Journal Homepage: https://karafan.tvu.ac.ir/?lang=en

uarterly Scientific Journal of Technical and Vocational University
Spring 2022, Vol. 19, No. 1, p. 165-182

TVU

d :10.4 1/KSSA.2021.282923.149.

The Influence of Point Defects on the Electronic and
Magnetic Properties of WSz Monolayer based on Density

Functional Theory

Maryam Nayerit*”, Hamed Taheri2

1Assistant Professor, Department of Electrical Engineering, Yazd Branch, Islamic Azad University,

Yazd, Iran.

2PhD Student, Department of Electrical Engineering, Imam Ali Technical University, Technical

University of Yazd, Yazd, Iran.

ARTICLE INFO

ABSTRACT

Article Type:
Original Research

Received: 05.29.2021
Revised: 09.18.2021
Accepted: 10.18.2021

Keyword:

WS,
Nanoelectronics
Magnetic

Defect

Band Structure

*Corresponding Author:
Maryam Nayeri
Email: nayeri@iauyazd.ac.ir

The present study investigates the effect of point defects in the
structure of monolithic tungsten disulfide (WS2) using basic
principles. This study was performed on six vacancies to investigate
their effects on the electronic and magnetic properties of WS:
monolayer. The structure under study was a supercell with 36 atoms
and the atomic positions were optimized. In the present study, density
functional theory calculations were performed within the framework
of local density approximation. Structural analysis of this material
showed that the WS, monolayer had a direct band gap of 1.89 eV. The
simulation results illustrated that depending on the type of defects in
the structure and their position, the behavior of the structure can
change from semiconductor to quasi-metal and non-magnetic to
magnetic. For instance, the removal of one tungsten atom leads to the
metallization and magnetization of the structure. Moreover, the
bandgap energy of the WSz monolayer decreased in the absence of one
sulfur atom. In addition, there was a transition from direct to indirect
semiconductors and a reduction in the energy of the band gap in
comparison with its pristine. These cases indicate that the presence of
defects in semiconductor nanostructures paves the way for the
application of such nanostructures in tunable electronics, optical
electronics, and spintronics.
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EXTENDED ABSTRACT

Introduction

Today, the range of two-dimensional material families is expanding. Its first member is
graphene with a honeycomb structure, which was developed in 2004. Other members of the
two-dimensional material include silicene, germanene, phosphorene, and transition metal
dichalcogenides (TMDCs). Recently, activities have started in the field of low-dimensional
materials of intermediate metal dicalcogenides. TMDC materials have the formula MXz, in
which M is the transition metal of group VIB (such as Mo and W) and X is collagen such as S.
These materials have layer structures in the form of X-M-X that have strong bonds within
the layer and adjacent plates are connected to each other with weak van der Waals force.
The existence of a weak bond between the layers makes it possible to produce two-
dimensional structures easily. Significant band gaps (1-2 eV) and high /lon / loff ratios in
TMDC materials also distinguish them from intrinsic graphene, which lacks band gaps.

Methodology

The present study investigated the effect of point defects in the structure of monolithic
tungsten disulfide (WSz) using basic principles. This study was performed on six vacancies
to investigate their effects on the electronic and magnetic properties of WSz monolayer. The
structure under study was a supercell with 36 atoms and the atomic positions were
optimized. In addition, the density functional theory calculations were performed within the
framework of local density approximation. Structural analysis of this material showed that
the WSz monolayer had a direct band gap of 1.89 eV.
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Figure 1. The structure of single-layer WS.. The sulfur and tungsten atoms are shown as yellow and
blue color, respectively. a) Top view and b) side view.

The electronic, magnetic, and optical properties of monolayer tungsten disulfide in the
absence of one sulfur atom, two sulfur atoms, one tungsten atom with one sulfur atom, one
tungsten atom, two sulfur atoms with one tungsten atom in two neighborhoods, and
heterogeneity were studied.
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Figure 2. Structure of tungsten disulfide with the presence of point defects. a) one sulfur atom vacancy,
b) double sulfur vacancies, c) one tungsten atom and one sulfur atom vacancies, d) one tungsten atom
vacancies, e) removal of one tungsten atom and two dissimilar sulfur atoms, f) removal of one
tungsten atom and two neighboring sulfur atoms.

The study of these structures was performed using calculations of basic principles and
based on density functional theory with local density approximation. The results showed
that the implemented structure of monolayer tungsten disulfide had a direct band gap with
an energy of 1.89 eV.
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Figure 3. a) The band structure of WS2, b) The transmission spectrum, and c) The imaginary and real
part of the dielectric function of this structure.

It was also observed that the imaginary part of the dielectric function spectrum of this
structure had the first maximum in the band gap. This suggests that monolayer tungsten
disulfide can provide good optical property for use in the visible light frequency range.
Structural defects such as point defects strongly affect the properties of nanostructured
semiconductors.

Our calculations in this regard showed that the absence of sulfur atoms, in addition to
reducing the energy of the band gap relative to the defective structure led to a transition
from the direct to the indirect bandgap.
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Figure 4. a) The band structure of the single-layer WS2 with the removal of a sulfur atom b) The
transmission spectrum and c) The imaginary and real part of the dielectric function of this structure.

In addition, the absence of a tungsten atom in the study device led to a transition from
semiconductor to metal.
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Figure 5. Removal of a tungsten atom in the tungsten disulfide structure a) band structure, b) transmission
spectrum, and c) imaginary and real part of the dielectric function of the defective WS2 structure.

The removal of one tungsten atom and two heterogeneous sulfur atoms also maintained
the semiconductor behaviour of the structure. The band gap energy was equal to 0.027 eV
and was direct. In this structure, the maximum imaginary part of the dielectric function
occurred around the band gap energy, and due to the symmetry of the upper and lower spin
states, the structure was non-magnetic.

Figure 6. Effect of vacancy of one tungsten atom with two sulfur atoms dissimilar on a) band structure, b)
transmission spectrum, and c) imaginary and real part of the dielectric function of this structure.

The removal of one tungsten atom and two neighboring sulfur atoms caused the
bandgap to be indirect, and due to the asymmetry of the upper and lower spins, the material
had a magnetic behavior and the bandgap was equal to 0.05 eV and 0.083eV for the upper
and lower spins, respectively.
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Figure 7. Effect of a tungsten atom with two sulfur atoms adjacent to the tungsten atom on a) band
structure, b) transmission spectrum, and c) imaginary and real part of the dielectric function of the
structure under study.

The simulation results showed that the study of the effect of point defects in the structure
of tungsten disulfide can provide useful information for the design of nanoelectronic and
optoelectronic devices in the future.

Conclusion

The simulation results demonstrated that depending on the type of defects in the
structure and their location, the behaviour of the structure can change from
semiconductor to metal and non-magnetic to magnetic. For example, the removal of the
tungsten atom led to the metallization of the material and the magnetization of the
structure. Furthermore, the bandgap energy of the WS2 monolayer decreased in the
absence of a sulfur atom. These cases indicate that the presence of defects in
semiconductor nanostructures paves the way for the application of such nanostructures
in tunable electronics, optical electronics, and spintronics.
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