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recording media, etc. [7-10]. Chalcogenide glasses
have flexible structure and each atom can adjust its
neighbouring environment so that the valance
requirements are satisfied. The interest in these
materials arises due to their ease of fabrication in the
form of both bulk as well as thin films. Se-Te alloys
have more advantages than pure chalcogens due to
their greater hardness, higher crystallization
temperature, higher photosensitivity and smaller
ageing effects [11, 12]. Moreover, the physical
properties of these alloys depend on their
compositions. Addition of a third element like Cu,
Bi, Sb, Sn, Pb, Cd, Hg etc. in Se-Te binary alloy is
expected to change the properties of the host alloy
and behave as a chemical modifier. This produces
noticeable changes in the properties of
chalcogenides.
Tellurium-rich alloys attracted a lot of attention due
to their potential applications. Researchers have
reported that tellurium-rich alloys offer good
transparency in the infrared region thereby making
these glasses a good choice for optical devices [13,
14]. Tellurium-rich glassy alloys of Se-Te are widely
used for commercial, scientific, and technological
purposes. Their application ranges from optical
recording media to xerography [15, 16].
The present work intends to study the effects of
addition of copper on the structural, morphological
and optical properties of tellurium rich chalcogenide
thin films Te90-xSe10Cux (x = 0, 10, 20).

Abstract
The present study reports characterization studies of
tellurium-rich chalcogenide thin films Te90-xSe10Cux with
varying proportions of copper from zero to twenty through
ten. The films have been deposited by thermal evaporation
method. Bulk samples used for preparation of thin films
were synthesized using melt quenching technique. XRD
spectra show polycrystalline structure for all the films with
reorientation of Te atoms along different planes as copper
content is varied. Surface morphology shows uniform
distribution of nano-sized grains in all cases but the grain
size gradually reduces as copper content increases.
Absorption is quite low in the near infrared region whereas
transmission is zero in the ultra violet and visible regions.
Interference maxima-minima are observed in the near
infrared range and the film with 10% copper content shows
highest transmission percentage. Photoluminescence
spectra studied at two different excitation wavelengths –
380 nm and 430 nm – show green emission which is
spread in different ranges of the visible spectrum. For a
particular excitation wavelength, emission occurs at the
same wavelength for all the films. The intensity varies and
is found to be highest for 20% copper content and lowest
for 10% copper content.
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1. Introduction
Chalcogenides are a very important class of materials
due to their varied technological applications in
switching and memory devices, xerography, phase
change recording, etc. [1-4]. These materials are
used for development of active and passive infrared
devices. These are low-phonon energy materials and
are generally transparent from the visible to infrared
region [5, 6].
Among the chalcogen family, selenium (Se) and
tellurium (Te) have been studied widely due to their
potential applications. These are promising materials
having tremendous utility in solar cells, optical
limiting, filters, IR emitters, optical rewritable data,
IR detectors, antireflection coatings, gratings, optical

2. Materials and Methods
2.1 Synthesis
Melt quenching technique was used to synthesize the
three samples – Te90Se10, Te80Se10Cu10 and
Te70Se10Cu20 – in bulk form. 5N pure component
materials purchased from Sigma Aldrich were
weighed in proportion of their respective atomic
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weight percentages as per requirements of the
samples. These were put in different quartz ampoules
each of length 6 cm and internal diameter 8 mm.
Vacuum ~ 10−4 Torr was created by a rotary pump
for evacuating the ampoules. During the process of
evacuation itself, the ampoules were sealed thermally
with the help of oxygen–Liquefied Petroleum Gas
(LPG) flame torch. The sealed ampoules were then
kept in a muffle furnace. Heating was done at the
rate of 4oC/min upto 1000oC and this temperature
was maintained for 10 hours. The ampoules were
frequently rocked during heating so as to ensure
proper homogenization of the melt. After 10 hours,
the red hot ampoules were taken out from the furnace
and quenched in ice-cold water. The quenched
samples were recovered by breaking the quartz
ampoules. The solid samples were then crushed and
filtered with filter cloth. The process was followed
repeatedly till the bulk samples were obtained in the
form of fine powder.
Thermal evaporation method was used for depositing
the thin films on well-cleaned glass substrates.
HINDHIVAC coating unit Model No. 12A4D was
used and bulk samples were kept in a molybdenum
boat. Vacuum ~ 4 x 10-6 mbar was maintained inside
the bell jar. The rate of deposition was continuously
measured by a quartz crystal monitor Hindhivac
DTM-101. Films of thickness 221 nm, 283 nm and
173 nm were synthesized for Te90Se10, Te80Se10Cu10
and Te70Se10Cu20 respectively.
Before depositing the thin films, the glass substrates
were chemically cleaned. Commercially available
glass slides from Blue Star, Mumbai, India were
dipped in chromic acid for six hours. After washing
with liquid detergent, the slides were finally cleaned
in acetone in an ultrasonic cleaner.

3. Results and Discussion
3.1 X-ray diffraction (XRD) studies
X-ray diffraction patterns of the Te90-xSe10Cux (x = 0,
10, 20) thin films are shown in figure 1. All the films
show polycrystalline structure. For Te90Se10 film i.e.
at x = 0, prominent peaks are observed at angular
positions 23.07o, 27.82o and 40.57o which have
orientations along (100), (101) and (110) planes
respectively corresponding to tellurium [17]. Most
intense peak is the one which is along (100) plane.
When copper (Cu) is used as an additive in the form
of Te80Se10Cu10 thin film, the XRD pattern shows
peaks at angular positions 23.06o, 27.62o and 40.51o.
Planes corresponding to these angular positions are
the same, as discussed for Te90Se10. Slight shifting
towards lower values is observed as compared to
those found in Te90Se10. All these peaks correspond
to Te as seen earlier [17]. In this case, the most
intense peak is found to be along (101) plane instead
of (100) plane, as in case of Te90Se10. The intensity
corresponding to (101) plane is also greater than that
observed for Te90Se10 along the same plane.

2.2 Characterization
The films were characterized by X-ray diffraction
(XRD), Field Emission Scanning Electron
Microscopy
(FESEM),
UV-Visible-NIR
spectroscopy
and
Photoluminescence
(PL)
spectroscopy. XRD studies were done at a scanning
rate of 2o/min employing Cu Kα radiation wavelength
1.54056 Å by Ultima IV diffractometer from Rigaku,
Japan. FESEM images of the films were taken using
JSM-7610F model from JEOL, Japan. Before taking
the images, gold-palladium coating was done on the
films using JEC-3000FC auto fine coater from
JEOL, Japan. Optical absorption and transmission
spectra were recorded using Jasco V670 UV-VisNIR spectrophotometer and Photoluminescence (PL)
spectra were recorded with the help of LS55 Perkin
Elmer Fluorescence spectrometer. All the
measurements were performed at room temperature.

Figure 1: XRD spectra of Te90-xSe10Cux (x = 0, 10, 20) thin films

As 20% copper is added replacing tellurium by the
same amount, XRD pattern of Te70Se10Cu20 film
shows prominent peaks at 22.99o, 27.57o and 40.51o.
These are at slightly shifted angular positions, of
lower values, as compared to those seen in case of
Te90Se10. From [17], it can again be said that all these
peaks correspond to Te along (100), (101) and (110)
planes respectively. In this case, the most intense
peak is again observed to be along (101) plane
instead of (100) plane, as was found in Te90Se10. The
intensity corresponding to (101) plane is also greater
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than the one found along same plane for Te90Se10.
The crystallite size along these planes, as shown in
table 1, was determined by Scherrer formula [18],
d = K λ / β. cos θ

(1)

where d is average crystallite size, K = 0.9, λCu-Kα =
1.54056 Å, β - FWHM in radians, θ – Bragg angle.
Table 1: Crystallite size along different planes for
Te90-xSe10Cux (x = 0, 10, 20) thin films

Te90-xSe10Cux
samples

x=0
x = 10
x = 20

Crystallite size along
different planes
(nm)
(100)
(101)
(110)
25.1
34.1
28.9

49.4
38.0
44.7

17.6
19.4
18.4

Figure 2: FESEM images of Te90-xSe10Cux thin films for
(a) x = 0, (b) x = 10 and (c) x = 20

3.3 Optical absorption spectra

With gradual increase in the percentage of copper
from zero to twenty through ten, it has, in general,
been observed that there is slight shifting, although
of different values, in angular positions of the peaks
of tellurium. This indicates reorientation of tellurium
atoms in different planes, which is reflected in
varying intensities of the XRD peaks. The peaks
corresponding to the metal additive do not appear at
all. Processes such as heat treatment at different
temperatures, laser/solar irradiation etc. [19-21] may
be of great utility for increasing intensities of the
already obtained peaks. According to requirement,
peaks may also be manipulated/controlled using
these processes with optimum proportion of metal
additive. Further work along these lines is being
pursued.

Absorption spectra recorded in the near infrared
(NIR) spectral range 1000 – 2700 nm for the three
Te90-xSe10Cux (x = 0, 10, 20) thin films are shown in
figure 3. It is clear that the film without addition of
copper i.e. x = 0 shows comparatively higher
absorption upto 1500 nm in the reported range. All
the films show low absorption in the spectral range
1500 – 2700 nm. The film with 10% copper content
shows least absorption in 1900 – 2700 nm range.

3.2 Surface morphological studies
Figure 2 (a), (b) and (c) show the FESEM images of
Te90-xSe10Cux thin films for x = 0, 10 and 20
respectively. All the films reveal nano size of grains.
For x = 0, the grains are equal in size and spherical
in shape. These are uniformly distributed over the
entire surface. The size of the grains is ~ 30 nm.
When copper (Cu) is added in Te90Se10 to form
Te80Se10Cu10, the grains are found to be distributed
uniformly in a compact manner like the cells of a
beehive. The grains are unequal in size and are
mostly pentagonal in shape. Average grain size is ~
20 nm.
For x = 20, the grains are again found to be
distributed uniformly over the surface with average
size ~ 12-15 nm. It is, therefore, observed that the
grain size is getting reduced with increasing copper
content.

Figure 3: Absorption spectra of Te90-xSe10Cux (x = 0, 10, 20)
thin films

3.4 Optical transmission spectra
Figure 4 shows transmission spectra of Te90-xSe10Cux
(x = 0, 10, 20) thin films in 250 – 2700 nm range
which is from ultra violet (UV) to near infrared
(NIR) region through the visible spectrum. It is seen
that all the three films have zero transmission in the
UV and visible regions. This trend continues in the
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infrared region as well and insignificant transmission
is observed up to 1500 nm.

occurring at 569 nm. The order of PL intensities are
the same as was observed for λex=380 nm.

Figure 4: Transmission spectra of Te90-xSe10Cux (x = 0, 10, 20)
thin films

As the wavelength is further increased, maxima and
minima are seen in the transmission spectra of all the
films, which is indicative of homogeneity of the
deposited films [22]. This is due to interference of
the reflected wave fronts from the two surfaces of the
film. The patterns indicate thin good quality films.
The film having 10% copper content shows the
highest transmission maxima of 70% at 2287 nm
whereas the other two films show transmission
maxima which are less than 40%. These films can
thus have applications in infrared optics with
desirable transmission in the different ranges.

Figure 5: PL spectra of Te90-xSe10Cux (x = 0, 10, 20) thin films for
(a) 380 nm and (b) 430 nm excitation wavelengths

3.5 Photoluminescence (PL) spectroscopy

4. Conclusions
PL spectrum is an indication of the different energy
states existing between the valence and conduction
bands [23]. Figure 5 (a) and (b) show PL spectra for
the three thin films at two different excitation
wavelengths (λex) 380 nm and 430 nm respectively.
For λex = 380 nm, emission is found to occur in green
region at same wavelength 515 nm (2.40 eV) for all
the films. PL intensity, however, varies and is found
to be highest for the film having 20% copper content,
whereas lowest intensity is observed for the film
with 10% copper content.
As excitation wavelength is changed to 430 nm,
emission is found to occur again in the green region.
The peculiar point is that each film now shows
emission at two distinct wavelengths – 530 nm (2.33
eV) and 569 nm (2.17 eV) – in contrast to that seen
for 380 nm excitation wavelength, where only one
emission peak was observed for each film. In this
case, too, the two emission peaks are the same for all
the three thin films. Out of the two PL emission
peaks, the ones occurring for all the films at 530 nm
have much lower intensities as compared to the ones

Te90-xSe10Cux (x = 0, 10, 20) thin films were
deposited on glass substrates by thermal evaporation
method. XRD patterns indicate that the films are
polycrystalline. As copper content is varied,
positions of peaks found for x = 0 slightly shift and
reorientation of Te atoms is seen in varying
intensities of planes. Peaks corresponding to the
added metal do not develop at all. FESEM images
show nano-sized and uniformly distributed grains for
all the films. Gradual reduction in grain size is found
with increasing copper content. Absorption is quite
low in the NIR region whereas the films show zero
transmission in the UV and visible regions.
Transmission increases for all the films in the NIR
region and the film with 10% copper content shows
highest transmission. PL spectra show emission at
same wavelength for all the films at a particular
excitation wavelength. Emission is spread in the
green region at both the excitation wavelengths for
all the films. Films with 20% and 10% copper
contents show highest and lowest PL intensities
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respectively for both the excitation wavelengths.
These thin films can be promising alternatives, as per
requirements, for applications in electronics, infrared
optics and optoelectronics.
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