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Four Se70Ge20Sb10 alloy samples were prepared using the melt quenching technique. To 
improve the energy states of the mobility gap, the samples were exposed to gamma radiation 
from 60Co source at various doses of 600, 1200, 1500, and 2000 Gy. The electrical 
characteristics were examined both before and after irradiation. The conductivity analysis 
revealed that all of our samples were impacted by gamma radiation.  The reorganization of 
the amorphous lattice and the degree of radiation-induced disorder have been involved in 
the changes that occurred in the electrical characteristics of the irradiated samples. All 
irradiated and non-irradiated samples feature three conduction mechanisms at low 
temperatures, where the electrical conductivity is by hopping electrons between local states 
close to the Fermi level, according to the identification of the electrical conduction 
processes. Conduction occurs by transferring electrons between the local levels at the 
conduction and valence bundles' tails at intermediate temperatures. Conduction occurs in 
the transfer of electrons between the extended levels in the conduction and valence bands at 
higher temperatures. It was discovered that all of the local and extended state densities were 
impacted by the gamma radiation exposure and were computed close to the Fermi level. 
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1. Introduction 
 
Amorphous semiconductors based on chalcogenide glasses containing metal atoms offer a 

compelling platform for advance switching and memory applications due to their tunable electric 
properties. Their unique structural and electrical properties arise from the presence of chalcogenide 
like selenium, which forms long chains in glasses [1]. Notably, the addition of metals, such as 
germanium Ge and selenium Se, characterized by strong covalent bonds and fourfold coordinated 
germanium, have gathered significant attention for their ease of synthesis, rapid glass formation, and 
exceptional chemical stability and [2,3].   

Extensive research has demonstrated that doping binary systems like Se-Ge with impurity 
atoms, such as indium, profoundly alters their electrical characteristics [4-6]. The resulting behavior 
is highly sensitive to glass composition, impurity chemistry, and doping methodology. Importantly, 
impurity concentration plays a critical role, as not all impurities exhibit electroactive behavior. 
However, carefully selected impurities can enhance various physical properties, making the study 
of their effects on chalcogenide glasses vital for both fundamental understanding and practical 
applications. 

Given selenium's significance in electroscopes and the potential to enhance its performance 
through alloying, researchers have explored binary Se alloys and the incorporation of third elements 
[7-11]. These additions, including gallium, indium, germanium, arsenic, antimony, bismuth, and 
tellurium, expand the glass formation region and introduce structural disorder, creating ionic-
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covalent bonds that increase conductivity in these typically covalent materials. Recent studies have 
investigated the impact of doping on the density of extended, localized, and Fermi levels, as well as 
activation energy and tail width, in alloys like Se85Te10Sn5-xInx [12], Ge30Te70-xSbx [13,14], and 
Se6Te4-xSbx [15]. These investigations highlight the sensitivity of electrical properties to dopant 
concentration and composition, with observed changes in energy density, electron hopping distance, 
and other critical parameters [16]. Furthermore, the sensitivity of amorphous chalcogenide 
semiconductors to ionizing radiation, particularly gamma rays, presents a unique avenue for 
exploring structural and electronic modifications  ]71.[  

In this study, we aim to elucidate the impact of gamma ray irradiation on the DC electrical 
conductivity of bulk Se70Ge20Sb10 samples across varying temperatures. We will analyze the effects 
of different gamma ray doses on the densities of localized, extended, and Fermi levels, and their 
influence on the random energy landscape and structural order. By recording I-V characteristics, we 
will estimate the DC electrical conductivity, activation energy, and conductance constants. 
Additionally, we will calculate the densities of various energy states to provide a comprehensive 
understanding of the interplay between gamma irradiation and electrical transport in this material." 

 
 
2. Experimental details 
 
The five glassy samples of Se70Ge20Sb10 were prepared by melt quenching technique. High-

purity Ge, Se, and Sb elemental powder (99.999%) was sealed in an ampoule at a vacuum of 10−4 
Torr after being weighed according to atomic weight ratios. To prevent unexpected selenium 
evaporation and precipitation on the inner wall of the quartz tube, the ampoule was then heated in 
two phases. After gradually heating to 500°C for approximately four hours, the furnace temperature 
was increased to 920°C and maintained at this temperature for ten hours. The furnace temperature 
rise rate was 5-6°C/min. To achieve the glassy state, the ampoule was rapidly cooled with ice-cooled 
water. A pestle and mortar were then used to grind the resulting ingot into the sample powder. The 
powder was pressed using a hydraulic press with a pressure of 7 tons per square cm to obtain tablets 
with a diameter of one and a half cm and a thickness of 4 mm. 

At room temperature and up to 455 K, the I-V measurements were taken on an electric 
Keithley scale. I-V measurements as a function of temperature were used to calculate electrical 
conductivity. The samples were exposed to gamma radiation at various doses of 600, 1200, 1500, 
and 2000 Gy having their electrical conductivity tested again as a function of temperature. For each 
sample, the activation energies and electrical conduction processes were identified both before and 
after irradiation. 

 
 
3. Results details 
 
The Se70 Ge20 Sb10 alloy's electrical resistance and conductivity were tested before and fter 

exposure to gamma radiation in the (292-455) K range of temperatures. The relationship between 
the electrical conductivity ln (𝜎𝜎) and temperature before and after gamma irradiation exposure is 
depicted in Fig. 1. All samples have exponential growth of the electrical conductivity with 
temperature increases as semiconductor materials [18, 19]. Non-exposed sample has moderate 
growth, but samples after irradiation has a greater rise in electrical conductivity as the gamma 
radiation dose increases. Similar trends were found for other chalcogenide glasses [18–21]. 
Important to note that after irradiation, the electrical conductivity of the samples remains semi-
conductive and varies only in values but not shape of the curves. Gamma irradiation induces 
structural modifications within the alloys, potentially leading to alterations in their electrical 
conductivity [22]. Specifically, irradiation can introduce defects and increase atomic mobility, 
which, in turn, may facilitate charge carrier transport. However, the precise relationship between 
irradiation-induced structural changes and conductivity is complex and depends on factors such as 
the material's composition and the irradiation dose. Observed non-linear dependencies of ln(σ) on 
1000/T suggest that conduction mechanisms are influenced by structural imperfections, possibly 
including grain boundary defects arising from incomplete atomic bonding [25]. These imperfections 
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contribute to the formation of localized states near the Fermi level. At lower temperatures, these 
localized states can act as trapping centers, hindering charge carrier mobility and thus reducing 
electrical conductivity. Conversely, at higher temperatures, thermal activation can assist charge 
carriers in overcoming potential barriers associated with these trapping states, leading to an increase 
in carrier mobility and conductivity [26]. The interplay between temperature, defect density, and 
carrier transport is crucial in determining the overall electrical behavior of the irradiated alloys . 

Experimental curves were fitted based on the equation (1)  ]20 ,21[  
 

𝜎𝜎 = 𝜎𝜎01 𝑒𝑒�−
𝐸𝐸1
𝐾𝐾𝐾𝐾� + 𝜎𝜎02 𝑒𝑒�−

𝐸𝐸2
𝐾𝐾𝐾𝐾� + 𝜎𝜎03 𝑒𝑒�−

𝐸𝐸3
𝐾𝐾𝐾𝐾�                                                         (1) 

                     
where T is the absolute temperature, KB is Boltzmann's constant, (∆E1, ∆E2, ∆E3) is the activation 
energy of each term, and (𝜎𝜎01, 𝜎𝜎02, 𝜎𝜎03) are the prior pre-exponential factor parameters. The 
electrical conductivity was measured for each conduction zone (at low, medium, and high 
temperatures). According to Figure 1, it appears that the conduction curves in the three thermal 
regions. The curves show that the conduction through thermal activation has three distinct pathways 
leading to three distinct slopes generated from three activation energies. In the first region from 400 
to 453 K (blue area), the electrical conductivity is caused by the flow of electrons inside the extended 
region. For the second state at medium range of temperatures from 340 to 400 K (yellow area), the 
electrical conductivity is caused by the movement of electrons between the tails of the energy 
bundles within the kinetic gap, and the third state represents the low range of temperatures from 295 
to 340 K when the level of electrons hopping between local energy levels near Fermi level [24]. 

 
 

 
 

Fig. 1. Ln σ electrical conductivity plot for Se70 Ge20 Sb10 samples as a function of temperature. Colours 
underline different conduction regimes. 

 
 
To determine the densities of local and extended states for each sample both before and after 

irradiation, we extract the activation energies (E1, E2, E3), pre-exponential factor parameters (𝜎𝜎01, 
𝜎𝜎02, 𝜎𝜎03), and the width of the tails (∆E = E2 –E1) from the curves. According to equation 1, the 
activation energies (E1, E2, E3) can be calculated from the slope of the plot of ln(𝜎𝜎) against 1000/T 
[24]. The span of the curves and their intersection with the y-axis can be used to compute the pre-
exponential factor 𝜎𝜎01, 𝜎𝜎02 and 𝜎𝜎03. These values are displayed in Table 1 
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Table 1. Activation energies (∆E1, ∆E2, ∆E3) and values of σ01, σ02 and σ03  
of Se70Ge20Sb10 glasses before and after irradiation.. 

 
 
Figure 2 depicts the relationship between the gamma radiation dose and the energy tail width 

ΔE values (ΔE = E1- E2). This figure shows that the variation in the breadth of the energy tail values 
with samples exposed to a gamma radiation dose of 600 Gy dropped from 0.19 to 0.16 eV, indicating 
that radiation impacted the sample's bore structure Because it causes the rearrangement of atoms as 
a result of the atoms that make up the alloy absorbing radiation energy.  

 
 

 
 
 

Fig. 2.  Films Energy tail width ΔE values plot for Se70Ge20Sb10samples  
as a function of Gamma Irradiation Dose. 

 
 

The pre-exponential factor parameters (𝜎𝜎01, 𝜎𝜎02, 𝜎𝜎03) obtained for all samples were 
employed to determine the densities of energy states in three localized, extended and Fermi level 
regions. Using equation 2, we measure the density of extended states  ]15.[  

 
𝑁𝑁 (𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒)  =  �

6𝑚𝑚 
𝑒𝑒2ℏ

� 𝜎𝜎𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜.                                                                          (2) 

 
where N(Eext)=density of extended state, 𝜎𝜎oext.- conductivity at 0 K, ħ =  1.0545 × 10−34  𝐽𝐽. 𝑠𝑠 
Table 2 lists the density of extended state values (N(Eext)).The density of extended state increases 
when gamma radiation dose from  2.12𝑥𝑥1017 𝑒𝑒𝑉𝑉−1. 𝑐𝑐𝑚𝑚−3 𝑡𝑡𝑡𝑡 9.36𝑥𝑥21 𝑒𝑒𝑉𝑉−1. 𝑐𝑐𝑚𝑚−3 at 2000 Gy 
gamma radiation dose as shown in Figure 3. This is due to a change in activation energy due to 
gamma irradiation, which may occur for a variety of reasons [12], such as a change in the mobility 
gap's value, the width of the E tails, the concentration of conductors, or a shift in conductor  ]18 ,19.[  

It can also be observed in this Table how gamma radiation dose affects the density of the 
localized state which is determined by the equation (3)[18]. 

 

Radiation Dose ∆E1 σo extended ∆E2 σo Loc ∆E3 σo fermi 

0 0.26 6.5 0.078 5.5*10-2 0.5*10-2 4.7*10-4 

600 0.33 14.8 0.17 4.6*10-2 5.9*10-2 1.05*10-

2 
1200 0.50 16.4 0.22 1.4*10-2 5.4*10-2 5.2*10-2 
1500 0.42 18.2 0.16 0.23 5.3*10-2 5.5*10-2 
2000 0.41 22.2 0.13 1.54 5.0*10-2 2.4*10-2 
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𝑁𝑁 (𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙)  =  �
6 

𝑒𝑒2𝑉𝑉𝑉𝑉ℎ𝑅𝑅2
� 𝜎𝜎0𝑙𝑙𝑙𝑙𝑙𝑙                                                                           (3) 

 
where Vph is the phonon frequency, which is of order 1013 s-1and R is the hopping distance and is 

given 𝑏𝑏𝑏𝑏 𝑅𝑅 = 0.7736 � ∆𝐸𝐸𝑎𝑎−1

𝑁𝑁(𝐸𝐸𝐶𝐶)(𝐾𝐾𝐾𝐾)2�
0.25

 𝑎𝑎𝑎𝑎𝑎𝑎 𝛾𝛾−1  =  10 𝐴𝐴. The density of the localized state 
decreased from 9.54𝑥𝑥1013 (𝑒𝑒𝑉𝑉−1. 𝑐𝑐𝑚𝑚−3) at gamma radiation dosage equal to zero to 
1.13𝑥𝑥1010 (𝑒𝑒𝑉𝑉−1. 𝑐𝑐𝑚𝑚−3) at gamma radiation dose 1500 Gy, then increased to 
1.656𝑥𝑥12 (𝑒𝑒𝑉𝑉−1. 𝑐𝑐𝑚𝑚−3) when gamma radiation dose reached 2000 Gy, as depicted in Figure 3. 
According to [27], the change in the density of the extended state and the decrease in the localized 
state have a significant impact on changing the structure of the alloy from an amorphous to a 
polycrystalline state. 

Because they lack the energy to bridge the grain barrier potential and the conduction 
includes the grain borders, carriers in polycrystalline materials cannot be transported into the grain 
by thermionic emission at low temperatures. The disordered atoms and their imperfect bonding 
produce trapping states, which are dispersed throughout the band gap in the grain boundary trapping 
model. Some of the trapping states are charged and filled with carriers depending on the temperature 
as well as on these states are distributed in the gap. When the energy is right, an electron from the 
charged state might be captured by the empty states. Then, the hopping of charge carriers from filled 
trap to empty trap states offers an opportunity for conduction. Following the release of the electrons, 
the filled states might transition into conduction  ]28 .[  

To determine the density of the localized state around Fermi level N(EF), we substitute the 
values for the pre-exponential factor parameters 𝜎𝜎03 in the low temperatures zone at obtained from 
Table 1 and compensate them in Equation 4. 

 
𝑁𝑁 (𝐸𝐸 𝐹𝐹) = �

6
𝑒𝑒2𝑉𝑉𝑉𝑉ℎ 𝑅𝑅2

� 𝜎𝜎𝑜𝑜3                                                                      (4) 

 
The densities of local states are close to the Fermi level (Figure 3, Table 2). The densities 

of local states at the Fermi level have often decreased as the gamma dose has increased, indicating 
that the alloys' structure has changed from random to polycrystalline as a result of the absorption of 
sample energy radiation [27,28]. 

 
 

 
 

Fig. 3. Densities of energy states in localized, extended and Fermi level regions plot for Se70Ge20Sb10. 
 
 
Figure 4 shows the density of extended state N (Eext), local state N (Eloc.) and at the Fermi 

N (EF) level as a function of the internal gamma radiation dose. It can be seen from this figure that 
an increase in gamma radiation causes a decrease in the N (El0c.), N (EF) and an increase in the 
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density of the extended state N (Eext). The outcomes of the extended, localized, and localized Fermi 
level density of states at low, medium, and high temperatures. The effect of the gamma radiation on 
the Se70 Ge20 Sb10 glasses increased the extended state while decreasing the localized states and 
Fermi level density of states. In Table 2 and Figure 3, it is also mentioned extended energy state 
densities N (Eext) increased as the Gamma Irradiation Dose increased from 0 to 1500 Ky, while 
energy state densities in localized N (El0c.) and Fermi level regions N (EF) decreased. However, 
when the Gamma Irradiation Dose exceeds 1500 Gy, extended, localized, and Fermi-level state 
densities all increase [29]. 

 
 

Table 2. Tail width ΔE, a, R, N (Ext), N (Eloc) and N(EF)  
of the (Se70Ge20Sb10) alloy are dependent on the dose of gamma radiation. 

. 
dose of 
gamma 

tail width 
(ev) 

R A0 a A0 N(Ext) N(Eloc) N(EF) 

0 0.18636 3.743 1.665 2.12E+17 9.54E+13 7.16E+06 
600 0.1619 3.743 1.37 9.12E+17 8.73E+12 6.16E+04 
1200 0.2886 0.08419 1.27 1.55E+18 1.45E+11 3.70E+04 
1500 0.26344 4.30262 1.433 1.83E+21 1.13E+10 5.58E+03 
2000 0.2724 0.05519 1.58 9.36E+21 1.656E+12 3.25E+04 

 
 
3.1. Surface morphology of samples using scanning electron microscopy (SEM) 
The surface morphology of samples was studied using a scanning electron microscope 

(SEM). Figure 4 shows SEM images of the surface of the alloys (Se70Ge20Sb10) after exposure to 
different doses of gamma rays.  

The results also showed a clear homogeneity of the samples and the formation of new phases 
as the compensation for gamma rays plays a role that improves the distribution of the grains and 
strengthens the cohesion. There is also a decrease in the pores in the microstructure which are 
considered potential internal defects which indicates the improvement of surface structure  ]31.[  

Scanning electron microscope analysis shown in Figure 4(a, b, c, d and e) showed that the 
irradiated samples were more uniform compared to the unirradiated sample. The uniformity and 
clustering of the grains increased as the samples were exposed to radiation. The organization and 
formation of crystals also depend on the time given to prepare the samples and the duration of their 
radiation exposure. This was achieved by mixing the components and letting them undergo heat 
treatment for a while [32, 33]. 
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Fig. 4. Scanning electron microscope examination of samples before and after exposure to gamma radiation 
at different doses of 600, 1200, 1500, and 2000 Gy. 

 
 
4. Conclusion 
 
This paper, Studies the influence of gamma radiation dose on the density of extended, 

localized, and localized Fermi level states at low, medium, and high temperatures in the Se70Ge20Sb10 
alloy produced through the melt quenching process. Three processes of conduction areas were found 
in the electrical conductivity calculation as a function of temperature, indicating the presence of 
extended, local, and Fermi-level states. The results also showed a clear homogeneity of the samples 
and the formation of new phases, where gamma ray compensation plays a role in improving the 
grain distribution and enhancing cohesion, and the decrease in pores in the microstructure indicates 
an improvement in the surface structure. The increased homogeneity and clustering of the grains 
upon exposure of the samples to gamma radiation affected the electrical properties, which is 
attributed to a change in the density of states (localized extended state density and Fermi level). The 
densities of the extended energy state (Eext) of the N region (Eloc.) and the N Fermi level (EF) 
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decreased with increasing gamma radiation dose, affecting the electrical conductivity. When 
determining the activation energy, it was found that the width of the energy tails changed with the 
change in gamma radiation dose. The scanning electron microscope (SEM) results showed that the 
morphologies of the samples were homogeneous and affected by the change in gamma radiation 
dose. 
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