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Abstract In this study, tungsten disulfide nanostructures are synthesized on the Si/SiO, substrates by thermal
chemical vapor deposition in a three-zone furnace. For this purpose, sulfur and tungsten oxide powders are first
placed under argon gas in the first and third regions of the furnace at 220 and 1100 °C, respectively. A scanning
electron microscope is then used to evaluate the morphology of the grown layers. The images confirm the growth
of WS, hexagonal flakes. The samples are then placed in a ceramic plant in the center of a single-zone furnace
for re-annealing. The grown layers are reheated under different gases of Argon, Argon/Hydrogen, Oxygen, and
Ammonia/Water at 450 °C for 30 minutes. To evaluate the annealing effect, X-ray diffraction, Raman
spectroscopy, and Ultraviolet-Visible spectroscopy are employed. The results confirmed the effect of the
Argon/Hydrogen atmosphere on the improvement in the optical and crystalline properties of the WS, synthesized

layers.
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1. INTRODUCTION

Two-dimensional transition metal dichalcogenides
(TMDCs), first experimentally synthesized in 2010, are
expressed by the chemical formula of MX,, where M
and X represent a transition metal atom (Mo, Nb, W, Ti,
...) and a chalcogen atom (Se, S, Te), respectively.
Typically, TMDCs are characterized by a bandgap in the
range of 1 to 2.5 eV and a thickness of about 0.6-0.7 nm
[1]. Among many 2D semiconductor materials, TMDCs
are the most promising options for the development of
technologies based on the 2D materials due to their
suitable band gaps, good environmental stability, and
excellent electrical and optical properties [2-4]. One of
the remarkable features of the TMDC group members is
the conversion of the indirect band gap to a direct band
gap by decreasing the thickness of the multilayer to a
single layer. This change in the optical properties
resulted from the interaction of the adjacent layers [5].

In the monolayer structures of TMDCs, electron-hole
pairs and excitons in the layer are quite limited and
sensitive to the environment as well. Another interesting
characteristic is photon absorption in a single layer of
some TMDCs, which is indicative of an absorption
coefficient of more than 10 % [6-8].

Among these materials, WS, has remarkable
optoelectronic properties including the relatively high
electron mobility, large exciton energy, layer-dependent
band gap, strong spin-valley gap, and strong Photo-
Luminescence (PL) properties. In this study, the effect
of reannealing in different atmospheres on the optical

and crystalline properties of WS, sheet nanostructures is
investigated.

2. MATERIALS AND METHODS

WS, nanostructures are synthesized by Thermal
Chemical Vapor Deposition (TCVD) in a single step at
1100 °C under Argon gas. The nanostructures are
reannealed in a single-zone furnace under Ar, Ar/Ho,
NH3/H>O, and O, atmospheres at 450 °C. Scanning
Electron Microscope (FESEM) is employed to examine
the morphology of the samples and then, X-Ray
Diffraction (XRD), Raman spectroscopy, and UV-
Visible spectroscopy are used to examine the crystalline
and optical properties of the grown structures

3. RESULTS AND DISCUSSION
3.1. SEM images

In this section, a scanning electron microscope is used
to examine the morphology and shape of the obtained
tungsten sulfide nanoplates. Figure 1 shows the images
related to these nanosheets in the form of triangles and
hexagons.

3.2. XRD analysis

The crystalline structures of the grown and reannealed
samples under different environments are studied using
XRD. According to the results, the distance between the
crystalline planes for all atmospheres except for the O,
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atmosphere has decreased due to an increase in the
diffraction angle according to the Bragg relationship
(n\ = 2dsin6). This phenomenon occurs as a result of a
reduction in the oxygen impurity in the structure of the
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nanoplates. To further investigate the grown layers,
diffraction angles in the range of 15-50° are analyzed.
According to the obtained results, Ar and Ar/H»
atmospheres are selected for reannealing the samples.
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Figure 1. FESEM images related to WSz nanosheets at two magnifications of 20 (a) and 2 pm (b)

3.3. Raman spectroscopy

The results of Raman spectroscopy confirmed a
change in the vibrational properties of the sample after
re-annealing under Ar/H, atmosphere while no
significant results were obtained in other atmospheres.

3.4. UV-Visible spectra

UV-Visible absorption spectra of the synthesized and
annealed layers under Ar/H, atmospheres are shown in
Figure 2. The bandgap values for the layers before and
after the reannealing process under the Ar/H,
atmospheres are calculated as 1.95 and 1.98 eV,
respectively, confirming the structural improvement of
the layer under heat treatment.
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Figure 2. UV-Visible absorption spectrum of WSz sample grown and annealed in Ar/H> atmosphere

4. CONCLUSION

In this research, followed by the growth of two-
dimensional WS, nanostructures, these nanostructures
were annealed under Ar, Ar/H,, NH3/H,O, and O,.
Characterization of the samples before and after
annealing based on the XRD, UV-Visible absorption
spectroscopy, and Raman spectroscopy highlighted the
effect of the Ar/H, atmosphere on improving the crystal
and optical properties of the synthesized layers. In
addition, the XRD results revealed that the distance
between the (002) plates decreased after annealing under
Ar and Ar/H; gases, indicating an improvement in the
layered structure of WS, and reduction in the oxygen
impurity in their structure. Raman spectroscopy also

confirmed the XRD results. According to the UV-
Visible absorption spectroscopy, the band gap increased
after annealing in Ar/H,, indicating an improvement in
the structure of WS, layers under heat treatment and
confirming the XRD results.
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