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Abstract
To understand the behaviour of materials for applications in solid state electronic devices, the materials are to 

be exposed to different stresses such as thermal, electrical, humidity, optical, nuclear radiations, pressure (static 
or dynamic) etc. to better understand their structural, morphology, conduction, optical and sensing properties. The 
Se85-xTe15Agxcompositions prepared from melt-quench technique were exposed to high pressure (0-10 GPa) and 
temperature (300-373 K). The results depict the change in resistivity with respect to pressure in forward as well as 
backward pressurization. These results depicts that there is very small change in resistivity with change in pressure 
and the change in resistivity with respect to pressure follows the same pattern, when the pressure is applied from 
atmospheric pressure to 10 GPa and vice versa. The results of resistivity change with the variation of Silver in the 
compositions are also reported in this study. Similar results are observed in case of resistivity change with respect to 
temperature. Some deviation is observed in the results which are well explained with average coordination number, 
fermi level change and crystallinity.
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Introduction
Ternary semiconductors based on Selenium Tellurium doped with 

metals are widely used in fabrication of electronic devices. Various 
researchers have studied the optical, thermal and dielectric properties 
of amorphous semiconductors. But, still a lot is to be known yet for 
Nano crystalline semiconductors to facilitate these materials to be 
used in Low Power Electronics. Chalcogenide semiconductors are 
nowadays widely used in medical, defense and consumer electronics 
as applied to the fields of xerography, holography, optical sensors and 
filters, waveguides, industrial switches and many more applications 
[1,2]. Thin films of chalcogens are more prominently used in Infra-
red optics as these help in energy management and night vision [3]. 
Selenium Telluride binary and ternary alloys are best suited for 
thermal imaging i.e. detection of human body in the darkness as at 
room temperature human body emits radiations in 8-12 μm. Region 
and Selenium Telluride compositions have the same absorption region; 
hence can help to detect the presence of human body in darkness [4]. 
Chalcogenide optical fibers are also used in low power transmission. 
These are further suitable in microsurgery and bio-sensing tumor, 
analyzing serum in medical field. IR camera technology is also the 
outcome of developments in the field of chalcogenide semiconductors. 
In normal conditions the electronic devices are commercially available 
but here the intention was to find the response of these materials 
under harsh conditions. Hence, studied the electrical behaviour under 
stresses (pressure and thermal). An approach is missing where the 
effect of different stresses on these materials is studied. This study 
reports the electrical resistivity change under pressure and temperature 
of Se85-xTe15Agx [5]. The variation in properties under different stresses 
for different compositions specify that these materials can be of great 
use in fabrication of solid state electronic devices and pressure tolerant 
electronics [6].

Experimental Studies
Material preparation

Conventional technique of melting and then ice cooled quenching 

[7,8] is used to synthesize Se85-xTe15 Agx (x=0, 2, 6, 10, 15) material 
samples. For Se85-x Te15Agx the pure elements {Selenium pellets 
2N; Tellurium 2N and Silver powder 2N} were used. For required 
compositions the pure elements were weighed in required atomic 
weight percentages, using WensarTM MAB220 model electronic 
weighing machine having resolution of 10-4 gm. Se85-xTe15Agx were 
melted inside the furnace at 1250 K for nearly 24 hours in vacuum 
sealed Quartz ampoules (length-12 cm; internal dia. 8 mm and outer 
dia. 10 mm). The temperature for melting the mixed compositions 
was decided on the basis of value of maximum melting point of the 
elements used for the compositions. In case of Se85-xTe15Agx the highest 
melting point is of Silver (1234.93 K) hence, melted inside the furnace 
at 1250 K. The melted compositions are then ice cooled and further 
powdered. The amorphous and crystalline nature of the samples was 
confirmed by powder X-ray Diffraction measurements.

Resistivity change measurement set-up

The compositions prepared from melt-quench technique 
were exposed to high pressure using Bridgman opposed anvil cell. 
Pyrophyllite gaskets of 0.35 mm critical thickness have been used 
in split gasket configuration. Steatite has been used as the quasi-
hydrostatic pressure-transmitting medium [9-11]. A two probe 
method was employed for the electrical measurements; a current of 50 
mA was passed through the sample using a constant current source 
and the voltage across sample was measured using a Keithley 614 
nano-voltmeter. This nano-voltmeter works on principle of dual slope 
Analog to Digital Converter. This can detect current as low as 10-14 A 
having very high input impedance (5 × 1013Ω ).
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To measure the DC conductivity and thermal activation energy 
of the sample, a constant DC voltage was applied across the sample 
(palette of 12 mm. dia. and 1 mm thickness) by Keithley 224 
programmable power supply and the resulting current was measured 
using a Digital Picoammeter Model DPM-111 (Scientific Equipment 
Roorkee). The change in temperature was controlled at a rate of 1°C/
min using a variac. The temperature was noted using (Audiotronics) a 
Temperature Controller (Figure 1).

Results and Discussion
Characterization

X-Ray diffraction pattern shown in Figure 2 confirms the 
amorphous nature of Se85Te15 and polycrystalline nature of Se85-

xTe15Agx (x=2, 6, 10 and 15) alloys which have sharp and clearly 
resolved peaks. These measurements were done using Cu Kα line 
radiation of wavelength 1.54 Å. The average size of the crystallite was 
determined using Debye-Scherrer’s formula: D=0.9λ/βcosθ where 
β is the full width at half maximum (FWHM) of the peak, λ is X-ray 
wavelength, θ is the Bragg angle [12-15]. The average crystallite sizes of 
prepared compounds are less than 100 nm. The average crystallite size 
and symmetry with lattice constants of prepared compounds is given 
in the Table 1. Lattice constants were determined using Powder XRD/
Expert Hi-Score software. The analysis of XRD clarifies the tetragonal 
structures of both the compositions. There is not much variation in the 
average size of the crystals formed.

Resistivity change under pressure

The results shown in Figure 3 depict the change in resistivity w.r.t. 
pressure in forward as well as backward pressurization for Se85Te15 and 
Figure 4 represents the resistivity change w.r.t. pressure in forward as 
well as backward pressurization for ternary Nano crystalline materials 
Se85-xTe15Agx (x=2, 6, 10, 15). These results depict that there is very 

small change in resistivity with change in pressure and the change in 
resistivity w.r.t. pressure follows the same pattern, when the pressure 
is applied from atmospheric pressure to 10 GPa and vice versa. Figure 
5 presents ternary Nano crystalline material Se83Te15Ag2; Se79Te15Ag6; 
Se75Te15Ag10 and Se70Te15Ag15. The graph shows that at room temperature 
the materials show very less resistivity change even at high pressure i.e. 
10 GPa. The change can be calculated by subtracting resistivity value at 
10 GPa and at atmospheric pressure. This difference can be divided by 
the original resistivity value (at atmospheric pressure) and multiplied 
by 100 to get the percentage resistivity change. Table 2 reports the 
percentage change in the resistivity.

The results of resistivity change percentage clarifies that the 
addition of Silver makes the material more stable and the stress leads 
to almost negligible amount of resistivity change. The result can be 
interpreted in relation to Young’s modulus. The values of Young’s 
modulus for Selenium, Tellurium and Silver are 10 GPa, 43 GPa and 
82.7 GPa respectively [16]. The ternary material prepared is showing 
negligible resistance change even under 10 GPa pressure, justifying that 
there is negligible amount of change in the dimensions of the sample.

Further the variation in resistivity change with the variation in 
Silver in the compositions can be related to cross linking and rigidity 
[17] which is dependent on average coordination number as well. The 
mean coordination number (Nc) values tabulated in Table 3 for the 
investigated ternary glassy alloy SexTeyAgz (x+y+z=1), are calculated 
using the equation Nc=xCN(Se)+yCN(Te)+zCN(Ag); [18] where CN 
is the coordination number of the specific element (Se=2; Te=2 and 
Ag=4) and x, y and z are the atomic concentrations of Se, Te and 
Ag, respectively. The physical properties’ dependence on average 
coordination number is well studied by various researchers [19-21]. 
Several researchers reported the threshold compositions at different 
average coordination numbers and settled at a viewpoint that threshold 
value may lie between 2 and 3 for different elements [22]. With increase 

Figure 1: DC conductivity measurement set-up.

Sample Name Symmetry a b c Average Crystallite size 
(nm)

Se70Te15Ag15 Tetragonal 6.55209 6.55209 18.65308 36.25
Se75Te15Ag10 Tetragonal 6.55110 6.55110 18.64573 37.61
Se79Te15Ag6 Tetragonal 6.55941 6.55941 18.60991 32.55
 Se83Te15Ag2 Tetragonal 6.54574 6.54574 18.65955 37.36

Table 1: Average crystallite size and symmetry with lattice constants of Se85-x Te15Agx.
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in average coordination number due to addition of third element in 
Selenium Telluride, cross-linking and rigidity increases which further 
increases glass transition temperature as well as resistivity [23].

With the increase in Silver content the compositions, become more 
rigid and better cross linked and dense as the coordination number is 
increasing. Structures of multicomponent systems are associated with 
average coordination number and it is highly composition dependent. 
Due to this, increase in pressure is not causing the change in its 
resistivity. In case of Silver as additive in SeTe, as the concentration 
of Ag increases the change in resistivity with pressure decreases 
upto x=6 in Se85-xTe15Agx (x=2, 6, 10, 15) compositions. But as the 
concentration of Ag increases further the change in resistivity with 
pressure again increases. The threshold values of coordination number 
for ternary semiconductors vary with the additive elements. In the 
studied compositions, the increase in the coordination number up to 
2.2 exhibits reversal in the property. Moreover, with Silver as additive 
when it exceeds x=6 in the studied compositions it leads to increase 
in crystallinity evident from Figure 2 may also be attributed for the 
reversal in the property.

Resistivity change w.r.t. pressure in forward as well as backward 
pressurization for ternary nanocrystalline materials Se85-xTe15Agx (x=2, 
6, 10, 15) shows no change (Figure 3) depicts that there is no structural 
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Figure 4: Resistivity change w.r.t. pressure in forward as well as backward 
pressurization for ternary nanocrystalline materials Se85-xTe15Agx (x=2, 6, 10, 15).
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Figure 5: Resistivity change of amorphous Se85Te15 and ternary nano-
crystalline materials Se85-xTe15Agx (x=0, 2, 6, 10, 15).
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Figure 2: XRD of Se85-xTe15Agx (x=0, 2, 6, 10, and 15) bulk form.
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Figure 3: Resistivity change w.r.t. pressure in forward as well as backward 
pressurization for Se85Te15.

Se85-xTe15Agx (x=0, 2, 6, 10, and 15)
x Coordination number Percentage change in the 

resistivity
0 2.00 2.09
2 2.04 1.81
6 2.12 0.85

10 2.20 0.99
15 2.30 2.12

Table 2: Values of average coordination number and percentage change in 
resistivity in Se85-xTe15Agx (x=0, 2, 6, 10, and 15) and Se85-xTe15Gax (x=0, 2, 6, 10, 
and 15) compositions.

x Ea300K-
345K (eV)

Ea345K-
373K (eV)

Ea300K-
373K (eV)

σdc(S/m) σ0 (Ohm
-1

m
-1) Coordination 

number
0 1.46 0.50 0.98 9.97E-9  4.12E-7 2.00
2 2.24 0.33 0.86 1.55E-7  1.26E-5 2.04
6 1.46 0.31 0.73 1.21E-6  7.09E-7 2.12
10 0.11 0.11 0.05 0.010 0.01 2.20
15 0.20 0.20 0.11 0.016  0.06 2.30

Table 3: Values of Thermal Activation Energy (Ea), Pre-exponential factor (σ0), DC 
Conductivity (σdc) and Coordination No. (Z) for Se85_xTe15Agx (x =0, 2, 6, 10 and 15).
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change in the material with pressurization even up to 10 GPa as the 
forward and reverse plots follow the same path.

Resistivity change under temperature

The resistivity change of Se85_xTe15Agx (x=2, 6, 10 and 15) w.r.t to 
temperature (Figure 6) also shows a variation for different compositions. 
As the Silver content increases resistivity change decreases. The results 
are similar to resistivity change w.r.t pressure and justifying the fact 
that with the increase of coordination number. This also supports that 
with increase in the crystallinity (Figure 2) of the material less change 
is observed in the conductivity change even at higher temperatures. 
But the trend is reversed for higher concentration of Silver in the 
compositions as observed in the behaviour for pressure as stress. This 
is because of the threshold value in the coordination number in the 
compositions it shows reversal in the pattern of the observed property 
similar to the results observed for resistivity change due to pressure.

The temperature dependence plots of D.C. conductivity for 
Se85_xTe15Agx (Figure 6) are straight lines having two slopes for x=0, 2, 
6. It signifies that the D.C. conductivity is due to thermally activated 
process having two activation energy levels i.e. two conduction 
mechanisms in the measuring range of temperature. With decrease 
in temperature electrical conductivity decreases which corresponds 
to its hopping conduction mechanism. This region lies from 300-345 
K. In the temperature region 345-373 K, with increase in temperature 
conductivity increases refers tunnelling of carriers either in localized 
states in the band tails or in extended states. In semiconductors 
conduction mechanism depends on the values of pre-exponential factor 
(𝜎0).The range 105-106 Ω-1m-1 indicates conduction in extended states, 
but the calculated values of pre exponential factor are three to four 
orders lesser than 105-106 Ω-1m-1 range. Henceforth, there is no chance 
of conduction in extended states but, there is most likely existence 
of wide range of localized states. Therefore, there is the possibility of 
conduction in localized states in band tails. The activation energy is 

calculated using Arrhenius equation(  0exp )Ea
KT

σ σ ∆ = − 
 

. The values of 

ΔEa were calculated using the slopes of the curves of Figure 7 and pre-
exponential factor is calculated from intercept on y-axis in Arrhenius 
plots. The results are tabulated in Table 3. For the studied samples ΔEa 
is highly composition dependent. The values of ΔEa, decreases and DC 
conductivity increases as the Ag concentration increases (Figure 8). 
This increase of DC conductivity and decrease in thermal activation 
energy is because of shift of Fermi level in impurity doped chalcogenide 

semiconductors [24]. The addition of conductive dopant might have the 
potency to increase the concentration of charge carriers which shift the 
Fermi level [25-28]. In case of x=10 and 15 the slope of Arrhenius plot 
is very small, giving very small thermal activation energy. Being Silver a 
very conductive element large shift in the Fermi level is expected.

Conclusion
From the results achieved it is concluded that these materials can 

be best suited for the applications where electronic devices are to be 
fabricated for high pressure applications. In high pressure environment, 
where it is required, that the material do not change its conductivity 
w.r.t. pressure, these materials can find their application. Negligible 
amount of change is observed when Silver is in small content in the 
compound. But with the increase in Silver the change in resistivity is 
reduced significantly. Effect of Silver is explained with its increased 
cross linking capability in the material. But the reversal is observed in 
resistivity change pattern as the coordination number achieves certain 
threshold value in the compositions.The detailed study of temperature 
dependent DC electrical conductivity of bulk nanocrystalline SeTeAg 
system elaborated that with increase in Silver the change in resistivity is 
less due to change in the Fermi level upto x=10. Beyond that the trend 
is reversed due to threshold achieved in the compositions. Thermal 
activation energy increased with addition of Silver attributed to the fact 
that Silver introduces better cross-linked structures but further increase 
in Silver reduces the thermal activation energy because of increase in 
concentration of carriers. Further at higher temperatures tunnelling of 
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carriers in localized states in the band tails is suggested as calculated 
values of pre-exponential factor are very small.
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