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Abstract:
Silicon-based transistors and integrated circuits, crucial for modern technology, are facing limitations due to scaling 
constraints. As transistors shrink, their performance is capped, affecting advanced technologies like AI, IoT, and 5G. 
Gallium nitride (GaN), with a melting point 200°C higher than silicon, presents a promising alternative due to its 
superior high-power and high-frequency performance. This essay reviews silicon’s semiconductor limitations and 
highlights the advancements in silicon carbide and Gan. The basic theories, such as electron mobility, energy level and 
covalent bond, are analyzed, and it is found that GaN is better than Sic and Si, but the three examples of semiconductors 
have different development fields in different fields. It compares the benefits of traditional silicon with these novel 
semiconductors, focusing on high-frequency and high-temperature performance. The essay also discusses current 
development, issues, and future predictions in semiconductor technology. Exploring new materials like GaN and silicon 
carbide addresses the technical challenges of silicon and enhances device performance, broadening technological 
possibilities.
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1. Introduction
Emerging semiconductor materials such as Gallium Ni-
tride (GaN) and Silicon Carbide (SiC) are demonstrating 
significant advantages in modern electronics. Their ap-
plications in power electronics and radio frequency (RF) 
devices are particularly notable. In the field of power elec-
tronics, GaN and SiC are widely used due to their high 
breakdown voltage and excellent high-temperature stabil-
ity. Gallium Nitride is utilized in high-efficiency power 
converters and fast-charging devices, where its high effi-
ciency makes it a leader in power conversion applications 
[1]. Silicon Carbide plays a crucial role in power control 
units (PCUs) for electric vehicles, with its superior power 
handling capability and high-temperature tolerance mak-
ing it a key component in electric vehicle technology. In 
RF devices, GaN is particularly suited for high-frequency 
and high-power applications, such as radar systems and 
communication base stations. Its high electron saturation 
velocity and excellent thermal conductivity enable superi-
or performance in these high-power applications [2].
Recent advances in material growth technologies for GaN 
and SiC have been notable. Improvements in GaN epitaxi-
al growth technology have significantly enhanced material 
quality [3]. Similarly, Chemical Vapor Deposition (CVD) 

technology for SiC has seen significant advancements, 
improving production efficiency and material performance 
[4]. Furthermore, the introduction of new design method-
ologies and manufacturing techniques, such as GaN’s ni-
tride layer design and SiC’s high-voltage diode structure, 
has further enhanced the performance and reliability of 
these materials [5].
However, these new semiconductor materials also face 
some limitations. First, their production costs are sig-
nificantly higher than traditional silicon materials, which 
restricts their use in low-cost consumer electronics [6]. 
Additionally, the manufacturing processes for these mate-
rials are complex, involving high-temperature treatments 
and precise epitaxial growth processes, which increase 
production difficulty [7].

2. Basic theoretical analysis
2.1 Covalent bonds
A covalent bond is a kind of chemical bond in which two 
or more atoms share their outer electrons with one anoth-
er. This process, idealized to a state of electron saturation, 
forms a relatively stable chemical structure. An example 
of a covalent bond is the strong electrostatic attraction that 
results from multiple neighboring atoms sharing electrons. 
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In essence, it means that there is a high possibility of elec-
trical connection between the two nuclei and the electrons 
once the atomic orbitals intersect. This characteristic cre-
ates a stable structure between the semiconductor’s atoms. 
Additionally, it endows the semiconductor with certain 
electronic characteristics that allow it to alter its electrical 
conductivity in response to outside influences. Because 
of their unique covalent bond characteristics, modern 
semiconductors such as silicon carbide (SiC) and gallium 

nitride (GaN) provide a number of benefits over conven-
tional silicon (Si) semiconductors.
Both GaN and SiC are known for their exceptional stabil-
ity and bond strength. The covalent bonds in GaN, which 
connect nitrogen and gallium, and those in SiC, which 
link carbon and silicon, are significantly stronger than 
those in silicon. This robust bonding allows GaN and SiC 
to function reliably under higher temperatures and voltag-
es. The covalent bonds are shown in Figure 1.

Figure 1. Covalent bonds
Additionally, GaN and SiC possess wider band gaps than 
silicon. GaN has a band gap of about 3.4 eV, while SiC’s 
band gap is around 2.3 eV, compared to silicon’s 1.1 eV. 
The broader band gaps of GaN and SiC help these ma-
terials maintain excellent electronic properties even in 
high-temperature and high-voltage environments.
Silicon carbide is being evaluated for application in high 
power and high temperature semiconductor devices due to 
its broad bandgap (3.0 eV) and strong thermal conductiv-
ity (5W/cmC). The larger emitter bandgap would prevent 
holes from diffusing from the base to the emitter, resulting 
in high electron injection efficiency into the base; addi-
tionally, the increased bandgap of the emitter allows the 
base to be heavily doped, which lowers base resistance; 
and since SiC is an indirect bandgap material, free carriers 
have longer lifetimes than those of direct bandgap ma-
terials like GaN. With all of this, silicon carbide bipolar 
junction transistors operating with an even larger emitter 
would display increased current gain due to improved 
emitter efficiency. The prolonged lifetime leads to a long 
diffusion length and a high base transport factor. These 
devices also feature a narrow base width, which increas-
es the current gain and enhances the transfer factor even 
further. Gallium nitride makes sense as a larger bandgap 
emitter for SiC. Gallium nitride has a high thermal con-
ductivity (1.3 W/cm^⁽C) in addition to having a greater 

bandgap (3.4 eV) than SiC. Epitaxy is feasible with a 
lattice constant of 3.08A for SiC and 3.18A for GaN, how-
ever the lattice mismatch (~3.4%) can severely restrict the 
quality of the epitaxial film [8].
Their enhanced covalent bond strength also enables GaN 
and SiC to handle much higher breakdown voltages than 
silicon. This makes them particularly suited for high-pow-
er electronic applications where high breakdown voltage 
is essential. Furthermore, the unique covalent structures of 
GaN and SiC improve their electrical conductivity, mak-
ing them more effective in high-frequency and high-power 
scenarios. This translates to superior performance in elec-
tronic devices subjected to demanding conditions. GaN 
and SiC excel over silicon in high-power, high-frequency, 
and high-temperature applications, thanks to their stronger 
covalent bonds, wider band gaps, higher breakdown volt-
ages, and enhanced electrical conductivity.

2.2 Bands
To evaluate the electrical properties of semiconductor 
materials, one must have a thorough understanding of the 
valence band, conduction band, and band gap. The largest 
range of electron energies, or the valence band, is where 
electrons are typically found at absolute zero temperature. 
The range of electron energies above the valence band, 
known as the conduction band, allows electrons to freely 

2



Dean&Francis

flow through materials and contributes to electrical con-
ductivity. The energy range where no electron states exist 
between the valence band and the conduction band is 
known as the band gap, and it is crucial in determining the 
electrical properties of the material.
Materials can be divided into three groups: insulators, 
semiconductors, and conductors based on these ideas. 
Electrons are free to flow across conductors because they 
have overlapping bands or no band gap. Small band gaps 
in semiconductors allow for regulated electron mobility. 
Because of their wide band gap, insulators hinder the flow 
of electrons.
Silicon carbide (SiC) and gallium nitride (GaN) offer 
notable advantages over silicon (Si) from an energy level 

perspective. Their wider band gaps contribute to their 
ability to handle larger power densities and remain stable 
in high-temperature and high-voltage environments. Spe-
cifically, SiC has a band gap ranging from approximately 
2.6 to 3.3 eV, and GaN has a band gap of about 3.4 eV, 
whereas silicon’s band gap is only about 1.1 eV.
Additionally, SiC and GaN exhibit superior thermal con-
ductivity compared to silicon, with SiC particularly ex-
celling in effective heat dissipation, which helps mitigate 
overheating issues in high-power applications. GaN’s 
increased electron mobility enhances its performance in 
high-frequency and high-power scenarios. The bandgap is 
shown in Figure 2.

Figure 2. Bandgap
These properties make SiC and GaN highly suitable for 
applications involving high temperatures, high pressures, 
and high frequencies, providing significant advantages 
over silicon in these demanding environments.

2.3 Change carriers in semiconductors
Charge carriers are essential for current flow in semicon-
ductors, with two primary types being electrons and holes. 
Electrons are negatively charged particles that move free-
ly within the conduction band, while holes are positively 
charged vacancies in the valence band created when an 
electron moves, making it seem as if the hole itself is 
moving.
Examining the performance differences among silicon (Si), 
silicon carbide (SiC), and gallium nitride (GaN) reveals 

significant distinctions in their electron migration char-
acteristics, including band gap, electron mobility, perfor-
mance under electric fields, and heat dissipation capabili-
ties.
Silicon has a band gap of approximately 1.1 eV and an 
electron mobility of about 1400 cm²/V·s at room tempera-
ture. However, its electron mobility significantly decreas-
es under high electric fields due to increased scattering. 
In contrast, silicon carbide, with a band gap of around 
2.9 eV, has an electron mobility of roughly 1000 cm²/V·s 
at room temperature. SiC’s wider band gap allows it to 
sustain higher current densities and maintain performance 
at elevated electric fields without a substantial loss in mo-
bility. Gallium nitride features a band gap of about 3.4 eV 
and offers an electron mobility between 1000 and 2000 
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cm²/V·s. GaN excels in maintaining high mobility even 
under strong electric fields, making it highly effective for 

high-power and high-frequency applications. The change 
barrier is shown in Figure 3.

Figure 3. Change carriers
Due to increasing electron-phonon and electron-electron 
scattering, silicon’s electron mobility dramatically re-
duces under electric fields, which limits its applicability 
in high-power applications. Due to its larger band gap, 
silicon carbide can tolerate higher electric fields without 
degrading, guaranteeing stability and effectiveness in 
high-voltage and high-power scenarios. Because of its 
broad band gap and rapid electron mobility, gallium ni-
tride maintains excellent conductivity under high electric 
fields, which makes it especially useful for high-power 
and high-frequency applications like microwave and radio 
frequency devices.
Because silicon has a tiny band gap and low thermal 
conductivity, it is less able to dissipate heat effectively in 
high power density applications, which increases the risk 
of overheating. The carrier scattering processes are sig-

nificantly impacted by this circumstance [9]. In contrast, 
high-power applications may effectively manage heat with 
silicon carbide’s superior thermal conductivity, preserv-
ing performance and averting thermal damage. Despite 
having less heat conductivity than silicon carbide, gallium 
nitride (GaN) works well in high-frequency applications 
because of its high-power density and efficiency. GaN’s 
thermal management is further enhanced by developments 
in packaging technology.
In terms of band gap width, electron mobility, and perfor-
mance at high electric fields, silicon carbide and gallium 
nitride frequently perform better than silicon. They are 
more dependable and effective in high-power, high-fre-
quency, and harsh-environment applications because of 
these characteristics. The comparisons with Si, 4H-SiC 
and GaN is shown in table 1.

Table 1. The differences between Si, 4H-SiC and GaN
Properties (at 300K) Units Si 4H-SiC GaN

Bandgap Eg eV 1.12 3.26 3.425
Breakdown electric field Ec MV/cm 0.3 3 3.3

Intrinsic carrier concentration ni cm-3 9.6x109 8.2x10-9 1.9x10-10

Electron mobility µn cm2/V/s 1500(bulk)
300(inv) 1000 1250(bulk)

2000(2DEG)
Saturation velocity vast x107cm/s 1 2 2.2
Relative permittivity ɛr 11.8 10 9
Thermal conductivity λ W*K/cm 1.5 4.9 1.3
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Maximum working temperature Tmax .C 150 760 800

3. Semiconductor material selection 
and comparison
3.1 Si semiconductor material
3.1.1 History

In the early 20th century, vacuum tubes were used in 
early electronic devices but were fragile and frequently 
failed. In 1947, Shockley, Bardeen, and Brattain at Bell 
Labs invented the transistor, a discovery that replaced 
vacuum tubes in computer designs. Early transistors were 
made from germanium, but silicon eventually became the 
preferred material due to its stability and manufacturing 
feasibility. In 1958, Jack Kilby and Robert Noyce inde-
pendently invented the integrated circuit (IC). Noyce’s 
invention was particularly crucial as he manufactured ICs 
by laying metal on semiconductors and etching away the 
unwanted parts, significantly reducing circuit size and en-
abling mass production [10]. As technology advanced, the 
scale of silicon-based ICs expanded, integration density 
increased, and more functionalities were embedded into 
smaller chips.
The manufacturing of modern silicon chips involves 
high-power ultraviolet etching techniques, creating chips 
with complex electrical properties through multilayer 
deposition and photoresist film processing. Silicon’s 
thermal stability and excellent interfacing characteristics 
with silicon dioxide make it superior in high-temperature 
applications and high-performance computing. Despite 
silicon’s dominance in the semiconductor field, inherent 
drawbacks such as inadequate optical performance and 
poor high-voltage, high-frequency capabilities have driv-
en the development of third-generation semiconductor 
materials like SiC and GaN. These new materials are 
gradually favored in specific applications, compensating 
for silicon’s shortcomings.
3.1.2 Limitation

Silicon, the cornerstone of semiconductor materials, 
exhibits limitations primarily in terms of electron mobil-
ity, high-frequency performance, optical properties, and 
high-voltage applications. Compared to third-generation 
semiconductor materials like Gallium Nitride (GaN), sil-
icon’s relatively low electron mobility restricts its use in 
high-frequency devices, limiting its application in fields 
such as radar and satellite communication. Furthermore, 
silicon’s performance under high frequencies is less than 
ideal, making it unsuitable for high-voltage scenarios, 
while alternative materials like Silicon Carbide (SiC) and 

Gallium Nitride (GaN) show significant advantages in 
high-frequency and high-power applications, maintaining 
good performance under high temperatures, high frequen-
cies, and high voltages.
Additionally, silicon’s insufficient optical properties limit 
its application in the photonics field, such as in fiber op-
tics communication and laser diodes, where silicon’s pho-
toelectric conversion characteristics are inferior to other 
materials, constraining its use in modern optical commu-
nication systems. Silicon’s low breakdown voltage renders 
it unsuitable for high-voltage applications, greatly limiting 
its use in power electronics and energy conversion fields. 
Silicon’s relatively poor thermal conductivity affects its 
stability and reliability under high-temperature environ-
ments, and compared to materials like Silicon Carbide, it 
has weaker thermal stability under high temperatures [11]. 
As integrated circuit process nodes continue to shrink, the 
scaling of silicon-based transistors is gradually becoming 
unsustainable, and further miniaturization of silicon-based 
devices would significantly increase manufacturing costs 
and complexity.
Meanwhile, graphene, hailed as the “new material king,” 
displays many superior characteristics over silicon, such 
as high electron mobility and excellent optical properties, 
potentially becoming an important material to replace sili-
con. Finally, despite silicon’s abundance on earth, its puri-
fication and manufacturing processes still face challenges 
in terms of cost and environmental impact, with the prepa-
ration of silicon wafers being technically complex and 
costly. In summary, silicon’s traditional advantages and 
emerging challenges collectively define its role in modern 
and future technology.

3.2 SiC semiconductor material
3.2.1 History

The history of Silicon Carbide (SiC) as a semiconductor 
material dates back to the late 19th century when it was 
first discovered. Since then, the research and application 
of SiC have undergone a gradual and profound develop-
ment process, particularly in the field of power electron-
ics, making it a focus of attention in the power semicon-
ductor device industry.
In the early stages, the discovery of SiC in 1891 marked 
the beginning of human research on this material. By 
1905, the discovery of Silicon Carbide in meteorites also 
demonstrated its widespread distribution. The birth of the 
first Silicon Carbide light-emitting diode in 1907 repre-
sented the initial application of SiC in electronic devices. 
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These early explorations and discoveries laid an important 
foundation for subsequent research on Silicon Carbide. 
Entering the mid-20th century, significant progress was 
made in the theory and technology of Silicon Carbide. In 
1955, Lely proposed the concept of high-quality Silicon 
Carbide crystal growth, paving the way for its application 
as an important electronic material. In 1978, scientists 
utilized an improved grain purification growth method, 
further promoting the research on Silicon Carbide. In 
the early 21st century, Silicon Carbide began to enter the 
stage of commercial application. In 1987, with the estab-
lishment of the Silicon Carbide production line by Cree 
Company, suppliers started to offer commercialized Sili-
con Carbide substrates. Subsequently, the introduction of 
Silicon Carbide diode products marked the beginning of 
the commercialization of Silicon Carbide devices, laying a 
solid foundation for its widespread application in the field 
of power electronics [12].
Silicon Carbide devices possess distinct performance ad-
vantages. They can withstand voltages ten times higher 
than equivalent silicon devices and can operate at higher 
frequencies to improve efficiency. Additionally, Sili-
con Carbide devices are capable of stable operation in 
high-temperature environments, making them suitable for 
applications in harsh environments. These characteristics 
showcase the immense potential of Silicon Carbide in 
high-voltage, high-frequency, and high-temperature appli-
cations. The history and development of Silicon Carbide 
as a semiconductor material demonstrate its importance in 
the modern electronics and power electronics fields. From 
its initial discovery to its current applications, Silicon 
Carbide, with its unique physical and chemical properties, 
continues to push the boundaries of electronic technolo-
gy. As technology advances and costs decrease, Silicon 
Carbide devices will undoubtedly play an increasingly 
important role in the electronics market of the future, con-
tributing greater strength to the progress of human society.
3.2.2 Advantages

Due to its many noteworthy advantages, silicon carbide 
(SiC) is a widely used semiconductor material in the 
power electronics and semiconductor industries. Because 
silicon material has a critical electric field strength that is 
about ten times lower than that of SiC. SiC devices can 
resist greater voltages while remaining smaller in size, 
making them especially well-suited for the production 
of high-voltage power devices. Furthermore, SiC has a 
thermal conductivity that is more than three times greater 
than silicon’s, which helps devices remain stable and reli-
able by facilitating heat dissipation in hot settings. SiC’s 
electrons have a saturation drift velocity that is more than 
twice as high as silicon’s, which helps devices operate at 

higher frequencies and switch faster.
SiC devices may function at greater temperatures, voltag-
es, and currents because SiC is a wide bandgap semicon-
ductor, with a bandgap that is around three times wider 
than that of silicon material. Additionally, SiC material 
has outstanding chemical stability, allowing it to func-
tion steadily in extreme conditions including high heat, 
high pressure, and intense radiation. SiC devices are also 
appropriate for high-frequency inverters and converters 
because they can function at higher frequencies, which in-
creases efficiency. SiC devices provide stable performance 
in high-temperature settings, which is important for appli-
cation scenarios like oil drilling and aerospace that call for 
high-temperature operation [13].
SiC devices have low switching losses, which means 
that less energy is wasted during the switching operation 
and improves system efficiency as a whole. SiC device 
manufacture is comparable to current silicon-based tech-
niques, which lowers production costs and boosts output. 
Additionally, SiC devices are more reliable and have a 
longer service life, which lowers maintenance costs and 
boosts system performance. High critical electric field 
strength, high thermal conductivity, high saturated drift 
velocity of electrons, wide bandgap, excellent chemical 
stability, high-frequency characteristics, high temperature 
resistance, low switching loss, compatibility with current 
silicon processes, long lifespan, and high reliability are 
all benefits of silicon carbide as a semiconductor materi-
al. Silicon carbide is a great option for high-performance 
semiconductor devices because of these benefits.
3.2.3 Case analysis

SiC technology has a lot to offer the automotive industry, 
particularly for EV drivetrains and battery recharging at 
charging stations or while the vehicle is in motion. Anoth-
er possible reason for SiC acceptance is its ability to re-
duce the size of batteries required for a given range of en-
ergy-storage applications, such as those used by electrical 
utilities. Silicon carbide aids in this effort by decreasing 
the size of inverters and boosting their efficiency [14]. The 
industry is gaining from the switch to renewable energy 
sources like solar and wind to supply power during cloud 
cover and windless days.
3.2.4 Limitation

Silicon Carbide (SiC) possesses numerous advantages as 
a semiconductor material, including high critical electric 
field strength, high thermal conductivity, high electron 
saturation drift velocity, wide bandgap, excellent chemical 
stability, high-frequency characteristics, high-temperature 
resistance, low switching loss, compatibility with exist-
ing silicon processes, and long-term reliability. However, 
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its limitations such as high cost, production challenges, 
technical complexities, market factors, and limited mar-
ket penetration pose significant hurdles to its widespread 
adoption.
The high manufacturing costs of SiC substrates and epi-
taxy are primarily due to the complex crystal growth pro-
cess requiring extreme temperatures and pressures. The 
slow growth rate and propensity for defects during crystal 
production present further challenges that impact device 
performance and reliability. Moreover, the hardness of SiC 
makes subsequent processing steps like cutting, grinding, 
and polishing both difficult and costly.
While SiC devices offer superior high-temperature perfor-
mance, their long-term reliability at extreme temperatures 
requires further verification. Specialized packaging and 
thermal management solutions are also necessary to main-
tain stability and reliability in high-power applications. 
Market acceptance and standardization of SiC devices 
need time to mature and involve the entire supply chain.
Currently, SiC devices have good penetration in high-end 
markets and specialized applications but remain marginal 
in more extensive, cost-sensitive markets. However, ad-
vancements in manufacturing technology and increasing 
production scale are expected to enhance market penetra-
tion, particularly in sectors like new energy vehicles and 
power electronics.

3.3 GaN semiconductor material
3.3.1 History

Gallium Nitride (GaN) is a semiconductor material that 
belongs to the third generation and has a history dating 
back to the 1960s. When scientists learned about gallium 
nitride’s remarkable electrical characteristics—such as 
its large bandgap, rapid saturation drift velocity, and high 
electron mobility—they started investigating the material 
in the 1960s. These qualities pointed to possible uses in 
high-power, high-frequency electronic equipment. Galli-
um nitride was the subject of substantial basic study in the 
ensuing decades. By altering the material’s composition 
and structure and researching growth methods such met-
al-organic chemical vapor deposition and molecular beam 
epitaxy, researchers were able to optimize the material’s 
electrical capabilities. This groundbreaking study opened 
the door for the use of gallium nitride in many other in-
dustries.
The efficiency and lifetime of Gallium Nitride devices 
are further improved by their strong thermal conductivity 
and low on-resistance. Finally, gallium nitride’s strong 
radiation resistance guarantees its dependability in nuclear 
radiation conditions and space applications. The results of 
the survey indicate that the GaN device has a great deal of 

promise for use in motion control and that it can improve 
the motor-drive system’s performance in the waveforms’ 
quality at the moment of output. Or torque that is created 
by reducing related harmonics and oscillations [15].
3.3.2 Advantages

Third-generation semiconductors such as gallium nitride 
(GaN) offer notable benefits in a number of areas. It is 
distinguished by its exceptional efficiency and high-fre-
quency capabilities, and it is an essential component of 
vital fields including radio frequency communications and 
power conversion. Gallium nitride’s broad bandgap is re-
sponsible for its great efficiency since it enables it to func-
tion well even at high temperatures and voltages. Gallium 
nitride can also function at high frequencies because to its 
high electron mobility, which makes it ideal for radar and 
microwave communication applications.
Gallium Nitride devices also have the ability to drastical-
ly reduce size without sacrificing performance, which is 
crucial for portable consumer electronics like smartphone 
rapid chargers. Its ability to withstand high temperatures 
guarantees steady performance in military and aerospace 
applications.
3.3.3 Case analysis

Gallium Nitride (GaN) serves as a semiconductor material 
with a wide range of applications in fields such as power 
electronics, radio frequency communications, optoelec-
tronics, consumer electronics, automotive electronics, and 
energy harvesting. For instance, Transphorm’s SuperGaN 
FET, utilizing Gallium Nitride, is employed in power 
conversion systems, offering high efficiency and compact 
dimensions, ideal for solar inverters and electric vehicle 
chargers. In radio frequency communications, Cree’s SiC-
based Gallium Nitride RF transistors excel in efficiency, 
gain, and linearity, suiting military and aerospace applica-
tions.
In the realm of optoelectronics, NTT Labs’ Gallium Ni-
tride ultraviolet lasers are used for optical data storage 
and medical applications, capable of emitting short-wave-
length ultraviolet light suitable for high-resolution data 
storage and precise surgical procedures. Navitas Semi-
conductor’s GaNFastTM; Gallium Nitride power ICs are 
utilized in chargers for smartphones and laptops, boasting 
high efficiency and power density, resulting in more com-
pact and faster-charging solutions. In automotive elec-
tronics, Infineon Technologies’ Gallium Nitride transistors 
are integrated into electric vehicle traction drive systems, 
operating under high voltage and temperature conditions 
to enhance performance and reliability [16]. Lastly, in 
energy harvesting, ADI’s Gallium Nitride photodetectors 
are used in solar panels for energy conversion, responding 
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highly to different spectrum parts and improving the ener-
gy conversion efficiency of solar panels.
3.3.4 Limitation

Gallium Nitride (GaN) as a semiconductor material exhib-
its significant advantages in the field of high-performance 
electronic devices, yet it also faces certain limitations. 
The high cost is a major challenge due to the expensive 
raw materials, complex growth technology, and low 
yield, resulting in GaN devices being more expensive 
than traditional silicon devices on the market, limiting its 
competitiveness in low-cost application areas. Production 
challenges should not be overlooked as well; the manu-
facturing process of GaN requires high temperature and 
pressure conditions, making crystal growth and processing 
difficult. Vapor deposition technology places a significant 
strain on processes and equipment since it requires precise 
control. The Silicon MOSFET’s properties set a limit on 
these devices’ performance. Currently, the direct drive 
hybrid structure and the cascode hybrid structure are of-
fered for sale. Standardized gate structures are anticipated 
as GaN devices develop, which will make it easier for the 
industry to adopt these exciting power devices. Further-
more, vertical GaN transistor architectures are being in-
vestigated, which may increase the current GaN devices’ 
maximum voltage ratings. Lastly, the decrease of internal 
stray inductances and circuit costs is made achievable by 
monolithic integrated circuits and monolithic bidirectional 
switches based on lateral GaN HEMT architectures [17].
Material defects are another issue, as the defect density 
in GaN crystals is relatively high, potentially affecting 
device performance stability, especially in high-frequency 
and high-power applications. Thermal management is also 
crucial because GaN power devices generate a lot of heat 
under high current, and effective thermal management 
is essential to ensure device performance and longevity, 
which may require additional cooling measures. In terms 
of market acceptance, Gallium Nitride, as a relatively new 
technology, has limited understanding and acceptance 
in the market, and business partners and consumers may 
need time to recognize and trust its advantages.
Technical maturity is another factor to consider; compared 
to the mature silicon technology, Gallium Nitride’s tech-
nical maturity is lower in some application areas, possibly 
necessitating more research and development and testing 
before it can be widely used in industrial and consumer 
electronics products. Supply chain constraints might af-
fect the mass production and reliability of GaN devices 
because the supply of raw materials and production equip-
ment could be limited. Lastly, compatibility issues need to 
be considered as GaN devices may need to be compatible 
with existing silicon-based electronic devices and sys-

tems, requiring technical compatibility to be addressed 
during the design and integration process.

4. Conclusion
New semiconductors, such as Gallium Nitride (GaN) and 
Silicon Carbide (SiC), are regarded as key materials for 
the next generation of power electronics and radio fre-
quency communications due to their excellent electrical 
performance and thermal stability. These materials have 
immense potential in high-performance and efficient 
electronic devices, with applications extending beyond 
traditional electronics to include electric vehicles, renew-
able energy systems, and 5G communication networks. 
The use of new semiconductor materials can significantly 
enhance product performance, reduce size, and adapt to 
more extreme working environments.
However, new semiconductors also face several challeng-
es. High cost and complex manufacturing processes are 
major limiting factors, constraining their competitiveness 
in the low-cost market and increasing production difficul-
ties. Additionally, the higher defect density in new semi-
conductor materials may affect device performance and 
stability. Integrating these new materials into existing sili-
con-based systems may encounter technical compatibility 
issues. Market acceptance and technological maturity are 
also challenges, as new semiconductors represent rela-
tively new technologies that require time for the market 
to understand and accept. Compared to mature silicon 
technology, new semiconductors have lower technological 
maturity in some application areas, necessitating further 
research and development and testing.
Thermal management and supply chain restrictions are 
additional concerns. New semiconductor devices may face 
thermal management issues in high-power applications, 
requiring effective heat dissipation solutions. Meanwhile, 
immature supply chains and raw material supply limita-
tions can affect the large-scale production and reliability 
of devices. The importance of policy and investment can-
not be understated, as government policies and industry 
investments are crucial for promoting the development 
and application of new semiconductor technologies. In-
vestment in research and development and market incen-
tives help overcome initial barriers to technological devel-
opment.
When considering the adoption of new semiconductor 
technologies, a comprehensive benefit and cost assessment 
is necessary, along with continuous monitoring of market 
dynamics and technological progress to make timely stra-
tegic adjustments. In summary, the development of new 
semiconductor technologies brings revolutionary opportu-
nities to the electronics industry but is also accompanied 
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by challenges in cost, production, and material defects. 
As the technology matures and the market evolves, these 
limitations are expected to be gradually overcome, there-
by promoting the application of new semiconductors in a 
wider range of fields.
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