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Abstract: Power pollution has been serious problem because of the wider applications of the power converters
and inverters in industry products. The large non-linear loads will cause low power factor and hence reduce
the efficiency of power system. This leads to voltage distortion and increase losses in the transmission and
distribution lines. Multilevel inverters (MLIs) are particularly suitable for harmonic reduction in high-power
applications where semiconductor devices are not able to operate at high switching frequencies. In power
system applications like reactive power compensation and harmonic compensation, several batteries, fuel cells,
solar cells, wind turbines and micro-turbines can be connected through a multilevel inverter to feed a load or
the ac grid without voltage balancing problems. In this paper basic, generalized, mixed-level and asymmetric
hybrid MLI topologies are listed out. Some of them are simulated using MATLAB(7.1) – Simulink and their
performance was verified with the theoretical concepts.
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INTRODUCTION problems and that must be corrected. Harmonic reduction

“Harmonics are not a problem, unless they are a with any switching strategy [2].
problem”. The harmonic producing devices in a system Multilevel Inverter (MLI) has gained increasing
does not necessarily constitute a problem. If in an existing attention, in high-voltage and high-power applications.
system there is no history of harmonic related problems This is mostly due to the limitations of the conventional
such as motor failures, telephone interferences, etc., then two-level inverters in handling high-power conversion.
there is no harmonic problem and a harmonic analysis is For higher output voltage capacity and reduction in
not required. However, a good guideline is that if 20% or harmonic distortion, these inverters do not use
more of the plant load consists of harmonic producing transformers, which are the main contributors to problems
sources, a harmonic study should be considered. This will such as bulkiness, high-loss and high-cost to the overall
determine the magnitude of harmonic currents and power supply system. Therefore multilevel inverter
voltages and will aid in designing remedial measures to techniques are widely used in the power engineering
reduce these distortions [1]. community for HVDC link, active filtering, static VAR

The common sources of harmonics in utility or compensators, medium voltage variable speed drives etc.,
industrial electrical systems are: rectifiers, dc motor drives, [3-4].
adjustable frequency ac drives, uninterruptible power Previously multi-pulse phase-shifting transformers
supplies (UPS), arc-furnaces, SVGs (Static Volt Amperes have been used to obtain a multilevel function in, for
Reactive (VAR) Generators), cyclo converters and static example SVG’s (Static VAR Generators). These phase-
motor-starters. Current harmonics caused by non- shifting transformers are generally the most expensive
sinusoidal voltage feeding implies power losses, equipment in the system. They produce about 50% of the
electromagnetic interferences (EMI) and pulsating torques system loss and are prone to failure. They occupy upto
in ac motor drives [1]. The problem of non-linear loads 40% of the total systems’ area, which is an excessively
and the harmonics they generate, will continue to cause large area [5-6].

can be strictly related to the performance of an inverter
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Multilevel inverters (MLIs) have been used for ac-to- Cascaded multilevel inverter has many features,
dc, ac-to-dc-to-ac, dc-to-ac and dc-to-dc power including the least component count, easy modularity and
conversion in high-power applications such as utility and packaging. The cascaded inverter is especially suitable for
large motor drive applications [2], [5]. There are three FACTS applications including static VAR generation,
basic multilevel inverter topologies: cascaded, diode- power-line conditioning, series compensation, phase shift
clamped and flying-capacitor. For number of levels less and voltage balancing. Because each dc capacitor voltage
than or equal to three, M > 3 (used in applications like can be self-maintained and independently controlled
reactive and harmonic compensation in power systems) without additional dc sources [7], [8].
these MLIs do not require a separate DC power source to
maintain such voltage level. Each voltage level can be Generalized Multilevel Inverter Topologies: The
supported  by  a  capacitor  and  proper  control.  But for generalized multilevel inverter topology or fault tolerant
M > 3 and applications involved in active power transfer topology [3] can balance each voltage level by itself
such as motor drives these MLIs all require either isolated regardless  of  inverter control and load characteristics.
DC power sources or a complicated voltage balancing The basic multilevel inverters such as diode-clamped and
circuit and control to support and maintain each voltage capacitor-clamped multilevel inverters can be derived from
level. In this aspect the three existing MLIs are neither this generalized inverter topology. From this generalized
operable nor suitable for active power conversion; multilevel inverter topology, several new multilevel
because they all depend on outside circuits for voltage inverter structures can be derived.
balancing. The generalized MLI topology can balance Fig. 1 shows the generalized multilevel inverter
each voltage level by itself regardless of inverter control topology per phase leg, where each switching device,
and load characteristics. The basic MLIs can be derived diode or capacitor’s voltage is 1V . Any inverter with any
from this generalized inverter topology. Mixed-level and number of levels including the conventional two-level
asymmetric MLI topologies are hybrid inverters derived inverter can be obtained from this generalized topology.
from the basic topologies [7]. For example, the two-level inverter phase leg can be

In this paper basic, generalized, mixed-level and obtained by cutting off at the “2-level line”, three-level
asymmetric hybrid MLI topologies are listed out. Some of inverter leg by cutting off at the “3-level line” and so on.
them are simulated using MATLAB (7.1) – Simulink and It is evident that an M-level inverter can be constructed
their performance was verified with the theoretical by the basic cell as shown in the inset of Fig. 1. The
concepts. generalized M-level phase leg is a horizontal pyramid of

Different Multilevel Inverter Topologies leg, this generalized MLI is called the P2 multilevel
Basic Multilevel Inverter Topologies: The concepts of inverter [10].
basic multilevel inverter topologies are found in many This topology is developed through analysis of
literatures [5], [8]. The research in this area is growing up different power device’s failure modes. The fault-tolerant
due to the drawbacks found in the basic multilevel ability  results  from   the   redundant   nature   of  the
inverter topologies. The additional clamping-diodes multi-switching-state topology and from control
required for the diode-clamped multilevel inverters, not modification. In addition, it balances the voltage levels
only raise cost but also cause packaging problems and automatically without any assistance from other circuits.
exhibit parasitic inductances. The number of levels for a So this topology is also called as fault-tolerant MLI
multilevel diode-clamped inverter may be limited to seven topology.
or nine in practical use [8].

The flying-capacitor multilevel inverter is supposed Mixed-Level  Hybrid   Multilevel   Inverter  Topologies:
to be able to solve the voltage unbalance problem and For high-voltage high-power applications it is possible to
excessive number of diodes in multilevel diode-clamped adopt Multilevel diode-clamped or capacitor-clamped
inverters. However in this inverter a large number of flying inverters to replace the cascaded inverter. The reason for
capacitors, whose rating must be same as that of the main doing this is to reduce the amount of separate DC
power switches, are needed. In addition, control is very sources. The nine-level cascaded inverter requires four
complicated and higher switching frequency is required to separate  DC  sources  for  one  phase leg and twelve for
balance each capacitor voltage [9]. a  three-phase  inverter.  The  same  nine voltage levels for

dc

the basic cells. Since the basic cell is a two-level phase
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Fig. 1: Generalized MLI topology per phase leg

Fig. 2: A Mixed-level hybrid cell
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Fig. 3: Asymmetric hybrid cascaded inverter cell

Fig. 4: Asymmetric cascade inverter cell arrangement arrangement with different voltage levels with different switching
frequencies

Fig. 5: Single-phase five-level hybrid MLI



Middle-East J. Sci. Res., 20 (12): 1950-1956, 2014

1954

Fig. 6: Single-phase five-level cascaded MLI  bridge1 & GTO in H- bridge 2)

Fig. 7: Output voltage waveform of a 41-level hybrid MLI

Fig. 8: %THD Vs. number of levels of a 41-level hybrid bridge cell uses the Insulated Gate Bipolar Transistor
MLI (IGBT) and the low cell uses the Gate Turn Off (GTO) as

each phase can be achieved by using Mixed- level hybrid lower frequency typically the fundamental frequency and
MLI configuration as shown in Fig. 2. Here only two the IGBT based cell switches at a PWM frequency to
separate DC sources are needed for one phase leg and six smooth the waveform [9-12].
for a three-phase inverter. This configuration uses the
three-level diode-clamped inverter as the cascaded Simulation  Result:  The  simulation  of  different  types
inverter cell [11]. of    MLIs    is     done    using    MATLAB   (7.1)-Simulink.

Asymmetric Hybrid Multilevel Inverter Topologies: It is
possible to have different voltage levels among the cells
and the circuit can be called as Asymmetric Hybrid
Multilevel inverter. Fig. 3 gives an example of having two
separate DC bus levels, one with V and the other with Vdc dc

/ 2. This feature allows more levels to be created in the
output voltage and thus reduces the harmonic contents
with less cascaded cells.

It is also possible to use high frequency PWM cell
for one cell and the other switches at lower rate. Fig. 4
gives an example with two different devices. The top full

its switching device. The GTO based cell switches at a
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Table 1: %THD Comparison of different five-level MLIs

Type of MLI  %THD

Basic MLIs
Diode-clamped MLI 29.35
Flying-capacitor MLI 48.76
Cascaded MLI 28.35

Hybrid MLIs
Chopper fed inverter 19.00
Rectifier fed inverter 39.96
Cascaded (IGBT in H- 28.35

Table 2: %THD for a 41-level hybrid MLI

% THD
---------------------------------------------------------

Number of levels R load RL load

3 29.54 29.97
5 19 19.04
9 10.47 11.19
13 7.15 7.47
19 5.13 5.33
25 3.414 4.09
31 2.86 3.26
37 2.36 2.855
41 2.127 2.58

Table 3: %THD for 19-level cascaded MLI

%THD
---------------------------------------------------------

Number of levels R load RL load

3 40.32% 43.35%
7 19.27% 22.69%
11 12.18% 14.89%
13 10.98% 13.47%
15 10.27% 12.41%
17 9.72% 11.36%
19 9.37% 10.74%

For simplicity, the simulation models of single-phase five-
level cascaded MLI and a hybrid MLI are given below in
Fig. 5 and 6 respectively and their output voltage
waveforms are compared [13-15].

Comparison of Different MLIs: The %THD comparison
of different five-level MLIs are given in Table 1. Though
the %THD is too large for five-level inverter this can be
reduced to a very small value by increasing the number of
levels. Another reason for high %THD in this table is, all
the  switches  are  operated at supply frequency, 50Hz.
The output voltage waveform and the plot of %THD Vs.
number of levels of a 41-level hybrid MLI are shown in
Fig. 7 and Fig. 8 respectively. From Table 2. Table 3. it is
inferred that increasing the number of levels, %THD can
be reduced appreciably.

CONCLUSION

In MLIs the fundamental frequency switching
technique can be applied to decrease the switching-losses
and to increase the converter efficiency. Because of the
fundamental  frequency  switching,  lower  order
harmonics are higher. Also the number of devices used in
MLIs is high but the voltage ratings of these devices are
lower. Increased number of switches increases the price,
but lower rated switches are inexpensive. The availability
of higher voltage devices (like Integrated Gate
Commutated Thyristor (IGCT), High Voltage Insulated
Gate  Bipolar  Transistor  (HV  – IGBT) and Emitter Turn
Off  (ETO)  thyristor) allows higher operating voltages
with fewer inverter levels. As power level is increased
with these new devices, the MLI power-handling
capability is also proportionally increased. With the use
of these high-voltage (3 to 7KV) devices, an inverter can
easily achieve 5KW with only three levels. The
application of MLIs to high-power systems can be
achieved with less than five levels when the above
mentioned devices are used. So the future scope of MLIs
in high-power applications is in the development of
semiconductor technology.
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