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Abstract 

This paper presents a scientific analysis of methods for obtaining nano-scale 

structures in semiconductors, as well as issues related to modeling their physical 

properties. The influence of nano-scale effects, quantum confinement phenomena, and 

surface effects on the properties of semiconductor materials is examined. In addition, 

prospects for designing nano-scale structures based on modern experimental and 

theoretical approaches are highlighted. 
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Introduction 

The rapid development of semiconductor technologies is closely associated with 

the creation of nano-scale structures. Nano-scale structures (nanowires, quantum dots, 

nanoporous layers) possess fundamentally new electrical, optical, and magnetic 

properties compared to conventional semiconductors. These characteristics enable 

wide applications in nanoelectronics, photonics, photovoltaics, and sensor 

technologies. 

Methods for Obtaining Nano-Scale Structures 

1. Bottom-up methods 

In this approach, nano-scale structures are formed at the atomic and molecular 

levels: 

- Chemical Vapor Deposition (CVD) – widely used for the fabrication of 

nanowires and ultra-thin nanolayers. 

- Molecular Beam Epitaxy (MBE) – enables the formation of quantum wells and 

quantum dots with high precision. 
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- Solution-based synthesis – an efficient method for producing quantum dots and 

nanocrystals. 

2. Top-down methods 

These methods are based on structuring macroscopic materials down to the nano-

scale: 

- Photolithography and electron-beam lithography – key technologies in the 

production of nanoelectronic circuits. 

- Ion-beam processing – used for the formation of nanoporous structures and 

surface modification. 

- Mechanical and plasma processing – enable the formation of thin nanolayers. 

Nano-Scale Effects and Physical Principles 

Quantum confinement plays a fundamental role in nano-scale structures. When the 

structure size approaches the de Broglie wavelength, energy levels become discretized. 

As a result: 

- the band gap energy increases; 

- optical absorption and emission spectra change; 

- charge carrier mobility and recombination processes are altered. 

Modeling of Nano-Scale Structures 

1. Quantum-mechanical models 

1) The energy spectra of quantum wells, wires, and dots are determined based on 

the Schrödinger equation. 

2) Density Functional Theory (DFT) is applied to calculate the electronic structure 

of materials. 

2. Semiclassical and statistical models 

1) The Drude model and the Boltzmann transport equation are used to analyze 

charge carrier transport. 

2) The Monte Carlo method enables modeling of statistical processes in complex 

nano-scale systems. 

3. Multiscale modeling 

For nano-scale devices, it is essential to integrate models ranging from the atomic 

level to the macroscopic level. This approach allows accurate prediction of real device 

properties. 

Studies show that the technology used to fabricate nano-scale structures and the 

accuracy of their modeling are closely interrelated. The real efficiency of nanodevices 

can be evaluated only when experimental results are consistent with theoretical models. 

At the same time, the influence of surface states and defects on nano-scale structures 

is insufficiently considered in many modeling studies, which leads to deviations in 

results. 
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1) Nano-scale structures fundamentally alter the physical properties of 

semiconductors. 

2) Fabrication technology is one of the main factors determining the final properties 

of nanodevices. 

3) Quantum-mechanical modeling plays a crucial role in the analysis of nano-scale 

systems. 

4) The consistency between experiment and modeling increases the reliability of 

scientific results. 

Proposals and Recommendations 

1) It is recommended to develop models that take into account surface states and 

defects in the modeling of nano-scale structures. 

2) The introduction of energy-efficient technologies for obtaining semiconductor 

nanostructures under local conditions is advisable. 

3) Integration of experimental and theoretical research in nanoelectronics and 

nanophotonics is necessary. 

4) It is recommended to introduce specialized practical courses on nano-scale 

modeling in higher education institutions. 

Conclusion 

Obtaining and modeling nano-scale structures in semiconductors is one of the 

priority areas of modern physics and technology. Scientific analyses show that devices 

created based on nano-scale approaches exhibit high efficiency and new functional 

capabilities. By implementing the proposed recommendations, it is possible to widely 

introduce semiconductor nanostructures into practical applications. 
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