Awvailable online at www.ijournalse.org

[]
‘ EMERGING SCIENCE JOURNAL

(ISSN: 2610-9182)

L] ‘ Emerging Science Journal

EMERGING SCIENCE JOURNAL

Vol. 6, No. 1, February, 2022

Review Article

A Review on Multilevel Inverter Topologies

Afshin Balal **, Saleh Dinkhah ?, Farzad Shahabi 3, Miguel Herrera %,
Yao Lung Chuang !

! Texas Tech University, 2500 Broadway, 79409, Lubbock, Texas, United States.
2 Santa Clara University,500 EI Camino Real, 95053, Santa Clara, California, United States.

3 University of South Florida, Fowler Avenue, 4202, Tampa, Florida, United States.

Keywords:
Abstract w

Traditional Two-Level Inverters;
In this paper, a brief review of the multilevel inverter (MLI) topologies is presented. The two-level Multilevel Inverter (MLI):
Voltage Source Inverter (\VSI) requires a suitable filter to produce sinusoidal output waveforms. ’
The high-frequency switching and the PWM method are used to create output waveforms with the ~ High Power Application.
least amount of ripples. Due to the switching losses, the traditional two-level inverter has some
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1- Introduction

Inverters are used in applications, including air conditioning, uninterruptible power supply (UPS), high-voltage dc
power (HVDC) transmission lines, electric cars, battery storage, and solar panels [1, 2]. Inverters are categorized as
square-wave inverters, sinusoidal two-level pulse width modulation (PWM) inverters, and multilevel inverters [3, 4].
Power electronics, DC-DC converters, and inverters have seen a surge in the study due to the scarcity of fossil fuels and
the diversity of renewable energy sources. The converters must be very dependable, efficient, and offer excellent
performance due to the high prices of renewable energy supplies [5]. It must generate sinusoidal output waveforms that
are synced with the national power grid [6]. Figure 1 shows the circuit diagram of a two-level inverter.

When SW1 is ON, then V, = +(V,./2), and when SW2 is ON, V, = —(V,./2) [7, 8]. No need to mention that the
conventional two-level inverters without pulse width modulation (PWM) produce a square wave output voltage of two
levels, as depicted in Figure 2.

This traditional inverter runs at a high switching frequency for high-power applications, with significant switching
losses [9]. Harmonic distortion and excessive stress on power semiconductors are other issues. Because of these issues,
connecting power electronic switches to the high-voltage grid is not feasible [10, 11]. These issues necessitate the use
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of MLI inverters with different topologies. Improved performance at the high switching frequency, reduced harmonic
distortion, higher power quality (near to pure sinusoidal), and fewer switching losses are just a few of the benefits of
MLI inverters [3, 12]. However, each switch has to have its own gate driver for implementing MLI, which adds to the
system's complexity. Therefore, reducing the number of switches of MLI is necessary [3, 13, 14]. This paper presents a
review of some of the different current topologies using a lower number of switches.
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Figure 1. Diagram of a two level inverter
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Figure 2. The output voltage of a two-level inverter

2- Three Types of Classical MLI

From various dc input sources, a multilevel inverter creates a smooth sinusoidal waveform. In addition, multi-level
inverters play an important role in high-power industrial applications [15, 16]. Diode-clamped, flying capacitor

(capacitor-clamped), and Cascaded H bridge multilevel inverters are the most common topologies [17]. The scheme of
multilayer inverters is shown in Figure 3.
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Figure 3. Multilevel inverter scheme
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2-1-Diode Clamped Topology

By using diodes, a diode-clamped Multilevel inverter (n level) creates n voltage levels at the output and generally has
(n-1) capacitors on the dc-link bus [18, 19]. Figure 4 shows a three-level half-bridge diode clamped multilevel inverter
[20]. An n-level inverter requires (n-1) balancing capacitors, 2(n-1) switches and (n-1)(n-2) clamping diodes. Therefore,
as shown from Figure 4, the three-level classical diode clamped inverter creates three levels of voltage at the output and
has two capacitors at the DC bus and four switches, and two clamping diodes [21, 22].

e

SW2- —

i
% MJE}"
.

1
-
swa—I—]

Figure 4. Three-level diode clamped MLI

According to Figure 5, three-level inverters provide a square wave output voltage of three levels without employing
PWM.
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Vd c

Figure 5. The output waveform of three-level diode clamped ML

The benefits and drawbacks of diode clamped MLI are as follow [23-25]:
Benefits:

o The real and reactive power flow can be controlled.

o Filters are not required to decrease harmonics.

e The voltage of the switch is just half of the voltage of the dc-link.

o The efficiency is high at the fundamental frequency

Drawbacks:

o Clamping diodes are increased when each level is raised.

o Individual converter real power flow management is challenging

2-2-Capacitor Clamped Topology

It is different from the diode-clamped MLI topology because the capacitors are employed to restrict the voltage in
this case [26, 27]. The voltage level of a capacitor’s clamped inverter is the same as the diode clamped inverter [28, 29].
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For an n-level inverter, the dc bus requires (n-1) capacitors, number of flying capacitors, and the total number

of (n-1) switches is required. For instance, based on Figure 6, a five-level flying capacitor MLI creates five voltage
levels at the output and has four capacitors at the DC bus and also has eight switches and six clamping capacitors [30,
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Figure 6. Five-level flying capacitor MLI

Also, according to Figure 7, the five-level inverters provide a square wave output voltage of five levels without
employing PWM.

I"0 ut

Figure 7. The output waveform of five-level flying capacitor MLI

The benefits and drawbacks of flying capacitor MLI are as follow [32-34]:

Benefits:

Get rid of the clamping diode problems.

Filters are not required to decrease harmonics.

Reduces the amount of stress on the semiconductor switches.

It provides the correct switching combination for balancing various voltage levels.

It is possible to control both real and reactive power flow.
Drawbacks:

o Controlling the voltage across all of the capacitors is hard to achieve.
e A decrease in switching efficiency

o Higher cost because of using more capacitors
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2-3-Cascaded H Bridge Topology

A cascaded ML consists of succession of H-bridge inverters with independent DC sources [35-37]. In this inverter,
the output voltage has a 2s+1 voltage level, and S is the number of DC inputs. Each cell provides three voltage levels,
and the cascaded MLI is made up of connected H-bridge cells in series [38-40]. Therefore, the output voltage levels are
equal to the total voltages generated by each H Bridge cell [35, 41]. Figure 8 indicates a seven-level cascaded ML,
which has three separate dc sources.
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Figure 8. Seven-level H-bridge MLI

Based on Figure 9, the seven-level cascaded inverters provide a square wave output voltage of seven levels without
employing PWM.
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Figure 9. The output waveform of seven-level cascaded MLI

The benefits and drawbacks of cascaded H bridge MLI are as follow [42-44]:
Benefits:
¢ To decrease switching losses, a soft switching approach can be employed.
o Filters are not required to decrease harmonics.
e THD (total harmonic distortion) is extremely low.
o A lower number of components is used in this MLI.
Drawbacks:

o For power conversions, it requires independent dc sources
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3- Review of New Different MLI Topologies

In [45], a new three phases transformer-less inverter design was suggested, which is shown in Figure 10. This
suggested MLI has six switches and combines the benefits of dc-bypass and ac-bypass circuit designs

Figure 10. Proposed novel three-phase transformerless ML [45]

For the suggested configuration, a new modulation approach based on a sine triangle pulse width modulation
technique and specialized logic functions is created. As a consequence, there is less leakage current throughout the
inverter's operation and the proposed topology and its modulation method can be utilized to generate more electricity

In [46], a novel MLI topology using fewer components was suggested, as shown in Figure 11. It can also be linked in a
cascade to increase the number of levels of voltages at the end.

Figure 11. Proposed 15-level MLI [46]

The suggested inverter has the smallest DC-link source and minimal THD at the output voltage and current. In [47]

a new MLI was proposed, which consists of series of proposed basic cells shown in Figure 12. Two dc voltage sources
six switches, and an H-bridge make up each basic cell or module

v L ‘ I TJ..K T:--k

Figure 12. Proposed 9-level cascaded ML with reducing DC voltage sources [47]
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Compared to the standard symmetric multilevel inverter, the suggested topology in Figure 12 uses fewer switches in
symmetric conditions. Furthermore, under asymmetric conditions, the magnitude diversity of dc voltage sources is
smaller than in conventional conditions. In Grigoletto (2021) [48] study, a novel transformerless multilevel common-
ground inverter was introduced, as shown in Figure 13. One dc source, seven switches, and three capacitors make up the
suggested structure.

Figure 13. Proposed multilevel common-ground topology [48]

Furthermore, this topology eliminates leakage current. A feedforward modulation method is also presented to isolate
the output variables from the voltage—capacitor oscillations. In [49], an improved topology of cascaded MLI was
investigated. Each module in this topology consists of a Half-bridge, an H-bridge, two DC inputs, and an extra bi-
directional circuit

Figure 14. Proposed cascaded ML topology with fewer circuit components [49]

Also, with fewer power circuit components, each module in the proposed MLI can synthesize a maximum of the 9-
level output voltage waveform. Although the suggested topology may be switched at the fundamental frequency, it is
impossible to achieve equitable power-sharing across modules. In [50], the article describes a dual-T-type five-level
cascaded MLI topology shown in Figure 15. The Cascaded MLI has a high charging current and operates in a non-
uniform manner. The proposed configuration solves these issues while maintaining the desired voltage-boosting
characteristic.

Figure 15. Proposed Dual T-type five-level cascaded ML [50]

Page | 191



Emerging Science Journal | Vol. 6, No. 1

The capacitor boosts the voltage gain, while the dual structure's management of eight power switches allows for the
creation of five voltages. In addition, cascaded extensions operate in a consistent manner. In Samsami et al. (2017) [51]
study, a new topology was suggested. Figure 16 depicts a topology with three DC inputs and eight switches.
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Figure 16. The proposed staircase cascaded ML [51]

This suggested framework may be in cascade and modularly extended. According to Figure 16, switches of (S1, S2,
S3, and S4) should have various voltage ratings and have a lowest blocking voltage capacity corresponding. Also, the
suggested MLI reduces the number of switches. In [52], a single-source MLI based on the innovative K-type unit (KTU)
was introduced. Due to their symmetric functioning in a cycle, may achieve self voltage balancing, decreasing control
complexity compared to traditional MLIs.
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Figure 17. Proposed single-source MLI k-type unit [52]

Furthermore, with more KTUs, the output levels climb substantially, and the voltage gain will increase. Also, the
benefits of the suggested KTU circuit are demonstrated in terms of decreased components, voltage stress, and total cost.
In [53], a different setup MLI has been proposed and has been shown in Figure 18. The suggested topology comprises
eight switches, two separate DC voltage sources, and two series capacitors as its fundamental structure.
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Figure 18. The proposed cross-connected source-based MLI [53]

The suggested topology works to reduce the amount of DC inputs, cost, switches, diodes, and so on. In Dekka et al.
(2020) [54] study, for high-power applications, a novel five-level voltage source inverter is suggested as shown in Figure
19. The proposed topology consists of eight switches, three capacitors, and two dc sources. In addition, unlike hybrid
converters, the suggested inverter has a simple construction.
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Figure 19. Proposed novel five-level voltage source inverter [54]

Due to the availability of a common dc-link, the suggested topology may also be linked back-to-back. Furthermore,
an isolated dc supply and a complicated transformer are not required. In addition, to regulate the flying capacitor
voltages, a simple technique based on pulse width modulation system is presented. In Oskuee et al. (2015) [55] study,
'Cascaded Innovative Cell-based Multilevel Inverter' was proposed as a novel MLI topology. Figure 20 depicts the
suggested topology with four sources and ten power switches. This topology is implemented without the usage of any

passive components.
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Figure 1. Proposed new cell base MLI [55]

This modular configuration uses fewer components, such as power semiconductor switches for gate driver circuits.
The multilevel inverter recommended has the least amount of power loss. Also, because all voltage levels for a
symmetrical source configuration cannot be synthesized by using all inputs, equitable power-sharing is not possible, and
this circuit is appropriate for just symmetrical configuration. In [56], the author offers a novel Active-Neutral-Point-
Clamped Inverters ANPC inverter shown in Figure 21, and may generate greater voltage levels while maintaining unity
or enhanced voltage gain. By integrating only one more switch, the topology may give a voltage gain of 1.5 and increase

the number of voltage levels to seven.
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Figure 21. Proposed ANPC inverter [56]

Three switches and one capacitor are added to the design to provide 11 levels with a 2.5 voltage gain. In [57], another
cascaded MLI was proposed. Figure 22 indicates the proposed structure with two DC sources and six switches in each
modular cell. The structure is suggested for asymmetrical source configurations.
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Figure 22. Proposed ANPC inverter [57]

Because of the extremely asymmetric design, the base frequency is not suitable for this case. Also, in the suggested
converter, the number of dc links is reduced, decreasing the size and the installation space. In [58], the author proposes
a new MLI set up with a small number of high-power electric components, which is indicated in Figure 23. The inverter
is made up of two T-type modules coupled by two switches. This inverter may use dc inputs with the varying ratings
voltage to function.
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Figure 23. Proposed new MLI using two T-type modules [58]
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To achieve greater voltage levels, the suggested inverter can be expanded utilizing cascaded connections. The creation
of negative voltage levels without an H-bridge circuit is a key characteristic of this MLI. Low total harmonic distortion
and excellent output efficiency can also be obtained. Furthermore, the high-quality output voltage is generated using a
low-frequency modulation method. In [59], the author suggested an efficient and reliable MLI. Figure 24 shows the
suggested configuration, which included a series of base modules and two power switches in parallel to the power grid.
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Figure 2. Proposed highly efficient and reliable ML for solar PV system [59]

Two dc inputs, two MOSFETSs, and an H-bridge make up each basic cell. Each cell can produce bipolar many levels.
Also, this topology contains no passive components. The authors suggested this MLI for solar PV applications with the
goal of reducing leakage current in the system. In [60] for PV systems, a five-level transformerless inverter with lower
THD was proposed which can be seen in Figure 25. This case has six switches and three capacitors with a PV source. In
addition, unlike half-bridge-based topologies, the suggested inverter can handle reactive power.
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Figure 25. Proposed five-level common ground transformer-less inverter [60]

The inverter connects the grid to the PV system, resulting in very low leakage current. Furthermore, a modulation
technique for maintaining balanced voltage over the capacitors has been presented, which can be readily implemented
using standard PWM modulators. In [61], a new MLI has been proposed. Figure 26 indicates one module of the suggested
architecture. For inverting the polarity of the level generator module, the suggested topology necessitates the use of an
H-bridge inverter. A level generator is made up of an input, three capacitors, four power switches, and diodes.
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Figure 26. One module of the proposed MLI [61]

Because this configuration necessitates the use of a capacitor to divide the voltage of the DC bus, it necessitates the
need for extra control circuitry to maintain the charge balance of the capacitors. A new converter is used to balance the
voltage of the capacitors. The suggested topology also lowers the number of different DC sources, switches, and drivers.
In [62], a novel three-phase multilevel inverter with fewer components is suggested, which is shown in Figure 27. This
inverter creates several level output voltages from a single DC source.
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Figure 27. Proposed novel three-phase MLI [62]

Despite the fact that each element is subjected to voltage stress equal to Vi, the total standing voltage (TSV) is
decreased due to the use of a smaller number of components in relation to the number of series linked capacitors. Also,
the suggested inverter may operate at a low switching frequency, lowering switching losses. In [63], it was recommended
that a transformerless multilevel topology be used, as shown in Figure 28. The suggested configuration included a half-
bridge with two switches S1 and S2, a voltage source, as well as a second half-bridge with switches S3 and S4, and a
capacitor.
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Figure 28. Proposed cascaded half bridge MLI [63]

The MLI described above cannot be used for fundamental switching. The suggested topology's major purpose is to
fully remove leakage current in the PV applications by connecting the grid to the PV system, as well as using several
levels at the end to ensure minimal filtering needs for the system. In [64], a novel switching capacitor-based multilevel
inverter architecture is suggested, which can be seen in Figure 29. Using just one input voltage and two capacitors, the
suggested configuration provides seven levels of output voltages.
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Figure 29. Proposed switching capacitor-based MLI [64]

In this topology, Vout is three times bigger than Vi».. The suggested seven-level inverter, lowering the topology's
overall standing voltage.
4- Conclusion

This paper includes a brief review of classical multilevel inverter topologies and the advantages and disadvantages
of each method. In addition, the performance features, switching issues, and technological feasibility of several new
multilevel inverter topologies were studied in this paper. These topologies provide a variety of advantages over
traditional topologies, including a fewer number of switches, lower harmonics, and lower stresses on the power
semiconductors. However, there are some drawbacks, including the necessity for a separate power supply in cascaded
MLI, design complexity, and switching control circuits are the primary drawbacks of MLI.
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