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Abstract - In order to construct the levels for staircase waveforms, this study introduces a module for reconfiguring
asymmetrical multilevel inverters that use DC link capacitors. The multilayer converter's configuration reduces the count of
DC sources. Lower DC sources, on the other hand, permit the creation of 13 levels. The suggested multilayer inverter module
generates 13 levels from two erratic dc sources (2VDC and 1VDC). 14 semiconductor switches and two charged capacitors
are also included. The capacitors self-charge without the use of an additional circuit. Because there are fewer components, it
is beneficial to employ them in a variety of applications. Additionally, it can be coupled in a modular cascade, creating a
structure with additional voltage levels at greater voltages. The suggested module generates negative voltage levels naturally
and without employing a unique circuit (such as an H-bridge circuit). To provide a superior sinusoidal output voltage, M-type
carried-based switching modulation approach is used. The main novelty of this article is implementing a new M-type carrier-
based PWM technique applied in the recently introduced 13-level MLI. The simulation and testing findings demonstrate good
performance, and Simulink /MATLAB are used to run simulations.

Keywords - Cascaded H Bridge, Multilevel inverter, 13-Level, Power quality, Pulse width modulation, Total harmonic

distortion

1. Introduction

The In an effort to lessen reliance on conventional fuels
and cut CO2 emissions, Renewable Non-conventional
sources like photovoltaic (PV) and wind generation have
undergone extremely rapid improvement, especially in the
previous ten years. Multilevel voltage source inverters
(MVSI) are demonstrating great promise and
competitiveness as power converters in various industrial
applications, such as electric drives, uninterruptible power
supplies (UPS), and active power filters where quality
standards are high. These applications include the grid
integration of renewable resources. The employment of
conventional inverters was prominent in the industry.
Multilevel inverters (MLIs) have been providing top-notch
voltage source converters to bridge the system that generates
DC power to AC power systems.

1.1. Literature Review

MLIs come in a wide range of designs, and they are one
of the fascinating circuits in the field of power electronics.
Recently, the variety of topologies has extended them to a
wide variety of applications in the power system [1-3].
Leading converters in PV systems, active power filters,
HVDC for the transmission line, drive systems, power grid
and electric vehicles; MLIs outperform two-level inverters in

applications that demand medium- to high-power [4-5]. Due
to their numerous output levels, MLIs feature low harmonic
components and good output voltage resolution. The ability
to link in a cascade gives them little load on switches,
modularity, and scalability. Massive capacitors, unbalanced
dc links, and severe switch stress are additional NPC and FC
downsides. [6-7] Smaller component counts are hence the
focus of research and are utilized to develop CHB topologies.
The total standing voltage (TSV), intrinsic creation of
negative levels, number of levels, number of dc sources,
number of semiconductors, and others all share
characteristics with these topologies, [8], [9] etc. To add
further levels, the module can be joined in series.

On the other hand, if all levels are positive, then a
second circuit is required to produce negative levels. In [29],
the sinusoidal waveform in staircase format (positive and
negative half-cycles) is introduced with an H-bridge to the
series modules. The semiconductors used in H-bridge
circuitry, which bring negative voltage levels, can handle
higher switching stress. Typically, MLIs connect various
semiconductor switches in different ways to synthesise a
number of tiny voltage steps that come together to create a
staircase output waveform. One of the key problems with
MLI configuration is using cheaper components to provide
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larger output voltage levels. The best way to solve this
problem is to use unequal dc links. Asymmetric multilevel
inverters with uneven dc links feature an innovative
configuration that cuts the number of devices while
enhancing output voltage levels. Power electronics
semiconductors use dc linkages to add or subtract to build
modules.

On the other hand, the voltage stress on switching
devices in asymmetric multilevel inverters should be
considered due to the multiple different DC supplies. TSV is
the total voltage stress that appears across each switch in the
off state. Crossing switches for dc links with opposing
polarity were added to create more levels and divide the
demand for switches [11]. In [12] and [13], extended H-
bridges with various numbers of DC linkages are presented.
These topologies have higher levels, which put more strain
on the switches and the need for faster semiconductors. In
[14], a different type of MLI is proposed in the form of
hybrid-type topologies. Because of the achievement of more
levels from available four DC sources, [15], [16] presented
modules with low semiconductors with intrinsic negative
levels.

MLI evolution cultivates to reduce components,
particularly DC supplies, which have recently been replaced
with passive circuit elements like capacitors. A suitable
topology can provide a sinusoidal voltage source using
mixed capacitors and dc sources. However, additional output
levels can be produced by using the same DC sources.
[17,19,30] Redesigned the configuration with a few
capacitors to store energy and eliminate a few dc sources.

The widespread use of carrier-based PWM is a result of
its straightforward design. Typically, carrier waves have a
triangle or saw-tooth shape. Triangular and saw-tooth
carriers are employed in the most widely used modulation
method. M-Type carrier shapes are presented in this research,
and their effectiveness is evaluated compared to that of
triangular carriers. The M-type carriers are named because
they are made up of alternating up and down-facing
parabolas connected in series. The main driver for producing
the distinctive M-type carrier waves was the impact of the
carrier signals' effects on the whole PWM technique. In the
past, [20,31] created half-parabolic carrier waveforms along
with integrated active capacitors for voltage balancing into
the half-parabolic carrier to leverage for capacitor voltage
balancing with redundant stage. The full parabolic carrier
was provided in [22-26] and used as an example to show
how it improves the overall calibre of the output waveforms.
M-type carrier waves are introduced in this study as a result
of a couple of the fore-mentioned breakthroughs. [27-28]
The modulation strategy improves the quality of the output
waveforms and produces high rms voltage and low harmonic
voltage compared to traditional PWM methods.
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This paper describes a semiconductor arrangement with
two unequal DC sources and capacitors used as DC links that
achieve higher voltage levels, thereby improving
implementation cost and power quality. With just two
uneven DC sources of 1VDC and 2VDC, it can produce 13
different voltage levels. On the other hand, an asymmetric
multilevel module is proposed to produce 6 positive and
negative levels each and a zero level (total of 13 levels)
without any extra circuit to generate negative voltage. The
proposed module contains 14 power switches and 2
capacitors. The module is easily cascaded in series to obtain
higher output voltages. Section Il depicts the proposed
multilevel inverter, module description, switching patterns,
self-charging and discharging capacitors without any extra
circuitry and a table of comparison with similar structures.
The M-type PWM approach is used in this article, and
Section Ill provides more details. The suggested work is
simulated in Section IV, along with comparisons to
alternative PWM techniques. Section V concludes the work.

2. Investigation on Proposed 13 Level MLI

A suitable power converter design can produce more
output voltage levels from two different DC sources.
Capacitors can be used to establish additional DC links to
obtain higher levels than expected. The path in which
capacitors get charged is provided in this type of
configuration in addition to the output level paths. Two dc
sources with varying voltages of 1VDC and 2VDC are
present. There are more voltage levels and fewer harmonic
components when different DC Power voltage sources are
used for asymmetric MLI. It might be better to use capacitors
to add two more DC links. It offers a total of four DC links.
The suggested module is seen in Fig. 1 with a configuration
that consists of 14 switches, of which 8 are unidirectional,
and 3 are bidirectional, 14 diodes, two distinct DC sources,
and two capacitors. This setup produces one zero, SiX
positive, and six negative levels.
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Fig. 1 Topology of 13 level MLI
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Fig. 2 Description of different voltage levels
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Fig. 4 Capacitor charging switching path (a) (b)

Table 1. Switching sequence for 11 switches

State of Switches

w
w
w
w

Levels Vout

o
[N

6 Vdc

5 Vdc

4 Ve

3 Vdc

2 Vdc

Positive Level

1 Ve

0 Vdc
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-3Vdc

Level
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The major idea behind this configuration is to establish
various routes from various sides in order to connect other
DC links in order to achieve negative levels and eliminate the
H-bridge. It is seen that the power source with 2VDC
charges the C2 capacitor without the need for an additional
circuit, whereas the DC supply with 1VDC charges the C1
capacitor. The switching structures of the output levels in the
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proposed design are presented in Fig. 2 and Table I. The
module's design and the switching routes' selection ensured
no positive poles would be conducted in the diode on its
anode side. Additionally, Fig. 3 demonstrates that the no
switches need to be turned on to create a close loop for DC
links. In order to prevent short-circuiting in the module, even
when switches are disabled, diode polarity and switches are
used.

Table I shows the switch modes for each level. There are
also redundant paths from other dc links for some levels. To
avoid a short circuit between both sources, switches (S1 and
S7), (S3 and S8), and (S5 and S9) cannot be switched on/off
simultaneously. A low frequency is used to turn on switches
S2, S3, S4, and S8, as shown in Fig. 2, reducing switching
losses. The remaining switches will function at a reasonable
switching frequency as well. Figure 3 depicts the proposed
inverter's schematic voltage at the output with the related
signal sequence in one fundamental voltage cycle.

Another configuration capability is the capacitors getting
charged without using an extra circuit. The module is
constructed with pathways for DC links to get charged. At
level zero, state capacitors have been charged. The charging
path for capacitors is shown in Fig. 4, with a 1VDC DC
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source charging C1 as shown in Fig. 4(a) and a 2vDC DC
source charging C2 as in Fig. 4(b). It is evident from Fig. 2
that capacitor charging can take place at a zero level.
Additionally, capacitors will charge after every half-cycle.
The application will determine how many capacitors are
needed to maintain charging for at least one half-cycle.

3. Modulation Techniques

The literature has suggested a number of modulation
techniques for direct the operation of MLI circuits. This
portion discusses recently produced M-type carrier-based
PWM. The suggested modulation technique belongs to the
level-shifted modulation techniques category (LS-PWM).
Phase disposition (PD), alternative phase opposite
disposition (APOD) and opposite phase disposition (POD)
are the three traditional categories for level-shifted
modulation techniques (APOD). All three of the categories
are applicable to the presented MLI structure. To reduce the
sideband harmonics present in traditional PWM techniques,
the modulating wave frequency must eventually be lesser
than the modulating wave frequency. This part demonstrates
the creation of modified carrier signals, known as M-type
carriers.

—> L1
—> 12
—>13
—> L4
—> L5
—> 16
—> L7
. —>L8
—> 19

—>L10
—>L11
—>L12

Level Shifting

Sine Function

C1

Fig. 5 Block diagram for M-type carrier wave generation

Table 2. Simulation parameters

S. No. Parameter Value
1. V1:V2 1:2 Ve
2. Ve 100V
3. Fundamental Frequency 50Hz
4, Switching Frequency 2 kHz
5. Resistive Load 100 Q
6. Inductive Load 40 mH
7. Capacitors (C1: C2=1:2) C1 100 pF

Fundamentally parabolic in nature, the M-type carrier
waves are produced by various combinations of them. The
techniques significantly govern the semiconductor's
maximum value, average value and ripple readings under

M-Carrier Generation
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various types of pulse width modulation (PWM). A new
carrier wave of M-type is suggested to oversee and eliminate
the harmonic content present in the output voltage at lower
switching frequency values and boost overall production.
The creation of M-type carrier signals using sinusoidal and
pulse functions is shown in Fig. 5. By keeping the frequency
ratios of the sinusoidal function f2 and pulse function f1 at
1:1 (f1 = f2), the M-type wave can be produced. The same
generator can create different wave types by changing the
frequency ratio between the two functions. The values of the
coefficients C3, C2, and C1 are assessed to be 0.5, 0.5, &
0.5, accordingly, in the M-type signal generator depicted in
Fig. 5. The level-shifted PWM is made up of a sinusoidal
wave taken as reference signal with fundamental frequency
designated as Vref and twelve carrier signals known as M-
type carriers labeled as L1 to L12 in increasing order.

PD- PWM
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Fig. 6 Carrier waveforms (a) Triangular type (b) M-Type

The inverter is controlled using the level-shifted PWM
approach. PWM pulses, which can be compared to carrier
signals and reference signals with underlying frequency, are
formed as a result of the constraint of the signal amplitude



Magnitude

~100 [-
-200
-300 [-

R. Sindhuja & S. Padma/ IJEEE, 10(2), 172-179, 2023

produced in the prior step, which establishes the
size/amplitude of a specific voltage level. The PWM pulses
for the 13-layer synthesis of desired amplitude are then
added to get the indented switching function. As seen in Fig.
6, the sinusoidal wave, which has a fundamental frequency
of 50Hz, acts as the reference wave for both level-shifted
PWM scenarios (M-type and triangular-type carrier). In both
instances, each level-shifted carrier has a magnitude of 0.5.
The carrier wave has a frequency of 2000 Hz. 12 vertically
shifted carrier waves with an amplitude of 0.5 are generated.

4. Results and Comparison

The simulation was done in the MATLAB Simulink
environment for steady-state performance. Table 2 displays
the parameters used for the simulation. All modulation
techniques use the same DC source of 100 volts. Loads of
RL nature having the value of Resistance 100Q and
Inductance of 40mH were utilized under operation.
Capacitors with 200F and 400F were used to assess the
impact of wvarious PWM carriers on the converter's
performance.
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Fig. 7 Output Voltage and Current waveforms
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Fig. 8 Output voltage and current waveforms for dynamic load
variation

A switching frequency of 2 kHz was selected. PWM
carrier waves of both types were generated and applied to a
13L-MLI. Voltage and current waveforms from both carriers'
waveforms were analysed for harmonic content. The 13-level
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voltage appeared across the load terminal, and the wave
shape of current through the load when the triangle carrier is
utilised is depicted in Fig. 7. The percentage of harmonic
distortion that appeared in the voltage waveform is 15.23%.
The % THD in the output current waveform is 1.57 percent.
The voltage and current wave patterns across load when the
suggested M-form carrier is applied are shown in Fig. 7. The
output current and voltage respective THDs for the related
harmonic spectrum are 0.89 percent and 10.07 percent.

When the load varies from the resistive load of 80Q to
the RL load of 100+j40Q, wave shaping occurs. The
harmonics present in the waveform get reduced, as
represented in fig.8. The output current and voltage
waveform as the carrier waves' modulation index varies is
depicted in Fig. 9. The output levels fall linearly together
with the modulation index. The waveform clearly shows that
the levels decreased from 13L to 7L MLI from 0.04 sec as
the modulation index varied from 0.97 to 0.49. The THD
percentage for both carriers when the modulation index Ma =
1 is represented in Fig. 10. The lowest current and voltage
THD is found in the suggested M-type carrier, at 0.89
percent and 10.07 percent, respectively. Additionally, the
fundamental output voltage is around 298.2 V with a
frequency of 50 Hz. The % of harmonic content at the
multiple switching frequency is extremely high because the
switching frequency is set to 2 kHz. The spectrum analysis of
harmonics also demonstrates that higher-order frequencies
have a higher THD %.

The variation in the harmonics present across the load
for each carrier put in is shown in Fig.10(a). The voltage
THD values corresponding to applied carriers employed in
the lower modulation index range show a distinct difference.
When the modulation index becomes closer to 1, the THD
for voltage waveform under both types of carriers under
discussion is found to be lesser. In the whole range from ma
= 0.2 to ma = 1.0, the voltage THD in M-type carrier waves
is found to be lesser than that of triangular carriers.

—Vout| -
| out

300 Output Voltage & Current

Magnitude
[=}

WMI Varying from 0.97 to 0.49 at 0.04 sec 1

0.04 0.06 0.08

Time (sec)

0.02 0.1

Fig. 9 Output voltage and current waveforms for variation in
modulation Index
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Fig.10.b depicts the harmonics present in the current
through the load considered under various PWM techniques,
both using triangular and M-type carriers as modulation
indices ranging from ma = 0.4 to ma = 1.4. A 50Hz
frequency is kept constant. 100 ohms and 40 mH are the
applied loads. The M-type carrier's current THD sharply
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