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ABSTRACT

Multi-level inverters play a key role in today's microgrids with renewable energy sources. It is a power electronic device
that is used for high voltage and high power applications, with the added advantages of low switching stress and lower
total harmonic distortion (THD), hence reducing the size and bulk of the passive filters. It gives the output current
waveform which is nearly sinusoidal in nature. This paper presents a review on various types of multilevel inverter.
Therefore with less number of switches in the circuit, there will be reduction in the gate driver circuits, weight and
reduces the THD . A five level inverter will be simulated with the implementation of PWM techniques and its effect on
the harmonic spectrum will be analyzed. The system will be modelled with the help of MATLAB/SIMULINK. (This
paper compares different topologies of inverters (Diode clamped inverter, Flying capacitor clamped inverter, Cascaded
H-bridge inverter and asymmetrical MLI).
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1. INTRODUCTION

Multi Level Inverter (MLI) is a power electronic system that produces output voltage from several levels of DC input
voltages. The attractive feature of this technology is mainly in the range of medium to high voltage application and offers
a number of advantages when compared to the conventional two-level inverter. Multilevel inverters are used in power
conversion system due to improved voltage and current waveforms. It is recently emerged as very important alternatives
in high power medium voltage applications because of their advantage over the conventional one and their capability to
reduce the undesirable harmonics. So that performance and efficiency of the system is improved. The concept of
multilevel inverter is introduced with an aim to reduce switching losses and to obtain the output voltage with multiple
steps to achieve the improved power quality and higher voltage capability. Multilevel inverters are used in high voltage
AC motor drive, distributive generation, high voltage direct transmission as well as SVC applications. Pharne and
Bhosale [1] made a review on multilevel inverter topology. Prasad et al [2] discussed different topologies of CMLI.
Lakshmi et al [3] discussed cascaded seven level inverter with reduced number of switches using level shifting PWM
technique. Najafi et al [4] evaluated a new design of a multilevel inverter topology. Ebrahimi et al [5] introduced a new
multilevel converter topology with reduced number. Roshankumar et al [6] deals a five-level inverter topology with
single-DC supply by cascading a flying capacitor inverter. Jacob et al [7] suggested a multilevel inverter with reduced
number of switches. Rahilal et al [8] evaluated a new 81 level inverter with reduced number of switches. Babaei in [9]
proposed a new cascaded multilevel inverter with reduced number of switches. James et al [10] proposed a multilevel
inverter with reduced number of switches. Sun et al [11] deals on multi-level Inverter capable of power factor control.
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Adam et al [12] decribes a quasi-two-level and three-level operation of a diode-clamped multilevel inverter using space
vector modulation. Gupta et al [13] made a topology for multilevel inverters to attain maximum number of levels from
given DC sources. Lakshmi and Chandra [14] made a comparison of symmetrical and asymmetrical multilevel inverters.
Ebrahimi et al [15] suggested a new topology of cascaded multilevel converters with reduced number of components for
high voltage applications. Caballero et al [16] made on symmetrical hybrid multilevel inverter concept based on multi-
state switching cells. Suroso et al [17] describe a multilevel voltage-source inverter two-level power modules. Rahim et
al [18] proposed a transistor-clamped H-bridge based with new method of capacitor voltage balancing. Murugesan et al
[19] proposed a new multilevel inverter topology using less number of switches. Dixon et al [20] discussed on
asymmetrical multilevel inverter for traction drives using one DC supply. Rokan [21] discussed new multilevel inverter
topology with reduced switch count. [22] & [24] made a new multilevel inverter topology with reduced number of
switches. Arif et al [23] proposed a modified cascaded multilevel inverter with reduced switch count employing bypass
diodes. Lezana et al [25] made a class of cascaded multilevel inverter with regeneration capability and reduced number of
switches. Daher et al [26] described a multilevel inverter topologies for stand-alone PV systems. Tehrani etal [27] deals
novel multilevel inverter. Panagis [28] made a comparison of state of the art multilevel inverters. Chen et al [29] analysis
novel multilevel inverter topology with no clamping diodes and flying capacitors. Zhang et al [30] made a novel
modulation technology for multilevel inverter based on equivalent area. Chaturvedi et al [31] made a investigations on
different multilevel inverter control techniques by simulation. Zhong et al [32] discussed a cascade multilevel inverter
using a single DC source. Ceglia et al [33] proposed a new multilevel inverter topology. Sung-yong et al [34] describes a
novel hybrid multilevel inverter using DC-link voltage combination. Rodriguez et al [35] carried out a survey of
multilevel inverter topologies, controls and applications. Soto et al [36] proposed a comparison of high power converter
topologies for the implementation of FACTS controllers. Dong kim et al [37] made a generalized under land snubber for
flying capacitor multilevel inverter and converter. Ryan et al [38] introduces a control topology for single-phase UPS
inverter.

2. TYPES OF MULTILEVEL INVERTER
Nowadays, multilevel inverters are widely used in power industry. It starts from three level inverter. VVoltage unbalance
problem is one of the major issue in working of multilevel inverter. The multilevel inverters are classified as follows:

MULTILEVEL
INVERTERS

SYMMETRICAL ASYMMETRICAL HYBRID MLI

MLI MLI
DIODE —1 BINARY MLI
| |CLAMPED MLI
| | FLYING —{ TRINARY MLI
CAPACITOR MLI
|| QUADINARY
L—{ CASCADED MLI MLI

Fig 1: Types of multilevel Inverters
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3. MULTILEVEL INVERTER TOPOLOGIES
The multilevel inverter topology is broadly classified as symmetrical (with equal source voltages), asymmetrical (with
unequal source voltages) and hybrid inverters.

3.1 Symmetrical Multilevel Inverters
Symmetrical multilevel inverter is defined as inverter with equal amplitude of voltage sources. For example, if 100V of
DC sources is used for one source than all sources have 100V.

3.1.1 Diode clamped multilevel inverter
The main concept of this inverter is to use diodes to limit the power devices voltage stress. The voltage over each

capacitor and each switch is Vg.. An m level inverter needs (m-1) voltage sources, (m-1) capacitors, 2(m-1) switching
devices and (m-1) (m-2) diodes per leg.

g = 4
—~C1 D1
Dal -
Da2 .
——— L}
~T~ C2 s3
= & os
Da3
b
Si| K} Da
N\ n a
= 4o
Da1='< |:'i|
— o
~—~ C3 2' K} D2 'S
Da2'
|
S For
Da3' £

D4’

T

—T~cC4 S—|
T

Fig 2: Five level diode clamped multilevel inverter

Table 1: Diode clamped inverter - switch states and output voltage levels

Switch state Output
S1 S2 S3 S4 S1° S2° S3° S4° Van
1 1 1 1 0 0 0 0 +Vyel2
0 1 1 1 1 0 0 0 +Vyo/d
0 0 1 1 1 1 0 0 0
0 0 0 1 1 1 1 0 -V /4
0 0 0 0 1 1 1 1 -Vy/2

144 |Page 30 January 2015 WWW.gjar.org



Vol-2, Issue-1 PP. 142-153 ISSN: 2394-5788

S—n——
e »
- L]
";\E s
b
GLOBAL JOURNAIL O VANCED RESEARCH

(Scholarly Peer Review Publishing System)

3.1.1.1 Principal of operation

To produce a staircase-output voltage, let us consider only one leg of the five —level inverter, as shown in figure 2, as an
example. A single —phase bridge with two legs is shown in figure 3. The dc rail O is the reference point of the output
phase voltage. The steps to synthesize the five level voltages are as follows:

1. For an output voltage level v,y = Vg, turn on all upper-half switches Sal through S,,.
2. For an output voltage level v,o = V4/2, turn on two upper switches S;3 through S,4 and two lower switches S’;;
and S’,,.

3. Foran output voltage level v, = 0, turn on all lower half switches S’;; through S’,4.

State condition 1 means the switch is on, and state 0 means the switch is off. It should be noticed that each switch is
turned on only once per cycle and there are four complementary switch pairs in each phase. These pairs for one leg of the
inverter are (S,1, S’a1), (Saz, S’a2), (Saz, S’a3) and (Sas, S’as). Thus, if one of the complementary switch pairs is turned on,
the other of the same pair must be off. Four switches are always turns on at the same time. The line voltage consists of
the positive phase- leg voltage of terminal a and the negative phase-leg voltage of terminal b. Each phase-leg voltage
tracks one-half of the sinusoidal wave. The resulting line voltage is a five-level staircase wave. This implies that an m-
level converter has an m-level output phase-leg voltage and a (2m-1) level output line voltage.

The switching angles should be calculated in such a way that the THD of the output voltage becomes as low as
possible. The switching angle calculation method that is used in this thesis is the harmonic elimination method. In this
method the lower dominant harmonics can be eliminated by choosing calculated switching angles.

3.1.1.2 Features
1. High-voltage rating required for blocking diodes.
2. Unequal device rating.
3. Capacitor voltage unbalance.

3.1.1.3 Advantages
1. High efficiency.
2. No need of filters to reduce harmonics.
3. Reactive power flow can be controlled.
4. Control method is simple.

3.1.1.4 Disadvantages
1. For high levels, more number of diodes are required.
2. Real power flow control for individual converter is difficult.

3.1.2 Flying capacitor multilevel inverter

This inverter uses capacitors to limit the voltage of the power devices. The configuration of the flying capacitor
multilevel inverter is like a diode clamped multilevel inverter except that capacitors are used to divide the input DC
voltage. The voltage over each capacitor and each switch is Vdc. Figure 3 shows the flying capacitors based multilevel
inverter topology. It requires (m-1) capacitors on dc bus form level converter.
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Fig 3: Five level flying capacitor based multilevel inverter.

Table 2: Flying capacitor inverter-switch states and output voltage levels

S1 | s2 S3 sS4 c3 c4 cs’ Vab
1 1 1 1 NC NC NC +Vgo/2
1 1 1 0 NC NC +
1 1 0 1 NC + .

1 0 1 1 + - NC +Vao/4

0 1 1 1 - NC NC
0 0 1 1 NC - NC
0 1 0 1 - + -

0 1 1 0 - NC +
1 0 0 1 + NC - °
1 0 1 0 - - +
1 1 0 0 NC + NC
1 0 0 0 + NC NC
0 1 0 0 - + NC
0 0 1 0 NC - + -V /4
0 0 0 1 NC NC -

0 0 0 0 NC NC NC Vo2
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3.1.2.1 Features
1. Large number of capacitors.
2. Balancing capacitor voltages.

3.1.2.2 Advantages
1. Extra ride through capability during power outage.
2. No need of filters to reduce harmonics.
3. It gives proper switching combination to balance different voltage levels.
4. Real and reactive power flow can be controlled.

3.1.2.3 Disadvantages
1. High numbers of capacitors are required for high level.
2. For real power transmission switching frequency and losses are high.

3.1.3 Cascaded multilevel inverter

The concept of this inverter is based on connecting H-bridge inverters in series to get a sinusoidal voltage output. The
output voltage is the sum of the voltage that is generated by each cell. The number of output voltage levels are 2n+1,
where n is the number of cells. The switching angles can be chosen in such a way that the total harmonic distortion is
minimized. One of the advantages of this type of multilevel inverter is that it needs less number of components
comparative to the Diode clamped or the flying capacitor, so the price and the weight of the inverter is less than that of
the two former types.

R’ . 1
wl e ;
g 3
] |v.
N i 3 D
— !
N . 3

Fig 4: Five level cascaded multilevel inverter.

Fig. 4 shows an five level cascaded H-bridge multilevel inverter. The switching angles calculation method that is used in
this inverter is the same as for the previous multilevel inverters. An m level cascaded H-bridge multilevel inverter needs
2(m-1) switching devices where m is the number of the output voltage level. This inverter can maintain a strategic
distance from additional bracing diodes or voltage adjusting capacitors.
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Table 3: Switch states and voltage levels of five level cascaded inverter
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3.1.3.1 Features
1. Separate dc source are fuel cell, photovoltaic, and biomass.
2. Back-to-back fashion between two converter is not possible.

3.1.3.2 Advantages
1. Less number of components is needed for getting same number of voltage level.
2. No need of extra diodes and capacitors
3. Because of same structure it allows the scalable, modularized circuit layout and packaging.

3.1.3.3 Disadvantages
1. Separate DC sources are required for the real power conversion.

The figure below shows the simulated model using eight Ideal switches. In a practical scenario each of the switches
requires a separate gate driver circuit. DC power source of 100 Volts are used and a load of 10 ohms. Before
implementing the Multicarrier PWM Techniques, simulations were conducted by comparing a triangular wave and a
constant value at specific intervals of time producing the characteristic multistep output waveform. Based on the PWM
techniques, the harmonic spectrum was analysed using the FFT Window in MATLAB/Simulink.
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3.2 Asymmetrical Multilevel Inverters

3.2.1 Binary multilevel inverter
Fig. 5 shows a circuit configuration of a cascaded H-bridge multilevel inverter employing binary dc input source. It looks
like a traditional cascaded H-bridge multilevel inverter except input dc sources. By using Vdc and 2Vdc, it can
synthesize five output levels; -2Vdc, -Vdc, 0, Vdc, 2Vdc.The lower inverter generates a fundamental output voltage with
two levels, and then the upper inverter adds or subtracts one level from the fundamental wave to synthesize stepped
waves. Here, the final output voltage levels becomes the sum of each terminal voltage of H-bridge, and it is given as

Vout = Vst + Ve 1)
In the proposed circuit topology, if n number of H-bridge module has independent DC sources in sequence of the power
of 2, an expected output voltage level is given as

e i

| ﬂﬁ} —|%}L—
[

SL{ SL'

Fig. 5: Binary DC source ML

3.2.2 Trinary multilevel inverter
Fig. 6 shows a circuit configuration of a cascaded H-bridge multilevel inverter employing trinary dc input source. It looks
like a traditional cascaded H-bridge multilevel inverter except input dc sources. By using Vdc and 3Vdc, it can
synthesize five output levels; -3Vdc, -Vdc, 0, Vdc, 3Vdc. The lower inverter generates a fundamental output voltage with
three levels, and then the upper inverter adds or subtracts one level from the fundamental wave to synthesize stepped
waves. Here, the final output voltage levels becomes the sum of each terminal voltage of H-bridge, and it is given as

Vout = Vet + Vg2 (3)
In the proposed circuit topology, if n number of H-bridge module has independent DC sources in sequence of the power
of 3, an expected output voltage level is given as

V,=3"n=123. @)
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Fig. 6: Trinary DC source MLI
Based on the PWM techniques, the harmonic spectrum was analysed using the FFT Window in MATLAB/Simulink.

3.2.3 Quadinary multilevel inverter

Fig. 7 shows a circuit configuration of a cascaded H-bridge multilevel inverter employing quadinary dc input source. It
looks like a traditional cascaded H-bridge multilevel inverter except input dc sources. By using Vdc and 4Vdc, it can
synthesize five output levels;-4Vdc, -Vdc, 0, Vdc, 4Vdc.

HE1

51

Vdec =L

51

HE2

ANdc== 0
F o

. 7: Quadinary DC source MLI

Fi

IS

The lower inverter generates a fundamental output voltage with four levels, and then the upper inverter adds or subtracts
one level from the fundamental wave to synthesize stepped waves. Here, the final output voltage levels becomes the sum
of each terminal voltage of H-bridge and it is given as

Vout = Vs + Vg2 )
In the proposed circuit topology, if n number of H-bridge module has independent DC sources in sequence of the power
of 4, an expected output voltage level is given as

V,=4"n=123. (6)
Table 4. Comparison of components required for various topologies
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DCMLI | FCMLI CMLI Binary MLI Trinary MLI | Quadinary MLI
S. No.
(5-level) | (5-level) | (5-level) (7-level) (9-level) (11-level)
Main
switching 8 8 8 8 8 8
devices
Clamping |, 0 0 0 0 0
diodes
Balancing 0 12 0 0 0 0
capacitors
DC bus 4 4 2 2 2 2
capacitors
Main
diodes 8 8 8 8 8 8

4, CONCLUSIONS

In this paper various types of multilevel inverter topologies are discussed and compared. Cascaded multilevel inverter
requires minimum number of components when compared will other types (it is shown in Table.4). So it produce an
increased stepped output with less number of semiconductor switches. With fewer switches, controlling the overall
circuit becomes less complex, the size and installation area reduces. Whenever the demand increases it is met out by
adding additional H-bridge in cascaded inverter. Also the various new topologies for cascaded inverter are available to
decreases the switching devices. Based on the simulation results the Multicarrier PWM techniques produced a lower
THD than with PWM technique involving the comparison between triangular and constant values. An amplitude
modulation index less than unity did decrease the overall THD though the high presence of lower order harmonics made
it an unsuitable choice to use it with a filter design. In conclusion an amplitude modulation equal or less than one would
produce a desirable output.

S. REFERENCES
[1] 1.D.Pharne and Y. N. Bhosale, “ A Review on Multilevel Inverter Topology,” IEEE Conf. Rec: 978-1-4673-6030-2, pp. 700-
703,2013.

[21 K. N. V. Prasad, G. Ranjith kumar, T.Vamsee kiran, G. Satya Narayana Radan, A.H.,Shahirinia and M.Falahi,
“Comparsion of Different Topologiesof Cascaded H-Bridge Multi-level Inverters,” IEEE conf. Rec: 978-1-4673-
2907-1, pp.389-394, Jan. 2013.

[3] T. V. V.S Lakshmi , Noby George, S. Umashankar and D.P. Kothari, “Cascaded seven level inverter with reduced
number of switches using level shifting PWM technique,” IEEE conf. Rec:978-1-4673-6030-2, pp.676-680, 2013.

[4] Ehsan Najafi, and Abdul Halim Mohamed Yatim, “Design and Implementation of a New Multilevel Inverter
Topology”, IEEE Transactions on Industrial Electronics, vol. 59, no. 11, 2012, pp. 4148-4154.

[5] Javad Ebrahimi, Ebrahim Babaei, Ebrahim Babaei, “A new multilevel converter topology with reduced number of
power electronic components”, IEEE Transactions on industrial electronics, vol. 59, no. 2, 2012, pp.655-667.

[6] P. Roshankumar, P. P. Rajeevan, K.Mathew, K. Gopakumar, Jose 1. Leon, Leopoldo G. Franquelo, “A Five-Level
Inverter Topology with Single-DC Supply by Cascading a Flying Capacitor Inverter and an H-Bridge”, IEEE
Transactions on Power Electronics, vol. 27, no. 8, 2012, pp.3505-3515.

[71 Jacob James Nedumgatt, D.Vijayakumar, A. Kirubakaran, S. Umashankar, “ A Multilevel Inverter with Reduced
Number of Switches,” IEEE conf. Rec:978 -1-4673-1515-9,2012.

151 |Page 30 January 2015 WWWw.gjar.org



Vol-2, Issue-1 PP. 142-153 ISSN: 2394-5788

. o
v )
W S e
N <
\%
GLOBAL JOURNAL O VANCED RESEARCH

(Scholarly Peer Review Publishing System)

[8] Rahilal, M. Santhi and A. Kannabhiran, “A New 81 Level inverter with reduced number of switches”, Proc. IEEE
conf Rec. ISBN: 978-81-909042-2-3, 2012, pp.485-489.

[9] Zahra Bayat, Ebrahim Babaei, “A New Cascaded Multilevel Inverter with Reduced Number of Switches”, Proc.
IEEE conf Rec, ISBN: 978-1-4673-0113, 2012, PP.416-421.

[10] Jacob James Nedumgatt, Vijayakumar D., A. Kirubakaran, Umashankar S., “A Multilevel Inverter with Reduced
Number of Switches”, Proc. IEEE conf Rec. 978-1-4673-1515-9, 2012.

[11] Ho-Dong Sun ,Honnyong Cha, Heung-Geun Kim, Tae-Won Chun,Eui-Cheol Nho, ‘Multi-level Inverter Capable of
Power Factor Control with DC Link Switches’, IEEE conf Rec. 978-1-4577-1216-6,2012, pp.1639-1643.

[12] G.P. Adam, S.J. Finney O. Ojo B.W. Williams, “Quasi-two-level and three-level operation of a diode-clamped
multilevel inverter using space vector modulation”, IET Power Electron., 2012, vol. 5, no. 5, pp. 542-551.

[13] K.K. Gupta, S. Jain, “Topology for multilevel inverters to attain maximum number of levels from given DC
sources”, IET Power Electron., 2012, vol. 5, no. 4, pp. 435-446.

[14] K. Lakshmi Ganesh, U. Chandra Rao, “Performance of Symmetrical and Asymmetrical Multilevel Inverters”,
International Journal of Modern Engineering Research, ISSN: 2249-6645, vol.2, no.4, 2012, pp-2293-2302.

[15] Javad Ebrahimi, Ebrahim Babaei, Goverg B. Gharehpetian, “A new topology of cascaded multilevel converters with
reduced number of components for high-voltage applications”, IEEE Transactions on power electronics, vol. 26, no.
11, 2011, pp.3109-3118.

[16] Domingo Ruiz-Caballero, Rene Sanhueza, Samir Ahmad Mussa, Sebastian Arancibia, Miguel Lopez, Marcelo Lobo
Heldwein, “Symmetrical Hybrid Multilevel Inverter Concept Based On Multi-state Switching Cells” Proc. IEEE
conf Rec.978-1-4577-1646-1,2011, pp. 776-781.

[17] Suroso, Toshihiko Noguchi, “ A Multilevel Voltage-Source Inverter Using H-bridge and Two-Level Power Modules
with a Single Power Source”, Proc. IEEE conf Rec.978-1-4577-0001-9, 2011, pp. 262-266.

[18] Nasrudin Abd. Rahim, Mohamad Fathi Mohamad Elias, Wooi Ping Hew, “Transistor-Clamped H-Bridge Based
Cascaded Multilevel with New Method of Capacitor VoltagBalancing Inverter with New Method of Capacitor
Voltage Balancing”, Proc. IEEE conf Rec., 2011, pp.1-14.

[19] Murugesan.G, Jagabar sathik.M, Praveen.M, “A new multilevel inverter topology using less number of switches”,
ISSN: 0975-5462, International Journal of Engineering Science and Technology, vol.3 no.2, 2011, pp.1500-1510.

[20] Juan Dixon, Javier Pereda, Carlos Castillo, Sebastian Bosch, “Asymmetrical Multilevel Inverter for Traction Drives
Using Only One DC Supply”, IEEE Transactions On Vehicular Technology, vol. 59, no. 8, 2010, pp. 3736-3743.

[21] Rokan Ali Ahmed,S.Mekhilef and Hew Wooi Ping, “New Multilevel Inverter Topology With Reduced Number of
Switches”, Proc. IEEE conf Rec. 978-1-4244-6890-4, 2010, pp.1862-1867.

[22] G.S. Konstantinou, S.R. Pulikanti, Vassilios G, “Harmonic Elimination Control of a Five-Level DC-AC Cascaded
H-bridge Inverter”, Proc. IEEE conf Rec. 978-1-4244-5670-3/10/2010, pp.352-357.

[23] Arif Al-Judi, Hussain Bierk and Ed Nowicki, “A Modified Cascaded Multilevel Inverter With Reduced Switch
Count Employing Bypass Diodes”, Proc. IEEE conf Rec. 978-1-4244-2601-0, 2009, pp.742-747.

[24] Domingo Ruiz-Caballero, Luis Martinez, Reynaldo Ramos, Samir A. Mussa, “New Asymmetrical Hybrid Multilevel
Voltage Inverter”, Proc. IEEE conf Rec. 978-1-4244-3370-4, 2009, pp.354-361.

[25] Pablo Lezana, Jose Rodriguez and Diego A.Oyarzun, ‘Cascaded multilevel inverter with regeneration capability and
reduced number of switches’, IEEE Trans. Ind. Electronics, vol. 55, no. 3, pp.1059 -1066, 2008.

[26] Sergio Daher, Jurgen Schmid and Fernando L.M.Antunes, ‘Multilevel inverter topologies for stand-alone PV
systems’, IEEE Trans. Indus. Electronics, vol. 55, no. 7, pp.2703 -2712, 2008.

[27] K. Arab Tehrani, H. Andriatsioharana, I. Rasoanarivo, F. M. Sargos, “A Novel Multilevel Inverter Model”, Proc.
IEEE conf Rec. 978-1-4244-1668-4, 2008, pp.1688-1693.

152 |Page 30 January 2015 WWWw.gjar.org



Vol-2, Issue-1 PP. 142-153 ISSN: 2394-5788

\@gs
GLOBAL JOURNAL VANCED RESEARCH

(Scholarly Peer Review Publishing System)

[28] Panagiotis Panagis, Fotis Stergiopoulos, Pantelis Marabeas and Stefanos Manias, ‘Comparison of state of the art
multilevel inverters’, in IEEE Conf. Rec.: 978-1-4244-1668-4/08, 2008, pp.4296-4301.

[29] Alian chen,Chenghuizhang,Haoma and Yan deng “A novel multilevel inverter topology with no clamping diodes
and flying capacitors” in IEEE.Rec:978-1-4244-1766-7, 2008, pp.3184-3187.

[30] Yun Zhang, Yun-Ping Zou, Cheng-Zhi Wang, Jie Zhang and Zhen-Xing Wu, ‘A novel modulation technology for
multilevel inverter based on equivalent area’, in IEEE Conference IECON 2007 Rec.: 1-4244-0783-4, 2007,
pp.2115-2118.

[31] P.K.Chaturvedi, Shailendra K.Jain, Pramod Agrawal and P.K.Modi, ‘Investigations on different multilevel inverter
control techniques by simulation’, in IEEE Conf. Rec.: 0-7803-9771-1, 2006.

[32] Zhong Du, Leon M.Tolbert, John N.Chiasson and Burak Ozpineci, ‘A cascade multilevel inverter using a single DC
source’, in IEEE Conf. Rec. 0-7803-9547-6, 2006, pp.426-430.

[33] Gerardo Ceglia, Vicente Grau, Victor Guzman, Carlos Sanchez, Fernando Ibanez, Julio Walter, Antonio Millan,
Maria I. Gimenez, “A New Multilevel Inverter Topology”, Proc. IEEE conf Rec. 0-7803-8777-5, 2004, pp.212-218.

[34] Sung-yong Joo, Feel-soon Kang, Sung-Jun Park and Cheul-U Kim, ‘A novel hybrid multilevel inverter using DC-
link voltage combination’, in IEEE Conf. Rec.: 0-7803-7749-4/03, 2003, pp.159-162.

[35] J.Rodriguez, J.S.Lai and F.Z.Peng, ‘Multilevel inverters: A survey of topologies, controls and applications’, IEEE
Trans. Ind. Electron., vol.49, no.4, pp.724-738, 2002.

[36] D.Soto and T.C.Green, ‘A comparison of high power converter topologies for the implementation of FACTS
controllers’, IEEE Trans. Ind. Electron, vol.49, no.5, pp.1072-1080, 2002.

[37] In-Dong kim,Eui-cheol nho,Cheol-Je Joe and Min-soo lee, “A Generalized underland snubber for flying capacitor
multilevel inverter and converter In: IEEE Conf. Industrial Electronics society,Rec.0-7803-7108-9, 2001,pp.903-
908.

[38] M.J.Ryan, W.E.Brumsickle and R.D.Lorenz, ‘Control topology options for single-phase UPS inverter’, IEEE Trans.
Ind. Applicat., vol. 33, pp. 493-501, 1997.

153 |Page 30 January 2015 WWWw.gjar.org



