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Abstract: High-mobility semiconductor materials are of significant importance in modern electronic devices, but 
their interface characteristics have a substantial impact on overall performance. This paper discusses the interface 
characteristics and control mechanisms of high-mobility semiconductor materials, systematically explaining the 
factors influencing material mobility through the analysis of different material structures, physical and chemical 
control methods, and the impact of process optimization on interface properties. Research results indicate that 
rational electric field control, chemical doping, and process treatment can effectively improve interface quality, 
thereby enhancing device performance. The conclusion points out that optimizing interface characteristics is key 
to improving the application prospects of high-mobility semiconductor materials.
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1. Introduction
High-mobility semiconductor materials are widely used in high-frequency and high-speed devices due to 

their superior electrical properties. However, the interface characteristics of the material have a crucial impact on its 
mobility. As devices develop towards the nanoscale, interface effects become more pronounced, making effective 
control of interface characteristics a hot topic of research. This paper will discuss the interface characteristics of 
high-mobility semiconductor materials, explore different control mechanisms, and process optimization methods, 
with the aim of providing theoretical and technical support for enhancing device performance.

2. Theoretical basis
2.1. Overview of high-mobility semiconductor materials

High-mobility semiconductor materials have great application prospects for electronic and optoelectronic 
devices because they can provide faster charge transport rates and higher performance devices. Mobility, as a 
key parameter characterizing the mobility of carriers within the material, allows for less scattering of electrons or 
holes, making them suitable for high-speed and high-frequency applications. Common high-mobility materials 
include graphene, gallium nitride (GaN), silicon-based materials, and other two-dimensional materials.These 
materials not only excel in traditional microelectronics but also show great potential in future flexible electronic 
devices and wearable devices. Factors such as the material’s band structure, defect states, and impurity content 
significantly affect mobility.
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2.2. Current status and challenges in interface characteristic research

The interface characteristics of high-mobility semiconductor materials directly affect their overall 
performance. As the connection area between the material and the external environment or other materials, 
the interface often becomes a concentrated area for charge scattering and energy dissipation, especially at the 
nanoscale, where interface effects are more pronounced. The current research focus is on the impact of interface 
defects, interface state density, and interface roughness on carrier mobility. Affected by lattice mismatch and 
chemical instability, interfaces are prone to defects that reduce material mobility. Research teams have adopted 
various technical means, such as atomic layer deposition and chemical vapor deposition, to optimize interface 
characteristics, but achieving large-scale, stable, and controllable interface adjustments remains a significant 
challenge. The stability and consistency of the interface are difficult to guarantee, especially in complex practical 
devices, where interface characteristics can deteriorate over time and with changes in the environment. Therefore, 
there is a high demand for ensuring long-term reliability.

3. Material structure and interface characteristics
3.1. Impact of different material structures on interface characteristics

The structural type of high-mobility semiconductor materials directly determines their interface 
characteristics. Different materials’ crystal structures and dimensional characteristics significantly affect the 
behavior of carriers. For bulk materials, interfaces in three-dimensional structures typically exhibit complex 
atomic arrangements and interactions, with defects and lattice mismatches at the interface easily causing carrier 
scattering, thereby reducing mobility. In contrast, low-dimensional materials such as two-dimensional graphene 
and monolayer molybdenum disulfide have more regular atomic arrangements in the interface area due to their 
unique planar structures and thinner volumes, which helps reduce interface scattering. Changes in material 
dimensions not only affect the distribution of electronic states at the interface but also change the distribution 
and intensity of the interface electric field, thereby affecting the overall electrical performance of the material. 
Furthermore, composite structural materials, such as heterojunction materials, have more complex interface 
structures composed of two or more materials, exhibiting lower interface state density and stronger charge 
coupling, which have great application potential for improving device performance. Therefore, different material 
structures change the atomic arrangement and charge distribution at the interface, often having a diverse and 
significant impact on interface characteristics.

3.2. The role of lattice matching and defects on mobility

In high-mobility semiconductor materials, lattice matching is an important factor affecting interface 
characteristics. The higher the degree of lattice matching, the smaller the stress at the interface, and the relatively 
fewer interface defects, thereby improving the material’s mobility. For example, in the combination of gallium 
nitride-based materials with other substrate materials, lattice mismatch can cause defects such as dislocations 
and interstitial atoms at the interface, which are often the main sources of carrier scattering. The presence of 
defects not only reduces the effective mobility of carriers but can also cause charge accumulation or trapping 
effects at the interface, further affecting the electronic performance of the material. To reduce defects caused 
by lattice mismatch, researchers often optimize the material’s lattice matching by selecting suitable substrate 
materials, introducing intermediate layers, or adopting stress-relief processes. Low-dimensional materials such as 
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graphene and molybdenum disulfide have a higher tolerance for lattice mismatch due to their flexible structures 
and can achieve high mobility on a wider range of substrates. However, interface defects in these materials are 
still inevitable, such as wrinkles and edge defects in graphene, which can lead to reduced mobility. Therefore, 
controlling the lattice matching of materials and reducing interface defects are important ways to improve the 
performance of high-mobility semiconductor materials.

4. Physical and chemical control mechanisms
4.1. Impact of electric field control on interface charge distribution

Electric field control is one of the important ways to optimize the interface charge distribution of high-
mobility semiconductor materials. By applying an external electric field, the charge density and potential 
distribution in the interface region can be significantly altered, thereby affecting the transport behavior of 
carriers. In semiconductor devices, the presence of an electric field can change the conduction and valence band 
structures of the material, adjusting the height of the potential barrier at the interface, enhancing or weakening 
the accumulation and transport of carriers at the interface. Especially in low-dimensional material systems 
such as graphene and transition metal dichalcogenides (TMDCs), the electric field can precisely regulate the 
distribution of interface electronic states, thereby effectively controlling the concentration and mobility of 
carriers. Electric field control not only has a significant regulatory effect on charge distribution but can also 
change the interface state density and reduce carrier scattering at the interface by adjusting the band structure. 
In addition, the introduction of a strong electric field can realize local polarization effects at the interface, further 
optimizing the electrical characteristics of the interface. However, excessively strong electric fields can lead to 
material breakdown or electrical breakdown phenomena, so the regulation of electric field intensity and direction 
becomes a crucial issue for optimizing interface charge distribution. A reasonable electric field control strategy 
can effectively improve interface characteristics and device performance.

4.2. Control of interface characteristics through chemical doping

Chemical doping, as a common physical and chemical control method, is widely used to improve the 
interface performance of high-mobility semiconductor materials. Introducing appropriate doping elements can 
effectively regulate the interface electronic structure and defect state distribution and reduce carrier scattering at 
the interface to improve mobility. The choice of doping elements generally depends on the crystal structure and 
electrical properties of the material. Taking oxide semiconductors as an example, introducing specific doping 
elements such as hydrogen and fluorine can effectively passivate interface defects and reduce interface state 
density. For low-dimensional materials like graphene, chemical doping can regulate its Fermi level and change its 
charge accumulation behavior at the interface, strengthening its charge coupling with the substrate to optimize its 
electrical conductivity. There are many ways to dope, mainly including gas-phase doping, liquid-phase doping, 
and solid-phase doping. Different doping methods and elements will lead to differences in interface effects. 
When doping, it is necessary to control the doping concentration and uniformity to avoid structural damage and 
performance degradation of the material due to excessive doping. Reasonable chemical doping can significantly 
improve interface characteristics and enable the material to exhibit more excellent properties in high-mobility 
devices.
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5. Process and interface optimization
5.1. Impact of Deposition Processes on Interface Characteristics

The deposition process plays a crucial role in the preparation of high-mobility semiconductor materials 
and directly determines the quality of the material’s interface. During the deposition process, the growth 
conditions, deposition rate, temperature, and atmosphere of the material will affect the atomic arrangement and 
defect formation at the interface, thereby affecting the transport characteristics of carriers. Common deposition 
methods include physical vapor deposition (PVD), chemical vapor deposition (CVD), and molecular beam 
epitaxy (MBE), among others. Different deposition methods produce different interface structures and qualities. 
For example, the CVD technique is often used for the preparation of two-dimensional materials like graphene, 
effectively controlling the number of layers and uniformity, ensuring high interface quality. The MBE technique, 
with its atomic-level precision control capability, is suitable for preparing high-quality thin-film materials, 
ensuring minimal interface defects. Temperature control in the deposition process is also crucial, as appropriate 
temperatures can promote the ordered growth of the lattice and the rearrangement of interface atoms, reducing 
defect states at the interface. To optimize the material’s interface characteristics, it is necessary to continuously 
adjust various parameters of the deposition process to improve the material’s interface quality and enhance device 
performance.

5.2. The optimizing role of annealing and treatment technologies

Annealing, as an important step in the post-processing of semiconductor materials, can optimize the 
material’s interface characteristics through thermal treatment. The annealing process promotes the rearrangement 
of surface atoms and the repair of interface defects through the provision of thermal energy, reducing dislocations 
and other defect states caused by lattice mismatch, thereby improving mobility. For high-mobility materials, 
appropriate annealing can effectively improve the flatness of the interface, reduce surface roughness, and 
enhance the electrical performance of the interface. In materials such as gallium nitride and zinc oxide, annealing 
treatment can significantly reduce oxygen vacancies and other point defects in the material, thereby optimizing 
the charge transport capability of the interface. In addition to conventional thermal annealing techniques, 
emerging technologies such as laser annealing and rapid thermal annealing (RTA) also play an important role 
in interface optimization. For example, laser annealing can achieve high-temperature treatment in an extremely 
short time, effectively avoiding structural damage caused by long-term high temperatures. In the interface 
optimization of low-dimensional materials such as graphene, annealing can not only enhance the interlayer 
bonding force of the material but also eliminate residual stresses from the deposition process. By reasonably 
designing annealing processes, the material’s interface quality can be effectively improved, thereby further 
optimizing the performance of devices.
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