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Abstract—According to the increase of Multi-Level Inverter
(ML) applications in distributed generations, a novel single-
phase grid-connected MLI topology is proposed in this paper.
The proposed inverter is intended to feed the utility grid from
renewable energy sources (RESs) to overcome the problem of
output sinusoidal waveform in conventional MLIs by generating
a multilevel waveform with too many levels, and fewer switches
count. The proposed structure is fault-tolerant and modular. A
detailed analysis of the proposed topology for two different 13
and 20 switches have been carried out to show its superiority
over the conventional ML topologies. The 79-level and 321-level
of the proposed MLI are designed and simulated in
MATLAB/SIMULINK environment. After a precise simulation,
due to compliance with the IEC 61727-2004, about total
harmonic distortion (THD) of output voltage and current, there
is no need to use extra output filter.
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I. INTRODUCTION

In recent years, electricity generation from renewable
energy sources has grown tremendously. Likewise, with
increasing power generation rates, the use of wind turbines,
photovoltaic, and other renewable equipment has accelerated
[1], [2]. Because the establishment and costs of renewable
energy sources are still a bit expensive, the converters must be
highly reliable and efficient to reduce the cost of return in
addition to high performance [3]. Multilevel inverters have
received much attention as a method of producing nearly
sinusoidal waveforms by a large number of levels. As the
number of levels increases, the number of power electronic
switches and other circuit devices increases, so a topology
with more levels and fewer switches are taken into
consideration. Multilevel inverters have significant features
such as improved output quality, better efficiency, fewer
harmonics, and less switching stress on switches than
conventional two-level inverters [4], [5]. Multilevel inverters
have many advantages compared to two-level inverters such
as lower switching losses, lower switching frequency, lower
Common Mode voltage, higher efficiency, and better
harmonic spectrum [6]. Multilevel inverters are an attractive
solution in medium and high power applications [3]. They also
show significant gains in reduced THD of power delivery for
medium voltage sources [3]. MLIs are used in applications
such as SVC and other FACTs, HVDC transmission lines,
variable speed drive, and back-to-back systems [3], [7].
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From the DC side point of view, MLIs are divided into two
categories. The first is MLI with a common source such as
Flying Capacitor (FC) MLI and Diode-Clamped (DC) MLLI,
and the second is MLI with isolated DC sources such as
Cascade H-Bridge (CHB) MLI. These MLIs are used
according to the type of application [8]. A large number of
clamping diodes in DC-MLIs increases the cost and limits the
use of high voltage applications [9]. As a result, most of the
practical applications of the DC-MLIs are limited to less than
five levels [10]. Also, in flying capacitor inverters, exceptional
control is needed to balance capacitors voltages [11]. For PV
applications with a large number of independent DC sources
available, CHB-MLI is the preferred choice [12]. However,
CHB-MLIs use a large number of switches, which results in
more gate drive circuits and more complexity [13].

This paper presents a new MLI topology with fewer
switches and also lower THD voltage than the other MLIs.
Also, the proposed topology has modular capability and fault-
tolerant. Circuit configuration and operation of the proposed
MLI are discussed in section Il. The simulation of 79-level
and 321-level inverters are presented in section Ill. The
comparison between the proposed MLI and conventional MLI
is expressed in section 1V.

Il. THE PROPOSED MLI TOPOLOGY

A. Circuit Configuration

The proposed configuration consists of n independent DC
sources, n switches, and n diodes, as shown in Fig. 1.a. In the
proposed structure, both symmetric and asymmetrical DC
sources can be employed. At the output of the configuration is
an H-bridge inverter that allows alternating output levels of
the proposed configuration. And just before the H-bridge is a
structure for generating positive voltage levels.

B. Operation Principle

In this configuration, we have a switch for each
independent DC voltage source. When each of these switches
is turned on, the corresponding DC voltage source will be in
series with the other independent DC sources, and its voltage
is added to the voltage of the other series sources. The diodes
with the corresponding switch, which is turned on, are reverse
biased, and the diodes with the corresponding switch, which
is turned off, are forward biased, thus closing the circuit. For
the output voltage of the proposed topology, the U, to U,

voltages are generated for different switching modes.
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Fig. 1. (a) Configuration of symmetric proposed MLI (b) Output waveform

of the positive cycle

U1 = V1 (1)
U, =V, +71, 2)
Un:V1+V2+"‘+Vn (3)

C. Operation in Symmetric Configuration

The proposed MLI with symmetric DC sources is
composed of n independent and equal DC voltage sources. By
turning on each switch, the value of V. is added to the output
voltage of the converter, and by turning on the k switches, the
output voltage will be kVg. Also, with n series independent
DC voltage sources, each voltage level can be generated from
0 to nVqc in the output. Likewise, by alternating the converter
output voltage by H-bridge, the number of output levels of H-
bridge inverter are 2n+1.

Vi=Vo= =V =V 4

D. Operation in Asymmetrical Configuration

Different structures can be provided for this configuration
with asymmetrical sources. We assume that the converter is
made up of m number of the same modules in series, as shown
in Fig. 2. Each module consists of n independent DC voltage
sources, n switches, and n diodes. The voltage of these sources
is V1 to V,. The voltage of these sources is three times the
voltage V1. So:

1 -
Vii =3V = oVi3 = = Q" Win = Vac (5)

Module M| Voum

vk F0n Module 2 | Vo

Sll

D1 Module 1 Vo1

Fig. 2. Configuration of proposed Asymmetrical MLI
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Similarly, we can generate U; to Unm voltages for different
switching states.

Uy =Viy=Vy ==V, (6)
Up=Vi1+ Vo =V + Vj1 = 2Vy¢ (7
Us =Vig + Vo + V3 = V55 =3V (®

Upm = m(Vy + Vo + =+ V) = mVg, X3-, 371 (9)

In the above formulates, i and j are number between 1 to
m, the number of the modules. According to the above
relationships, the voltage source Vi1 in any of the modules can
be used to generate voltage U;. There are m choices for
generating U,. For the second level U, two Vs sources of two
modules must be used. And for voltage Us, three Vi sources
from three modules or one Vi, source from one of the modules
should be used in series with other circuit equipment.
Similarly, for each level, the combination of voltage sources
in series can generate the desired level. Finally, to generate the
Unm (highest voltage level), all sources (mxn number) must
enter the circuit. An essential feature of this configuration with
asymmetrical sources and identical modules is the possibility
of fault-tolerant, which can be operated with fewer levels if
one or more switches or one module are broken due to their
parallel diodes.

I1l. SIMULATION RESULT

A. Simulation of 79- Level Inverter

In this section, the simulation of the proposed
configuration with asymmetrical sources is investigated. The
configuration is composed of three modules, each with three
independent DC voltage sources, three switches, and three
diodes. As shown in Fig.3, the structure has 13 switches, 9
independent DC voltage sources, and 9 diodes. As mentioned
earlier, we have several modes for generating some voltage
levels. This converter generates 38 positive voltage levels.
The H-bridge is switched at 50Hz frequency and also
produces negative and positive voltage levels and zero in the
output. So, we have a 79-level output voltage. The upper and
the lower switches in the same H bridge leg operate in a
complementary manner, so for the H-bridge inverter, we only
need two separate gate driver circuits.

9V, =9V, = 9V, = 3V, = 3Vs = 3V = V3 = Vs = Vo = 9V,



Fig. 3. Configuration of 79 Level Inverter
TABLE I. SWITCHING STATES OF PROPOSED 79-LEVEL

INVERTER
NO 833 832 831 823 SZZ SZl 813 812 Sll VO
1 o]0 o o olo olo]o]o
2 [0 [0 [010 010 001 |Va
3 [0 [0 [0 0000 1[0 [3V
4 {0 [0 ]0 000011 [4Ve
13 [0 [ 1 [0 [0 [0 [0 [1 0|1 13
135 0 | 1 [0 0001 |1 [0 [15
136 [ 0 [ 1 [0 [0 [0 [0 [1 [1 |1 16V
270 | 1 [0 [0 [0 [0 [ 1 [ 1 [0 |1 Ppove
512 [ 1 | 1 [ 1 [ 1 [ 1 [ 1 [ 1 [1 |1 [30Ve

(b)
Fig. 4. Two states of switching according to tablel (a) State 134 (b) State
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Fig. 5. Output Voltage and Current of proposed 79-Level Inverter
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Fig. 6. Harmonic order of 79-levels Inverter; (a) Current (b) Voltage

To evaluate the performance of the proposed
configuration, the proposed 79-level structure is implemented
in MATLAB/ SIMULINK with a 50-ohm resistor as load.

The output voltage and current of the 79-levels inverter are
shown in Fig. 5. The THD of voltage and current is shown in
Fig. 6.

The PV system output should have low current-distortion
levels to ensure that no adverse effects on the other equipment
connected to the utility system. To connect the inverter to the
grid according to the standard IEC 61727-2004, it is necessary
that the output current THD be less than 5%. The maximum
allowed harmonics with the order from 2 to 33 are shown in
Table. 3. Harmonics of the proposed MLI output voltage and
current with pure resistive load is shown in Fig. 6. According
to the harmonics shown in Fig. 6, all inverter’s current
harmonics are less than 0.15%, so no filters are needed. This
way, the volume and weight of the converter will be very low.

Table. Il. CURRENT DISTORTION LIMIT ACCORDING TO IEC

61727-2004
Harmonics Distortion Limit
3" through 9" Less than 4.0 %
11" through 15" Less than 2.0 %
Odd

17" through 21% Less than 1.5 %
23" through 33" Less than 0.6 %
2rd through 8™ Less than 1.0 %

Even
10" through 32 Less than 0.5 %
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Fig. 7. Configuration of proposed 321-Level Inverter
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Fig. 8. Output Voltage and Current of proposed 321-Level Inverter
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Fig. 9. Harmonic order of 321-levels Inverter Current and Voltage

B. Simulation of 321-Level Inverter

The simulation results for the 321-level inverter are
shown in Fig. 7. The voltage and current harmonics of the
321-level inverter’s output are shown in Fig. 8. THD of the
output current of the proposed MLI is 0.28%, Fig. 9. Again,
like a 79-level structure, we don't need extra equipment for
filtering to connect to the network.

IV. COMPARISON WITH RECENT TOPOLOGIES

The proposed MLI has two modes of the symmetric and
asymmetrical structure. According to Fig. 10, which the
number of switches required versus the number of output
levels is shown for symmetric-CHB, DC-MLI, FC-MLI,
topologies proposed in [14] and [15] and proposed symmetric
MLI, the proposed symmetric MLI has a fewer number of
switches. In addition, according to Fig. 11, which the number
of switches required versus the number of output levels is
shown for asymmetrical-CHB and asymmetrical proposed
MLI, asymmetrical proposed MLI has the fewest number of
switches.
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Fig. 10. Comparison between symmetric-CHB, FC, DC MLIs, and proposed
topologies in [14] and [15].
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V. CONCLUSION

This paper presents a new configuration of MLIs. The
proposed MLI configuration has a much lower number of
switches than conventional MLI configuration, with no
additional equipment such as inductors and capacitors. This
structure is very convenient because of its asymmetrical
sources in PV. Also, due to its modular and fault-tolerant
structure, if one switch of a module is failed, the switch is
bypassed by its parallel diode, and, thus the module can
operate properly with a reduced capacity. This structure, with
a more significant number of sources, gives much higher
voltage levels so that the output voltage becomes almost
sinusoidal. For example, this structure, with 25 asymmetrical
independent DC sources and only 29 switches, gives 1211
voltage levels. Whereas in asymmetrical CHB mode, we
achieve 1211 voltage levels with 25 asymmetrical
independent DC sources and 100 switches. So in this
structure, there is no need for any filter, and the weight and
volume of the converter will be very low.
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