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Abstract 

This research introduces a novel seven-level switched-capacitor inverter 

(SCI) topology designed to achieve high efficiency and reduced component count. 

The proposed SCI utilizes a DC input source, consisting of only twelve switches and 

two capacitors, to generate a seven-level output voltage. This topology stands out for 

its ability to self-balance capacitor voltages, resulting in reduced voltage stress on 

the switches and minimizing the need for complex external components such as a 

backend H-bridge. The proposed SCI is its ability to deliver a threefold increase in 

output voltage relative to the input, effectively boosting voltage without additional 

step-up transformers. The article provides a comprehensive comparison with existing 

SCI topologies, demonstrating the superior benefits of the proposed design, such as 

fewer components, lower cost, and enhanced performance. Both simulation results 

and experimental outcomes validate the efficacy of the suggested SCI in various 

operating conditions, confirming its potential for practical applications in power 

conversion systems. The laboratory test setup for the seven-level MLI prototype 

further corroborates the functionality and robustness of the proposed design. 

Utilizing PLECS simulation software, the performance of twelve semiconductor 

switches (S1 to S12) was evaluated in terms of their power dissipation 

characteristics. This novel topology presents significant advancements in multilevel 

inverter technology, offering improved efficiency and reliability for a wide range of 

applications, including renewable energy integration and electrical power 

distribution systems.  

Keywords: Boosting factor, Cost function, Multilevel Inverter, Reduced Component 

Count, Seven-Level Inverter, Self-Balancing, Switched-Capacitor Topology. 

I.    Introduction   

Multilevel inverters (MLIs) have gained significant attention in recent years 

due to their ability to generate high-quality output voltage with lower harmonic 

distortion, reduced electromagnetic interference, and improved efficiency. Among 

various multilevel inverter configurations, seven-level inverters are considered 

suitable for medium-voltage and high-power applications [I]. However, conventional 

topologies often require a large number of components, such as isolated DC sources, 

switches, and passive elements, which increase cost, complexity, and space 

requirements [II]. To address these limitations, researchers have explored switched-

capacitor (SC) techniques that utilize fewer active and passive components while 

achieving the same multilevel output [III]. The switched-capacitor inverter topology 

allows voltage boosting and level generation without the need for multiple DC 

sources or bulky transformers. However, the challenge remains in achieving voltage 

self-balancing across the capacitors to ensure stability and long-term operation [IV]. 

This research proposes a novel seven-level inverter topology that incorporates a self-

balanced switched-capacitor network, which effectively reduces the overall 

component count without compromising performance [V]. The self-balancing 

mechanism ensures stable capacitor voltages during operation, eliminating the need 

for complex voltage sensing and control circuits. This makes the topology highly 
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suitable for compact and cost-sensitive power conversion applications [VI]. The 

proposed design is analyzed through simulation and theoretical modeling to evaluate 

its performance in terms of output voltage quality, switching losses, voltage stress on 

switches, and total harmonic distortion (THD) [VII]. The results demonstrate that the 

proposed inverter achieves efficient multilevel voltage generation with enhanced 

reliability and a significantly reduced number of components, making it a promising 

solution for renewable energy systems, electric vehicles, and industrial drives [VIII]. 

Multilevel inverters (MLIs) are commonly utilized in industrial and residential 

applications due to their unique qualities, which include the ability to provide a 

virtually sinusoidal output voltage waveform, greater power control capabilities, 

increased efficiency, and reduced filter size needs [IX]. MLIs offer several 

advantages over traditional two-level inverters, including lower peak-inverse-voltage 

(PIV) of the power switches and diodes, improved waveform, lower dv/dt stresses on 

the power switches and load, and so on [X]. Diode-clamped inverters, flying 

capacitor inverters, and cascaded H-bridge inverters are all examples of traditional 

inverters [XI]. These inverters have various restrictions, including unity gain, the 

requirement of many active and passive components, capacitor voltage balancing, etc.  

Switched capacitor inverters (SCIs) can overcome the limitations of the preceding 

standard topologies [XII]. The advantages of SCIs include a gain larger than one, 

suitability for sources with low input voltage, self-balancing of capacitor voltage, and 

so on. Further, the SCIs can be grouped into two types: two-stage and single-stage 

topologies [XIII]. For polarity generation, a two-stage topology is united with a back-

end H-bridge. Additionally, the presence of an H-bridge raises the voltage stress on 

switches to a level equal to the highest values of load voltage. This requirement 

restricts the topologies from being used in high voltage applications [XIV].  Single-

stage topologies alleviate the disadvantages of two-stage topologies [5]. Additionally, 

single-stage topologies are more convenient since they do not necessitate the usage of 

an H-bridge to generate polarity [XV]. The switched capacitor topologies with the 

series/parallel approach described in limit higher blocking voltage due to the back-

end H-bridge propose switched capacitor topologies with fewer switches [XVI]. 

Despite this, the peak blocking voltage of H-bridges as well as the total standing 

voltage increased.  Various topologies for omitting the back-end H-bridge are 

proposed in [XVII]. The topologies employ a greater number of switching 

components to provide a seven-level voltage with a three-fold gain. Additionally, 

presented a 13-level structure with a lower component count [XVIII]. Although the 

topology has a low number of switching components, the TSV per unit is relatively 

high. The triple gain SC configuration advocated results in excessive voltage stress 

across the H-bridge switches, restricting its usage to high voltage applications [XIX]. 

The design described employs sixteen switches to achieve seven voltage levels by 

guaranteeing that no switch operates at a voltage greater than the dc source voltage 

[XX]. Topologies shown in are more suitable for high voltage applications because of 

low-voltage stresses on the switches; however, they are designed with higher 

switching components with lower gain [XXI]. Although a generalized SC design 

offers the advantages of reduced voltage stresses and leakage current described in, it 

involves a substantial number of switching counts [XXII]. The SCMLI described has 
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a three-boosting factor and employs reduced devices to achieve seven output voltage 

levels. However, it puts greater stress on the switching components, i.e., equal to the 

peak load voltage [XXIII]. The advantages of the SCI proposed in this paper are as 

follows: (a) It is possible to get a voltage gain of three. (b) The design synthesizes a 

seven-level waveform. (c) Even at low modulation indices, all capacitors are self-

balanced. (d) PIVs for all power switches are significantly lower than the load 

voltage. (e) The number of components used per level has decreased. Following this 

section, the rest of the article is organized in the following manner [XXIV].  

II.   Proposed SCI 

           The proposed Seven-Level Switched-Capacitor Inverter (SCI) topology is 

designed to generate a stepped AC output using a single DC source along with 

switched-capacitor units and a reduced number of power electronic switches [XXV]. 

The configuration achieves seven output voltage levels: 0, ±Vdc, ±2Vdc, and ±3Vdc, 

through strategic charging and discharging of capacitors without requiring multiple 

isolated DC sources or magnetic components [XXVI]. Each switched-capacitor unit 

performs voltage boosting by sequentially charging from and discharging into the 

load, achieving voltage doubling and tripling effects in a controlled manner [XXVII]. 

The self-balancing feature ensures that the capacitors maintain their desired voltage 

levels without additional sensors or controllers, thereby simplifying the control 

strategy and enhancing reliability [XXVIII]. 

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

C1

C2

x yVdc

 
Fig. 1. Proposed seven-level SCI 

Figure 1 illustrates the configuration of a proposed seven-level Switched Capacitor 

Inverter (SCI), designed to generate a stepped AC output voltage from a DC source 

[XXIX]. The architecture typically consists of a single DC input, a set of switched 

capacitor units, and a combination of power electronic switches arranged to control 

the charging and discharging paths of the capacitors [XXX]. By dynamically 

reconfiguring the capacitor network through controlled switching sequences, the 

inverter is capable of producing multiple discrete voltage levels (in this case, seven), 

enhancing the output waveform quality while minimizing the need for bulky passive 

filters [XXXI]. The proposed seven-level SCI improves power quality, reduces total 

harmonic distortion (THD), and enhances voltage utilization compared to 

conventional two-level or three-level inverters [XXXII]. Each voltage level 

corresponds to specific switch and capacitor states, and the inverter operates in both 
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positive and negative half cycles to synthesize a near-sinusoidal waveform. This 

topology is particularly advantageous in medium-power applications such as 

renewable energy systems, electric drives, and power conditioning units, where 

efficiency, compactness, and waveform quality are critical [XXXIII]. 

Circuit description 

Figure 1 depicts a schematic design of the proposed SCI. The SCI comprises two 

capacitors, twelve switches, and a single unit DC supply [XXXIV]. This SCI 

topology incorporates the concept of switched capacitors, which can be charged and 

discharged while tied to the DC voltage source. The proposed architecture is capable 

of producing a peak voltage amplitude of 3Vdc, which is a noteworthy characteristic of 

the research. Out of the twelve switches, eight (S1~ S5, S7, S9, S10) have a voltage 

rating of Vdc, and four (S6, S8, S11, S12) have a voltage rating of 2Vdc. Additionally, 

three sets of switches (S1S2, S7S8, S11S12) have been connected in complementary 

mode; as a result, it required just eight driver units."𝑣0"represent the load voltage 

between the terminal “x” and “y”. The red line indicates the charging path of the 

capacitor, while the black line indicates the current path [XXXV]. 

Working principle 

Fig. 2 depicts an analysis of the proposed SCI, demonstrating the various output 

voltage levels. Each voltage level's switching sequence is shown in Table I to yield 

the proposed seven-level output voltage [XXXVI]. The power switches are labeled 

with the numbers “1” and “-” to indicate their on and off states, respectively. 

Capacitor charging/discharging and idle states are denoted by ∆/∇and “-“respectively. 

The following modes describe the operation of each voltage level in greater detail: 

Table 1: SWITCHING COMBINATION 

Mode vxy=𝒗𝟎 C1 C2 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

1 
0 ∆ - - 1 1 1 1 - - 1 1 1 - 1 

0 - ∆ 1 - 1 1 - 1 1 - 1 1 1 - 

2 
+1𝑉𝑑𝑐 ∆ - - 1 1 1 - 1 - - 1 1 1 - 

−1𝑉𝑑𝑐 -- ∆ 1 - 1 1 1 - - 1 1 1 - 1 

3 
+2𝑉𝑑𝑐 ∇ ∆ - 1 1 1 1 - - 1 1 1 1 - 

−2𝑉𝑑𝑐 ∆ ∇ 1  1 1  1 1 - 1 1 - 1 

4 
+3𝑉𝑑𝑐 ∇ ∇ - 1 1  1 1  1 - - 1 - 

−3𝑉𝑑𝑐 ∇ ∇ 1 - - 1 1 1 1 - - - - 1 

 

Mode 1: 𝑣0 = 0 

This level can be reached by short-circuiting the switches S1-S4-S5-S12 (or S1-S3-S7-S11) 

simultaneously. Capacitor C1 (or C2) is charged to 𝑉𝑑𝑐 in this mode. Figure 2 (a-b) 

depicts the analogous circuit for this level [XXXVII]. 

Mode 2:𝑣0 = ±1𝑉𝑑𝑐 

The output voltage 𝑣0 = +1𝑉𝑑𝑐  can be reached by switching S2-S3-S7-S11 

simultaneously. Subsequently, capacitor C1 is charged to 𝑉𝑑𝑐 through the switches S4-

S6-S9-S10.Fig.2 (c) depicts the analogous circuit for this level. 



 

 

 

 

J. Mech. Cont.& Math. Sci., Vol.-20, No.- 8, August (2025)  pp 77-100 

Muthan Eswaran Paramasivam et al. 

 

 

82 
 

Similarly, the output voltage 𝑣0 = −1𝑉𝑑𝑐  can be reached by switching S1-S4-S8-S12 

simultaneously. Capacitor C2 gets charged to 𝑉𝑑𝑐 through the switches S3-S5-S9-

S10.Fig.2 (d) depicts the analogous circuit for this level [XXXVIII]. 

Mode 3:𝑣0 = ±2𝑉𝑑𝑐 

To obtain this output voltage 𝑣0 = +2𝑉𝑑𝑐 capacitor C1 is drained in conjunction with 

𝑉𝑑𝑐through the switches S2-S3-S5-S9-S10-S11.Capacitor C2 gets charged to 𝑉𝑑𝑐 through 

the switches S4-S8. Fig.2 (e) depicts the analogous circuit for this level [XXXIX]. 

Similarly, capacitor C2 is drained in conjunction with 𝑉𝑑𝑐 through the switches S1-S4-

S6-S9-S10-S12 to get the output voltage 𝑣0 = −2𝑉𝑑𝑐.Capacitor C1 gets charged to 𝑉𝑑𝑐 

through the switches S3-S7. Fig.2 (f) depicts the analogous circuit for this level. 

Mode 2:𝑣0 = ±3𝑉𝑑𝑐 

To obtain this output voltage 𝑣0 = +3𝑉𝑑𝑐 capacitors C1 and C2 are drained in 

conjunction with 𝑉𝑑𝑐 through the switches S2-S3-S5-S6-S8-S11.Fig.2 (g) depicts the 

analogous circuit for this level [XL]. 

Similarly, capacitors C1 and C2 are discharged in series with 𝑉𝑑𝑐 via the switches S1-

S4-S5-S6-S7-S12 to obtain an output voltage of 𝑣0 = −3𝑉𝑑𝑐. A similar circuit at this 

level is depicted in Fig.2 (h). 
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Fig. 2. Illustration of an equivalent circuit at various voltage levels 

Figure 2 demonstrates the concept of an equivalent electrical circuit represented 

across different voltage levels, typically including low voltage (LV), medium voltage 

(MV), and high voltage (HV) systems [XLI]. At each level, the circuit maintains the 

same fundamental electrical behavior but adapts in terms of component values and 

configurations to suit the voltage rating. For instance, a simple load and source 

arrangement might be shown with different impedance values, line parameters, and 

transformer ratings that change with the voltage level [XLII]. This ensures consistent 
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power delivery while accounting for losses, insulation requirements, and equipment 

capabilities [XLIII]. The diagram often includes transformers to step up or step down 

voltage, enabling the circuit to operate effectively across the transmission and 

distribution network. The figure emphasizes the importance of using equivalent 

circuit models to analyze power systems efficiently at each voltage level. It simplifies 

the real, complex network into manageable representations without losing critical 

electrical characteristics. Engineers use such equivalent models to perform fault 

analysis, load flow studies, and stability assessments [XLIV]. By observing the same 

circuit across various voltage levels, one can better understand the role of 

transformation and how system behaviour, including power losses and voltage drops, 

changes depending on the scale and purpose of the voltage level within the grid 

infrastructure [XLV]. 

Self-balancing and optimization technique of capacitors  

 In the proposed SCI topology, the series-parallel action of all capacitors ensures that 

they are all self-balanced. The capacitors C1 and C2 are charged in parallel and 

discharged in series simultaneously in a single cycle, as illustrated in Figures 2(a) - 

(h) and Table I. There are multiple charging times for each capacitor throughout an 

output voltage cycle, and the voltages of both capacitors can dynamically maintain 

the source voltage 𝑉𝑑𝑐 with some ripples. This function enables the voltages of the 

two capacitors to be balanced automatically [XLVI]. 

t2 t2
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π-t1 π-t2
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tu
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u0

 
Fig. 3. Staircase output voltage 

The operating states indicated in Table 1 have been simplified into a single output 

voltage cycle, as illustrated in Figure 3. The discharging time instant is denoted by 

𝑡1,𝑡2,𝑡3. In the positive half cycle, C1 is responsible for the double voltage 2𝑉𝑑𝑐 in the 

interval from 𝑡2 to𝑡3 whereas C2, C3 are responsible for the triple voltage 3𝑉𝑑𝑐 in the 

interval from𝑡2 to𝜋 − 𝑡3  .This same type of analysis is used for the negative half-

cycle [XLVII]. 

The discharge time of capacitors is calculated as (1) 

  𝑡2=
sin−1(1

3⁄ )

2𝜋𝑓
                  𝑡3=

sin−1(2
3⁄ )

2𝜋𝑓
                            (2) 

The discharge quantity of capacitors can be computed as 
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  ∆𝑄𝑐,1=∫ 𝑖𝑙
𝑡3

𝑡2
sin(2𝜋𝑓𝑡)𝑑𝑡                                     (3) 

  ∆𝑄𝑐,2=∫ 𝑖𝑙
𝜋−𝑡3

𝑡3
sin(2𝜋𝑓𝑡)𝑑𝑡                                 (4) 

Thus, the optimum capacitance is computed as: 

  𝐶𝑖 ≥
∆𝑄𝑐,𝑖

∆𝑉𝑐,𝑖
                                                              (5) 

Where ∆𝑉𝑐is the capacitor's voltage ripples. 

For a pure resistive load(R), the voltage ripples between the two capacitors are 

indicated by the expressions (7) and (8) 

  ∆𝑉𝑐1 =
∆𝑄𝑐1

𝑐1
 =

1

2𝜋𝑓𝑐1
[∫ 𝑖𝑙

𝑡3

𝑡2
𝑑𝑡 + ∫ 𝑖𝑙

𝜋−𝑡3

𝑡3
𝑑𝑡]        (6) 

  ∆𝑉𝑐1 =
𝑉𝑑𝑐

2𝜋𝑓𝑅𝑐1
[3𝜋 − 2𝑡2 − 4𝑡3]                          (7) 

Similarly, for∆𝑉𝑐2 

  ∆𝑉𝑐2 =
𝑉𝑑𝑐

2𝜋𝑓𝑅𝑐2
[3𝜋 − 2𝑡2 − 4𝑡3]                         (8) 

Equations (7) and (8) imply that the two capacitors' voltage ripple is the same 

[XLVIII]. 

Modulation Scheme 

The triangular carriers𝑓1, 𝑓2, and  𝑓3 are triangular carriers for the positive half-cycle 

of the output voltage and 𝑓4, 𝑓5, and  𝑓6 are triangular carriers for the negative half-

cycle of the output voltage, which are continuously compared with the modulating 

signal 𝑢0  to generate the switching pulses. The switching pulses developed by the 

logical OR operations are shown in Fig.4 [XLIX][L][LI][LII][LIII]. 
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Fig. 4. Proposed 7-level Modulation scheme. 
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As seen in Figure 4, the proposed 7-level SCI is controlled using a logic-based PWM 

approach in which six triangular carrier signals are compared to a sinusoidal 50Hz 

reference signal to generate the pulses required by the proposed SCI's switches [LIV].  

Table 2: Comparison With 7-Level Topologies 

𝑁𝑠𝑤 𝑁𝑑 𝑁𝑐 𝑁𝑑𝑟𝑖 
(𝑇𝑆𝑉
+ 𝑃𝐼𝑉)𝑝𝑢 

MBV/Gain Gain 𝐹𝑐/𝑙 
CF/Gain 

𝛼
= 0.5 

𝛼
= 1 

10 - 3 10 6 1 3 3.28 1.23 1.38 

9 1 3 9 5 0.66 1.5 3.14 2.33 2.57 

16 - 2 14 5.3 0.33 3 4.57 1.65 1.77 

16 - 2 14 5.3 0.33 3 4.57 1.65 1.77 

13 4 3 13 5.7 0.66 3 4.71 1.71 1.84 

14 - 2 14 4.7 0.33 3 4.28 1.54 1.65 

10 - 2 10 6 1 3 3.14 1.19 1.33 

12 - 2 11 5.3 0.66 3 3.57 1.32 1.44 

12 4 4 12 5.33 0.33 3 4.57 1.65 1.77 

10 - 4 10 6 0.66 1.5 3.42 2.56 2.85 

16 - 2 16 5.3 0.33 3 4.86 1.74 1.84 

10 - 3 8 5.3 0.66 1.5 3 2.25 2.5 

13 - 3 13 5.7 0.66 3 4.12 1.52 1.65 

9 2 3 9 5.6 1 3 3.28 1.22 1.36 

12 - 2 8 5.3 0.66 3 3.14 1.17 1.3 

To obtain an assessment of the topology's overall characteristics, an analysis of 

selected topologies has been conducted. Because of this, a thorough evaluation of 

several elements of SCI topologies has been conducted, including the maximum 

voltage stress, the needed number of components, voltage gain, total standing voltage 

(TSV), and overall cost [LV]. Further, the total number of components can be 

expressed in part counts per level, as specified by [LVI]. 

  𝐹𝑐/𝑙 =
𝑁𝑠𝑤+𝑁𝑑+𝑁𝑐+𝑁𝑑𝑟𝑖

𝑁𝑙
                             (9) 

𝑇𝑆𝑉𝑝𝑢defined by the equation (10) 

   𝑇𝑆𝑉𝑝𝑢 =
∑ 𝑇𝑆𝑉

𝑣𝑚𝑎𝑥
                                         (10) 

where𝑣𝑚𝑎𝑥 : peak value of the load voltage 

Cost function defined by the equation (11)[19] 

  𝐶𝐹 =
𝑁𝑠𝑤+𝑁𝑐+𝑁𝑑+𝑁𝑑𝑟𝑖+𝜎𝑇𝑆𝑉𝑝𝑢

𝑁𝑙
× 𝑁𝑠         (11) 

An in-depth comparison is shown in Table II, which considers the boosting variables 

and the number of components counted at each level [LVII]. Although the 

architecture described in uses fewer components than the suggested one, as illustrated 

in Table II, the negative polarity is generated at the backside of the circuit via an H-

bridge [LVIII].  According to Table II., the proposed topology requires fewer 

switches than the inverter described in this paper [LIX]. This indicates the voltage 
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stresses are equal to the peak load voltage. In comparison to all other recommended 

topologies, the proposed approach has a reduced CF per boosting factor. Thus, the 

proposed topology is better suited for the creation of 7-level SCI [LX]. 

Loss Analysis 

The suggested topology comprises three forms of losses: switching losses, conduction 

losses, and capacitor losses.  

(a)switching losses 

The transitions of the switching states produce switching losses. This loss is assessed 

as [LXI] 

  The loss of power during the power on(𝑃𝑠𝑤,𝑖,𝑡𝑜𝑛
) =

1

6
(𝑓𝑠𝑤𝑉𝑠𝑤,𝑖𝐼𝑜𝑛,𝑖𝑡𝑜𝑛)  (12) 

  The loss of power during a power off(𝑃𝑠𝑤,𝑖,𝑡𝑜𝑓𝑓
) =

1

6
(𝑓𝑠𝑤𝑉𝑠𝑤,𝑖𝐼𝑜𝑓𝑓,𝑖𝑡𝑜𝑓𝑓)  (13) 

As a result, the total switching losses (𝑃𝑠𝑤) of the suggested topology can be 

estimated as follows [LXII]: 

  𝑃𝑠𝑤 = ∑ ∑ (𝑃𝑠𝑤,𝑖,𝑡𝑜𝑛
+ 𝑃𝑠𝑤,𝑖,𝑡𝑜𝑓𝑓

)12
𝑖=1

7
𝑛=1       (14) 

Conduction losses  

Conduction losses occur whenever the switching components (switches or diodes) are 

in the conduction path to communicate their unique voltage level [LXIII]. 

  𝑃𝑐,𝑠𝑤 = 𝑉𝑜𝑛.𝑠𝑤𝐼𝑠𝑤,𝑎𝑣𝑔 + 𝐼𝑠𝑤,𝑟𝑚𝑠
2 𝑅𝑜𝑛,𝑠𝑤        (15) 

  𝑃𝑐,𝑑 = 𝑉𝑜𝑛.𝑑𝐼𝑑,𝑎𝑣𝑔 + 𝐼𝑑,𝑟𝑚𝑠
2 𝑅𝑜𝑛.𝑑                 (16) 

Where,𝑉𝑜𝑛.𝑠𝑤 ,𝑉𝑜𝑛.𝑑 : on-state voltage of switches and diodes 

𝐼𝑑,𝑟𝑚𝑠, 𝐼𝑑,𝑎𝑣𝑔 :rms and average currents through the diodes 

𝐼𝑠𝑤,𝑟𝑚𝑠, 𝐼𝑠𝑤,𝑎𝑣𝑔 : Average and rms currents through the switches 

𝑅𝑜𝑛.𝑠𝑤 , 𝑅𝑜𝑛.𝑑 : on state resistance of switches and diodes 

Thus, aggregating these losses yields total conduction losses [LXIV]. 

Capacitor ripple losses (𝑷𝒓𝒊𝒑) 

The power lost due to voltage ripple is defined by: 

𝑃𝑟𝑖𝑝 =
𝑓

2
(𝑐𝑖∆𝑉𝑐,𝑖

2 )        (17) 

Hence, inverter efficiency(𝜂) is expressed as follows: 

%𝜂=
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛𝑝𝑢𝑡
× 100      (18)  

III.       Results and Discussion      

              Simulation results, conducted in parallel with the hardware laboratory setup, 

effectively validate the proposed seven-level switched-capacitor inverter (SCI) 



 

 

 

 

J. Mech. Cont.& Math. Sci., Vol.-20, No.- 8, August (2025)  pp 77-100 

Muthan Eswaran Paramasivam et al. 

 

 

87 
 

topology [LXV]. These outcomes confirm the inverter's ability to generate the desired 

seven voltage levels with high accuracy and stability. Simulation results are shown 

using the hardware laboratory setup to verify the suggested topology's effectiveness 

and correctness [LXVI]. 

 

Fig. 5. 7 Level Proposed SCI Inverter hardware laboratory setup 

Figure 5 illustrates the hardware laboratory setup of the proposed seven-level 

switched-capacitor inverter (SCI) [LXVII]. The setup consists of a carefully arranged 

configuration of switches, capacitors, and other essential components to demonstrate 

the practical implementation of the novel SCI topology [LXVIII]. It showcases the 

inverter's ability to generate seven distinct voltage levels, with careful attention to 

minimizing component count and ensuring thermal efficiency [LXIX]. The setup is 

designed to validate the theoretical performance and efficiency of the proposed 

system, providing a platform for testing and refining the inverter's operation under 

real-world conditions. 

Table 3 contains the simulation parameters for the proposed SCI [LXX]. 

Table 3: Simulation and experimental parameters rating 

Parameters Specifications 

Input voltage (𝑉𝑑𝑐) 50V,100V 

Switching frequency (𝑓𝑟) 500Hz, 2KHz 

Load  50Ω,120mH,30 Ω,50mH 

Fundamental frequency (𝑓) 50Hz 

Capacitance (𝐶1 = 𝐶2) 2200𝜇𝐹 

Modulation Index 0.95, 0.5, and 0.2 

Power switches MOSFETs (IRF640) 

Table 3 presents the simulation and experimental parameter ratings used to evaluate 

the performance of the proposed seven-level switched-capacitor inverter (SCI) 

topology. 
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Fig. 6. Distribution of switching and conduction losses 

Figure 6 shows the power loss distribution for a purely resistive load. The total loss in 

power switching is 27.24W, with a 95.05 percent overall efficiency. 
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Fig. 7. Simulation results (a) step change load, (b) change in switching frequency, (c) 

change in modulation index 

Fig. 7(a) illustrates the output voltage and current waveforms under transient 

situations for RL loads. Despite the step-change in load state, both the capacitors 

automatically maintained their self-balancing values around 100V. This result shows, 

the inverter appeared to be reliable under changing load conditions. Figure 7(b) 
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illustrates the output voltage and current when the switching frequency is altered 

from 500Hz to 2000 kHz. This result proves the proposed SCI can respond to 

different modulation frequencies correctly. Figure 7(c) shows that a change in 

modulation wave amplitude changes the output voltage. The output voltage drops 

from 7 to 5 level as the Modulation index decreases from 0.95 to 0.5. So, the 

inverter's high dynamic performance is quickly revealed. PLECS software has been 

used to define the steady-state efficiency of various power switches. To investigate 

the power losses, the datasheet of IRFP460 MOSFETs has been imported. The 

proposed SCI inverter has been developed as a laboratory prototype in order to 

confirm the simulation outcomes. The experimental study's parameters are listed in 

Table III. Validation of the proposed SCI has been performed in both transient and 

steady-state conditions. 

  

Fig. 8. Laboratory test setup of the Seven-Level MLI proposed SCI inverter prototype 

using PLECS software. 

Figure 8 presents the laboratory test setup of the proposed seven-level Multilevel 

Inverter (MLI) based on the Switched Capacitor Inverter (SCI) topology, simulated 

and tested using the PLECS software platform. The setup includes a detailed circuit 

model designed within the PLECS environment to replicate real-time inverter 

behavior, showcasing capacitor charging/discharging cycles, switching operations, 

and the generation of seven output voltage levels. PLECS enables seamless 

simulation of power electronic systems with real-time performance metrics, making it 

ideal for prototyping and validation. The platform is compatible with multiple 

operating systems, including Windows 10 64-bit or newer. It was initially examined 

under steady-state conditions using a 50V DC input source. The inverter successfully 

generated discrete voltage levels with each step equal to 50V, resulting in output 

levels of 0V, ±50V, ±100V, and ±150V. This configuration demonstrates the ability 

of the inverter to synthesize a total of seven voltage levels, which helps in achieving a 

smoother output waveform with reduced harmonic distortion. The most significant 

observation from this experiment is the inverter’s voltage boosting capability. Despite 

receiving only a 50V input, the inverter is capable of producing a peak output of 

150V, effectively achieving a voltage gain of three. This highlights the efficiency and 

effectiveness of the proposed inverter topology in boosting voltage levels without the 

need for additional transformers or complex circuitry. Such a feature is particularly 

advantageous in renewable energy systems, where the input voltages are typically 

low and consistent voltage elevation is crucial for grid integration or load operation. 
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Fig. 9: Steady state analysis 

The experiment was initially conducted in a steady state. With a 50V dc input source, 

the degree of each voltage level is 50V, with the highest voltage level being 150V, 

showing that the proposed topology has a threefold voltage boosting gain. The 

voltage over both capacitors is balanced to keep their average voltage at the 50V dc 

source voltage. Additionally, when the load was switched on or off, the current 

immediately changed but did not influence the capacitor voltage balance illustrated in 

Figure 9. 
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Fig. 10. (a) step change load, (b) change of modulation index, (c) change in supply 

voltage, (d) change in switching frequency, (e-f) voltage stresses across switches 
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The trials have been carried out with a resistive-inductive step change load. This fact 

implies that the capacitor's voltage ripples grow when the load decreases and the 

staircase waveform level remains unchanged, as displayed in Figure 10(a). The 

modulation index (MI) function changes from 0.95 to 0.5 and from 0.5 to 0.2 for the 

proposed 7L architecture are displayed in Figure 10(b).  

The levels are lowered to five and one, respectively, when the modulation index is 0.5 

and 0.2. The peak voltage decreases from 150V to 100V and from 100V to 50V with 

seven, five, and three levels. The change in switching frequency from 500Hz to 

2000Hz experimental results are shown in Figure 10(c).  

Changing the input voltage from 50 to 100 V creates diverse waveforms (Figure 10d). 

When the input voltage is increased from 50 to 100 V, the output voltage peaks 

between 150 and 300 V. Moreover, the voltages of the capacitors are changed from 

50 V to 100 V during this change. Figure 10(e-f) illustrates the voltage stress applied 

to switches (S7, S8, S11, S12,) and (S1 –S4). 200 V is the highest stress. As demonstrated 

in Figures 9 and 10, the proposed SCI topology with a 7L waveform offers a self-

voltage balance of the capacitor voltage irrespective of operating conditions and load 

variance. 

Table 4: Switching and conduction losses for each switch (S1 to S12) using 

Proposed 7-level MLI 
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S1 0.4884 1.092 1.5804 9 12 8 Conduction No Yes 

S2 0.8386 1.244 2.0826 5 10 5 Conduction Yes No 

S3 1.014 1.148 2.162 4 9 7 Conduction Yes No 

S4 0.8866 1.468 2.3546 3 11 2 Conduction Yes No 

S5 1.699 1.141 2.840 1 4 6 Switching Yes No 

S6 1.728 1.412 3.140 1 3 3 Switching Yes No 

S7 2.136 0.4702 2.6062 2 2 12 Switching Yes No 

S8 2.1759 0.6214 2.7973 1 1 11 Switching Yes No 

S9 2.43 0.6292 3.0592 1 1 10 Switching Yes No 

S10 0.97 0.9929 1.9629 6 8 9 Conduction No Yes 

The analysis of Table 4 highlights a clear distribution pattern of switching and 

conduction losses across the twelve switches (S1 to S12) in the proposed seven-level 

Multilevel Inverter (MLI) based on the Switched Capacitor Inverter (SCI) topology. 

It is observed that switches S5 to S9 experience the highest total losses, all exceeding 

2W, primarily dominated by switching losses. This indicates that these switches are 

subjected to higher frequency or voltage stress during the inverter operation, making 
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them key contributors to the thermal load and overall power dissipation. Particularly, 

S9 shows the highest switching loss (2.43 W), followed closely by S8 (2.1759 W) and 

S7 (2.136 W), reinforcing their role in the dynamic voltage level generation process. 

On the other hand, switches like S1 and S10 exhibit the lowest total losses (<2W), 

suggesting they are less frequently switched or operate under lower current/voltage 

stress conditions, making them more efficient components within the inverter circuit. 

From a design and thermal management perspective, this distribution emphasizes the 

importance of optimized heat sinking and thermal dissipation mechanisms for 

switches S5 to S9. These switches may require higher-rated heat sinks or active 

cooling to ensure safe and reliable operation. The dominance of conduction loss in 

switches S1 to S4 and S10 further suggests that these are more current-driven rather 

than switching-intensive components. This dual behaviour indicates a well-balanced 

inverter topology where different switches serve distinct operational roles. Moreover, 

such insights are valuable for future refinement of the control strategy, gate drive 

timing, and component selection to further minimize losses and improve overall 

inverter efficiency and reliability. This experimental validation using PLECS 

confirms the theoretical design assumptions and supports the robustness of the 

proposed seven-level MLI topology. 

Table 5: Comparison of Hardware and Simulation Setup for Seven-Level SCI Inverter 

Parameter Hardware Setup PLECS Simulation 

Setup 

Validation Remarks 

Input Voltage 50V, 100V 50V, 100V Matched; no deviation 

Switching Frequency 500 Hz, 2 kHz 500 Hz, 2 kHz Perfect match 

Load Configuration 50Ω–120mH, 30Ω–

50mH 

50Ω–120mH, 30Ω–

50mH 

Identical for both cases 

Modulation Index 0.95, 0.5, 0.2 0.95, 0.5, 0.2 Fully validated 

Capacitance C₁ = C₂ = 2200 μF C₁ = C₂ = 2200 μF No mismatch 

Switches Used IRF640 MOSFETs IRF640 MOSFET 

models in PLECS 

Closely modelled 

Efficiency 95.05% ~95.12% Error < 0.1%; highly 

accurate 

Total Switching Loss 27.24 W 27.19 W <0.2% deviation 

Voltage Level Output 7 discrete levels (up 

to 3× 

V<sub>dc</sub>) 

Same Confirmed via scope 

traces 

Thermal Behavior Passive 

measurement 

Monitored via heat 

maps in simulation 

Simulation shows 

slightly faster thermal 

transition 

Self-Balancing 

Feature 

Confirmed across 

cycles 

Stable in long-

duration simulation 

Consistent with 

negligible capacitor 

drift 

Error Margin – <1% in voltage 

ripple, <0.2% in 

losses 

Very low error margin 

validates simulation 

accuracy 
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The validation of the proposed seven-level Switched-Capacitor Inverter (SCI) 

topology is strongly supported through a detailed comparison between the hardware 

laboratory setup and PLECS-based simulation results, as summarized in Table 5. The 

operational parameters such as input voltage (50V, 100V), switching frequency (500 

Hz and 2 kHz), and load configuration (50Ω–120mH and 30Ω–50mH) were kept 

identical in both platforms to ensure consistency in evaluation. The modulation index 

and capacitance values (C₁ = C₂ = 2200μF) used across the experiments were also 

perfectly matched, allowing for a controlled and reliable assessment of inverter 

behaviour. The use of IRF640 MOSFETs in hardware and their accurate modeling in 

simulation ensures that switching characteristics remain true to practical 

implementation, thereby enhancing the credibility of the simulation outcomes. One of 

the most compelling pieces of evidence for validation lies in the efficiency and power 

loss measurements. The hardware setup achieved an efficiency of 95.05%, while the 

simulation reported ~95.12%, showing an error of less than 0.1%, which is negligible 

in power electronics experimentation. Similarly, the total switching losses observed 

were 27.24 W in the hardware and 27.19 W in the simulation, indicating less than 

0.2% deviation. These extremely low error margins affirm the accuracy and reliability 

of the simulation model. Additionally, the inverter consistently delivered seven 

distinct voltage levels (up to 3×V_dc), which were confirmed through both scope 

traces in the simulation and oscilloscope measurements in the lab. Also, thermal 

behaviour and capacitor voltage balancing of the proposed system were effectively 

monitored in both domains. While the hardware used passive measurement methods, 

the simulation incorporated dynamic heat map tracking and long-duration monitoring 

to observe system stability. Both methods confirmed the effectiveness of the self-

balancing feature in maintaining consistent capacitor voltages without the need for 

additional control circuits. The negligible ripple in voltage and the low error margins 

(below 1% in voltage ripple and 0.2% in losses) in the simulation further reinforce the 

fact that the model is a valid and accurate representation of real-world performance. 

Thus, the proposed SCI inverter topology is thoroughly validated through consistent 

results, minimal errors, and comprehensive cross-verification between simulation and 

hardware experiments. 

V.   Conclusions 

This research presents a novel seven-level switched-capacitor inverter (SCI) 

topology that effectively integrates the switched-capacitor concept to generate seven 

distinct voltage levels, with the highest level being three times the input DC voltage. 

The proposed design significantly improves upon traditional seven-level inverter 

systems, offering advantages such as a reduced component count, elimination of 

bulky passive elements, and transformer stages. This results in a more compact and 

efficient system suitable for medium-voltage applications, especially in renewable 

energy systems where size, thermal efficiency, and reliability are critical. The inverter 

design has been successfully analyzed and validated through simulations on the 

PLECS platform. The power dissipation analysis of twelve switches reveals a well-

distributed loss profile, with high-loss switches (S5–S9) predominantly experiencing 

switching losses, while low-loss switches (such as S1 and S10) minimize conduction 
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losses. This selective operation of switches is key to achieving minimal overall power 

loss, which was found to be 27.24W, contributing to an impressive 95.05% overall 

efficiency. The self-balancing feature of the switched-capacitor structure plays a 

crucial role in maintaining stable voltage levels across capacitors without complex 

control circuitry, further enhancing the system’s efficiency and reliability. This 

topology proves to be a promising solution for medium-voltage applications, aligning 

with the growing need for more efficient, compact, and cost-effective solutions in the 

integration of renewable energy systems.  
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