MANIECH Recent Trends in Electrical Machines and Drives
Publications Volume 10, Issue 1, January-April 2025

Role of Wide-Bandgap Semiconductors in Next-Generation Electric

Drives

Ramesh Kumar
Associate Professor
Department of Electrical Engineering
Sardar Patel Institute of Technology

Email id: eeramesh..kumar@rediffmail.com

Neha Sharma
Assistant Professor
Department of Electrical Engineering
Sardar Patel Institute of Technology

Email id: neha.sharma24@yahoo.co.in

ABSTRACT
Wide-bandgap (WBG) semiconductors, such as silicon carbide (SiC) and
gallium nitride (GaN), are transforming the efficiency and performance of
modern electric drives. These materials offer higher breakdown voltage, faster
switching speeds, and reduced power losses compared to traditional silicon-
based devices. This paper explores the benefits of WBG semiconductors in
electric drives, focusing on their impact on motor control, energy efficiency,
and thermal management. The role of SIC MOSFETs and GaN transistors in
enhancing power conversion and drive efficiency is discussed. The challenges
of high production costs, thermal reliability, and integration complexities are
also analyzed. The study concludes with future trends in WBG technology and
its potential impact on electrified transportation and renewable energy

applications.

KEYWORDS: Wide-Bandgap Semiconductors, Silicon Carbide, Gallium

Nitride, Power Conversion, Thermal Management

1] Page 1-6 © MANTECH PUBLICATIONS 2025. All Rights Reserved


mailto:eeramesh..kumar@rediffmail.com
mailto:neha.sharma24@yahoo.co.in

MANIECH Recent Trends in Electrical Machines and Drives
Publications Volume 10, Issue 1, January-April 2025

INTRODUCTION

The evolution of power electronics has been significantly influenced by advancements in
semiconductor technology. Wide-bandgap (WBG) semiconductors, including silicon carbide
(SiC) and gallium nitride (GaN), have emerged as superior alternatives to conventional
silicon-based devices. These materials offer higher breakdown voltages, lower conduction
losses, and better thermal performance, making them ideal for next-generation electric drives.
With the increasing demand for energy-efficient and high-performance motor drive systems,
WBG semiconductors are becoming pivotal in modern power electronics applications. This
paper explores the role of WBG semiconductors in next-generation electric drives, focusing

on their benefits, challenges, and future scope.

LITERATURE REVIEW

Several studies have demonstrated the advantages of WBG semiconductors in power
electronics applications. Research indicates that SiC MOSFETs and GaN HEMTSs enable
higher switching frequencies and lower energy losses compared to traditional silicon IGBTS.
Studies have also highlighted improvements in thermal stability, allowing electric drives to
operate at higher temperatures without significant performance degradation. Additionally,
advancements in packaging and gate driver technologies have further enhanced the
applicability of WBG semiconductors in high-power electric drive systems. These
developments are paving the way for more compact, efficient, and reliable power converters

for automotive, industrial, and renewable energy applications.

WIDE-BANDGAP SEMICONDUCTORS AND THEIR PROPERTIES
WBG semiconductors possess unique electrical and thermal properties that make them highly
suitable for next-generation electric drives:

e Higher Breakdown Voltage: SiC and GaN devices can withstand higher voltages,
reducing the need for complex series connections in high-power applications.

e Lower Conduction and Switching Losses: These semiconductors exhibit lower on-
state resistance and faster switching speeds, leading to reduced power dissipation and
increased efficiency.

e Improved Thermal Conductivity: SiC has nearly three times the thermal
conductivity of silicon, allowing for better heat dissipation and reduced cooling

requirements.
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e Higher Operating Frequency: The ability to switch at higher frequencies enables
compact and lightweight power electronic designs, reducing passive component sizes.

Table no. 1: Comparison of Semiconductor Materials

Property Silicon (Si)| Silicon Carbide (SiC) | Gallium Nitride (GaN)
Bandgap (eV) 1.1 3.3 3.4
Breakdown Voltage (V) Low High Very High
Thermal Conductivity (W/mK) 150 490 130
Switching Speed Moderate High Very High
Efficiency Moderate High Very High

IMPACT ON ELECTRIC DRIVES
The integration of WBG semiconductors into electric drive systems has brought several key
improvements:

e Enhanced Efficiency: Reduced conduction and switching losses contribute to higher
system efficiency, minimizing energy wastage in electric vehicles (EVs) and industrial
drives.

e Compact and Lightweight Designs: The ability to operate at higher switching
frequencies allows for smaller and lighter passive components, leading to more
compact drive systems.

e Higher Power Density: WBG-based power converters offer increased power density,
enabling the development of more powerful and efficient motor drives.

e Extended Operating Life: The superior thermal performance and reduced stress on

components contribute to longer lifespans for electric drive systems.

CHALLENGES IN IMPLEMENTATION
Despite their numerous advantages, the adoption of WBG semiconductors in electric drives
faces several challenges:
e High Initial Cost: The fabrication and material costs of SiC and GaN devices are
currently higher than traditional silicon devices, limiting widespread adoption.
e Manufacturing Complexity: The production process for WBG semiconductors

requires advanced techniques, increasing complexity and production costs.
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e Gate Driver Compatibility: The design of gate driver circuits needs to be optimized
for WBG devices to ensure efficient and reliable operation.
e Reliability Concerns: While WBG devices demonstrate superior performance, long-

term reliability and robustness under extreme conditions require further investigation.

APPLICATIONS OF WBG SEMICONDUCTORS IN ELECTRIC DRIVES
WBG semiconductors are being increasingly adopted across various sectors due to their
superior performance characteristics:
e Electric Vehicles (EVs): SiC and GaN devices improve the efficiency of inverters and
motor controllers, extending driving range and reducing battery cooling requirements.
e Industrial Motor Drives: High-efficiency and high-power-density WBG-based drives
enhance productivity and reduce operational costs.
e Renewable Energy Systems: In wind and solar power applications, WBG-based
converters offer higher efficiency and improved power conversion.
e Aerospace and Defense: Compact and lightweight power electronics with high

reliability are essential for aircraft and military applications.

Table no. 2: Applications of WBG Semiconductors

Application SiC Usage GaN Usage
Electric Vehicles High Moderate
Industrial Drives High Low

Renewable Energy Moderate High
Aerospace & Defense High High

FUTURE SCOPE AND DEVELOPMENTS
The continuous advancements in WBG semiconductor technology are expected to drive
further innovations in electric drive systems:
e Cost Reduction Strategies: Ongoing research aims to reduce material and production
costs, making WBG devices more affordable.
e Improved Packaging Technologies: Enhanced packaging techniques will improve

heat dissipation and reliability, further boosting adoption.
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e Integration with Al and loT: Smart drive systems leveraging artificial intelligence and
the Internet of Things (loT) will enhance performance monitoring and predictive
maintenance.

e Expansion in High-Voltage Applications: The use of WBG semiconductors in high-

voltage power grids and rail traction systems is expected to increase.

In conclusion, WBG semiconductors play a crucial role in shaping the future of electric drives
by offering higher efficiency, improved thermal management, and enhanced power density.
Overcoming existing challenges will accelerate their widespread adoption in various high-

performance applications.

CONCLUSION

The adoption of WBG semiconductors in electric drives has led to significant improvements
in efficiency, power density, and thermal stability. The ability of SiC and GaN devices to
operate at higher frequencies and temperatures makes them ideal for next-generation drive
applications. However, challenges such as material costs and integration complexities must be
addressed to ensure widespread adoption. Research into cost-effective manufacturing and
improved thermal management solutions will be critical for the future of WBG-based electric

drives.
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