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Abstract 

Background: The demands for clean energy is growing rapidly and the fossil fuel we use in our everyday 

live is ushered in CO2 and other greenhouse effects, resulting in natural disasters and other climate 

threats. To continue on this route, the world is challenged to prepare for the unknown disasters. Hence, 

the search for a clean, alternative energy resource, which could bring resilience back to our cities is in 

incredibly rapid velocity. Solar energy is a clean and alternative energy that can be use but PV panels tend 

to generate low energy in nature which is why a lot of panels have to be employed in order to go off-grid. 

A simple DC-DC converter can be used to boost the energy generated by PV panels. Provided herein is an 

extended DC-DC single ended primary inductor converter (SEPIC) for micro-grid based photovoltaic (PV) 

applications. The new topology was designed with an addition of some components to the conventional 

SEPIC. 

Results: The extended SEPIC topology utilizes a single power switch with high voltage gain, low duty-cycle, 

reduced voltage stress across the power switch, low density and cheap. The new topology was designed 

with an addition of some components to the conventional SEPIC. A 125 V DC output was generated from 

a 12 V DC input through MATLAB/SIMULINK. The new SEPIC converter revealed the best value voltage 

gain as 10.42, duty-cycle value of 0.8 and voltage stress of 62.5 V compared to the conventional SEPIC or 

SEPIC integrated with other converters. 

Conclusions: the results of voltage gain, duty-cycle and voltage stress obtained validate the credibility of 

the new converter and show the potentiality of the converter for the adoption in power step-up 

applications. 

Keywords: DC-DC Converter, Voltage gain, Duty-cycle, Voltage Stress, PV Panels. 

1.0 Background 

For a sustainable clean city, there is a need to limit the fossil fuel usage and maximize the use of 

alternative energy resources (renewables) as a source of electricity generation. These abundant 

resources are promising for the future due to their reversibility, easy operation, less maintenance, 

and zero pollution of the environment. There are many forms of renewables with solar power the 

most common we use today [1-4].  

Photovoltaic (PV) panels are solar powers made up of semiconductor materials that absorb heat 

from sun and convert it into electricity [5-7]. The semiconductor cells on the panel are designed in 

series or parallel arrangement to get the best energy generation [8]. Lack of sufficient area for 

installation, low sunshine, shades of trees and tall buildings are some of the biggest threats 

affecting their performances [9,10]. Therefore, PV per voltage generation tends to be low in nature 

which is why the power converter technology is much-needed [5], [11, 12]. This technology can 

be used to step up the low DC voltage generated by the PV panel into the desired output value [13, 

14]. There are many types of power converter but at this junction, a DC-DC type is required. 

The DC-DC power converters are of many types, transformerless and those with transformers [11]. 

The transformer types were deemed too expensive and higher voltage gain can be attained by two 

things, turn-ratio and duty-cycle of the transformer [10]. The transformerless types have duty cycle 

only as a requisite to achieve higher voltage gain, some of their structures are well exploited in the 
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literature [2], [15-17]. A conventional boost converter is transformerless and it has a good duty 

cycle, but the voltage gain is always lower than expectations. A transformerless SEPIC is 

promising only when it is integrated with another converter or incorporated with voltage doubler 

[4], [14]. Zeta and Cuk converters exhibits Buck-Boost behavior which is not viable for step up 

application [15]. The aforementioned problems have led researchers to quest for more methods.  

Different topologies about transformerless DC-DC converters are well exploited in the literature 

[2], some topologies were built by integrating two or three converters together either by cascade, 

inversion or by incorporation with voltage multiplier cells to achieve higher voltage gain. Buck 

boost presented in [16] to raise the voltage gain with reliable duty-cycle. Double boost integrated 

with SEPIC were proposed in [14], [17-20]. Cuk and boost converters were integrated in [18, 19] 

to solve similar problems. Boost with voltage multiplier cells was also proposed in [4], [8], [20, 

21], SEPIC integrated with boost in [22] to optimize the system.  

To add to the present solutions, this paper proposed an extended SEPIC for PV panels and other 

renewable energy resource applications that require a step up conversion gain. The additional 

components involve one capacitor and two diodes to extend the voltage gain at the expense of the 

low duty cycle of the new SEPIC converter. The diagrammatic representation of the system is 

shown in fig. 1. To make the propose converter simple and lighter, the new topology utilizes a 

single switch. The steady-state and theoretical analysis is discussed in details. Simulation and 

laboratory validations were taken and presented herein. 

 

Figure 1: Diagrammatic representation of the system 

2.0 Methods 

The new topology is presented in figure 3 which consists of two inductance L1 & L2, three diodes 

D1, D2, & DO, three capacitors C1, C2 & CO and one controllable power switch. As it can be seen 

in fig. 2, the new converter has additional two diodes and one capacitor (𝐷𝐷1,𝐷𝐷2 & 𝐶𝐶2) than the 

conventional SEPIC topology in fig. 2. In fig. 3, capacitor 𝐶𝐶2 is placed between the two diodes 

such that its discharged energy would be blocked by 𝐷𝐷1, as such, 𝐶𝐶1will combine the voltage 

coming from the power switch with the voltage coming from 𝐶𝐶2and dissipate it to the inductor 𝐿𝐿2. 

This approach is similar but in modification to the methods adopted in a classical boost converter 

presented in [7] and SEPIC incorporated with voltage doubler in [4]. The method adopted in the 

present study is cheaper and friendly than the methods adopted in [22]. After the realization of the 
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new converter, MATLAB/SIMULINK was used to run the simulation and the laboratory set up was 

prepared with trainer version 3371 connected with DX9 USB socket and signals were generated.  

 
Figure 2: Conventional SEPIC Converter 

 

Figure 3: Proposed Extended SEPIC Converter. 

The modes of operation of the extended SEPIC converter is given below: 

Mode 1:  

Here, the power switch 𝑄𝑄is in ON-state therefore the energy from inductor 𝐿𝐿1will flow through 

diode 𝐷𝐷1 to 𝐶𝐶2. The energy in 𝐶𝐶2 would be delivered to 𝐶𝐶1and then to the output. 

Mode 2: 

In this mode, the power switch is in OFF-state therefore the leaked energy follows through 

inductorL2. 

3.0 Analysis of the New Converter: 

Applying Kirchhoff voltage law to the circuit in fig. 3 yields the following equation;  𝑉𝑉𝑃𝑃𝑃𝑃 =  𝑉𝑉𝐿𝐿1         (1) 

Applying switching signal to the power switch (Q) yields 𝑉𝑉𝑄𝑄 =  𝑉𝑉𝐶𝐶2 =  𝑉𝑉𝑃𝑃𝑃𝑃 (1− 𝜕𝜕)⁄        (2) 

Equation(2) is used to evaluate voltage across the power switch & capacitor𝐶𝐶2, that is, 𝑉𝑉𝑄𝑄 & 𝑉𝑉𝐶𝐶2.  
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Therefore, 𝑉𝑉𝐶𝐶1 will combine the voltage coming from power switch (𝑉𝑉𝑄𝑄) with the voltage in the 

second capacitor(𝑉𝑉𝐶𝐶2) and delivers it to the inductor𝐿𝐿2. 

This is to say,  𝑉𝑉𝐶𝐶1 =  𝑉𝑉𝑄𝑄 +  𝑉𝑉𝐶𝐶2      (3) 

From equation (3) it can be confirmed that  𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =  𝑉𝑉𝐿𝐿2 =  𝑉𝑉𝐷𝐷𝐷𝐷 =  𝑉𝑉𝐶𝐶𝐷𝐷       (4) 

OR, 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =  𝑉𝑉𝑄𝑄 +  𝑉𝑉𝐶𝐶2       (5) 

Generally, with the effect of switching signal, the input/output relationship takes the form 𝑉𝑉𝑃𝑃𝑃𝑃𝜕𝜕𝜕𝜕 =  (𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 − 𝑉𝑉𝐶𝐶2 − 𝑉𝑉𝑃𝑃𝑃𝑃)(1− 𝜕𝜕)𝜕𝜕     (6) 

Therefore, 𝑉𝑉𝑃𝑃𝑃𝑃𝜕𝜕 =  (𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 − 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝜕𝜕 − 𝑉𝑉𝐶𝐶2 − 𝑉𝑉𝑃𝑃𝑃𝑃)(1− 𝜕𝜕)   (7) 

Collecting the like terms in equation (7) yields: �𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿(1− 𝜕𝜕)− 𝑉𝑉𝐶𝐶2(1− 𝜕𝜕)� − 𝑉𝑉𝑃𝑃𝑃𝑃 = 0     (8) 

According to the equation (2)𝑉𝑉𝐶𝐶2 = 𝑉𝑉𝑃𝑃𝑃𝑃 (1− 𝜕𝜕)⁄  

This implies that equation (8) can be written as: 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 2𝑉𝑉𝐶𝐶2         (9) 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑉𝑉𝐶𝐶1 = 𝑉𝑉𝐷𝐷𝐷𝐷 = 𝑉𝑉𝐶𝐶𝐷𝐷 =  2𝑉𝑉𝐶𝐶2      (10) 

To find the duty cycle, equation (10) can be expressed in terms of equation (2):  𝜕𝜕 = (𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 − 2𝑉𝑉𝑃𝑃𝑃𝑃) 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿⁄        (11) 

For the voltage gain, equation (7) can be rewritten as 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑉𝑉𝑃𝑃𝑃𝑃⁄ =  2 (1− 𝜕𝜕)⁄        (12) 

But, 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 =  𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑉𝑉𝑃𝑃𝑃𝑃⁄  

Therefore, 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 𝑉𝑉𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑉𝑉𝑃𝑃𝑃𝑃⁄ =   2 (1− 𝜕𝜕)⁄     (13) 

Concerning the voltage stress across the power switch, equation (2) can be considered:  𝑉𝑉𝑄𝑄 =  𝑉𝑉𝑃𝑃𝑃𝑃 (1− 𝜕𝜕)⁄         (14) 

4.0 Design Equations for the New Converter. 

The following values were assumed in designing each component of the new converter. 

Input voltage 𝑉𝑉𝑃𝑃𝑃𝑃 = 12 𝑉𝑉 

Output voltage, 𝑉𝑉𝐿𝐿𝐷𝐷𝐿𝐿𝐷𝐷 = 125 𝑉𝑉 

Duty cycle, 𝜕𝜕 = 0.8 

Switching frequency, 𝑓𝑓 = 20 𝑘𝑘𝑘𝑘𝑘𝑘     
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Output Power 𝑃𝑃𝐷𝐷 = 100 W 

Power MOSFET (IRFZ 44 N) 

Diodes D1 = D2 = Do = MUR 110 

4.1. Inductance 𝐋𝐋𝟏𝟏& 𝐋𝐋𝟐𝟐: 

Values of current ripples (𝐼𝐼𝐿𝐿1 & 𝐼𝐼𝐿𝐿2) were used to design the inductance𝐿𝐿1 & 𝐿𝐿2. 4 A 

& 6 A were measured through laboratory set up as a current ripple values. The values of the 

inductance can be evaluated using equations(15) & (16). 𝐿𝐿1 =  
𝑉𝑉𝑃𝑃𝑃𝑃 𝑥𝑥 𝜕𝜕 𝑓𝑓𝑠𝑠𝑥𝑥𝐼𝐼𝐿𝐿1� = 12 mH       (15) 

𝐿𝐿2 =  
𝑉𝑉𝐶𝐶1 𝑥𝑥 (1− 𝜕𝜕) 𝑓𝑓𝑠𝑠𝑥𝑥𝐼𝐼𝐿𝐿2� = 10 mH       (16) 

4.2. Capacitors 𝐂𝐂𝟏𝟏 & 𝐂𝐂𝐎𝐎: 

For capacitor C1, input voltage ripple∆𝑉𝑉𝑖𝑖𝑖𝑖 in equation(17) is used. For capacitors 𝐶𝐶2& 𝐶𝐶𝐿𝐿 output 

voltage ripple ∆𝑉𝑉𝐿𝐿𝐷𝐷𝐿𝐿𝐷𝐷in equation (19) is used. ∆𝑉𝑉𝑖𝑖𝑖𝑖 = 𝑉𝑉𝑃𝑃𝑃𝑃 (1− 𝜕𝜕)⁄  𝑥𝑥 10% = 6 𝑉𝑉       (17) ∆𝑉𝑉𝐿𝐿𝑜𝑜𝑜𝑜 = 𝑉𝑉𝑃𝑃𝑃𝑃 (1− 𝜕𝜕)⁄   = 62.5 𝑉𝑉      

Therefore, 𝐶𝐶1 =  
𝐼𝐼𝐷𝐷 𝑓𝑓𝑠𝑠 𝑥𝑥 ∆𝑉𝑉𝑖𝑖𝑖𝑖� = 2 𝜇𝜇𝜇𝜇      (18) 

For output capacitor Co,  𝐶𝐶2 = 𝐶𝐶𝐿𝐿 =  
𝐼𝐼𝐷𝐷

4𝜋𝜋𝑓𝑓𝑔𝑔𝑔𝑔𝑖𝑖𝐿𝐿𝑉𝑉𝐿𝐿𝐷𝐷𝐿𝐿𝐷𝐷∆𝑉𝑉𝐿𝐿𝐷𝐷𝐿𝐿𝐷𝐷� = 16 𝜇𝜇𝜇𝜇     (19) 

Equation (18) is used to evaluate output current 𝐼𝐼𝐷𝐷 𝐼𝐼𝐷𝐷 =  𝐶𝐶1𝑥𝑥 𝑓𝑓𝑠𝑠 𝑥𝑥 ∆𝑉𝑉𝑖𝑖𝑖𝑖         (20) 

Switching frequency can be evaluated using equation (21): 𝑓𝑓 =  1 𝜕𝜕� =  20 𝑘𝑘𝑘𝑘𝑍𝑍         (21) 
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Fig. 4: Laboratory set up of the new converter. 

5.0 Result and Discussions 

 5.1 Result  

 

Figure 5: Input/output signals of the new converter. 

 

Figure 6: Switching signal (𝑉𝑉𝐺𝐺𝐺𝐺). 

 

Figure 7: Voltage across diodes(𝑉𝑉𝐷𝐷1 = 𝑉𝑉𝐷𝐷2). 
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Figure 8: Voltage across 𝐶𝐶2 (𝑉𝑉𝐶𝐶2). 

 

Figure 9: Voltage across power switch (𝑉𝑉𝑄𝑄). 

5.2 Discussion 

Simulations: 

MATLAB/SIMULINK was used to carry out the simulation. An output voltage of 125. 232 V DC 

was realized with input and duty-cycle values of 12 V DC and 0.8 respectively. This means a 

voltage gain value of 10.45 was confirmed which is in line with the equation (13). For a stress-free 

converter, half of the output voltage is expected to pass through the power switch. A value of about 

62.5 V voltage across the active power switch which can also be evaluated using equation (14). 

Experiment: 

The prototype of the circuit was built in the laboratory as shown in fig. 3. A trainer (version 3371) 

connected with USB Dx9 was used to generate the signals shown in figures 4 & 5. Figure 4 depicts 

an input/output signals and it can be seen that 125 V DC was realized from an input of 12 V DC, 

this means a voltage gain of 10.42 is obtained with 0.8 as a duty-cycle value. The 50 𝜇𝜇s per division 

(100 𝜇𝜇s per 2 divisions) depicted in fig. 5 represents the period per oscillation which was used to 

evaluate the switching frequency in equation (21). The values obtained from the new SEPIC were 

compared with conventional SEPIC as shown in the fig. 6.  
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Figure 10: Comparison of Voltage gain/duty-cycle with SEPIC Converter. 

6.0 Conclusions 

An extended SEPIC DC-DC converter for micro-grid based PV panel applications is presented in 

this work. The new topology has shown that addition of one capacitor and two diodes to the 

conventional SEPIC topology can extend its voltage gain at the expense of low duty-cycle as 

depicted in fig. 10. The voltage stress across the power switch has been reduced to minimum. 

List of Abbreviations 

SEPIC: Single-ended Primary Inductor Converter; DC-DC: Direct current Direct current; PV: 

Photovoltaic.   
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