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Four samples of the Se55S20Sb15Sn10 alloy were prepared using the melting 
point method. Samples B, C and D were irradiated with (6.04×1010, 12.08×1010 
and 18.12×1010 (n.cm-2s-1) of thermal neutron beam from a neutron source 
(241Am-9Be) respectively, while sample A was left not irradiated. The electrical 
properties were assessed both before and after the radiation.  All irradiated and 
non-irradiated samples show three conduction mechanisms, at low 
temperatures, electrical conductivity is achieved by electron hopping between 
local states near the Fermi level. At intermediate temperatures, conduction 
occurs by the jumping of electrons between local states at band tails. At high 
temperatures, electrons transfer between extended states in bands. The results 
show that the local and extended state densities above the Fermi level are 
affected by exposure to thermal neutron radiation. 
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1. Introduction 

Studies on the properties of amorphous 

chalcogenide semiconductors have shown that, due to 

the presence of local states close to the Fermi level 

and in the energy gap, where the Fermi level was 

pinned, they generally behave as doping-insensitive 

P-type semiconductors [1-3]. It was found that the 

amorphous chalcogenides might be improved for use 

in device applications by substituting certain 

chemical components entirely or with metallic 

impurities [4]. This increased their conductivity and 

greatly lowered the conduction activation energy [5]. 
According to Mott, any element may satisfy the 

valence criterion in chalcogenides applying the 8-N 

rule [6]. The electrical and optical properties of doped 

chalcogenides don't vary much because this rule 

holds for doped elements. The researchers 

demonstrated that adding atoms of some chemical 

elements (such as bismuth) to chalcogenide glass 

causes a significant change in the p-type electrical 

conductivity of more than 7% compared to that of the 

n-type [7]. In contrast, the addition of other elements 

(like In, Sb, Sn) always indicates a p-type compound 

[8,9]. Since not all impurities can be electroactive, the 

concentration of the impurities is undoubtedly a key 

element in such situations [10,11]. It is therefore 

important, both from the point of view of basic 

research and applied research, to investigate the 

influence of impurities on the properties of 

chalcogenide glass [12,13]. 

The electrical characteristics of the chalcogenide 

glass are significantly altered when impurity atoms 

are added to the Se-Te-Sn and Ge-Te-Sb binary 

systems, according to the findings of multiple 

experimental investigations [14]. In addition, the 

composition of the glass, the chemistry of the 

impurities, and the doping technique have a 

significant impact on the behavior of the 

chalcogenide glass [15]. This study investigated the 

density of the extended, local, and Fermi levels of In 

and their effects of indium on the Se85Te10Sn5-xInx. 

These include changes to the activation energy, tail 

width, and distance between states in addition to a 

decrease in the density of extended and local states, 

also known as Fermi states [14]. When the Sb element 

in the Ge30Te70-xSbx alloy was partially exchanged, 

the density of local and extended states, as well as the 

Fermi level, were examined, and it was discovered 

that all energy states, including activation energy, tail 

width, interatomic distances, and transition distance, 

changed [15]. The studies [10-13] focused on 

examining the electrical characteristics of Se6Te4-xSbx 

and Se6Te4-xSnx alloys by partially replacing Te with 

Sb and the energy density was calculated for several 

energy states, including electron hopping distance, 

Fermi level, localization, and tail width. They 

concluded that the states of energy density increase 

along with the concentration of Sb. One of the 

distinctive characteristics of amorphous chalcogenide 

semiconductors is their susceptibility to the effects of 

external factors, notably ionizing radiation with an 

average energy of more than 1 MeV [16,17]. 

To gain additional knowledge regarding how 

radiation affects dc conductivity measurements at 

various temperatures and to exploit amorphous 

chalcogenides in electrical device applications. We 
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will investigate the impact of thermal neutron 

irradiation on the random energy level and crystal 

regularity of Se55S20Sb15Sn10 samples, as well as the 

densities of states (local, extended, and Fermi levels). 

This paper will be finished to exploit amorphous 

chalcogenides in electrical device applications. 

 

2. Experimental Part 

Four samples of Se55S20Sb15Sn10 alloy (A, B, C 

and D) were prepared by melt-cooling technique. The 

raw material powders of high purity Se, S, Sb, and Sn 

(99.99%) were weighed according to the atomic 

weight ratios. The mixture was mixed using an 

electric mill to obtain a homogeneous powder. After 

the mixture was put into a quartz glass tube and 

evacuated to 10-4 Torr, the tube was securely sealed. 

This was done to remove any impurities from the 

capsule and ensure that it could resist the pressure 

created by the alloy's constituent chemical elements 

interacting with one another without blowing apart 

within the furnace due to the high temperature. Seal 

the ampoule hermetically. To prevent selenium from 

precipitating on the inner wall of the quartz tube and 

from evaporating suddenly, the ampoule was then 

heated in two phases. Three hours were spent 

gradually heating and holding the ampoule at 500 °C. 

For seven hours, the furnace's temperature was 

increased to 960°C at a rate of 6°C per minute. To get 

the glassy state, the ampoule was quickly chilled with 

ice-cooled water. The sample powder was then 

extracted by grinding the resulting ingot using a 

pestle and mortar. The powder was divided into four 

parts, and the powder was pressed for each of these 

parts using a hydraulic press with a pressure of 5 tons 

per square cm to obtain the tablets (A, B, C and D) 

with a diameter of one and a half centimeters and a 

thickness of 5mm. Continuous electrical conductivity 

was measured as a function of temperature within the 

room temperature range up to 227°C for sample A, 

and samples B, C and D were subjected to a thermal 

neutron beam with different doses (6.04×1010, 

12.08×1010, 18.12×1010 n.cm-2s-1). For the irradiation 

samples (B, C, and D), the continuous electrical 

conductivity was evaluated as a function of 

temperature within the room temperature range up to 

227°C, and then theoretical calculations were made 

on the results of electrical conductivity before and 

after irradiation using computer software. 

 

3. Results and Discussion  

The electrical (I-V) measurements were carried 

out at different temperatures (from 22 to 207 °C) to 

observe how the direct current electrical conductivity 

of Se55S20Sb15Sn10 alloy's glass. The electrical 

resistivity and then the electrical conductivity were 

calculated for all samples. All values of electrical 

conductivity of the samples were calculated about 

temperature. Based on testing the Se55S20Sb15Sn10 

alloy's electrical resistance before and after exposure 

to thermal neutron beam radiation. 

To demonstrate the relationship between 

continuous electrical conductivity and temperature 

changes, figure (1) shows the relationship between 

electrical conductivity ln(σ) and temperature. It is 

noted from this figure that all samples of the alloy 

Se55S20Sb15Sn10 before and after exposure to 

irradiation behave like semiconductors (that is, they 

have an electrical conductivity that increases with 

temperature in an exponential relationship) [18,19]. 

 

 
Fig. (1) Electrical conductivity plot (Ln σ) for Se55S20Sb15Sn10 

samples as a function of temperature sample A without 

irradiation. Samples B, C and D were irradiated with doses of 

6.04×1010, 12.08×1010, 18.12×1010 n.cm-2, respectively 

 

Additionally, it is shown that, in general, 

continuous electrical conductivity rises whenever 

subjected to a thermal neutron beam; however, 

sample C (dose 12.08×1010 n.cm-2) has been 

significantly impacted in comparison to samples B 

and D (dose 6.04×1010 and 18.12×1010 n.cm-2s-1). 

This behavior in electrical conductivity explains that 

the alloys were affected when they collided with 

thermal neutrons, which led to their acquisition of 

additional energy by rearranging the atoms. The alloy 

had the best energy absorbed by the sample, while 

less or more than this dose, the conductivity increased 

slightly [16].  

Figure (1) depicts the relationship between 

temperature and dc electrical conductivity for all 

glass samples Se55S20Sb15Sn10 both before and after 

irradiation. Additionally, each sample's curve reveals 

three distinct conduction regions at low, medium, and 

high temperatures, indicating the existence of three 

distinct electrical conduction mechanisms [10,11]. It 

was found that the conductivity increases slowly from 

22 to 72 °C and increases remarkably quickly beyond 
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72 to 122 °C, and then the conductivity increases 

rapidly when the temperature is increased from 122 

to 207 °C. The charge carriers gain energy when the 

temperature rises from 22 to 72 °C, and conduction 

happens as a result of the carriers in the local states 

jumping in the ranges near the Fermi level. The low 

temperature also results in low obtained conduction 

energy [14,20]. The conductivity is shown to rise as a 

result gradually. However, the charge carriers 

become more mobile above 22 K, and conduction 

happens as a result of the charge carriers leaping in 

the band tails. As a result, conduction is anticipated 

to occur by variable mobility (VRH) in the lower 

temperature range (122 to 207 °C). In contrast, in the 

higher temperature range (72 to 122 °C), as 

demonstrated in Fig. (1), conductivity increases, and 

conduction occurs via the thermally assisted process 

by the transfer of conduction electrons between the 

stretched states (between the conduction and valence 

bands this behavior fits Eq. (1) [15,21]. 

 

σ = σ01e(−
E1
KT

) + σ02e(−
E2
KT

) + σ03e(−
E3
KT

)
 (1) 

 

where ∆E1, ∆E2, and ∆E3 are the activation energies 

of each term, T is the absolute temperature, and 𝜎01, 

𝜎02, 𝜎03 are the pre-exponential factor parameters 

The slope and intercept of the plot were used in 

the temperature range of low (22-72°C), middle (72-

122°C) and high (122-207°C) to determine the 

activation energy (E1, E2, E3) and the factor (𝜎01, 𝜎02, 

𝜎03) of Se55S20Sb15Sn10 glass, respectively. In table 

(1), the pre-exponential factor (σ0) provides important 

information regarding the conduction process in 

chalcogenide glass. 

The curves demonstrate that there are three 

separate paths leading to three different slopes 

produced by three activation energies in thermal 

activation conduction. According to equation 1, the 

slope of the plot of ln( against 1000/T can be used 

to determine the activation energy (E1, E2, E3). 

Equation (1) may be used to calculate the pre-

exponential factors 𝜎01, 𝜎02 and 𝜎03 for all samples in 

the three areas based on the span of the curves and 

their intersection with the y-axis when the x-axis 

equals zero. Table (1) shows the values for the pre-

exponential factor 0, which were calculated [22].  

This figure also, shows that the relationship between 

lnσ and 1000/T is nonlinear and that the many defects 

in the grain boundaries that result from insufficient 

atomic bonding are what cause the changes in electric 

conduction by enclosing charge carriers in the low-

temperature zone and also densities of the state also 

promote the mobility of the carriers in the high-

temperature area because they lower the trapping 

state and potential barrier [23,24]. There is no doubt 

that the electrical conductivity after the neutron 

radiation improved more quickly than the compound 

without neutron radiation. The density of states near 

the Fermi level, therefore, starts to change. We will 

use the activation energies (E1, E2, E3), the 

exponential factor parameters ((𝜎01, 𝜎02, 𝜎03) and the 

width of the tails that were calculated from the 

relation (∆E=E2–E1) of each part of the curves shown 

in Eq. (1) and written in tables (1) and (2) to 

determine the densities of local and extended states 

for each sample before and after irradiation. 

Figure (2) depicts the correlation between the 

energy tail width values (ΔE=E1-E2) and the thermal 

neutron radiation dosage. This graph illustrates the 

variation in the amplitude of the energy tail values 

between samples that were exposed to thermal 

neutron radiation doses of 6.04×1010, 12.08×1010, and 

18.12×1010 n.cm-2s-1 and without irradiation sample. 

This suggests that the radiation had an impact on the 

density of the energy levels inside the samples' 

mobility gaps, this modification results from the 

samples' crystal recombination as a result of their 

absorption of radiation energy [16,17]. 

 

 
Fig. (2) Energy tail width ΔE values plot for Se55S20Sb15Sn10 as 

a function of thermal neutron irradiation dose 

 

To calculate the energy state densities in three 

different regions – localized N(Eloc), extended N(Eext), 

and Fermi level N(EF) after and before irradiation.  

After substituting the values of the constants (electron 

charge e, the electron mass and the values 𝜎01, 𝜎02, 𝜎03 

into the equations in references [13,14] mentioned 

below the energy state density was calculated in three 

different regions—local, extended, and Fermi level. 

The results are recorded in table (2). 

 

𝑁(𝐸𝑒𝑥𝑡) = [
6𝑚 

𝑒2ℏ
]𝜎0𝑒𝑥𝑡   (2) 

 

where ħ = 1.0545 × 10-34 J.s 
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𝑁(𝐸𝑙𝑜𝑐) = [
6 

𝑒2𝑉𝑝ℎℏ𝑅2]𝜎0𝑙𝑜𝑐    (3) 

 

where Vph is the phonon frequency, which is of order 

1013 s-1and R is the hopping distance and is given by 

𝑅 = 0.7736[
∆𝐸𝑎−1

𝑁(𝐸𝐶)(𝐾𝑇)2
]0.25 

and

-1 = 10 A 

 

𝑁(𝐸𝐹) = [
6 

𝑒2𝑉𝑝ℎℏ𝑅2]𝜎03   (4) 

 

It is noted from table (2) and Fig. (3) the intensity 

of the values of the stretched state (N(Eext)), the density 

of the stretched state increases from the value 

1.5×1018
 eV-1cm-3 for the non-irradiated sample to 

3.94×1019, 5.78×1020 and 3.62×1019 eV-1cm-3 at a 

radiation dose with thermal neutrons of 6.04×1010, 

12.08×1010, 18.12×1010 n.cm-2s-1, respectively. It can 

be seen from Fig. (3) that the density of extended 

states (N(Eext)) increases with increasing radiation 

dose and the greatest value is at sample C. This is due 

to an increase in radiation energy, which may occur 

for several reasons, such as change in the value of the 

mobility gap, width of the E tails, concentration of 

conductors, or a shift in the conductor [12,18,19]. 

 

 
Fig. (3) Densities of energy states in localized, extended and 

Fermi level regions plot for Se55S20Sb15Sn10 as a function of 

thermal neutron irradiation dose 
 

The local state density determined by Eq. (3) can 

also be calculated as table (2) and figure (3) note how 

the thermal neutron radiation dose affects it [18]. As 

for the local state density, it was before irradiation 

5.28×1011 eV-1cm-3 for sample A, and it decreased 

after irradiation, and it was 1.38×1010, 4.32×1011, and 

4.94×1010 eV-1cm-3 for samples B, C and D at a 

radiation dose of 6.04×1010, 12.08×1010, 18.12×1010 

n.cm-2s-1, respectively, as shown in Fig. (3) and table 

(2). The transition of the alloy's crystalline structure 

from an amorphous to a crystal state is largely 

influenced by the rise in the stretched state's density 

and the fall in the state’s density. Polycrystalline 

means that this behavior has reduced the randomness 

of the crystal structure of the samples irradiated with 

thermal neutrons [16]. 

To determine the localized state density around 

the Fermi level N(EF) for all samples before and after 

radiation, we substitute the parameter values of the 

pre-exponential factor 𝜎03 and the jump distance R in 

the low-temperature region into Eq. (4) and write the 

results in table (2). 

From Fig. (3) and table (2), it can be seen that the 

densities of local states close to the Fermi level 

decrease with the increase in the dose of thermal 

neutrons, where the value was recorded as 2.85×107 

eV-1cm-3 before radiation and became 1.18×107, 

5.3×106 and 9.32×106 eV-1cm-3 after radiation for 

samples B, C and D respectively. 

 

4. Conclusions 

The effects of thermal neutron radiation exposure 

on the density of localized, extended, and localized 

Fermi level states in melting-quenched 

Se55S20Sb15Sn10 alloy were studied. When 

determining electrical conductivity, three conduction 

pathways are discovered, indicating the existence of 

extended, local, and Fermi-level states at low, 

medium, and high temperatures, where it was found 

that all of these densities of states are unmistakably 

affected by variations in the dose of thermal neutron 

radiation. The width of the energy tails, the hopping 

distance of the electrons, as well as the activation 

energy all vary with the radiation dose. 
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Table (1) Activation energies (∆E1, ∆E2, ∆E3) and values of (σ01, σ02 and σ03) are dependence on Neutron radiation of Se55S20Sb15Sn10 

sample after and radiation 

 

Neutron Dose 

(n.cm-2.s-1) 
∆E1 σoext ∆E2 σoLoc ∆E3 σofermi 

0 0.43 4.66 × 10-4 0.142 2.27 × 10-2 0.0879 1.52× 10-8 

6.04 × 1010 0. 424 1.22 × 10-3 0.242 9.22 × 10-2 0.0168 9.25× 10-6 

12.08 × 1010 0. 39 1.79 × 10-3 0.231 7.078 × 10-1 0.0547 1.68× 10-6 

18.12 × 1010 0.41 1.1 2× 10-3 0.217 3.54 × 10-1 0.063 1.85× 10-7 
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Table (2) Tail width ΔE, a, R, N (Eext), N (Eloc) and N(EF) of Se55S20Sb15Sn10 alloy dependent on the of thermal neutron Irradiation 

Dose 

 

Neutron Dose 

(n.cm-2.s-1) 
ΔE (eV) R A0 a A0 N(Ext) (eV-1cm-3) N(Eloc) (eV-1cm-3) N(EF) (eV-1cm-3) 

0 0.288 2.7 1.45 1.5 × 1018 5.28× 1011 2.85 × 107 

6.04 × 1010 0.182 2.8 1.16 3.94 × 1019 1.38× 1010 1.18 × 107 

12.08 × 1010 0.159 1.08 1.09 5.78 × 1020 4.32× 1011 5.3 × 106 

18.12 × 1010 0.193 3.30 1.215 3.62 × 1019 4.94× 1010 9.32 × 106 

 


