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Abstract: This present research employs a comprehensive study of the structural, optical, and electrical properties of Se85−xTe15Sbx
glassy alloys, where x = 2.5,5,7.5,10, and 15 at.%. The synthesis of the glassy materials of Se85−xTe15Sbx is made through the
conventional melt quenching method. Se85−xTe15Sbx thin films were then prepared on glass substrates, which were ultrasonically
cleaned in acetone and then in distilled water, by thermal evaporation in the high vacuum of the order of 10−5 Torr. Regarding the as-
deposited films of Se85−xTe15Sbx (x = 2.5,5, and 7.5%), the electrical conductivities (σ ) are determined for the temperature interval of
300-450 K. This work explores the relationship between composition and the density of localized state at the Fermi level (N(E f )) as well
as the activation energy for conduction (∆E). Two types of conduction mechanisms are distinguished, each being governed by different
channels. Thus, the increase with temperature of σ at (T > T g) as exponential is related to localized states in the tails of conduction
bands. On the other hand, conduction at (T < T g) takes place by variable range hopping of charged carriers within localized near the
Fermi level states. With the increase of the annealing temperature, both electrical conductivity and inversely proportional parameter
(∆E) increase. The thesis also highlights the impact of annealing on other electrical properties of Se82.5Te15Sb2.5 films particularly
where the films transform from the amorphous state to the crystalline phase.
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1 Introduction

Because amorphous materials have so many uses in contemporary technology, their scientific study is becoming
increasingly significant. In principle, any chemical combination can be transformed into an amorphous solid, depending
on how rapidly it cools down from a molten state. The lack of long-range translation regularity in amorphous substances
complicates the evaluation of their underlying structure and physical characteristics. Conversely, these major local orders
in the shorter length scale region (0-5 Å) show that these are not completely random although they lack long-range
orders. These material systems may also exhibit an intermediate range order (IRO) or a medium-range order (MRO) at
the length scale 5-20 Å alongside the degree of short-range order (SRO).

The exceptional glass-forming ability, ease of synthesis, Chalcogenide glasses’ high transition temperature, and
chemical stability have drawn a lot of interest. Part of the reason for the high level of interest is the potential for
semiconductor devices due to their unique electronic switching characteristics [1] and the reversible, thermally induced
amorphous-to-crystalline phase change that some compositions display [2,3,4,5]. Presented phase change materials
(PCMs) displayed the amorphous and crystalline phases that show significant differences in optical reflectivity and
electrical conductivity. This property has led to the discovery of raw materials for phase change memory materials
(PCMM) which are used in non-volatile memories and rewritable optical disks. As an important instance of the
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application of chalcogenide glasses, the non-volatile phase change has its wide application in large-capacity data storage
devices including PCRAM, which writes data by electric pulses or optical methods [6,7,8,9].

When the PCM undergoes a phase transition from its amorphous to crystalline state by joule or laser heating, the
PCRAM may operate. Of the amorphous chalcogenide alloys, selenium (Se) is the most preferred of the two because it
is cheaper [10,11]. However, its disadvantage includes high viscosity sensitivity, short working life, and low sensitivity.
These problems can be alleviated by the inclusion of Cu as well as Te in the Se glass because it increases the crystallization
temperature and lowers the aging effect than the pure Se glass [12,13,14,15,16]. New observations show that Se–Te
alloys are superior to amorphous Se for xerographic applications and that the addition of Se into Te alloys improves the
corrosion characteristics [17]. It is discovered that the Se–Te alloys are beneficial in real-world applications. It is known
that when Se is added to Te, Tc gets higher. As a result, these glasses ought to be stable throughout time and at different
temperatures while being used. Several attempts have been undertaken [18,19,20] to increase the stability of Se–Te by
adding a third element, however, one of the alloys’ disadvantages is heat instability that causes crystallization. The third
element’s insertion also increases the area that can create glass. Observations show that the third element contributes to
the formation of a cross-linked structure, which boosts the glass transition and crystallization temperature of the binary
alloy [21,22].

It has been discovered that adding Sb to Se–Te enhances both photoconductivity and thermal stability [23,24,25].
From an application perspective, phase change random access memory (PCRAM) and xerography both employ Se–Te–Sb
glasses [25]. Saraswat et al. [26,27] investigated the temperature dependence of dc conductivity and I-V characteristics for
Se85−xTe15Sbx (x = 2, 4, 6, 8, and 10) glasses. The glass with 4 weight percent Sb has the largest current and maximum
DC conductivity, they deduced from the I-V characteristics. The Poole-Frenkel type of conduction is suggested by the
linear relationship between ln(I) and V 1/2.

Tripathi et al. [28] investigated the impact of the Sb additive on the dark- (σd) and photoconductivity (σph) in
amorphous Se85−xTe15Sbx (x = 2−10 with 2 steps) glasses. It was discovered that as the Sb concentration rises (up to 4
%), both d and ph rise while electrical activation energy falls. When Sb continues to rise over 4, the trend in all of these
measures reverses. These findings are explained by the higher density of localized states in the mobility gap of Se–Te–Sb
alloys.

Prashanth and Asokan [29] used DSC and electrical switching experiments, respectively, to investigate the thermal
characteristics and electrical-switching behavior of Se55−xTe45Sbx (2 < x ≤ 9) semiconducting chalcogenide glasses. It
was discovered that adding Sb improves the stability and propensity for glass formation. The studied glasses’ glass-
transition and crystallization temperatures showed slight increases with Sb concentration. However, it turned out that the
glasses showed electrical switching of the memory kind. Additionally, it was discovered that the addition of Sb causes the
glasses’ switching voltages to drop.

Fadel et al. [30] investigated the dc electrical conductivity dc for Se85Te15−xSbx (x = 0, 2, 4, and 6) thin films in the
temperature range of 297–333 K. It was discovered that adding Sb (2-4 at.%) boosted Tg and dc. As Sb increased more
(Sb>4 at.%), Tg and dc both dropped. However, a memory type switching was seen in the current–voltage (I–V)
characteristics curves. Threshold voltage (VT) increases linearly with increasing film thickness and decreases
exponentially with temperature for all investigated film compositions.

The alternating-current (ac) conductivity and dielectric characteristics of Se85Te15−xSbx (x = 0, 2, 4, and 6 at.%) thin
films were investigated by Hegab et al. [31]. Energy-dispersive X-ray spectroscopy, differential scanning calorimetry,
and X-ray diffraction were used to describe the films’ structure. With a frequency range of 102 Hz to 105 Hz, the ac
conductivity and dielectric characteristics were examined in the temperature range of 297 K to 333 K. According to the
experimental findings, temperature, frequency, and Sb concentration all affect the ac conductivity, σac(ω), and dielectric
constant. This behavior was explained by correlated barrier hopping between centers, which creates intimate
valence-alternation pairings. At the Fermi level, the density of localized states N(Ef) was calculated. It was discovered
that as frequency increased, the activation energy ∆E(ω) decreased. Over the ranges examined, it was discovered that
the dielectric constant ε1 and dielectric loss ε2 increased with increasing temperature and decreased with increasing
frequency. The Guintini equation was used to analyze the dielectric loss ε2 and determine the maximum barrier height
Wm for the films under study. For chalcogenide glasses, the figures align with those derived from Elliott’s theory of
charge carrier hopping across a possible barrier. It was also looked into how the parameters under study changed with the
amount of Sb.

Saraswat et al. [32] investigated the DC electrical conductivity and I–V characteristics of glassy thin pellets of
Se85−xTe15Sbx (where x = 2,4,6,8, and 10 at. %). The I-V characteristics revealed that, in comparison to the other glass
with x equal to 2, 6, 8, and 10 at.%, the glass with 4 at.% of Sb has the lowest resistance and the highest current. The
compound formation between Se and Sb was studied to understand the dependence of DC conductivity on compositions.
The conduction mechanism was, therefore, qualitatively analyzed with the Poole–Frenkel model of conduction. The
samples’ current-voltage measurements were ohmic at lower voltages, but because of the heat produced by the tests at
those voltages, they were non-ohmic at higher ranges.
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2 Experimental Techniques

Using the standard melt quenching method, bulk chalcogenide Se85−xTe15Sbx (where x = 2.5, 5, 7.5, 10, 15, and 25 at.%)
is made. According to their atomic percentage, suitable quantities of high quality (99.999%) Se, Te, and Sb (from Aldrich
UK) are weighed (10 gm total weight). A quartz glass ampoule containing the weighing components is sealed under a
10-4 Torr vacuum. The Heraus programmable tube furnace (type RO7115) is used to heat the sealed ampoule. The rate
of heating is roughly 3–5 K/min. For 24 hours, the temperature is maintained at 950 K. It takes long synthesis durations
and repeated melt rocking to get a uniform material composition. The molten components are then rapidly quenched in a
mixture of cold water to produce a glassy sample. The energy dispersive spectroscopy (EDAX) method is used to examine
the alloys. The alloys’ atomic percentage ratios closely resemble those of their bulk sample.

3 Preparation of Thin Films

Clean glass substrates are used in a high vacuum coating device at room temperature to create thick films (Edwards E
306A, UK) and by thermal evaporation of source material at 10−5 Torv. As part of the substrate cleaning regimen, the
specimens are exposed to chromic acid for a full day, followed by soapy and distilled water. The substrates are then
ultrasonically cleaned in an alcohol bath, and heat treated at 373K to remove any remaining moisture or ethyl alcohol.

Practical deposition is carried out using a rate of 3 nm/s and the substrate with a rotation of about 20 rpm to make the
film deposited to be homogenous and uniform. About 17 cm is the effectively maintained gap between the substrates and
the evaporation boat.

The thickness of the film deposition is a very important factor that determines the resistivity as well as the structural
and optical characteristics of a film. In this study, the film thickness is measured using a quartz crystal thickness gauge
(FTM5, Edwards) [33].

Later, thick aluminum sheets with a 600 nm thickness are created using a thermal evaporation process to provide
ohmic connections. This is made using a mask with the dimensions of the substrate, with a wire of width 0.2cm put
between the electrodes.

The films are thermally annealed for 30 minutes in a Pyrex tube furnace while nitrogen gas flows at various
temperatures. In fact, before electrodes are deposited, the thin films are thermally annealed for electrical conductivity
tests.

4 Electrical Measurements

Planer geometry of the films is used for the electrical conductivity measurement and is shown in Fig. 1. Here L is the
length (0.2cm), B is the breadth (≈ 2.4cm) and the thin film thickness is defined as d, so the area of the cross-section for
current is A = B×d. Two probe methods are used for these measurements. Figure 2 depicts the configuration utilized for
these measurements. The film’s conductivity is ascertained using the following equation:

”film’s conductivity” =
L

R×B×d
(1)

Fig. 1: Illustrates the partial deposition of the electrodes over the film.
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Fig. 2: Circuit schematic illustration for determining the thin-film electrical resistivity.

A Keithley 610 C electrometer is used to measure the electrical resistance values, R, according to temperature. These
investigations are conducted at temperatures between 300 and 450 K, and they are conducted in the dark. A micro-
voltmeter is used to measure the temperature using a calibrated copper constant thermocouple.

5 Sb Additive’s Impact on Electrical Characteristics

It is investigated how the Sb concentration affects the DC electrical conductivity of as-deposited Se85−xTe15Sbx (x = 2.5,
5, and 7.5 at.%) films. The tests are performed on room-temperature glass substrates using films that are 250 nm thick.
When the sample is heated from room temperature to 450 K, the electrical resistance is measured. The ln (σ ) vs 1000/T
curves for the as-deposited Se85−xTe15Sbx films are displayed in Fig. 3. According to the Arrhenius relation, electrical
conductivity progressively rises with temperature in the first region (I), which spans from room temperature to the start
crystallization temperature.

σ = σ0 exp
(
−∆E
kBT

)
(2)

where kB,σ0 and ∆E are the Boltzmann constant, the activation energy for conductance, and the pre-exponential
factor, correspondingly.

The second region (II), corresponding to the change from amorphous to crystalline, exhibits a dramatic rise in the
examined film’s conductivity as a result of a modest temperature increase.

The Arrhenius equation (Eq. (2)) describes the relationship between electrical conductivity in the third region (III),
which describes the crystalline states. As demonstrated by Mott [34], the electrical conduction mechanism may be
ascertained with the use of the pre-exponential component, σ0. According to Mott, conduction is in extended states if the
pre-exponential factor value reported for a-Se and other Se alloyed films is on the order of 104(Ωcm)−1. He
demonstrated that conduction in the confined states in the band tails is indicated by a pre-exponential factor value that is
two to three orders of magnitude lower [35,36,34]. Conduction in the localized states close to the Fermi level is
indicated by even smaller values for σ0 [37].

The first region (I) is referred to as the hopping conducting region by Mott. Conversely, the conduction in the confined
states in the band tails is described by the third region (III).
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Table 1: provides the values of electrical conductivity at the room temperature (σRT ), activation energy (∆E), and
prefactor (σ0) for Se85−xTe15Sbx films. These variations are symbolized by subscripts 1 and 2 for the low-temperature
area and high-temperature area respectively.

Composition σRT ×10−6 ∆E1 σ01 ∆E2 σ02
Se82.5Te15Sb2.5 4.40 0.281 0.027 0.46 43.89

Se80Te15Sb5 5.13 0.276 0.031 0.43 22.24
Se77.5Te15Sb7.5 5.25 0.276 0.036 0.40 11.77

The deduced values ∆E, σ0 and the electrical conductivity at room temperature, σRT , are listed in Table 1
It was found that the ∆E values declined as the σ values escalated as antimony content in the developed glasses

increased. This means that the change in σ is accompanied by a similar change in ∆E. The examination of the variation
in the resistivity of the films has shown that the decrease of resistivity at room temperature could be a result of the
enhancement in the film quality by the reduction in the density of defect and slippage.

Fig. 3: The relation between ln σ versus 1000/T for the Se85−xTe15Sbx films.

Additionally, the metallic characteristics of Sb explain the contribution of direct conductivity DC and the related
decrease in activation energy. The electron donor Sb behaves like a metal when it is introduced into the chalcogenide
matrix and causes Fermi-level destabilization. By moving the Fermi level in the direction of the conduction band, these
regions were discovered to generate an n-type conduction mechanism [38].

However, it is also noted that the increase in hopping conduction through defect states linked to the impurity atoms
may be the origin of the conductivity increase [39]. Conduction takes place in either the confined states or the extended
states above the mobility edge.

The measured conductivity is thought to be the sum of two elements, σ = σhop +σbt , where σhop is the conduction
owing contribution to switching between the states that are localized and σbt is the contribution in band tails, to calculate
the fermi-level density of localized states, N(Ef).

The electrical conductivity, σ , increases slightly with temperature below the glass transition point, which is consistent
with transfer by hopping conduction. Conversely, the electrical conductivity, σ , grows exponentially with temperature, T,
at T > T g. It is possible to think of this rise as typical band-type conduction in band tails.
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Fig. 4: ln (σT 1/2) versus T−1/4 plots for the Se85−xTe15Sbx films.

Table 2: Mott’s parameters for the as-deposited Se85−xTe15Sbx films.

Composition σ∗
0 (Ωcm−1K−0.5) T0 ×108(K) N(E f )×1017(cm−3eV−1) R×10−6(cm) W (ev)

Se82.5Te15Sb2.5 1.26×1010 8.14 4.89 1.23 0.26
Se80Te15Sb5 2.83×109 6.77 5.88 1.17 0.25

Se77.5Te15Sb7.5 1.91×108 4.95 8.04 1.09 0.23

At a temperature of up to 350 K, varying with concentration, conduction occurs through variable range hopping of
charge carriers amongst localized states in the vicinity of the Fermi level. This suggests that the charge transport is
mediated by carriers hopping between localized states rather than through delocalized conduction bands). In this region,
the conduction is characterized by Mott’s relations Fig.4. illustrates the relation between T−1/4 and ln (σT 1/2) for the
compositions under investigation. From a slope and where the straight lines connect, the values of To and σ0 are
determined and provided in Table 2. Also, the values of the density of localized states at the Fermi level N(Ef) are
determined for the compositions under investigation and provided in Table 2. It is found from Table 2, that the values of
the density of localized states N(Ef) increase with increasing the Sb content from 2.5 to 7.5 at. %. Since T0 represents the
degree of disorder, it follows that the amorphicity of the samples decreases with increasing Sb concentration.
Furthermore, the pre-exponential factor σ∗

0 decreases with increasing Sb content ensuring that the charge carrier mobility
and density of states increase [40]. However, the highly electropositive Sb amplifies the Sb-Se bonds when it is added,
introducing several faults into the system. Such change in ∆E is attributed to the progressive replacement of the stronger
Se–Se bonds with a shorter bond energy of 44.04 kJ/mol by the Se–Sb bonds with a slightly lower bond energy of 43.98
kJ/mol. The increased density of the localized states is attributed to this substitution.

According to Mott [36] and Davis et. al. [35], two additional hopping parameters can be calculated: the hopping
distance (R) [cm] and the hopping energy (W) [eV]. Table 2 presents the values of (R) and (W) determined for the films
under investigation after these calculations have been completed. Table.2 shows that as the concentration of Sb increases,
the values of W and R drop.
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Fig. 5: The relation between 1000/T for Se82.5Te15Sb2.5 and ln σ as-prepared and annealed films at different temperatures
for 1 h.

Table 3: The activation energy for conduction, ∆E, and the electrical conductivity, σ , at 300 K for the as-deposited and
annealed Se82.5Te15Sb2.5 films.

Annealing Temp. [K] σRT ×10−6[Ω cm]−1 ∆E1[eV]

As-deposited 4.4×10−6 0.46
340 2.84×10−4 0.24
360 6.96×10−4 0.21
380 8.74×10−4 0.20
400 1.27×10−3 0.19

6 Annealing Effect of the Electrical Properties of Se82.5Te15Sb2.5

Measurements are made during heating from 300 to 450 K in order to examine the impact of the annealing temperature
on the electrical conductivity of Se82.5Te15Sb2.5 films. Figure 5 displays the dark electrical conductivity, σ , for the as-
deposited and annealed films after one hour as a function of the reciprocal temperature. The electrical curve for the
as-deposited film shows three regions with two distinct types of conduction pathways. However, the electrical curves of
the annealed films show two distinct conduction pathways in addition to the conductivity’s annealing dependency.

Figure 5 illustrates the relationship between ln (σ ) and 1000/T in the high-temperature area. The slope of the straight
lines in Equation (2) is used to determine the values of ∆E. Table.3 lists the electrical conductivity (∆ ) and conduction
activation energy (∆E) for the as-deposited and annealed films, as determined at room temperature (T = 300K). The
findings show that when annealing temperatures rise, electrical conductivity (σ ) values rise and activation energy (∆E)
values fall. The amorphous–crystalline transition is responsible for this.

In the hopping region, figure 6 illustrates the relation between ln(σ/T 0.5) and (1/T 0.25) of the as-deposited and
annealed Se82.5Te15Sb2.5 films. The data is in accordance with the Mott’s variable-range hopping theory [41] plotting an
appealing straight line between ln(σ/T 0.5) and (1/T 0.25). The To values can be obtained from the slopes of the linear
plots and the density of states N(Ef) at the Fermi level is determined for the as-prepared and annealed films and the
results are summarized in Table 4. Additionally, the hopping distance R [cm] and the average hopping energy W [eV] for
both film types are also computed in this work and presented in Table 4. From Table 4, it can also be noted that with an
increase in annealing temperature, the T0 values, which are related to the measurement of the state of disorder in the
material, are reduced [42].
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Table 4: Hoping parameters and the density of state localization N
(
E f

)
at the Fermi level for both asprepared and

annealed Se82.5 films with Te15 Sb2.5.

Annealing Temp. [K] σ∗
0
[
Ωcm−1K0.5] T0 ×107 [K] NNN

(
EEE f

)
×1018 [

cm−3eV−1] RRR×100−7 [cm] WWW [eV]

As-deposited 1.26×1010 81.39 0.49 12.29 0.26
340 0.27×106 9.90 4.02 7.26 0.16
360 0.32×106 7.92 5.02 6.87 0.15
380 0.09×106 5.80 6.86 6.35 0.14
400 0.03×106 4.01 9.94 5.79 0.12

Fig. 6: The relation between 1/T 0.25 for Se82.5Te15Sb2.5 and ln(σ/T 0.5) as-prepared and annealed films at different
temperatures for 1 h.

7 Conclusions

Characterization of the amorphous transformation to crystalline states is carried by XRD and SEM; as the annealing
temperature and the film thickness increase, the average crystallite size increases the dislocation density and strain
decrease, respectively. The Se85−xTe15Sbx films (with x = 2.5,5, and 7.5 at.%) show two different conduction modes,
and the DC conductivity is increased with temperature. Conductivity σ and activation energy for conduction ∆E depend
on composition; ∆E diminishes and σ raises with a higher content of Sb. Additionally, as Sb concentration rises, the
number of molecules of state concentrated at the Fermi level rises while hopped distance and averaged hopping energy
fall. As the annealing temperatures rise, the electrical conductivity rises while ∆E falls; concurrently, the density of
localized states at the energy of Fermi, E f , (N(E f )), falls, and the hopping distance (R) and hopping energy (W) rise as
well. Higher Sb concentration often improves SeTeSb’s thermal and electrical performance, which in turn improves
structural stability over time and temperature. This makes them suitable for use in xerographic and electrographic
procedures, optical recording medium, and infrared spectroscopy.
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