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Abstract 

For a stand-alone based photovoltaic (PV) applications, this article analyzes the implications of adding 

certain components to the single-ended primary inductor converter (SEPIC). A capacitor and a diode were 

added to the new topology's design. The added capacitor was used to boost and shaped the signal coming 

out from the power switch while the diode serves as a reverse back diode. The suggested topology showed 

that adding just two components to the standard SEPIC minimizes stress on the active components, 

particularly the power switch. Other advantages of the this methods are minimizing the value of duty cycle, 

extended voltage gain, less voltage stress over the power switch, a low density, and less cost. Following the 

realization of this new topology, a laboratory prototype was created to verify the viability of the new 

converter. A 125 V DC output was produced from a 12 V DC input using Matlab/Simulink.  

Keywords: DC-DC SEPIC Converter, Voltage transfer ratio (voltage gain), Duty cycle, Voltage stress 

across the semiconductor components, and Photovoltaic (PV) panel 

 

 

1.0 Introduction 
Limiting the use of fossil fuels and maximizing the use of renewable energy resources as a source of 

electricity supply are necessary for a sustainable clean city. These plentiful resources hold great promise 

for the future because of their reversibility, simplicity of use, low maintenance requirements, and lack of 

environmental degradation. Solar energy is the most widely used renewable energy source in use today 

(Shaker and kraidi, 2019 ; Isah et al., 2019 ; Faraji et al., 2019; Isah et al., 2020).   

Semiconductor materials used in photovoltaic (PV) panels absorb solar heat and transform it into electrical 

power (Asim et al., 2018 ; Oulad-abbou et al., 2019 ; Tewari and Ramesh-Babu, 2017). For optimal energy 

generation, the semiconductor cells on the panel are arranged in series or parallel (Saravani and Ramesh-

Babu, 2017). Some of the major factors impacting their performance are tall buildings, little sunshine, trees 

casting shadows, and not having enough space for installation (Ahmad et al., 2019 ; Moral et al., 2019). 

Because PV generation typically produces low voltages, power converter technology is essential (Asim et 

al., 2018 ; Mitra and Rout, 2017 ; Krishna et al., 2017).  The low DC voltage produced by the PV panel can 

be increased using this technology to reach the required output value (Gowtham et al., 2017; Mirzaei and 

Rezvanyvardom, 2017).  Although there are many different kinds of power converters, a DC-DC type is 

needed at this point. 
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There are various types of DC-DC power converters, including transformerless and transformer-equipped 

models. Higher voltage gain can be obtained by adjusting the transformer's turn ratio and duty cycle, as 

both factors were judged to be too costly ( Mirzaei and Rezvanyvardom, 2017). Some of the transformerless 

kinds' constructions have been well-utilized in the literature (Asim et al., 2018 ; Manuel et al., 2017 ; 

Revathi and Prabhakar, 2016 ; Dileep and Singh, 2017).  The transformerless types just require a duty cycle 

to attain better voltage gains. The voltage gain of a traditional boost converter is consistently less than 

anticipated despite being transformerless and having a reasonable duty cycle.s 

Only when a transformerless SEPIC is combined with a voltage doubler or another converter does it show 

promise (Saravanan and Ramesh-Babu, 2017; Sabzali et al., 2014). Buck-Boost behavior is shown by Zeta 

and Cuk converters, making them unsuitable for step-up applications (Bayat et al., 2019). The previously 

mentioned issues have prompted academics to look for other approaches.  

Various transformerless DC-DC converter topologies have been extensively explored in the literature; 

however, some of these topologies have drawbacks, such as increased stress on the active components. 

Other topologies were constructed by combining two or three converters via cascade, inversion, or the 

addition of a voltage multiplier cell to attain increased voltage gain. Buck boost is a dependable duty-cycle 

method of increasing voltage gain (Krishna et al., 2017 ; Kaouane et al., 2016)  however, the power switch's 

complexity is a little bit high. Double boost integrated with SEPIC is proposed in Kanimozhi et al., 2017 ; 

Kumar et al., 2017 but the large number of components has caused complications within the power switch. 

Cuk and boost converters were integrated in Kumar et al., 2017 ; Pires et al., 2017 ; Fernao et al., 2017 to 

solve similar problems but still, the inversion phenomena of the cuk converter caused some complications 

in the power switch. Additionally, a voltage multiplier cell boost was suggested in Saravanan and Ramesh-

Babu, 2017 ; Mitra and Rout, 2017 ; Agrawal et al., 2017 ; Navamani et al., 2016; Napkin and Khawn-on, 

2016  to optimize the system but the duty-cycle observed there is high enough to cause problem to the 

power switch.  

This study presented a SEPIC with two additional components for PV panels along with other applications 

requiring a step-up conversion gain to supplement the current solutions. The advantages of the this methods 

are minimizing the value of duty cycle, extended voltage gain, less voltage stress over the power switch, a 

low density, and less cost. Following the realization of this new topology, a laboratory prototype was created 

to verify the viability of the new converter. A 125 V DC output was produced from a 12 V DC input using 

Matlab/Simulink. 

 

Figure 1: Architecture of the work showing the new SEPIC at the centre  

2.0 Materials and Methods 

Figure 2 shows the new architecture, which is made up of one adjustable power switch, three diodes D1, 

D2, & DO, two inductances L1 & L2, and three capacitors C1, C2, & CO. As can be observed, in comparison 

to the traditional SEPIC topology, the new converter has an extra diode and capacitor (D1 & C2). Because 

D2 acts as a reverse recovery diode for the energy lost in Q, capacitor C2 is positioned between the two 

diodes so that D1 will block any discharged energy from the capacitor. As a result, C1 will receive the 

blocked signal from C2 and add it with the signal its received from the power switch and dissipate it through 
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inductor L2. This strategy resembles, but modifies, the techniques used in the classical boost converter 

described in  Mitra and Rout, 2017 and SEPIC incorporated with a voltage doubler in (Saravanan and 

Ramesh-Babu, 2017). The modification involves replacing the about five components with only two 

components herein. Compared to the approaches used in the literature, the procedures used in this study are 

less expensive and more straightforward. The simulation was performed using Matlab/Simulink following 

the implementation of the new converter, and the laboratory setup was made ready. When the DX9 USB 

socket was connected to Trainer version 3371, all of the signals, presented in this work, were generated.  

 

Figure 2: Proposed SEPIC Converter. 

The new SEPIC converter's modes of operation are shown as follows: 

Mode 1:  

In the following, our power switch, represented by letter  𝑄, is in ON-state. Therefore, the signal coming 

through inductor 𝐿1 will deliver to diode 𝐷1and then to the 𝐶2. The signal in 𝐶2 will be delivered to 𝐶1and 

then to the output. 

Mode 2: 

In this mode, our power switch is in off-state, as such, the signal leak passes through inductor L2. 

2.1 Mathematical Equations of The New Converter viz: 
 𝑉𝐿1 = 𝑉𝑃𝑉 =  𝑉𝑄        (1) 

Equation (1) indicates that source voltage is the same with voltage in the inductor 1 and input of the power 

switch. 

When the switching signal is applied to the power switch (Q), equation (1) becomes; 

𝑉𝑄 =  𝑉𝐶2 = 𝑉𝐶1 2 =⁄  𝑉𝑃𝑉 (1 − 𝜕)⁄       (2) 

Equation (2) means that, 𝑉𝐶2 is blocked by diode 𝐷1 and as such, it cannot discharge it signal. Therefore, 

𝑉𝐶1 will combine its own signal and that of 𝑉𝐶2 and deliver it to the inductor𝐿2. 𝜕 represents the duty cycle. 

Equation( 2) can be used to evaluate the signal of the power switch or capacitor𝐶2.  

This is to say,  𝑉𝐶1 =  𝑉𝑄 +  𝑉𝐶2       (3) 

For the output side of the circuit, 

𝑉𝐿𝑜𝑎𝑑 =  𝑉𝐿2 =  𝑉𝐷𝑂 =  𝑉𝐶𝑂= 𝑉𝐶1      (4) 

OR, 𝑉𝑜𝑢𝑡𝑝𝑢𝑡 =   𝑉𝐶1        (5) 

When the switching signal is effected to the circuit in Fig. 2, the general input/output relationship of the 

circuit will take the following equation; 
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𝑉𝑃𝑉𝜕𝑇 =  (𝑉𝑜𝑢𝑡𝑝𝑢𝑡 − 𝑉𝑃𝑉 − 𝑉𝐶2)(1 − 𝜕)𝑠𝑇     (6) 

Thus, 𝑉𝑃𝑉𝜕 =  (𝑉𝐿1 − 𝑉𝑜𝑢𝑡𝑝𝑢𝑡𝜕 − 𝑉𝑃𝑉 − 𝑉𝐶2)(1 − 𝜕)    (7) 

Simplifying our equation (7) yields: 

(𝑉𝑜𝑢𝑡𝑝𝑢𝑡(1 − 𝜕) − 𝑉𝑃𝑉(1 − 𝜕)) − 𝑉𝐶2 = 0     (8) 

From equation (2), which can be written as 𝑉𝐶2 = 𝑉𝑃𝑉 (1 − 𝜕)⁄ , equation (8) can be deduced to; 

𝑉𝑜𝑢𝑡𝑝𝑢𝑡 = 2𝑉𝐶2         (9) 

OR, 𝑉𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑉𝐶𝑂 = 𝑉𝐷𝑂 = 𝑉𝐶1 =  2𝑉𝐶2     (10) 

To find the equation for the duty-cycle of the circuit, equation (10) can be written with respect to equation 

(2):  

That is, 𝜕 = (𝑉𝑜𝑢𝑡𝑝𝑢𝑡 − 2𝑉𝑃𝑉) 𝑉𝑜𝑢𝑡𝑝𝑢𝑡⁄       (11) 

Then, equation for the voltage transfer ratio (voltage gain 𝐴𝑉), it can be deduced from equation (7) 

That is,  𝐴𝑉 = 𝑉𝐿𝑜𝑎𝑑 𝑉𝑃𝑉⁄ =  2 (1 − 𝜕)⁄       (12) 

For the voltage stress within the power switch, equation (2) can also be used:  

𝑉𝑄 =  𝑉𝑃𝑉 (1 − 𝜕)⁄         (13) 

3.0 Design Parameters for The Proposed Sepic Converter 

3.1. For the Inductance 𝐋𝟏 𝐚𝐧𝐝 𝐋𝟐: 
For the current ripple (𝑡ℎ𝑎𝑡 𝑖𝑠 𝐼𝐿1 𝑎𝑛𝑑 𝐼𝐿2), two values were selected during the laboratory setup to design 

the inductance𝐿1 & 𝐿2. 4A and 6A were are the measured values. These values can be evaluated using 

equations(14) & (15). 

𝐿1 =  (𝑉𝑃𝑉 𝑥 𝜕) (𝑓𝑠𝑥𝐼𝐿1)⁄ = 12 mH      (14) 

𝐿2 =  (𝑉𝑐1 𝑥 𝜕) (𝑓𝑠𝑥𝐼𝐿2)⁄ = 10 mH      (15) 

3.2. Capacitors 𝐂𝟏 𝐚𝐧𝐝 𝐂𝐎: 
For input capacitor C1, input ripple voltage ∆𝑉𝑖𝑛  in equation(16)  is adopted. But for capacitors𝐶2& 𝐶𝑜 , 

output ripple voltage ∆𝑉𝑂𝑢𝑡𝑝𝑢𝑡in equation (18) is adopted. 

∆𝑉𝑖𝑛 = ( 𝑉𝑃𝑉) (1 − 𝜕)⁄ 𝑥10% = 6 𝑉      (16) 

∆𝑉𝑜𝑢𝑡𝑝𝑢𝑡 = (𝑉𝑃𝑉) (1 − 𝜕)⁄   = 62.5 𝑉      

As such, 𝐶1 =  (𝐼𝑂) (𝑓𝑠 𝑥 ∆𝑉𝑖𝑛)⁄ = 2 𝜇F      (17) 

For output capacitor Co,  

𝐶𝑜𝑢𝑡𝑝𝑢𝑡 = 𝐶1 =  (𝐼𝑂) (4𝜋𝑓𝑔𝑟𝑖𝑑𝑉𝐿𝑂𝐴𝐷∆𝑉𝐿𝑂𝐴𝐷)⁄ = 16 𝜇F    (18) 

Equation (18) can be used to calculate the output current (𝐼𝑂). 

That is; 𝐼𝑂 =  𝐶1𝑥 𝑓𝑠 𝑥 ∆𝑉𝑖𝑛       (19) 

Switching frequency of the new converter can be calculated with the following equation; 

𝑓 = 1 𝑝𝑒𝑟𝑖𝑜𝑑⁄ =  20, 000 𝐻𝑍        (20) 
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 Figure. 3: Laboratory setup of the new converter. 

4.0 Result and Discussions 

4.1 Result 

The calculated values of the components presented below were used in designing the proposed converter. 

DC Output voltage, 𝑉𝑜𝑢𝑡𝑝𝑢𝑡 = 125 𝑉 

DC voltage source 𝑉𝑃𝑉 = 12 𝑉 

Switching frequency, 𝑓 = 20,000 𝐻𝑧 

Duty cycle, 𝜕 = 0.8    

Power at the output 𝑃𝑂 = 100 W 

MOSFET (power switch) = IRFZ 44 N 

Diodes models =  D1 = D2 = Do = MUR 110  

 

Figure 4: Output/Input signals of the proposed converter. 

 

Figure 5: Voltage signal across the power switch (𝑉𝑄). 
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Figure 6: Voltage switching signal (𝑉𝐺𝑆).  

 

Figure 7: Voltage signal across diode (𝑉𝐷1). 

4.2 Discussions  

Simulations: 

The simulation was performed using Matlab/Simulink. With input and duty-cycle values of 12 V DC and 

0.8, respectively, an output voltage of 125. 232 V DC was achieved. This indicates that a verified voltage 

gain value of 10.45 was obtained, following equation (12). About 50% of the voltage at the output should 

go through the power switch for a stress-free converter. A voltage along the active power switch of 

approximately 62.5 V, which can also be calculated using equation (13) 

 

Experiment: 

As seen in Fig. 3, the circuit prototype was constructed and tested in a lab. The signals displayed in Figures 

4 and 5 were produced by a trainer (version 3371) linked via USB Dx9. In Figure 4, input/output signals 

are shown. It is evident that 125 V DC was generated from a 12 V DC input, resulting in a voltage gain of 

10.42 with a duty-cycle value of 0.8. Equation (20) was utilized to determine the switching frequency by 

calculating the period of each oscillation, which is represented as 50 μs per division (or 100 μs per two 

divisions) in Figure 5. Illustration 6 shows the switching signal and Fig. 7 represents the signal of the 

diode𝐷1. As seen in Fig. 8, the values acquired from the recently introduced SEPIC were contrasted with 

those from the conventional SEPIC.  

 
Figure 8: Comparison between voltage gain and duty-cycle of proposed SEPIC Converter. 
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5.0 Conclusion 

This paper has presented the effects of adding capacitor and diode a SEPIC DC-DC converter for off-grid 

system-based PV panel applications. The novel structure has shown that the added components have eased 

the complications in the active components, especially the power switch way better than the integration 

methods and/or methods of incorporation with voltage multiplier. The voltage gain has also been extended 

widely at the expense of low-duty cycles. 
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