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Abstract: Solar photovoltaic (PV) is the most promising renewable energy source available on Earth.
Three topologies based on a switched-inductor capacitor and non-isolated high-step-up Cuk converter
have been proposed for solar PV. These topologies of the Cuk converter have higher boosting ability
than conventional Cuk and boost converters and can reduce the voltage stress of the main switch. A
small voltage rating and on-state resistance can give higher efficiency of the converter. The voltage
boosting ability of all three topologies was compared to each other and with a conventional Cuk
converter. The boosting capability of the third converter was 11 times at 0.75 duty cycle with a
solar PV source. These converters do not use a coupled inductor and transformer, which leads to
less volume, reducing coupling/core saturation loss, and thus the cost of the converter. A solar PV
system of 12 volts was used for boosting with these converters for analysis of the feasibility of use
with renewables. The three topologies of the switched-inductor and switched-capacitor (SLSC) Cuk
converter were designed and simulated in MATLAB/Simulink to evaluate their effectiveness.

Keywords: Cuk converter; voltage boosting; solar PV; DC-DC converter; switched-capacitor;
switched-inductor

1. Introduction

World energy demand is growing linearly while fossil fuel supplies, such as petroleum,
coal, and natural gases may be depleted in the near future. The major issues with fossil-fuel-
based energy generation are greenhouse gas emissions and carbon footprint. The growing
energy demand cannot be met solely through sources such as thermal, hydro, nuclear, etc.
As a result, it is essential to use alternative energy or renewable energy sources which are
abundant and freely available to overcome the global energy crisis and meet future energy
demands. Solar energy is of the utmost importance among renewable energy sources
because it is pollution-free and inexhaustible [1]. Its use is becoming increasingly common
these days because non-renewable energy can harm and affect the environment and nature.
The key advantages of photovoltaic (PV) applications are that they are clean, emission free,
and have a high level of reliability [2]. PV cells are used to extract a usable electrical form
of energy from solar energy. Renewable energy sources, such as solar, give low voltage
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output that needs to be boosted to higher functional levels [3,4]. The primary consideration
in renewable applications is how to achieve high voltage gain while maintaining more
efficiency during voltage boosting. By 2040, PV will be the most crucial source of power
generation among all renewable energy candidates [5].

DC to DC conversion is now employed in numerous sectors and applications, in-
cluding renewable sources, EV charging stations, uninterrupted power supply, electric
trains, and others [6]. Low DC output voltages are standard in PV and fuel cells, requiring
high voltage gain DC-DC converters to connect them to the grid [7–10]. The converter
must have a steady input current to obtain extreme power from the solar panels. More
voltage gain from an uninterrupted input supply current determines the suitability of
converters for renewable energy applications [11,12]. A novel continuous step/down and
step switched-capacitor (SC)-based DC-DC converter has been suggested to have many
advantages, such as lower voltage stress for capacitors and higher voltage gain than for-
merly proposed DC-DC converters [13]. In another paper, a new high voltage amplification
DC-DC converter with a coupled inductor and voltage multiplier (VM) cell is described.
Converter behavior is relied on for charging capacitors using a single MOSFET switch and
adding sources in series from the source to the load [14]. A novel non-solidified DC-DC Cuk
and boost converter assembly with high voltage amplification is proposed. The presented
topology consists of a boost and a Cuk converter with a low power voltage ripple and high
voltage gain in comparison to the conventional boost and Cuk converter [15]. In [16], an
effective method based on the Harris Hawks optimization algorithm (HHO) to select the
optimal capacity, number, and location of solar-based DGs to reduce active power loss and
voltage deviation is used. The authors of [17] describe the improvement in an effective
non-isolated switched-capacitor coupled-inductor boost-converter structure. Switched
capacitors decrease the voltage stress of power semiconductor switches, reduce device
conduction losses, and enable the use of low on-resistance switches. In addition, passive
clamp circuits can be used to achieve zero current to turn diodes and solid-state power
switches on and off naturally [17]. A high static gain DC-DC converter with a single switch
for efficient photovoltaic (PV)-based grid applications is proposed in [18]. This proposed
topology is derived from SEPIC (single-ended primary inductor converter) by presenting a
voltage doubler circuit to reduce voltage stress across semiconductor devices and provide
high voltage gain [18].

This research study considers the requirement by renewable energy applications for
high voltage gain with uninterrupted input supply current using a DC-DC converter. A
solar PV system is used to generate three different topologies derived from a Cuk converter.
The solar PV renewable source can reduce the effect of environmental deteriorating agents
produced by conventional power generating stations. A conventional Cuk converter is
modified to create three different topologies based on a switched-inductor and a switched-
capacitor (SLSC). The improvement implemented involves putting an SC unit in the place
of the capacitor, and placing an SL unit in the position of the inductors. The proposed con-
verter produces less noise, has a high transient response, and has minimal electromagnetic
interference. Climate issues lead to the degradation of photovoltaic panels; temperature
is the most degrading factor for solar panels as they are exposed to sunlight [19–21]. This
issue must be considered in countries such as India, Egypt, and Saudi Arabia; however,
manufacturers’ statements are often given for lower temperatures and different conditions
than the real-world conditions experienced. This paper does not consider the durability
of panels.

The voltage boosting provided by these converters is negative to positive. The objec-
tives of the study are as follows:

1. To introduce the basics of the Cuk converter and different derived topologies based
on switched-inductor and switched-capacitor (SLSC) and a high-gain step-up Cuk
converter.

2. To study a PV system with a DC-DC converter.
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3. To implement the Simulink model of the three converters considered with solar PV
on the MATLAB platform.

4. To study the behavior of the converter and analyze its characteristics.
5. To compare the boosting ability of a conventional boost converter with the discussed

topologies.

2. Photovoltaic Generator Mathematical Modeling

The PV array parameters depend on several environmental factors [22,23]. However,
designers have only used parameters for standard test conditions (STC). Accurate PV
modeling is essential to implement maximum power point tracking (MPPT) algorithms,
and other controlling methods [24,25]. Hence, this research employed a modified uni-diode
modeling (MUDM)-based PV system, which provides more straightforward implementa-
tion and reliable operation for power generation under varying atmospheric conditions.
Compared to the ideal single diode model (ISDM) and the single diode model (SDM),
modified uni-diode modeling (MUDM) enables more straightforward implementation. It
also provides a more accurate response and easier modeling as ISDM and SDM do not
provide precise I–V nature under the maximum power point (MPP) region and require
more parameters for estimation, respectively [26].

The I–V curve of a PV module having NSRK cells connected in series (Figure 1) can be
derived mathematically as:

IPHG = IPHN − ISAT

[
e

QE(VPHG+IPHG RSRK NSRK)
NSRK KBTB AS − 1

]
− VPHG + IPHGRSRK NSRK

NSRKRParallel
(1)

where, IPHG is PV the output current, IPHN is the photon current, ISAT is the saturation
current RSRK, RParallel are the series and parallel resistor, AS is the diode ideality factor, QE
is the electronic charge, KB is the Boltzmann constant, TB is the module temperature, and
NSRK is PV cells connected in series.

Figure 1. PV cell model.

Mathematically, the I–V relation of the single diode model of a PV system can be
expressed by putting RSRK = 0 in Equation (1) as:

IPHG = IPHN − ISAT

[
e

QE(VPHG+IPHG RSRK NSRK)
NSRK KBTB AS − 1

]
(2)

IPHG, ISAT and ISAT can be evaluated using the below relations as:

IPHG = GIR(Ishort + αCT∆TB) (3)

where, GIR is the solar insolation (W/m2), Ishort is the short-circuited current at standard
test condition, ∆TB is the temperature difference, and αCT is the coefficient of current
temperature. Moreover, Ishort can be evaluated mathematically as:

Vopen(GIR, TB)−Vopen(GIR, TSTC) = −|βVT |∆TB (4)
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where, Vopen(GIR, TB) is the open-circuited voltage at temperature TB, Vopen(GIR, TSTC) is
the open-circuited voltage at TSTC, and |βVT | is the absolute value of the coefficient of the
voltage temperature.

Putting IPHG = 0, Vopen can be evaluated as:

Vopen =
NSRKKBTB AS

QE
ln
(

IPHG
ISAT

+ 1
)

(5)

Hence, Vopen(GIR, TB) and Vopen(GIR, TSTC) shall be evaluated through Equation (5)
and refreshing Equation (4) as:

NSRKKB AS
QE

[
TB ln

(
GIR(Ishort + αCT∆TB)

Ishort
+ 1
)
− TSTC

(
GIR Ishort

IRS
+ 1
)]

= −|βVT |∆TB

(6)

Moreover, ISAT can be evaluated by the following expressions as:

ISAT =
e

(
|βVT |∆TBQE

NSRK KBTB AS

)
GIR(Ishort+αCT∆TB)

(
GIR Ishort

IRS
+ 1
) TSTC

TB − e

(
|βVT |∆TB

NSRK KBTB AS

) (7)

where, IRS is the reverse saturation current at standard test condition.

IRS =
Ishort

e
( QEVopen

NSRK KBTSTC AS

)
− 1

(8)

Moreover, Vmax and Imax under MPP can be correlated mathematically as:

Imax = Ishort − IRS

[
e
(

QEVmax
NSRK KBTSTC AS

)
− 1
]

(9)

From Equations (8) and (9),

Imax

Ishort
= e

(
QEVmax

NSRK KBTSTC AS

)
−
(

Ishort − Imax

Ishort

)
e
( QEVopen

NSRK KBTSTC AS

)
(10)

3. Hybrid Fuzzy-Logic Sliding Mode Control Based MPPT

In this study, a hybrid fuzzy-logic sliding-mode control (HFLC-SMC)-based MPPT
controller was employed in which the fuzzy logic control provides production of VRe f
which assimilates with MPP. The entire block diagram is presented in Figure 2. SMC
delivers tracking of VRe f produced by the FLC controller using proper adjustment of the
duty ratio of the Cuk-SEPIC converter, which results in the generation of zero difference of
VPV and VRe f . The fuzzy-logic controller provides accurate responses and does not require
any mathematical analysis.

The membership function of error and change in error can be expressed mathematically as:

Eerror(P) =
PPVG(Pk)− PPVG(Pk − 1)
VPVG(Pk)−VPVG(Pk − 1)

(11)

dEerror(P) = Eerror(Pk)− Eerror(Pk − 1) (12)

where, PPVG(Pk) is the instantaneous PV power, VPVG(Pk) is the output PV voltage, Pk is
the sampling period.
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Figure 2. Hybrid FLC-SMC-based MPPT-controlled PV System.

The fuzzy logic output VRe f can be processed using a sliding mode controller and
imposed to the Cuk-SEPIC converter. Considering the reference voltage of the PV module
VRe f and the output PV voltage VPVG as controlling parameters of SMC, the sliding area
can be expressed mathematically as:

SArea =

(
K +

d
dt

)
ER−1

error (13)

where, R is the relative degree.

Eerror = Error = VPVG −VRe f (14)

Ẏ = V̇PVG =
IPVG
CPVG

− ILK
CPVG

(15)

ŸK =
1

CPVG
ÍPVG −

1
CPVG

[
1

LK
VPVG −

1
LK

(1− dK)

]
Vout (16)

Put R = 2 in Equation (13),

SArea =

(
K +

d
dt

)
Eerror = KEerror+ = Ėerror (17)

ṠArea = ẎK −YRe f =
IPVG
CPVG

− ILK
CPVG

(18)

Assuming ŸK = 0,

Ëerror = ŸK and ṠArea = K ˙VPVG +
1

CPVG
ÍPVG

[
1

LK
VPVG −

1
LK

(1− dK)

]
Vout (19)

where, K is constant considering the Lyapunov stability function

ṠArea = −λSign(SArea) (20)

where, λ is constant. Using Equations (19) and (20),

− λSign(SArea) = K ˙VPVG +
1

CPVG
ÍPVG −

[
1

LK
VPVG −

1
LK

(1− dK)

]
Vout (21)
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And dK, the duty ratio, can be evaluated as:

dK =

[
λSign(SArea) + K ˙VPVG +

1
CPVG

(
ÍPVG −

1
LK

(1− dK)

)]
LKCPVG

Vout
(22)

4. Topologies of the CUK Converter

Figure 3 depicts the primary circuit of a conventional Cuk converter. The Cuk converter
is utilised for power factor correction applications and has two inductors and two capacitors,
which means it has fewer switching losses. The Cuk converter delivers more or less output
voltage than the supply voltage with reversed polarity. The inductor L1 acts as a filter,
and the C1 capacitor decides the extent of energy transfer to the inductor L1. The load
side inductor and capacitor are responsible for extra circuit requirements with less noise,
high transient response, and minimised electromagnetic interference. A Cuk converter is a
DC-to-DC converter with a negative capacitive output which is like a buck-boost converter.
The difference is that the Cuk converter uses a capacitor instead of an inductor for power
transfer and energy storage [27]. The input voltage polarity is reversed for the output
voltage of the Cuk converter. If linked properly, this converter generates free ripple output
that can be useful for various applications [28]. Different circuit topologies of the converter
are introduced depending on the Cuk converters in [29]. The effectiveness of the redesigned
Cuk converter has been greatly enhanced. This converter is recommended for the excellent
bidirectional operation to manage current and voltage [30].

Figure 3. Basic CUK converter.

Within closed-loop systems and fuzzy-logic controllers, several control strategies, e.g.,
sliding-mode control and traditional proportional-integral (PI) are used to adjust the output
voltage [31]. High temperatures affect solar power generation, which is not considered in
this study. This study mainly aims to study different topologies of the Cuk converter. This
converter is employed in the installation of BLDC motor drives and in PWM.

4.1. Topology-1

This topology is obtained by connecting a switched-inductor (SL) unit with the input
side inductor and a switched-capacitor (SC) unit to transfer the energy capacitor. The power
circuit schematic of this converter is depicted in Figure 4. Compared to the conventional
Cuk prototype, the suggested circuit includes one capacitor, one inductor, and four diodes.

Figure 5a shows the current directions when the switch is turned on (conducting).
Through diodes D1 and D2, and switch S1, source voltage Vin charges inductors L1 and
L2 in parallel. During this mode, reversed biased diodes are diodes D2, D4, and D5 and
inductor L3 charged by input voltage through switch, capacitor C1 and C2. As both L1 and
L2 inductors are the same, so the current flowing through them is the same. Figure 5b shows
the current direction when the switch is turned off (not conducting). Parallel connected
capacitors C1 and C2 are charged by the series connection of inductor L1 and L2 and input
voltage Vin. Similarly, the energy discharge by inductor L3 also charges the capacitors C1
and C2 and provides power to load R. During this mode, reverse biased diodes are diodes
D1 and D3.
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Figure 4. Topology 1: Power circuit of type-1 switched-inductor-switched-capacitor (SLSC)
Cuk converter.

(a)

(b)

Figure 5. Topology 1: Operating mode of SLSC CUK converter (a) ON Mode (b) OFF Mode.

Design Analysis of Topology-1

A steady-state analysis of the suggested topology 1 is presented by considering the
components are ideal. The source supplies pure DC input voltage Vin, and capacitors have
a ripple-free voltage. When the switch S1 is turned ON, the voltages for the inductors are
given as:

VL1 = VL2 = Vin (23)

VL3 = 2VC −Vout (24)

where, VC = VC1 = VC2. When switch S1 is turned off the voltages for inductors are
given as:

VL1 = VL2 =
Vin −VC

2
(25)

VL3 = VC −Vout (26)
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Applying the volt-second method:

VinD +
Vin −VC

2
(1− D) = 0 (27)

(2VC −Vout)D + (VC −Vout)(1− D) = 0 (28)

The voltage gain is given by,

G =
Vout

Vin
=

Iin
Iout

=
(1 + D)2

1− D
(29)

The expression of voltage across switch, capacitors C1, C2, and reverse voltage across diodes
(D1 − D5) are given in Table 1.

Table 1. Equations of voltages for type-1 SLSC CUK converter.

Parameters Expression

Capacitors C1 and C2
1 + D
1− D

Vin

Switch S1
1 + D
1− D

Vin

Diodes D1 and D3
D

1− D
Vin

Diodes D2 Vin

Diodes D4 and D5
1 + D
1− D

Vin

4.2. Topology-2

This topology is obtained by connecting a switched-inductor (SL) unit with the output
side inductor and a switched-capacitor (SC) unit to transfer the energy capacitor. The
power circuit of this converter is depicted in Figure 6. Compared to the conventional Cuk
prototype, the suggested circuit includes one capacitor, one inductor, and four diodes.

Figure 6. Topology 2: Power circuit of type-2 switched-inductor-switched-capacitor (SLSC)
Cuk converter.

Figure 7a shows the equivalent circuit when the switch is turned ON (conducting). The
inductor L1 is charged by source voltage Vin through switch S1. Parallel connected inductors
L2 and inductor L3 are charged through the switch, diodes D3 and D5 by capacitors C1,
C2 and source voltage Vin. As inductors L2 and L3 are the same, the current flowing
through them is also the same. During this mode, reversed biased diodes are diode D1,
D2 and D4. Figure 7b shows the equivalent circuit when the switch is turned OFF (not
conducting). Inductors L1 and source voltage Vin charge parallel-connected capacitors C1
and C2. Similarly, energy discharge by inductors L2 and L3 also charges the capacitors C1
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and C2 and supplies power to load. During this mode, reversed biased diodes are diodes
D3 and D5.

(a)

(b)

Figure 7. Topology 2: Operating mode of SLSC CUK converter (a) ON Mode (b) OFF Mode.

Design Analysis of Topology-2

When the switch S1 is turned ON, the voltages for the inductors are given as:

VL1 = Vin (30)

VL2 = VL3 = 2VC −Vout (31)

where, VC = VC1 = VC2. When switch S1 is turned off the voltages for the inductors are
given as:

VL1 = Vin −VC (32)

VL2 = VL3 =
VC −Vout

2
(33)

Applying the volt-second method:

VinD + (Vin −VC)(1− D) = 0 (34)

(2VC −Vout)D + (
VC −Vout

2
)(1− D) = 0 (35)

The voltage gain is given by,

G =
Vout

Vin
=

Iin
Iout

=
(1 + 3D)

(1 + D)(1− D)
(36)

The expression of voltage across switch, capacitor C1, capacitor C2, and reverse voltage
across diodes (D1 − D5) are given in Table 2.
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Table 2. Equations of voltages for type-2 SLSC CUK converter.

Parameters Expression

Capacitors C1 and C2
1

1− D
Vin

Switch S1
1

1− D
Vin

Diodes D1 and D2
1

1− D
Vin

Diodes D3 and D5
D

(1 + D)(1− D)
Vin

Diodes D4
1

1 + D
Vin

4.3. Topology-3

This topology is obtained by connecting an SL unit in place of both the input side and
the output side inductor and an SC unit in place of the transferring energy capacitor. The
power circuit for this converter is depicted in Figure 8. Compared to the conventional Cuk
prototype, the suggested circuit includes two capacitors, two inductors and seven diodes.

Figure 8. Topology 3: Power circuit of type-2 switched-inductor-switched-capacitor (SLSC)
Cuk converter.

Figure 9a shows the equivalent circuit when the switch is turned ON (conducting).
Source voltage Vin charges parallel connected inductors L1 and L2 through the switch,
diodes D1 and D3. Parallel connected inductors L3 and L4 supply power to load through
diodes D6 and D8 and switch by the help of capacitor C1 and C2. During this mode,
reversed biased diodes are diode D2, D4, D5 and D7. As inductors L1 and L2 are the same,
an equal amount of current flows through them. Similarly, inductors L3 and L4 are the same;
an equal amount of current flows through them. Figure 9b shows the current direction
when the switch is turned OFF (not conducting). Parallel connected capacitors C1 and C2
are charged by source voltage Vin, inductors L1 and L2. Similarly, energy discharge by
inductors L3 and L4 also charge the capacitors C1 and C2, and also provide power to load.
During this mode, reversed biased diodes are diodes D1, D3, D6 and D8.
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(a)

(b)

Figure 9. Topology 3: Operating mode of SLSC CUK converter (a) ON Mode (b) OFF Mode.

Design Analysis of Topology-3

When the switch S1 is turned ON, the voltages for inductors are given as:

VL1 = VL2 = Vin (37)

VL3 = VL4 = 2VC −Vout (38)

where, VC = VC1 = VC2. When switch S1 is turned off the voltages for the inductors are
given as:

VL1 = VL1 =
Vin −VC

2
(39)

VL3 = VL4 =
VC −Vout

2
(40)

Applying the volt-second method:

VinD + (
Vin −VC

2
)(1− D) = 0 (41)

(
2VC −Vout

2
)D + (

VC −Vout

2
)(1− D) = 0 (42)

The voltage gain is given by,

G =
Vout

Vin
=

Iin
Iout

=
(1 + 3D)

(1− D)
(43)

The expression of voltage across switch, capacitor C1 and C2 and reverse voltage across
diodes (D1–D8) are given in Table 3.
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Table 3. Equations of voltages for type-3 SLSC CUK converter.

Parameters Expression

Capacitors C1 and C2
1 + D
1− D

Vin

Switch S1
1 + D
1− D

Vin

Diodes D1, D3, D6 and D8
D

1− D
Vin

Diodes D2 and D7 Vin

Diodes D4 and D5
1 + D
1− D

Vin

5. Simulation Results and Analysis

The suggested three converters were simulated in the MATLAB Simulink environment
to analyze their performance and characteristics. The values of various parameters used
for the simulation of these converters are illustrated in Table 4. These converters were
simulated using a PV system as an input power source. The PV system was attached with
a converter using a coupling capacitor.

The results obtained from topology 1 are presented in Figure 10. Figure 10a depicts the
current stress and voltage stress on MOSFET S1. Figure 10b depicts the voltage stress on
the SC’s two diodes D4 and D5. Figure 10c depicts the current waveform of inductors L1,
L2 and L3. When MOSFET S1 is turned ON, the three inductors are charged and discharged
when MOSFET S1 is turned OFF. Figure 10d depicts the input voltage and output voltage
waveforms of the converter.

(a) (b)

(c) (d)

Figure 10. Simulation results of topology 1: (a) voltage and current of MOSFET (b) voltage across
diodes (c) inductor’s current (d) input and output voltage.
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The results obtained from topology 2 are presented in Figure 11. Figure 11a depicts
the current stress and voltage stress on MOSFET S1. Figure 11b depicts the voltage stress
on SC’s two diodes D1 and D2. Figure 11c depicts the current waveform of inductors L1, L2
and L3. When MOSFET S1 is turned ON, the three inductors are charged and discharged
when MOSFET S1 is turned off. Figure 11d depicts the input voltage and output voltage
waveforms of the converter.

The results obtained from topology 3 are presented in Figure 12. Figure 12a depicts the
current stress and voltage stress on MOSFET S1. Figure 12b depicts the voltage stress on the
SC’s two diodes D4 and D5. Figure 12c depicts the current waveform of inductors L1, L2,
L3 and L4. When MOSFET S1 is turned on, the four inductors are charged and discharged
when MOSFET S1 is turned off. Figure 12d depicts the input voltage and output voltage
waveform of the converter.

Table 4. Parameter values used for simulation.

Parameters Topology 1 Topology 2 Topology 3

Input Voltage (in Volts) 12 12 12
Switching Frequency (in kHz) 5 5 5

Inductor (in µH 600 600 600
Capacitor (in µF) 22 22 22

Load Resistance (in Ω) 190 75 210

(a) (b)

(c) (d)

Figure 11. Simulation results of topology 2: (a) voltage and current of MOSFET (b) voltage across
diodes (c) inductor’s current (d) input and output voltage.
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(a) (b)

(c) (d)

Figure 12. Simulation results of topology 3: (a) voltage and current of MOSFET (b) voltage across
diodes (c) inductor’s current (d) input and output voltage.

The number of components required for designing the three topologies of the SLSC
Cuk converter and voltage gain formula is shown in Table 5. The comparative study
of the voltage gain and normalized switch voltage stress for the three topologies of the
SLSC Cuk converter with the conventional Cuk converter and boost converter is shown in
Figures 13 and 14, respectively. It can be seen that the proposed converter topologies have
higher gain than the conventional boost and Cuk converters. Out of the proposed three
topologies, topology-3 has the highest gain, which can be seen in Figure 13. From Figure 14,
it is concluded that conventional boost and Cuk converters have the highest normalised
voltage stress compared to proposed converters.

Table 5. Comparison of Converters.

Parameter Boost Cuk Topology 1 Topology 2 Topology 3

Diode 1 1 5 5 8
Capacitors 1 2 3 3 3
Inductors 1 2 3 3 4

Switch 1 1 1 1 1

Voltage Gain
1

1− D
Vin

D
1− D

Vin
(1 + D)2

1− D
Vin

1 + 3D
(1 + D)(1− D)

Vin
1 + 3D
(1− D)

Vin
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Figure 13. Comparison of converters in terms of voltage gain.

Figure 14. Comparison of converters in terms of normalized switch voltage stress.

6. Conclusions

In this study, the topologies of SLSC Cuk converters with low active switch strain
and significant voltage gain were successfully designed. The continuous conduction mode
operation of the converters was investigated. The suggested converters were controlled
at a constant frequency using the PWM approach. The proposed converters were com-
pared with traditional Cuk and boost converters. The suggested converters have several
advantages, including low voltage stress and high voltage gain, which allow for selecting
an active switch, a lesser voltage rating and low on-state resistance, continuous output
and input currents, single switch operation, ease of design, and high efficiency. These
converters were simulated with a 12 V PV source as an input of the converter on the
MATLAB/Simulink platform. The current stress on the MOSFET switch of three topologies
was 10 A. The voltage stress on the MOSFET switch of topology-1 and topology-3 was
78 V, while for topology-2, it was 46 V. Among these topologies, topology-2 provided the
least voltage gain, while topology-3 provided the highest voltage gain. The hardware
implementation can be considered for future study.
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