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Abstract 
Off-grid photovoltaic (PV) systems play a vital role in delivering energy to regions with limited or unreliable infrastructure. 

In these systems, boosting the low input voltage to a higher output level is essential to ensure efficient energy utilization. 

However, traditional DC–DC converters often suffer from low efficiency, significant energy losses, and excessive heat 

generation, all of which limit the effective use of solar energy. 

To overcome these limitations, this study presents the design of a high-efficiency DC–DC boost converter. Silicon Carbide 

(SiC) MOSFETs are employed for their superior switching speed, high voltage tolerance, and low energy loss 

characteristics, which collectively enhance the overall efficiency of the energy conversion process. Compared with 

conventional silicon-based MOSFETs and IGBTs, SiC MOSFETs offer reduced energy losses due to their high-frequency 

operation capability and ensure a more stable output performance. 

The main objective of this project is to improve the efficiency of standalone renewable energy systems through the design 

and testing of a high-performance DC–DC boost converter. The study is conducted in two main stages: simulation and 

experimental validation. In the first stage, a detailed converter model is developed and analyzed in a simulation 

environment to evaluate its performance. In the second stage, the converter is physically implemented, including schematic 

design, printed circuit board (PCB) fabrication, and soldering. Finally, the experimental results obtained under real 

operating conditions are compared with the simulation outcomes to verify the accuracy and effectiveness of the proposed 

design. 

 
Keywords: Solar energy, photovoltaic systems, DC–DC boost converters, SiC MOSFETs, renewable energy. 

 

1. Introduction 

Sustainable energy solutions have become essential, 

particularly in rural and isolated areas where access to 

energy is limited or infrastructure is insufficient. Off-

grid photovoltaic (PV) systems provide an effective 

and sustainable alternative to overcome these 

challenges [1–2]. PV systems convert sunlight directly 

into electrical energy and offer a reliable, 

environmentally friendly, and cost-effective energy 

source [3–4]. They are critical for applications such as 

agricultural irrigation, telecommunication 

infrastructures, emergency energy needs, and mobile 

energy applications [5]. 

 

The energy produced by PV panels is generally at low 

voltage levels, which must be boosted to meet system 

requirements [6–7]. This highlights the importance of 

power-conversion technologies and the need for 

efficient system designs  [8-13]. DC–DC boost 

converters play a key role by converting low input 

voltage into high output voltage, optimizing energy 

storage and usage while minimizing losses [14-18]. 

 

Conventional semiconductor devices such as silicon-

based MOSFETs and IGBTs, commonly used in DC–

DC converters, offer advantages like low cost and 

wide availability. However, their high switching 

losses, low efficiency, limited thermal endurance, and 

overheating problems pose limitations in high-

performance standalone systems [19–21]. 

 

Recent developments in Silicon Carbide (SiC) 

MOSFET technology provide a solution to these 

challenges. Compared to silicon-based devices, SiC 

MOSFETs have lower switching losses, higher 

temperature tolerance, and faster switching capability, 

enabling more efficient high-frequency power 

conversion and longer device lifetime [22-23]. These 

advantages motivated the use of SiC MOSFETs in the 

DC–DC boost converter designed in this project. 

 

The proposed converter boosts the 20 V input from 

solar panels to a 100 V output, improving energy 

storage efficiency and the overall use of harvested 
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solar power. The design addresses the limitations of 

conventional converters and is particularly suitable for 

standalone PV applications. This project contributes 

to sustainable energy development and supports 

Türkiye’s 2033 Renewable Energy Roadmap [24-25]. 

 

This paper is organized into three main sections. The 

first section presents the simulation design of the boost 

converter, the second section details the experimental 

study, and the final section provides a comprehensive 

review and assessment of the project. 

 

2. Design of Boost Converter 

2.1. Calculation of Converter Parameters 

The 20/100 V DC–DC boost converter for off-grid PV 

systems consists of the following stages. First, the 

duty ratio (D) is calculated using Equation 1, taking 

output voltage ripple (ΔVout) is 1% of the output 

voltage (Vout). The inductor value is calculated using 

Equation 2. [26]. Here, Lis the inductor value (H), fsis 

the switching frequency (Hz), ΔIL is the allowable 

inductor current ripple (A), and ΔILis taken as 1% of 

the output current. 

 

D = 1 − Vin/Vout (1) 

L = (Vin  × D) / (ΔIL × 𝑓s)  (2) 

 

In this study, with Vin = 20 V  Vout =
100 V and D=0.8, the inductor value was calculated 

as 8 mH using the above formula, and the winding of 

L was designed accordingly. 

 

To limit the output voltage ripple , the output capacitor 

is calculated as in Equation 3 [26]: 

 

C = (𝐼out  ×  D) / (ΔVout  × 𝑓s)  (3) 

 

Here, 𝐶  is the capacitance (F) and 𝐼out  is the load 

current (A). The capacitor value was calculated as 80 

μF using the above formula. The capacitor value is 

selected as 100 μF above the this value. 

 

In this converter, a snubber circuit is used to protect 

the semiconductor devices from voltage spikes and to 

reduce stress during switching. It has a capacitor and 

a resistor that help absorb extra energy and limit 

voltage overshoot. In this study, the snubber capacitor 

is calculated using Equations 4, 5, and 6, while the 

snubber resistor is calculated using Equations 7  to 

make sure the converter operates safely and smoothly 

[27]. 

 

Here, 𝐼max is the maximum current through the 

MOSFET, 𝑡𝑘is the turn-off time, 𝑉maxis the maximum 

voltage, 𝑄𝑔 is the gate charge of the MOSFET, and 

𝐼𝑔is the gate current supplied by the driver circuit. is 

the leakage inductance of the transformer or inductor 

in the circuit, and 𝐶snis the snubber capacitor. 

 

𝐶𝑠𝑛  =
𝐼𝑚𝑎𝑥 . 𝑡𝑘

2. 𝑉𝑚𝑎𝑥
  (4) 

𝐶𝑠𝑛  =
𝐼𝑚𝑎𝑥 . 𝑡𝑘

2. 𝑉𝑚𝑎𝑥
 (5) 

 𝑡𝑘 =
𝑄𝑔

𝐼𝑔
 (6) 

𝑅𝑠𝑛 =
1

2
. √

𝐿𝑠

𝐶𝑠𝑛
 (7) 

 

The leakage inductance 𝐿𝑠is 64 mH, and the snubber 

capacitor is calculated as 0.97 nF. The value of the 

snubber resistor, calculated using Equation 7 for fully 

discharging the capacitor, is 126.5 Ω. In practice, to 

reduce energy losses, a slightly lower resistance is 

chosen, and after rounding, 100 Ω is used. 

 

2.2. Simulation Procedure of the System 

In this study, MATLAB/Simulink is used to model 

and analyze the DC–DC boost converter, verify the 

theoretical calculations, and evaluate the design 

performance, as shown in Figure 1. In this model, a 

boost converter raises the input of a photovoltaic 

system from 20 V to about 100 V. The circuit includes 

an 8 mH inductor, MOSFET, diode, 100 μF capacitor, 

and 200 Ω load. A PWM signal controls switching, 

storing energy in the inductor and transferring it to the 

capacitor and load. The output voltage reaches nearly 

100 V. 

 

In this model, a boost converter raises the input of a 

photovoltaic system from 20 V to about 100 V. The 

circuit includes an 8 mH inductor, MOSFET, diode, 

100 μF capacitor, and 200 Ω load. A PWM signal 

controls switching, storing energy in the inductor and 

transferring it to the capacitor and load. The output 

voltage reaches nearly 100 V. 

 

The PWM signal of the switch is given in Figure 2. 

The PWM period was set for a 10 kHz frequency, and 

the duty cycle was adjusted to 80% to achieve the 

target output voltage of 100 V. 

 

In the output-voltage graph across the 200 Ω load, the 

voltage rises briefly at the start and then stabilizes at 

approximately 100 V, indicating that the boost 

converter operates correctly. At a duty ratio of 80%, 

the output voltage reaches the target value. In addition, 

the relationship between duty ratio and output voltage 
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was obtained as shown in Table 1, and a graphic is 

presented in Figure 4. 

 

 

 
Figure 1. System modeling in MATLAB 

 

 
Figure 2. PWM signal of the switch 

 

 
Figure 3. Input and output voltage of the converter 
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Table 1. Duty Ratio–Output Voltage Values 

Duty Ratio (%) Output Voltage (V) 

70 88.3 

75 90.5 

77 93.1 

79 97.5 

80 100 
 

 
Figure 4. Duty ratio–output voltage graph 

 

 

According to Figure 4, a duty ratio of 80% achieved 
the target output voltage of 100 V. The results 
show that the designed circuit met the desired 
performance with these settings. 
 
3. Hardware Implementation 

The designed converter is shown as Figure 5. It 

consists of a boost converter, power supply, driver 

circuit, microcontroller, snubber circuit, heatsink, and 

load. 

 

The schematic of the driver circuit used for PCB 

design is shown in Figure 6. 

 

 

 

 

 
Figure 5. All details of the experimental system 
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Figure 6. Boost converter schematic 

 

 
Figure 7. Driver circuit schematic 

 

The driver circuit amplifies the PWM signal generated 

by the microcontroller to suitable voltage and current 

levels, ensuring effective switching of the MOSFET. 

Communication between the driver and the 

microcontroller was established through proper 

hardware configuration, allowing PWM signals with 

adjustable duty cycles to be generated for control and 

synchronization. The schematic of the driver circuit 

used for PCB design is shown in Figure 7. 

 

To protect the MOSFET from voltage spikes and 

switching stress, a snubber circuit consisting of a 

resistor, capacitor, and fast-recovery diode was added. 

This circuit minimizes transient effects, reduces 

voltage stress, and improves system reliability. The 

MOSFET performs the main switching operation, 

while the heatsink dissipates the heat generated during 

operation, preventing overheating. 

 

The system is powered either by a regulated DC 

source or a photovoltaic input. The PWM signal 

generated by the microcontroller controls the 

switching frequency and duty cycle, directly 

determining the output voltage. After assembling all 

components on the circuit board, the converter was 

tested under different operating conditions. The 

results showed that the circuit achieved the designed 

performance and provided a stable 100 V output at 

80%duty cycle as shown in Figure 8. 
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(a) 

 
(b) 

Figure 8. Validation of the designed DC–DC boost converter (a) and measurement of output voltage (b) 
 

4. Conclusions 

In this study, the boost converter was designed to 

increase the input voltage of 20 V to an output voltage 

of 100 V. Both simulation and experimental tests 

showed that the system worked in a stable and 

efficient way after choosing the right switching 

frequency and duty cycle values for the MOSFET. 

When the duty cycle was adjusted to 80%, the output 

voltage successfully reached 100 V. The analyses 

made on circuit stability and energy efficiency also 

confirmed that the converter operated according to the 

design goals. The experimental results supported the 

simulation and theoretical calculations, proving that 

the system met the expected performance. 

 

After building the DC–DC converter, future studies 

can focus on improving power quality by trying 

different switching combinations. The project can also 

be expanded and adapted for other systems that need 

DC–DC power conversion, such as electric vehicles. 

In addition, future work may include using digital 

control methods or MPPT algorithms to make the 

system react better to changes in sunlight. Developing 

multi-phase or modular SiC-based converter designs 

can also help improve thermal balance, reduce losses, 

and make the system more efficient and reliable for 

renewable energy applications. 

 

References 

[1]. J. Liu, Q. Wu, Z. Lin, H. Shi, S. Wen, Q. Wu, J. 

Zhang, and C. Peng, "A novel approach for assessing 

rooftop-and-facade solar photovoltaic potential in 

rural areas using three-dimensional (3D) building 

models constructed with GIS," Energy, vol. 282, 

2023, Art. no. 128920. 

https://doi.org/10.1016/j.energy.2023.128920. 

[2]. S. Çekinir, Fotovoltaik Güç Sistemlerinin 

Modellenmesi ve Benzetimi, M.S. thesis, Ege Univ., 

Fen Bilimleri Enstitüsü, Elektrik-Elektronik 

Mühendisliği, İzmir, Turkey, 2012. 

[3]. M. Özcan, "The role of renewables in increasing 

Turkey's self-sufficiency in electrical energy," Renew. 

Sustain. Energy Rev., vol. 82, pp. 2629–2639, 2018. 

[4]. I. Setiawan et al., "An optimum tuning method for 

DC bus voltage regulation in double stage off-grid PV 

systems," in Proc. 8th Int. Conf. Information 

Technology, Computer and Electrical Engineering 

(ICITACEE), IEEE, 2021. 

[5]. A. R. Saxena and A. Kulshreshtha, "A three-port 

DC-DC converter for solar PV integration in DC off-

grid systems: Design and control," in Proc. IEEE Int. 

Conf. Energy Technologies for Future Grids (ETFG), 

IEEE, 2023. 

[6]. R. Venkateswari and S. Sreejith, "Factors 

influencing the efficiency of photovoltaic system," 

Renew. Sustain. Energy Rev., vol. 101, pp. 376–394, 

2019. 

[7]. R. Kaye and A. Kalam, "Non-isolated DC/DC 

buck/boost converters for off-grid hybrid renewable 



Journal of Engineering Research and Applied Sciences Volume 14(2), December 2025, pp 201-207 

207 

Tikbas et al / Design and Hardware Realization of a Boost Converter for PV Applications 

system," in Proc. 29th Australasian Univ. Power Eng. 

Conf. (AUPEC), IEEE, 2019. 

[8]. R. Bhagiya and R. Patel, "PWM based double 

loop PI control of a bidirectional DC-DC converter in 

a standalone PV/battery DC power system," in Proc. 

16th India Council Int. Conf. (INDICON), IEEE, 

2019. 

[9]. A. Ali, N. Ahmed, and M. Khan, "Design, control 

and performance analysis of DC-DC boost converter 

for stand-alone PV system," Int. J. Renewable Energy 

Res. (IJRER), vol. 10, no. 4, pp. 1600–1612, 2020. 

[10]. M. Davoudi, M. Moeini-Aghtaie, and H. R. 

Mosaddegh, "Introducing a novel method for 

improving the design of off-grid photovoltaic 

systems," in Proc. 2019 Smart Grid Conf. (SGC), 

Tehran, Iran. 

[11]. X. Zhang et al., "High-efficiency design of DC-

DC converters for PV systems," Sol. Energy Mater. 

Sol. Cells, vol. 115, pp. 124–132, 2023. 

[12]. Q. Li and F. C. Lee, "High-frequency low-profile 

planar transformer for DC-DC converters," IEEE 

Trans. Power Electron., vol. 20, pp. 193–200, 2024. 

[13]. J. Yu et al., "Optimization of renewable energy 

integration with off-grid PV systems," Renew. Energy 

Res., vol. 15, no. 2, pp. 108–119, 2023. 

[14]. Z. A. Ghafour et al., "A new high gain quadratic 

DC-DC boost converter for photovoltaic 

applications," in Proc. 10th Int. Conf. Smart Grid 

(icSmartGrid), IEEE, 2022. 

[15]. P. Sanjeevikumar et al., "A simple MPPT 

algorithm for novel PV power generation system by 

high output voltage DC-DC boost converter," in Proc. 

24th Int. Symp. Industrial Electronics (ISIE), IEEE, 

2015. 

[16]. X. Zheng, H. Zaman, X. Wu, H. Ali, and S. 

Khan, "Silicon-carbide MOSFET based synchronous 

DC/DC boost converter," in Proc. 5th Int. Electrical 

Eng. Congr. (iEECON), Pattaya, Thailand, 2017. 

[17]. H. Hashim et al., "Power control of solar cell 

voltage by using DC-DC boost converter," in Proc. 4th 

Int. Conf. Power Eng. Applications (ICPEA), IEEE, 

2024. 

[18]. P. Prajof and V. Agarwal, "Novel boost-SEPIC 

type interleaved DC-DC converter for low-voltage 

bipolar DC microgrid-tied solar PV applications," in 

Proc. 42nd Photovoltaic Specialist Conf. (PVSC), 

IEEE, 2015. 

[19]. M. Alam, K. Kumar, and V. Dutta, "Comparative 

efficiency analysis for silicon, silicon carbide 

MOSFETs and IGBT device for DC–DC boost 

converter," SN Appl. Sci., vol. 1, no. 1700, pp. 1–14, 

2019. https://doi.org/10.1007/s42452-019-1778-4.  

[20]. IEEE Trans. Power Electron., "Efficiency 

comparison of SiC and Si-based bidirectional DC-DC 

converters," IEEE Trans. Power Electron. [Online]. 

Available: 

https://ieeexplore.ieee.org/document/6574511. 

[21]. T. Sheehan and J. Kim, "Thermal analysis of 

SiC-based boost converters," in Proc. 2024 IEEE 

Energy Conversion Congr. and Exposition (ECCE), 

IEEE. 

[22]. J. Wang, X. Zhou, J. Li, T. Zhao, A. Q. Huang, 

R. Callanan, F. Husna, and A. Agarwal, "10-kV SiC 

MOSFET-based boost converter," IEEE Trans. Ind. 

Appl., vol. 45, no. 6, pp. 2056–2063, 2009. 

https://doi.org/10.1109/TIA.2009.2031915.  

[23]. N. Mohan, Power Electronics: Converters, 

Applications, and Design, Wiley, 2021. 

[24]. A. Er, M. Şimşek, and C. Çoruh, "Dünyada ve 

Türkiye'de Güneş Enerjisi Potansiyeli, Mevcut 

Durumu, Teşvikleri, Kurulum Maliyeti Analizi-

Karabük İli Örneği," Avrupa Bilim ve Teknoloji 

Dergisi, vol. 17, pp. 924–935, 2019. 

[25]. İ. İlaslaner and H. İ. Variyenli, "Türkiye’de 

elektrik üretim santrallerinin iç ihtiyaç tüketimlerinin 

yenilenebilir kaynaklardan karşılanabilmesi ve 

emisyona sağlayabileceği katkı," Gazi Univ. Fen 

Bilimleri Dergisi Part C: Tasarım ve Teknoloji, vol. 

12, no. 2, pp. 615–624, 2024. 

https://doi.org/10.29109/gujsc.1399978.  

[26]. F. P. Balat, J. Eco, and J. Macasaet, "Preventing 

start-up issues due to output inrush in switching 

converters," Analog Dialogue, 2018. 

[27]. Power Electronics Laboratory Experiments, 

Ondokuz Mayıs Univ., Dept. of Electrical-Electronics 

Eng., 2024. 

 

https://doi.org/10.1007/s42452-019-1778-4
https://doi.org/10.1109/TIA.2009.2031915
https://doi.org/10.29109/gujsc.1399978

