Cureus Journal of Engineering Cureus

https://doi.org/10.7759/544388-025-00086-z Part of SPRINGERNATURE

Original Article

A Novel 13-Level Switched-Capacitor Multilevel Inverter Architecture

Mohammad Tufail 1'8, Mirza Mohammad Shadab ', Adil Sarwar 2

1. Department of Electrical Engineering, Integral University, Lucknow, IND
2. Department of Electrical Engineering, Aligarh Muslim University, Aligarh, IND

Received: December 31, 2025 | Review began: January 28, 2026 | Review ended: June 17, 2026 | Published: October 13, 2026

© Copyright 2026
This is an open access article distributed under the terms of the Creative Commons Attribution License CC-BY 4.0., which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

This article introduces a novel 13-level switched-capacitor multilevel inverter (13LSCMLI) architecture with a sextuple
voltage boosting capacity using a single DC supply, 12 switches, 2 diodes, and 3 capacitors. Achieving a sextuple voltage
gain makes it suitable for photovoltaic systems. Self-voltage balancing of the capacitors is accomplished without the
necessity of intricate control systems or additional circuits. To produce negative polarity, the suggested architecture does
not require an H-bridge, reducing the voltage stresses across the switches. Thus, the total standing voltage of the
suggested architecture is comparable to other topologies reported in the literature. The voltage stress across the
switches is limited to six times the input DC voltage. One major benefit of the suggested 13-level inverter over alternative
arrangements is its reduced cost function value. A 13-level simulation model of the presented switched-capacitor
topology is designed using the nearest level control modulation scheme. To determine the efficiency, conduction losses,
and switching losses of the presented 13-level SCMLI, a power loss study is performed using PLECS software. Simulation
results of the presented architecture are compared with other recent 13-level topologies under various parameters.
Ultimately, simulation outcomes derived under specific loading and modulation index scenarios demonstrate the
effectiveness of the presented architecture. Experimental investigations conducted under various scenarios confirm the
accuracy of the simulation results.

Categories: Power Electronics and Renewable Energy
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Introduction

Over the past few decades, multilevel inverters (MLIs) have been used owing to benefits like higher electromagnetic
compatibility, lower dv/dt stress on active switches, better power quality, and the capability to function at variable
switching frequencies [1]. The three conventional MLIs are the cascaded H-bridge (CHB), flying capacitor (FC), and neutral
point clamped (NPC) topologies [2]. FC and NPC use a single DC source, while CHB uses multiple DC sources for the
generation of output voltage levels [3-5]. These architectural configurations are complicated and expensive since they
require a large number of components. For instance, NPC fails to achieve neutral point balancing, FC requires several
flying capacitors with complex voltage balancing, and CHB has numerous independent DC voltage sources [6]. Due to
their simplicity and adaptability, cascaded H-bridges are the most frequently used topologies in the existing literature [7].
These traditional MLIs have the disadvantage of having more switches, as well as lacking the ability to self-balance and
boost voltage for higher voltage levels [8].

To overcome the drawbacks of conventional MLIs, various topologies have been presented over the last two decades.
Modern MLI topologies strive for reduced total standing voltage (TSV), fewer DC voltage sources, and fewer switches. In
the literature, several lower-count topologies have been considered under these constraints [9]. Among the various other
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reduced-switch topologies, the switched-capacitor multilevel inverter (SCMLI) topology requires fewer switches and
driver circuits, and because capacitors serve as backup DC sources, it requires fewer DC power supplies, which results in a
more compact design and lower costs. In SCMLI, capacitors are used as DC sources with sequential charging and
discharging. Capacitor voltages are self-balanced, thus reducing the circuit complexity [10-12].

Due to the above-mentioned advantages of SCMLI, various MLI structures have been presented in the literature.
Considering 13-level (13L) topologies, the authors in [13] propose a 13L switched-capacitor topology with thirteen
switches and three capacitors that has the lowest efficiency. Authors in [14] developed a 13L topology having a
maximum blocking voltage (MBV) equal to 3 at the cost of a higher number of components and only a triplen voltage
gain. The 13L topology presented in [15] has a sextuple voltage gain, but the total number of components is higher. The
topology demonstrated by the authors in [16] has the least MBV at the expense of a higher number of switches. By using
13 switches, the authors in [17] present a sextuple-boost 13L inverter. The architecture presented by the authors in [18]
has a high-efficiency 13L inverter, but the cost function (CF) value is high, and the achieved voltage gain is only 1.5.
Authors in [19] present a reduced-switch 13L inverter structure, but four capacitors are required for generating the
output. The topologies presented in [20-22] use dual DC sources to generate a 13L output.

Thus, switch stress, the number of switches, the number of capacitors, and voltage gain all play important roles in the
optimal selection of an inverter. Keeping these points in mind, this article presents a novel 13-level switched-capacitor
multilevel inverter (13LSCMLI) architecture. The presented architecture has the following features.

- The presented architecture generates a 13-level output voltage with a sextuple voltage boosting feature using a single
DC source, 12 switches, 2 diodes, and 3 self-balanced capacitors.

- Four pairs of switches are complementary, thus reducing the requirement for driver circuits and circuit complexity.

- Capacitor voltages are self-balanced; therefore, no additional sensors are required to balance the capacitor voltages.

Materials And Methods
Presented 13LSCMLI architecture

Architecture Description
The circuit configuration of the presented 13LSCMLI architecture uses 12 switches (S; to Sy5), 3 capacitors (C; to C3), 2
diodes (D4 to D) and 1 DCinput (Vp¢), as shown in Figure 7. The voltages of the capacitors are self-regulated by charging

in parallel while discharging in series according to the desired voltage. Table 7 and Figure 2 show the switching sequence
and the graphical representation of the states for each output voltage during the positive and negative half-cycles,
respectively. The output voltage levels are generated as +0Vpc, =Vpe, £2Vpe, £3Vpe #4Vpe £5Vpe and £6Vpc.

Capacitors C;, Cy, and C3 charge in the ratio of 1:1:3V by sequentially turning the switches ON and OFF in each cycle to
achieve a voltage gain of 6. It is worth noting from Table 7 that the switch pairs (S1-S5), (S3-S4), (Sg-S10), and (S17-S¢,) are

complementary to each other, which reduces the circuit complexity.
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FIGURE 1: Circuit configuration of the presented 13LSCMLI architecture

13LSCMLI, 13-level switched-capacitor multilevel inverter

Operating States

Different switching states of operation are discussed below:

State 1: In state 1, Vpc and three capacitors (C;, C; and C3) are connected in series, giving +6 VDC at the output. In this
state, all the capacitors are discharged, as displayed in Figure 2A.

State 2: In state 2, Vpc and two capacitors (C; and C3) are discharged and connected in series, giving +5Vp at the output

as displayed in Figure 25. Simultaneously, capacitor C, charges to Vp.

State 3: In state 3, capacitor C3 gets discharged in series with the source Vp as displayed in Figure 2Cin order to produce

+4Vpc at the output. Simultaneously, capacitors C; and C, are charged to Vpc in parallel with the source.

State 4: In state 4, an output level of +3Vp is achieved by discharging capacitors C; and C, in series with the source.

Simultaneously, capacitor C3 is charged in parallel with the source, as displayed in Figure 2D.

State 5: In state 5, an output level of +2Vp( is achieved by discharging capacitor C; in series with the source.
Simultaneously, capacitor C, is charged in parallel with the source as displayed in Figure 2E. Capacitor C5 remains in the
idle state.

State 6: In state 6, capacitors C; and C, charge to V¢ while capacitor C3 remains in the idle state as displayed in Figure

2F. An output level of +1Vp is achieved by connecting the load in series with the source.

State 7: In state 7, capacitors C; and C, discharge to Vp to produce the +0Vp at the output, while capacitor C5 charges

in parallel with the series combination of the source and capacitors C; and C, as displayed in Figure 2G.

State 8: In state 8, capacitor C; and C, discharge to Vp¢ to produce the -OVp at the output while capacitor C5 charges in

parallel with the series combination of the source, capacitor C; and C, as displayed in Figure 2H.
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State 9: In state 9, capacitor C; and C, charge to Vpc while capacitor C5 remains in the idle state as displayed in Figure 2/.

An output level of -1V is achieved by turning on the switches Sg, Sg and Sy in series with the source and load.

State 10: In state 10, an output level of -2V is achieved by discharging capacitor C; in series with the source and by
turning on switches Sg, Sg, and Sq;. Simultaneously, capacitor C, is charged in parallel with the source as displayed in

Figure 2J. Capacitor C3 remains in the idle state.

State 11:In state 11, an output level of -3V is achieved by discharging capacitor C; and C, discharged in series with the
source while turning on the switches Sg, S, and Sq1. Simultaneously, capacitor Cs is charged in parallel with the source
as displayed in Figure 2K

State 12: In state 12, capacitor C3 is discharged in series with the source Vp by turning on the switches Sg, S1¢, and Sq4 as
displayed in Figure 2L in order to produce -4V at the output. Simultaneously, capacitors C; and C, are charged to V¢
in parallel with the source.

State 13: In state 13, Vpc and two capacitors (C; and C3) are discharged, connected in series, and by turning on the
switches Sg, S1o, and Sq produce -5V at the output, as displayed in Figure 2. Simultaneously, capacitors C, charges to
Voc

State 14: In state 14, Vpc and three capacitors (Cq, C,, and C3) are connected in series, and, by turning on the switches Sg,

Sq10-and Sqq produce -6V at the output. In this state, all the capacitors are discharged as displayed in Figure 2/V.
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FIGURE 2: ON and OFF states of the presented architecture: (a-g) positive half-cycle and (h-n) negative half-cycle
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C
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C
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C
4 1 0 1 0 0 0 1 1 1 0 0 1 D D C 0 0 +3
Vb
C
5 1 0 0 1 1 0 0 0 0 1 0 1 D C | 0 1 +2
Vb
C
6 0 1 0 1 1 0 0 0 0 1 0 1 C C | 1 1 +1
Vb
C
7 1 0 1 0 0 0 1 1 0 1 0 1 D D C 0 0 +0
Vb
C
8 1 0 1 0 0 0 1 1 1 0 1 0 D D C 0 0 -0v
DC
9 0 1 0 1 0 1 0 0 1 0 1 0 C C | 1 1 -1v
DC
10 1 0 0 1 0 1 0 0 1 0 1 0 D C | 0 1 -2V
DC
11 1 0 1 0 0 0 1 1 0 1 1 0 D D C 0 0 -3V
DC
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12 0 1 0 1 0 1 0 0 0 1 1 0 C C D 1 1 4V
DC

13 1 0 0 1 0 1 0 0 0 1 1 0 D C D 0 1 5V
DC

14 1 0 1 0 0 1 0 0 0 1 1 0 D D D 0 0 6V
DC

TABLE 1: Switching states transitioning for the 13-level inverter architecture

1, ON; 0, OFF; C, Charging; D, Discharging; |, Idle

Selection of Capacitor Value and Capacitor Self-Voltage Balance

The intervals of time when C;, C,, and C5 are charged and discharged are illustrated in Figure 3. The highest discharging
period (HDP) of the capacitors is used to determine the best capacitor value [16]. In Figure 3, HDP for C;, C;, and C5 are
(ts-t5), (tgtg), and (t4-t4), respectively. The amount of discharge during the HDP for capacitors C;, C;, and C3 can be

calculated by Equation (1).
AQY, j=1,2,3=(1/2nfo) [[*i,(t)dt, k=564

The time instants t4, ts, ts, t4) ts' and tg' can be calculated as (2) and (3) respectively.

= —1f 2k—1
s~ 2472)

tk=456 = o7,

s —1f 2k—1
. _ msin 1(—12 )
k=456 — — 2nf,

where f; is the fundamental output frequency. The output current during HDP for a resistive load may be written

as Equations (4), (5), and (6).
io(t) = 222, ta<t<ts

io(t) = 5;20, ts <t <tg

io(t) =522, tg<t<Z
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FIGURE 3: 13-Level output voltage showing HDPs of capacitors
HDP, highest discharging period

With the help of (1)-(6), C;, C5, and Cs are calculated as Equation (7)

_ AQc,
Cn = AV, (%) Vo,

where, V-, represents the voltage across the nth capacitor while AV, is the percentage allowable voltage ripple. By
taking the permissible value of AV, as 10% of the input DC voltage and for a load of 100Q), the most suitable values of
capacitors C4, C5, and C3 are 1180 pF, 762 pF, and 1,371 uF, respectively, for simulation. For the experimental setup, all the

capacitors were chosen as 2,200 pF.

When all three capacitors are linked in parallel to the source and in series with the load at various times, their voltages
self-balance to the proper values. This permits the capacitors to maintain the desired voltage levels. Because the charging
loop's time constant and total parasitic resistance are very low, there is always adequate time for the capacitors to charge

completely, regardless of voltage levels. Figure 70, shows that the capacitor voltages remain balanced throughout the
fundamental cycle within permissible ripple values.

Total Standing Voltage (TSV)
TSV represents the sum of the maximum blocking voltage (MBV) across the switches and is described as

12 2
VSW,m + Z VD,n
1 n=1

Vom

TSVp.u. ==

where, Vg, and Vp, represent the MBV of each switch and diode, respectively, and V,, , is the maximum value of

output voltage. Each switch has its MBV specified as

Vg1=Vsy=Vs3=Vs4=Vp1=Vp=1Vpc
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Vs7=Vsg=Vs9 = Vs10= Vs11=Vs12 = 3Vpc
V5= Vs6=6Vpc
Voltage stresses on different components for each output voltage level is also shown in Figure 4.

TSV=Vg+ Vot Vst Vg Vst VgetVsz+ Vgt Voot VsigtVs11 Vs,V +Vp=36Vpe

TSV is givenas, TSV, ;= 36/6 =6
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FIGURE 4: Voltage stresses on different components for each output level

Modulation Strategy

In this work, one of the low switching frequency modulation schemes i.e. Nearest Level Control (NLC) is used, operating
at a 50 Hz switching frequency. In the NLC scheme, the output voltage level changes when the reference sinusoidal
waveform value of ((N-1)/2)Vpc, where N is the number of output voltage levels, crosses the constant DC values of 0.5,

1.5,2.5, ... depending upon the number of voltage levels. When the value of the reference sinusoidal waveform becomes
greater than the constant values of 0.5 and 1.5, the voltage level changes from 0 to Vpc and from Vpc to

2Vp(, respectively, to obtain a sampled waveform. Afterwards, the resulting waveform is rounded to the closest integer

and compared according to the switching logic provided in Table 7 in order to create switching signals for the associated
IGBTs [14]. In a similar manner, every output voltage level is produced as shown in Figure 5A. The control logic and
control diagram for switching pulse generation for the positive half-cycle are shown in Figure 58 and Figure 5C. For the
negative half-cycle, the reference signal is reversed using a NOT gate, and logic signals are generated in a similar manner
based on the switching table (Table 7).
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FIGURE 5: (a) NLC level generation method; (b) control logic for switching pulse generation; (c) control diagram

NLC, Nearest Level Control

Results And Discussion

Power losses and efficiency
Power loss in converters mostly occurs as conduction losses (P¢), switching losses (Pg) ), and voltage ripple losses (Pyg,)

in capacitors [20].
Switching Losses

Switching loss mainly occurs due to the turning on (ty,) and turning off (ty¢) of switches. The switching losses of the

conducting switches are derived by Equations (9-11)
1
Pon = EfsonIoton (9)

1
Pof.f = Efsw‘/off-[offtoﬁ’ (10)

12 /Nonk Noti
Psp = | Popit > Pogpi | (11)
k=1 \ i1 i1

where, t,, and t are the switch’s on and off times, respectively. iy, is the current flowing through the switch when the

switch is turned on completely, iy is the current flowing through the switch just before it turns off, V4 is the voltage of

the nth switch when it is in off condition, f,,, is the switching frequency, Ny, | and N are the device on/off stages

count, respectively.
Conduction Losses

Conduction losses occur due to the on-state resistance of the switches and body diodes. Conduction losses are derived
by (12), where P¢ ¢, Pc| p, and P¢ ¢ are conduction loss of switches, diodes and capacitors, respectively.

Pcr = Pers + Perp + Per,c (12)

Voltage Ripple Loss of Capacitors
Voltage ripple loss of capacitor is another source of loss which can be computed from (13), where f,,: switching

frequency, C,;: capacitance of the nth capacitor, AV jyje n: ripple voltage of nth capacitor.

1
-Ploss,r'ipple = Efswcn(AWipple,n)2 (13)

Efficiency Calculation

Efficiency (n) of the presented 13 architecture is determined using (14).
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Output Power

= ( Output Power + Losses

) x 100 (14)

Power loss and efficiency of the presented architecture is analyzed by thermal modelling using PLECS software. The
IKY75N120CH3_IGBT thermal model of switch is taken for the loss calculations. Figure 6 shows the thermal model plot of
turn-on, turn-off and conduction losses at 25°C and 175°C. Figure 7 displays the distribution of conduction and switching
losses for different components at a 500 W output power. Also, an efficiency curve is drawn in Figure 8for different values

of output power ranging from 100 W to 1,000 W.
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Comparable Evaluation

Table 2 compares the presented 13LSCMLI design to various single-source 13-level contemporary topologies to evaluate
its pros and cons. The switch count and the number of gate drivers in the presented topology are lower than those of the
other counterparts except for that in the study [19], at the cost of one extra capacitor and diode. The number of
components per level of the presented architecture is also lower, except for that of the research [13] and [18], although
the TSVpu of the presented architecture is in line with the existing topologies. The presented architecture is also

compared on the basis of another important parameter called the cost function (CF).
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Np
Gain

CF = (Nsw+ND+Nc+O'TSVW) X (15)

where o is a constant and it represents the weight percentage of TSV [13,15,16,18]. Here CF is tested for o = 0.5 and 1.5.
The presented architecture has a CF value comparable to that of the other listed topologies and has a much lower value
than those of [14] and [18]. The MBV of the presented architecture and the topologies in [13] and [18] is six times the
input DC voltage. The efficiency of the presented architecture is 95.71% at a 500W output power, higher than that of the
study [13]. Further, efficiencies calculated in the research [14,15] and [19] will be reduced when the output power
increases. The voltage gain of the presented architecture and the architectures in the study [13,15-17,19] is 6Vp¢, which is

higher than that of the research [14] and [18]. Thus, in terms of lowering the total cost and the number of switches, the
presented architecture provides significant benefits. Figure 9 portrays the comparison of the proposed topology with

other reference topologies on the basis of component count, TSV, and cost function.

pu
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FIGURE 9: Comparison of the (a) components count (b) TSVpu (c) cost function

Ref. Ngw Ngd Np Nc (Ngyw TSVp CF (o CF (o MBV n (%) THD VB
+ u =0.5) =1.5) (%)
Np +
Nc)/N
L
[13] 13 13 0 3 1.23 5.83 3.15 412 6 91.2@ NA 6
500W
[14] 12 10 3 3 1.38 7.33 7.22 9.67 3 97.2@ 49 3
200W
[15] 14 13 1 3 1.38 6.0 3.5 4.5 4 97.4@ 5.27 6
200W
[16] 14 14 1 3 1.38 5.50 3.45 4.37 3 NA NA 6
[17] 13 9 2 3 1.38 5.33 3.44 4.33 3 97.3@ NA 6
TkW
[18] 12 12 0 4 1.23 6.0 12.67 16.67 NA 98.25 53 1.5
@1kw
[19] 11 6 3 4 1.38 4.83 3.4 4.21 6 97.3@ 5.08 6
400W
[P] 12 12 2 3 1.31 6.0 3.33 4.33 6 95.71 5.35 6
@500
w

TABLE 2: Comparison of the presented 13LSCMLI with similar 13 level single source topologies

Nsw, Number of switches; Ngy, Number of gate driver circuit; Np, Number of diodes; N¢, Number of capacitors; TSV, Total

pur
standing voltage per unit; MBV, Maximum Blocking Voltage; THD, Total Harmonic Distortion; VB, Voltage Boosting; NA, Not
Available; CF, Cost Function; 13LSCMLI, 13-level switched-capacitor multilevel inverter

Simulation results

The feature set of the suggested 13LSCMLI architecture has been tested by electrical analysis utilizing MATLAB/SIMULINK
and PLECS tools. To test the inverter's functionality, a 100V source is utilized. In order to compare the findings obtained
from the simulation model, simulation factors are enumerated in Table 3. Using the NLC control approach, the simulation
model tests the suggested architecture under varying resistive and inductive load circumstances. Figure 70(a-b) displays
the simulated waveforms of the output voltage, output current, and capacitor voltages under dynamic load and varying
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modulation index conditions, respectively. Figure 70(a) displays the output voltage waveform at different load conditions,
thatis, Z; =100 Q, Z2 =100 Q + 120 mH, and Z3 = 50 Q + 120 mH, and the output voltage waveform exhibits 13 distinct

levels, with the peak output voltage attaining about six times the input voltage, thus confirming the 13-level output and
six times boost capability of the presented design. The capacitor's voltage ripple stays within an acceptable range of 10%
of its maximum value. Figure 70(a) shows that the proposed inverter has a smooth transient response that does not affect
its functioning. The waveform demonstrates that the proposed inverter performs admirably in all operational conditions,
remains stable even when the load varies, and achieves effective capacitor voltage self-balancing. Figure 70(b) illustrates
the variation in the number of output voltage levels corresponding to changes in the modulation index (MI). It is evident
from Figure 70(b), as the Ml alters from 1.0 to 0.8 to 0.6, the number of output voltage levels alters from 13to 11 to 9, and
the maximum voltage alters from 6Vp to 5Vpc to 4V, respectively. From Figure 70(a) and (b), it is observed that the

capacitor voltages are fairly distributed at their respective values with a slight reduction due to the internal resistance of
the switching devices and the impedance of the conduction path, with a ripple voltage of less than 10% under varying Ml
conditions.

Figure 77 illustrates the voltage stress for all 12 switches with a load parameter of 100 Q + 120 mH. Switches S to S4 have

a voltage stress equal to Vpc, S5 and Sg a voltage stress of 6Vp while S; to Sq, have voltage stress equal to 3Vp.

The FFT tool in the SIMULINK/Powergui block is used to perform harmonic analysis using 50 Hz as the fundamental
frequency. The harmonic spectrum of the 13-level output voltage, with a %THD value of 5.35%, is displayed in Figure 72.
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FIGURE 10: Simulation results of output voltage, output current and capacitor voltages with (a) dynamic load change (b)
varying modulation index
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FIGURE 12: Harmonic spectrum of output voltage

THD, Total Harmonic Distortion

Experimental results

The proposed topology is experimentally verified. The components used and their specifications are displayed in Table 3.
The output voltage and current waveforms for a dynamic load change are shown in Figure 73(a). It can be observed that
the output waveform is stable after the load change. The output waveform when the Ml is changed from 1.0 to 0.8 to 0.6
is shown in Figure 73(b). The number of voltage levels changes from 13 to 11 to 9 when the MI changes from 1.0 to 0.8 to
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0.6, respectively. The output voltage and current waveforms for a resistive load of 50 Q are shown in Figure 73(c). Based
on the applied DC voltage of 100V, the peak output voltage is almost 600 V, confirming a sextuple voltage boost. The
output voltage and current waveforms for an inductive load of R=50 Q, L = 120 mH are shown in Figure 73(d). As shown
in Figure 73(d), the current waveform is sinusoidal in nature and lags the voltage waveform as expected.

VAN

Kll Ul‘;‘

RS Wi
3k poets oY

FIGURE 13: Experimental results: voltage and current waveforms for (a) dynamic load change (b) varying modulation
index (c) R load (d) R-L load
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Components Simulation Values Experimental Values
DC Voltage Source 100V 100V

Capacitors 1180 pF, 762 uF 100V and 1371 pF, 300V 2200 pF, 300V

Load Resistance 500,100 Q 50Q

Load Inductance 120 mH 120 mH

Output Frequency 50 Hz 50 Hz

Switching Frequency 50 Hz 50 Hz

Driver - (TLP-250) 10-35V/+1.5A
Controller - TMS320F28379D

TABLE 3: Simulation and experimental factors

Conclusions

A 13-level sextuple boost inverter with self-voltage balancing capacitors and reduced switch stress is presented in this
study. The presented 13LSCMLI only needs 1 DC source, 3 capacitors, 12 switches, and 2 diodes to provide the necessary
single-phase, 13-level ac output voltage with a sextuple voltage gain. Further, the maximum voltage stress across the
switches is limited to six times the input voltage. The proposed architecture able to limit the voltage THD to 5.35% which
is acceptable under IEEE standards. The suggested architecture offers a minimal component count with good efficiency,
reducing system complexity and cost. The advantages of the presented 13LSCMLI architecture are proved through a
detailed comparison with other existing topologies. Results from a comprehensive evaluation reveal that this design
achieves a high efficiency of 95.71% at 500 W output power while utilizing fewer power switches, diodes, and capacitors
to provide the same output voltage level as identical topologies in the literature. The NLC technique is utilized to
generate the necessary switching pulses, and the outcomes are assessed using the MATLAB/Simulink platform. The
effects of changes in Ml and variations in the load are studied by analyzing the current and voltage waveforms at the
output, and it is shown that the system remains stable throughout a wide variety of operating conditions. The
experimental results validate the topology’s feasibility and reliability under different circumstances.

Additional opportunities exist in this area since MLI topologies aim to reduce the number of components used in the
inverter circuit. Since semiconductor components are the most common source of power electronics system failures,
fault detection approaches may be easily extended in the near future with little hardware and computing requirements.
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