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Introduction
The demand for higher efficiency, compactness, and improved thermal 

performance in power electronic systems has led to the adoption of next-
generation materials, particularly wide-bandgap semiconductors. Wide-
bandgap semiconductors such as silicon carbide and gallium nitride offer 
significant advantages over conventional silicon semiconductors, including 
higher breakdown voltage, higher switching frequencies, and lower conduction 
losses. These characteristics make WBG materials ideal candidates for high-
efficiency power converters, which are essential in a variety of applications, 
ranging from renewable energy systems to electric vehicles and industrial 
motor drives. This paper explores the properties of WBG materials, their 
advantages and challenges in power electronic applications, and their role 
in the development of next-generation power converters. We also discuss 
the potential of WBG-based power devices in achieving higher system 
efficiencies, reducing energy losses, and enabling compact, cost-effective 
solutions in power conversion.

The rapid growth of modern energy systems, including renewable energy 
sources, electric vehicles, and advanced industrial automation, has placed 
increasing demands on power electronics. Efficient power conversion is a 
critical factor for reducing energy consumption and enabling the transition to 
sustainable energy systems. Power converters, such as DC-DC converters, 
AC-DC rectifiers, and inverters, are integral components of many of these 
systems. However, the performance of traditional silicon-based power 
electronics is limited by intrinsic material properties, such as lower thermal 
conductivity, higher switching losses, and limited voltage handling capabilities.

Wide-bandgap semiconductors, including silicon carbide and gallium 
nitride, offer significant advantages over conventional silicon semiconductors. 
These materials have higher bandgaps, which allow them to operate at higher 
temperatures, higher voltages, and higher switching frequencies. As a result, 
WBG semiconductors enable the development of high-efficiency power 
converters that are more compact, reliable, and capable of handling higher 
power densities than their silicon counterparts. This paper aims to provide 
an overview of the role of WBG semiconductors in power electronics, with 
a focus on their use in high-efficiency power converters. Wide-bandgap 
semiconductors differ from traditional silicon semiconductors in several key 
ways, particularly in their electrical, thermal, and mechanical properties. 
These differences make WBG materials highly suitable for power electronics 
applications.

Description
The bandgap of a semiconductor material determines the voltage levels 

at which it can operate. Silicon has a bandgap of approximately 1.1 eV, while 
SiC and GaN have much wider bandgaps of 3.26 eV and 3.4 eV, respectively. 
The wider bandgap of WBG materials allows for a higher breakdown voltage, 
which is crucial for high-voltage power electronic devices. The wider bandgap 
also improves the efficiency of the power converter by reducing the leakage 
current at high voltages. This results in lower conduction losses and the ability 
to operate at higher voltages, making WBG semiconductors ideal for high-
power applications like electric vehicles (EVs), industrial motor drives, and 
renewable energy systems [1-3].

SiC and GaN also have significantly better thermal conductivity compared 
to silicon, which allows them to operate at higher temperatures without 
overheating. SiC has a thermal conductivity of about 4.9 W/cm-K, compared 
to silicon’s 1.5 W/cm-K. GaN, while not as thermally conductive as SiC, still 
outperforms silicon, which allows for better heat dissipation in high-power, 
high-frequency applications. This improved thermal performance enables the 
design of smaller, more compact power converters that can handle higher 
power densities. Additionally, higher temperature operation reduces the need 
for complex and costly cooling systems, further enhancing the system's overall 
efficiency.

Wide-bandgap semiconductors can operate at much higher switching 
frequencies than silicon-based devices. This is due to their superior electron 
mobility and reduced switching losses. GaN, in particular, has very fast 
switching capabilities, making it suitable for high-frequency applications, 
such as RF amplifiers and high-speed power converters. Higher switching 
frequencies result in smaller passive components (e.g., inductors and 
capacitors) for the same power level, which reduces the overall size, weight, 
and cost of power converters. Moreover, faster switching leads to reduced 
switching losses, contributing to higher overall efficiency.

The superior properties of WBG semiconductors, particularly their ability 
to operate at higher temperatures, higher voltages, and higher switching 
frequencies, make them ideal for use in a wide range of power conversion 
applications. In electric vehicle applications, power converters play a crucial 
role in managing energy conversion between the battery, motor, and charging 
system. WBG semiconductors enable the design of more efficient power 
inverters, DC-DC converters, and onboard chargers, which can operate 
at higher switching frequencies and voltages. These high-performance 
converters reduce energy losses, increase the efficiency of the powertrain, 
and extend the driving range of EVs.

For instance, SiC-based inverters are widely used in electric vehicle 
motor drives to improve efficiency and reduce size. Higher efficiency means 
less energy loss in the form of heat, allowing for smaller and lighter cooling 
systems. Power converters are essential components in renewable energy 
systems, such as solar power and wind power. In photovoltaic systems, for 
example, inverters are used to convert the DC power generated by solar panels 
into AC power that can be fed into the grid. Wide-bandgap semiconductors, 
particularly SiC, are highly effective in increasing the efficiency and reliability 
of these inverters, especially in high-voltage applications [4,5]. SiC MOSFETs 
(metal-oxide-semiconductor field-effect transistors) are commonly used in PV 
inverters to improve the system’s performance by reducing switching losses 
and enhancing thermal efficiency. Similarly, in wind turbine power converters, 
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WBG semiconductors allow for higher efficiency, compact designs, and the 
ability to handle large amounts of power with minimal losses.

Industrial motor drives are another key area where WBG semiconductors 
are transforming power electronics. These systems require high-efficiency 
converters that can manage varying loads and maintain optimal performance. 
The use of SiC MOSFETs and diodes in motor drives allows for faster switching, 
reduced conduction losses, and better heat dissipation, which increases the 
overall efficiency of the drive system. The adoption of WBG materials in 
motor drives also reduces the size and weight of power converters, which is 
particularly important in applications where space and weight constraints are 
critical, such as robotics and aerospace.

Due to lower conduction losses, reduced switching losses, and better 
thermal performance, WBG semiconductors enable power converters to 
operate at higher efficiencies, minimizing energy waste and reducing 
operating costs. WBG materials’ ability to handle higher voltages and operate 
at higher switching frequencies allows for the design of smaller, lighter power 
converters. This is especially beneficial in applications like electric vehicles, 
renewable energy systems, and industrial motor drives, where space and 
weight are critical factors. WBG semiconductors can operate at higher 
temperatures without compromising performance, reducing the need for 
complex and costly cooling systems and improving the overall reliability and 
longevity of power converters. The ability of WBG devices to operate at higher 
frequencies and voltages enables the development of power converters with 
higher power density, leading to more compact and cost-effective systems.

The production of WBG materials, particularly SiC and GaN, is more 
complex and expensive than traditional silicon, which can increase the initial 
cost of power converters. However, as manufacturing processes improve 
and economies of scale are realized, the cost of WBG devices is expected to 
decrease over time.

While WBG semiconductors offer improved performance, their reliability 
in harsh operating conditions, such as high voltage and high temperature, is 
still an area of ongoing research. Long-term reliability and failure mechanisms 
of WBG devices need to be thoroughly understood and addressed. Power 
converters utilizing WBG semiconductors require specialized design 
techniques and control strategies to fully exploit the advantages of these 
materials. This adds complexity to the design and integration process, which 
may be a barrier for some applications.

Conclusion
The future of power electronics lies in the continued development and 

adoption of wide-bandgap semiconductors. As the demand for higher 
efficiency, smaller size, and improved thermal management increases, 
WBG materials will play an increasingly important role in power conversion 
systems across a wide range of industries. With ongoing advancements in 
manufacturing techniques, material performance, and device reliability, WBG 

semiconductors are poised to revolutionize the power electronics industry and 
enable more sustainable and efficient energy systems.

Acknowledgement
None.

Conflict of Interest
None.

References
1. Huda, SM Asiful, Muhammad Yeasir Arafat and Sangman Moh. "Wireless power 

transfer in wirelessly powered sensor networks: A review of recent progress." 
Sensors 22 (2022): 2952. 

2. Lee, Sol-Bee, Jung-Hyok Kwon and Eui-Jik Kim. "Residual energy estimation-
based MAC protocol for wireless powered sensor networks." Sensors 21 (2021): 
7617. 

3. Li, Mingfu, Ching-Chieh Fang and Huei-Wen Ferng. "On-demand energy transfer 
and energy-aware polling-based MAC for wireless powered sensor networks." 
Sensors 22 (2022): 2476. 

4. Razaque, Abdul and Khaled M. Elleithy. "Energy-efficient boarder node medium 
access control protocol for wireless sensor networks." Sensors 14 (2014): 5074-
5117. 

5. Sakib, Aan Nazmus, Micheal Drieberg, Sohail Sarang and Azrina Abd Aziz, et al. 
"Energy-aware QoS MAC protocol based on prioritized-data and multi-hop routing 
for wireless sensor networks." Sensors 22 (2022): 2598.

How to cite this article: Renin, Jakenio. “Next-generation Power 
Electronics: Wide-bandgap Semiconductors for High-efficiency Converters.” J 
Electr Electron Syst 13 (2024): 137.

https://www.mdpi.com/1424-8220/22/8/2952
https://www.mdpi.com/1424-8220/22/8/2952
https://www.mdpi.com/1424-8220/21/22/7617
https://www.mdpi.com/1424-8220/21/22/7617
https://www.mdpi.com/1424-8220/22/7/2476
https://www.mdpi.com/1424-8220/22/7/2476
https://www.mdpi.com/1424-8220/14/3/5074
https://www.mdpi.com/1424-8220/14/3/5074
https://www.mdpi.com/1424-8220/22/7/2598
https://www.mdpi.com/1424-8220/22/7/2598

