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Abstract

We provide a new seventeen-level cross-connected T-type (CT-type) inverter with a lower device count
(RDC) in this study. Just eight power switches, four self-balancing capacitors, and two DC sources are
needed for the suggested design. It reduces the voltage stress on the switches by avoiding the need for an
H-bridge to generate the negative half cycle, in contrast to traditional multilevel inverters. The distinctive
feature of this topology is its asymmetrical cross-connected structure, enabling seventeen voltage levels
with far fewer components while maintaining natural capacitor voltage balancing. By cascading
capacitors and DC sources with the switches, the inverter achieves the desired output levels efficiently.
Thanks to its strong self-balancing and high-voltage handling capability, the design is particularly well-
suited for renewable energy integration into the grid. The gate driver signals are generated using
level-shifted pulse width modulation. A comparative study demonstrates the advantages of the proposed
topology over existing designs in terms of component count, driver requirements, and total standing
voltage. Its practicality is confirmed through both simulation studies and a laboratory prototype.
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List of Abbreviations

MLI Multilevel Inverter

FC Flying Capacitor

CHB Cascaded H-Bridge

NPC Neutral Point Clamped

CT-type Cross-Connected T-Type

RDC Reduced Device Count

DC Direct Current

THD Total Harmonic Distortion

TSV Total Standing Voltage

LS PWM Level Shifted Pulse Width
Modulation

PWM Pulse Width Modulation

POD Phase Opposition Disposition

RL Load Resistive Inductive Load

IGBT Insulated Gate Bipolar
Transistor

CF Cost Factor

Introduction

In today’s high- and medium-voltage applications,
multilevel inverters (MLIs) are essential. Due in
large part to their capacity to provide high-quality,
high-voltage outputs, they are widely used in
electric vehicles, wind energy systems, active power
filters,  grid-connected  photovoltaic  (PV)
installations, and induction motor drives (Gupta &
Jain, 2014b; Kumar et al., 2020; Rathore et al.,
2021; Rathore & Yadav, 2022a, 2022b). MLIs may
provide a broad range of output voltage levels by
combining many DC sources, semiconductor
switches, capacitors, and diodes. Technically
speaking, they have a number of benefits, including
as high efficiency, modularity, lower total harmonic
distortion (THD), and the capacity to provide higher
voltage levels.

Cascaded H-Bridge (CHB), Neutral Point
Clamped (NPC), and Flying Capacitor (FC) are the
three primary forms of MLIs. Because it reduces the
drawbacks of NPC and FC designs—namely, high
switching losses, DC voltage imbalance, and
expensive capacitor requirements—the CHB
topology has drawn more attention from
researchers. In order to lay the groundwork for the
suggested architecture, this study provides a brief
review of both traditional and newly designed MLI
topologies, as mentioned in (Kumar et al., 2021a,
2021b).

Because of their greater dependability and
adaptability, cascaded H-Bridge (CHB) inverters
that use multiple DC sources are typically more
appealing than single-DC multilevel inverters
(MLIs). Within this category, asymmetric CHB
configurations are particularly appealing, as they

simplify control compared to symmetric designs and
can achieve higher voltage levels with fewer devices
(Gupta et al, 2016; Anand & Singh, 2020).
However, the need for numerous independent DC
sources is a significant drawback of CHB inverters.

Traditionally, MLIs faced challenges such as
excessive DC source requirements and high
semiconductor switch counts. In recent years,
extensive research has focused on optimizing MLI
structures to overcome these drawbacks. Several
innovative configurations have been proposed,
including switched-capacitor, switched-diode, and
switched-DC designs (Gupta & Jain, 2014a; Mahato
et al., 2019; Siddique et al., 2020b). For instance,
the asymmetric MLI introduced in (Alishah et al.,
2017) reduces component count compared to
conventional circuits. Cost-effective switched-DC
topologies with improved performance have also
been reported in (Babaei et al., 2014a; Alishah et al.,
2015), offering both positive and negative voltage
polarities even with fewer devices. Several
fundamental units can be cascaded in series to
produce higher voltage levels.

Optimized structures incorporating
H-bridges, as presented in (Gautam et al., 2016;
Siddique et al., 2020a), demonstrate the generation
of 15 voltage levels using 7 DC sources and 16
switches in a basic unit. By modifying DC source
arrangements, these designs reduce switching
stress while maintaining flexibility. Symmetrical
and asymmetrical topologies employing various
pulse width modulation (PWM) techniques have
been validated in (Saeedian ef al., 2017; Salem
et al., 2021; Vemuganti et al., 2021). Further,
switched-DC-based designs capable of replacing
traditional MLIs have been investigated in (Babaei
et al., 2015; Samadaei ef al., 2019; Routray ef al.,
2020). In (Pulikanti & Agelidis, 2011), a simplified
two-switch setup coupled by a DC link was
suggested, and an H-bridge was included to
produce negative voltage levels. This design was
later enhanced in (Omer et al., 2020) by adding two
capacitors, enabling additional voltage levels per
module.

Multiple voltage levels can be produced by
combining conventional multilevel inverters (MLIs)
in hybrid configurations. A few hybrid topologies
described in (Meraj et al., 2017) fall under the
category of symmetrical MLIs. These symmetric
arrangements can reach higher voltage levels with a
lower device count (RDC) by using uneven DC
input voltages. In (Babaei ef al., 2014b), an unusual
asymmetrical topology was presented, in which
power switches are set up to provide larger voltage
levels while reducing the strain on semiconductor
components. Similar to this, unequal DC supplies
are incorporated into a modified H-bridge
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architecture presented in (Hosseinzadeh ef al.,
2021), which causes different bridges within
symmetrical MLIs to operate at different voltage
levels.

The basic design goal of MLIs may be
jeopardized in these situations since the switches
connected to the high-voltage bridge must endure
increased stress, especially when low-rating
switches are employed in high-power applications.
Asymmetrical MLIs that depend on voltage
balancing techniques also exhibit this disadvantage.
However, self-balancing bridges with equal DC-link
voltages, mainly constructed in symmetrical
designs, are used in the asymmetrical MLIs
described in (Babaei et al., 2014b; Meraj et al.,
2017; Hosseinzadeh et al., 2021). Consequently,
inverter control is made simpler because no extra
balancing circuits are needed.

The goal of the suggested multilevel inverter
(MLI) is to increase output voltage levels while
guaranteeing an effective configuration of
semiconductor switches. Its cost-effective design
reduces the quantity of power devices needed.
Asymmetrical cross-connected T-type (CT-type)
MLI configurations are shown in this study.

Nine different voltage levels (one zero, four
negatives, and four positive) can be produced in the
symmetrical setup by using two DC voltage sources
and four capacitors with identical ratings. The DC
voltage sources of the CT-type module have a 1:3
ratio for the asymmetrical design. The inverter may
generate seventeen voltage levels with this
configuration: eight negative, eight positive, and
one zero.

The fact that the CT-type modules naturally
produce the negative half cycle without the need for
an extra cascaded H-bridge stage is a major benefit
of the suggested design. The system is small and
economical because it only requires eight switches,
four capacitors, and two DC sources, to achieve this
performance.

The structure of this paper is organized to
guide the reader progressively from design to
validation. Section 2 introduces the circuit
configuration and operating principle of the
proposed CT-type MLI, including its asymmetric
arrangement, modes of operation, and module
extension for generating output voltage levels.
Section 3 explains the modulation and control
strategies, followed by simulation results that
demonstrate the inverter’s performance. Section 4
presents the experimental test rig and laboratory
prototype outcomes, while Section 5 provides a
detailed analysis of power loss and efficiency.

Section 6 offers a comprehensive comparative study
of recent MLI topologies against the proposed
CT-type configuration. Finally, Section 7 concludes
the paper with key findings and future directions.

Generalised Topology of the Proposed
MLI

Circuit configuration and its working

The schematic of a simple CT-type multilevel
inverter is shown in Figure 1(a). One DC supply,
two unidirectional switches, two capacitors, and one
bidirectional switch are used to construct the setup.
The bidirectional switch connected to the DC supply
plays a crucial role in ensuring safe operation, as it
blocks current flow in both directions and thereby
prevents short-circuit conditions. In addition, the
use of DC-link capacitors in this design naturally
maintains voltage balance without requiring any
external circuitry. The module may generate a three-
level output voltage waveform with this
configuration. Figure 1(b) highlights different
possible placements of the bidirectional switches,
demonstrating the flexibility of the proposed
inverter structure.
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(a) Basic cell of single-phase CT-type
multilevel inverter, (b) Various
arrangements for bidirectional switches

Figure 1.
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Figure 2 depicts the generalized structure of
the proposed asymmetric single-phase CT-Type
MLI module. Two power switches connect the two
fundamental modules, L and R. Unidirectional
switches S1 and S2 connect the L and R modules,
and vice versa. The load (L and R) is connected to
both modules. Despite having fewer power devices,
this configuration may generate numerous voltage
levels. Low switching frequency and total harmonic
distortion (THD) are predicted to be greatly reduced
at higher voltage levels.

Figure 2. Generalized single-phase CT-Type MLI
module

Analytical Analysis of Capacitors Values

The capacitor starts to charge and discharge
when connected in series with the load and in
parallel across the voltage source (Kumar et al.,
2021b). The charging and discharging of the
capacitor have a significant impact on the output
voltage levels in the proposed CT-type MLI.
Determining the appropriate capacitor value is so
essential. The capacitance value is determined by
the operating frequency and the load current.
According to (Rathore ef al., 2021), the discharging
phase is when the capacitor experiences the most
voltage ripple. Consequently, the capacitance value
is determined using the capacitor’s worst-case
discharge duration. The voltage ripple must be
within a specific range in order to be considered
acceptable. Maintaining a low ripple voltage
reduces losses and boosts the efficiency of the
proposed topology. As seen in Figure 2, both
capacitors are connected in series with the DC input
voltage source. As a result, both receive the same
current when charging, which causes the same
charge to accumulate on them. Therefore,

ler=Icy = Oc1 =0c2 = GV =GlVes (M
Uniform capacitance selection ensures the
applicability of eq. (1)

CVe =GV,
{101 22 -,

Ver=Vea @)

Therefore, eq. (2) shows that both capacitors have
the same value C1 = C2~ The maximum charge
stored in each capacitor can be written as:

l‘/‘

AQc =1 I sin(2m fo ) dt
tg (3)

Here [t 7, |represents the time interval

corresponding to the most critical operating
condition for each capacitor. The terms 7, and s,

represent the output fundamental frequency and the
load current amplitude, respectively. It is important
to highlight that both capacitors have equal

capacitance values C1=C2. Once the load is
connected, the equivalent capacitance (-  can be
eq

written as:

AQc-
Ceq. > —K.V

eq
(4)

For a purely resistive load, the output current
can be expressed as:

Vdc

or 1 <t=<t

R, Jor 4 2
2V,

I;(t)= R—dc for ty<t<n
L
3V,

de for t33t<Z

Ry 4 &)

In the case of a resistive—inductive load, the
output current can be expressed as:

I () =1k sin(cot—oc)dt (6)
Eq. (7) provides the suitable range of capacitor
values for both RL and purely resistive loads. These
ranges are derived by considering the most critical
operating conditions, so that each capacitor can
store sufficient charge and maintain voltage balance
during inverter operation.

A
2j I, (t)dt
C=Cy>—58

KV,

(7

The circuit parameters are selected for the
suggested CT-type inverter topology as R=20€2 and
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40 Q, L=20mH and 40mH, coupling coefficient
k=0.05, and reference frequency fr.r= 50 Hz. The
equivalent capacitance is obtained when two
identical capacitors are connected in series, denoted
as ¢, =C, =1780uF - To ensure proper operation

with the given load and to maintain a capacitor
voltage ripple within 5%, at least two identical
capacitors must be selected. Consequently, the
closest commercially available capacitance value is
used for both modeling and experimental validation

in Sections 3 and 4.
Circuit Asymmetric CT-Type Topology

Figure 3 shows the proposed 17-level
asymmetrical CT-type multilevel inverter, where
the active current paths are highlighted in red. The
different switching states are listed in Table 1.
In this configuration, the R-module operates with
DC-link voltages of (Vcir = Vear = 3E), while the
L-module operates with DC-link voltages of E
(Ve = Vea = E).
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Figure 3. Different Switching States
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Table 1. Different Modes of 17-level Asymmetric Topology
MODE Capacitor Behavior Output Voltage Switch Condition
I All capacitors discharging (+8E) All upper switches ON
II Cri1, Cr2 discharging (+7E) One R-module switch OFF
111 Cri, Crz discharging (+6E) Alternate switches ON
v Cr1 discharging (+5E) L-module partially ON
\% CL2, Craz discharging (+4E) Balanced conduction path
VI CL2 discharging (+3E) Reduced ON switches
Vil CLi discharging (+2E) Further reduction
VIII CLi / Cr2 slight discharge (+E) Minimal conduction path
IX Neutral (no net charge) 0) Symmetrical ON/OFF
X Capacitors charging (-E) Mirror of State VIII
XI CLi charging (-2E) Mirror of State VII
XII Cr2 charging (-3E) Mirror of State VI
XIII CL2, Cra2 charging (-4E) Mirror of State V
X1V Cri charging (-5E) Mirror of State IV
XV Cri, Crz charging (-6E) Mirror of State 1T
XVI Cri, Cr2 charging (-7E) Mirror of State I1
XVII All capacitors charging (-8E) All lower switches ON

Voltage Stress Calculation

The maximum voltage blocking capacity of
the switches in the OFF state is known as the TSV
under asymmetric operation. These separate
blocking voltages are added up to determine the
overall TSV of the suggested CT-type MLI. The
computation can be written like this:

Switches S; and S, must both be able to
tolerate a blocking voltage of 2E in this setup.
Because Switch S3 is connected across the
capacitors of the 3E module, it is subject to a greater
stress of 6E. These blocking voltages are then added
together to determine the TSV of the inverter.

Voo =E+E=2EVs; =E+E =2E, Vg3 =
3E +3E = 6E ®)

Switch Sy also blocks 6E (similar to S3). Switch Ss
experiences the highest stress (8E) because it spans
both modules (1E and 3E sources plus their
capacitors).

Voo =3E +3E =6E,Ves =E+E+3E +3E =
8E, 9

Summing all eight switches gives the total standing
voltage of 36E. This means the inverter requires
switches with sufficient reverse blocking capability
to withstand this cumulative stress.

TSV = VSl + VSZ + V53 + VS4— + VSS + VS6 + V57 +
Veg = 36E (10)

Simulation Study

Modulation and Control Method of MLI

Several modulation techniques are available
for controlling multilevel inverters. Multi-carrier
PWM and space-vector PWM are high-frequency
techniques;  nearest-level control, selective-
harmonic elimination, active-harmonic elimination,
and Low-frequency techniques include nearest level
control (NLC), selective harmonic elimination
(SHE), and active harmonic elimination (AHE).
Although any of these methods can be applied to the
suggested CT-type inverter, level-shift PWM (LS-
PWM) is used in this work. LS-PWM generates gate
pulses for switches at various voltage levels by
comparing triangular carrier signals to a sinusoidal
reference signal. The modulation index (MI) is
computed using equation (11), and the reference
waveform’s peak is denoted by Vref, peak.

Vrgﬁpeak

8V

car

MI = (11)

In the proposed inverter, gate pulses are
generated using the phase-opposition disposition
(POD) method. Figure 4(a) shows the schematic of
the control approach, and Figure 4(b) depicts the
LS-PWM waveform in the time domain. Because
multiple switching states can produce the same
voltage level, one particular state is chosen to reduce
unnecessary transitions between higher and lower



Suranaree J. Sci. Technol. Vol. 33 No. 5; September - October 2026

010457-7

voltage levels in the IGBTs. The PWM signals for
switches S1 to S8 are assigned based on the
placement of the high-frequency carrier signals
relative to the sinusoidal reference.

Comparators

Signals
- -

=

Aggregated
Gate Signal

(@)

AAAAAA AT AANTAA A A AAAAAANAAAAAA AN
SAAMANANANANSAANANANNANAN NN NN
7 N

(b)

Figure 4. (a) Block diagram of control method (b)
Corresponding waveform.

Simulation Results

LS-PWM  modulation was used in
MATLAB/Simulink to implement the suggested
CT-type inverter. Table 2 contains a list of
simulation parameters. Two DC sources, Vpci = 24
V and Vpc2 = 72 V, were utilized for asymmetrical
arrangement in order to get the required output. The
17-level output voltage waveform, where the peak
voltage reaches VBB =96 V, is displayed in Figure
5(a). Figure 5(b) displays the equivalent load current
waveform. The capacitor voltages in the
asymmetrical design are depicted in Figures 6(a)
and 6(b), with Cr; and Ci, in Figure 6(a) and Cg
and Cr» in Figure 6(b).

The 17-level output voltage and related load
current are displayed in Figures 5(a) and 5(b). These
findings verify that the suggested CT-type inverter
can produce high-quality, smooth waveforms with
less harmonic distortion. The capacitors’ ability to
self-balance is further demonstrated in Figures 6(a)
and 6(b), where their voltages stay constant within
the permitted ripple range. Overall, the findings
verify that the proposed topology delivers

dependable multilevel operation while requiring
fewer components.

Table 2. Parameters of Simulation

Parameter Value
Rated DC — —
ated D Vet =24V &V, = T2V
Capacitors C, = C, = 2200 uF
Modulation m, =0.85
index
Load value L=20 mH, R=20 Q
Modulating [, =50 Hz
wave frequency
Switching f, =3150 Hz
frequency

5.
Time (sec)

()

L L |
004 005 006 007 008 000 3] o1 012 013

w .

Capacitor Voltage

5 I 1 | I I | I |
004 005 006 007 008 00 01 0 o1z 013

A

o5 L L L L
Box a0s 3 o7 aon am
Tima (sec)

(b)

Figure 6. Voltage across capacitors (a) Cr1 and Cr2
(b) Cr1 and Cr2
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Experimental Setup Results

A laboratory prototype was constructed using power
switch modules, gate drivers, and separated power
sources in order to experimentally validate the
suggested CT-type inverter. Figure 7 depicts the
overall configuration, while Table 3 summarizes the
component values. To ensure that the practical
results match the simulation, the simulated gate
pulses and control signals were transferred directly
to the hardware using a dSPACE-1104 controller.

Table 3. Parameters of Experimental Setup

Parameter Value
Single-phase  power analyzer -
(Fluke)
Load (RL Load) R=40Q, L=40 mH

R=20Q, L=20 mH
Controller board (ASPACE-1104) -

In the asymmetric prototype, the DC-link
voltages are configured as Vcir = Vear = 24V and
Veir = Vear = 72V, resulting in a total DC-link
voltage of 96 V. The inverter output is connected to
a single-phase RL load with R = 40Q & 20Q and
L =40mH & 20mH.

Figures8 and9 present the experimental
waveforms of capacitor voltage, output voltage, and
load current under both steady and dynamic load
conditions. Harmonic analysis results are shown in
Figures 9(a) and 9(b), where the voltage THD is
measured at 7.2% and the current THD at 1.3%.
These values confirm the inverter’s ability to deliver
high-quality output with low distortion.

onin o
orma t

/'\/'\/'\/'\/'\I'\f\/'\l'\/'*

Digital  storage  oscilloscope 6-channel J \
(DL-750E) " I'{ \; \.' \.' \.' \.' \.' \.' \.’ \
IGBT switch (GW30NC120HD) 1200V, 30A J \

Switching frequency 3150 Hz |

Output voltage frequency 50Hz - =

Driver circuit (TLP250(F)) 10-35V T e -

DC Source (lead acid battery) 28 Ah (a)

Capacitor (LGU2A222MELA) 2200 4 F smare zomsan

POWER STAGE

IGBT GATE DRIVER

I

" I Digital /O :
g I dSPACE BOARD1104

& 3 |
gl

IE Control via Simulink Real Time I
5 | Simulator I
(&)

,_
I
I
I
I
I
I
I
I

Figure 7. Block Diagram of the experimental setup

/'\/‘/'\f”\ﬂf\/‘\!\/\ﬂ
U‘J\J\J\J\J\J\J\Jv

Stoppea 7% Cage ¥
L P e 2147 27 o 7 1400 20210028 21:51:07

(b)
Figure 8. Experimental results (a) capacitors voltage
(C,,and C,,)> load current, and output
voltage with (R= 20Q, L= 20 mH) (b)
capacitors voltage of (Cg, and Cg,), load

current, and output voltage with (R= 40Q,
L=40 mH).

Loss Calculation

Switching losses and conduction losses are the two
main forms of losses connected to the power
switches in the suggested CT-type topology. When
switches are in the ON state, current flows through
them, causing conduction losses (PC). The
equivalent load current in each MLI switch is
conducted by both the IGBT and its anti-parallel
diode. Consequently, the conduction losses of the
diode (PC, D) and the IGBT (PC, IGBT) are added
to determine the total conduction loss. These can be
approximated as follows:
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Figure 9.
(b) Output current THD

(a) Switching losses:

Power switches experience switching losses
whenever turned on and off (Mahato ef al., 2019).
These losses are expressed:

Where, P on , Ps oy are the terms used to
describe the power losses associated with the switch
on and off, respectively.

Pson = %Vls_onton (12)
Ps ofr = %Vls_offtoff (13)
Finally, the total switching losses:

P = Z(Ps_on+PS_0ff) (14)

Where, fj: fundamental frequency.

ton , tof : turn-on/off time.

V: blocking state voltage.

Is on, I o currents that flow through the
switches after and before they are turned on and off,

as appropriate.

(b) Conduction losses (P:):

The internal resistance of the transistors
generates this sort of loss. (Ry) and diodes (Ra)
(Mahato et al., 2019). The losses resulting from
switches and diodes can be quantified in numerical
terms as follows:

(15)

Psc = Vs_onls_avg + Rs_onlsz_rms

Pd_c = Vd_onld_avg + Rd_onl(%_rms (16)

HARMONICS

037"
2152
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100
%r

1 5 9 13172125293337414549

RECALL K

(b)

BACK

Experimental results with load (R= 20Q, L= 20 mH) showing: (a) Output voltage THD

Overall conduction losses

(Pe) = B c+ Py (17)

An on-state resistance value for the transistor
or diode is represented by Rs on, and Ry on -

Vs on, Va on: On-state voltage drops across the
transistor and diode, respectively.

The rms and average currents through switches
are denoted by P s and I ave -

Average and rms diode current, respectively,
are Id_avg and [Zd_rms .

(¢) Ripple losses (Pr):

Equation (18) describes the ripple loss during
capacitor charging/ discharging (Mahato er al.,
2019).

B =Lc@ry) (18)

The overall effectiveness can be represented as
follows:

Pout
(Poyt +total losses)

X 100

%n= (19

The efficiency study for output power ranging
from 50W to 350W is presented in Figure 10.

The graph illustrates the relationship between
efficiency and output power. According to Figure
10, the proposed topology achieves a maximum
efficiency of 95.85% at an output power 200W. At
an output power of 350W, the efficiency tested was
94.7%.
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Table 4. Comparison of topologies (MLIs) to generate 17-level output based on the component requirement
Topologies Diode Cascaded H- Flying Babaei eral. Hosseinzadeh lg‘;]_)ose:
polog Clamp MLI  bridge MLI  capacitor MLI (2014b) et al. (2021) MtLyIp
Driver circuit 32 32 32 12 10 8
TSV 32 32 32 40 36 36
Capagltors and DC 16 3 16 4 4 6
supplies
Power switches 32 32 32 12 10 8
Diodes 48 32 32 12 14 8
Total components 96 72 80 28 28 22
a=0.5 6.57 5.18 5.63 2.82 2.7 2.47
cr/ o =1 7.51 6.1 6.59 4 3.76 3.52
Level
o=L5 8.48 7.04 7.51 5.17 4.82 4.58
“NDC” represents the number of DC supplies, “a”
96 represents the weight coefficient, and “TSV”
§ represents the total standing voltage. Show in
95 Table 4.
% =]
2
£ 4 Conclusion
93 This work introduces a single-phase CT-type

50 100 150 200 250 300 350
Power(W)

Figure 10. Efficiency Curve

Comparison Assessments

The suggested CT-type inverter is contrasted in
this section with other popular multilevel inverter
designs, such as those described in (Hosseinzadeh
et al., 2021) flying capacitor, diode-clamped, and
cascaded H-bridge. The findings demonstrate that
compared to traditional designs, the CT-type
inverter may provide higher voltage levels with
fewer components. For example, producing a 17-
level output requires only 22 components in the
CT-type inverter, which is much lower than in
other topologies and those described in (Routray et
al., 2020). One trade-off is that the CT-type
inverter has a higher TSV, meaning that switches
with stronger reverse blocking capability must be
used. To assess cost-effectiveness, the cost factor
(CF) is calculated using eq. (20).

_ [NdC+NS+Ndio+Ncap+a(TSV)]*anC

CF

(20)

Nievels

“Ndio” represents the total number of diodes,
“NS” represents the total number of switches,
“Ncap” represents the number of capacitors,

multilevel inverter that uses fewer components
while still delivering reliable performance. The
design principles, control strategy, and voltage-
handling capability have been discussed, and the
capacitors are shown to balance themselves
naturally. One of the main benefits is that the
inverter can generate negative voltage levels
without needing a modified H-bridge. The modular
structure also allows the design to be scaled up to
higher voltage levels, such as 17 and even 289
levels, while keeping the device count low. This
makes the inverter especially suitable for
renewable energy and high-power applications.
Both simulations and experiments confirm its
effectiveness under different load conditions.
When compared with other recent inverter designs,
the CT-type inverter stands out because it requires
fewer switches, drivers, capacitors, and DC
sources, making it simpler and more cost-effective.
Overall, the proposed topology performs reliably
and efficiently in a wide range of operating
scenarios.
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  T S V =   V  S 1 +   V  S 2 +   V  S 3 +   V  S 4 +   V  S 5 +   V  S 6 +   V  S 7 +   V  S 8 = 36 E
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