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- The integration of 2D materials into semiconductor devices brings several
|ntr0duct|0n advantages, including improved performance, reduced power consumption
and enhanced miniaturization. For instance, in Field-Effect Transistors (FETS),

In recent years, the realm of semiconductor devices has witnessed 2D materials can serve as the channel material, offering high carrier mobility

a transformative shift, largely driven by the advent of two-dimensional (2D) and excellent e!ec_tros_tatic control. This Iead_s_to faste_;_r switching speed_s and
materials. These materials, characterized by their atomic thickness and lower power dlssmgtlon compared to. traditional 3|I|con-ba§ed.tranS|stors.
extraordinary electronic properties, are poised to redefine the landscape Furthermore, the thinness of 2D materials allows for the fabrication of ultra-

of electronics and optoelectronics. This article delves into the significance thin transistors, pushing the boundaries of miniaturization and enabling the

. . : . ) ) development of more compact and efficient electronic devices. However, the
of 2D_mater|a|s n next-generatlon. semlconductor devices, exploring thelr adoption of 2D materials in semiconductor devices is not without challenges.
potential, challenges and future directions. The concept of 2D materials g significant issue is the scalability of production methods. While techniques
gained prominence with the isolation of graphene, a single layer of carbon  gych as mechanical exfoliation and Chemical Vapor Deposition (CVD) have
atoms arranged in a hexagonal lattice. Graphene's exceptional electrical  peen successful in producing high-quality samples of 2D materials, scaling
conductivity, mechanical strength and thermal properties sparked considerable  these methods for large-area applications remains a hurdle.

interest, highlighting the potential of 2D materials beyond conventional three-
dimensional structures. This interest has since expanded to include a diverse
array of 2D materials, such as Transition Metal Dichalcogenides (TMDs),
hexagonal Boron Nitride (h-BN) and layered materials like black phosphorus [1].

The consistency and uniformity of 2D material layers must be ensured
to achieve reliable device performance, which necessitates advancements in
fabrication technologies. Another challenge is the integration of 2D materials
with existing semiconductor technologies. Combining 2D materials with
traditional substrates and ensuring compatibility with established manufacturing
Description processes requires innovative approaches. Additionally, the development of

reliable and reproducible contact interfaces between 2D materials and metal
electrodes is crucial for the effective operation of semiconductor devices.
Researchers are exploring various methods to address these challenges,
. - ; . including the use of advanced transfer techniques and the development of
which include MoSK WSKand WSek exhibit a range of electronic properties el contact materials. The field of 2D materials in semiconductor devices
depending on their composition and thickness. Monolayers of TMDs can is ranidly evolving, with ongoing research focused on overcoming these
display semiconducting behavior, with bandgaps that are tunable by changing  challenges and unlocking new possibilities [4,5].
the number of layers or by applying external stimuli like strain or electric fields. o S )
This tunability is crucial for developing next-generation semiconductor devices One promising direction is the exploration of van der Waals
where control over electronic properties is paramount. Another notable 2D heterostructures, where different 2D materials are stacked together to
material is hexagonal Boron Nitride (h-BN), often described as an "insulating" create novel device architectures. These heterostructures can exhibit unique

counterpart to graphene. h-BN possesses a wide bandgap, making it an ideal properties not found in individual materials, offering new functionalities and
candidate for dielectric Iz;yers and substrates in electronic d’evices. enhiancing device performance. For example, stacking a layer of graphene

with a TMD can result in a heterostructure with tailored electronic properties,

When combined with other 2D materials, h-BN can serve as a which can be leveraged for advanced applications in transistors, sensors and
protective layer or provide a stable environment for the operation of layered optoelectronics. Another area of interest is the development of 2D material-
heterostructures. The ability of h-BN to form an atomically smooth interface ~ Pased sensors. The high surface-to-volume ratio of 2D materials makes
with graphene or TMDs enhances device performance by reducing defects and them highly sensitive to external stimuli, such as gases, light, or biological

improving charge carrier mobility. Black phosphorus, another layered material, ~ Molecules. This sensitivity can be hamessed to create highly responsive and
offers unique electronic characteristics with its direct bandgap that varies selective sensors for environmental monitoring, medical diagnostics and other

with the number of layers. In its monolayer form, black phosphorus exhibits 22E!?]it:::ﬁ;g\zt'nffﬁ::bg ler_rtl;t]zr?ézg:; rﬁ??vrvﬁﬁﬁ&mz ‘(J)?;r::etsetso
a direct bandgap in the visible to near-infrared range, making it suitable for y 8 VIEs.

optoelectronic applications such as photodetectors and light-emitting devices. -
The ability to tune the bandgap by adjusting the thickness of the materialadds ~ Conclusion
versatility to its application in semiconductor technologies [2,3].

Transition metal dichalcogenides, for instance, have emerged as
promising candidates for semiconductor applications. These materials,

Looking ahead, the role of 2D materials in next-generation semiconductor
devices is set to expand as research progresses and new applications
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