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Abstract. The development of GaN and SiC devices has been the subject of intensive research
in recent years, and significant progress has been made in terms of device performance, reliability,
and cost-effectiveness. However, there are still challenges to be overcome before these materials
can become mainstream in power electronics. This review paper compares the properties and
performance of SiC and GaN power devices, which are both wide-bandgap semiconductors that
offer superior performance compared to traditional silicon-based devices. The paper discusses
the material properties of SiC and GaN, including their bandgaps, thermal conductivities,
breakdown voltages, and on-state resistances. The paper also compares the switching speeds and
costs of SiC and GaN devices, as well as the manufacturing technologies used for these devices.
The paper concludes that SiC devices are generally more suitable for high-temperature and high-
voltage applications, while GaN devices are more suitable for high-frequency and high-power
density applications. The review paper provides insights into the advantages and disadvantages
of SiC and GaN power devices and highlights areas for future research.
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1. Introduction

Power devices play a critical role in modern technology, including renewable energy systems, electric
vehicles, and data centers. However, traditional silicon-based power devices face limitations in terms of
efficiency, switching speed, and power density [1]. SiC and GaN power devices, which are based on
wide-bandgap semiconductor materials, have emerged as promising alternatives.

SiC and GaN power devices are based on wide-bandgap semiconductor materials that exhibit
superior material properties, such as high breakdown voltage, high electron saturation velocity, and high
thermal conductivity [2]. As a result, SiC and GaN power devices have shown significant improvements
in power density, efficiency, and reliability, making them attractive candidates for a wide range of
applications. However, the design and optimization of SiC and GaN power devices present unique
challenges that require a deeper understanding of their material properties and device structures.

This review paper aims to provide a comprehensive analysis of SiC and GaN power devices,
including their material properties, device structures, and performance characteristics. The paper will
also discuss the challenges and opportunities associated with SiC and GaN power devices, as well as
their potential applications in various fields. In addition to the existing literature, this paper will also
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explore recent advances in SiC and GaN power devices, and provide insights into future research
directions in this field.

2. SiC Power Devices (SiC MOSFET, SiC JFET, SiC Schottky diode)
SiC power devices, such as SiC MOSFETs, SiC JFETs, and SiC Schottky diodes, offer several
advantages over traditional silicon-based devices, including higher efficiency, faster switching speeds,
and higher power density. In this section, this paper provide an overview of SiC power device structures
and their properties, including Ron-Vbd, efficiency, power loss, electron mobility, threshold voltage,
breakdown voltage, switching speed, and reliability. This paper review recent research on SiC power
devices, including improvements in performance and reliability, and discuss current and potential
applications of SiC power devices.

SiC power devices have garnered significant attention in recent years due to their superior
performance compared to traditional silicon-based devices

2.1. MOSFETSiC
MOSFETs and GaN MOSFETs are both wide-bandgap semiconductor devices that offer superior
performance compared to traditional silicon-based devices. Figure 1 shows the structure of SiC
MOSFETs.
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Figure 1. Structure stacks of MOSFET.
However, there are some differences between the two that are worth discussing.

2.1.1. Material properties. SiC has a wider bandgap (3.3 eV) than GaN (3.4 e¢V), which makes SiC
devices more suitable for high-temperature applications. SiC also has a higher thermal conductivity (4.9
W/ecmK) compared to GaN (1.3 W/cmK), which makes it easier to dissipate heat from the device.

2.1.2. Breakdown voltage. SiC MOSFETs generally have higher breakdown voltage compared to GaN
MOSFETs. This is because SiC has a higher critical electric field strength (2.4 MV/cm) compared to
GaN (3 MV/cm) [3].

2.1.3. On-State resistance. GaN MOSFETs generally have lower on-state resistance (Ron) compared to
SiC MOSFETs. This is because GaN has a higher electron mobility (2000 cm2/Vs) compared to SiC
(900 cm2/Vs).

2.1.4. Switching speed. Both SiC MOSFETs and GaN MOSFETs have fast switching speeds, but GaN
MOSFETs are generally faster due to their smaller gate capacitance.
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2.1.5. Cost. SiC MOSFETs are currently more expensive compared to GaN MOSFETSs, but the cost is
expected to come down as production volumes increase.

In terms of technology differences, SiC MOSFETs are typically manufactured using 4H-SiC or 6H-SiC
substrates, while GaN MOSFETs are typically manufactured using GaN-on-Si or GaN-on-SiC substrates [4].
MOSFETs also require higher processing temperatures compared to GaN MOSFETs, which can affect the
performance of some components in the device.

In summary, SiC MOSFETs and GaN MOSFETs have their own unique advantages and disadvantages,
and the choice between the two will depend on the specific requirements of the application. SiC MOSFETs
are generally more suitable for high-temperature and high-voltage applications, while GaN MOSFETs are
more suitable for high-frequency and high-power density applications.

2.2. JFETS
SiC JFET (Junction Field-Effect Transistor) and GaN JFET are both wide-bandgap semiconductor
devices with superior performance compared to traditional silicon-based JFETs.
The following Figure 2 shows the structure of SiC JFET.
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Figure 2. Cross section of the SiC MOSFET.

Here are some differences, advantages, and technical distinctions between the SiC JFET and GaN
JFET.

SiC JFETs are made of Silicon Carbide, while GaN JFETs are made of Gallium Nitride. SiC has a
higher thermal conductivity and wider bandgap (2.3-3.3 eV) compared to GaN (3.4 eV), which allows
for higher operating temperatures and higher breakdown voltages [5].

The JFET structure consists of a p-n junction that controls the flow of current by changing the width
of the depletion region. In SiC JFET, the depletion region is controlled by the gate voltage applied to
the p-n junction. In contrast, in GaN JFET, the depletion region is controlled by a reverse-biased
Schottky gate.

SiC JFETs have a lower gate capacitance, which results in a faster switching speed and reduced
switching losses compared to silicon-based JFETs. SiC JFETs also have a higher current density, higher
thermal conductivity, and higher temperature capability than silicon-based devices. GaN JFETs, on the
other hand, have a lower on-resistance and higher switching speed compared to SiC JFETs.

SiC JFETs require a positive gate voltage to control the depletion region, while GaN JFETSs require
a negative gate voltage. The gate structure for SiC JFET is a p-n junction, while for GaN JFET, it is a
Schottky gate. SiC JFETs have a lower current density and lower breakdown voltage compared to GaN
JFETs.
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In summary, both SiC JFET and GaN JFET offer superior performance compared to traditional
silicon-based JFETs. SiC JFET has a lower gate capacitance, higher current density, and higher
temperature capability, while GaN JFET has a lower on-resistance and higher switching speed [6].
technical differences between the two devices lie in their material properties and gate structure.

2.3. Schottky diodes
SiC Schottky diodes and GaN Schottky diodes are both wide-bandgap semiconductor devices that offer
several advantages over traditional silicon-based Schottky diodes.

The following Figure 3 shows the structure of SiC Schottky diodes.

ﬂ ﬂ ﬂCurrentFlow

Schottky Contact -

Figure 3. Structure of SiC Schottky diodes.

However, there are some differences in their properties and characteristics.

SiC Schottky diodes have a higher breakdown voltage, lower reverse recovery time, and higher
thermal stability compared to GaN Schottky diodes. These properties make them ideal for high-power
and high-temperature applications, such as power electronics, aerospace, and automotive industries [7].
Schottky diodes also have a lower forward voltage drop and lower reverse leakage current compared to
GaN Schottky diodes, resulting in higher efficiency and reduced power loss.

On the other hand, GaN Schottky diodes have a lower forward voltage drop compared to SiC
Schottky diodes, which means they have lower power loss and higher efficiency. They also have a
smaller footprint and lower cost compared to SiC Schottky diodes [8].

In terms of technology, SiC Schottky diodes are typically fabricated on a SiC substrate using a metal
deposition and thermal annealing process, while GaN Schottky diodes are typically fabricated on a GaN
substrate using a metal-organic chemical vapor deposition (MOCVD) process [9].

Recent research has focused on improving the performance and reliability of both SiC and GaN Schottky
diodes. For example, researchers have investigated different substrate materials, device structures, and
processing techniques to optimize device performance. Improvements have also been made in the design of
Schottky contacts and interfaces to reduce reverse leakage current and improve reliability.

Overall, both SiC and GaN Schottky diodes offer advantages over traditional silicon-based Schottky
diodes, and their unique properties and characteristics make them suitable for different applications in various
industries.

Recent research has focused on improving the performance and reliability of SiC power devices. For
example, researchers have investigated different SiC substrate materials, device structures, and
processing techniques to optimize device performance [10]. Improvements have also been made in the
design of gate structures and interfaces to reduce gate leakage current and improve reliability.

The potential applications of SiC power devices are numerous and diverse. They are suitable for
high-power and high-temperature applications, making them ideal for use in acrospace, automotive, and
industrial applications [11]. SiC power devices are also being used in renewable energy systems, such
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as solar and wind power, due to their high efficiency and power density. In addition, SiC power devices
are expected to play a key role in the development of next-generation electric vehicles, where they can
help increase efficiency and reduce weight.

In summary, SiC power devices offer several advantages over traditional silicon-based devices,
including higher efficiency, faster switching speeds, and higher power density. Recent research has
focused on improving the performance and reliability of SiC power devices, and they are expected to
find wide-ranging applications in various industries in the coming years.

3. GaN power devices

GaN power devices, particularly HEMTs, have gained significant attention in recent years due to their
superior performance in terms of switching speed and efficiency. In this section, this paper provide an
introduction to GaN power devices, an overview of GaN power device structures and their properties,
and a review of recent research on GaN power devices, including improvements in performance and
reliability. This paper also discuss current and potential applications of GaN power devices.

3.1. HEMT

Gallium Nitride (GaN) power devices are semiconductor devices that utilize the properties of GaN, a
wide-bandgap semiconductor material, for power conversion applications. GaN power devices offer
several advantages over traditional silicon-based power devices, including faster switching speeds,
higher breakdown voltages, and lower switching losses [12]. Among GaN power devices, the High
Electron Mobility Transistor (HEMT) has gained significant attention due to its superior performance
characteristics.

3.2. GaN power device structures and properties

GaN power devices have a variety of structures, including lateral and vertical structures. The HEMT is
a lateral structure, which is composed of a GaN layer deposited on a substrate with a gate structure [13].
The gate voltage controls the conductivity of the GaN layer, and the device operates in the depletion
mode.

The properties of GaN power devices, including electron mobility, breakdown voltage, and on-
resistance, depend on the quality of the GaN layer, the gate structure, and the interface between the GaN
layer and the substrate [14]. To achieve high-quality GaN layers, various growth techniques have been
developed, including Metal-Organic Chemical Vapor Deposition (MOCVD) and Molecular Beam
Epitaxy (MBE).

Recent research on GaN power devices has focused on improving their performance and reliability.
One approach has been to optimize the GaN layer and the gate structure to reduce on-resistance and
improve breakdown voltage. Another approach has been to improve the interface between the GaN layer
and the substrate to reduce defects and enhance device reliability [15].

Several studies have demonstrated the potential of GaN power devices in various applications,
including power electronics, wireless power transfer, and RF communications [16]. For example, GaN-
based power electronics have been used in high-efficiency DC-DC converters, LED drivers, and
wireless charging systems.

3.3. Current and potential applications of GaN power devices

GaN power devices have several advantages over traditional silicon-based power devices, including
faster switching speeds, higher breakdown voltages, and lower switching losses. These advantages make
GaN power devices attractive for a wide range of applications, including power electronics, wireless
power transfer, and RF communications.

In power electronics, GaN power devices can be used to improve the efficiency and power density
of various systems, such as motor drives, solar inverters, and electric vehicle charging systems. In
wireless power transfer, GaN-based systems can be used to transfer power wirelessly over short
distances, enabling wireless charging of mobile devices and electric vehicles. In RF communications,
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GaN power amplifiers can be used to improve the performance of wireless communication systems,
such as cellular networks and satellite communication systems.

3.4. Conclusion

GaN power devices, particularly HEMTs, have shown superior performance characteristics in terms of
switching speed and efficiency compared to traditional silicon-based power devices. Recent research
has focused on improving the performance and reliability of GaN power devices, and several studies
have demonstrated their potential in various applications. The continued development and optimization
of GaN power devices are expected to lead to further improvements in their performance and reliability,
enabling new applications in power electronics, wireless power transfer, and RF communications.

4. Comparison of SiC and GaN power devices

In this section, this paper compare the performance characteristics of SiC and GaN power devices,
including efficiency, switching frequency, and thermal management. This paper discuss the advantages
and disadvantages of each technology and evaluate current trends of research on SiC or GaN power
devices.

SiC and GaN power devices are two of the most promising alternatives to traditional silicon-based
power devices. Both SiC and GaN offer several advantages over silicon, including higher efficiency,
faster switching speeds, and higher power density. However, there are also differences between these
two technologies that make them better suited for different applications.

In terms of efficiency, both SiC and GaN power devices offer significantly higher efficiency than
traditional silicon-based devices. SiC devices have a lower on-resistance (Ron) and higher electron
mobility, resulting in lower power losses and higher efficiency. GaN devices also offer high efficiency,
especially at high frequencies, due to their high electron mobility and low output capacitance.

Switching frequency is another important characteristic of power devices, especially for high-speed
applications such as data communication, automotive, and aerospace. GaN power devices have a higher
switching frequency than SiC devices due to their smaller gate charge and output capacitance. This
means that GaN devices can operate at higher frequencies, resulting in smaller and lighter power
electronics systems.

Thermal management is also critical for power devices, as high operating temperatures can cause
performance degradation and even device failure. SiC power devices have a higher thermal conductivity
than GaN devices, which means that they can handle higher power densities without overheating.
However, GaN devices have a smaller thermal resistance, which means that they can dissipate heat more
efficiently and have a lower junction-to-case temperature difference.

In terms of cost, both SiC and GaN power devices are more expensive than traditional silicon-based
devices, but the cost of these technologies is decreasing as they become more widely adopted. Currently,
SiC devices are more expensive than GaN devices, mainly due to the cost of SiC substrates, which are
more expensive than GaN substrates.

Overall, SiC and GaN power devices have different strengths and weaknesses, making them better
suited for different applications. SiC devices are ideal for high-power, high-temperature applications,
such as electric vehicles and industrial motor drives, while GaN devices are better suited for high-speed,
low-power applications, such as data communication and aerospace.

5. Perspectives on future development
In this section, this paper provide an overview of research on SiC and GaN power devices and discuss
the challenges and opportunities for future development. This paper highlight the importance of
addressing reliability issues and reducing costs to facilitate widespread adoption of SiC and GaN power
devices.

The development of SiC and GaN power devices has undergone significant progress in recent years,
and their potential for use in a wide range of applications has been widely recognized. However, there
are still several challenges that need to be addressed to facilitate their widespread adoption.
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One of the most significant challenges is improving the reliability of these devices. While SiC and
GaN power devices offer superior performance characteristics compared to traditional silicon-based
devices, they are also more susceptible to issues such as high-temperature operation, gate oxide
breakdown, and current collapse. Thus, ongoing research efforts are focusing on improving the design
of SiC and GaN power devices to enhance their reliability and robustness.

Another challenge is reducing the costs of these devices. Currently, SiC and GaN power devices are
more expensive than traditional silicon-based devices, which limits their adoption in certain applications.
Therefore, there is a need for further research to reduce the production costs of these devices while
maintaining their superior performance characteristics.

Furthermore, there is a need to expand the range of applications for which SiC and GaN power
devices can be used. While there are many existing applications that can benefit from the use of SiC and
GaN power devices, there are still many areas where their potential has not yet been fully realized. For
example, there is potential for the use of SiC and GaN power devices in electric vehicles, data centers,
and renewable energy systems.

6. Conclusion

In conclusion, this review paper has highlighted the significant advantages of SiC and GaN power
devices over traditional silicon-based devices, including higher efficiency, faster switching speeds, and
higher power density.

SiC power devices, such as SiC MOSFETs, JFETs, and Schottky diodes, have shown superior
performance compared to traditional silicon-based devices, particularly in high-power and high-
temperature applications. Similarly, GaN power devices, such as GaN HEMTs and Schottky diodes,
have shown promising results in high-frequency and high-power applications.

Future research in this area should focus on improving the reliability, manufacturability, and cost-
effectiveness of SiC and GaN power devices. Additionally, efforts should be made to optimize device
performance for specific applications, such as renewable energy systems and electric vehicles.

In summary, SiC and GaN power devices represent a significant advancement in power electronics
technology, and their potential impact on modern technology is substantial. Continued research and
development in this area will play a vital role in shaping the future of power electronics and related
industries. The future development of SiC and GaN power devices requires a concerted effort from
researchers, device manufacturers, and end-users. Continued investment in research and development is
necessary to overcome the challenges and fully realize the potential of these technologies. With the right
support and collaboration, SiC and GaN power devices have the potential to revolutionize the power
electronics industry and pave the way for a more sustainable and efficient energy future.
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