
INTERNATIONAL JOURNAL of SMART GRID  

A. Belkaid et al., Vol.8, No.4, December, 2024 

 

Modified Topology of SEPIC Converter with High 

Gain Transfer Ratio for PV Applications 
Abdelhakim BELKAIDa , Said Aissoub , Slimane HADJIa , Lylia LARBIa  

 

 

belkaid08@yahoo.fr; said.aissou@univ-bejaia.dz; mail.hadji@gmail.com; lylia.larbi06@gmail.com 

 
aLaboratoire de Technologie Industrielle et de l’Information, Faculté de Technologie, Université de Bejaia, Bejaia 06000, Algeria  
bLaboratoire de Maitrise Des énergies Renouvelables (LMER) Faculté de Technologie, Université de Bejaia, Bejaia, Algeria 

 

Received: 27.12.2024 Accepted:31.12.2024 
 

Abstract— This work introduced a modified SEPIC converter with a higher voltage conversion ratio. The configuration was achieved 

by simply adding passive electronic components—an inductor and a capacitor—to the conventional SEPIC converter. The output 

voltage generated by the power circuit, including the modified SEPIC, is higher compared to that of the conventional SEPIC, while 

maintaining the same duty cycle. Furthermore, the modified converter overcomes the parasitic effects of active and passive components 

in the circuit and produces reduced voltage and current ripples at its output. The modified SEPIC can be utilized in renewable energy 

power systems and industrial applications requiring high voltage levels. 
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Nomenclature 

 

𝐼𝑝𝑣 PV module current (A) 

𝑉𝑝𝑣 PV module voltage (V) 

𝑁𝑠 number of series PV modules  

𝑁𝑝 number of parallel PV modules in  

𝑛𝑠 number of series PV cells 

connected in one string 
𝑅𝑠  PV module series resistance (Ω) 

𝑅𝑝 PV module parallel resistance (Ω) 

𝑎 the p-n junction ideality factor 

𝑃𝑚𝑎𝑥  Maximum power  

𝑉𝑜𝑐 Open-circuit voltage  

𝐼𝑠𝑐 Short-circuit current  

𝑉𝑚𝑝𝑝 Voltage at MPP  

𝐼𝑚𝑝𝑝 Current at MPP  

𝑘𝑣 Temperature coefficient of 𝑉𝑜𝑐 

𝑘𝑖  Temperature coefficient of 𝐼𝑠𝑐 

𝑓 Switching frequency  

𝐿 Inductor  

𝐶1&𝐶2 Capacitors 

𝑅 Resistance 

 𝐼𝑝ℎ The photo-current 

𝐼𝑠 The saturation current of the 

diode 

𝑣𝑡 the thermal voltage 

𝑘𝑏 the Boltzmann’s constant 

𝑞 the charge of an electron 

𝑑 Duty cycle 

𝑢 switch position 

𝑉𝑜 Output voltage 

MPPT maximum power point tracking 

Inc-Con incremental conductance   
 

1. Introduction 

Global warming, rising energy demands, and the depletion of 
fossil fuels are significant concerns, prompting many countries to 
adopt renewable energy sources, such as photovoltaic (PV) 
panels, in their electric power systems. [1]. PV panels generate 
direct current (DC) electricity, usually at a low voltage ranging 
from 20 V to 40 V, whereas the grid operates at 220 V alternating 
current (AC). Therefore, a DC/DC stage is required to boost the 
voltage from approximately 20 V to 220 V. High gain power 
converters are necessary to solve the issue of low voltage and 
voltage level regulation [2-3]. Achieving a sufficient voltage level 
typically involves using a high duty cycle in usual boost 
converters or employing cascade converters [4]. However, this 
approach significantly impacts the competence and dependability 
of the power converter [5]. Various designs for this type of power 
converter have been proposed. DC/DC converters can broadly be 
classified into two categories: isolated and non-isolated 
topologies. Isolated DC/DC converters are commonly used to 
provide ground current isolation and to offer flexibility in voltage 
gain. However, they tend to be bulky and heavy due to the high-
frequency transformer used in the DC/DC stage. Non-isolated 
DC/DC converters have gained significant attention due to their 
lower losses, smaller size, and reduced cost. Non-isolated 
topologies, like the boost converter, often face challenges with 
extreme duty ratio operation to achieve the required high voltage 
gain. The main challenge for non-isolated topologies is achieving 
high voltage gain while maintaining high efficiency. Several 
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advancements have been made to enhance the structure of DC/DC 
converters, aiming to achieve higher output voltages [6-7].  

The converter described in [8] is designed by cascading two 
boost converters to achieve a higher voltage gain. This 
configuration consists of two boost converters with four power 
switches and their respective diodes, which substantially 
increases the hardware complexity. The converter proposed in [9] 
employs the voltage lift technique using two semiconductor 
switches to achieve a higher voltage gain. However, this approach 
can increase the converter size, and the output diode is subjected 
to higher voltage stress. The elevated voltage stress increases the 
risk of failure, potentially reducing the converter's lifespan. High 
voltage transfer ratio in converters has been accomplished using 
various techniques, including voltage multipliers [10-11], 
switched capacitance devices [12], switched inductance devices 
[13], mutual switched capacitor-inductor arrangements [14], and 
voltage lift methods [9,12,15-16]. However, these methods often 
suffer from increased hardware complexity and reduced 
efficiency. The converter developed in [17-18] uses two 
semiconductor switches and operates at a high duty ratio, which 
can lead to augmented overall power loss. Additionally, the 
power density of the converter is low. Hybrid-boost converters 
based on (Switched Capacitor & Voltage Multiplier Cell) and 
(Switched Capacitor & Switched Inductor) have been developed 
in [19] and [20-22], respectively. The increased component 
utilization in these converters results in a larger converter size. 
Additionally, both converters operate at a switching frequency of 
≥100 kHz, which increases switching losses and the reverse 
recovery losses of the diodes. The converter developed in [20] 
integrates an active switched inductor, a passive switched 
inductor, a switched capacitor (SC) cell, and an auxiliary switch. 
The design employs three semiconductor switches, with a total 
component count of 16 to achieve the desired voltage gain. 
Consequently, the voltage gain to total component count (TCC) 
ratio is 0.68, which is relatively low. An extendable step-up DC-
DC converter was developed in [21, 22] using multiple switched 
capacitor (SC) cells to enhance the voltage gain. The use of two 
SC cells results in a total component count (TCC) of 14 in [21], 
while the converter in [22] uses 16 components. Both converters 
employ five semiconductor switches, which increases the size and 
control complexity of the converter during closed-loop operation. 
The modified SEPIC converter in [23] uses 10 components, with 
two semiconductor switches and three inductors occupying more 
space than other components in the circuit. Additionally, the 
converter was tested at a great duty cycle (D = 0.7) to attain a 
voltage gain of 7.9, which is relatively low. The converters 
developed in [24-25] use coupled inductors to get a high voltage 
ratio. However, incorporating coupled inductors in the design can 
increase the converter size and reduce its power density. 
Converters developed in [26] and [27] use switched capacitors 
(SC) and voltage multiplier cells (VMCs) to achieve a high 
voltage gain. However, the use of 16 components in these designs 
increases the size of the converter. In [28], the developed 
converter employs three switches and three inductors, potentially 
increasing its size. Additionally, the voltage stress on the switches 
(S2, S3) and diodes (D0) is high, which may elevate the risk of 
failure. In [29], a combined topology of the interleaved boost 
converter and voltage multiplier cell (VMC) has been developed 
to achieve a higher voltage ratio. However, the use of 16 
components may lower the ratio of voltage gain to total 
component count (TCC) and reduce the power density of the 
converter. 

In this article, a non isolated converter is developed to achieve 
a higher output voltage with a lower duty ratio, addressing the 
aforementioned drawbacks 

In this work, a modified SEPIC converter is proposed, 
incorporating a single additional inductor and capacitor into the 
conventional design. This modification enhances the output 
voltage level while minimizing output power oscillations. As a 
result, the converter transitions from a voltage step-up/down 
configuration to a high voltage gain step-up converter. 

A comparative analysis with the conventional structure is 
presented by applying incremental conductance MPPT control to 
both converters. Simulation results are provided to demonstrate 
the enhanced performance of the proposed design. 

 

2. PV Panel Modeling 

 The simple PV system seen in Fig. 1, is composed by PV 
panel, a DC/DC converter, MPPT control, and a DC load. 

 

Fig. 1. Simple PV system 

A. Model of the PV cell 

In this work, a single diode cell model is used as depicted in 

Figure 2 [4-5].  

 

Fig. 2. Equivalent circuit of a PV cell 

The output current is expressed as the next equation [6]: 

𝐼𝑝𝑣 = 𝐼𝑝ℎ − 𝐼𝑠 [𝑒𝑥𝑝 (
𝑞(𝑉𝑝𝑣 + 𝑅𝑠𝐼𝑝𝑣)

𝑎 𝑘𝑏𝑇
) − 1] −

𝑉𝑝𝑣 + 𝑅𝑠𝐼𝑝𝑣

𝑅𝑝

 (1) 

B. Incremental Conductance control 

This method is the second most widely used after P&O, 
offering ease of implementation while addressing the divergence 
issue of P&O during rapid changes in sunlight intensity [7]. It 
operates by comparing conductance with the rate of change in 
conductance, as illustrated in Figure 3. 

The product between the voltage and the current give the 
power of the solar panel: 

𝑃 = 𝑉. 𝐼 (2) 

PV 

panel 

DC/DC 

Converter 

Charge 

DC 

𝑉𝑜 𝑉 

MPPT 

command 



INTERNATIONAL JOURNAL of SMART GRID  

A. Belkaid et al., Vol.8, No.4, December, 2024 

 

 201 

And the derivative of the power will be as: 

𝑑𝑃

𝑑𝑉
=

𝑑(𝑉𝐼)

𝑑𝑉
= 𝑉.

𝑑𝐼

𝑑𝑉
+ 𝐼 = 𝑉.

∆𝐼

∆𝑉
+ 𝐼 (3) 

At the peak of the curve, we can make: 

∆P

∆V
≈ 0 ⟹

∆𝐼

∆𝑉
≈ −

𝐼

𝑉
     (4) 

So, the MPP can be attained by comparison the conductance 

𝐺 and the increment of the conductance 𝑑𝐺. We can mark: 

If
∆𝐼

∆𝑉
> −

𝐼

𝑉
, left of the MPP →Increase V     (5) 

If 
∆𝐼

∆𝑉
< −

𝐼

𝑉
, right of MPP →Decrease V     (6) 

If 
∆𝐼

∆𝑉
≈ −

𝐼

𝑉
, close to the PPM     (7) 

The Incremental method offers high-quality performance 
even beneath a rapid change in climate conditions, but it suffers 
from complex and very expensive control circuit. 

 

 

Fig. 3. The Incremental method flowchart 

 

3. Modified Topology of Sepic Converter 

A. Fundamental SEPIC structure 

The structure of the basic SEPIC converter is given on the 
Figure 6 as mentioned in [8]. The load voltage can be superior or 
inferior to the input voltage [9]. 

 

Fig. 4. Fundamental SEPIC structure 

Two modes describe the function of the converter: 

The first is when the switch 𝐾 is closed (0 < 𝑡 < 𝛼𝑇), the SEPIC 
structure becomes as in Fig. 5: 

 

Fig. 5. Fundamental SEPIC structure, mode ON 

Through this mode 𝑇𝑜𝑛, the inductances currents increase linearly 
and the energy is stored in 𝐿1. The capacitor 𝐶0 supplied the load. 

In this mode, the voltages across the inductors 𝐿1 and 𝐿2 can 
be given by: 

𝑉𝐿1
= 𝑉 (8) 

𝑉𝐿2
= −𝑉𝐶1

 (9) 

The second mode is when the switch K is opened 𝛼𝑇 < 𝑡 < 𝑇. 
The corresponding circuit of the SEPIC will be as shown in 
Figure 6. 

 

Fig. 6. Fundamental SEPIC structure, mode OFF 

The diode D begins to conduct. The currents of the inductors 𝐿1 
and 𝐿2linearly decrease and their sum flows through the diode 
towards the load, where a part of the energy is consumed by the 
load and another part is stored in the capacitor 𝐶0. 

The voltages on the inductors are: 

 

Début 

 

Mesurer V (k), I (k) 

ΔV=V(k)-V(k-1) 

ΔI=I(k)-I(k-1) 

 
∆𝑉 = 0  

 

 𝐼 +
∆𝐼

∆𝑉
𝑉 = 0  

∆𝐼 > 0  

 

𝐼 +
∆𝐼

∆𝑉
𝑉 > 0  

 

Oui 

 

Non 

 

Oui 

 

Non 

 

Non

Oui 

 
Oui 

 

Oui 

 

Non 

 

ref refV V V= + ref refV V V= −

Mise à jour 

V (k-1)= V (k) 

I (k-1)= I (k) 

Retour 

∆𝐼 = 0  

 

Oui 

 

ref refV V V= −ref refV V V= + 

Non 
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− 
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𝑉𝐿1
= 𝑉 − 𝑉𝑜 − 𝑉𝐶1

 (10) 

𝑉𝐿2
= 𝑉𝑜 (11) 

In steady state, the average value of the voltage on the 
inductance is null, so we can write: 

𝛼 ⋅ 𝑉𝐿(𝑜𝑛) + (1 − 𝛼) ⋅ 𝑉𝐿(𝑜𝑓𝑓) = 0 (12) 

If we apply this principle to 𝐿1 and 𝐿2, we will have: 

𝛼 ⋅ 𝑉 + (1 − 𝛼) ⋅ (𝑉 − 𝑉𝑜 − 𝑉𝐶1
) = 0 (13) 

𝛼(−𝑉𝐶1
) + (1 − 𝛼)𝑉𝑜 = 0 (14) 

From the last two equations, we find that: 

𝑉𝑜

𝑉
=

𝛼

1 − 𝛼
 (15) 

which means the converter operates as a step-down converter 
(if 𝛼 < 0.5); or step-up converter(if 𝛼 > 0.5). 

B. The modified topology of the SEPIC converter 

By adding one inductor and one capacitor to the basic 
structure, we get the proposed SEPIC shown in Figure 7. 

 

Fig. 7. Modified structure of the SEPIC converter 

During the first operating sequence (𝑇𝑜𝑛), the switch K is 
closed and the diode is blocked, the converter equivalent circuit 
becomes as shown on Fig. 8 

 

Fig. 8. Modified SEPIC structure, mode ON 

The equations of this phase can be given below: 

𝑉𝐿1
= 𝑉. (16) 

𝑉𝐿2
= −𝑉𝐶1

− 𝑉𝐶2
 (17) 

𝑉𝐿3
= −𝑉𝐶2

. (18) 

During the second phase (𝑇𝑜𝑓𝑓), the switch is opened. The 

converter equivalent circuit becomes:  

 

Fig. 9. Modified SEPIC structure, mode OFF 

The equations of voltages across the inductors are given 
below: 

𝑉𝐿1
= 𝑉 − 𝑉𝑜 − 𝑉𝐶1

 (19) 

𝑉𝐿2
= 𝑉𝑜 − 𝑉𝐶2

. (20) 

𝑉𝐿3
= 𝑉𝑜 + 𝑉𝐶1

− 𝑉𝐶2
 (21) 

In steady state, the average value of the voltage on the 
inductance is equal to zero, so we can write: 

𝛼 ⋅ 𝑉 + (1 − 𝛼) ⋅ (𝑉 − 𝑉𝑜 − 𝑉𝐶1
) = 0 (22) 

−𝛼(𝑉𝐶1
+ 𝑉𝐶2

) + (1 − 𝛼)(𝑉𝑜 − 𝑉𝐶2
) = 0 (23) 

𝛼(−𝑉𝐶2
) + (1 − 𝛼)(𝑉𝑜 + 𝑉𝐶1

− 𝑉𝐶2
) = 0 (24) 

or: 

𝑉 = (1 − 𝛼)𝑉𝑜 + (1 − 𝛼)𝑉𝐶1
 (25) 

𝑉𝐶2
= (1 − 𝛼) 𝑉𝑜 − 𝛼𝑉𝐶1

 (26) 

𝑉𝐶2
= (1 − 𝛼)𝑉𝑜 + (1 − 𝛼)𝑉𝐶1

 (27) 

thus: 

𝑉𝐶2
= 𝑉𝐶2

+ 𝑉𝐶1
⇒ 𝑉𝐶1

= 0 (28) 

So, Eq. 25 becomes: 

𝑉 = (1 − 𝛼)𝑉𝑜 (29) 

And the voltage transfer ratio of the customized SEPIC is given 

by: 

𝑉𝑜

𝑉
=

1

1 − 𝛼
 (30) 
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This equation proves that the modified structure allows the 
SEPIC converter to become a boost with high amplifier ratio 
(bigger than 10). 

4. Simulation Results 

 Modified structure of the SEPIC converter was numerically 
tested using MATLAB/Simulink software. 

The different specifications used in the tests are given in table 
1. 

TABLE I.  DIFFERENT SPECIFICATIONS USED IN SIMULATION. 

Setting Value 

𝑃𝑚𝑎𝑥  60W 

𝑉𝑜𝑐 21.1V 

𝐼𝑠𝑐 3.8A 

𝑉𝑚𝑝𝑝 17.1V 

𝐼𝑚𝑝𝑝 3.5A 

𝑘𝑣 -0.08 V/°C 

𝑘𝑖  0.003 A/°C 

𝑓 10kHz 

𝐶 20µF 

𝐶1 1000µF 

 𝐶2 1000µF 

 𝐶0 470µF 

𝐿1 5mH 

𝐿2 5 MHz 

𝑅 30Ω 

For the first test of simulation, we kept the irradiance fixed at 
1000 W/m2 and we varied the temperature. The tests were made 
for duration of 2.8 s, and the corresponding results are drawn in 
Fig. 10. The curves of PV current 𝑰𝒑𝒗(𝑨) , voltage 𝑽𝒑𝒗(𝑽), power 

𝑷𝒑𝒗(𝑾) and output voltage 𝑽𝒐(𝑽) are presented. 

For the second test, we kept the temperature fixed at 25 °C 
and we varied the irradiance. The corresponding results are drawn 
in Fig. 11 

The waveforms of 𝑽𝒑𝒗(𝑽) and 𝑷𝒑𝒗(𝑾) are inversely 

proportional to temperature variations, while 𝑰𝒑𝒗(𝑨)  is only 

minimally affected. 

The results indicate that the various parameters closely align 
with the PV characteristics under constant solar irradiance. 
Notably, the waveforms of current 𝑰𝒑𝒗(𝑨) and power 𝑷𝒑𝒗(𝑾) are 

significantly influenced by changes in sunlight, whereas 𝑽𝒑𝒗(𝑽) 

is only slightly affected. Furthermore, a comparison between 
𝑽𝒑𝒗(𝑽) 𝑽𝒐(𝑽) confirms that the employed converter is a step up 

voltage kind. 

Below standard test conditions (STC), the solar module 
produces an average of 59.9 W of power, 17.3 V of voltage, and 
3.4 A of current. However, when the irradiance level decreases to 
500 W/m2, these values drop to an average of 29 W of power, 17.2 
V of voltage, and 1.7 A of current.  

 

 
Fig. 10. Results of simulation with temperature change and fixed 

irradiance 

 

Fig. 17. Results of simulation with irradiance change and fixed 
temperature. 

We can clearly see more stability with the modified structure 
than the classical one, with the proposed SEPIC structure less 
power oscillation level is obtained. 

5. Conclusion 

This paper presents a modified SEPIC converter with an 
improved voltage conversion ratio. The modification is achieved 
by integrating simple passive components (an inductor and a 
capacitor) into the traditional SEPIC converter design. The 
resulting configuration generates a higher output voltage 
compared to the conventional SEPIC converter, while 
maintaining the same duty cycle. In addition, the modified 
converter mitigates the parasitic effects of the active and passive 
components in the circuit, thereby effectively reducing the 
voltage and current ripples at the output. The modified SEPIC 
converter is well suited for renewable energy systems and 
industrial applications requiring high voltage levels. Moreover, 
its minimal component count helps reduce costs and improve 
overall efficiency. 
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