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Abstract - Multilevel inverters (MLI) has largely
attracted the attention of academic and industries. The
demand of MLI has increased recently as it is capable of
generating quality waveform by using low voltage
devices, reduced switching frequencies and reduced
harmonics content of the output power. There are
several topologies discussed and analyzed in literature
in past decades. In this paper, we have considered three
topologies: Diode clamped inverter (DC-MLI), flying
capacitor (FC-MLI), cascaded H-Bridge inverter (CHB-
MLI). We have taken CHB-MLI as a reference for
explaining three techniques: phase disposition (PD),
phase opposition disposition (POD), alternate phase
opposition disposition (APOD). After analyzing these
three techniques, we observed that PD is best technique
as it gives less total harmonic distortion (THD) content
in voltage level.
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1. INVERTER

Power electronic inverter is a device which converts DC
electrical power straight into HVAC electrical power.
Throughout conversion, the actual result voltage as, well
as usually is kept constant. This is termed series
commutated inverters while that works inside inversion
mode. Collection committed inverters involve HVAC offer
in the course of conversion in the resulting terminal. [1],
[2] This means that series committed inverters can’t be
the remote HVAC voltage places as well as being a variable
regularity turbines along with DC electrical power in the
suggestions. For that reason, voltage degree, regularity as
well as waveform within the HVAC aspect in the series
committed inverters can’t always be changed.

The actual HVAC result voltage supply along with variable
voltage worth as well as regularity worth so that you can
have got a wide range of application. Inverters might be
labeled straight into a couple kinds depending on their
particular function [3]-[5]:

e Voltage Source Inverters (VSI)

e Current Source Inverters (CSI)
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Fig- 1: Inverter output waveforms

Now we are going to classify multilevel converter into
current source inverter, voltage source inverter.
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Fig-2: Classification of Multilevel converter
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1.1 Multilevel Inverters

The multilevel inverter includes a variety of energy
semiconductor gadgets and also capacitive voltage
sources. The particular moved waveform connected with
output voltage can be created [6], [7]. The particular
commutation in the changes will allow the particular
supplement in the capacitor voltages to obtain high-
voltage at the output, as the energy semiconductors ought
to withstand merely lessened voltages. The particular
generalized moved waveform to get a single-phase N-level
multilevel inverter can be revealed throughout Fig. 3 The
particular waveform is composed of identical optimistic
and also bad halves connected with (N-1)/2 voltage
amounts where the sine wave may be approximated since
revealed.
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Fig-3.: Generalized stepped waveform of multilevel
inverters

1) Diode-Clamped Multilevel Inverter (DC-MLI)

The diode-clamped multilevel inverter is the name given
to neutral-point clamped PWM inverter extended to a
higher number of levels [8].The diode-clamped multilevel
inverter has found wide acceptance for its capability of
high voltage and high-efficiency operation. The power
rating of the converter can be doubled. In addition to this
the neutral point enables the generation of a zero voltage
level, obtaining overall three different voltage levels [9]-
[12].
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Fig-4: A 3-level Diode-clamped inverter

Table-1: Switching Pattern of Diode-Clamped Multilevel
Inverter

Output Switch states

voltage ] _
V,=V,, | S: Sz S; S;
V,/2 1 1 0 0

0 0 1 1 0
Vo/2 |0 0 1 1

Table-1 presents switching pattern of a 3-level diode-
clamped inverter. State “1” indicates that the switch is ON
and state “0” indicates that the switch is OFF. It is obvious
from this table that in each cycle just four switches should
be ON. It is evident from the table that a diode-clamped
multilevel inverter does not possess phase redundancies.

2) Flying-Capacitor Multilevel Inverter (FC-MLI)

Figure 2.5 shows one phase leg of the power circuit for a
flying-capacitor 3-level inverter. The FC-MLI topology is
somewhat similar to DC-MLI while using the major
difference becoming the clamping diodes are generally
replaced through FC-MLI [62], since is so visible within
Fig. 5 Any. Below the stress can’t become directly linked to
produce this absolutely nothing voltage stage. As an
alternative, this absolutely nothing stage can be received
through joining the stress on the beneficial or maybe
adverse bar from the FC-MLI together with opposite
polarity based on the dc-link. Like with this DC-MLI, a just
pair of gating signs is essential for each period to prevent
dc website link and also FC-MLI short- circuit. A different
difference while using the NPC can be the several
combining of Swl; Sw2 are generally permitted. The
middle circuit together with switch (Swl; Sw2) = (1, 0)
which often yields this absolutely nothing stage. Identical
stage can be received together with (Swl; Sw2) = (0, 1).
That property or home is termed voltage stage
redundancy and also can be used with regard to control or
maybe optimization uses [12]-[15].
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Fig-5: A 3-level flying capacitor inverter

Table-2: Switching Pattern of Flying-Capacitor Multilevel
Inverter

Output Switch states
voltage ; ;
V,=V,, | S1 Sz S S
Ve 1 1 0 0
0 1 0 1 0
Ve 0 1 0 1

0 0 1 1

As evident from table 2.4, FC-MLI multilevel inverter
possesses phase redundancies. These redundancies can be
incorporated in the control strategy which ultimately
helps in regulating the voltage across the dc-link
capacitors. The main advantages and disadvantages of FC-
MLI multilevel inverter are listed below [16].

3) Cascaded H-Bridge Multilevel Inverter (CHB-
MLI)

CHB-MLI is formed by the series connection of two or
more single-phase H-bridge inverters; hence the name H-
bridge is given [17]. Each H-bridge corresponds to two
voltage source phase legs, where the line-line voltage is
the inverter output voltage. Therefore, three different
voltage levels are generated using a single H-bridge
converter. And series connection of N such bridges can
produce 2N+1 levels in the output. This series connection
is termed as cascaded H-bridge multilevel inverter [18].
Each leg has only two possible switching states, to neglect

dc-link capacitor short-circuit. Since there are two legs,
four different switching states are possible, although two
of them have redundant output voltage.

1] s2.

N_e

Vdc = Vo

min
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Fig-6: A 3-Level Cascaded H-Bridge Inverter

Table-3: Switching Pattern of Cascaded H-Capacitor
Multilevel Inverter

Output Switch states
voltage , .
V,=V,, | S Sz S Sz
Vie 1 1 0 1
0 1 0 0 0
Ve 0 1 1 1

0 0 1 0

The functioning of a single H-bridge is similar to that of
conventional 2-level inverter. Each H-bridge requires an
isolated dc source/capacitor to generate its corresponding
output. The switches are activated in such a way that the
output voltage across the load terminals is the aggregation
of the voltage generated by all the H-bridges. The
switching pattern for a 3-level inverter is shown in table
24,

2 MODULATION TECHNIQUES

Importantly the power electronic converters are operated
in the “switched mode”. The switches of the converter are
always in either one of the two states - OFF (no current
flows), or ON (saturated with only a small voltage drop
across the switch). [19-21]. the switched component is
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attenuated and the desired DC or low frequency AC
component is achieved. That is called Pulse Width
Modulation (PWM), since the desired average value is
controlled by modulating the width of the pulses [22]-[26].

Multilevel
Modulation
+ ' +
Low Switching High Switching
Frequency Frequency
Hybrid Multicarrier Space Vector
Modulation PWM Modulation
Phase Level
Shifted Shifted
» PD-PWM
»| POD-PWM
> APOD-
PWM

Fig-7: Classification of multilevel modulation methods

2.1 Multicarrier PWM

Multicarrier PWM is used when deals three level or higher
levels in inverter output. Multilevel PWM is basically a
generalization of the 2-level PWM wherein the sinusoidal
reference signal is naturally sampled with the help of a
number of carrier signals [27.]To be more specific, an N-
level multilevel inverter requires N-1 carrier signals to
sample the reference signal and generate the switching
signals for the power switches incorporated in the
inverter topology [28].

2.1.1 Level Shifted PWM (LS-PWM)

It is the most important file format on the 2-level PWM
with regard to N-level multilevel inverter when instead of
just one provider signal, N-1 provider alerts are employed
which are moved vertically with respect to the other [28].
Due to the fact just about every provider is usually related
to two amounts PWM, the identical basic principle can be
employed, using that this command signal needs to be
aimed towards correct power turns so that you can make
this related amounts within the end result [29]-[31].

e Phase Disposition (PD-PWM): wherein all the

carrier signals are in same phase.

e Phase Opposition Disposition (POD-PWM):
wherein the carrier signals above the zero are out
of phase with those below the zero by 180°.

e Alternative Phase opposition Disposition

(APOD-PWM): wherein the adjacent -carrier
signals are out of phase by 180°.

Table-4: Comparisons of Three Topologies

Topologies | Merits Demerits
1.Diode Control method is | More number
Clamped simple. of clamping
diodes is
Inverter efficiency is | required when
high. the number of
levels is high.
2 Flying Both real and reactive | Inverter control
Capacitor power flow can be | can be very
controlled. complicated
when the no of
levels is high.
3.Cascade H- | Compared with the | It needs
Bridge NPC and FC inverters | separate dc
it requires the least | sources for real
number of | power
components to | conversions,
achieve the same | thereby
number of voltage | limiting its
levels. applications

3. CONCLUSIONS

In this paper there are three topologies: Diode clamped
inverter, flying capacitor inverter, Cascade H-bridge
inverter which have been discussed and analyzed
considering all parameters and conditions. We have
mentioned modulation techniques briefly. And the
inverter topologies are then compared on the basis of
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modulation techniques. The three technique of modulation
Classified as:  Phase disposition, Phase opposition
disposition and Alternate Phase opposition are discussed
considering all parameters. PD gives better result
compared to POD, and APOD techniques.
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