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Abstract. In this study of the Se-Te-Sn ternary systems of chalco-
genide glasses, the electrical and optical properties (absorption and en-
ergy band gap), with various Sn concentrations reported. The compo-
sition SeygTezg_,Sn, (xz = 0, 5, 10, and 15) has been chosen for the
investigation of the electrical and optical characteristics of glassy semi-
conductors. The research involves creating chalcogenide glasses in the
Se-Te binary system with various tin (Sn) compositions by quenching
technique. The four selected compositions (x = 0, 5, 10, and 15) al-
low for a systematic evaluation of the effect of tin (Sn) content on the
electrical and optical properties of the glasses. The distinctive electrical
and optical characteristics of chalcogenide glasses make them interest-
ing materials for use in various applications, such as optoelectronics &
photonics. We use the melt-quenching method to create chalcogenide
glasses. High-purity (99.999%) elemental Se, Te, and Sn were used for
the formation of the samples, which were then heated and quenched.
The prepared glasses will next go through a comprehensive character-
ization for their XRD, electrical conductivity and optical energy band
gap. A controlled variation in Sn concentration was performed to in-
vestigate its influence on the electrical and optical band gaps of Se-
Te-Sn chalcogenide glasses. The outcomes will advance knowledge
of amorphous nature and offer ideas into their potential and technical
uses. In general, this study of the electrical and optical characteris-
tics of SergTesg—.Sn, (x = 0, 5, 10, and 15) chalcogenide glasses
will strengthen the knowledge of glassy chalcogenide-semiconductor
research and open the door for their utilization in the field of optoelec-
tronic and photonic devices.
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1 Introduction

Any material with electrical conductivity that falls between that of an insulator
and a conductor is referred to as a semiconductor. The basis of contemporary
electronics, semiconductors have completely changed how we work, live, and
exchange information. Semiconductors are used in a wide range variety of de-
vices, including, smart-watches, computers, printing, smart-phones, and solar
cells, lasers, LEDs etc. Semiconductors are unique in that their electrical prop-
erties can be easily controlled by adding impurities, a process called doping.
This allows them to be engineered to have specific electronic properties, such as
different energy band gaps, and makes them incredibly versatile materials [1-3].
One of the most important characteristics of semiconductors is their ability to
form p-n junction diodes, which are the foundation of many electronic devices.
Semiconductors materials mainly categorized into two kinds, intrinsic & ex-
trinsic types. The intrinsic semiconductors are pure semiconducting substance,
such as silicon and germanium, and have limited conductivity due to their va-
lence electrons being fully utilized in covalent bonds. Extrinsic semiconductors,
on the other hand, have impurities intentionally introduced to modify their elec-
tronic properties. These impurities, also known as dopant, introduce either free
electrons or holes into the material which increases its conductivity [4]. The
electronic properties of semiconductors are further classified based on their en-
ergy band structure. In an atom, electrons occupy specific energy levels, or or-
bital, and when they come together to form a crystal lattice, these energy levels
combine to form energy bands. The band gap, defined as the energy difference
between the conduction and valence bands, plays a crucial role in determining a
semiconductor’s electrical conductivity [5]. Semiconductors are a crucial com-
ponent of modern electronics, and their unique properties make them incredibly
versatile materials. Their conductivity is controlled by their energy band struc-
ture and their capacity to form p-n junctions, which enables the fabrication of
electronic devices with certain features. Semiconductors will become more and
more important as technology advances.

2 Chalcogenide Glassy Semiconductors

In crystalline semiconductors, all chemical bonds are saturated, whereas in amor-
phous semiconductors, some bonds remain unsaturated. These chemically un-
saturated bonds are referred to as ’dangling bonds’. The amorphous materials are
either conducting, semiconducting, or insulating when examining their electri-
cal performance, semiconducting characteristics have been noted in compounds,
single elements, and alloys with several components. The crystalline alloys in
molten form of chalcogenide glasses are quickly cooled to prepare them. Some
of the bonds break because of the quick cooling; these fractured bonds are re-
ferred toas "Dangling Bonds." In general, amorphous materials have a higher
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defect density. As a result, preparation methods and outcomes have a significant
impact on the characteristics of amorphous materials. In amorphous systems, the
carriers rely heavily on the atomic arrangement’s unpredictability. The atoms are
arranged regularly even at large atomic distances in crystalline solids, whereas
in chalcogenide glasses, the atoms are arranged irregularly and mostly in short-
range order. This indicates that the minimum distance between neighbouring
crystals is essentially the same as in a crystal when the crystal transitions from
its crystalline to its amorphous form. However, in the process, long-range order
(LRO) is lost. Understanding the impact of disorder on material properties is one
of the main continuing issues in solid-state physics. Comparing disordered mate-
rials to their crystalline equivalent, novel characteristics are frequently observed.
Because they are simple to produce, disordered or amorphous materials are ap-
pealing for usage. As a result, research on these materials is extremely impor-
tant because it provides the basis for both academic and practical applications.
Various types of unique glassy materials are widely used in IR fibers, acousto-
optic devices, infrared optics, and optoelectronics. Their advantages include the
ability to produce coatings over large areas and varying thicknesses, low cost,
minimal sensitivity to contaminants, and simple synthesis procedures—making
disordered materials especially attractive for such applications. To achieve this,
various deposition techniques can be employed, including vacuum evaporation,
magnetron sputtering, flash evaporation, and sol-gel or spin-coating methods.
The refractive index of glassy materials can be tailored, as demonstrated by the
photo-induced effects observed in chalcogenide glasses. These glasses possess
a random atomic arrangement, characteristic of their amorphous nature. Thus,
they lack long-range atomic periodicity completely, but they do have short-
range order of a few atomic lengths. Because non-crystalline solids are a well-
established and rapidly developing field in science and technology, their research
problems are both fascinating and significant. Across the world, scientists, en-
gineers, and technicians have expressed interest in the research being conducted
on Chalcogenides glasses more specifically [6]. The chalcogens are elements
that are represented in the periodic table as sulphur (S), selenium (Se), tellurium
(Te), Given that these elements are frequently found in minerals connected to
copper ore, the term "chalcogen" is derived from the Greek word "chalkos,"
which means "ore" or "copper."Chalcogens have similar properties, as they all
have six valence electrons in their outermost shell. This gives them the ability to
form stable compounds with other elements, including metals, non-metals, and
other chalcogen [7].

Chalcogenide glass is a type of glass composed of one or more elements from
the chalcogen group, such as sulphur, selenium, and tellurium. These glasses
are typically non-crystalline and exhibit a range of desirable properties, includ-
ing a high refractive index, good infrared transparency, and low phonon energy.
Chalcogenide glasses are unique in that they are able to switch between amor-
phous and crystalline phases when subjected to heat, making them useful in
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applications such as phase-change memory and rewritable optical storage [8].
They are also used in infrared optics, fibre optic communication systems, and as
a material for solar cells. Chalcogenide glasses has a number of benefits, one of
which is their versatility in terms of shape and size, which enables them to be
used in a wide range of applications. They can be formed into thin films, fibers,
and bulk materials, and their properties can be tailored by adjusting their com-
position and processing conditions. Chalcogenide glassy semiconductors consti-
tute a class of amorphous materials incorporating chalcogen elements, including
sulphur (S), selenium (Se), and tellurium (Te) These materials are widely used in
the development of electronic and optoelectronic devices, including photovoltaic
cells, memory devices, and sensors. Chalcogenide glasses have seized a signif-
icant position for the uses of non-crystalline materials because of their unique
electrical and optical characteristics. One of the most well-known chalcogenide-
based semiconductors is cadmium telluride (CdTe), which is commonly used in
the production of photovoltaic cells for solar energy [9]. Other chalcogenide-
based semiconductors include copper indium gallium selenide (CIGS) [10], lead
sulphide (PbS) and lead selenide (PbSe) [11, 12]. Chalcogenide-based semicon-
ductors are also being investigated for their potential use in memory devices, due
to their ability to switch between different states of electrical conductivity. In
addition, these materials are being studied for use in sensors, as they are highly
sensitive to changes in temperature, pressure, and light. In the field of materi-
als science, chalcogenide-based semiconductors are a promising area of study
with possible applications in a broad range of electronic and optoelectronic de-
vices. Binary, ternary, and quaternary chalcogenide systems refer to the different
combinations of chalcogen elements that can be used to create semiconducting
materials. Binary chalcogenide systems contain two elements, one from the
chalcogen group and one from another group, typically a metal. Examples of bi-
nary chalcogenides include cadmium sulphide (CdS) and zinc selenide (ZnSe).
These materials are often used as photo-catalysts, as they can be excited by light
to produce a chemical reaction. Ternary chalcogenide systems contain three
elements, typically two chalcogen and one metal. Examples of ternary chalco-
genides include copper indium gallium selenide (CIGS) and cadmium telluride
(CdTe). These materials are often used in solar cells due to their high efficiency
at converting sunlight into electricity. Quaternary chalcogenide systems contain
four elements, typically three chalcogens and one metal. Examples of quater-
nary chalcogenides include copper indium gallium selenium sulphide (CIGSSe)
and cadmium zinc telluride (CdZnTe) [13]. These materials are used in a vari-
ety of applications, including photo-detectors, light-emitting diodes (LEDs), and
thermo-electric devices. The properties of these chalcogenide systems can vary
depending on the specific combination of elements used. By carefully selecting
the elements and tuning their properties, researchers can create materials with
specific properties that are tailored to a particular application.
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3 Application of Chalcogenides

Chalcogenide-based semiconductors have a wide range of applications in elec-
tronic and optoelectronic devices due to their unique properties. Some of the
most important applications of chalcogenide-based semiconductors include:

3.1 Solar cells

Thin-film solar cells, a type of photovoltaic device, use a thin coating of semi-
conducting material to convert sunlight into electrical energy. Due to their
unique properties, chalcogenide-based semiconductors such as copper indium
gallium selenide (CIGS) and cadmium telluride (CdTe) are widely used in the
fabrication of thin-film solar cells [14]. Chalcogenide-based materials’ high ab-
sorption coefficient of sunlight is one of their main advantages for solar cell
applications. This means that they can efficiently capture a large fraction of the
solar energy that falls on them, which translates into higher conversion efficien-
cies. In respect to other types of solar cells, CdTe-based solar cells have reached
conversion efficiencies of over 22% [15]. Another advantage of chalcogenide-
based materials for solar cells is their ability to be deposited as thin films. This
allows for the creation of light weight and flexible solar cells that can be used
in a wide range of applications. In addition, the use of thin films reduces the
amount of material needed for the solar cell, which can help to reduce the cost
of production [16]. The use of chalcogenide-based materials also offers potential
environmental benefits. For example, CdTe-based solar cells have a much lower
carbon footprint than silicon-based solar cells, due to the lower energy required
to produce them. In addition, CdTe is a non-toxic material that can be recycled,
which makes it a more sustainable option for solar cell production.

3.2 Memory devices

Phase-change memory (PCM) is a kind of non-volatile memory that stores infor-
mation using materials based on chalcogenides. In PCM, information is stored
by changing the phase of a chalcogenide material from amorphous to crystalline
or vice versa, which corresponds to two different states of electrical conductiv-
ity. This process can be reversed, allowing the device to switch between the two
states and read or write information [17]. The key advantage of PCM over other
types of non-volatile memory such as flash memory is its high speed and low
power consumption. PCM can operate much faster than flash memory because
it does not require the same erase and write cycles, and it can also consume less
power because it uses a lower voltage to switch between states. Chalcogenide-
based materials are used in PCM because they have unique properties that allow
for the reversible phase-change process [18]. Specifically, chalcogenide materi-
als have a high melting point, which means that they can be heated to a tempera-
ture where they melt and become amorphous [19]. They also have a low thermal
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conductivity, which allows the material to cool rapidly and become crystalline.
The process of changing the phase of a chalcogenide material in PCM is typi-
cally achieved by passing a current through a small area of the material, which
heats it up and causes it to melt. The material is then rapidly cooled to form the
amorphous phase. To switch back to the crystalline phase, a current is passed
through the material again, heating it up and causing it to crystallize. Overall,
the unique properties of chalcogenide-based materials make them ideal for use
in PCM, which offers high-speed, low-power, and non-volatile memory stor-
age. PCM is currently being explored for a range of applications, including in
computer memory and storage, as well as in embedded systems and Internet of
Things (IoT) devices.

3.3 Sensors

Chalcogenide-based materials have unique properties that make them highly
sensitive to changes in temperature, pressure, and light, making them useful
in a variety of sensor applications. Temperature sensors based on chalcogenide
materials are able to detect changes in temperature by measuring the changes in
electrical resistance of the material as the temperature changes. Due to their high
temperature coefficient of resistance (TCR), chalcogenide materials’ resistance
varies significantly with temperature. This makes them useful for temperature
sensing applications, such as in thermostats, industrial process control, and auto-
motive applications. Gas sensors based on chalcogenide materials [20] are able
to detect changes in the concentration of gases in the environment by measuring
changes in electrical conductivity or resistance of the material. Chalcogenide
materials have a high sensitivity to changes in the concentration of gases, mak-
ing them useful for gas sensing applications, such as in environmental monitor-
ing, industrial process control, and healthcare. Photoconductive sensors based
on chalcogenide materials [21] are able to detect changes in light by measur-
ing the changes in electrical conductivity of the material as it absorbs photons.
Chalcogenide materials have a high absorption coefficient for light, which makes
them useful for light sensing applications, such as in cameras, optical communi-
cation systems, and photo-detectors. In addition, chalcogenide-based materials
are also being investigated for other sensing applications, such as pressure sens-
ing and bio-sensing. In pressure sensing, the material is able to detect changes
in pressure by measuring changes in electrical conductivity or resistance. In
bio-sensing, chalcogenide materials are being explored for their ability to de-
tect biological molecules, such as proteins and DNA, by measuring changes in
electrical conductivity or optical properties.

3.4 Infrared detectors

Chalcogenide-based semiconductors such as lead sulfide (PbS) and lead selenide
(PbSe) are highly sensitive to infrared radiation, making them suitable for a va-
riety of uses that require detection of infrared radiation, such as in night vision



Anis Ahmad, J.G. Cardoso 7

devices, thermal imaging cameras, and remote sensing systems. The high sen-
sitivity of PbS and PbSe to infrared radiation is due to their narrow band gap,
which allows them to absorb infrared radiation with wavelengths in the mid-
infrared (MIR) region. The chalcogenide-based semiconductor absorbs infrared
light, which excites electrons from the valence band to the conduction band. This
produces a photocurrent that can be measured and is used to recognize infrared
radiation. The sensitivity of PbS and PbSe to infrared radiation can be further en-
hanced by controlling the composition and structure of the chalcogenide-based
material [22]. For example, by introducing impurities or doping the material
with other elements, it is possible to tune the band gap and absorption properties
of the material, allowing it to detect infrared radiation with different wavelengths
and levels of sensitivity. Infrared detectors based on PbS and PbSe are com-
monly fabricated using thin-film deposition techniques such as thermal evapo-
ration, sputtering, or chemical vapour deposition. The resulting thin film is then
patterned and processed to form the detector device, which typically comprises
two or more electrodes and a chalcogenide-based semiconductor layer.

3.5 Optical communication

Chalcogenide-based materials are commonly used in optical communication
systems, including optical fibers and other devices, because of their unique op-
tical properties, including a high refractive index and low dispersion. In optical
communication systems, information is transmitted using light signals that are
sent through optical fibers or other waveguides. The chalcogenide-based mate-
rials are used as the core material in the optical fibers due to their suitable high
refractive-index. The suitable high refractive-index of chalcogenide-based ma-
terials causes light to be confined within the core of the optical fiber, reducing
the amount of light that is lost through the fiber cladding and allowing for effi-
cient transmission of the light signal over long distances. Chalcogenide-based
materials also exhibit low dispersion [23], which is the tendency of different
wavelengths of light to travel at different speeds through the material. In optical
communication systems, dispersion can cause distortion of the light signal and
limit the amount of information that can be transmitted. The low dispersion of
chalcogenide-based materials allows for efficient transmission of light signals
with minimal distortion, allowing for high-speed data transmission over long
distances. In addition to optical fibers, chalcogenide-based materials are also
used in other optical communication devices, such as planar waveguides and
optical amplifiers. Planar waveguides are used to guide and manipulate light
signals in integrated optical circuits, while optical amplifiers are used to amplify
weak optical signals.

3.6 Thermoelectric devices

The thermoelectric effect, which turns heat into electricity, can be exploited to
fabricate thermoelectric devices using materials based on chalcogenides. The
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thermoelectric effect occurs when a temperature difference is applied across
a material, which causes an electric current to flow through the material [24].
Chalcogenide-based materials are ideal for thermoelectric devices because they
exhibit a high thermoelectric efficiency, which is a measure of the amount of
electrical energy that can be generated from a given temperature difference. The
high thermoelectric efficiency of chalcogenide-based materials is due to their
unique electronic structure, which allows them to efficiently convert thermal
energy into electrical energy. Thermoelectric devices based on chalcogenide-
based materials have many potential applications, including waste heat recovery
in industrial processes, automotive and aerospace systems, and microelectron-
ics [25]. Waste heat recovery involves converting the waste heat generated by
various industrial processes into useful electrical energy, which can help to re-
duce energy costs and increase efficiency.

Chalcogenide-based thermoelectric devices can also be used in automotive and
aerospace systems to generate electricity from the heat generated by the engine
or other sources. The effectiveness and reliability of microelectronic systems can
be increased by using chalcogenide-based thermoelectric devices. The develop-
ment of chalcogenide-based thermoelectric devices is an active area of research,
and ongoing efforts are focused on improving the efficiency and performance of
these devices for a range of applications.

4 Melt Quenching Technique

Melt Quenching is a process used to produce glassy materials and alloys. It
involves heating the material to its melting point, followed by rapid cooling
to prevent crystallization, resulting in a non-crystalline or amorphous structure.
This technique has been used to create a variety of materials with unique proper-
ties, such as high strength, corrosion resistance, and electrical conductivity. This
process is widely used to produce metallic glasses, as well as glass-ceramics and
other non-crystalline materials. Advances in melt quenching technology, such as
the development of rapid solidification techniques and the use of high-pressure
systems, have further expanded the range of materials that can be produced us-
ing this technique. Ongoing research in this field is focused on developing new
materials with unique properties and improving the efficiency and scalability of
the melt quenching process. The melt quenching process involves several steps:

(a) Material selection: The first step in melt quenching is to select a suitable
material. The material should have a high melting point and a large under-
cooling range, which is the difference between the melting temperature
and the glass transition temperature.

(b) Melting: The material is heated to its melting point using a furnace or
other heating method. The temperature and duration of the melting pro-
cess depend on the material and its desired properties.
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(¢) Quenching: After melting, the material is rapidly cooled using a quench-
ing method, such as plunging into a liquid or gas, spraying, or using a
high-speed air jet. The cooling rate must be fast enough to prevent crys-
tallization and maintain an amorphous structure.

(d) Annealing: In some cases, the material is annealed after quenching to
relieve residual stresses and improve its properties. Annealing involves
heating the material to a lower temperature for a period of time and then
slowly cooling it down.

The properties of the resulting amorphous material depend on the cooling rate
and the starting material Faster cooling rates generally lead to higher strength
and increased glass transition temperatures. The structure of the resulting mate-
rial can be analyzed using techniques such as X-ray diffraction (XRD), transmis-
sion electron microscopy (TEM), and differential scanning calorimetry (DSC).
Melt quenching is widely used in the production of metallic glasses, semicon-
ductors, and biomaterials. It offers a way to create materials with unique prop-
erties and tailored for specific applications.

5 Experimental

In order to further investigate the properties of these materials, it is essential
to prepare high-quality samples for characterization and analysis. In this study
we present a detailed description of the sample preparation process for tertiary
SeroTeso—Sn, (x = 0, 5, 10 & 15) chalcogenide glasses. Glassy Chalcogenide
materials were made using conventional melt quenching technique. The purity
of Selenium (Se) 99.999%, Tellurium (Te) 99.999% & Tin (Sn) 99.999%, used
for the preparation of Se;gTesp—,Sn, (x = 0, 5, 10 & 15) samples. We uti-
lized quartz ampoule in this experiment, firstly, we washed the quartz ampoules
with acetone then weighed all the components as per required ratio using weigh-
ing machine. Evacuated the ampoules through rotatory pump in the order of
1076 torr. These required amount of each element are enclosed in 10~¢ Torr
vacuum in the quartz ampoules. All the four ampoules were tied to a ceramic
iron rod and placed inside a Muffle-furnace with a temperature setting of 500°C.
The furnace was then turned on, and heating began at a rate of five degrees per
minute until the temperature reached 500°C, we heat the samples at constant
temperature at 500°C for 14 hours for better homogenization. During these 14
hours we constantly rotated the rod at time interval of (20-30) minutes so that
sample can properly melt for better homogenization. The ampoule was placed
in a rocking furnace and quickly cooled in ice water to ensure the liquid was
properly mixed and homogeneous. After 14 hours’ samples were quenched in
a bucket of ice-water (4°C). After that the ampoules were broken and open to
extract the samples. The samples were subsequently pound into fine-powder
using a pestle and mortar and put into highly cleaned boxes. Thus, we have
prepared four samples based on different amount of Sn doping in the tertiary
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compound SeroTeso—,Sn, (x = 0, 5, 10 &15) which is given in Table 1. With
the composition the amorphous nature of the prepared bulk chalcogenide glassy
materials was studied using an X-ray Diffraction technique and also developed
thin film by coating unit through vapour deposition technique and measure the
thickness of the film by thickness monitor unit, it was measured as 300 nm, by
using UV visible spectrophotometer measure the absorbance and transmittance
of the samples. we determine the conductivity of material using pellets.

Table 1. Samples based on different Sn concentration. Weight of components of samples
for a fixed weight of 4 g

No. Sample Sample weight [g] Component Weight [g]
Se 2.363
1 Se70T€30 Sno 4 g Te 1.637
Sn 0
Se 2.397
2 SezoTeasSns 4¢g Te 1.370
Sn 0.255
Se 2.386
3 Se70T€2()Sn1o 4 g Te 1.101
Sn 0.512
4¢g Se 2.397
4 Se7oTe15Sn15 Te 0.847
Sn 0.772

Table 2. General information about Sn, Te & Sn

Sample Element Atomic  Atomic Melting point Boiling point
number number weight (degree Celsius) (degree Celsius)
1 Selenium (Se) 34 78.97 220.80°C 685°C
2 Tellurium (Te) 52 127.6 449.51°C 988°C
3 Tin (Sn) 50 118.71 231.97°C 2270°C

6 X-Ray Diffraction (XRD) Techniques

A powerful analytical method used in many scientific fields to examine the
atomic and molecular structures of crystalline materials is X-Ray Diffraction
(XRD). This technique has since become an indispensable tool in fields such
as material science, mineralogy, chemistry, geology, and even art conservation.
This article aims to shed light on the principles, applications, and significance of
XRD in modern scientific research. X-ray diffraction (XRD) is primarily based
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on the interaction of X-rays with the ordered atomic structure of a crystalline
substance. When a monochromatic X-ray beam strikes a crystalline sample at
a specific angle, it gets scattered by the atoms’ periodic arrangement. The scat-
tered X-rays then interfere constructively or destructively, creating a diffraction
pattern that carries crucial information about the sample’s crystal structure. The
experiments in X-ray diffraction can be explained using Bragg’s law as given
below:

n\ = 2dsin(0) (D

where 7 is an integer, A is the incident X-rays’ wave-length, d is the interplanar
spacing, and 6 is the glancing angle. When the assumptions of this equation are
satisfied, the constructive interference that results from the X-rays diffracting off
the material results in high-intensity peaks on the spectrum. In essence, semi-
crystalline materials are composed of two phases, one of which is crystalline and
the other amorphous. The distribution of interatomic distances within the disor-
dered structure determines the general characteristics of the amorphous phases.
The term “halo hump” or “amorphous halo” refers to these wide characteristics.

7 Results and Discussion

7.1 X-Ray diffraction pattern
Prepared samples are characterized through XRD techniques and analyzed in the

prepared amorphous materials high intensity peaks are absent which are seen in
Figures 1-4.
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Figure 1. X-ray diffraction pattern of SezoTesoSng.
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Figure 2. X-ray diffraction pattern of SezoTeas5Sns.
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Figure 3. X-ray diffraction pattern of SezoTe20Sn10.

The broadness of the XRD pattern for glass is due to the short-range order of
atoms within a few angstroms. This short-range order arises from the tendency
of atoms to arrange themselves in a local, more structured manner, but this order
does not extend over long distances as it does in crystalline materials. As a con-
sequence, the X-ray diffraction signals from neighboring atoms overlap, leading
to the broad, diffuse scattering pattern. The lack of sharp peaks and the presence
of this broad hump in the XRD pattern are characteristic of amorphous mate-
rials like glass. This distinct feature of the XRD pattern is one of the ways to
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Figure 4. X-ray diffraction pattern of SezoTe15Sn15.

distinguish between crystalline and amorphous materials. Thus, XRD patterns
from Figurel to Figure 4, It has been confirmed that all the samples prepared are
amorphous in nature.

7.2 Optical absorption of SezgTezpSnzg_, (z =0, 5, 10 & 15) thin films

The different combinations of chalcogen elements used in binary, ternary, and
quaternary chalcogenide systems allow for the creation of materials with specific
properties tailored to particular applications. On keeping the potential applica-
tion of chalcogenide glassy semiconductor, we have decided to investigate the
optical energy band gap and electrical conductivity of tertiary SezgTesg—, Sn,
(z =0, 5, 10 & 15) chalcogenide glasses. The most crucial method for figuring
out the band structures of semiconductors is optical measurement. The refrac-
tive index (n) and extinction coefficient (k), which are the material’s optical
constants, are often determined using the material’s optical behavior. The films
are excellent test subjects for measurements of transmittance and reflectance.
Making k requires determining n separately and measuring the specimen’s re-
flectance and transmittance. demonstrates how the optical absorption coefficient
() varies for thin films of SezoTezoSn30—4) (x =0, 5, 10 & 15), as a function
of incident photon energy (hv). Using the relation [26-28] provided by

a=0D/t, 2

where OD is the optical density measured at a layer thickness (?).

By analyzing the absorbance against wavelength curves, we may easily deter-
mine the absorption coefficient (). The value of the absorption coefficient («)
has been shown to rise with the increase in photon energy for all samples of the
Se7oTe3oSn(30—4) system. In the absorption process, a photon of known energy
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Figure 5. Absorption coefficient («) against photon energy in Se7oTesoSnzo— thin films.

excites an electron from a lower to a higher energy state, corresponding to an
absorption edge [29-32].

7.3 Resistivity of glassy materials

Temperature of the glass transition and resistance of Several glasses’ temperature-
dependent, resistivity in the experimental range are depicted in Figure 6. As the
temperature rises, the resistivity decreases, according to the following relation-
ship:

p = poexp(AE/KT), 3)

where AF is the activation energy and k the Boltzmann constant. The behavior
is similar to the experimental results reported for other chalcogenide glasses.

The absorption coefficient («) of the Se7oTe3oSn 30— thin films increases lin-
early with the increase in incident photon energy (hv).

This indicates that as the energy of the incident photons rises, the material ex-
hibits a proportional increase in its ability to absorb light. This behavior is com-
monly observed in semiconductors and is linked to the excitation of electrons
from lower to higher energy states, corresponding to absorption edges. The ob-
served linear increase in the absorption coefficient with photon energy points to
the presence of distinct absorption edges in the material’s band structure. These
edges signify the energy levels at which electrons can be excited to higher states
by absorbing photons with specific energies. The analysis of these absorption
edges provides essential information about the electronic properties of the semi-
conductor [33-35]. The temperature-dependent resistivity measurements reveal
a clear trend in the behavior of chalcogenide glasses. As the temperature in-
creases, the resistivity of the glasses decreases. This indicates that the glasses
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Figure 6. Temperature dependence of resistivity.

undergo a transition, known as the glass transition, where their resistive proper-
ties change with temperature. The observed decrease in resistivity with increas-
ing temperature. As the temperature rises, more charge carriers are activated,
leading to increased electrical conductivity and decreased resistivity [36—38].

8 Conclusion

With potential applications in a broad range of electrical and optoelectronic de-
vices, chalcogenide materials are excellent for use in memory devices, sensors,
solar cells, and other applications because of their special electrical and opti-
cal features. The investigations on the Se7oTe3oSn(30—,) thin films of chalco-
genide glasses have provided valuable insights into the optical and electrical
behaviors of these materials. For the amorphous Se7gTezoSn(3g_,) thin films,
the linear increase in the absorption coefficient (o)) with incident photon en-
ergy (hv) indicates the presence of distinct absorption edges in the material’s
band structure. This behavior is a common characteristic of semiconductors,
where the excitation of electrons from lower to higher energy states leads to in-
creased light absorption. The analysis of these absorption edges offers crucial
information about the electronic properties of the semiconductor, which is es-
sential for designing and optimizing optoelectronic devices. On the other hand,
the temperature-dependent resistivity measurements of chalcogenide glasses re-
veal a clear trend as temperature rises, the resistivity of the glasses decreases.
This phenomenon is attributed to the glass transition, where the resistive prop-
erties of the material change with temperature. As temperature increases, more
charge carriers are activated, enhancing electrical conductivity and resulting in
decreased resistivity. This behavior has significant implications for developing
advanced memory devices, infrared sensors, and other electronics that operate
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across varying temperature ranges. Both sets of findings highlight the impor-
tance of understanding the optical and electrical properties of semiconductors
and chalcogenide glasses. These materials play critical roles in various techno-
logical applications, ranging from optoelectronics to data storage and sensing
technologies. Overall, the knowledge gained from these studies contributes to
the broader fields of materials science and solid-state physics, paving the way for
innovative technologies that can shape the future of electronics, communication,
and energy-related applications. Continued research and exploration in these ar-
eas hold promise for transformative advancements that will drive progress and
improve our daily lives. The investigations on the optical and electrical behav-
iors of Se7oTe3pSn(30—,) thin films and chalcogenide glasses offer promising
future prospects for technological advancements and scientific discoveries. Re-
searchers can tailor the band structures of these materials to achieve specific
optical and electronic properties, thereby enabling the development of more ef-
ficient and versatile optoelectronic devices. combining the unique properties of
chalcogenide glasses and semiconductors, researchers can develop devices with
enhanced capabilities for sensing, data storage, and energy harvesting. The un-
derstanding of optical and electrical behaviors in Se7oTe3pSn(3g_) thin films
of chalcogenide glasses paves the way for exciting future prospects in materials
science, electronics, and photonics which improve the quality of life. therefore,
tertiary SezgTesg—,Sn, (x = 0, 5, 10 & 15) chalcogenide glasses have emerged
as a promising material system in the field of optoelectronics due to their unique
optical and electrical properties.
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