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Abstract: This work introduces the DC-DC topology of a non-isolated high-gain step-up Cuk 
converter. The proposed topology is based on implementing switched-capacitor (SC) and switched-
inductor (SL) techniques. The primary focus of this topology is the application in renewable energy 
systems and electric vehicles, specifically in photovoltaic and fuel cell technologies. The proposed 
topology exhibits a notable enhancement in voltage boost capability when compared to the traditional 
boost and Cuk converters, owing to the implementation of SC and SL approaches. The suggested 
Cuk converters are obtained by modifying the original Cuk converter, wherein the single inductor 
present at the output and input sides is substituted with an SL, and the energy-transferring capacitor 
is replaced with an SC. The primary benefits of the recommended Cuk converters lie in their ability 
to achieve a high output voltage gain and mitigate the voltage stress experienced by the power switch. 
Hence, it is possible to utilize a MOSFET with a lower voltage capacity, resulting in a lesser Rds-ON 
and increasing efficiency. A comparison has been made between the voltage gain and voltage stress 
across the primary switch in the proposed converter and the Cuk and boost converter. The 
recommended topology is intended to circumvent the need for a transformer, coupled inductors, or 
severe duty cycles. This design approach results in reduced volume, loss, and cost. The proposed 
converter is evaluated under the continuous conduction mode. The present study provides a 
theoretical investigation of the continuous conduction mode, whereby all relevant expressions are 
derived and compared with the corresponding simulation results.  

 
Keywords: Cuk converter; DC-DC conversion; Switch-capacitor; Switch-inductor 

1. Introduction 
The power converters play a vital role as essential 

components in a wide range of applications. Upon closer 
examination of their significance, it becomes evident that 
they possess an inherent indispensability across multiple 
domains. The power converters play a critical role in 
operating systems that utilize solar, wind, and other forms 
of renewable energy1,2). Renewable sources often generate 
variable voltage inputs, and power converters play a 
crucial role in transforming these inputs into a stable and 
usable voltage output, thereby maximizing energy 
utilization. DC-DC converters are significant in hybrid 
vehicles, combining conventional fuel and electric 
propulsion, and fully electric vehicles (EVs), which solely 
rely on electric power3-5). These components are 
responsible for facilitating the effective transmission of 
power from the battery to the diverse electronic systems 
and motors of the vehicle, thereby enhancing the overall 
performance of the vehicle6,7). The utilization of 
microgrids in power systems. Microgrids are 
characterized as smaller-scale energy grids that are 
localized in nature. These microgrids prominently depend 

on the utilization of DC-DC converters8). These converters 
optimize power distribution within the grids, ensuring a 
consistent power supply even during main grid failures. 
Voltage regulation applications refer to the various uses 
and implementations of voltage regulation techniques. 
Numerous electronic devices and systems must maintain 
consistent voltage levels to ensure reliable functionality9). 
DC-DC converters assume a crucial function in preserving 
these voltage levels, thereby ensuring the protection of 
devices against possible voltage fluctuations10). These 
converters can be classified into two primary types: (i) 
Linear Converters functions based on utilizing linear 
passive components, such as resistors, arranged in series 
or shunt configurations11). The principal benefits of linear 
converters encompass their inherent simplicity and 
capacity to generate output voltage with negligible noise 
interference. However, they are not devoid of limitations. 
The utilization of passive components inherently results 
in power losses caused by heat dissipation, thereby 
reducing the overall efficiency of the converter. The 
phenomenon of energy loss assumes particular 
significance in systems that require a high-power 
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throughput. Furthermore, it should be noted that linear 
converters have a predominant operational scope focused 
on voltage reduction, also known as stepping-down, and 
(ii) Switching converters refer to a type of electronic 
device that is used to convert electrical energy from one 
form to another12,13). These converters are commonly 
employed in various applications, such as switching 
converters utilizing at least one semiconductor-controlled 
switch to control and regulate the output voltage 
effectively. One noteworthy advantage of these converters 
is their inherent versatility, as they can be engineered for 
various purposes, including voltage step-up, step-down, 
and polarity inversion. This adaptability enables them to 
cater to a broader spectrum of applications. The 
incorporation of controlled switches, although 
contributing to the complexity of the system and the 
potential generation of output noise, significantly 
enhances the converter's efficiency. The aforementioned 
high efficiency renders them the favoured option for many 
applications, notwithstanding the increased intricacy14,15). 
The selection between linear and switching converters is 
contingent upon the specific demands of a given 
application, necessitating a careful evaluation of the 
compromises between simplicity, noise, and efficiency16). 

In the current context, excessive utilization of 
petroleum-based fuels in automobiles has released 
greenhouse gases and other harmful substances. 
Consequently, this has resulted in substantial 
environmental risks, health concerns, and price volatility. 
In recent decades, EVs and electric hybrid vehicles (EHV) 
have emerged as viable options for inter-city 
transportation. These vehicles provide numerous 
advantages, including low maintenance requirements, 
great efficiency, decreased noise and environmental 
pollution, and economic effectiveness17,18). In powering 
EVs and EHVs, pollution-free battery power has become 
the most favoured energy source. This particular energy 
source is rechargeable at dedicated battery charging 
places19,20). Nevertheless, due to the rapid development 
anticipated in the EV sector, power quality issues likely 
arise within the current electrical networks. Given the 
widespread adoption of power electronics systems in 
battery recharging points, there has been a growing worry 
regarding power quality issues, specifically harmonic 
pollution in the distribution network21,22). Implementing 
battery charging stations in metropolitan areas has led to 
an elevated danger of harmonic levels in energy 
distribution networks, thereby diminishing the lifespan of 
distribution transformers. Traditionally, a diode rectifier, 
accompanied by a large filter capacitor, generates a supply 
current is extremely distorted, non-sinusoidal, and 
characterized by peaks. This current exhibits a high total 
harmonic distortion (THD) of approximately 70-80%. 
Moreover, it is drawn from a single-phase source with a 
low power factor ranging from 0.75 to 0.8, which is 
lagging. Additionally, the current has a high crest factor23). 
According to internationally recognized Power Quality 
(PQ) standards such as IEEE Standard 519-1992 and IEC 
61000-3-2, it is increasingly important for any product to 
meet the power factor requirement of 0.9 and above, and 

maintain a current THD under 5% for Class-D 
applications7, 8). 

To adhere to the established global norms about Power 
Quality (PQ), many ac-dc converter designs have been 
extensively documented in scholarly literature. Two-stage 
power factor correction (PFC) converters are primarily 
employed24). The initial phase of these designs is 
specifically focused on power factor correction, whereas 
the subsequent phase is responsible for voltage or current 
stabilization. The design selection for the latter stage can 
be determined according to specific requirements. 
Furthermore, it should be noted that PFC converters, 
whether isolated or non-isolated, can operate in either a 
continuous or a discontinuous conduction mode25). 
Nevertheless, one limitation of these dual-stage designs is 
their less-than-optimal efficiency, further compounded by 
the requirement for many components. Although cost-
effective designs can be found in academic studies, it is 
rare to come across highly efficient single-stage 
converters suitable for low-power applications. Several 
scholarly works have presented innovative single-stage 
PFC designs that utilize a single active switch and control 
circuit. These designs effectively handle both output 
voltage stabilization and input current modulation 
simultaneously. Nevertheless, one of the primary 
obstacles associated with these designs is the notable 
voltage strain exerted on the switch, which experiences 
fluctuations due to input voltage changes and output load 
modifications. When employed in conjunction with 
universal input sources, the voltage encountered by 
components can potentially exceed 450V26). Therefore, it 
is imperative to develop semiconductor devices with 
elevated voltage ratings and significant capacitance, 
particularly when confronted with wide-ranging 
variations in input voltage. Suggestions have been made 
to alleviate the voltage strain on components27). However, 
the attainment of low output voltages and the reduction of 
voltage stress may require the utilization of a transformer. 
In cases where it is unnecessary, including galvanic 
isolation incurs supplementary expenses. 

Switching converters, a cornerstone in modern power 
electronics, can be broadly classified into two categories: 
soft-switching and hard-switching resonant converters. 
The non-isolated hard-switching resonant converters do 
not employ any form of galvanic isolation. Examples 
include Boost, Buck, Buck-Boost, SEPIC, and Cuk 
converters28-30). Structurally, these converters commonly 
comprise a controlled MOSFET switch, an individual 
diode, one or occasionally two inductors, and a filter to 
reduce high-frequency noise and voltage spikes. Isolated 
hard-switching converters are distinctly different from 
their non-isolated counterparts, and these converters 
incorporate galvanic isolation mechanisms. The inclusion 
of equipment such as transformers is what differentiates 
them. For instance, a flyback converter, as discussed, and 
a forward converter both employ a transformer to achieve 
this isolation. However, hard-switching converters 
inherently have a limitation: they tend to exhibit high 
switching losses. This factor detrimentally affects their 
efficiency, especially at higher operating frequencies31). 
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The soft-switching resonant converters overcome the 
challenges posed by the high switching losses of hard-
switching converters. These converters have been 
ingeniously designed to minimize switching losses, 
enhancing efficiency. They can be categorized into zero 
voltage switching (ZCS) and zero current switching 
(ZVS) converters. The designs capitalize on the principle 
that switching losses can be considerably reduced when 
transitions occur at either zero current (in ZVS) or zero 
voltage (in ZCS)32,33). 

With the surging interest and development in renewable 
energy sources, particularly solar and wind energy, there 
is an escalating need for DC-DC converters that can invert 
output voltage. In hybrid systems that integrate solar and 
wind power, maintaining a consistent voltage source 
becomes pivotal, especially during instances when solar 
intensity diminishes or wind speed drops below optimal 
levels, as highlighted in reference34,35). The EVs present 
another intriguing application. An EV typically 
incorporates two energy storage units: a primary source 
offering large energy storage and a secondary, 
rechargeable storage arrangement facilitating bi-
directional power flow36,37). In such scenarios, a converter 
with an inverted output voltage is imperative. Converters 
such as the Cuk and the buck-boost converters are 
particularly favoured in these applications because they 
produce an inverted output voltage, as emphasized in 
reference38-40). 

The Buck-Boost converter can manipulate the output 
voltage by either increasing or decreasing it while 
employing a limited number of components. One 
significant benefit of this converter is its notable efficiency, 
achieved by operating at a reduced duty cycle. This 
characteristic makes it a feasible option for many 
applications41). However, there are certain constraints 
associated with it. The pursuit of increased gains 
frequently entails a compromise in terms of efficiency. 
The potential instability of the Buck-Boost converter in 
certain situations can be attributed to its inherent lack of 
isolation42). Furthermore, if the integrated switch remains 
OFF, the energy stored in the inductor is reflected to the 
source. The abovementioned behaviour may be deemed 
unfavourable and potentially restrict the converter's 
efficacy41). In contrast, the Cuk converter demonstrates 
proficiency in amplifying and attenuating the output 
voltage. Incorporating two inductors in its design 
facilitates the reduction of fluctuations in both input and 
output currents. Moreover, it is distinguished by its 
perpetual influx and efflux of electrical current. In the 
operational process of the Cuk converter, upon the closure 
of the switch, the intermediary capacitor facilitates the 
transfer of energy to the output inductor L2 and the 
subsequent load. In contrast, when the MOSFET is 
deactivated (opened), the stored energy within L2 is 
exclusively directed towards the load9,43). Nevertheless, 
there are certain challenges associated with this. In certain 
cases, the integration of a compensatory circuit into the 
Cuk converter may be undertaken in order to ensure 
stability. The inclusion of this additional component has 
the potential to impede the system's ability to respond 

promptly. After a comprehensive evaluation of the 
literature on DC-DC converters, the authors affirm that the 
proposed configuration has not been previously reported. 
Therefore, this study presents a new converter 
configuration validated through computer simulations. 
The derived configuration enhances operational efficiency 
while concurrently minimizing the voltage requirement of 
the coupling capacitor.  

In this study, we present an integration of switched-
inductor (SL)44,45) and switched-capacitor (SC)46,47) 
methodologies into the traditional Cuk converter48-49), 
leading to the development of new enhanced high gain 
Cuk converters. The motivation for selecting the Cuk 
converter stems from its unique advantages in certain 
applications, such as its non-inverted output, continuous 
input and output currents, and its capability for both step-
up and step-down voltage conversions. It is also observed 
that while the Cuk converter has these advantages, there 
is potential to further improve its performance, especially 
in terms of efficiency and transient response. This study 
aimed to address these performance aspects, making the 
Cuk converter even more appealing for a wider range of 
applications. When observing from the circuit design 
perspective, combining SL and SC within the Cuk 
converter framework results in a distinct converter variant 
that deviates from existing Cuk converters. The primary 
benefits of the newly proposed converters can be outlined 
as: 

• Facilitation of a non-isolated voltage transition 
path from negative to positive, grounded in relation 
to a standard reference. 

• Achievement of superior voltage conversion 
metrics compared to traditional Cuk and boost 
converters, a feat made possible through the 
innovative SL and SC methods. 

• Reduction in voltage strain experienced by the 
principal switch when contrasted with traditional 
Cuk and boost converters. This paved the way for 
the employment of a switch characterized by a 
diminished voltage rating and reduced 𝑅𝑅𝑑𝑑𝑑𝑑−𝑂𝑂𝑂𝑂. 

• Regarding the unique design, additional 
components comprising a set of diodes, a capacitor, 
and inductors are integrated into the Cuk converter. 
This facilitates the execution of SL and SC 
processes, aiming to augment voltage gain. 

• Retention of a single-switch mechanism. 
• Preserving a key feature intrinsic to the classical 

Cuk converter, the continuous flow of current at 
both input and output terminals, enabled by 
respective input and output inductors, remains 
intact in the devised topologies. 

The traditional and proposed Cuk converter is 
comprehensively discussed in Section 2. Section 2 delves 
into the power circuit, its operational modes, and an in-
depth analysis of the circuit. In Section 3, the suggested 
Cuk topology is contrasted with the traditional Cuk 
converter, the boost converter and modified Cuk converter 
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versions, focusing on voltage gain and switch voltage 
stress. Section 4 presents and discusses the results. Section 
5 wraps up with a summary and a conclusion, also 
touching upon potential future directions for the proposed 
converter.  

2. Proposed SCSL-Based Cuk Converter 

This section briefly discusses the operation of the 
traditional Cuk converter. Then, the operation and circuit 
analysis of the proposed SLSC-based Cuk converter are 
discussed. 

2.1. Traditional Cuk Converter 
As depicted in Figure 1, the traditional Cuk converter 

and buck-boost converter are both DC-DC converters. 
These converters are designed to generate an output 
voltage magnitude that can be either higher or lower than 
the input voltage48,49). A unique feature of these converters 
is their ability to invert the polarity of the output voltage. 
The rationale behind this functionality is rooted in their 
inherent voltage conversion ratio, as elaborated in Eq. 1. 

𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶 = 𝐴𝐴𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵−𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

= − 𝐷𝐷
1−𝐷𝐷

  (1) 

where 𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶 and 𝐴𝐴𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵−𝐵𝐵𝐵𝐵𝐵𝐵𝑠𝑠𝑡𝑡  denote the voltage gain 
of the Cuk converter and buck-boost converter, 
respectively, 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜  denotes the output voltage of the 
converter, 𝑉𝑉𝑖𝑖𝑖𝑖 denotes the input voltage of the converter, 
and 𝐷𝐷 denotes the duty cycle of the power switch.  

 
Fig. 1. Circuit diagram of the traditional Cuk DC-DC 

converter. 

A critical parameter in the operation of these converters 
is the duty cycle. The magnitude of this duty cycle plays a 
pivotal role in dictating the performance of these 
converters. It can pose challenges if the duty cycle 
becomes exceedingly high, especially values nearing or 
exceeding 0.9. The primary reason for this limitation is the 
influence of parasitic components, which can adversely 
impact the converter's efficacy19). Diving deeper into the 
classical Cuk converter, it operates through three distinct 
modes, namely: (i) boost mode, (ii) buck mode, and (iii) 
buck-boost mode. The Cuk converter is lauded for several 
inherent advantages, which include (i) The presence of an 
energy transfer capacitor, which plays a crucial role in its 
operation; (ii) Exceptional steady-state performance, 
ensuring consistency in its functioning; (iii) A consistent 
flow of current at both the input and output terminals, 
meaning both currents are continuous, and (iv) Minimal 

ripples in the output voltage, ensuring a smoother voltage 
output. 

2.2. Research Motivations 
Like many converters, the traditional Cuk converter has 

its advantages but comes with challenges or problems. As 
discussed earlier, the duty cycle cannot achieve extremely 
high values, especially nearing or exceeding 0.934,35). This 
limitation can hinder the converter's boost voltage 
capabilities. Parasitic components can adversely impact 
the performance of the Cuk converter. These unwanted 
components, such as stray inductances and capacitances, 
can introduce inefficiencies, energy losses, or even 
operational instabilities. The Cuk converter's design and 
operational modes are more complex than simpler 
converters like the buck or boost. This complexity can 
make its implementation and troubleshooting more 
challenging. As found in certain literature, some modified 
versions or variants of the Cuk converter have a low 
voltage conversion ratio. This can limit their effectiveness 
in applications that require a high conversion ratio. The 
Cuk converter design can sometimes expose certain 
components, like capacitors and inductors, to higher 
stresses, especially during transient conditions or under 
specific load scenarios. Due to its inherent design, which 
often includes multiple inductors, capacitors, and switches, 
the Cuk converter might be bulkier and more expensive 
than other simpler converter alternatives. Achieving 
desired performance specifications, like output voltage 
regulation or transient response, might require 
sophisticated control strategies, adding to the overall 
system complexity. After thorough investigations, it is 
identified that there is a need for an advanced Cuk 
converter topology for the higher voltage gain with lower 
voltage stress. This motivated this study to propose a 
converter topology based on the Cuk converter with 
boosting methods, such as SL and SC.  

2.3. SCSL-Based Cuk Converter Topology 
The development of the SCSL-based Cuk converter is 

based on the original Cuk converter design. In this 
particular modification, the inductor located on the input 
is replaced with a switched inductor, whereas the energy-
transfer capacitor is substituted with an SC. The schematic 
of the proposed converter is illustrated in Fig. 2. 
Compared to the Cuk design, the proposed model depicted 
in Fig. 2 integrates an extra inductor, capacitor, and four 
diodes. 

2.3.1. Modes of operation 
This study delves into a detailed analysis and 

description of the operation of the proposed SCSL-Based 
Cuk converter under Continuous Conduction Mode 
(CCM). The CCM describes a scenario in power 
electronics where current continuously flows through an 
inductor. The functioning of the proposed converter can 
be better understood when looked at in two primary 
operating modes based on the state of the power 
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semiconductor switch, i.e., (i) ON-mode: S is conducting 
(turned on) and (ii) OFF-mode: S is not active (turned- 
off). 

When the MOSFET S is actively conducting or turned 
on, it allows for current flow in a certain direction, as 
depicted in Fig. 3a. The input supply voltage, denoted by 
𝑉𝑉𝑖𝑖𝑖𝑖 , charges the inductors L1  and L2  in parallel. This 
charging action occurs through diodes 𝐷𝐷1, 𝐷𝐷3, and, most 
importantly, through the conducting switch 𝑆𝑆 . Diodes 
𝐷𝐷2, 𝐷𝐷4, and 𝐷𝐷5 are in a state known as reverse-biased 
during this mode.  

 
Fig. 2. Proposed SCSL-based Cuk DC-DC converter 

topology 

 
(a) 

 
(b) 

Fig. 3. Mode of Operation: (a) ON-state, (b) OFF-state 

Being reverse-biased means they block current flow in 
the direction they are oriented. The source voltage 𝑉𝑉𝑖𝑖𝑖𝑖 
collaborates with the energy stored in 𝐶𝐶1  and 𝐶𝐶2  to 
deliver power to the load. This combination also charges 
the inductor 𝐿𝐿3  with the assistance of the conducting 
switch. A notable characteristic is that equal amounts of 
current flow through the L1 and L2. This uniformity is 
because both inductors share identical specifications. 

In contrast to the ON-Mode, when the switch is not 
active or turned off, the current flows in a direction shown 
in Fig. 3b. The energy stored in the inductors L1 and L2 
due to the input supply voltage 𝑉𝑉𝑖𝑖𝑖𝑖 now charges the 𝐶𝐶1 
and 𝐶𝐶2 . These capacitors are associated in parallel. 
Similarly, the stored energy in inductor L3 charges 𝐶𝐶1 
and 𝐶𝐶2 and also delivers power to the load. During this 

mode, diodes 𝐷𝐷1  and 𝐷𝐷3  become reverse-biased. 
Finally, to give a graphical representation and to tie all 
these functional descriptions together, Fig. 4 provides a 
visual portrayal of the switching diagrams. These 
diagrams display the steady-state waveforms associated 
with CCM and highlight significant variations specific to 
the proposed converter. This comprehensive description 
breaks down the functionalities of the proposed converter 
in CCM.  

2.3.2. Circuit analysis 
For a clearer understanding, start with the premise that 

the suggested converter is operated in a steady-state 
mode2,9). This approach aids in streamlining the evaluation. 
A few foundational assumptions to take note of include: 

• Every component functions perfectly with a 
100% efficiency. 

• The input voltage is purely direct current. 
• All the capacitors are designed to ensure a 

minimal voltage fluctuation at the switching 
frequency. 

When the switch is in the active or conducting state, the 
voltage levels across L1, L2, and L3 can be described 
as per Eqs. 2-3. For clarity, assume that the capacitor 
values of C1 and C2 are the same, i.e., C1 = C2 = C. 

 
Fig. 4. Theoretical waveforms of the proposed converter 

𝑉𝑉𝐿𝐿1 = 𝑉𝑉𝐿𝐿2 = 𝑉𝑉𝑖𝑖𝑖𝑖    (2) 

𝑉𝑉𝐿𝐿3 = 2𝑉𝑉𝐶𝐶 − 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜     (3) 

When the MOSFET is inactive or turned off, the voltage 
levels across L1 , L2 , and L3  can be described as per 

- 2343 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 04, pp2339-2352, December 2023 

 
Eqs. 4-5. For clarity, assume that the capacitor values of 
C1 and C2 are the same, i.e., C1 = C2 = C. 

𝑉𝑉𝐿𝐿1 = 𝑉𝑉𝐿𝐿2 = 𝑉𝑉𝑖𝑖𝑖𝑖−𝑉𝑉𝐶𝐶
2

    (4) 

𝑉𝑉𝐿𝐿3 = 𝑉𝑉𝐶𝐶 − 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜    (5) 

The following equations are obtained by applying the 
volt-second balance principle.  

𝑉𝑉𝑖𝑖𝑖𝑖𝐷𝐷 + (1 − 𝐷𝐷) �𝑉𝑉𝑖𝑖𝑖𝑖−𝑉𝑉𝐶𝐶
2

� = 0   (6) 

𝐷𝐷(2𝑉𝑉𝐶𝐶 − 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜) + (𝑉𝑉𝐶𝐶 − 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜)(1 − 𝐷𝐷) = 0 (7) 

Now, the voltage across the capacitors C1 and C2 are 
calculated as follows. 

𝑉𝑉𝐶𝐶1 = 𝑉𝑉𝐶𝐶2 = 𝑉𝑉𝐶𝐶 = (𝐷𝐷+1)
(1−𝐷𝐷)

𝑉𝑉𝑖𝑖𝑖𝑖   (8) 

Finally, the ideal voltage gain of the proposed converter 
𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶 is given as follows. 

𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

= (𝐷𝐷+1)2

(1−𝐷𝐷)
   (9) 

Referring to Figs. 3a and 3b, one can derive a formula 
to determine the current for the pair of input inductors. 
Given that both input inductors possess identical 
inductance, the equation 𝐼𝐼𝐿𝐿1 = 𝐼𝐼𝐿𝐿2 = 𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿 can be deduced 
from Eq. 10, as illustrated in Eq. 11. 

𝐼𝐼𝑖𝑖𝑖𝑖 = 2𝐷𝐷𝐼𝐼𝐿𝐿𝑖𝑖𝑖𝑖 + (1 − 𝐷𝐷)𝐼𝐼𝐿𝐿𝑖𝑖𝑖𝑖   (10) 

𝐼𝐼𝐿𝐿𝑖𝑖𝑖𝑖 = 𝐼𝐼𝑖𝑖𝑖𝑖
(𝐷𝐷+1)

= 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖(𝐷𝐷+1)

   (11) 

The capacitor 𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜  functions as a low-pass filter. 
Consequently, from this, the equation 𝐼𝐼𝐿𝐿3 = 𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿  can be 
inferred as shown in Eq. 12. 

𝐼𝐼𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜

    (12) 

The opposing voltage on 𝐷𝐷1 and 𝐷𝐷3 when they are 
in the non-conducting or OFF state is depicted in Eq. 13. 

𝑉𝑉𝐷𝐷1 = 𝑉𝑉𝐷𝐷3 = 𝐷𝐷
(1−𝐷𝐷)

𝑉𝑉𝑖𝑖𝑖𝑖   (13) 

When 𝐷𝐷2  is in its conducting or ON state, the 
counteracting voltage is represented in Eq. 14. 
𝑉𝑉𝐷𝐷2 = 𝑉𝑉𝑖𝑖𝑖𝑖     (14) 

The counter voltage on 𝐷𝐷4  and 𝐷𝐷5  of the switched 
capacitor, when they are in the conducting or ON state, is 
articulated in Eq. 15. 

𝑉𝑉𝐷𝐷4 = 𝑉𝑉𝐷𝐷5 = (1+𝐷𝐷)
(1−𝐷𝐷)

𝑉𝑉𝑖𝑖𝑖𝑖   (15) 

The voltage strain on the power switch when it is in the 
non-conducting or OFF state is outlined in Eq. 16. 

𝑉𝑉S = (1+𝐷𝐷)
(1−𝐷𝐷)

𝑉𝑉𝑖𝑖𝑖𝑖    (16) 

The capacitor's voltage exhibits a peak-to-peak shift, 
denoted by △ 𝑣𝑣𝐶𝐶1 =△ 𝑣𝑣𝐶𝐶2 =△ 𝑣𝑣𝐶𝐶 , as highlighted in Eq. 
17. 

△ 𝑣𝑣𝐶𝐶 = 𝐷𝐷𝐷𝐷𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜
𝐶𝐶

= 𝐷𝐷𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜
𝐴𝐴𝐶𝐶𝐶𝐶M𝑉𝑉𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓

   (17) 

The variations in current for the inductors at the input 
are represented as △ 𝑖𝑖𝐿𝐿1 =△ 𝑖𝑖𝐿𝐿2 =△ 𝑖𝑖𝐿𝐿𝐿𝐿𝐿𝐿 , and at the 
output, indicated by △ 𝑖𝑖𝐿𝐿3 =△ 𝑖𝑖𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿, can be found in Eqs. 
18-19. 

△ 𝑖𝑖𝐿𝐿𝑖𝑖𝑖𝑖 = 𝐷𝐷𝐷𝐷𝑉𝑉𝑖𝑖𝑖𝑖
𝐿𝐿𝑖𝑖𝑖𝑖

= 𝐷𝐷𝑉𝑉𝑖𝑖𝑖𝑖
𝑓𝑓𝐿𝐿𝑖𝑖𝑖𝑖

   (18) 

△ 𝑖𝑖𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐷𝐷𝐷𝐷(2𝑉𝑉𝐶𝐶−𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜)
𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜

= 𝐷𝐷(2𝑉𝑉𝐶𝐶−𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜)
𝑓𝑓𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜

  (19) 

3. Performance Comparison 
In a detailed examination of various converter 

topologies, this study contrasted the proposed Cuk 
topology with their more traditional counterparts: the 
classical Cuk48,49), boost50), Modified Cuk 143), and 
Modified Cuk 251) converters. This comparison is 
meticulously laid out in Table 1 for easy reference and 
analysis. Delving into the specifics, the proposed SCSL-
based Cuk converter topologies outperform the classical 
versions regarding voltage gain. This essential means that 
the new topologies can convert a given input voltage to a 
significantly higher output voltage. The proposed SCSL-
based Cuk topology stands out as the pinnacle in terms of 
voltage gain. To provide a clearer and more visual 
understanding of this superior performance, a graphical 
representation has been provided in Fig. 5a. 

Beyond the sheer voltage gain, another critical factor in 
the performance and reliability of these topologies is the 
voltage stress they exert on the components. Specifically, 
we look at the normalized voltage, denoted as 𝑉𝑉𝑆𝑆 𝑉𝑉𝑖𝑖𝑖𝑖� , on 
the main switch. This metric offers insights into the 
voltage stress experienced by the semiconductor device, 
in this case, the MOSFET. High voltage stress can lead to 
premature wear and potential failure of the component, so 
a lower value is usually more desirable. 

Table 1. Performance comparison between various converter 
topologies 

Topolog
y Cuk Boos

t 
Modifie
d Cuk 1 

Modified 
Cuk 2 

Propose
d 

MOSFE
Ts 

1 1 1 2 1 

Diodes 1 1 3 2 5 
Capacito

rs 
2 1 3 3 3 

Inductor
s 

2 1 2 3 3 
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Voltage 

Stress 

𝐷𝐷
1 −𝐷𝐷

 
1

1 −𝐷𝐷
 

𝐷𝐷
(1− 𝐷𝐷)2

 
1

(1− 𝐷𝐷)2
𝑉𝑉𝑖𝑖𝑖𝑖 

(1 + 𝐷𝐷)
(1− 𝐷𝐷)

𝑉𝑉𝑖𝑖𝑖𝑖 

Voltage 

Gain 

𝐷𝐷
1 −𝐷𝐷

 
1

1 −𝐷𝐷
 

𝐷𝐷
(1− 𝐷𝐷)2

 
𝐷𝐷(2− 𝐷𝐷)
(1− 𝐷𝐷)2

 
(1 + 𝐷𝐷)2

(1− 𝐷𝐷)
 

To provide a comprehensive understanding, the 
normalized voltage values for the proposed converter have 
been contrasted with those from the classical Cuk 
converter and their modified versions and boost converter. 
Once again, this comparison has been graphically 
visualized in Fig. 11b for a more intuitive grasp. The 
proposed Cuk topology manifests lower voltage stress 
than the traditional designs, but among them, the proposed 
converter emerges as the clear winner, exerting the least 
voltage stress on its components. 

 
(a) 

 
(b) 

Fig. 5. Performance comparison: (a) Voltage gain, (b) 
MOSFET voltage stress 

4. Results and Discussion 

The proposed SCSL-based Cuk DC-DC converter is 
designed for a source voltage of 24V with a capacity of 
200W, a switching frequency of 75 kHz, and the duty 
cycle of the MOSFET switch is 65%. The proposed 

converter is developed and tested using the 
MATLAB/SIMULINK software. The electrical 
specifications of the SCSL-based Cuk converter topology 
are listed in Table 2. 

Table 2. Electrical specifications of the recommended Cuk 
converter 

S. No. Parameters Specifications 
1. Source voltage 𝑉𝑉in 24 V 
2. Power output 𝑃𝑃out 200 W 
3. Output voltage 𝑉𝑉in 186 V 
4. Duty cycle 𝐷𝐷 0.65 
5. Switching frequency 𝑓𝑓𝑠𝑠 75 kHz 
6. Capacitors (𝐶𝐶1 and 𝐶𝐶2) 47 𝜇𝜇F 
7. Inductors (𝐿𝐿1, 𝐿𝐿2, and 𝐿𝐿3) 440 𝜇𝜇H 
8. Load resistance 𝑅𝑅𝐿𝐿 173 Ω 

The proposed SCSL-based Cuk converter has been 
meticulously designed to deliver an output voltage of 
approximately -186 V. A graphical representation captures 
the voltage and current stresses experienced by the 
MOSFET. The visual aids in understanding the peaks and 
troughs of these stresses during the operational cycle. The 
current and voltage stresses on the MOSFET are 
illustrated in Fig. 6a. The stresses MOSFET undergoes 
during operation are critical determinants of its efficiency 
and longevity. Specifically, the peak value of the voltage 
stress on this MOSFET is around 84 volts. Concurrently, 
the peak value of the current stress measures at about 13.2 
amperes. 

A common arrangement in the SL cell involves three 
diodes, which help achieve high output voltage levels 
depending on the switching devices' configuration and 
state. The switched inductor cell has three diodes (D1, D2, 
and D3) and two inductors. When the switching device is 
ON, the inductor is charged. This is similar to the boost 
converter operation. When the switching device is OFF, 
the inductor discharges, transferring energy to the load 
and/or back to the source. When the MOSFET switch is 
active, D1 is reverse-biased as the inductor is getting 
charged. Thus, the voltage across D1 is negative (the 
voltage source and the state of inductor charging 
determine the magnitude), as shown in Fig. 7a. When the 
MOSFET switch is inactive, D1 becomes forward-biased 
and conducts, allowing the inductor to discharge. The 
voltage across D1 drops to zero or near zero. When the 
switch is active, D2 is reverse-biased. The voltage across 
D2 is the sum of the inductor voltage and the output 
voltage, resulting in a high negative voltage, as shown in 
Fig. 7b. When the MOSFET switch is OFF: If the inductor 
voltage exceeds the output voltage, D2 becomes forward-
biased and conducts. The voltage across D2 is near zero 
during this interval. When the MOSFET switch is ON, D3 
can be forward-biased depending on the load and source 
conditions. This diode sometimes ensures no back-feed to 
the source, so the voltage across it may be zero or near 
zero, as shown in Fig. 7c. When the MOSFET switch is 

- 2345 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 04, pp2339-2352, December 2023 

 
OFF, D3 is reverse-biased, carrying the voltage difference 
between the source and the inductor. The switching 
devices' states and the inductor's dynamics influence the 
voltage waveforms across the diodes. Diodes D1 and D2 
primarily define the inductor's charging and discharging 
phases. The diode D3 often provides a path for circulating 
currents or acts as a protection diode to prevent back-
feeding into the source. Turning our attention to the two 
diodes, namely D4 and D5, associated with the SC, their 
voltage stress can be seen in Figs. 7d-7e. This voltage 
stress is approximately -116 volts for both diodes. 

 
Fig. 6. Voltage and current waveforms; (a) Gate pulse; (b) 

MOSFET voltage stress; (c) MOSFET current stress 

Regarding their operation relative to the MOSFET: 
When MOSFET is inactive (or in its off-state), both D4 
and D5 diodes are conducting and contrarily, when 
MOSFET is active (or in its on-state), these diodes cease 
to conduct, as depicted in Figs. 7d-7e. Figure 8 visually 
represents the current waveforms for the inductors 
labelled as L1, L2, and L3. These inductors follow an 
operational pattern relative to MOSFET: They engage in 
a charging process when the MOSFET is active (on). 
When the MOSFET switches to its off state, these 
inductors begin discharging. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

(e) 
Fig. 7. Diode voltage waveforms; (a) 𝑉𝑉𝐷𝐷1, (b) 𝑉𝑉𝐷𝐷2, (c) 𝑉𝑉𝐷𝐷3, 

(d) 𝑉𝑉𝐷𝐷4, (e) 𝑉𝑉𝐷𝐷5 

When MOSFET is ON, the source provides energy to 
charge up L1. Its current rises linearly due to the voltage 
applied from the source. The configuration suggests that 
there is a path for L2 to charge as well when MOSFET is 
ON. This is likely established by the diodes (D1, D2, and 
D3). One scenario is that D1 allows the current to flow 
into L2, charging it. As with L1, the current in L2 also 
ramps up linearly with respect to the applied voltage. 
During the ON-time of the switch, both inductors are 
being charged by the voltage source, and their currents 
increase. The slope of the current increase �𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
�  is 

determined by the voltage across the inductor and its 
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inductance value according to the relation 𝑉𝑉 = 𝐿𝐿 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 . 

When MOSFET is turned OFF, L1's stored energy needs 
a path to release.  

Depending on the diode orientations, the energy could 
either flow towards the output, transfer to L2, or combine 
both. L2 also starts discharging its energy. If L1's energy 
is not being transferred to L2, then L2 could be 
discharging its energy directly to the output through one 
of the diodes, likely D2 or D3. During the OFF-time, both 
inductors discharge their stored energy. The current 
waveform during this period would depend on various 
factors like the load, the diode orientations, and the 
amount of energy stored in each inductor. The current 
waveform showcases a linear ramp-up for L1 and L2 in a 
scenario where both inductors charge during the ON-time. 
When the switch is OFF, the current waveforms for the 
inductors would ramp down. The rate of this ramp-down, 
or the slope, would depend on the path taken by the current 
(which diodes are conducting) and the load conditions. 

 
Fig. 8. Inductor current waveforms: (a) 𝐼𝐼𝐿𝐿1, (b) 𝐼𝐼𝐿𝐿2, (c) 

𝐼𝐼𝐿𝐿3 

The voltage waveforms associated with C1 and C2 are 
presented in Fig. 9. Notably, the capacitors undergo a 
charging process when the MOSFET is in an OFF state. 
Conversely, these capacitors discharge when the 
MOSFET enters its ON state. During charging, initially, if 
C1 starts at 0V (or a lower voltage level), its voltage 
begins to increase. The charging rate is determined by the 
on-state resistance of the MOSFET, including source, 
resistance, and the presence of those diodes.  

The voltage across C1 increases until it reaches its 
maximum charge or until the MOSFET switches states. 

Similarly, C2 also charge, and the diodes influence its rate. 
The voltage across C1 and C2 decreases until it's 
completely discharged or until the MOSFET returns to the 
OFF state. It is also worth noting that, in actual circuits, 
other factors like parasitic capacitances, MOSFET gate 
charges, diode forward voltages, and so forth can also 
influence the waveform. The presence of diodes in a 
switched capacitor cell can significantly influence the 
behaviour of the capacitors, both in terms of charging and 
discharging.  

 
Fig. 9. Capacitor voltage waveforms; (a) 𝑉𝑉𝐶𝐶1, (b) 𝑉𝑉𝐶𝐶2 

When the MOSFET is in the ON state, it is possible for 
a capacitor at a higher voltage to discharge into another 
capacitor at a lower voltage. A diode can prevent this 
undesired current flow, ensuring that capacitors don't 
unintentionally discharge into other parts of the circuit or 
other capacitors. The diodes can protect the capacitors 
from voltage spikes or transient behaviours, especially 
during the switching action of the MOSFET. By 
preventing reverse current flow, diodes can ensure that 
sudden voltage changes do not cause current spikes in 
undesired directions. The diode's forward resistance and 
the junction capacitance can influence the rate at which 
the capacitor charges or discharges. Therefore, the diodes 
in an SC cell primarily ensure unidirectional current flow 
and can prevent undesired interactions between capacitors 
and other elements during the switching phases. However, 
they also introduce certain challenges, such as voltage 
drops and potential thermal issues, which designers must 
consider. Since the proposed converter can operate in both 
boost and buck modes, the input voltage can be either 
greater than, less than, or equal to the desired output 
voltage. The input current waveform of the proposed 
converter is continuous, which means it does not drop to 
zero during any part of the switching cycle, similar to the 
traditional Cuk converter. This is a desirable feature in 
many applications because a continuous input current can 
reduce the stress on source components and reduce 
electromagnetic interference. The inductors on the input 
side, i.e., the SL cell, ensure the current waveform is 
continuous. However, the ripple in the input current is also 
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influenced by the value of this inductor and the frequency 
of operation. The input voltage and current waveforms are 
exhibited in Fig. 10 for an overarching understanding. 

Figure 11 serves as a one-stop reference, capturing the 
output voltage, current, and power waveforms. It is a 
testament to the converter's overall efficiency and 
dynamic operation. The proposed SCSL-based Cuk 
converter showcases a delicate balance of design, 
efficiency, and performance, which can be comprehended 
deeply by examining its components and their dynamic 
interactions. 

 
Fig. 10. Input voltage and current waveforms; (a) 𝑉𝑉𝑖𝑖𝑖𝑖, 

(b) 𝐼𝐼𝑖𝑖𝑖𝑖 

The proposed converter's efficiency is computed after 
considering the distinct types of losses, each playing a 
unique role in the converter's overall performance. These 
losses are categorized into three main components: 
conduction losses, switching losses, and control losses51). 
The conduction losses occur due to the resistance 
semiconductor devices offer when in the conducting state. 
In other words, when current flows through the device, 
this intrinsic resistance dissipates power, leading to losses. 
This phenomenon is particularly observed in diodes and 
MOSFET when in an ON state. As semiconductors switch 
between their ON and OFF states, energy is lost. The 
control is losses associated with the circuits that govern 

the operation of the semiconductor devices. It includes the 
energy used by gate drivers, control logic circuits, and 
other auxiliary circuits that ensure the correct functioning 
of the semiconductor devices. While these losses might be 
comparatively smaller, they are still significant for the 
overall efficiency of the converter. It is crucial to 
emphasize that these types of losses are inherent to the 
operation of semiconductor devices. Therefore, any 
optimization or improvement in converter design should 
consider minimizing these losses to enhance overall 
efficiency. For a more comprehensive understanding and 
mathematical representation of these losses, Table 3 offers 
a detailed breakdown of each loss component, 
accompanied by its associated equation. Table 3 can serve 
as a valuable reference for those looking to delve deeper 
into the intricacies of converter inefficiencies. 

 
Fig. 11. Output side waveforms; ; (a) 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜, (b) 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 , 

(c) 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜  

Table 3. Various losses associated with the proposed converter 

Losses Equation Remarks 

Switching Loss 
𝑃𝑃𝑆𝑆 = 5𝑓𝑓𝑠𝑠𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜(0.5𝑉𝑉𝑖𝑖𝑖𝑖 + 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜)2 𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜  and 𝐶𝐶𝑑𝑑  denote the output capacitance of the 

MOSFET and diodes, respectively. 𝑃𝑃𝐷𝐷 = 5𝑓𝑓𝑠𝑠𝐶𝐶𝑑𝑑(0.5𝑉𝑉𝑖𝑖𝑖𝑖 + 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜)2 

Conduction 

Loss 

𝑃𝑃𝑆𝑆 = 𝑖𝑖𝑑𝑑2𝑅𝑅𝑑𝑑𝑑𝑑−𝑂𝑂𝑂𝑂𝐷𝐷 𝑅𝑅𝑑𝑑𝑑𝑑−𝑂𝑂𝑂𝑂 and 𝑅𝑅𝑓𝑓 denote the MOSFET and diodes on-state 

resistance and 𝑉𝑉𝑓𝑓 denotes the forward voltage drop. 𝑃𝑃𝐷𝐷 = (𝑉𝑉𝑓𝑓𝑖𝑖𝑑𝑑 + 𝐼𝐼𝑑𝑑2𝑅𝑅𝑓𝑓)(1 − 𝐷𝐷) 

Passive Devices 𝑅𝑅𝐿𝐿1 = 𝑅𝑅1𝑑𝑑𝑑𝑑 �
𝐷𝐷𝑇𝑇𝑠𝑠𝑉𝑉𝑖𝑖𝑖𝑖
𝐿𝐿1

�
2
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𝑅𝑅𝐿𝐿2 = 𝑅𝑅2𝑑𝑑𝑑𝑑 �
𝐷𝐷𝑇𝑇𝑠𝑠𝑉𝑉𝑖𝑖𝑖𝑖
𝐿𝐿2

�
2
 Losses in each inductor are based on the DC resistance. 

Due to the small effective resistances, the losses in the 

capacitors of the SC are ignored. 𝑅𝑅𝐿𝐿3 = 𝑅𝑅3𝑑𝑑𝑑𝑑 �
𝐷𝐷𝑇𝑇𝑠𝑠𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝐿𝐿3

�
2
 

Control Loss 𝑃𝑃𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑄𝑄𝑔𝑔𝑉𝑉𝑔𝑔𝑔𝑔𝑓𝑓𝑠𝑠 𝑄𝑄𝑔𝑔 denotes the gate charge of the MOSFET. 

The effectiveness of the proposed SCSL-based Cuk 
converter is being evaluated in comparison to the 
traditional Cuk converter and two modified Cuk 
converters presented in the literature, as depicted in Fig. 
12. The performance computation encompasses all loss 
components, encompassing control, switching, and 
conduction losses. The efficacy is also determined by 
calculating load current variations ranging from 10% to 
125% of the rated capacity. According to the data 
presented in Fig. 11, it can be observed that the efficiency 
of the suggested converter surpasses that of the Cuk and 
its other modified converters when the load is augmented. 
The efficacy of the suggested topology is approximately 
91.5% under full load, whereas the Cuk converter 
achieves an efficacy of 86% under similar rated 
parameters. 

 
Fig. 12. Efficiency curve of all the converter 

topologies 

The efficiency of a system tends to improve when the 
input voltage increases due to a drop in input current. 
Consequently, this reduction in input current leads to 
decreased conduction losses of power switches. Upon 
analyzing the results presented and discussed previously, 
it is concluded that the suggested SCSL-based Cuk 
converter exhibits several favourable attributes compared 
to the traditional Cuk converter. These include a decrease 
in the voltage of the coupling capacitor, enhanced 
effectiveness, and a quicker transient response. 

5. Conclusions 

The present research has achieved a milestone in 
developing a new Cuk converter topology that boasts a 

notable high voltage gain while concurrently minimizing 
the stress on the active switch. An outstanding feature of 
this advancement is the ability to attain this high voltage 
gain without resorting to conventional mechanisms like 
transformers, coupled inductors, or extreme duty cycles. 
When delving deeper into the operational modalities, it 
was observed that the proposed converter predominantly 
functions in the continuous conduction mode. This mode 
ensures a seamless flow of energy, thereby preventing 
erratic energy pulses, which can sometimes affect the 
efficiency of power converters. In terms of regulation, the 
proposed converter capitalizes on the Pulse Width 
Modulation (PWM) technique. It operates at a stable 
frequency, ensuring the consistency of the output 
irrespective of variable input conditions. For clearer 
demarcation of the benefits of this new topology, the 
research contrasted the proposed converter against the 
conventional Cuk converter and several of its other 
variants. This comparative assessment underlined several 
merits of the newly introduced converter. Chief among the 
advantages is the elevated voltage gain, a crucial metric in 
power electronics. Furthermore, the new design ensures a 
remarkably low voltage stress. This reduction in voltage 
stress is not merely an academic achievement but has 
practical ramifications. It paves the way for selecting a 
semiconductor switch with a lower voltage capacity and a 
reduced Rds-ON value. This, in turn, augments the 
converter's efficiency and reliability. Other remarkable 
features include the continuous nature of both the input 
and output current, which enhances energy flow stability. 
Furthermore, the topology is characterized by the use of a 
singular switch. This is cost-effective and simplifies the 
overall design, making it more amenable to practical 
applications. The design outperforms many of its peers on 
the efficiency frontier, while its simplicity ensures ease of 
implementation. From an analytical standpoint, the 
research delved deep into the steady-state analysis of 
voltage gain, elucidating the intricacies involved in the 
process. The simulation outcomes, carried out using the 
MATLAB/SIMULINK platform, are in robust agreement 
with the established operational modes and the 
mathematical equations derived during the study. This 
congruence between theory and simulated practice adds 
another layer of credibility to the proposed topology. 

While this research has provided a strong foundation 
for developing a new Cuk converter topology, there is a 
potential for further exploration and refinement. Future 
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endeavours could: 
• Probe into the converter's performance under 

different load conditions, evaluating its robustness 
and adaptability. 

• Investigate the scalability of this design for larger 
industrial applications, ensuring its relevance in 
diverse scenarios. 

• Exploring advanced control strategies, such as 
predictive control or adaptive control, to further 
enhance the performance, efficiency, and reliability 
of the converter under varying operating conditions. 

• Investigating the converter's potential in renewable 
energy applications, particularly in solar and wind 
energy systems, where its high efficiency and 
voltage regulation capabilities can be pivotal. 

• Delving deeper into thermal management solutions 
to ensure optimal operation of the converter, 
especially in high-power or high-temperature 
environments. 

• Develop modular converter designs that can be 
easily scaled up or down based on the specific power 
requirements of different applications. 

• Researching advanced filtering and shielding 
techniques to further reduce electromagnetic 
interference, especially at higher switching 
frequencies. 

• Exploring the converter's compatibility and 
performance in smart grid environments, focusing 
on aspects like remote monitoring, control, and 
predictive maintenance using IoT technologies. 

• Investigating the use of novel materials, such as 
wide-bandgap semiconductors, to enhance the 
converter's efficiency, reduce losses, and extend its 
operational lifespan. 

The journey has been promising, and with continued 
research, there is immense potential for this Cuk converter 
topology to revolutionize the landscape of power 
electronics.  
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