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 Multilevel inverters (MLIs) are a key solution for converting DC to AC power. 

In this article, an improved single-source SC-MLI topology is developed for 

solar PV applications. It consists of 12 unidirectional switches, 3 capacitors, 

and 3 diodes to provide sextuple voltage boosting with a lower cost function. 

Since the capacitor's voltage is self-balanced, there is no need for an additional 

circuit or sensors, bringing down the circuit's complexity. A simple and 

fundamental frequency-based control strategy, nearest-level pulse width 

modulation, is applied to assess the viability of the proposed topology. As a 

result, the proposed topology has an efficiency of over 97%, and it can 

generate 13 levels with a total harmonic distortion (THD) of 6.51%. 

Comparative analysis is performed to show the feasibility of the proposed 

topology which outperformed other 13-level similar topologies in terms of 

component count, cost factor, and boosting factor. The proposed topology's 

performance is evaluated under static and dynamic loads. Furthermore, the 

thermal analysis is performed using PLECS software to determine the 

efficiency of the circuit topology. Finally, the feasibility of the proposed 

circuit is verified for solar PV application. 
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1. INTRODUCTION 

Renewable energy sources (RESs) based power generation has been a prominent area of research due 

to their viability and environmental concerns. Therefore, RESs-based power generation has been a key and 

attractive area of research due to its feasibility and concern for the environment. Hence, the demands for power 

electronic converters have been drastically increased with renewable energy sources to regulate the output of 

RESs, including solar photovoltaic arrays, electric vehicles (EVs), motor drives, and unified power flow 

controllers. Here, power electronic converters are interfaced with RESs to obtain a desired and controlled 

output for the specific applications. Power electronic converters can be divided into four types: DC/DC, 

AC/DC, DC/AC, and AC/AC converters. A DC/AC converter, also known as an inverter, is used for power 

conversion. Primarily based on the output level, the DC/AC converter or inverter can be categorized as a two-

level and multilevel inverter. Compared to traditional two-level inverters, multilevel inverters (MLIs) perform 

better due to their improved power quality, reduced total harmonics distortions (THD), lower dv/dt stress, and 
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higher modularity [1]-[3]. Also, the requirements of the filters are reduced for medium voltage and higher 

power applications. 

The classical MLIs can be categorized into three types: neutral point clamped, flying capacitor, and 

cascaded H-bridge [4], [5]. These traditional topologies are widely used in a wide range of industrial 

applications, such as electric drives, renewable energy, electric vehicles, and medium- to high-power 

applications. However, the NPC and FC-based MLI topologies require a higher component count and suffer 

from the capacitor unbalance issue. Furthermore, one of the most critical barriers with classical MLIs is that as 

the output level increases, the component count increases drastically. A higher component count implies higher 

losses, which reduces the efficiency and reliability of the converter. Although cascaded H-bridge (CHB) MLIs 

are reliable and have a modular structure, they require a higher number of isolated DC sources to maintain a 

higher output level. Therefore, the size, cost, and complexity increase as the component count increases. In 

addition, the traditional MLIs do not provide any boosting feature at the output, demanding two-stage 

conversion, which is more expensive, larger in size, and less efficient than single-stage conversion. 

Therefore, recent research has shifted towards switched capacitor (SC) based MLIs to resolve 

constraints of traditional MLIs, including component count, capacitor voltage balancing issues, and a lack of 

boosting ability. The SC-MLI topologies are more efficient, offer lower dv/dt stresses, have fewer components, 

and provide high gain. In addition, due to their self-balancing ability, they do not require any auxiliary or 

complex control algorithm to balance the capacitor voltage. The SC-MLI topology's boosting ability enables it 

to use low-voltage sources in high-voltage applications [6]-[8]. As a result, the output voltage can be increased, 

eliminating the need for DC-DC converters, which brings down the overall size and cost of the system while 

improving the overall efficiency. The single-source 7-level inverter in [9] achieves a boosting factor of 1.5 

using 2 DC-link capacitors, a floating capacitor, 8 unidirectional switches, and 2 bidirectional switches. A 

single-source 11-level inverter in [10] can produce a gain of 2.5 using 12 switches and 4 capacitors. The main 

advantage of this inverter is its low blocking voltage on semiconductors. Another single-source 7-level inverter 

in [11] with a single floating capacitor and 9 unidirectional switches provides a gain of 1.5 but requires a 

complicated strategy for charge-balancing a floating capacitor. A single-source 9-level inverter proposed  

in [12] uses a diode, 2 switched capacitors, and 6 unidirectional, and 2 bidirectional switches for double gain, 

but its main drawback is that 4 switches can withstand Vo, max, leading to a large total blocking voltage (TBV). 

Siddique et al. [13] presents a 13-level inverter with 8 switches and 3 DC sources for unity gain. In contrast, a 

switched capacitor single sources inverter in [14] generates a multilevel voltage by changing supplies in parallel 

and series mode with boosted output voltage, producing a 17-level with 13 switches and 4 capacitors. One 

significant problem with single DC-source SC-MLI topology is that more switches and capacitors are needed 

to achieve higher output voltage levels, reducing the circuit's effectiveness, and reliability. Therefore, the 

optimal design of the circuit is required to overcome such complexities. 

The work presents an SC-MLI topology with reduced device count, offering 13-level output voltage 

with sextuple boosting. It uses two half bridges for negative steps and natural charge-balancing of capacitors 

for ease of control. The converter can be generalized for enhanced gain and levels, making it suitable for PV-

based standalone systems. The paper's structure is organized as follows: the circuit's configuration, total 

standing voltage, capacitors sizing for efficient converter performance, and control technique are discussed in 

section 2. Furthermore, the performance analysis of the proposed topology using MATLAB/Simulink for 

different loading conditions is presented in section 3. Thermal analysis is carried out using PLECS software in 

section 4 to determine the efficiency of the circuit topology. To check the feasibility of the proposed circuit, a 

comprehensive analysis is discussed with similar existing topologies in section 5. The application of the circuit 

topology with solar PV and grid Integration is discussed in section 6. 

 

 

2. DESCRIPTION OF THE PROPOSED SC-MLI TOPOLOGY 

2.1.  Circuit configuration 

This work proposes an improved single-source SC-MLI topology, as shown in Figure 1. It consists of 

12 unidirectional switches, 3 capacitors, and 3 diodes. Table 1 shows the different modes of switching states 

for the operation of the proposed topology during one complete cycle. It can generate 13-level output voltage 

with sextuple boosting ability in output voltage. The capacitor C1 is charged to Vdc, and the capacitors C2, and 

C3 are charged to 2 Vdc by coupling them in parallel to voltage sources and later discharged in series  

with the load. 

 

2.2.  Switching technique 

Pulse width modulation techniques are classified into two categories based on switching frequency: 

low (fundamental) and high-frequency switching schemes. The nearest-level pulse width modulation technique 

comes under fundamental or low-frequency switching schemes [15]-[17]. Because of simplicity and lower 

switching losses, this control scheme is used for controlling the output voltage and verifying the viability of 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 1, March 2025: 344-354 

346 

the proposed circuit in fixed and dynamic load conditions, as shown in Figure 2. For obtaining 13 levels of 

output voltage, the switching mechanism of each switch (S1-S12) is shown in Figure 3. 

 

2.3.  Total standing voltage (TSV) 

The standing voltage across the switches plays a significant role in designing the power  

converter [18]. A larger standing voltage requires higher-rated semiconductor switches, which significantly 

raises the cost of the power converter. The total sum of the maximum individual standing voltage across the 

switches during the off state is described as the total standing voltage. The individual maximum standing 

voltage across the switches is shown in Figure 4. The switches S6, S7, and S8 experience the lowest standing 

voltages, while switches S1, S2, S11, and S12 experience the highest standing voltage. 

 

𝑇𝑆𝑉 𝑝. 𝑢 = TSV / peak 𝑜𝑢𝑡𝑝𝑢𝑡 voltage =  43/6 =  7.16  

 

 

 
 

Figure 1. An improved 13-level SC-MLI topology 

 
 

Table 1. Modes and switching states in one complete cycle 

Modes S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 C1 C2 C3 Vout 

1 0 1 1 0 0 1 0 1 0 0 1 0 C N N +Vdc 

2 0 1 1 0 0 1 1 0 0 1 1 0 D N C +2Vdc 

3 0 1 0 1 0 1 0 1 1 0 1 0 C N D +3Vdc 
4 0 1 0 1 0 1 1 0 1 0 1 0 D C D +4Vdc 

5 0 1 0 0 1 1 0 1 0 0 1 0 C D D +5Vdc 

6 0 1 0 0 1 1 1 0 0 0 1 0 D D D +6Vdc 
7 0 1 0 0 0 0 0 0 0 0 0 1 N N N +0Vdc 

8 1 0 0 0 0 0 0 0 0 0 1 0 N N N -0Vdc 

9 1 0 1 0 0 1 0 1 0 0 0 1 C N N -Vdc 
10 1 0 1 0 0 1 1 0 0 1 0 1 D N C -2Vdc 

11 1 0 0 1 0 1 0 1 1 0 0 1 C N D -3Vdc 

12 1 0 0 1 0 1 1 0 1 0 0 1 D C D -4Vdc 
13 1 0 0 0 1 1 0 1 0 0 0 1 C D D -5Vdc 

14 1 0 0 0 1 1 1 0 0 0 0 1 D D D -6Vdc 
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Figure 2. NLC technique 

 

Figure 3. Switching logic of the NLC technique in the positive 

half cycle 
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Figure 4. Maximum standing voltage across switches 
 

 

2.4.  Capacitor sizing and voltage balancing 

The capacitor sizes of the power converter should be within allowed limits to perform efficiently. 

Large-size capacitors are more expensive, producing less ripple in output voltage. While smaller-size 

capacitors are less expensive, they produce more ripples in the output voltage, lowering the converter's 

performance. For the converter to function effectively, the capacitor voltage must be self-balanced, meaning 

that the energy dissipated and the energy assimilated must be equal while the capacitor is discharged or charged. 

The capacitors' maximum discharge value can be determined using (1) and (2) [19]. 

 

∆𝑄1 =
1

2𝜋𝑓𝑜
∫ 𝐼𝑜 𝑑𝑤𝑡

𝜋

𝛳2
 (1) 

 

∆𝑄2 = ∆𝑄3 =
1

2𝜋𝑓𝑜
∫ 𝐼𝑜 𝑑𝑤𝑡

𝜋

𝛳3
 (2) 

 

The (3) and (4) can be used to determine the optimal capacitance of switched capacitors by considering a 

maximum allowable voltage ripple of V of the capacitors. 

 

𝐶1 =
 ∆𝑄1

∆𝑉
= ∆𝑉.

1

2𝜋𝑓
∫ 𝐼𝑜 𝑑𝑤𝑡

𝜋

𝛳2
 (3) 

 

𝐶2 = 𝐶3 =
 ∆𝑄2

∆𝑉
= ∆𝑉.

1

2𝜋𝑓
∫ 𝐼𝑜 𝑑𝑤𝑡

𝜋

𝛳3
 (4) 

 

 

3. RESULTS AND DISCUSSION 

The performance of the proposed SC-MLI topology was tested for static load and dynamic load 

conditions using MATLAB/Simulink. The changes in power factor and modulation index are also verified to 

check the reliability of the circuit. The nearest level control technique was applied to evaluate the circuit's 

viability. Table 2 shows the performance parameters that were chosen. In static loading, the circuit is tested for 

fixed R and RL load conditions, and various performance parameters, such as output voltage and output current, 

along with the THD analysis, are examined. Meanwhile, the circuit's performance is evaluated in dynamic load 

by varying the R and RL load. Additionally, variable modulation index (M.I.) and varying power factors are 

calibrated to test the circuit's fluctuation and reliability. 

 

 

Table 2. Parameters for simulation analysis 
Parameters Specifications 

Switches IGBT 

DC voltage sources (Vdc) 50 V 

Power frequency 50 Hz 
Capacitor C1, 50 V, 2250 µF 

Capacitors C2 and C3 100 V, 4700 µF 

Resistive load (R) 50 Ω, 100 Ω 
Inductive load (RL) 50 Ω + 50 mH, 100 Ω + 90 mH 
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The fixed R load of 50 Ω and RL load of 50 Ω + 50 mH are used for static load analysis. The voltage 

source Vdc is set to 50 V, and voltage waveforms, current waveforms, and Capacitors voltage, along with FFT 

analysis, are traced as shown in Figure 5. The proposed inverter generates 13 levels at output voltage with a 

peak of 300 V and output current with a peak of 6 A under fixed R load as shown in Figure 5(a). For a fixed 

RL load the output voltage remains the same but the output current is sinusoidal with a peak of 6 A as shown 

in Figure 5(b). The proposed inverter exhibits a 6.51 % THD with a resistive load and 1.21 % THD with an 

inductive load in the output current, as shown in Figure 5(c). From the simulation results, it can be said that 

the proposed topology operated efficiently under fixed loading conditions. It was also observed that the voltage 

remained constant and was not affected by the change of load type, and the unity power factor was achieved 

with the resistive load. The capacitor's voltages are self-balanced; therefore, no need for auxiliary circuitry is 

required, which brings down the complexity of the circuit as shown in Figure 5(d). 

 

 

  
(a) (b) 

  

(c) (d) 

 

Figure 5. Obtained results with fixed loading conditions: (a) voltage and current waveforms for  

R load (50 Ω), (b) voltage and current waveforms for RL load (50 Ω + 50 mH), (c) FFT analysis,  

and (d) voltage across the capacitors 

 

 

In real applications, the inverter is required to feed dynamic loads such as variations in the R-type and 

RL-type of loads. The dynamic R-type and RL-type loads represent the heating furnace and motor drives. The 

change in power factor and variation in modulation index were also performed to verify the feasibility under a 

sudden change in load and variation of control strategy, respectively. In varying R-type of load, the circuit's 

performance is tested by varying the resistive load from no load to 100 Ω then to 50 Ω. It can be noticed that 

the output voltage remains the same with a peak of 300 V, but the output current waveform increases from 0A 

to 6 A and then to 12 A as the load changes, as depicted in Figure6(a). The same procedure was followed for 

changing the RL load from no load to 100 Ω + 90 mH and then to 50 Ω + 45 mH in varying RL load. The 

output voltage remained the same but the output current increased from 0 A to 6 A and then to 12 A without 

any disturbance or spikes as the load decreased, as shown in Figure 6(b). The voltage and current waveforms 

under varying p.f are shown in Figure 6(c). Changing the modulation index plays an important role in assessing 

the dynamic stability of the circuit. The output voltage is reduced by lowering the modulation index (M.I). The 

output voltage dropped to 11 levels from 13 levels once the M.I. shifted from 1.0 to 0.8. As the M.I. reduced 

to 0.6, the output voltage dropped to 9 levels. Figure 6(d) shows the changes in output voltage as a function of 

the modulation index. 
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(a) (b) 

  
(c) (d) 

 

Figure 6. Obtained results with dynamic loading conditions: (a) voltage and current waveforms under varying 

R load, (b) voltage and current waveforms under varying RL load, (c) voltage and current waveforms under 

varying p.f, and (d) voltage and current waveforms under varying M.I. 

 

 

4. THERMAL ANALYSIS 

The thermal analysis of the SC-MLI topology was performed using PLECS to calculate total losses 

across the switches. Since the power loss analysis has a significant role in determining the performance and 

efficiency of the power converter. Two main types of power losses are conduction losses and switching losses 

associated with the semiconductor switches. The conduction losses occur due to the conduction of current. 

Therefore, conduction losses are associated with the internal resistance of the semiconductor device. On the 

other hand, switching losses are determined based on the energy losses during turning on and off the switch. 

Since the voltage and current within the switches are non-zero when the switches are turned on and off.  

Hence, the switching losses occur due to energy dissipation during the transition of the switch from the on to 

the off position. 

The study investigates the conduction and switching losses of the proposed converter at different load 

conditions, as illustrated in Figure 7. Switching losses occur when voltage and current take a longer time to 

drop to zero during turns on and off, and higher switching frequency leads to increased losses. The proposed 

converter's low switching losses are attributed to its use of the low-frequency NLC PWM technique [20], [21]. 

Figure 8 depicts the relationship between efficiency and total power losses, where higher power results in 

increased conduction current and conduction losses, leading to a decline in the converter's efficiency. The total 

losses can be determined as the sum of the total conduction (Pc) and switching losses (Psw) of the switch, as 

shown in (5). 

 

𝑃𝑡𝑜𝑡𝑎𝑙 =  𝑃𝑐 +  𝑃𝑠𝑤 (5) 

 

 

 
 

Figure 7. Conduction losses and switching losses in the proposed inverter topology 
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Figure 8. Variation in power losses and inverter efficiency with output power 

 

 

5. COMPARATIVE ANALYSIS 

The comparative analysis of the proposed topology with various recently existing 13 levels of MLIs is 

discussed in Table 3. This analysis was figured out based on the number of switches (Nsw), the number of DC 

voltage sources (Ndc), voltage gain (G), and total standing voltage (TSV) across the switches. Moreover, to 

validate the viability and improved performance of the proposed topology, the derived parameters cost analysis, 

NL/Nsw, and C.F/NL were considered for a fair comparison. The graphical comparison is presented in Figure 9 

From the analysis, it is observed that the proposed topology has fewer switches and a smaller number of 

components. Furthermore, this improved topology outraced similar topologies regarding (NL/Nsw) and boosting 

factors, except those with more DC sources and component counts. Although the proposed topology has a higher 

TSV it requires the lowest cost factor. As depicted from Table 3, the proposed topology achieves a lower CF 

value than the other topology. The cost function (C.F) values calculated based on these three weighting 

coefficients (α=0.5, α=1, and α=1.5) show the feasibility of the topology's implementation, as shown in (6). 

 

𝐶𝐹 =  𝑁𝑠𝑤 + 𝑁𝑑 + 𝑁𝑐 +  𝛼𝑇𝑆𝑉 (6) 

 

 

Table 3. Comparison of proposed SC-MLI topology with similar topology 
Ref. Nsw Ndc NL/Nsw Nd Nc NT G TSV C.F C.F/NL 

α= 0.5 α= 1.0 α= 1.5 α= 0.5 α= 1.0 α= 1.5 

[9] 20 2 0.65 0 6 26 1.5 5.30 28.65 31.30 33.95 2.20 2.40 2.61 

[22] 14 2 0.928 2 4 20 3 6.00 25.00 28 31 1.92 2.15 2.38 

[23] 16 2 0.813 2 4 22 3 5.60 26.80 29.6 32.40 2.06 2.28 2.49 
[24] 18 3 0.722 3 3 24 2 5.00 28.5 31 33.50 2.19 2.38 2.60 

[25] 16 2 0.813 4 4 24 3 5.33 28.76 31.33 34.00 2.21 2.41 2.61 

[26] 12 1 1.083 4 4 20 3 4.33 23.16 25.33 27.50 1.78 1.94 2.11 
Proposed 12 1 1.083 3 3 18 6 7.16 22.75 26.16 29.74 1.75 2.01 2.28 

 

 

 
 

Figure 9. Graphical comparison of the proposed SC-MLI with similar topologies 
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6. SOLAR PV APPLICATION 

Due to increasing energy demands in domestic and industrial applications, global attention for energy 

generation has shifted towards renewable energy sources from fossil fuels. Since fossil fuels have limited 

availability and have adverse effects on the environment in terms of emissions of greenhouse gases (GHGs) 

and temperature rise. Among different renewable sources, solar energy has significant contributions due to its 

environmentally friendly nature, ease of accessibility, low maintenance, and current advancements in PV 

technology. Power electronic converters are primarily combined with (RESs) for output regulation due to their 

higher efficiency power conversion ability. A solar PV system with a DC-DC converter is linked with this 

circuit topology to assess the feasibility of the proposed SC-MLI. The DC-DC boost converter was used to 

regulate the output of solar PV and deliver the desired source voltage to SC-MLI [27], [28]. 

This system consists of a solar PV array, conventional DC-DC boost converter, PSO-MPPT 

controller, and proposed SC-MLI topology as shown in Figure 10. The DC-DC converter was interfaced 

between the PV array and the DC link to regulate the solar PV output to 50V from 29V. The particle swarm 

optimization (PSO) based MPPT controller provided the appropriate switching signal to the dc-dc boost 

converter for obtaining the maximum power [29], [30]. The MATLAB model of the proposed topology for 

solar PV application is shown in Figure 11 The results showed that voltage across the capacitors is self-

balanced; therefore, no auxiliary circuitry is required, as shown in Figure 12. The output voltage and current 

waveform of the proposed SC-MLI topology are shown in Figure 13. Hence, it is verified that the proposed 

topology was performed efficiently with solar PV application, which confirms its feasibility. The application 

of the proposed improved circuit for solar PV grid integration is presented in Figure 14. The proposed SC-MLI 

provides a 13-level output voltage, resulting in a smoother sine wave, minimizes the need for large filters, 

making the system more compact. 
 

 

 
 

Figure 10. Application of proposed circuit for solar PV 
 

 

 
 

Figure 11. MATLAB/Simulink model of the proposed topology for solar PV application 
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Figure 12. Output responses of solar PV system and 

inverter capacitor voltages 

 

Figure 13. Steady state voltage and current 

waveforms of SC-MLI integrated with PV system 
 

 

 
 

Figure 14. Application of proposed circuit for grid integration 
 

 

7. CONCLUSION 

This work presents an improved SC-MLI topology that generates 13-level output voltage with 

sextuple boosting gain. It consists of a single DC source, 12 unidirectional switches, 3 capacitors, and 3 diodes. 

The proposed topology generates high voltage gain with less component count and does not require an 

additional circuit or sensors for capacitor voltage balance which reduces the cost of the inverter. The nearest 

level control technique is used for the switching operation of the proposed circuit. The performance of the 

circuit was verified using MATLAB/Simulink under different loading conditions. The proposed SC-MLI 

achieved a THD of 6.51%, making it suitable for renewable energy grid integration due to its higher boosting 

feature and reduced THD. Thermal analysis is done using PLECS software to determine power losses. The 

results show that the proposed topology worked properly under different conditions and has an efficiency of 

above 96%. The feasibility of the proposed circuit was also verified for solar PV application using a PSO-

MPPT controller. 
 

 

REFERENCES 
[1] M. Vijeh, M. Rezanejad, E. Samadaei, and K. Bertilsson, “A general review of multilevel inverters based on main submodules: 

Structural point of view,” IEEE Transactions on Power Electronics, vol. 34, no. 10, pp. 9479–9502, Oct. 2019, doi: 

10.1109/TPEL.2018.2890649. 

[2] T. Rahimi, M. Fallah, E. Pashajavid, J. Pou, A. Arefi, and K. H. Loo, “Single-phase 15-level inverters for uninterruptible power 
supply applications: fault-tolerant strategies,” IEEE Transactions on Consumer Electronics, vol. 69, no. 4, pp. 1055–1067, Nov. 

2023, doi: 10.1109/TCE.2023.3320632. 

[3] D. Singh and N. Sandeep, “Generalization and operation of switched-capacitor based multi-input extendable boosting multilevel 
inverter,” IEEE Transactions on Industry Applications, vol. 59, no. 6, pp. 6976–6985, Nov. 2023, doi: 10.1109/TIA.2023.3305347. 

[4] Z. Shu, N. Ding, J. Chen, H. Zhu, and X. He, “Multilevel SVPWM with DC-link capacitor voltage balancing control for diode-

clamped multilevel converter based STATCOM,” IEEE Transactions on Industrial Electronics, vol. 60, no. 5, pp. 1884–1896, May 
2013, doi: 10.1109/TIE.2012.2218553. 

[5] M. F. Ahmad, M. S. Bin Arif, M. Abdelrahem, and J. Rodriguez, “A high gain and compact size asymmetrical 17‐level inverter for 

medium‐ and high‐power applications,” International Journal of Circuit Theory and Applications, vol. 52, no. 6, pp. 2741–2759, 
Jun. 2024, doi: 10.1002/cta.3906. 

[6] N. Sandeep and U. R. Yaragatti, “Operation and control of an improved hybrid nine-level inverter,” IEEE Transactions on Industry 

Applications, vol. 53, no. 6, pp. 5676–5686, Nov. 2017, doi: 10.1109/TIA.2017.2737406. 
[7] M. S. bin Arif, S. Md. Ayob, and Z. Salam, “Asymmetrical multilevel inverter topology with reduced power semiconductor 

devices,” in 2016 IEEE Industrial Electronics and Applications Conference (IEACon), IEEE, Nov. 2016, pp. 20–25, doi: 

10.1109/IEACON.2016.8067349. 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Proposed high gain single DC-source SC-MLI topology for solar PV grid integration … (Khan Mohammad) 

353 

[8] D. Singh and N. Sandeep, “A 13-level switched-capacitor-based common-ground boosting inverter,” IEEE Transactions on Circuits 
and Systems II: Express Briefs, vol. 71, no. 8, pp. 3990–3994, Aug. 2024, doi: 10.1109/TCSII.2024.3374353. 

[9] J. Liu, X. Zhu, and J. Zeng, “A seven-level inverter with self-balancing and low-voltage stress,” IEEE Journal of Emerging and 

Selected Topics in Power Electronics, vol. 8, no. 1, pp. 685–696, Mar. 2020, doi: 10.1109/JESTPE.2018.2879890. 
[10] S. S. Lee, C. S. Lim, and K.-B. Lee, “Novel active-neutral-point-clamped inverters with improved voltage-boosting capability,” 

IEEE Transactions on Power Electronics, vol. 35, no. 6, pp. 5978–5986, Jun. 2020, doi: 10.1109/TPEL.2019.2951382. 

[11] M. J. Sathik, K. Bhatnagar, N. Sandeep, and F. Blaabjerg, “An Improved Seven-Level PUC inverter topology with voltage 
boosting,” IEEE Transactions on Circuits and Systems II: Express Briefs, vol. 67, no. 1, pp. 127–131, Jan. 2020, doi: 

10.1109/TCSII.2019.2902908. 

[12] R. Barzegarkhoo, M. Moradzadeh, E. Zamiri, H. M. Kojabadi, and F. Blaabjerg, “A new boost switched-capacitor multilevel 
converter with reduced circuit devices,” IEEE Transactions on Power Electronics, vol. 33, no. 8, pp. 6738–6754, Aug. 2018, doi: 

10.1109/TPEL.2017.2751419. 

[13] M. D. Siddique et al., “Low switching frequency based asymmetrical multilevel inverter topology with reduced switch count,” IEEE 
Access, vol. 7, pp. 86374–86383, 2019, doi: 10.1109/ACCESS.2019.2925277. 

[14] A. Taheri and H. Samsami, “New topology of a switched‐capacitor‐based multilevel inverter with a single DC power supply,” IET 

Power Electronics, vol. 12, no. 6, pp. 1571–1584, May 2019, doi: 10.1049/iet-pel.2018.5087. 
[15] M. Trabelsi, A. N. Alquennah, and H. Vahedi, “Review on Single-DC-Source multilevel inverters: voltage balancing and control 

techniques,” IEEE Open Journal of the Industrial Electronics Society, vol. 3, pp. 711–732, 2022, doi: 

10.1109/OJIES.2022.3221015. 
[16] M. S. Bin Arif, U. Mustafa, S. B. M. Ayob, J. Rodriguez, A. Nadeem, and M. Abdelrahem, “Asymmetrical 17-level inverter 

topology with reduced total standing voltage and device count,” IEEE Access, vol. 9, pp. 69710–69723, 2021, doi: 

10.1109/ACCESS.2021.3077968. 
[17] P. M. Meshram and V. B. Borghate, “A simplified nearest level control (NLC) voltage balancing method for modular multilevel 

converter (MMC),” IEEE Transactions on Power Electronics, vol. 30, no. 1, pp. 450–462, Jan. 2015, doi: 

10.1109/TPEL.2014.2317705. 
[18] S. Kakar, S. M. Ayob, M. S. Bin Arif, S. S. Lee, N. J. M. Nordin, and R. Ayop, “A generalized switched‐capacitor‐based modular 

T‐type inverter topology with reduced switch count,” International Journal of Circuit Theory and Applications, vol. 51, no. 4, pp. 

1841–1857, Apr. 2023, doi: 10.1002/cta.3505. 
[19] H. B. Gobburi, V. B. Borghate, and P. M. Meshram, “A level enhanced nearest level control for modular multilevel converter 

without using sensors,” IEEE Trans Ind Appl, vol. 59, no. 4, pp. 4364–4374, Jul. 2023, doi: 10.1109/TIA.2023.3270113. 

[20] S. Kakar, S. B. Md. Ayob, A. Iqbal, N. M. Nordin, M. S. Bin Arif, and S. Gore, “New asymmetrical modular multilevel inverter 
topology with reduced number of switches,” IEEE Access, vol. 9, pp. 27627–27637, 2021, doi: 10.1109/ACCESS.2021.3057554. 

[21] M. D. Siddique, S. Mekhilef, S. Padmanaban, M. A. Memon, and C. Kumar, “Single-phase step-up switched-capacitor-based 

multilevel inverter topology with SHEPWM,” IEEE Transactions on Industry Applications, vol. 57, no. 3, pp. 3107–3119, May 
2021, doi: 10.1109/TIA.2020.3002182. 

[22] T. Roy and P. K. Sadhu, “A step-up multilevel inverter topology using novel switched capacitor converters with reduced 

components,” IEEE Transactions on Industrial Electronics, vol. 68, no. 1, pp. 236–247, Jan. 2021, doi: 10.1109/TIE.2020.2965458. 
[23] T. Roy, P. K. Sadhu, and A. Dasgupta, “Cross-switched multilevel inverter using novel switched capacitor converters,” IEEE 

Transactions on Industrial Electronics, vol. 66, no. 11, pp. 8521–8532, Nov. 2019, doi: 10.1109/TIE.2018.2889632. 

[24] J. Liu, K. W. E. Cheng, and Y. Ye, “A cascaded multilevel inverter based on switched-capacitor for high-frequency AC power 
distribution system,” IEEE Trans Power Electron, vol. 29, no. 8, pp. 4219–4230, Aug. 2014, doi: 10.1109/TPEL.2013.2291514. 

[25] W. Peng, Q. Ni, X. Qiu, and Y. Ye, “Seven-level inverter with self-balanced switched-capacitor and its cascaded extension,” IEEE 

Transactions on Power Electronics, vol. 34, no. 12, pp. 11889–11896, Dec. 2019, doi: 10.1109/TPEL.2019.2904754. 
[26] K. P. Panda, P. R. Bana, and G. Panda, “A reduced device count single dc hybrid switched-capacitor self-balanced inverter,” IEEE 

Transactions on Circuits and Systems II: Express Briefs, vol. 68, no. 3, pp. 978–982, Mar. 2021, doi: 10.1109/TCSII.2020.3018333. 

[27] S. Sadaf, M. S. Bhaskar, M. Meraj, A. Iqbal, and N. Al-Emadi, “A novel modified switched inductor boost converter with reduced 
switch voltage stress,” IEEE Transactions on Industrial Electronics, vol. 68, no. 2, pp. 1275–1289, Feb. 2021, doi: 

10.1109/TIE.2020.2970648. 
[28] M. J. Sathik, M. F. Elmorshedy, and D. J. Almakhles, “A new boost topology seven-level inverter of high voltage gain ability and 

continuous input current with MPPT for PV grid integration,” IEEE Access, vol. 11, pp. 139236–139248, 2023, doi: 

10.1109/ACCESS.2023.3339792. 
[29] D. Prasad and D. C., “Solar PV-fed multilevel inverter with series compensator for power quality improvement in grid-connected 

systems,” IEEE Access, vol. 10, pp. 81203–81219, 2022, doi: 10.1109/ACCESS.2022.3196174. 

[30] Y. Gao, W. Zhang, Y. N. Zarnaghi, N. V. Kurdkandi, and C. Zhang, “A new boost switched capacitor seven‐level grid‐tied inverter,” 

IET Power Electronics, vol. 14, no. 2, pp. 268–279, Feb. 2021, doi: 10.1049/pel2.12031. 

 

 

BIOGRAPHIES OF AUTHORS 
 

 

Khan Mohammad     received a B.E. degree in electrical engineering and  

M.Tech. degree (Hons.) in Power Systems and Drives from Aligarh Muslim University, in 2021 

and 2023, respectively. His research interests include power electronics converters, Photovoltaic 

systems, and control of power electronics converters. He can be contacted at email: 

gi2469@myamu.ac.in.  

https://orcid.org/0000-0001-7005-3106


                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 1, March 2025: 344-354 

354 

 

M. Saad Arif     is a researcher and assistant professor of Electrical Engineering at 

Aligarh Muslim University (AMU), Aligarh, India. Dr. Saad holds a Bachelor’s degree in 

Electrical Engineering, a Master’s degree in Power Systems and Driving from AMU, and a Ph.D. 

in Power Engineering from Universiti Teknologi Malaysia, Malaysia. His research is focused on 

developing novel circuit designs for power electronic converters and improving the efficiency 

of solar and hybrid energy systems. He contributed to power electronics and renewable energy 

systems through his research, publications, and professional services. He has received awards 

and honors from national and international bodies. He also mentors’ numerous graduate students 

and actively engages in professional societies such as IEEE. He is dedicated to continuing his 

research and contributing to the academic community. He can be contacted at email: 

saad.ee@amu.ac.in. 

  

 

Shahrin Md. Ayob     was born in Kuala Lumpur, Malaysia. He received the degree 

in electrical engineering, the master’s degree in electrical engineering (power), and the Ph.D. 

degree from Universiti Teknologi Malaysia in 2001, 2003, and 2009, respectively. He is 

currently an associate professor with the Faculty of Engineering, School of Electrical 

Engineering, Universiti Teknologi Malaysia. He is also a registered Graduate Engineer under 

the Board of Engineer Malaysia (BEM). His current research interests include solar photovoltaic 

systems, electric vehicle technology, fuzzy systems, and evolutionary algorithms for power 

electronics applications. He can be contacted at email: shahrin@fke.utm.my. 

  

 

Hasan Alrajhi     received the B.Sc. degree (with honor) in electrical engineering from 

the University of Umm Al Qura in Makkah in Saudi Arabia in 2009, and the M.Sc. and Ph.D. 

degrees in electrical power engineering from the University of Waterloo, Ontario, Canada, in 

2014 and 2018, respectively. He is now an associate professor with the Electrical Engineering 

Department, Umm Al Qura University, Makkah, SA. His research interests include the areas of 

integration of renewable sources into power systems, dynamics, and controls of power 

converters, analysis and control of DC and hybrid AC/DC power networks; HVDC; MTDC, 

operation and control of microgrids (AC, DC, hybrid AC/DC), power electronics interfacing; 

power systems, power system stability, and modelling (AC/DC, DC/DC) converters. He can be 

contacted at email: hkrajhi@uqu.edu.sa. 

  

 

Mohd Sarfaraz Alam     joined university Polytechnic as a Lecturer in 2003. Prior to 

joining University Polytechnic, he Worked as Research Assistant on a project entitled  

"Optimal Ventilator Settings in Assistant Respiration" and successfully completed the project 

within the specified period of two years. The project was sponsored by Uttar Pradesh Council of 

Science and technology. Mr. Alam earned his Master’s Degree (M.Tech.) from Aligarh Muslim 

University in 2002 and Ph.D. degree in 2019. He can be contacted at email: 

ems_alam@rediffmail.com. 

  

 

Mohd Faraz Ahmad     received a B.Tech. degree in electrical engineering and the 

M.Tech. degree (Hons.) in Power Systems and Drives from Aligarh Muslim University, in 2019 

and 2022, respectively. Currently, working as a senior research assistant in the Department of 

Electrical Engineering, Aligarh Muslim University. His research interests include the design and 

control of power electronics converters, electric vehicle charging, and photovoltaic systems. He 

can be contacted at email: f.alig1092@gmail.com. 

 

https://orcid.org/0000-0002-6450-4940
https://scholar.google.com/citations?user=mTTnenIAAAAJ&hl=en&oi=ao
https://orcid.org/0000-0003-0465-9657
https://scholar.google.com/citations?hl=en&user=If7Fjh4AAAAJ
https://orcid.org/0000-0001-5536-9444
https://scholar.google.com/citations?hl=en&user=-Wt3INoAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57226379003
https://orcid.org/0009-0002-1882-3438
https://orcid.org/0000-0002-1559-0096

