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Study structure and optical properties
of Ag,Se, Ag,SepsTep, and Ag,Se)sSy.2 thin films
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Silver sulfide and the thin films Ag,SeggTep, and Ag,SeysSy, created by the thermal
evaporation process on glass with a thickness of 350 nm were examined for their structural
and optical properties. These films were made at a temperature of 300 K. According to the
X-ray diffraction investigation, the films are polycrystalline and have an initial
orthorhombic phase. Using X-ray diffraction research, the crystallization orientations of
AgySe and Ag,Sej.gTep, & AgrSep.sSonr (23.304, 49.91) were discovered (XRD). As
(AgrSe and Ag,S.psTeg, & AgySensSo,) absorption coefficient fell from (470-774) nm,
the optical band gap increased (2.15 & 2 & 2.25eV). For instance, the characteristics of
thin films made of Ag,SesTeq, and Ag,Se( S, and silver sulfide have been studied.
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1. Introduction

Researchers are interested in silver selenide because of its use in switching devices.
Because electron transport is limited in at least one direction, semiconducting materials exhibit
distinctive structural and visual features. Semiconductors' size-dependent structural, optical, and
electrical properties play an essential role in science and technology. In the fields of optics and
electronics, phase-changing chalcogenide materials offer a wide range of applications [1-3].
Essential materials for Schottky barriers, solar cells, and electronic engineering are binary and
ternary semiconductors. Furthermore, silver selenide is a member of the superionic conductor
family, which is of current and future technological relevance. The thickness dependence of the
transition temperature and activation energy was studied. The low-temperature phase, a-Ag2Se,
has an orthorhombic structure, while the high-temperature phase § -Ag,Se, has a bcc structure.
With a transition temperature of roughly 408 K or 395 K, silver selenide exists as a high-
temperature cubic phase (a), a low-temperature orthorhombic (), and a tetragonal phase.
Furthermore, the shift from b to a occurs via an intermediate phase; the duration of this new phase
rises from cycle to cycle, and structural evidence available in the literature contradicts the low-
temperature phase[4]. Various publications have described the material as tetragonal,
orthorhombic, and monoclinic.

Silver selenide thin films have been prepared using a variety of techniques. Vacuum
evaporation of a silver selenide alloy was used by to create the films[2]. Using the explosive
evaporation of the powdered substance in vacuum on various surfaces, [4] reported on the
chemical bath deposition approach [5—6]. films were created by flash evaporation in [7] reported
on employing chemicals to convert silver films into silver selenide films [8] used a method of
vacuum deposition of selenium on to glass substrates temperature. [9-10] Ag2Se crystals were
produced by the reaction of selenium films with silver films at room temperature .examined the
characteristics of thin films produced by the successive evaporation of components (Ag first, then
Se) in a vacuum of around 10° Torr [11] The films show metallic behaviour between 77 K and 300

"Corresponding author: hibaomer79@gmail.com
https://doi.org/10.15251/JOR.2022.185.675


https://chalcogen.ro/index.php/journals/journal-of-ovonic-research
https://chalcogen.ro/index.php/journals/journal-of-ovonic-research/12-jor/579-volume-18-number-5-september-october-2022
https://doi.org/10.15251/JOR.2022.185.675

676

K and with a chemical composition, Ag2 xSel + x with 0-01 <x <0-05[12] have developed a
alloy to fabricate highly ordered Ag,Se arrays by thermal evaporation prepared Ag,Sel_Tex.and

Ag,Se;..S, thermal evaporation has been used to create crystalline b-Ag,Se in a variety of
forms. In this situation, we tried a technique with little prior research. Here, we describe the
thermal evaporation process used to generate an Ag,Se thin film as well as its structural and
optical characteristics [13-14]

2. Experimental

The alloy was utilized to create thin films of Ag2Se, which were formed on glass
substrates using the thermal evaporation method in a high vacuum system and have a thickness of
roughly 350 nm on one type of substrate (glass slides).[15] Using the molybdenum boat's
(Edwards-Unit 306) system, thermal evaporation procedures were used to prepare the thin films
that were created. The glass slides were divided into pieces measuring (1.5%1.5) cm in accordance
with the removal of the base holder by the use of a steel blade. To get rid of the stain and the
protein substance on the glass slides, they were washed using an easy-to-use chemical detergent
solution. When an X-ray diffractometer (SHIMADZU Japan XRD 600) has been used to compute
the crystalline size using Scherrer's equation for two values between 20° and 80°, the crystalline
structure of thin films was used to calculate the X-ray diffraction XRD technique. [16]. The
transmittance T and the absorbance A spectrum in the wavelength range (400—1100 nm) of coated
samples' optical properties was evaluated using a UV/VIS spectrophotometer, and the energy gap
was computed using the Tauc equation [17-18].

3. Results and discussion

3.1. Structural Properties

The figure (1) shows the XRD patterns of all thin films that were deposited on glass at a
temperature of 300 k. According to the graph, the samples exhibit an orthorhombic polycrystalline
structure that contains Ag,Se and Ag,SeqsTe0, (031),(032),(042)&(204) peaks, and their results
are in compliance with established standards, as shown by ASTM card No. 24-1041 [19]. Table 1
displays the values for the lattice constant (a), d (hkl), and average crystallite size (D). These
results are in good settlement with [5]. The crystallite size (D) can calculate with Scherrer’s
formulation [20]
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Fig. 1. The XRD pattern of Ag,Se,Ag>SeysTeyand Ag,Sey.sSy sthin film.S
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Table 1. X-ray Diffraction assignment Ag,Se,Ag,Se) sTeyand Ag,Sey.sSysthin film.S.

Thin films

Ag,Se
AgySe osTe ¢

Ag>Seggs02
ASTM

26(°)

39.15
39.48
39.87
39.99

d(AY)

2.28
1.60
2.25
2.25

Gs

70.47
73.48
45.51

DIS (lines.m™)

2.01
1.85
4.82

(hkl)

031
031
031
031

AFM experiments were carried out on the Ag,Se, Ag,SeqsTep,, and AgySeysSy, films
depicted in figure (2). Table (2) shows the values for the average diameter size, root mean square
(Rrms), and surface roughness (Rs). The findings revealed that grains are compactly combined to
form ridges and clusters along the surface of Ag,Se, Ag,SegsTeo,, and AgySensSo, films. The
atoms re-spread, migrate, and grow the crystal grains along the low stress directions, resulting in a
increase in root mean square and surface roughness due to thin film. Increases in Ag2Se,
AgrSegsTeg,, and Ag,Seq Sy, decrease cause recrystallization in grains .than the beast [24]

Fig. 2. 3D AFM images of Thin Flim (a) Ag2Se,(b)Ag>SeysTey ;> (c)Ag2Sey sSy.» at (300k).
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Table 2. Root Mean ,Average Diameter, RoughnessAverage (a) Ag,Se,(b)Ag,Se0.8Te0.2 (c)Ag2Se0.8S,.,

at (300k).
Thin Film ( nm) Average | Roughness (RMS)
(300K) (Diameter) | (Average) (nm)
(nm) (nm)
Ag,Se 75.74 8.16 10.2
Ag2Se0.8Te0.2 116.36 3.93 5.08
Ag2Se0.8S0.2 35.55 1.35 1.8

3.2. Optical Properties

Figure 3 shows the absorbance spectra and optical transmittance of the thin films made of
AgSe, Agy)SepsTeq,, and Ag,SepsSos. In the wavelength range between 400 nm and 700 nm, it
has been observed that the absorbance has decreased with increasing ratios of Ag,Sey.sTeq, and
Ag;SensSo2. This might be due to the assistance of (Te, S) ions in the Ag2Se lattice and improved
crystallinity as a result of a decrease in crystallite size For all samples, the transmittance rises as
ratios fall; this could be a result of enhanced absorption, which could be related to the deformation
of Ag,Se brought on by (Te, S) ions. The low crystallite size values (70,74,45) nm for these films,
as shown in Table 1, may account for the transmittance (10% to 22%) found for Te, S (0.2%)
percent films. The best membrane in terms of crystal size is tellurium in terms of properties.
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Fig. 3. Optical transmittance and absorbance of Ag,Se,Ag,Sey sTe > and Ag,Sey.sSy thin film.

Figure 4 shows the produced films' optical energy gap. The Tauc equation was used to
determine the optical energy gap in the high absorption region [21,22]. For Ag,Se, Ag,Se0.8Te0.2,
and Ag2Se0.8S0.2 thin films, the energy band-gap values were 2.15, 2, and 2.25, respectively, as
shown in Table 3. The density of localized states in the Eg increases due to the observed
decreasing energy-gap values caused by an increase in film defects. optical energy gap movement
in the vicinity of more extended wavelength red. The value corresponds to [5]. Ag,Se,
AgrSegsTeg,, and Ag,SeqsSo, samples have high absorbance, making them suitable as an optical
material for solar-cell applications. [23].
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Fig. 4 The (ahv)2 versus (hv) Ag,Se,Ag,Sey sTey, and Ag,Sey Sy sthin film
on glass substrates.

Table 3. Direct optical Energy gap and absorption coefficient for Ag,Se,Ag,SesTey,and Ag,Sey.S0.2

thin film.
A=400nm
Sample E,™ (eV) | 0x10" cm™
Ag:Se 2.15 5.53
AgzseoAgTeoAz 2 5.10
AgzseoAgSOAz 2.25 5.20

4. Conclusion

The thin films of Ag,Se, Ag,SepsTey,, and AgySeysSy, were prepared using the thermal
evaporation method. Resulting from (Te, S),Ag,Se thin films' structural and optical properties
were taken into account by adding a percentage of it (0.2) and changing a percentage of Se (0.8).
The XRD patterns revealed that every deposit had an orthorhombic structure and was
polycrystalline. With Ag,Se, Ag,SeqsTep,, and AgySeosS o, thin films, the crystallite size value
from (70 ,74, 45) nm Ag,Se, Agy,SepsTey,, and Ag,SeqsS ,.cause incrased atomic volume. AFM
techniques results display that the decrease in grain size when (300k) increase which lead to
increase the grain boundary but Ag,Se0.8Te0.2 increase of grain size but the Ag,SesS o2
decreased the grain size .The optical band-gap of films increased from (2.15,2,2.25) eV due to
their good crystallite size, improved absorption coefficient, and other factors. Ag,Se, Ag,SeosTe,,
and Ag,SeosSo, samples have high absorbance, making them suitable as an optical material for
solar-cell applications.
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