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Abstract

Silver selenide (Ag2Se) thin films of thickness between 80 and 160 nm were prepared by thermal evaporation
method. From XRD studies, the structure of the prepared film is confirmed to exhibit orthorhombic structure with
polycrystalline nature. The average grain size of Ag2Se has been determined as 43 nm. EDAX spectra of these films
were taken, and its composition ratio has been analyzed. Micro-Raman spectra of bulk and their films have been
recorded with He-Ne laser source at room temperature. Raman peaks are observed at 232, 455, 566 and 815 cm−1.
These peaks are assigned to their corresponding modes of vibrations.
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Background
Phase change materials like chalcogenide materials are
technologically very important for read-write electrical
[1] and optical [2,3] storages because they can be
switched rapidly back and forth between amorphous and
crystalline phases by applying appropriate heat pulses.
Silver selenide (Ag2se) is I-VI semiconductor compound
belonging to the family of super-ionic conductors with
potential applications like IR detectors, photovoltaic
cells, magnetic resistive sensors, electrochemical poten-
tial memory devices, semiconducting optical devices for
visible region, etc. [4-6]. Many investigations have been
carried out to synthesize I-VI compound nanostructure
materials [7-9]. It also undergoes a structural phase tran-
sition from low-temperature orthorhombic structure to
high-temperature cubic structure [10-12]. β-Ag2Se is
used as a photosensitizer in photographic films [13],
while α-Ag2Se, being a super-ionic conductor, finds appli-
cations in solid electrolytes photo-chargeable secondary
batteries [14]. The nanostructure and microstructure of
silver selenide were obtained by different methods such as
solution phase synthesis approach, a sacrificial template
route, a template-engaged reaction method and hydro-
thermal route [15-18]. Optical studies on silver selenide
thin films have been reported by several authors, and its
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optical band gap is found to vary from 1.1 to 2.1 eV [19-23].
Gnanadurai et al. [24] have reported the Seebeck coefficient
of silver selenide thin films from their thermoelectric
studies. Magnetoresistive studies on silver selenide thin
films have been carried out, and their interesting mag-
netoresistive effect is reported by several authors [25-27].
According to our knowledge, the Raman studies on silver
selenide thin films have been less investigated and
reported. We have already published our work on spectro-
scopic studies on silver selenide thin films using UV–vis
spectrophotometry and ellipsometric studies [28]. This
motivates us to investigate and understand the optical
behavior of silver selenide using micro-Raman studies.
In this paper, we have synthesized the Ag2Se thin films,

which is an excellent route to prepare these types of
films with advantage of control over the process. Micro-
Raman method is now recognized as a versatile tool for
the analysis of solid films and condensed matter. Here,
we are presenting the results observed during the optical
studies of thermally evaporated silver selenide thin films
using micro-Raman spectrometer.
Experiment
Ag2Se powder of purity (99.99%) was purchased from
M/S, Sigma-Aldrich Company Pvt. Ltd. (Bangalore,
India). This powder is thermally evaporated at a high
vacuum better than 10-−5 mbar to prepare silver selenide
thin films of thickness between 80 and 160 nm. These
films are deposited at a rate of 0.2 nm/sec on well-
ee Springer. This is an Open Access article distributed under the terms of the
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Figure 1 XRD of silver selenide thin film with thickness of
100 nm.
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cleaned glass substrates. The substrates are pre-cleaned
using hot chromic acid, acetone and distilled water through
systematic mechanism. The thickness and the rate of de-
position of thin films were recorded using microprocessor-
controlled quartz crystal thickness monitor during depos-
ition of films. The prepared films are subjected to structural
studies using powder X-ray diffractometer. The surface
morphology of the silver selenide films were studied
through the SEM studies. The compositional ratio of these
films has been identified by recording EDAX spectra.
Raman studies of silver selenide in the form of both bulk

and thin films were recorded by back scattering geometry
using He-Ne laser with the excitation of 632-nm wavelength
with 16-mW laser power couple with Labram-HR 800
micro-Raman spectrometer equipped with 50 X objectives,
Figure 2 SEM image of silver selenide thin film with thickness of 100
appropriate notch filter and Peltier-cooled charge coupled
device detector. This experiment is carried out at room
temperature.

Results and discussion
Figure 1 shows the XRD of silver selenide thin film with
thickness of 100 nm. The recorded data was compared
with the standard Pearson's crystal data (no. 1250402) to
identify the structure of the silver selenide thin films.
From this figure, it is observed that the thermally evapo-
rated silver selenide thin films exhibit orthorhombic
structure with polycrystalline nature. The cell parameters
are a= 0.705, b= 0.785, c= 0.433. The average grain size
of the silver selenide thin films has been calculated using
the standard Debye-Scherrer's formula given in equation

d ¼ 0:94λ
β cosθ

; ð1Þ

where, λ is the wavelength; θ is the Bragg angle; and β is
the FWHM.
From the powder XRD analysis of silver selenide, the

average grain size of silver selenide thin film with thick-
ness of 100 nm is found to be around 43 nm. Similar
procedure has been followed to determine the grain size
of Ag2Se thin films with thickness from 80 to 169 nm,
and it is observed that there is no appreciable change in
the grain size. From SEM analysis, the grains are found
to distribute uniformly over the surface of thin films.
The absence of voids on surface of films confirms the
presence of continuous films over glass substrates as
seen in Figure 2. The average grain size of Ag2Se has
nm.



Figure 3 EDAX spectra of silver selenide thin film.
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been determined from SEM studies and are found to be
around 45 nm. This value is found to agree with our
XRD analysis also. Figure 3 shows the EDAX spectra of
silver selenide thin films deposited on glass substrates.
The compositions of silver and selenide in silver selenide
thin film have been found to be in the ratio 2:1.
Raman spectra of silver selenide were recorded at room

temperature using micro-Raman spectrometer setup. The
optical image of silver selenide thin film was recorded
using the spectrometer, and it is shown in Figure 4. From
this figure, the uniform distributions of grains over the sur-
face of the films are clearly seen. The Raman spectrum of
the bulk silver selenide has been recorded, and it is shown
in the Figure 5. The bulk silver selenide shows sharp peak
Figure 4 Optical image of silver selenide thin film with thickness of 1
around 232 cm−1, and no other resolved peaks are identi-
fied in this spectra. The peak occurring in bulk Ag2Se
Raman spectra is due to the Se-Se vibration. Generally, sil-
ver chalcogenides undergo a redox reaction when it is
exposed to high-intense laser beam for long time [29,30].
The micro-Raman spectra of thermally evaporated sil-

ver selenide films have been recorded using He-Ne laser
source with 16-mW power. The corresponding Raman
spectra of these films are shown in Figure 6. This
spectrum also resembles the peak observed in its bulk
sample, but some other modes of vibrations are also
observed in thin films spectra which are not well
resolved in bulk samples. The sharp high-intensity peak
confirms the presence of crystalline nature in films. The
60 nm.



Figure 5 Micro-Raman spectra of bulk silver selenide.
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peaks are observed at 232, 455, 566 and 815 cm−1 in the
Raman spectra of Ag2Se thin films. The high-intense
peak is assigned to Se-Se vibration [31,32]. The broad
peak around 455 and 566 cm−1 can be assigned to SeO2

vibrations. These oxide formations may exist in silver
selenide thin films due to redox reaction which occurs
due to the exposure of laser beam to Ag2Se thin films
[29,30]. The small peak present at 815 cm−1 would have
been occurring due to the lengthening of the laser exposure
time during experiment [33].
Conclusions
Silver selenide thin films were prepared by thermal evapor-
ation technique. Its structural parameters have been deter-
mined, and it exhibit orthorhombic structure. The average
grain size is found to be 43 nm. Raman spectra of the bulk
and thin films of silver selenide were recorded. Raman
spectra of Ag2Se thin films resemble the Raman spectra of
its bulk with additional mode of vibrations. These peaks
Figure 6 Micro-Raman spectra of silver selenide thin films.
were analyzed, and they were assigned to their corre-
sponding mode of vibrations present in Ag2Se.
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