-C2 connecting them in series. The
semiconductor switches Sa1 and S’a1 should allow the entire
DC voltage from capacitors when switched on using PWM
pulse respectively, but the diode D1-D2 should block different
voltage levels such that D1 should block 3 levels decreasing
down so that D4 should block 1 level so the step waveform is
achieved in the output.

Fig.1. Three Phase diode clamped inverter.
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B. Capacitor Clamped Multilevel Inverter
The Flying Capacitor MLI (FCMLI), also known as
Clamping Capacitor MLI (CCMLI), was first introduced by
Menard and Foch in the year 1992 [18]. FCMLI resembles
similar structure of DCMLI where the capacitors replaces the
diodes [3]. Here the determination of voltage levels is done by
the charging and discharging of the flying capacitors
connected to the neutral point [11], [12]. Switching ON
semiconductor switches S1 and S2 charges the flying
capacitor CF link when the switches are turned OFF the
capacitor starts discharging. The variable discharging time of
every clamping capacitor creates a Multilevel within the
output voltage. For obtaining N levels ((N-1)*(N-2))/2
clamping capacitors are needed. Similar to diode clamped (N1) capacitors of same rating are needed.

D. Z-source Multilevel Inverter
The impedance source or Z-source inverter was proposed
for the first time by [19] and is shown in Fig.4. Z-source
inverters distinguished it selves from other conventional types
of inverters by providing voltage boost capability in common
inverters. Due to generating the output voltage lower than the
DC input voltage the conventional inverters are invariably a
buck converter [20]. In addition the DC source will shortcircuit, if the upper and lower power switch conducts all
together. Therefore, a dead band is provided purposefully
between the switching on and off of the complimentary power
switches of the identical leg, consequently some distortions in
the output current are caused by this dead band. These
drawbacks are overcome in the Z-source inverter [20].
Comprehensive discussion on the Z-source inverter is given in
[21,22,23].

Fig.4. Z-source Multilevel Inverter.
Fig.2. Capacitor Clamped Multilevel Inverter.

C. Cascaded Multilevel Inverter
A Cascaded Multilevel Inverter or H-Bridge Multilevel
Inverter topology is that the simplest topology of Multilevel
Inverter. For N levels (N-1)/2 sources are required. Each
supply is connected by an H-bridge containing four
semiconductor switches [9]. The H-Bridges are connected in
series or cascaded manner together such that the output is
taken from the top leg of the first bridge and bottom leg of the
last bridge. The switching cycle of of every bridge is such
how a way that 1st Bridge is ON so Vdc from the source 1
produces a level again when 2nd bridge is ON the bridges 1
and 2 are cascaded therefore total of the two sources offers
another level within the output is obtained. Finally when N
bridges is ON the sum of the all the sources gives the
maximum output voltage with N-level.

E. Quasi Z-source Multilevel Inverter
Fig.5 presents the QZSI topology which was proposed in
[16] as a derivative of the original Z-source inverter; so it
contains all the benefits of the ZSI. The impedance source or
Z-source inverter has the weakness of higher stress on power
switches, high voltages across the capacitors and
discontinuous input (DC) current throughout boost mode [20,
22].These limitations are overcome by QZSI [22,23]. Drawing
continuous current from DC supply, decreasing the voltage
across the capacitor C2, lower elements count and therefore
high reliability as well as putting lower voltage stress on the
power switches are considered as the major advantages of a
QZSI [20].

Fig.5. QZSI Multilevel Inverter.

Fig.3. Cascaded Multilevel Inverter.
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III. SIMULATION RESULT
In this section, the most common topologies of multilevel
converters, which are connected to PV array, are scrutinized in
six case studies. By comparing their output wave forms and
their characteristics, the most suitable inverter configuration is
found. All scenarios have been done in identical situations
using the same PV array source and loads while all switches
are modeled as IGBT ones. The PV array module is called
Canadian solar load CS5C90M with 40 parallel strings and 10
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series connected modules per strings, with irradiation of rate
1000, temperature of 25°c and a three phase resistive load of
R=10Ω.
A. Three level NPC PV source inverter
Fig.6 illustrates a three level NPC PV source inverter
model in MATLAB. The inverter is connected to the predefined PV array and load. The voltage and current wave
forms of this simulation are shown in fig.7 power system is
simulated in Matlab/Simulink power system toolbox software.

Fig. 8.

Fig. 6.

Three level Capacitor clamped, PV source model in
Matlab/Simulink.
Fig. 9.

Three level NPC, PV source model in Matlab/Simulink.

Fig. 10. Three level Capacitor clamped, PV source model in
Matlab/Simulink.

C. Three level Cascaded PV source inverter

Fig. 7.

Three level NPC inverter voltage and current waveforms.

The total harmonic distortion (THD) value of each
waveform is calculated by Matlab/Simulink. In this way the
capacitor values are considered 2200F while THD of line
voltage is 32.59% for this case study.
B. Capacitor clamped three level PV source inverter
Three level capacitor clamped PV source inverter model is
shown in fig.8 Capacitor values are 1000F. The voltage and
current waveforms of this simulation are shown in fig.9 THD
line voltage is 44.85% for this inverter topology.
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Fig. 11. Three level Cascaded PV source model in matlab/simulink.

Fig.10 represents a three level cascaded PV source inverter
model in MATLAB, and its voltage and current waveforms
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are depicted in fig.11 THD line voltage is obtained 47.10% for
this model.

values are assumed to be the same equal to 0.5mH as are the
capacitor values 0.4mF. THD of this modeled is measured
42.86%.
E. Three level Quasi-Z source PV source inverter
The Quasi-Z source model is done according to Fig.14,
and its output waveforms are shown in Fig.15. The inductance
values are assumed to be the same equal to 0.5mH as are the
capacitor values 0.4mF. Line voltage THD for this model is
41.70%.

Fig. 12. Voltage and current waveforms of three level cascaded inverter.

D. Three level Z-source PV connected inverter

Fig. 16. Three level Quasi Z source PV connected model in
matlab/simulink.

Fig. 13. Voltage and current waveforms of three level cascaded inverter.
Fig. 14.

Fig. 17. Voltage and current waveforms of three level Quasi Z source.

F. Y-Connected three level Hybrid Cascaded PV source
inverter

Fig. 18. Three level Hybrid PV source inverter in matlab/simulink.
Fig. 15. Three level Z-source PV connected inverter in matlab/simulink.

Three level Z-source PV connected inverter as well as its
output wave forms are shown in fig.12 and 13. The inductance
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Three level hybrid cascaded NPC PV source inverter
model as well as its voltage and current waveforms are shown
in fig.16 and 17, respectively. Capacitors values are 2200F
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while THD is 51.42%. Normally hybrid topologies are used
for creating high level output voltage. This concept was
introduced in [19] by presenting 17-level CMI as the most
suited for application to PV power generation. The simulation
result of this topology confirms the low THD rate of this
topology.

investigate some advantages and disadvantages of each
topology, which cannot be considered in the simulation. The
results prove that quasi Z-source converter has better
performance in comparison with other types.
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