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This paper presents a new single-source switched capacitor- (SC-) based multilevel inverter (MLI) design with a boosting potential of
three times the supply voltage. To produce a waveform with seven output voltage levels, the suggested switching capacitor inverter
consists of eight switches, single diode, and two capacitors. Because capacitors are inherently balanced, there is no need for a balancing
circuit or sensor. The structure can be expanded using the provided generalized equations. In addition, the technique for switching
control and loss analyses is explored. A fair comparison with the most recent SCMLI topologies has been conducted to demonstrate the
merits of the proposed work. Furthermore, the proposed topology is evaluated using the MATLAB/SIMULINK tool, and experiments
under both transient and steady-state situations are performed to demonstrate its feasibility. At dynamic-loaded situations, the
performance of the proposed SCMLI with dynamic modulation index and switching frequency is tested.

1. Introduction

The multilevel inverter is becoming more popular in in-
dustrial and academic applications because of its enhanced
power quality, efficiency, low losses, and total harmonic
distortion (THD). The use of MLIs provides significant
benefits in the fields of medium- and high-voltage appli-
cations [1, 2]. In comparison to conventional inverters, it has
a better power handling capacity and a higher degree of
modularity, and it requires a relatively smaller amount of
filtering. Because of its flexible design, MLI can be used in
many different fields of electrical engineering. Generally,
there are three types of conventional MLIs such as flying
capacitor (FC) MLI, diode-clamped (DC) MLI, and Cas-
caded H-bridge (CHB) MLI. They enclose some disadvan-
tages in terms of voltage stress, the number of active-passive
components, a capacitor’s voltage maintaining its own self-
balancing voltage, and voltage gain.

For example, DC MLI and FC MLIs have difficulties with
capacitor voltage balancing and need multiple switching
components for a multilevel voltage generation. The cas-
caded H-bridge MLI is one such device that receives ex-
tensive use in renewable energy integration system (REIS).
The CHB MLI is one of the most popular topologies in the
literature because of its simple and extensible design [3].

Numerous isolated sources (DC) are used in the MLI
topologies proposed in [4-6]. As a result, it preserves to be
used in either as asymmetrical or a symmetrical configu-
ration. All of these MLI topologies feature a modular design,
making it simple to add more basic cells or subcells to in-
crease the output voltage. But each of these topologies re-
quires a much higher amount of isolated DC sources at input
and power components, which fallout in an increase in size.
This, in turn, causes the circuit to be cumbersome and
expensive. The problem is caused by the fact that there are
several DC sources available. However, these are excellent
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for locations that have access to a variety of input sources,
such as renewable forms of energy. The output voltages are
generated by a novel MLI topology in which voltage sources
are connected in a series-parallel configuration. H-bridge
makes it simple to combine numerous DC sources into
a renewable energy system [7, 8].

The switched capacitor SC topologies in recent years
have a great interest in the research field because of some
excellent features such as (i) boosting the ability of the input
voltage, (ii) multiple DC voltage sources can be replaced by
capacitors, and (iii) inherent self-balancing property of
capacitors. These factors reduced the weight, size, and costs.
The series-parallel combination of the DC source and ca-
pacitor of the multilevel inverter has good modular structure
features and capacitor voltage balancing without any ex-
ternal balancing circuit presented in [9-11]. Multiple
sources advocated in [12, 13] have back-end H-bridge. Due
to the fact that it comprises various sources, it becomes
complicated and expensive. The authors in references
[13-19] further describe an active NPC capacitor inverter in
the midst of a similar principle with a voltage-boosting
capability of 1.5V . The topology described in [20, 21]
has a modular SC structure with a minimum number of
switching components. Another generalized structure of the
SC technique reduces the total standing voltage for gener-
ating seven voltage levels, but switching components is
increased [22-26]. The topology proposed in [22] reduced
the blocking voltage, i.e., the voltage stress is within the
supply voltage but larger numbers of passive and active
components are used. A cross-switched triple gain SC to-
pology is presented in [27-29]. However, this topology
suffers several drawbacks, such as it includes a larger number
of switching components and higher discharging time
compared to the charging time of capacitors. The preceding
paragraphs inspire the development of a novel generalized
SC-based topology with less active and passive components,
boosting capability, and self-balancing capability.

In light of these concerns, this study proposes a unique
compact SC inverter with the following noteworthy
characteristics:

(a) The capacitors are self-balancing.

(b) Power supply voltage-boosting capabilities (i.e.,
three times the supply voltage).

(c) Less than 50% of switches operate for any level of
voltage.

(d) Each fundamental cycle has an identical number of
repetitions for both charging and discharging.

(e) The smallest
components.

possible number of switching

(f) The switching components are subjected to less
voltage stress.

(g) The generalized structure of SCMLI is easily
achievable.

The enduring sections of the article are structured as
follows: Section 2 includes a description of the suggested
topology, the operational principle of different states, the
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finding of the most optimal capacitance values, the inherent-
balancing capability of capacitors, and the modulation
scheme. Loss analysis of the SCMLI topology is presented in
Section 3. Section 4 discusses the generalized structure.
Section 5 discusses the simulation process as well as the
interpretation of experimental results. The relative analysis is
introduced in Section 6 to confirm the significance of the
structural design. Discussion on findings and applicability
are also presented. Finally, Section 7 concludes with the
highlights of the suggested topology.

2. Proposed Seven-Level SC-MLI Topology

Figure 1 illustrates the suggested seven-level SC MLI top-
ology’s structural design. It is composed of two floating
capacitors C, and C;, a power diode D, and a direct current
source Vpc. Two distinct types of eight-power semi-
conductor switch S, (x=1,2...8) are described, as
depicted in Figure 1. (a) IGBTSs by antiparallel diode and (b)
IGBTs not including antiparallel diode are considered. A
threefold voltage-boosting capability is provided by the
proposed topology (0, £1V e, 2V e, £3Vpe). The ca-
pacitors, C; and C,, are inherently self-balanced. It has four
pairs of complementary switches (i.e., $;S,.5;54, S5S¢, S7Sg)
to evade the short circuit. The charging path of the capacitors
and load is indicated by dotted red and black lines. Table 1
explains the conceptual topology’s valid switching states. The
“OFF” and “ON” states of the switches are represented by “0”
and “1.” Table 2 summarizes the stresses on the switches.

2.1. Working Principle. The operating concept of the sug-
gested MLI is demonstrated with the help of the following
states listed in Table 1 and the analogous circuit design il-
lustrated in Figure 2.

(i) State-1 (output voltage v, = 0): This voltage level
can be achieved in two ways, i.e., the switches S,
Ss; and S; (orS,,S,, Sg) are ON. In both ways, ca-
pacitors C,; are brought in parallel with the DC
source and charged up to a voltage equivalent to
1 Vpe. The equivalent circuit representations
intended for zero voltage level are displayed in
Figures 2(a) and 2(b).

(ii) State-2 (output voltage v, = 1V p): In this state of
operation, the switches S,,S,, and S, are activated
simultaneously to achieve the output voltage
vo1Vpc. During this state, the capacitors C, are
charged to 1V . Figure 2(c) depicts the equivalent
state of V¢ voltage level.

(iii) State-3 (output voltage v, = 2V p): In this state of
operation, the switches S,,S;,Sq,and S, are acti-
vated simultaneously to achieve this voltage v, =
2V level at the output. During this state, ca-
pacitor C, charges to 2V . The corresponding
circuit of this state is presented in Figure 2(d).

(iv) State-4 (output voltage v, = 3V ¢): To obtain this
output voltage level v, =3V, the switches
S,,85, S5, are switched on simultaneously. During
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Figure 1: (a) The suggested seven-level SC inverter’s structure.

(b) IGBTs

with antiparallel diode. (c¢) IGBTs without

antiparallel diode.

TaBLE 1: Proposed topology switching states.
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TABLE 2: Voltage stresses of the switching components.

Switching components

Voltage stress (XV )

81,85, s 3
S5, 55, S 1
S, 2

(v)

(vi)

(vii)

this mode of operation, the capacitors, C; and C,,
discharge their stored energies to the load.
Figure 2(e) shows the corresponding circuit dia-
gram of this state.

State-5 (output voltage v, = =1V ¢): To achieve the
desired output load voltage, switches S,,S,, and S
are all turned on simultaneously. The capacitor C,
is charged to 1V . Figure 2(f) shows the corre-
sponding circuit diagram of this state.

State-6 (output voltage v, = —2Vp¢): In this mode
of operation, the output voltage v, = -2V can be
achieved by activating the switches §;,8;,S,,Sg
simultaneously. In this state capacitor, C, is
charged to 2Vp. Figure 2(g) shows the corre-
sponding circuit diagram of this state.

State-7 (output voltage v, = =3V p¢): In order to

achieve the voltage level v, = =3V at the output
terminal, the capacitors, C; and C,, release their

stored energy to the load. Figure 2(h) depicts the
corresponding circuit diagram of this state.

2.2. Design of Optimum Values of the Capacitor. The ca-
pacitors get charged while they are connected in shunt
fashion by way of an isolated DC voltage source (V) and
discharge their deposited energies to the output when
connected with the supply source. The discharging values of
capacitance are expressed as

0
AQ,; = ng Ip sin (0t — @)dt,

x

(1)

where 0, and 0, are the longest releasing time span, I, is the
maximum load current values, and & is the power
factor angle.

The values of 6, and 6, can be measured as follows [26]

from Figure 3(b): g
_sin”'1/3
Yo2snf
(2)
_sin '1/3
2 2nf

The optimal capacitance values are determined by the
subsequent factors: (i) peak load current values, (ii) highest
discharging period, and (iii) lowest voltage ripple (AV)
[17, 18]. As a result, the best possible capacitance values can
be mentioned as

AO ..
C,> QC".
! AVCJ

(3)

The maximum voltage spikes may be computed for pure
resistive load

1 0, 1 -6,
AV, = Voedt + 2V edt, 4
= e |, Vocttt gz [, ot @
\%4
AV, = wlfCC (27— 6, - 26,], (5)
1
1 -0,
AV ,=—— 2V 5cdt, 6
2= LRG, ng DC (6)
14
AV, =—LC 27 - 46,]. (7)

wRC,

The details of self-balancing based on the parallel/series
procedure of the switched capacitors as shown in Figure 2
make the capacitors self-balanced automatically [22].

2.3. Modulation Strategy. The suggested inverter is switched
using a technique called phase disposition pulse with
modulation (PDPWM). In this technique, a 50 Hz sine wave
(u) is compared with eight constant signals (0+, 1/3, 2/3, 1,
0—, —1/3, -2/3, and —1), and the results are fed into a “AND”
gate and a “Ex-OR” gate to yield the desired outputs
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(h)

FIGURE 2: Equivalent circuit representation of different operating voltages. (a) vy =0. (b) v, =0. (c) vy = 1Vpe. (d) vy =2V pe. (o)

Vo =3Vpe. (f) vo = —1Vpe. (8) vy = -2V pe. (h) vy = =3V .

(P, P,, P5, Py, Pyy,and P,,) as shown in Figure 3(a). In the
second step, the sine wave is compared with six 1/3-height
carrier signals e, e,, e, ey, €5, and e to produce the corre-
sponding output signals j,, j5, j3» j11> f20> a0d 33, as shown
in Figure 3(b) and graphically in Figure 3(c). Each of the

signals Py, P,, P5, P,, Py, Py,, P33, and P,,, as well as their
inverted counterparts, are fed into separate “AND” gates in
the auxiliary circuit 2 of Figure 3(b), which in turn generate
the corresponding outputs x,, ¥, X5, ¥2 X3, X11> Y11 X225 Y22
and ys. Driving pulses for switches S; — Sg can be generated
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FIGURE 3: Control scheme: (a, b) simple logic-based switching scheme; (c) output voltage.

from the outputs of the auxiliary circuit 2 in Figure 3(b)

using “OR” gates and the equations (8)-(14).

Sy =X+ Yo + X + Y33+ X335
S,=yntx1+y,+x+y;+x;,

S3=X+ Y3+ Y33+ X + Y3

(8)
)

(10)

Si=yi+tyntxXit Yyt ynt X,
S5 = x5 + X33,
Se =%y + Y33+ X0 + V335

S =yntyitx+x+y,+x;

(11)
(12)
(13)

(14)



Sg=y1+ Y1+ X+ X+ Yoy + X33 (15)

3. Power Loss Analysis

This suggested topology has three sorts of losses. These losses are
(a) conduction losses, (b) switching losses, and (c) ripple losses.

3.1. Switching Losses (Py,,). While switches are bowed ON and
OFF, switching losses occur. The power losses in favour of every
distinctive switch during ON and OFF are shown in
Figure 4 [13].

Turn-ON power losses are

1
Pan,sw = ng (Vlon ton)' (16)
Turn-OFF power losses are

1
Potow = gf o (Vg toge)s (17)

where V is the voltage across the switches before and after
activation. I, and I ¢ are the current flowing through the
switches once they are turned on. t, and t ¢ are the switch’s
OFF and ON times. Thus, the proposed topology’s total
losses associated with switching (Py,,) is stated in

8
Psw = Z Z (Pon,sw,m + Poff,sw,m)’ (18)

n=1m=1
where n represents level count and m represents

switch count.

3.2. Conduction Losses (P_,,). As a result of turning on the
power switch, conduction losses are incurred. During the
ON-state, the internal resistance of the power switch (Rg)
and diode (Rp) wasted power.

In general, conduction losses are now the sum of the all
switches and diodes power losses.

2 2
Pcon = Vs,onIs,avg + Is,rmsRs,on + Vd,onId,avg + Id,rmst,on’

(19)

where V  andV, , are the ON-state voltage drop of the

switch and diode, respectively.

Lirms Lome and I, Ig,,, be the RMS and average
current of the diode and switch, respectively.

So, the proposed SC-MLIs’ overall power losses asso-
ciated with conduction are given by

k n
Pen =Y <Z (Pcon)>, (20)
i=1 \ j=1

where 7 and k represent switch count and conduction paths,
respectively.
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3.3. Ripple Losses (Pg). The capacitor charges when a parallel
connection is made between it and the power source. The
capacitor’s charging current creates ripple losses. So, the
voltage ripple can be illustrated [25] from equations (5) and
(7) as

Rippleloss (Pg) =

% (CAVE,). (21)

™

Il
—

1
Therefore, the total power losses (Py) are

P =P, +P, +Py (22)

4. Generalized Structure

Figure 1 shows a simple architecture that can easily be
expanded to create a higher output voltage via simply adding
SC cells or connecting them in series. By using a SC-based
multilevel inverter, increasing the number of SC units in-
creases the output voltage. Capacitors determine the max-
imum output voltage and serve as virtual sources. The 9-level
output voltage is made achievable by including an additional
SC unit in the suggested design. The generalised configu-
ration of the proposed SCMLI topology for the expansion is
depicted in Figures 5(a) and 5(b). The generalised ar-
rangement of MLI with a SC unit is shown in Figure 5(a),
and the generalised structure with a cascade tie is shown in
Figure 5(b).

SCMLTI’s broad equation can be stated in terms of SCs.
As a result, Table 3 lists the recommended SCMLI inverter
switches, diode, and output level.

5. Comparative Assessment

The suggested SCMLI topology is compared to the seven-
level SC topologies provided in Table 4 to assess its
benefits. Among other criteria, the proposed architecture
was assessed in provisos of maximum blocking voltage
(MBV), gain, switch count per level, TSV, and cost
function. The proposed and chosen topologies share
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TaBLE 3: Expressions used for the extension of SCMLI.

In terms of
Component . .
capacitor units (n)
Switch 4n+4
Level 2n+5
Capacitor 2n

a single-source and seven-level SC topologies. Further-
more, two parameters are evaluated to measure the cost-
effectiveness of the structural design: component count
per level and cost function. Switch count per voltage level
(Fp) is defined as follows:

N¢+ Ny + N-+ N
FC/L — ( S SWN C D). (23)
L

Cost function is defined as

(NSW+NC+ND+oc*TSVPu) x Ny
N, '

CF = (24)

The weight factor a will be near to unity and it
completely depends on switching components’ signifi-
cance or the maximum load voltage. In the proposed
architecture, this factor («) is “1”, i.e., both switching
components and TSV, are equally important. As the
name implies, TSV, is the sum of all each switch voltage

stresses divided by the maximum load voltage. These two
factors (F,;, CF) decide the cost, size, and weight of the
inverter. The proposed architecture is comprised of only 8
switches, one diode, and two capacitors in order to
provide a 7-level output. It is noticed that the value of F;;
and CF of the anticipated topology is not as much as the
recently proposed SCMLI topologies mentioned in Table 4
except the ones in [31, 32, 35]. However, the gain in
[30-35] are less than the proposed one. This shows the
said topology is associated with a smaller number of the
driver unit, heat sinks, protection units, etc. Henceforth,
the proposed converter’s overall system cost, weight, and
size are low among the state-of-the-art topologies. These
features make the suggested topology more attractive and
advanced. However, the topologies advocated in
[16, 18, 22, 30-34] have a higher number of capacitor unit
which means their stress and inrush current are very high,
which degrades their reliability.

6. Results and Discussions

6.1. Simulation Results. A MATLAB/Simulink model of
a seven-level SC inverter is constructed to test the viability of
the proposed MLI. Table 5 displays the simulation param-
eters used in the analyses. The suggested inverter steady-state
performance has been simulated under an R-L load (30 and
80 mH). Figure 6(a) depicts current and voltage waveforms.
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TaBLE 4: Comparative analysis with other seven-level existing SCMLI in literature.
A [26] [25] [14] [22] (15] [20] [19] (23]  [16] [30] (31] [32] [33] [34] [35] (P)
N; 7 7 7 7 7 7 7 7 7 7 17 17 9 9 15 7
N, 1 1 1 1 1 1 1 1 1 1 1 1 1 2 3 1
N, 8 0 12 14 9 8 10 9 9 8 13 13 10 8 9 8
N, 2 2 2 2 3 2 4 2 3 3 4 4 4 — — 2
Np 2 — — — — 2 — 1 — 4 6 6 4 8 4 1
B 3 3 2 1 1 3 2 3 1 2 2 2 0.5 4 6 3
G 3 3 3 1.5 3 1.5 3 1.5 1.5 2 2 1 1 1 3
C 6 6 5.3 4.7 10 6 7.3 6 53 7.33 5.6 5.6 8.5 22 4.85 53
Fop 1.8 1.8 2.2 5.6 1.8 1.8 2.1 1.8 1.8 2.28 1.41 1.41 2.11 2 1.06 1.7
2.6 2.6 2.7 2.9 3.2 2.6 3.1 2.6 2.5 3.19 1.68 1.68 2.95 8.44  3.57 2.3

Ng: number of sources, N : number of levels, N, : number of switches, N.: number of capacitors, N: number of diodes, B: maximum blocking voltage, F; :
switching component per level, D: cost function (CF), A: parameter, C: per unit total standing voltage (TSV ,), and G: gain, P: proposed topology.

TaBLE 5: Simulations and experimental parameters.

Parameter Specification
Isolated DC source (V) 50V
Output frequency (f) 50 Hz

200 Hz and 2 KHz
R=300, L=80mH
1100 uF, 2200 uF

Switching frequency (f;)
RL-load
Capacitors C; C,

Modulation index (M) 0.95

IGBTs FGW30XS65, FGW30XS65C
Diode MBR20200CTG
dSPACE controller RTI-1104

Driver TLP250

Each step’s voltage is 50 V, and the highest output is 150 V.
Due to the input source of 50V, an increase gain of 3 is
realized, which agrees with the theoretical notion.

The finding that the 2 capacitors are inherent-balancing
with diminutive voltage ripples supports the investigation of
balancing the capacitor voltage. The consequences of the
rapid shift in load are shown in Figure 6(b). The findings
show the inverter’s ability to work across an extensive choice
of loads, with a peak voltage of 3V, at a 7-level.

The proposed inverter can respond to variations in carrier
wave frequency accurately. Figure 6 shows the voltage and
current output vs. frequency (c). In all instances, it was dis-
covered that the inverter exhibits a quick transient reaction
(200Hz to 2kHz).The output voltage varies when the modu-
lation index (M) amplitude varies, as seen in Figure 6(d). When
M lowers from 0.9 to 0.75 and subsequently to 0.2, the output
voltage steps down from seven levels to five levels and then three
levels, as shown in Figure 6(d). The speedy completion of the
transient operations conveys the high transient performance of
the proposed inverter. To investigate power losses, the proposed
model was simulated using PLECS-based software, and the
IGBTs datasheet was imported. The THD analysis of voltage and
current is shown in Figures 6(e) and 6(f). Figure 6(g) depicts the
power loss distribution for a purely resistive load. Overall, the
proposed topology has an efficiency of around 96.2%.

6.2. Experimental Results. Experimentation with a research
laboratory model is given here to authenticate the theoretical
conclusions and reveal the viability of the suggested topology
in both steady-state and dynamic circumstances.

The suggested inverter steady-state operation has been
tested using an R-L load model (30 and 80 mH). Figure 7
depicts a voltage and current waveform (a). The maximum
output is 150V, with 50V increments. With a 50 V input
voltage, a boost gain of 3 is obtained, which is reliable
through the theoretical expectation.

Figure 7 depicts the experimental waveform of the step
change load’s load voltage v,, load current i,, and voltage
across the capacitors (b). When there is a sudden shift in
load, the load voltage level remains constant. The waveform
shows that when a step change in load is introduced, the
voltage across the two capacitors is inherently balanced.
Figure 7(c) also depicts experimental results for scenarios
with a variable switching frequency (in this, i.e., 100 Hz and
5kHz). It is vital to note that the output voltage level remains
constant under these situations.

As seen in Figure 7(d), the output voltage varies as the
modulation index amplitude changes. Furthermore, as seen
in Figure 7(d), as M falls from 0.9 to 0.5, then to 0.2, the
quantity of output voltage steps lowers from seven to five,
then to three. The maximum efficiency obtained from the
experimental setup by the use of a power quality analyzer
(Fluke 43B) is 97.16%. Finally, experimental results reveal
that the proposed design performs adequately in both dy-
namic and steady-state circumstances.

6.3. Discussions on Findings and Applicability. The suggested
design generates a seven-level waveform with three times the
voltage gain, as shown by modelling and experimental re-
sults. It has been shown that the proposed topology reduces
power loss in the switches. Based on a survey of the existing
literature on SCMLIs, the following use cases have been
identified for the proposed topology:

6.3.1. High-Frequency AC Distribution. Due to the signifi-
cant reduction in the number of power conversion stages,
the size of the transformer, and the size of the filter, a high-
frequency alternating current (HFAC) power distribution
system (PDS) has gained popularity in high-power density
applications such as telecommunication [36, 37], spacecraft,
and computer systems [38]. Another emerging field for
HFAC PDS is its use in localised networks, such as
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for modulation index steps of 0.95 to 0.5 and 0.5 to 0.2, (e, f) THD analysis of voltage and current, and (g) graphics of losses.
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FIGURE 7: Laboratory results: (a) photograph of prototype, (b) steady-state profiles, (c) step-in-load waveforms, (d) step-in-switching
frequency waveforms, and (e) waveform for modulation index steps of 0.95 to 0.5 and 0.5 to 0.2.

microgrids, buildings, and electric vehicles [39]. The use of  6.3.2. Photovoltaic- (PV-) Based Power Generation Systems
magnetic circuits or dc-dc boost converters can be avoided ~ and Electric Vehicle (EV) Traction System. Renewable
in low voltage regions when SCMLI topologies are  sources of energy, such as solar systems, have low power
implemented. outputs. Cascading PV modules, a dc-dc boost inverter, or
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a step-up transformer can all be used to increase the voltage.
These methods raise the bar in terms of complexity, expense,
footprint, and energy waste [40]. However, SCMLIs offer
grid compatibility, a high-resolution waveform, reduced
filtering needs, and increased voltage gain [41, 42]. Cas-
cading the cells in EV systems is one way to get a high dc-link
voltage, although charge balancing is a problem [43-45]. To
circumvent these limitations of conventional EV drives,
SCMLIs are being developed as a practical interface for
converting low-voltage dc to high-voltage ac [45, 46].

7. Conclusion

This article describes a revolutionary SC-based boost-type
seven-level inverter. The proposed SC-MLI topology’s pri-
mary objective is to minimize switching components in
order to achieve a high gain and with eight switching
components and single isolated DC source seven levels are
obtained in the output voltage profile. Additionally, the
proposed converter output voltage is 3 times that of an input
supply voltage, and capacitors are naturally self-balanced.
The mathematical modelling of proposed topology is pre-
sented and validated with simulated results. Efficiency and
loss investigation of the proposed MLI topology are pre-
sented and compared the same through the recent literature
available on SC-MLI topologies. A brief comparative study
has been carried out to check the superiority of other SC
topologies in component count per level, MBV, and gain of
the converter. This analytical comparison makes the pro-
posed work more competitive and prominent. In the end,
the experimental and simulated results for linear and
nonlinear loads empower the findings of the study and reveal
the practicality of the suggested design topology. Proposed
SC-MLI topology performance was good at dynamic linear
and nonlinear loads and with dynamic modulation index.
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