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ABSTRACT

Recently Multilevel inverters become a feasible solution to improve the power with a comparatively less stress on
the components and with very easy control systems. e family of multi-level inverters has emerged as the
solution for high power applications since implementation via a single power semiconductor switch directly in a medium-voltage network is
hard work. In this paper, a new cascaded 19 level inverter is proposed. A new basic unit is proposed and the chosen basic unit topology can
generate only positive voltage levels at the output thus in order to produce both positive and negative voltage levels at the output an H bridge is
added to the basic unit. is proposed new topology of multi-level inverter requires less number of dc voltage sources, power switches and
driver circuits as compared to conventional topologies. us mainly required installation space and total cost get reduced. e validation of
proposed 19 level inverter is veriﬁed with simulation result using MATLAB software.
I. INTRODUCTION
Now a day's multi-level inverters are ﬁnding increased attention in
industry as the preferred choice of electronic power conversion for
high power applications. It is very well suited for applications in a
variety of industries involving the ﬁeld of transportation and energy
management. Multi-level inverters have been applied to diﬀerent
high power applications, such as railway traction application, large
motor drives, high voltage DC transmission (HVDC), uniﬁed power
ﬂow controller (UPFC) and static synchronous compensator. Multilevel inverter generates better output waveforms with lower dv/dt
than the standard inverter. e power quality of the multi-level
inverter is high because of signiﬁcant number of levels at the output
step voltage thus the AC side ﬁlter can be reduced, this will reduce its
cost and losses. Also multi-level inverter can operate with a lesser
switching frequency comparing to other inverters, so the generated
electromagnetic emissions by the multilevel inverters are very weak.
Furthermore, multilevel inverter can be directly connected to high
voltage sources without using the help of transformers.
Since 1975 the concept of multilevel converters has been introduced.
e word multilevel start with the three-level inverter. Subsequently
various multilevel inverter topologies have been developed.
However, the basic idea of a multilevel inverter is to use a series
connection of power semiconductor switches with various low
voltage dc voltage sources to carry out the power conversion by
generating a stepped staircase like voltage waveform.

number of asymmetric conﬁgurations are also present in literature
[1], [5] and [6]. But the dc voltage magnitude is very high in these
papers
is paper proposes a new multi-level inverter topology using
asymmetric conﬁguration and all the switches used are
unidirectional. A unidirectional switch is so called because it
requires only one IGBT switch with an antiparallel diode and a driver
circuit [7]- [9]. e proposed basic unit can generate 8 positive levels
at the output and the levels can be further increased by adding dc
voltage sources and corresponding switches in series with the basic
unit. Since the chosen basic unit can only produce positive voltage
levels at the output an H bridge should be added to the basic unit so
that it can generate both positive and negative levels at the output.
Finally using this basic unit and asymmetric conﬁguration a 19 level
inverter is developed.
II. PROPOSED TOPOLOGY
To increase the output voltage levels by using reduced number of
switches and dc voltage sources a new basic unit is proposed in this
paper. Proposed basic unit is shown in ﬁg.1. As shown in ﬁg.1, the
basic unit consist of four dc voltage sources and eight unidirectional
power switches. It is an asymmetric multi-level inverter that is,
magnitude of voltage sources is diﬀerent. Here voltage source V1′ is
20V and all other voltage sources have magnitude of 40V.

Currently, large number of circuit topologies exist for multilevel
inverters. Among them the three topologies are very popular. ey
are the neutral point clamped (NPC) topology, cascaded H-bridge
(CHB) topology and the ﬂying capacitor (FC) topology [1]- [3]. Out of
these inverter topologies, cascaded multilevel reaches the higher
output voltage, higher power levels and higher reliability because of
its modular topology. Cascaded multilevel inverters are based on
series connection of several power switches and dc voltage sources.
One of the advantages of this type of multilevel inverters is that it
need less number of components compared to the diode clamed or
the ﬂying capacitor multilevel inverters.
Cascaded multilevel inverter can operate as symmetric and
asymmetric, magnitude of dc sources is the main diﬀerence between
these two. In symmetric conﬁguration the magnitude of dc voltage
sources is same but in asymmetric conﬁguration diﬀerent
magnitude of dc voltage sources are used. us asymmetric
cascaded multilevel inverter can generate higher voltage levels
because of the presence of diﬀerent magnitude of dc voltage sources.
us the installation space required and total cost needed for an
asymmetric cascaded multilevel inverter is very less comparing to
that of a symmetric cascaded multilevel inverter [5], [6]. A large

Fig.1 Basic unit
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Table.1 shows the proposed basic unit power switches turn on and oﬀ
states, where the basic unit is able to generate eight diﬀerent voltage
levels at the output. It is to be noted that the basic unit is only able to
generate positive voltage levels at the output. In order to generate
both positive and negative levels at the output an H bridge should be
added in the output of the basic unit. By adding H bridge to this basic
unit it can generate 15 levels at the output, circuit is shown in ﬁg.2.
When switches T1 and T4 are turned on we get positive voltage levels
at the output, and if power switches T2 and T3 are turned on we get
negative voltage levels at the output. us for generating 15 voltage
levels at the output the proposed multilevel inverter topology only
requires total 12 power semiconductor switches and 4 dc voltage
sources which is very less compared to other conventional
topologies.
Higher levels can be produced by adding additional dc voltage
sources and switches in series to the basic unit. Fig.3 shows a 19 level
inverter, formed by adding one additional dc voltage source V4 having
magnitude of 40V and two more switches S4 and S5 in series to the
basic unit. e circuit consist of 5 dc voltage sources and 14
unidirectional switches.
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Table.1. Permitted turn on and oﬀ states for switches in the
basic unit

III. EXPERIMENTAL RESULT
In order to demonstrate the exact performance of the proposed
multilevel inverter in producing the desired output voltage levels,
help of experimental results have been used. Simulation of the 19
level multilevel inverters is done using MATLAB SIMULINK software
and the diagram is shown in ﬁg.4. Corresponding voltage with 19
levels and current waveform are obtained in the simulation
successfully. RL load is used having values 70 ohms and 55mH
respectively.

Fig.4 MATLAB Simulink model of 19-level multilevel inverter

Fig.2 15-Level multilevel inverter

In this, for switching normal fundamental frequency control
technique is used. Asymmetric conﬁguration is used with magnitude
of V1′ is 20V and all other dc voltage sources have magnitude of 40V
and the generated output voltage have amplitude of 180V and
current 2.57amperes.

Fig. 5 Output voltage waveform of 19-level multilevel inverter

Fig.3 19 Level multilevel inverter
Fig. 6 Output current waveform of 19-level multilevel inverter
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Fig. 7 Harmonic spectrum of output current waveform of 19level multilevel inverter
FFT analysis is used to evaluate the harmonic spectrum of voltage
and current, and it can be seen that output current has distortion of
2.73%. e THD analysis is shown in ﬁg.7. From the THD analysis it is
clear that distortion is very less and distortion can be further reduced
by increasing the levels of the multilevel inverter.
IV. CONCLUSION
A new basic unit with very low number of switches and dc voltage
sources are introduced in this paper, which can generate higher
levels at the output. Since this basic unit can only generate positive
voltage levels at the output, an H-Bridge is added to this unit for
producing both positive and negative levels at the output thus a
sinusoidal like waveform is generated at the output. e levels can be
increased further by simply adding more voltage sources and
switches in series to the basic unit. Multi-level inverters have been
applied to diﬀerent high power applications like FACTS, HVDC, UPS,
PV systems and Industrial drive applications. Comparing to other
conventional inverter topologies, proposed new topology is better
for all these applications in view of the fact that, its control
complexity is very less, less size and cost. It also lowers the total
harmonic distortion of output to a great extend thus minimize the
size of ﬁlter.
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