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 The global integration of renewable energy sources like photovoltaics 

requires efficient high-step-up DC-DC converters. Conventional boost 

converters exhibit inherent limitations in achieving high voltage gain 

efficiently, particularly under high duty cycle operation, where switching 

losses, device stress, and output voltage ripple become significant. This 

paper proposes a novel hybrid DC-DC converter that integrates a four-phase 

interleaved input stage with a five-level switched-capacitor (SC) multiplier 

network. The proposed topology introduces a modular and structurally 

decoupled architecture, in which current conditioning and voltage boosting 

functions are independently realized. This enables scalable voltage gain 

through modular expansion without requiring extreme duty cycles or 

additional magnetic components. The interleaved stage reduces input current 

ripple and improves current sharing, while the multilevel SC network 

provides a high voltage conversion ratio and balanced voltage stress across 

components. Comprehensive simulations using PSIM software validate the 

converter's performance. With a 25 V input, the proposed converter achieves 

an output voltage of approximately 250 V (gain of 10), a high efficiency of 

95.2%, output voltage ripple below 2%, and balanced capacitor voltages. 

The results confirm that the proposed converter offers an efficient, scalable, 

and high-performance solution for high step-up applications. 
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1. INTRODUCTION 

The increasing penetration of renewable energy systems, particularly photovoltaic (PV) generation, 

has intensified the need for efficient and reliable power conversion technologies [1], [2]. One of the primary 

challenges in integrating low-voltage sources, such as PV modules, into high-voltage DC systems is the 

requirement for substantial voltage amplification. Although conventional boost converters are widely 

adopted, their voltage gain capability is inherently constrained, especially at high duty cycles where 

efficiency degradation becomes unavoidable [3]-[5]. Additionally, these converters often experience high 

voltages on semiconductor devices and significant output voltage ripples, making them unsuitable for modern 

high-voltage boost applications [6]. 

To overcome these limitations, various advanced topologies have been explored. Converters based 

on connected inductors and switched-capacitor (SC) networks can achieve high gain, but often at the cost of 

complex magnetic designs, high component voltages, and increased current ripple [7], [8]. Quadratic and 

multilevel boost converters offer higher gain through staged operation, but this causes cumulative voltage 
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increases on the switches and a decrease in overall efficiency [9]-[11]. Interleaved boost converter techniques 

effectively reduce input current ripples and improve heat distribution by utilizing multiple phases [12]. In 

contrast, multilevel topologies distribute stress voltage across multiple components and can achieve 

multiplicative gain, improving efficiency and power quality [13], [14]. Recent studies have proposed hybrid 

high step-up converters by combining these concepts. For example, the topology in [15] integrates a boost 

converter with a voltage multiplier and SC cells to achieve high voltage gain and efficiency. However, its 

structure remains configuration dependent and is not inherently designed for modular scalability, limiting 

flexibility in extending the voltage gain. Similarly, the converter in [16] enhances voltage gain using hybrid 

switched inductor and capacitor techniques, but it operates with simultaneously driven switches and does not 

incorporate interleaved operation or a modular multilevel structure. As a result, scalability and current 

sharing capability remain limited. 

This work introduces a hybrid DC-DC converter topology that combines a multiphase interleaved 

front end with a modular switched-capacitor network. Unlike conventional hybrid configurations, the 

proposed design explicitly separates current shaping and voltage boosting functions, enabling independent 

optimization of both processes. The interleaved stage ensures low input current ripple and better thermal 

management by distributing power among phases, while the multilevel SC network enables high voltage 

conversion ratios without requiring extreme duty cycles or complex connected inductors. This configuration 

effectively reduces the voltage stress on each switching device, enabling the use of lower-rated and more 

efficient semiconductor components. Unlike conventional hybrid converters that merely combine interleaved 

structures with switched-capacitor networks, the proposed topology introduces a structurally decoupled 

architecture in which current conditioning and voltage boosting functions are independently realized through 

the interleaved stage and modular switched-capacitor network, respectively. This separation enables true 

scalability of the voltage gain through modular expansion without affecting the input stage operation or 

requiring additional magnetic components. In contrast to existing interleaved SC-based converters, which 

typically exhibit fixed configurations and limited scalability, the proposed design allows flexible adjustment 

of the voltage gain by simply extending the number of capacitor modules, while maintaining balanced current 

sharing and reduced ripple characteristics. 

The main innovation in this research lies in its modular hybrid architecture, designed to achieve high 

step-up voltage gain with high efficiency and low output voltage ripple. The proposed converter addresses 

the identified research gap by offering a scalable solution that optimizes the trade-off between performance, 

component count, and control simplicity. Although this study focuses on simulation-based validation to 

establish the feasibility and performance characteristics of the proposed topology, the design has been 

developed with practical implementation considerations. Experimental validation using a hardware prototype 

will be conducted in future work to further confirm its applicability under real operating conditions. 

 

 

2. PROPOSED TOPOLOGY AND THEORETICAL ANALYSIS 

2.1.  Fundamental concept and operating principle of the hybrid modular topology 

The proposed topology represents a synergistic integration between an interleaved converter and a 

multilevel SC network, designed to overcome the limitations of conventional boost converters in high voltage 

step-up applications. This approach leverages the complementary advantages of both structures, where the 

interleaved stage improves current characteristics, while the switched-capacitor network enables high voltage 

gain through voltage stacking. 

As shown in Figure 1(a), the interleaved configuration employs four identical phases operated with 

a 90° phase shift. Each phase consists of an inductor (L₁–L₄), a MOSFET switch (S₁–S₄), and a diode (D₁–

D₄). This structure provides two key advantages: first, even distribution of the input current across all phases, 

which reduces thermal stress on semiconductor components; second, a significant ripple cancellation effect 

on the input current due to phase-shifted operation. In the 4-phase configuration, the theoretical input current 

ripple can be reduced by up to 75% compared to a single-phase converter [17], [18]. 

Figure 1(b) illustrates the SC network, which operates as a voltage multiplier based on the principle 

of staged voltage addition. The network consists of five capacitors (C₁–C₅) arranged in a modular structure. 

Each capacitor is alternately charged and discharged through a controlled switching sequence, resulting in a 

gradual buildup of voltage across the capacitor stack. The output voltage is therefore formed by the summation 

of the voltages across each capacitor in the SC network [19], [20]. This modular arrangement also enables 

even distribution of voltage stress across components, allowing the use of lower voltage-rated devices. 

The integration of these two subsystems into a hybrid topology is shown in Figure 2, which 

illustrates the detailed circuit configuration of the proposed hybrid interleaved multilevel boost converter 

with a switched-capacitor network. In this configuration, the interleaved stage serves as the primary energy 

processing unit, while the SC network acts as the voltage multiplication stage. During the ON interval (S₁–S₄ 

closed), energy is stored in inductors L₁–L₄, while the capacitors redistribute the charge internally. During the 
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OFF interval (S₁–S₄ open), the energy stored in the inductors is transferred to the SC network along with 

energy directly from the input source, resulting in a voltage increase across the capacitor stack. 

To further highlight the modular and scalable nature of the proposed topology, the converter can be 

represented using a block-based abstraction as shown in Figure 3. In Figure 3, the interleaved stage is 

represented as a unified energy processing block, while the multilevel switched-capacitor network is 

decomposed into identical modular cells connected in series at the output. This representation clearly 

demonstrates that the voltage gain can be increased by adding more modules without modifying the core 

converter structure. 

The main novelty of the proposed topology lies in the introduction of a modular hybrid architecture 

that enables scalable voltage gain through structural expansion of switched-capacitor cells, while 

simultaneously decoupling the voltage boosting mechanism from current conditioning. Unlike previously 

reported hybrid interleaved switched-capacitor converters, where voltage boosting and current sharing 

mechanisms are tightly coupled within a fixed structure [21], the proposed topology explicitly separates these 

two functions. The interleaved stage is dedicated to current distribution and ripple reduction, while the 

modular switched-capacitor network independently determines the voltage gain. This decoupled 

configuration enables independent optimization of electrical performance and provides a scalable design 

framework, which is not achievable in conventional hybrid topologies. 
 

 

  
(a) (b) 

 

Figure 1. Fundamental configurations: (a) four-phase interleaved boost converter and (b) switched-capacitor 

(SC) voltage multiplier network 
 
 

 
 

Figure 2. Detailed circuit configuration of the proposed hybrid four-phase interleaved multilevel boost 

converter with switched-capacitor network 

 

 

Furthermore, the hybrid structure inherently separates the roles of each subsystem, where the 

interleaved stage is responsible for current sharing and ripple reduction, while the multilevel SC network 
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determines the voltage gain. This separation provides greater flexibility in design and forms the basis of the 

modular scalability of the proposed converter. 

 

 

 
 

Figure 3. Block representation of the proposed hybrid modular converter showing the interleaved stage and 

the scalable switched-capacitor modules  

 

 

2.2.  Mathematical modeling and voltage conversion ratio derivation 

To analytically validate the proposed topology, the voltage conversion ratio is derived using the 

inductor volt-second balance principle combined with charge balance analysis under steady state conditions. 

The analysis assumes that the converter operates in continuous conduction mode (CCM). Within one 

switching period T, the interleaved converter operates with phase-shifted switching signals, where each phase 

is activated sequentially with a 90° phase difference. Therefore, the switches do not turn ON simultaneously in 

practice. However, for the purpose of voltage gain derivation, an equivalent averaged model is adopted, where 

the combined effect of all phases is represented by an equivalent switching function. During the ON state, the 

inductors are directly connected to the input source, resulting in energy storage in each phase. During this 

interval, the inductor voltage is equal to the input voltage where Vin denotes the input DC voltage. During the 

OFF state, the switches are turned OFF, and the stored energy in the inductors is transferred to the output 

through the switched-capacitor network. In this condition, the inductor voltage is defined by the difference 

between the input voltage and the output voltage where Vo represent the output voltage of converter. 

Let D denote the duty cycle of the switching signal, defined as the ratio of the ON time to the 

switching period T. The voltage conversion relationship is derived based on the inductor volt-second balance 

under steady state conditions, assuming CCM operation. 

 

𝐷. 𝑉𝑖𝑛 + (1 − 𝐷)(𝑉𝑖𝑛 − 𝑉𝑜) = 0 (1) 

 

Rewriting the (2). 

 

𝐷𝑉𝑖𝑛 + (1 − 𝐷)𝑉𝑖𝑛 − (1 − 𝐷)𝑉𝑜 = 0  

𝑉𝑖𝑛 − (1 − 𝐷)𝑉𝑜 = 0 (2) 

 

Thus, the basic boost relationship is obtained as (3). 

 

𝑉𝑜 =
𝑉𝑖𝑛

1−𝐷
 (3) 

 

In the proposed topology, the output voltage is generated through a multilevel switched-capacitor network. 

The voltage across each capacitor is determined by the charge and discharge processes governed by the diode 

capacitor network, as shown in Figure 2. During the OFF state, each capacitor is charged by a combination of 

the input source and the stored energy in the inductors, forming a cascaded voltage buildup mechanism. 
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Under steady state operation, each capacitor satisfies the charge balance condition, where the net 

charge variation over one switching period is zero. This condition can be expressed as (4). 

 

𝑖𝐶𝑘
𝑎𝑣𝑔

= 0 (4) 

 

Where 𝑖𝐶𝑘
𝑎𝑣𝑔

 denotes the average current of the 𝑘-th capacitor over one switching period, and 𝑘 = 1, 2, …, 𝑀, 

with 𝑀 representing the number of switched-capacitor modules. This condition ensures that the charge 

gained during the charging interval is equal to the charge released during the discharging interval. As a result, 

all capacitor voltages converge to approximately the same value (5). 
 

𝑉𝐶1 = 𝑉𝐶2 = ⋯ = 𝑉𝐶𝑀 (5) 

 

Where 𝑉𝐶𝑘 denotes the voltage across the 𝑘-th capacitor. 

Since each capacitor is charged to a voltage approximately equal to the boosted input voltage, it can 

be expressed as (6): 

 

𝑉𝐶𝑘 ≈
𝑉𝑖𝑛

1−𝐷
 (6) 

 

Therefore, the total output voltage becomes (7). 

 

𝑉𝑜 = ∑ 𝑉𝐶𝑘 =
𝑀
𝑘=1 𝑀.

𝑉𝑖𝑛

1−𝐷
 (7) 

 

Thus, the voltage conversion ratio of the proposed hybrid modular converter is given by (8). 

 
𝑉𝑜

𝑉𝑖𝑛
=

𝑀

1−𝐷
 (8) 

 

Where 𝑀 denotes the number of switched-capacitor modules. 

This result confirms that the voltage gain increases linearly with the number of switched-capacitor 

modules 𝑀, which directly reflects the scalability characteristic illustrated in Figure 3. The conversion ratio 

can be interpreted as the combination of a conventional boost factor 
1

1−𝐷
 and a modular multiplication factor 

𝑀, indicating that the proposed topology achieves high voltage gain through structural scaling rather than 

extreme duty cycle operation. 

In an 𝑁-phase interleaved configuration, the input current is equally distributed among all phases, 

such that each phase carries approximately 
𝐼𝑖𝑛

𝑁
, resulting in reduced current stress on switching devices. 

Furthermore, due to the phase-shifted operation of the interleaved structure, the input current ripple is 

significantly reduced. The net input current ripple can be approximated as (9). 

 
∆𝐼𝑖𝑛,𝑡𝑜𝑡𝑎𝑙

∆𝐼𝐿,𝑠𝑖𝑛𝑔𝑙𝑒
≈

1

𝑁
 (9) 

 

Where ∆𝐼𝐿,𝑠𝑖𝑛𝑔𝑙𝑒  represents the ripple current of a single phase. This ripple cancellation effect becomes more 

significant as the number of phases increases, improving input current quality and reducing filtering 

requirements. For the four-phase implementation (N = 4), this translates to a 75% reduction in input current 

ripple compared to a single-phase converter. 

 

 

3. SIMULATION METHOD AND VALIDATION SETUP 

In this study, an open-loop control scheme is adopted to evaluate the fundamental performance of 

the proposed converter topology. A fixed duty cycle is applied to generate the pulse-width modulation 

(PWM) signals based on the theoretical voltage gain derived in section 2. This approach allows direct 

validation of the converter operating principle without the influence of a feedback controller. The use of an 

open-loop configuration is intended to isolate and assess the intrinsic performance of the proposed topology 

under steady-state conditions. 

Converter performance validation was conducted through comprehensive simulation using PSIM, 

enabling detailed analysis of steady state and dynamic characteristics before physical prototype 

implementation. The complete simulation model of the proposed converter is shown in Figure 4. The model 
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incorporates all essential components, including the four-phase interleaved boost stage, the modular SC 

network, PWM signal generation, and measurement blocks. The interleaved stage consists of four identical 

phases, each comprising an inductor (L1–L4), a MOSFET switch (S1–S4), and a diode (D1–D4). The 

switches are driven by phase-shifted PWM signals with a 90° phase difference to ensure proper interleaved 

operation and input current ripple reduction. The switching frequency is set to 10 kHz, and the duty cycle is 

fixed at 0.5 according to the theoretical gain requirement. The switched-capacitor network is configured as a 

multilevel modular structure consisting of five capacitors (C1–C5). These capacitors operate through 

sequential charging and discharging processes via diode-controlled paths, forming a voltage multiplication 

mechanism. This modular configuration enables scalable voltage gain and balanced voltage stress 

distribution across the capacitors. 

The simulation parameters are selected based on the theoretical design to ensure CCM operation and 

stable steady-state performance. The input voltage is set to 25 V, and the load is modeled as a resistive load 

of 10 Ω. Each inductor (L1–L4) is set to 200 µH, while the switched-capacitor values (C1–C5) are set to  

100 µF. The phase shift between interleaved PWM signals is maintained at 90°. The simulation parameters 

used in this study are summarized in Table 1. 

 

 

 
 

Figure 4. Simulation model of the proposed four-phase interleaved multilevel hybrid boost converter with 

switched-capacitor network 

 

 

Table 1. PSIM simulation parameters 
Parameter Value Unit Parameter Value Unit 

Input voltage 25 V Inductor L1-L4 200 uH 

Output voltage 250 V Switched-capacitors C1-C5 100 uF 

Switching frequency 10 kHz Output capacitors 110 uF 
Duty cycle 0.5  Phase shift 90  

Number of phases 4     

 

 

Validation focused on multiple key performance metrics to thoroughly assess the converter's 

operational characteristics. These metrics included the actual voltage conversion ratio achieved during 

operation, overall power conversion efficiency, output voltage ripple characteristics, voltage balancing 

performance across the switched-capacitor network, current distribution among the interleaved phases, and 

transient response behavior under dynamic load conditions. All performance parameters were monitored and 

recorded using virtual measurement probes within the simulation environment, allowing for comprehensive 

data collection and analysis. The validation process began with steady state analysis, where the converter 

successfully achieved 250 V output voltage from 25 V input, confirming the 10:1 conversion ratio. Voltages 

across all five SC capacitors measured balanced at approximately 50 V, validating the multilevel voltage 
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distribution principle. Currents through the four inductors showed identical magnitude and waveform with 

90° phase shift, confirming proper interleaved operation. 

Validation focuses on multiple key performance metrics to thoroughly assess the proposed 

converter's operational characteristics. These metrics include the voltage conversion ratio, power conversion 

efficiency, output voltage ripple, voltage balancing across the switched-capacitor network, current 

distribution among interleaved phases, and transient response under dynamic loading conditions. All 

performance parameters are monitored using virtual measurement probes within the PSIM simulation 

environment, enabling systematic data acquisition and analysis. The validation procedure consists of two 

main stages: steady-state evaluation and dynamic response analysis. In the steady-state evaluation, the 

converter performance is assessed under nominal operating conditions to verify the theoretical voltage gain, 

voltage balancing capability, and current sharing behavior. In the dynamic analysis, controlled load variations 

are applied to examine the transient response and stability of the converter under changing operating 

conditions. This structured validation approach ensures that the proposed topology is evaluated 

comprehensively in terms of both steady-state performance and dynamic behavior. 

 

 

4. RESULTS AND DISCUSSION 

To validate the performance of the proposed four-phase interleaved five-level hybrid boost 

converter with switched-capacitor multiplier, comprehensive simulations were conducted using PSIM 

software. The simulation parameters are consistent with those listed in Table 1 in the Method section. The 

simulation results confirm the capability of the proposed converter to achieve high voltage gain while 

maintaining stable operation and effective current sharing across phases. 

To further highlight the advantages and positioning of the proposed topology, a comparative 

analysis with recently reported high step-up hybrid DC–DC converters is presented in Table 2. As shown in 

Table 2, several existing high step-up converters employ switched-capacitor or voltage multiplier techniques 

to achieve high voltage gain. However, these topologies are generally implemented in fixed configurations or 

exhibit limited scalability. In addition, most of them do not incorporate interleaved operation, which limits 

their current-sharing capability and increases input current ripple. 
 

 

Table 2. Comparison of the proposed converter with recently reported hybrid high step-up DC–DC 

converters in terms of voltage gain, efficiency, structural characteristics, and limitations 
Topology Gain Efficiency (%) Key feature Limitation 

Nx interleaved multilevel boost [21] 8.4× 96.1 Multilevel + interleaved Fixed structure 
Hybrid three-level boost [22] >10× 93.1 Simple structure Limited scalability 
MMC-based hybrid [23] >10× ~95 Modular structure High complexity 
Hybrid boost + multiplier [16] High ~95 High gain Fixed structure 
Hybrid boost + SC cell [15], [24] High ~98 High efficiency Not scalable 
Hybrid interleaved modular SC (proposed) 𝑀

1 − 𝐷
 95.2 Scalable + modular Simulation-based 

 

 

In contrast, the proposed converter integrates a modular switched-capacitor structure with an 

interleaved architecture, enabling both scalable voltage gain and effective current sharing. The voltage gain 

can be flexibly adjusted through the number of capacitor modules, while maintaining balanced voltage stress 

and reduced ripple. This feature clearly distinguishes the proposed topology from existing approaches. 

The output voltage waveform of the proposed converter is shown in Figure 5(a). The converter 

successfully elevates the input voltage of 25 V to an output voltage of approximately 250 V, achieving a 

voltage gain of 10. This result is consistent with the theoretical voltage conversion ratio derived in section 2, 

thereby validating the analytical model of the proposed topology. The output voltage exhibits a fast transient 

response during start-up, reaching the steady state value with minimal overshoot and settling time. The 

steady state output voltage ripple is measured to be less than 2%, which is acceptable for high-gain 

applications and underscores the advantage of the multilevel configuration in reducing output voltage ripple 

[25], [26]. Figure 5(b) illustrates the comparison between the obtained output voltage (Vo) and the expected 

theoretical value. The deviation remains within a small range (±1 V), corresponding to approximately 0.4%, 

confirming the accuracy of the analytical model under open-loop operation. This small deviation can be 

attributed to non-ideal effects such as switching losses, parasitic resistances, and capacitor equivalent series 

resistance (ESR). The results demonstrate that the proposed topology is capable of achieving the desired 

voltage gain with high accuracy under steady-state conditions [27], [28]. 
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(a) 

 

(b) 

 
 

Figure 5. Output voltage waveform demonstrating: (a) step-up from 25 V input to 250 V output and  

(b) illustrates the comparison between the obtained output voltage and the expected theoretical value 

 

 

The voltage balancing across the five switched-capacitor cells (VC1 to VC5) is shown in Figure 6(a). 

The voltages across each capacitor are well balanced, with each capacitor sustaining approximately 50 V, 

which is one-fifth of the total output voltage (250 V). This equal voltage distribution validates the modular 

multilevel operation of the SC network and prevents excessive voltage stress on individual components. The 

small ripple observed (less than 1 V peak-to-peak) on each capacitor voltage is consistent with the switching 

frequency and indicates effective charge redistribution within the network. This balanced voltage profile 

enhances reliability and allows the use of lower voltage-rated components, contributing to improved system 

efficiency and reduced cost [29], [30]. 

On the other hand, the current waveforms of the four interleaved inductors (L1 to L4) are shown in 

Figure 6(b). The currents in each phase are nearly identical in magnitude and waveform, with a 90° phase 

shift between adjacent phases. This confirms proper interleaved operation and demonstrates effective current 

sharing among all phases. The measured current ripple in each phase is approximately 1.2 A peak-to-peak, 

while the net input current ripple is reduced to about 0.3 A peak-to-peak, representing a 75% reduction due to 

the interleaving effect. This significant ripple reduction contributes to lower electromagnetic interference 

(EMI), reduced input filter requirements, and improved overall converter performance. Furthermore, 

balanced current distribution ensures uniform thermal stress across switching devices, enhancing system 

reliability [23], [31]. The measured efficiency of the converter under full load condition is approximately 

95.2%, which can be attributed to the reduced conduction losses thanks to the even current sharing and the 

low voltage stress on the switches. 

Figure 7 presents the PWM modulation signals (VSA1 to VSA4) for the four interleaved phases. 

The signals exhibit a precise 90° phase shift and operate at a switching frequency of 10 kHz with a consistent 

duty cycle of approximately 50%. This phase-shifted PWM operation is essential for achieving current ripple 

cancellation and balanced power distribution among phases. The synchronization of the PWM signals 

confirms correct implementation of the interleaving strategy [32]. 

 

0.01 
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(a) 

 

(b) 

 
 

Figure 6. Steady-state performance of the proposed converter: (a) voltage distribution across the switched-

capacitor cells (VC1 to VC5) and (b) current waveforms of the interleaved inductors (L1 to L4) 
 
 

 
 

Figure 7. PWM modulation signals for the four interleaved phases (VSA1 to VSA4) showing precise 90° 

phase-shift and consistent duty cycle operation 
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All four modulation signals maintain identical duty cycles under steady-state operation, consistent 

with the theoretical requirement for achieving the targeted voltage gain. This uniform duty cycle contributes 

to balanced power processing and supports the equal current distribution observed in the interleaved 

inductors. The simulation results comprehensively validate the proposed hybrid modular converter topology. 

Compared to conventional boost converters and other high-gain topologies such as coupled inductor 

converters [33] and quadratic boost converters [34], the modular structure enables flexible expansion of 

voltage gain, while the interleaved configuration enhances current handling capability and thermal 

performance. The small voltage deviation (0.4%) and low output ripple (<2%) indicate that the converter is 

suitable for high step-up applications requiring stable and efficient operation. Future work will focus on 

experimental validation using a hardware prototype and further investigation of the converter performance 

under wide input voltage variations and unbalanced loading conditions. 

 

 

5. CONCLUSION 

This study has presented the design and simulation-based evaluation of a hybrid four phase 

interleaved multilevel boost converter incorporating a switched-capacitor multiplier. The proposed topology 

demonstrates its ability to achieve high voltage gain while maintaining efficiency, low ripple, and balanced 

electrical stress across components. The results confirm that the converter can step-up a 25 V input to an 

output voltage of approximately 250 V, achieving a voltage gain of 10 with high efficiency (95.2%), low 

output voltage ripple (<2%), and a small deviation of approximately 0.4% from the expected theoretical 

value. The interleaved structure ensured balanced current sharing and reduced input current ripple, while the 

modular multilevel SC network facilitated equal voltage stress distribution across components, enhancing 

reliability and allowing for the use of lower rated devices. Furthermore, the proposed converter introduces a 

decoupled architectural approach, in which current conditioning and voltage boosting functions are 

independently realized through the interleaved stage and the modular switched-capacitor network. This 

feature provides improved design flexibility and enables scalable voltage gain without modifying the core 

converter structure. The research objectives set forth were met, demonstrating that the proposed hybrid 

architecture offers a favorable balance between high performance, component stress, and control simplicity 

compared to conventional and recent high gain converter topologies. Although this study is based on 

simulation results, the findings demonstrate the feasibility and effectiveness of the proposed converter for 

high step-up applications. The simulation results provide a strong foundation for future experimental 

validation and practical implementation. Future work will focus on the development of a hardware prototype 

to experimentally verify the converter performance, evaluate efficiency under practical operating conditions, 

and investigate its behavior under wide input voltage variations and unbalanced loading conditions. 
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