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Abstract: In this study, the electronic properties of indium antimony have been
comprehensively investigated using density functional theory for InSh semiconductors. The
total Density of States (DOS) and Partial Density of States (PDOS) were analyzed to
evaluate the contribution of individual atomic orbitals in the atomic structure. In addition,
the band structure and electron scattering properties of InSh were determined. The Fermi
levels in this crystal were also identified, and the calculations revealed significant features
of its electronic structure, thereby providing a theoretical basis for further experimental
research and wider technological applications. The current research investigated the band
structure and Fermi levels of InSb crystal. The band structure examination shows that the
energy of the band gap is approximately 0.17 electron volts, which aligns closely with the
measurements obtained from the Hall effect. These calculations were performed using
Quantum Espresso software, the results of which exhibited good agreement with the
experimental results.

Keywords:

Total State Density,
Partial Density of States,
Band Structure,

Fermi Level

https://doi.org/10.30501/jamt.2025.485779.1309 URL.: https://www.jamt.ir/article_214533.html

1. INTRODUCTION
Indium antimony is a compound semiconductor

level is essential to predict the conduction behavior at
different temperatures.

belonging to the group IlI-V of the periodic table,
characterized by a long zinc-blende crystal structure.
Examining  the  performance and electronic
characteristics of this material is of particular importance.
Due to its narrow band gap and high electron mobility,
InSb is particularly considered for applications
(Morisaki, 1970; Sugiyama & Kataoka, 1985; Alberga et
al., 1982; Tukioka, 1991; Tanenbaum & Maita, 1953). It
is widely used in infrared sensors, optoelectronic
components, and devices with its electronic
specifications as an important materl (Hilal et al., 2016)
In these calculations, total Density of State (DOS) and
Partial Density of State (PDOS) were determined using
Density Functional Theory (DFT).

By assessing the charge carrier behavior near the Fermi
level, innovative applications can be developed, and
semiconductor devices can be improved. The analysis of
the band structure of InSb provides the possibility to
accurately determine the positions of the conduction and
capacitance bands. Furthermore, calculation of the Fermi

These calculations were conducted using Quantum
Espresso software package (Giannozzi et al., 2009), a
widely-used tool for quantum calculations in various
fields of material science. The algorithm of the software
is designed to simulate the electronic structure of
materials, plane waves, and DFT. Performing based on
DFT, this algorithm employ quasi-potential approach for
simulation. Using Quantum Espresso facilitates faster
calculations owing to its implementation of the full-
potential approach, unlike codes that rely on pseudo-
potentials such as WIEN2K.

It is particularly useful for simulations involving
nanomaterials and crystals at the atomic scale. This
software also supports parallel calculations, significantly
enhancing its speed and efficiency in complex
calculations. Quantum Espresso is widely used in
scientific research fields such as solid-state physics,
material science, and nanotechnology. Figure 1
illustrates the InSb crystal structure in the zinc-blende
crystal structure.
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Figure 1. Crystal stracture of InSh

2. CONCLUSION

The Fermi level is a key concepts in solid state
physics, which represents the highest energy level
occupied by electrons in the ground state. The study of
the Fermi level provides a better understanding of the
behavior of charge carriers in regions close to the Fermi
energy of InSbh, particularly at low temperatures and
under specific conditions such as strong magnetic field.
The band structure and energy related to Density
Functional Theory (DFT) were calculated by using
Quantum Espresso software and complex quantum
calculations. Upon using DFT, the value of electrons
density within the crystal was approximated to determine
the Fermi level position of a narrow band semiconductor.
The Fermi level is located in the band gap, meaning the
valence band is filled while the conduction band remains
empty. This energy distribution causes the material to
exhibit semiconductor behavior at room temperature.

Under certain conditions, such as the applied electric
field or low temperature, it can produce free charge
carriers. Due to the narrow gap width or energy gap in
InSb, even small changes in the Fermi energy level can
have significant effects on the number of electrons in the
conduction band. This characteristic makes InSb a
valuable material in advanced electronic and
optoelectronic applications in the infrared detectors.

Based on the results from the Fermi level calculation
and orbital structure analysis through the Quantum
Espresso software, the material’s potential for high-
performance electronic devices and other properties can
be investigated.
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