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 This paper presents a novel single direct current (DC) source with switched-

capacitor multilevel inverter (MLI) architecture capable of achieving seven 

output voltage levels using only eight switches, one diode, and two 

capacitors. The proposed topology (P) is compared with recent MLI 

configurations to assess its efficiency and performance. MATLAB/Simulink 

tools are utilized for simulation studies, and experimental validation is 

conducted to corroborate the theoretical findings. The investigation explores 

the impact of modulation index and switching frequency variations on the P 

output characteristics. Results indicate that the proposed MLI topology 

offers significant advantages in terms of component count reduction and 

simplicity while maintaining competitive performance compared to state-of-

the-art alternatives. Additionally, the study provides insights into the 

influence of modulation index and switching frequency changes on the 

output voltage waveform, highlighting the adaptability and robustness of the 

P under varying operating conditions. This research contributes to the 

advancement of MLI designs by offering a streamlined and efficient solution 

suitable for various power electronic applications, including renewable 

energy systems and motor drives, where minimizing component count and 

complexity are crucial design considerations. 
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1. INTRODUCTION 

Multilevel inverter (MLI) represent a significant advancement in power electronics, offering 

numerous advantages over traditional two-level inverters in various applications ranging from renewable 

energy systems to motor drives. This introduction serves as a preamble for a journal paper exploring the 

design and analysis of MLI, focusing on their significance, operational principles, and recent advancements. 

In today’s era of burgeoning energy demands and increasing environmental concerns, the quest for efficient 

and sustainable power conversion technologies has intensified. MLI have emerged as pivotal solutions, 

providing enhanced performance, improved efficiency, and greater reliability compared to their conventional 

counterparts. At the heart of MLI lies their ability to synthesize stepped output voltage waveforms using 

multiple levels of direct current (DC) voltage sources. Unlike two-level inverters, which switch between two 

https://creativecommons.org/licenses/by-sa/4.0/
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voltage levels (typically the positive and negative DC terminals), MLI utilize several voltage levels, enabling 

finer control of the output waveform. This feature results in reduced harmonic distortion, lower 

electromagnetic interference (EMI), and smoother output voltages, making them ideal for applications 

demanding high-quality power conversion. The fundamental operational principle of MLI revolves around 

the concept of pulse width modulation (PWM). By employing PWM techniques, such as carrier-based 

modulation or space vector modulation (SVM), MLI can generate precise output voltage waveforms by 

intelligently switching the semiconductor devices (typically insulated gate bipolar transistors (IGBT) or 

metal-oxide-semiconductor field-effect transistor (MOSFETs)) at high frequencies. These modulation 

schemes facilitate the synthesis of multilevel output voltages by appropriately adjusting the duty cycles of the 

switching signals [1]-[3]. 

The paper begins by discussing the fundamental topologies of MLI, including diode-clamped 

(neutral-point clamped), capacitor-clamped (flying capacitor), and cascaded H-bridge configurations. Each 

topology is examined in terms of its operating principles, advantages, limitations, and applications. 

Comparative analyses between different topologies are also presented to highlight their respective 

performance characteristics and suitability for specific applications [4]-[6]. Modulation techniques play a 

crucial role in controlling MLI to generate the desired output voltage waveform. This section provides an 

overview of commonly used modulation techniques, such as PWM, selective harmonic elimination (SHE), 

SVM, and phase disposition PWM (PD-PWM). The survey discusses the principles, implementation, 

advantages, and limitations of each modulation technique, along with recent advancements and research 

trends in this area. Effective control strategies are essential for ensuring the stable and efficient operation of 

MLI under various operating conditions. This section reviews different control strategies employed in MLI, 

including traditional proportional-integral (PI) control, advanced control techniques such as model predictive 

control (MPC) and fuzzy logic control, and predictive control methods. The survey evaluates the 

performance, complexity, and implementation challenges associated with each control strategy, highlighting 

recent developments and emerging trends in MLI control [7]-[9]. 

One of the key advantages of MLI with single DC sources and generalized switched capacitors is 

their ability to achieve multiple voltage levels with minimal components. This section of the survey discusses 

the fundamental principles behind these inverters, including the utilization of switched capacitors to generate 

multiple voltage levels from a single DC source. Various circuit topologies, such as cascaded H-bridge and 

flying capacitor configurations, are explored, highlighting their operating principles, advantages, and 

limitations [10], [11]. 

Modulation techniques play a crucial role in controlling the output voltage waveform of MLI. This 

section reviews different modulation strategies used in conjunction with single DC source inverters and 

generalized switched capacitors. PWM techniques, such as SVM and carrier-based PWM, are discussed, 

along with their implementation challenges and performance considerations [12], [13]. 

One of the significant challenges faced by MLI with single DC sources and generalized switched 

capacitors is voltage balancing among the capacitors. In these systems, capacitors are utilized to generate 

multiple voltage levels, and ensuring balanced voltage across all capacitors is crucial for stable and efficient 

operation. However, due to mismatches in component parameters, switching delays, and other factors, 

achieving perfect voltage balancing can be challenging, leading to unequal stress on capacitors and potential 

reliability issues. The operation of MLI involves high-frequency switching of power electronic devices, 

leading to switching losses that can significantly impact system efficiency. In systems with single DC sources 

and switched capacitors, the number of switches involved in generating multiple voltage levels is relatively 

high, which increases switching losses and reduces overall efficiency. Mitigating switching losses while 

maintaining desired output voltage levels is a critical challenge in these systems [14]-[17]. 

MLI with single DC sources and generalized switched capacitors require sophisticated control 

algorithms to regulate the switching of power electronic devices and maintain desired output voltage 

waveforms. The complexity of control algorithms increases with the number of voltage levels and the 

intricacies of switched capacitor operation. Developing efficient and robust control strategies that can handle 

system non-linearities, parameter variations, and dynamic operating conditions is a significant challenge in 

these systems. The operation of MLI with single DC sources and switched capacitors imposes significant 

stress on power electronic components such as switches, diodes, and capacitors. High-frequency switching, 

voltage transients, and current ripple can accelerate component degradation and reduce system reliability 

over time. Ensuring the longevity and reliability of components under harsh operating conditions is a key 

challenge in the design and implementation of these systems [18]-[20]. 

Despite their potential benefits, the cost of components and manufacturing processes for MLI with 

single DC sources and switched capacitors can be higher compared to traditional inverter topologies. 

Optimizing system cost without compromising performance and reliability is a significant challenge faced by 

researchers and practitioners in this field. Implementing artificial intelligence (AI), machine learning, and 
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fuzzy logic techniques in seven and nine-level MLI enhances performance and efficiency [21]-[23]. AI 

algorithms optimize modulation strategies in real-time based on load conditions, improving waveform quality 

and reducing harmonic distortion. Machine learning models predict system behaviour, enabling proactive 

fault detection and adaptive control to mitigate voltage imbalances and ensure stability [24], [25]. 

MLI with single DC sources and switched capacitors face significant challenges, including the need 

for sophisticated control algorithms to regulate switching and maintain output voltage waveforms. These 

approaches can be complex and may not effectively address system non-linearities and dynamic conditions. 

Additionally, the high-frequency switching and voltage transients stress power electronic components, 

leading to potential degradation and reduced reliability. Furthermore, the cost of components and 

manufacturing processes remains higher than traditional topologies, complicating optimization efforts 

without sacrificing performance. 

This research work is having the following objectives: to introduce a novel single DC source with 

switched-capacitor MLI architecture capable of generating seven output voltage levels with minimal 

component count; to compare this proposed topology (P) with recent MLI configurations to evaluate its 

efficiency and performance metrics comprehensively; to employ MATLAB/Simulink tools for simulation 

studies, ensuring thorough analysis and validation of theoretical findings; to conduct experimental validation, 

corroborating simulation results and confirming the practical viability of the P; lastly, to investigate the 

impact of modulation index and switching frequency variations on the output characteristics, providing 

insights into the adaptability and robustness of the P under diverse operating conditions. 

 

 

2. PROPOSED MULTILEVEL INVERTER WITH MODES OF OPERATION 

The proposed seven-level MLI features two floating capacitors, C2 and C1, alongside a power diode 

(D) and eight IGBT power switches. With only one DC source, the charging path of the capacitors ensures 

efficient energy transfer. During operation, the capacitors charge through the DC source, maintaining voltage 

levels for each output stage. Notably, the design is inherently self-balanced, mitigating the need for external 

balancing circuits. Upon activation, the power switches regulate the flow of energy, enabling seamless 

voltage level transitions. The floating capacitors facilitate the creation of multiple voltage levels, enhancing 

the inverter’s versatility and performance. This configuration optimizes component utilization and reduces 

complexity, making it suitable for various power electronic applications. Figure 1 depicts a proposed seven-

level inverter topology, offering enhanced voltage levels for improved performance. Figure 2 illustrates 

IGBT modules with anti-parallel diodes, ensuring bidirectional current flow and minimizing voltage spikes. 

Figure 3 showcases IGBTs without anti-parallel diodes, necessitating external diodes for freewheeling during 

reverse current conditions. Figure 4 illustrates the generation of a +3 VDC output voltage in the seven-level 

inverter configuration. Figure 5 demonstrates a +2 VDC output.  
 

 

 

 
 

Figure 2. IGBT with anti-parallel diode 
 
 

 
  

Figure 1. Proposed seven level inverters Figure 3. IGBT without anti-parallel diode 
 

 

 

  
  

Figure 4. +3 VDC output voltage Figure 5. +2 VDC output voltage 
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Figure 6 shows a +Vdc output. Figure 7 displays a 0 VDC output, while Figures 8 and 9 represent a  

-VDC and -2 Vdc output. Figure 10 showcases the -3 VDC output voltage in a seven-level single DC source 

system utilizing generalized switched capacitors. Each figure demonstrates a specific voltage level output 

achieved through the inverter’s operation. 

 

 

  
  

Figure 6. VDC output voltage Figure 7. 0 VDC output voltage 

  

  

  
  

Figure 8. -VDC output voltage Figure 9. -2 VDC output voltage 

 

 

 
 

Figure 10. -3 VDC output voltage 

 

 

3. SIMULATION RESULTS AND ANALYSIS 

Figure 11 illustrates the analysis of output voltage, current, and capacitor link voltages with a 

modulation index of 1, where the peak output voltage is 150 V and the peak current is 5 A. Capacitor 1 voltage 

is maintained at 50 V, while capacitor 2 voltage is set at 100 V. This analysis provides insights into the behavior 

of the system under full modulation index conditions, aiding in understanding the performance and stability of 

the inverter. Figure 12 examines the system response with modulation index varying from 0.95 to 0.7, following 

a load current change from 3 A to 5 A. This dynamic analysis captures the inverter’s behavior under varying 

modulation depths and load conditions, assisting in optimizing the control strategy for different operating 

scenarios. In Figure 13, the modulation index ranges from 0.7 to 0.5 after a 0.1 sec change in voltage total 

harmonic distortion (THD). This analysis evaluates how changes in modulation depth impact output 

characteristics, particularly in terms of THD, aiding in designing robust control algorithms to minimize 

distortion and enhance system efficiency. Figure 14 explores the system’s behavior with modulation index 

varying from 0.5 to 0.2. This analysis provides insights into the inverter’s performance under reduced 

modulation depth conditions, facilitating the design of efficient control strategies for low-power operation while 

ensuring stable and reliable output voltage and current waveforms across the load range. 
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Figure 11. Simulation analysis of output voltage, 

current, and capacitor link voltages under normal 

condition 

Figure 12. Simulation analysis of output voltage, 

current, and capacitor link voltages under change in 

load after 0.1 sec 
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Figure 13. Simulation analysis of output voltage, 

current, and capacitor link voltages under change 

modulation index from 0.96 to 0.2 after 0.1 sec 

Figure 14. Simulation analysis of output voltage, 

current, and capacitor link voltages under change 

modulation index from 0.96 to 0.7 after 0.1 sec 

  

 

4. EXPERIMENTAL VALIDATION 

Figure 15 showcases the experimental setup designed for thorough testing and validation of the 

inverter system across diverse operating conditions. The DSO DL750P oscilloscope serves as a reliable tool 

for precise data acquisition, enabling accurate analysis of voltage and current waveforms. The host PC, 

equipped with specialized software, assumes control and conducts in-depth analysis of system performance, 

offering insights into efficiency, stability, and harmonic distortion. The controller board plays a pivotal role 

in signal processing, executing control algorithms, and facilitating real-time adjustments to ensure optimal 

operation. Gate drivers like the TLP250 are employed to interface between the control signals and the power 

switches, ensuring efficient switching operations. The inclusion of resistive and inductive loads mimics real-

world scenarios, allowing for comprehensive testing under varying load conditions. Additionally, a regulated 

power supply ensures consistent and reliable power delivery to the entire setup, enhancing the accuracy and 

repeatability of experimental results.  

 

 

 
 

Figure 15. Simulation analysis of output voltage, current, and capacitor link voltages under change 

modulation index from 0.96 to 0.7 after 0.1 sec 
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Figure 16 presents real-time results of voltage, current, and capacitor voltage under normal 

operating conditions. These results serve as a baseline for performance evaluation and comparison with other 

operating scenarios. Figure 17 illustrates real-time analysis of voltage, current, and capacitor voltage under 

variable load conditions. This analysis helps understand the inverter’s response to changes in load impedance 

and ensures robust performance across different load scenarios. In Figure 18, real-time analysis of voltage, 

current, and capacitor voltage is conducted under variable frequency conditions. This investigation provides 

insights into the inverter’s behaviour at different operating frequencies, aiding in optimizing frequency 

control algorithms and ensuring stability over a wide frequency range.  
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Figure 16. Real time analysis of voltage, current, and capacitor voltage at normal condition 
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Figure 17. Real time analysis of voltage, current, and capacitor voltage at variable load condition 
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Figure 18. Real time analysis of voltage, current, and capacitor voltage at variable frequency condition 
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Figure 19 presents real-time analysis of voltage, current, and capacitor voltage with variations in 

modulation index. This analysis examines the impact of modulation depth on output waveforms and system 

efficiency, guiding the selection of optimal modulation strategies for different applications. Figures 20 and 21 

showcase THD analysis of output voltage and current respectively. These analyses quantify the distortion 

levels in the output waveforms, enabling assessment of waveform quality and compliance with harmonic 

standards.  
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Figure 19. Real time analysis of voltage, current, and capacitor voltage at change in modulation index 

 

 

  
  

Figure 20. THD analysis of output voltage Figure 21. THD analysis of output current 

 

 

Figure 22 compares performance parameters of DC sources, levels, and switches between the P and 

various other topologies. Parameters such as efficiency, voltage regulation, and switching losses are 

evaluated to demonstrate the advantages of the P over existing alternatives. Figure 23 compares performance 

parameters of diodes, gain, cost function, maximum blocking voltage, and switching component level 

between the P and other topologies. This comparison helps identify the strengths and weaknesses of each 

topology in terms of component characteristics and overall system performance. Table 1 illustrates the 

various parameter comparisons of proposed and conventional topologies. 
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Figure 22. Performance parameters of DC sources, level, and switches with P and various topologies 
 

 

 
 

Figure 23. Performance parameters of diodes, gain, cost function, maximum blocking voltage, and switching  

component level with P and various topologies 
 
 

Table 1. Comparative analysis of proposed MLI P and various topologies 
A [4] [6] [7] [11] [13] [15] [19] [P] 

𝑁𝐿 7 7 7 7 7 7 7 7 

𝑁𝑠 1 1 1 1 1 1 1 1 

𝑁𝑠𝑤 8 12 14 9 10 9 9 8 

𝑁𝑐 2 2 2 3 4 2 3 2 

𝑁𝐷 2 - - - - 1 - 1 

B 3 2 1 1 2 3 1 3 
G 3 3 3 1.5 1.5 3 1.5 3 

C 6 5.3 4.7 10. 7.3 6 5.3 5.3 

𝐹𝐶/𝐿 1.8 2.2 5.6 1.8 2.1 1.8 1.8 1.7 

D 2.6 2.7 2.9 3.2 3.1 2.6 2.5 2.3 

NS: number of sources, NL: number of levels, NSW: number of switches, NC: number of capacitors, ND: number of diodes, B: 

maximum blocking voltage, 𝐹𝐶/𝐿: switching component per level, D: cost function (CF), A: parameter, 𝐶: per unit total 

standing voltage (𝑇𝑆𝑉𝑝𝑢), G: gain, P: proposed topology 

 

 

5. CONCLUSION 

The proposed novel single DC source with switched-capacitor MLI architecture, achieving seven 

output voltage levels with minimal components. Through MATLAB/Simulink simulations and experimental 
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validation, the P demonstrates efficiency and performance comparable to recent MLI configurations. The 

investigation reveals the topology’s robustness under modulation index and switching frequency variations, 

offering insights into its adaptability across diverse operating conditions. Future research could explore 

advanced control strategies to further enhance performance and efficiency, as well as scalability for higher 

voltage levels. Additionally, extending the experimental validation to larger-scale implementations and 

diverse applications would strengthen the practical relevance of the P. Overall, this research contributes to 

advancing MLI designs by offering a simplified yet efficient solution suitable for various power electronic 

applications, addressing the need for reduced component count and complexity in modern power systems. In 

terms of future scope, there are several promising areas to explore. First, advanced control strategies such as 

MPC or SVM could be implemented to further improve the performance, efficiency, and dynamic response 

of the inverter. 
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