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Thermally stimulated currents have been measured at different heating rates (β) in 
amorphous thin films of Se70Te30-xZnx (x = 0, 2, 4, 6, 8). A clear TSC peak occurs at a 
particular temperature that shift towards higher temperatures as heating rates (β) is 
increased. The aim of this paper is to determine initial information about trap depth and 
trap concentration (Nt). The value of Nt decreases with increases in Zn concentration upto 
2 % and thereafter it increases with increase in Zn concentration.   
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1. Introduction  
 
Amorphous chalcogenides have gained considerable attention due to their interesting 

technological applications. There promising material science applications include photo structural, 
optical [1, 2], advanced I R optical fibers [3], and acoustic devices [4, 5].  

Thermally stimulated conductivity (TSC) is a well known non- isothermal technique for 
investigating the trap level in semi conducting materials [6]. Depending on the stability of model 
chosen, analysis of TSC allows to estimate the trap density and the trap depth as well as other 
parameters. In this paper, thermally stimulated conductivity in thin films Se70Te30-xZnx (x = 0, 6, 8) 
is studied at four heating rates (β). It is observed that maxima in TSC, observed at a particular 
temperature (Tm), shifts towards higher temperatures with increasing heating rates (β) as expected.    

 
 
2. Experimental details 
 
Thin films of Se70Te30-xZnx (x= 0, 2, 4, 6, 8) glassy alloys having a thickness of 500 nm 

were prepared by vacuum evaporation techniques on glass substrates maintained at room 
temperature. Details of the deposition system and procedure are described in more detail in [7]. 
The coplanar structures are used for the present measurements (length ~ 1.2 cm and electrode 
separation – 0.5 mm) 

The amorphous nature of thin films was ascertained by XRD. Before measuring the d. c. 
conductivity, films were annealed at 400K for one hour in a vacuum of 10-2 torr. Thermally 
stimulated conductivity was studied by mounting the films in specially designed sample holder. 
Temperature of the film was controlled by mounting a heater inside the sample holder and 
measured by a copper constantan thermocouple mounted in the vicinity of the films. For this 
purpose, current was measured at a particular voltage using   Keithley electrometer model 614.  

For measuring thermally stimulated conductivity, conductivity measurements have been 
made in two different states, at each heating rates. In the state I, sample is heated from room 
temperature 295K to 470K without any light exposure, However, in the state II, light is incident on 
the sample for two minutes through the transparent window at room temperature. After switching 
off light, the decay of the photoconductivity was allowed for 10 minute. Now, the sample is again 
heated at the same heating rate. The deference of conductivity in these two states is called TSC. 
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These measurements were also done at different heating rates. Thermally stimulated conductivity 
have been calculated from the relation  

 
   σdc = (1 / R) (L / A)                                                               (1)         

                            
where, R is resistance of the sample, L is the thickness of the sample, A is the area of the cross-
section of the sample. 
 
 

3. Theoretical basis                                                                                                   
 
Thermally stimulated current due to single trap depth Eo, with negligible re-trapping, is 

given by [8]. 
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where, T0 is the initial temperature, k is the Boltzmann constant, ν is the escape frequency, β  is 
the warm up rate and I0 is the pre-exponential factor which is a weak function of temperature. At 
low enough temperature, contribution of integral in above equation can be neglected. Under this 
condition, above equation can be written as     
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A trap is characterized by the maximum in the thermally stimulated current at the 

temperature corresponding to this maximum Tm. The energy associated with trap is the thermal 
energy at Tm, which is given by, 
 

           
/, ,o m mE f T T kTα β⎡ ⎤= ⎣ ⎦                                                           (4) 

 
in the above equation,  α is a dimensionless model constant. The variable T/ is the temperature at 
half of the maximum current value on the low temperature side of the current peak. Assuming, 
Grossweiner model [9], the constant α and function is given as α  = 1.51: 
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and attempt frequency is given by, 
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This method has been employed for slow enough heating rates. In our case minimum 

heating rates is about 3 K / m. This is why we have calculated activation energy of traps by other 
methods.  

 
3.1 Initial rise method 
 
This method is valid for all type of recombination kinetics [10], proposed by Garlic and 

Gibson [11] which states that in the rising part of the TSC curve the current is proportional to 
exp(-E0/kT). Therefore, the plot of the logarithmic of the current as a function of 1 / kT, gives 
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directly a straight line of slope E0. The progressive shifting from linear behavior at high currents is 
likely due to the overcoming of the critical temperature Tc [12], above which the Garlic-Gibson are 
not more valid. The advantage of this method lies essentially in the fact that it is independent of 
recombination kinetics. i. e.  in this method only rising part of the TSC curve has to be considered. 

 
3.2 Variable heating rate method 
 
In this method the traps are emptied at different heating rates while all other parameters 

are kept constant. The equation relating heating rate to the temperature maximum of the current 
peak is given by [13] 

 
                                               ln﴾ Tm

2 / β) = (E0 / k Tm) - ln (w. k / E0)                                           (7) 
 
with w =Nc.σ .Vth 
where, Tm is the  temperature of the current peak maximum,  β  is the heating rate, k is 
Boltzmann’s constant, E0 is the thermal energy of trap, w is the escape attempt frequency, Nc is the 
effective density of  state in the conduction band, σ be the trapping cross section area, and Vth is 
thermal velocity. 

As the heating rate increases from one measurement to another, the centroid of current 
peak associated with trap, shifts to higher temperature. Using different heating rates, β1, β2, β3 one 
gets temperature maximums, T1, T2, T3 respectively. Plotting ln (Tm

2/β) versus 1000 / Tm results, in 
straight line with a slope equal to trap thermal energy (E0). Also it is an important to consider the 
possibility of re-trapping in which the freed charge carriers undergoes re-trapping by empty deep 
levels. This effect will lead to increase of the magnitude of the measured deep trap current peak 
relative to the shallow trap’s current peak, which in turns lead to a change of the concentration of 
trapped charge   

 
 
3.4 Trap concentration 
 
The concentration of the traps has been estimated using the relation [14] 

             

                                                          t
QN

ALeG
=                                                                    (8) 

 
Here, Q is the quantity of the charge released during a TSC experiment and can be calculated from 
the area under the TSC peak, A and L are the area and thickness of the sample respectively, e is 
the electronic charge and G is the photoconductivity gain.  
The latter was calculated using the expression [15] 
 
                                                          G = τ / t tr                                                                                                                             (9) 

 
where, τ is the carrier life time and ttr   is the carrier transit time between electrodes. 
 
 

4. Results and discussion  
 
It is clear from Figs 1- 4 that current in state II is higher than in state I at each heating rate 

in case of amorphous thin films of Se70Te30, the difference of current in these two states is called 
TSC. Similar results were observed for other composition also (results are not shown here).  

 
 
 
 



266 
 

 

 
 
 
 
 
 

Se70Te30

β1 = 3.38 (K/m)

-13

-12.5

-12

-11.5

-11

-10.5

-10

-9.5

-9

-8.5

0.0024 0.0026 0.0028 0.003 0.0032 0.0034

1 / T (K-1)

ln
I p

h, 
ln

I d

State (II)

State (I)

 
 

Fig. 1 Temperature dependence of current at heating rates 3.38 (K/m) of Se70Te30 
thin films 
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Fig. 2 Temperature dependence of current at heating rates 4.10 (K/m) of Se7 30 0Te

thin films 
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Fig. 3 Temperature dependence of current at heating rates 5.28 (K/m) of Se70Te30 

thin films 
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Fig. 4 Temperature dependence of current at heating rates 8.8 (K/m) of Se70Te30 

thin films 
 
 
Fig.5. shows experimental TSC (A) curves for amorphous Se70Te30 thin films at different 

heating rates. It is clear from this plot that as the heating rates increases from one measurement to 
another, the centroid of current peak associated with trap shifts to higher temperatures 
respectively. Similar results were observed for other compositions also (results are not shown 
here)   
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Fig. 5 Experimental TSC (A) curves for Se70Te30 thin films measured at four different heating rates 
 
 
Fig. 6. shows a plot of   logarithm of thermally stimulated current as function of 1000 / T 

for initial rise part of TSC peak of amorphous Se70Te30 thin films. A linear dependence is observed 
in this case whose slope gives (E0). It may be pointed out here that initial rise method is applied 
only for one heating rate only. Similar calculations were done in other alloys and the results are 
given in Table 1. 
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Fig. 6. ln TSC (A) versus 1000/T plot for initial rise part of TSC peak for Se70Te30   thin films 
 

Table. 1 
 

Value of E0(eV)  
    Sample 

Initial Rise 
method 

Variable Heating rates 
Method 

Se70Te30 0.18 0.17 
Se70Te28Zn2 0.20 0.22 
Se70Te26Zn4 0.21 0.54 
Se70Te24Zn6 0.14 0.34 
Se70Te22Zn8 0.19 0.37 
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An alternative approach is to plot ln (Tm

2 / β) versus 1000 / Tm for various heating rates. 
This is known as variable heating rate method.  Plotting ln (Tm

2/β) versus 1000 / Tm result in 
straight line with a slope equal to E0. The advantage of this method is that activation energy is 
independent of the kinetic process present in sample. Fig.7. shows such plots for amorphous 
Se70Te30 thin films where the slope yields the value of E0 little higher that obtained from initial rise 
method. Similar plots were obtained in case of other glasses also and the results are given in              
Table 1. 
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Fig.7. ln (Tm

2/ β) versus  1000 / Tm for Se70Te30 thin films 
Se70Te30-xZnx
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Fig. 8. Composition dependence of Trap density (Nt) for Se70Te30-xZnx thin films. 

 

 
Table 2. the values of trap density (Nt) for Se70Te30-xZnx thin films. 

 
Composition at x % Concentration of trap (Nt) 

0 5.00×1021 
2 5.24×1019 
4 5.60×1019 
6 2.38×1020 
8 8.12×1020 
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The trap density in each alloy was calculated by the method discussed in section 3.4. Here 
Nt are calculated by using G = 1, because it is not possible to measure G under the same TSC 
conditions with the necessary accuracy.  

Composition dependence of trap concentration is shown in Fig 8. It is clear from this 
figure that Nt first decreases on increasing Zn concentration and then increases on further increase 
in Zn concentration. 

 
 
5. Conclusions 
 
The present paper reports thermally stimulated conductivity in amorphous thin films of 

Se70Te30-xZnx(x = 0, 2, 4, 6, 8). A maximum in TSC curve has been observed at a temperature (Tm) 
that shifts towards higher temperatures on increasing heating rates β. Τrap depth is calculated in 
each glassy alloy using initial rise method as well as variable heating rate method. Trap density is 
also calculated from the area of TSC peak in each glassy alloy. Composition dependence of trap 
density shows that on adding Zn as third element in binary Se-Te system the trap density (Nt) 
decreases upto 2 % of Zn. However, on further incorporation of Zn, the trap density increases.  
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