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Abstract: The only constant in industry is the change in technology. One of the major inventions which invoked
this change is inverters. Power electronic devices which convert DC power into AC power at desired output
voltage and frequency is known as an inverter. The output voltage of a power inverter is to be a pure sinusoidal
waveform with minimum distortion, which is practically difficult to obtain. In order to make pure sinusoidal
waveform from the inverter with minimum distortion the concept of multilevel inverters was introduced. A
stepped voltage waveform is generated with the use of number of DC voltage sources as the input and by
appropriate arrangement of the power semiconductor-based devices. Several topologies of multilevel inverters
are discussed here. These find their application in traction, HVDC transmission, etc.

I.  Introduction
In recent years, the world is getting industrialized. Several industrial applications require sinusoidal
waveforms with minimum distortion at a high power. For medium and high power applications, it is difficult to
depend on a single switch. Therefore,the concept of multilevel inverters where introduced in 1974[2]. The basic
concept of a multilevel converter is to achieve higher power using power semiconductor switches in
combination with several low voltage DC sources and to perform the required power conversion by synthesizing

a staircase voltage waveform. It provides flexibility in interfacing capacitors, batteries, or even renewable

energy sources such as wind energy, photovoltaic energy and fuel cells as the DC voltage sources. The various

combinations of these power switches aggregate the sources. The integral multiple of this forms stepped like
voltage waveform of high power at the output side. Subsequently on the basis of this concept, several multilevel
converter topologies have been developed[3]-[10].

A multilevel converter has several advantages over the conventional two-level converter that uses high

switching frequency pulse width modulation(PWM). These features can be summarised as below [11]:

e Staircase waveform quality:Multilevel converter not only can generate the output voltage with very low
distortion but also can reduce the dv/dt stresses; therefore the electromagnetic compatibility(EMC)
problems can be reduced.

e Common — Mode (CM) Voltage: Multilevel converter produce smaller CM voltage; therefore, the stress in
the bearings of a motor connected to a multilevel motor drive can be reduced. Furthermore, CM voltage can
be eliminated by using advanced modulation strategies such as that proposed in [12]

e Input Current: Multilevel converters can draw input current with low distortion

e Switching frequency: Multilevel converters can operate at both fundamental switching frequency and high
switching frequency PWM.

The multilevel converters are divided into two based on the number of DC supply sources used as:
e Common DC Source
e Separate DC Source

Of these the common DC source is further divided into:
o Diode Clamped Multilevel Inverter (DC-MLI)
e  Flying Capacitor Multilevel Inverter (FC-MLI)

The Separate DC Source Multilevel Inverter is commonly known as Cascaded H-Bridge Multilevel
Inverter (CHB-MLI). It can be of two types with equal DC sources and with unequal DC sources. This has been
showcased in fig 1. The several topologies of the MLI have been studied here.
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Fig 1: Taxonomy of Multilevel Inverters

I1. Diode Clamped Multilevel Inverter

The diode-clamped multilevel inverter(DC — MLI) is also known as the neutral-pointclamped inverter
(NPC)and was introduced by Nabae et al in the year 1981.It consists of two pairs of series switches (upper and
lower) in parallel with two series capacitors where the anode of the upper diode and cathode of the lower diode
is connected to the midpoint of the capacitors. This divides the main DC voltage into smaller voltages, which is
shown in fig 2. The middle point of the two capacitors can be named as the “neutral point”. The DC — MLI uses
a single dc bus that is subdivided into a number of voltage levels by a series connection of capacitors. For a
three-level diode-clamped inverter if the point C is taken as the ground reference, the output voltage has three
states 0, 1/2Vy. and -1/2V4.. The line-line voltages of two legs with the capacitors are: Vg, 1/2Vy, 0, -1/2V .
and -Vg. Considering this arrangement to be a single leg and in order to generate a three phase voltage, three
similar legs are required.
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Fig 2: DC - MLI with three phase output voltage

When the number of levels increases, the number of diodes and switches used also increases. It
becomes impossible to increase the number beyond a limit. As the number of levels n increases, then the
number of diodes required tops on to (n-1)(n-2) diodes per phase with equal blocking voltages for all diodes.

In fig 2, the switches (Sal and Sal’), (Sa2 and Sa2’), (Sbl and Sb1’) and (Sb2 and Sb2’) are
complimentary to each other. They should not be turned on together. Table 1 shows the switching states for the
5 — level DC MLI shown in fig 2.

Sal Sa2 Sal’ Sa2’ Shl Sh2 Sb1’ | Sb2’ Vao Vo Vab

0 0 1 1 1 1 0 0 -Vaol/2 Va2 -Vic

0 0 1 1 0 1 1 0 -Val/2 0 -Val2
1 1 0 0 1 1 0 0 Vo2 Va2 0

0 0 1 1 0 0 1 1 -Vaol/2 -Val/2 0

0 1 1 0 0 0 1 1 0 -V 2 Va2
1 1 0 0 0 0 1 1 Vo2 -Vgol/2 Ve

Table 1: Switching States for 5 level DC-MLI

The advantages for the diode-clamped inverter are,
e A large number of levels ‘n’ yields a small harmonic distortion
e  All of the phases share a common dc bus
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e Reactive power flow can be controlled
e High efficiency for fundamental switching frequency
e Relatively simple control methods

The disadvantages are,

e Different voltage ratings for clamping diodes are required

o Real power flow is difficult because of the capacitors imbalance

e Need high voltage rating diodes to block the reverse voltages

e The number of switches, capacitors, and diodes required in the circuit increases with the increase in the
number of output voltage levels. Extra clamping diodes required are (n-1)(n-2) per phase

I11. Flying Capacitor Multilevel Inverter

The flying capacitor MLI is also known as Capacitor Clamped MLI. This topology of MLI provides
more flexibility in waveform synthesis and balancing voltage. The FC — MLI topology is obtained by replacing
the diodes in DC — MLI with appropriate values of capacitors. Redundancy in switching states can be availed in
this topology.

Similar to the DC — ML topology, the FC — MLI topology also has complimentary switches. In fig 3,
the switches (Sal and Sal’), (Sa2 and Sa2’), (Sbl and Sb1’) and (Sb2 and Sb2’) are complimentary to each
other. They should not be turned on together. Table 2 shows the switching states for the 5 — level FC MLI
shown in fig 3
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Fig 3: 5 level FC MLI

Sal Sa2 Sal’ Sa2’ Sbl | Sb2 Sb1’ | Sb2’ Vao Vo Vap

0 0 1 1 1 1 0 0 -Va/2 Va2 -Vie

0 0 1 1 0 1 1 0 -Val/2 0 -Vad2
0 1 1 0 1 1 0 0 0 Va2 -Vad2
1 0 0 1 1 1 0 0 0 Vao/2 -Vao/2
1 1 0 0 1 1 0 0 Va2 Va2 0

0 0 1 1 0 0 1 1 -Vao/2 -Vao/2 0

0 1 1 0 0 0 1 1 0 -Val2 Vo2
1 1 0 0 0 1 1 0 Va2 0 Va2
1 0 0 1 0 0 1 1 0 -Vao/2 Va2
1 1 0 0 0 0 1 1 Va2 -Vl 2 Ve

Table 2: Switching States for 5 level FC-MLI

The main advantage of FC — ML are:

e Large ‘n’ allows the capacitors extra energy during long discharge transient

e Phase redundancies are available for balancing the voltage levels of the capacitors
e Lower Total Harmonic Distortion when the number of levels ‘n’ is high

e Active and Reactive power flow can be controlled

The disadvantages of FC — MLI are:

e Large numbers of capacitors are bulky and more expensive than the clamping diodes used in the diode-
clamped multilevel inverter

e  Complex control is required to maintain the capacitor’s voltage balance

e Switching utilization and Efficiency are poor for real power transmission
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IVV. Cascaded H — Bridge Multilevel Inverter

Cascaded H — Bridge MLI is the most advanced topology of MLIs available. It uses a series string of
single-phase full-bridge inverters to construct multilevel phase legs with separate dc sources.The output of each
H-bridge can have three discrete levels. Higher levels can be obtained by cascaded connection of these H —
Bridge units and the resultant output to be the integrated sum of these individual units. Fig 4 shows a 5 level
CHB MLI with two H — Bridge units in cascaded operation. Here the switch pairs (Sal and Sa4), (Sa2 and Sa3),
(Sh1 and Sb4) and (Sb2 and Sh3) are complimentary switches. They should not be turned on together. The
switching table for fig 4 is shown in table 3. Because of its advantages, this topology of inverters have been in

use to a great extent.
Full bridge 1

Fig 4: 5 level Cascaded H - Bridge MLI

Sal Saz Sa3 Sa4 Sbl sz Sb3 SbA Vah

1 1 0 0 0 0 1 1 0

1 0 0 1 1 0 0 1 0

1 0 0 1 0 1 1 0 0

0 1 1 0 1 0 0 1 0

0 1 1 0 0 1 1 0 0

0 0 1 1 1 1 0 0 0

1 1 0 0 1 0 0 1 Ve

1 1 0 0 0 1 1 0 Ve

1 0 0 1 1 1 0 0 Ve

0 1 1 0 1 1 0 0 Ve

1 1 0 0 1 1 0 0 2 Ve
0 0 1 1 1 0 0 1 - Vie
0 0 1 1 0 1 1 0 - Ve
1 0 0 1 0 0 1 1 - Ve
0 1 1 0 0 0 1 1 - Ve
0 0 1 1 0 0 1 1 -2 Ve

Table 3: Switching states for 5 level CHB MLI

The advantages for cascaded multilevel H-bridge inverter are:

e The series structure allows a scalable, modularized circuit layout and packaging due to the identical
structure of each H — Bridge

e No extra clamping diodes or voltage balancing capacitors are necessary

e Switching redundancy for inner voltage levels is possible because the phase voltage is the sum of the output
of each bridge.

The disadvantage for cascaded multilevel H-bridge inverter is:
o Needs separate DC sources

V. Recent Trends IN MLI
The recent trends in Multilevel Inverter are focused on the reduction of size and cost of the inverter.
Thereby it reduces the components used in it and hence makes it easier to handle. Another major area where the
study of these types of inverters has been focused on the control mechanisms incorporated in it.

Emerging Research Trends in Electrical Engineering-201/8 (ERTEE’1S) 52 |Page
Adi Shankara Institute of Engineering and Technology, Kalady, Kerala



Review On Multilevel Inverter Topologies

In [16], the conventional cascaded multilevel inverter with two different algorithms has been presented.
These algorithms comprises of symmetric cascaded multilevel inverters and the asymmetric ones with the
binary method for determining the magnitude of dc voltage sources. In [17]-[19], three different structures for
the cascaded multilevel inverter have been presented.

After the literature review on these selected papers on the basis of number of steps with the number of
switches, it was observed that the number of switches is less for [16] for the same number of steps when
compared with the others. On comparing the number of dc voltage sources used, it has been found that the [16]
has the less number of sources being used to generate the same number of steps.

VI. Conclusion
Nowadays, multilevel inverters are becoming increasingly popular in power applications, as multilevel
inverters have the ability to meet the increasing demand of power rating and power quality associated with
reduced harmonic distortion and lower electromagnetic interference.On this basis several topologies of MLIs
have been studied. On tabulating the results as in table 4, it is found that the CHB ML is best of all the available
topologies.

Components CHB - MLI FC - MLI DC - MLI
Switch 2(m-1) 2(m-1) 2(m-1)
Capacitors 0 [(m-1)(m-2)/2]+(m+1)] (m-1)
Diodes 0 0 (m-1)(m-2)

Table 4: Comparison of topologies

Acknowledgement

It is a great pleasure to acknowledge all those who have assisted and supported me for successfully
completing my project literature survey.

First of all, I thank Lord Almighty for his enlightening presence and blessings throughout my life and
for helping me to complete this project work successfully.

I would like to express my sincere gratitude to the Principal Dr. Neelakantan P C for their valuable
support.

I would like to express my heartfelt thanks to Head of Electrical and Electronics department, A K
DivakaraMenon, for his encouragement, valuable suggestion and support.

My heartful gratitude to my Guides, Associate Prof. Deepa Sankar and Asst. Prof. Priya Jose, EEE for
the continuous support in my research, for their patience, motivation, enthusiasam and immense knowledge.
Their guidance helped me throughout my Project work and it's documentation.

I would like to thank Mr. Alan Mathew George, PG program professor, Ms. Lakshmi Devadas,
Assistant Professor, Ms. Stephy Mathew, Assistant Professor and Ms. Aparna L, Assistant Professor for their
encouragement and insightful comments.l would also extend my sincere thanks to all the staffs of Electrical and
Electronics Department, for guiding me in the right track throughout the research. Last but not the least; | would
like to thank my family and friends for their continuous support and prayers.

References
[1]. EbrahimBabaei, SomayehAlilu, Sara Laali, “A New General Topology for Cascaded Multilevel Inverters With Reduced Number of
Components Based on Developed H-Bridge”, IEEE Trans on Industrial electronics, vol. 61, no. 8, august 2014
[2]. Anjali Krishna R, Dr L Padma Suresh; “A Brief review on Multilevel Inverter Topologies”; International Conference on Circuit,
Power and Computing Technologies [ICCPCT], 2016.
[3]- Dr.T.Vamsee Kiran, N Babji, “Design of a novel cost effective cascaded H — Bridge Multilevel Inverter Topology ”, International
conference on Signal Processing, Communication, Power and Embedded System (SCOPES), pp. 726 — 731, 2016

[4]. Pharne L.D. ,Bhosale Y.N.; “A review on multilevel inverter topology”; International Conference on Power, Energy and Control
(ICPEC), 2013
[5]. Y. Hinago and H. Koizumi, “A single-phase multilevel inverter using switched series/parallel dc voltage sources,” IEEE Trans. Ind.

Electron., vol. 57, no. 8, pp. 2643-2650, Aug. 2010

[6]. S. MeenakshiSuderval, “A Modified Cascaded H-Bridge Multilevel Inverter topology with Reduced Number of Power Electronic
Switching Components”, International Journal of Electrical Engineering, Vol 6, no 2, pp 137-149. 2013

[7]. Y. Hinago and H. Koizumi, "A single phase multilevel inverter using switched series/parallel DC voltage sources," IEEE Energy
Conversion Congress and Exposition, San Jose, CA, pp. 1962-1967, 2009

[8]. JavadEbrahimi, EbrahimBabaei, “A New Multilevel Converter Topology with Reduced Number of Power Electronic Components”,
IEEE Trans. on Industrial Electronics, VVol. 59, No. 2, February 2012

[9]. Aparna Prayag, SanjayBodkhe, “Novel Basic Block of Multilevel Inverter Using Reduced Number of On-State Switches and
Cascaded Circuit Topology”, Advances in Electrical Engineering, Hindawi, 2017, 16 pages

[10]. M. FarhadiKangarlu and E. Babaei, “Cross-switched multilevel inverter: An innovative topology”, IET Power Electron., 2013, vol.
6, no. 4, pp. 642-651

[11]. L. M. Tolbert, F. Z. Peng, and T. G. Habetler, “Multilevel inverters for electric vehicle applications”, in IEEE Workshop on Power
Electronics in Trans., WPET, pp. 1424-1431, 1998

Emerging Research Trends in Electrical Engineering-201/8 (ERTEE’1S) 53 |Page
Adi Shankara Institute of Engineering and Technology, Kalady, Kerala



Review On Multilevel Inverter Topologies

[12]. E. Cengelci,S . U. Sulistijo, B. O. Woom, P. Enjeti,R . Teodorescu, and F. Blaabjerg, “A new medium voltage PWM inverter
topology for adjustable speed drives”, Conf. Rec., IEEE Industry Applications Society Annual Meeting, 1998, pp. 1416-1423

[13]. Muhammad H. Rashid, Power Electronics Devices, Circuits and Applications, Third Edition Butterworth Heinemann is an imprint
of Elsevier, ISBN 978-0-12-382036-5

[14]. M. F. Aiello, P. W. Hammond, and M. Rastogi, “Modular Multilevel Adjustable Supply with Parallel Connected Active Inputs”,
U.S. Patent 6 301 130, 2001

[15]. F. Z. Peng and J. S. Lai, “Multilevel Cascade Voltage-source Inverter with Separate DC Source”, U.S. Patent 5 642 275, June 24,
1997

[16]. M. Manjrekar and T. A. Lipo, “A hybrid multilevel inverter topology for drive application”, in Proc. APEC, 1998, pp. 523-529.

[17].  G. Waltrich and 1. Barbi, “Three-phase cascaded multilevel inverter using power cells with two inverter legs in series,” IEEE Trans.
Ind. Appl., vol. 57, no. 8, pp. 2605-2612, Aug. 2010

[18]. W.K. Choi and F. S. Kang, “H-bridge based multilevel inverter using PWM switching function,” in Proc. INTELEC, 2009, pp. 1-5

[19]. E. Babaei, M. FarhadiKangarlu, and F. NajatyMazgar, “Symmetric and asymmetric multilevel inverter topologies with reduced
switching devices,” Elect. Power Syst. Res., vol. 86, pp. 122-130, May 2012.

Emerging Research Trends in Electrical Engineering-201/8 (ERTEE’1S) 54 |Page

Adi Shankara Institute of Engineering and Technology, Kalady, Kerala



