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ABSTRACT: Recent advancements in the field of power electronics have created an effective platform for exploring
various multilevel inverter (MLI) topologies. These topologies exhibit several significant features, including high-
quality staircase sinusoidal output voltage, reduced power switch count, and elimination of output filters. In this study,
a novel asymmetrical multilevel inverter topology is proposed with the objective of minimizing the number of inverter
components while achieving efficient voltage step generation. The proposed MLI configuration produces a high-step,
staircase-like output waveform that closely approximates a sinusoidal voltage without increasing the number of power
semiconductor switches. A carrier-based Sinusoidal Pulse Width Modulation (CB-PWM) technique operating at a
switching frequency of 3 kHz is utilized for control. The operating principle of the proposed inverter is explained in
detail. A 27-level inverter configuration is modeled and simulated in the MATLAB/Simulink R2019b environment to
analyze its performance with an RL load under different modulation indices. Furthermore, A comparative analysis is
conducted between the proposed topology and existing multilevel inverter configurations to evaluate its performance.

L. INTRODUCTION

Multilevel inverters (MLIs) have gained significant importance in power electronic converters due to their wide range
of applications and inherent advantages [1], [2]. With the continuously increasing demand for electrical power, the
integration of MLIs with modern power electronic systems has become essential [3]. MLIs are extensively used in
variable-frequency drives, electric vehicles, and high-voltage DC (HVDC) transmission systems [4], [5]. In addition,
they play a vital role in renewable energy conversion systems, including solar and wind energy applications [6], [7].
MLIs are particularly suitable for medium-voltage and high-power applications [8]. In MLIs, higher output voltage
levels are synthesized in a staircase waveform by combining multiple DC sources. This stepped output closely
approximates a sinusoidal waveform, thereby reducing total harmonic distortion (THD) [9]. As a result, the requirement
for output filters is significantly minimized [10]. Furthermore, the staircase nature of the output reduces the dv/dt stress
across switching devices [11]. Since the voltage stress across individual switches is lower, devices with lower voltage
ratings can be employed, making the system more cost-effective [12]. Many multilevel topologies also offer redundant
switching states, which can be utilized to implement fault-tolerant operation [13]. The three classical MLI topologies
introduced over time are the Neutral Point Clamped (NPC) inverter [14], the Flying Capacitor (FC) inverter [15], and
the Cascaded H-Bridge (CHB) inverter [16]. Although these conventional topologies provide substantial advantages
over traditional two-level inverters, they suffer from certain drawbacks such as a high number of switches, multiple DC
sources, and numerous capacitors [17]. To overcome these limitations, several new MLI topologies have been
developed aiming to reduce component count and improve efficiency [18]-[20]. These modern configurations are
broadly classified into symmetrical and asymmetrical types based on the magnitude of their DC voltage sources [21]. In
symmetrical MLIs, all DC sources have equal voltage levels, whereas in asymmetrical MLIs, the DC source
magnitudes differ [22]. Various modulation techniques have been proposed for MLIs, including Selective Harmonic
Elimination (SHE) [23], Space Vector Pulse Width Modulation (SVPWM) [24], Carrier-Based Pulse Width Modulation
(CB-PWM) [25], and Nearest Level Control (NLC) [26]. Several studies also discuss the use of H-bridge
configurations to generate positive and negative voltage polarities [16], [27]. Moreover, some reported topologies
require a greater number of DC sources than power switches, which increases system complexity [28]. In this paper, an
asymmetrical 27-level MLI is proposed. The performance of the proposed topology is evaluated using
MATLAB/Simulink simulations for RL-load in different modulation indices. A comparative analysis with recent MLI
topologies is also presented. The paper is organized as follows: Section 3 explains the switching pulse generation and
detailed operating modes of the proposed circuit. Section 4 presents a Modes of operation. Section 5 discusses the
simulation parameters and performance results.
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II. PROPOSED CIRCUIT TOPOLOGY

The proposed inverter configuration, depicted in Fig.1, is composed of thirteen power semiconductor switches labelled
Si through Sis. Among these, S: is designed as a bidirectional switch capable of four-quadrant operation, allowing
current flow in both directions with voltage blocking capability in both polarities. The remaining twelve switches are
unidirectional and operate in two quadrants. The topology utilizes four isolated DC voltage sources: Vi, V,, V3, and V4
These sources are arranged asymmetrically, meaning their voltage magnitudes are intentionally different rather than
equal. This unequal voltage configuration enables the inverter to generate a larger number of output voltage levels with
fewer components. When the DC sources are selected as Vi = 5Vg., V2 = 5V, Vi3 = Vg, V4 = 3Vq.. the proposed
multilevel inverter is capable of producing a 27-level stepped output voltage waveform, which closely approximates a
sinusoidal signal.
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Fig. 1. Proposed MLI topology
III. MODES OF OPERATION

MLI employ a large number of power switches to generate a stepped output voltage waveform. The staircase nature of
the output is achieved by appropriately controlling these switches using suitable modulation strategies. As discussed
earlier, several modulation techniques have been developed for MLIs. In this work, the Sinusoidal Pulse Width
Modulation (SPWM) technique is adopted. For the 27-level inverter, twenty-six triangular carrier signals are used to
generate the required PWM signals, as illustrated in Fig. 2(a). These carrier waveforms are continuously compared with
a single sinusoidal reference signal through twenty-six comparators. Each comparator produces a digital output based
on the comparison between the reference and its corresponding carrier signal. The outputs from all twenty-six
comparators are then logically combined to form a composite switching signal, as shown in Fig. 2(b). The real-time
simulation waveform of this switching signal for the single-phase 27-level inverter is also presented in Fig. 2(b).
Finally, this combined switching signal is decoded according to the switching states listed in Table 1 to generate the
appropriate gate pulses for the individual switches of the proposed inverter topology. For each voltage level, the ON
and OFF states of all thirteen switches are clearly defined. These switching states determine how the isolated DC
sources are combined to obtain the required stepped output voltage. The detailed explanation of these switching
combinations ensures a clear understanding of the operation of the proposed 27-level inverter in both positive and
negative half-cycles.
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Fig.2: PWM generation: (a) Comparison of carriers with reference signal; (b) Corresponding switching signal of the
27-MLIL

The generation of different voltage levels in the proposed 27-level inverter is achieved by properly selecting specific
combinations of switches in each operating mode. For the maximum positive voltage level, +13Vdc, switches S11, S10,
S5, S3, and S2 are turned ON, whereas the corresponding minimum negative voltage level, —13Vdc, is obtained by
activating S11, S8, S10, S6, and S2. Similarly, +12Vdc is produced by turning ON S11, S9, S6, S3, and S2, while
—12Vdc is generated using S13, S8, S5, S4, and S1. For the +11Vdc level, switches S11, S10, S5, S4, and S2 conduct,
whereas —11Vdc is achieved through S13, S7, S6, S3, and S1. The +10Vdc and —10Vdc levels are obtained by
activating S11, S9, S6, S4, and S2, and S13, S8, S5, S3, and S1, respectively. In a similar manner, +9Vdc is produced
using S11, S9, S6, S3, and S1, while —9Vdc is achieved by turning ON S13, S8, S5, S4, and S2. For the intermediate
voltage levels, +8Vdc is generated by switches S12, S10, S5, S3, and S2, whereas —8Vdc is obtained through S13, S7,
S6, S3, and S2. The +7Vdc and —7Vdc levels are formed using S12, S9, S6, S3, and S2, and S13, S8, S5, S3, and S2,
respectively. Similarly, +6Vdc is achieved with S12, S10, S5, S4, and S2, while —6Vdc is produced using S12, S7, S6,
S3, and S1. Further reduction in voltage levels follows the same principle of controlled switching. The +5Vdc and
—5Vdc levels are generated through the combinations S12, S9, S6, S4, S2 and S12, S8, S5, S3, S1, respectively. For
+4Vdc and —4Vdc, the required switch combinations are S12, S9, S6, S3, S1 and S12, S8, S5, S4, S2. The +3Vdc level
is obtained by turning ON S11, S8, S5, S3, and S2, while —3Vdc is produced using S13, S9, S6, S4, and S1. Likewise,
+2Vdc is generated with S13, S9, S6, S3, and S2, and —2Vdc with S13, S10, S5, S4, and S1. The +Vdc level is
achieved by activating S13, S10, S5, S4, and S2, whereas —Vdc is produced when S13, S10, S5, S4, and S1 are turned
ON. Finally, the zero-voltage level is obtained by switching ON S13, S9, S6, S3, and S1. Overall, each voltage level —
both positive and negative—is realized through a unique combination of five conducting switches, ensuring proper
connection of the asymmetric DC sources to synthesize the desired stepped output waveform.The switching states of
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the proposed multilevel inverter (MLI) are presented in Table. 1. In the table, the operating condition of each switch is
indicated using specific symbols. A green check mark (\) represents that the corresponding switch is in the ON state,
allowing current to flow through it. On the other hand, a red cross (x) denotes that the switch is in the OFF state,
blocking the current path. This representation clearly illustrates the switching combinations required to generate the
different output voltage levels of the inverter.

Table. 1 Switching states of proposed 27-level MLI.

S1 | S2 [ S3 [ Sa [ S5 [Se |S7 | Ss | Se | S0 | Su S12 S13
+13Vc x v o[V x v X X x X v v X X
+12Vyc v |V |V X x |V X x |V X v X x
+11Vdc x v x v |V x X X X v v X X
+10Vdc x v x ' X v X X v X v X X
+9Vdc vV | x X X x |V | x x |V |x v x x
+8Vdc x |V |V x |V | x X X x |V x ' x
+7Vqc x |V |V x x |V |x x |V | x x v x
+6Vdc x |V | x |V [V | x |x |[x |x |V x v x
+5Vc x v X v X v X x v X X v X
+4V4c v X X X x v X X v X X v X
+3Vdc x v v X v X X v X X Vv X X
+2V4c x v v X X v X X Vv X X X Vv
+1Vdc X v X v v X X x X v X X Vv
OVde Vv X X X X v X X Vv X X X v
-1Vac v X X v v X X X X v X X Vv
-2Vdc v X X v v X X X X v X X Vv
-3Vdc V [ x [ x [V | x |V |x |x |V |Xx x x v
-4V4c x |V |[x |V |V | x | x |V |x |X x U x
-5V4c vV | x | x x |V [x | x |V | x |x x v x
-6Vdc v X x x X v |V X X X X v X
-7Vdc x v v X v X X v X X X X Vv
-8Vdc x [V |V X x |V |V | x |x X x x v
-9Vdc X v x v v X X v X X X X v
-10Vdc v X v x v X X v X X X X v
-11Vace v X v x X v |V X X X X X v
-12V4ce v X X v |V X X v X X X X v
-13Vgc x |V [ x | x |x [V | x |V |x |V Y x x
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IV. SIMULATION AND EXPERIMENTAL RESULTS

In this section, the simulation results of the proposed 27- level inverter have been discussed. In MLIs, the term
“blocking voltage” signifies the voltage threshold that every switching component, IGBTs or MOSFETs, must endure
while in the inactive state. Surpassing the threshold can trigger the semiconductor breakdown, resulting in malfunction
and potentially harming the entirety of the inverter system. Therefore, selecting switching devices with appropriate
voltage ratings is crucial in multilevel inverter design to ensure reliability and safe operation. The blocking voltages
across switches are depicted below in Fig. 2. The value of the blocking voltage across the switches S1, S2, S3, S4, S5,
S6 S7, S8, S9 S10, S11, S12 and S13 are 65 V, 65V, 45V, 45V,90 V, 90 V, 225V, 225V, 225 V, 225 V, 225V, 110 V
and 225 V respectively as shown in Fig. 2. All measured blocking voltages are within the IGBT’s rated capacity,
confirming the safe and reliable operation of the proposed inverter topologies.
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This section presents the simulation analysis of the proposed 27-level MLI. The model is developed and simulated
using MATLAB/Simulink to evaluate the performance of the topology under specified operating conditions. For the
proposed configuration, the DC source magnitudes are selected as Vi =150 V, Vo =150 V, V3 =30V, and V4 =90 V.
This unequal selection of source magnitudes ensures asymmetrical operation and enables the generation of 27 output
voltage levels. The performance of the inverter is analysed at different values of modulation index 1 and 0.6. Figure 5
shows the simulation results at a modulation index of 1. The inverter is tested with an RL load having resistance R =
100 ohm and inductance L = 80 mH. The input DC voltage is chosen as Vdc = 30 V, which gives 3Vdc = 90 V and
5Vdc = 150 V for the respective sources. Under these operating conditions, the maximum output voltage obtained from
the simulation is 390 V, as shown in Fig. 5(a), while the corresponding maximum load current is 3.8 A, as illustrated in
Fig. 5(b). The total harmonic distortion (THD) of the output voltage for this configuration is 4.24%, as presented in Fig.
5(c). These results confirm that the proposed inverter is capable of producing a multi-step output waveform with
acceptable harmonic performance at the selected modulation index 1.

400
200
i) e—
g 5
5 ° £
> o
=200
-400 | | | 1
0 0.01 0.02 0.03 0.04 0 0.01 0.02 0.03 0.04
Time Time
(a) (b)
Signal
S
= 200 b
= or
S -200 | ]
w
o 0.01 0.02 0.03 0.04
ysis
= Fundamental (50Hz) = 391.3 , THD= 4.24%
= 3 F ° ' ' '
[}
=
<
227
=}
L
S 1t
=
% o L | m I|||\‘| 1l \h.l|l.|‘m|_|_LLI|H‘M I|||MMII || i ‘\m.dllm\l'nh\..l I| \H uldle 1 |I|m\
= o 2000 4000 6000 8000
Frequency (Hz)
()

Fig. 5 Simulation results for the (a) Output Voltage (b) Load Current (¢) Total Harmonic Distortion of the output
voltage at modulation index 1.

Using the same load parameters and input voltage conditions, the performance of the proposed 27-level inverter is
further evaluated at a modulation index of 0.6. The corresponding simulation results are presented in Fig. 6. At a
modulation index of 0.6, the maximum output voltage obtained from the simulation is 240 V, as shown in Fig. 6(a). The
corresponding maximum load current is 2.35 A, as illustrated in Fig. 6(b). These results indicate that increasing the
modulation index significantly improves the output voltage magnitude thereby enhancing the overall performance of
the proposed 27-level inverter.
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Fig. 6 Simulation results for the (a) Output Voltage (b) Load Current at modulation index 0.6.
V. CONCLUSION

This paper presented a novel 27-level multilevel inverter topology capable of generating a high-quality output voltage
waveform with reduced harmonic distortion. The proposed configuration effectively utilizes asymmetrical DC sources
to achieve multiple voltage levels while maintaining satisfactory performance under different modulation indices. The
simulation results demonstrate that the inverter produces a near-sinusoidal output with significantly improved THD at
higher modulation indices, confirming the effectiveness of the control strategy and topology. In addition to its present
advantages, the proposed topology offers promising scope for further enhancement. Future work can focus on reducing
the number of DC voltage sources and minimizing the variation among source magnitudes without compromising the
number of output levels. Such optimization would simplify the circuit structure, reduce component count, and lower
system cost. Moreover, the topology can be further adapted for photovoltaic (PV) applications by configuring it to
operate with fewer DC sources derived directly from PV arrays. This modification would help reduce the blocking
voltage across switches and decrease the total standing voltage, thereby lowering switching stress and improving
overall efficiency and reliability. With these potential improvements, the proposed inverter can serve as a competitive
and scalable solution for medium- and high-power renewable energy applications.
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