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Temperature dependence of photoconductivity at different intensities of light, is studied in 
vacuum evaporated amorphous thin films of Se80Te20 and Se80Te10Cd10. Two temperature 
regions have been observed in temperature dependence of photoconductivity in case of 
these films. In the first region, photoconductivity increases with increase in temperature 
while in second region, a decrease in the photoconductivity in these samples is observed 
with temperature. A maxima in photoconductivity is observed at a particular temperature. 
The activation energy obtained in these two region is used to determine the location of 
prominent defect energy levels in present glassy alloys. The intensity dependence of 
photoconductivity measurements show that bimolecular recombination takes place in the 
intensity range used in the present study.   
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1. Introduction 
 
 Chalcogenide glasses have many current and potential applications in optics, 

optoelectronics, chemistry and biology such as optical elements, gratings, photo-doping, optical 
memories, micro lenses, waveguides, holography, bio- and chemical- sensors, solid electrolytes, 
batteries etc. [1-10].  These glasses generally exhibits p type electrical conduction due to the 
pinning of Fermi level arising from the trapping of the charge carriers and localized gap states [11, 
12], In amorphous semiconductors, the presence of localized defect states may act as traps for the 
charge carriers and hence affect many properties of materials. The parameters of traps (their 
energy position, the character of energy distribution, trapping concentration and capture cross 
section of the traps) are substantially different in deferent materials and these parameters 
determine the specific feature of the kinetic process in each case. 

Measurement of photoconductivity is a valuable technique to identify the position of 
discrete energy levels. Temperature and intensity dependence photoconductivity allows 
identification of the areas with monomolecular or bimolecular recombination. Behavior at high 
temperatures and at low light intensities where monomolecular recombination dominates, the 
photoconductivity is positively activated with the reciprocal of temperature while at lower 
temperatures and at high intensities bimolecular recombination leads to a different and negative 
value of the activation energy. In terms of the activation energy in the two regimes, the quantities 
of discrete trapping level in the gap can be specified [14, 15]. The two regimes have been observed 
on a large number of amorphous semiconductors [16, 20]. 

In the present work, steady state photoconductivity measurements have been made in 
amorphous thin films of Se80Te20 and Se80Te10Cd10. The temperature dependence of dark and 
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photoconductivity is studied at different light intensities and intensity dependence of 
photoconductivity is studied at different fixed temperatures. 

 
 
2. Material preparation 
 
Glassy chalcogenide material of Se80Te20 and Se80Te10Cd10 was prepared by quenching 

technique. High purity materials (5N pure) were weighed according to their atomic percentages 
and were sealed in a quartz ampoule under the vacuum of 10 -5 Torr. Ampoule was kept inside the 
furnace at an appropriate temperature (where the temperature was raised at a rate of 3-4 oC /min.). 
The ampoule was rocked frequently for 10 hrs at the maximum temperature (800 oC) to make the 
melt homogeneous. Quenching was done in liquid nitrogen and the glassy nature of alloy was 
checked by x-ray diffraction technique. Absence of any sharp peaks in XRD pattern confirms the 
glassy nature of Se80Te20 and Se80Te10Cd10 alloys.  

 
 
3. Experimental  
 
Thin films of glassy alloys Se80Te20 and Se80Te10Cd10 were prepared by vacuum 

evaporation of the prepared glass at a base pressure of 10-5 Torr using a standard coating unit (IBP-
TORR: EPR- 002), keeping the glass substrate at room temperature. Vacuum- evaporated indium 
electrodes were used for electrical contacts. The thickness of the films was about 500 nm. A 
coplanar structure (length ~ 1.7 cm and electrodes separation ~ 0.2 mm) was used for present 
measurements.  

Steady - state photoconductivity measurements were performed by mounting the films in a 
specially designed sample holder in which light could be shown through a transparent window. A 
vacuum of about 10-2 Torr was maintained during these measurements. The temperature of these 
films was controlled by a heater mounted inside the sample holder and was measured using a 
copper - constantan thermocouple mounted very near to the films. The light source for these 
measurements was a 200W tungsten lamp, the intensity of which was measured by a lux meter 
(Testron, model LX-101). The photocurrent was measured by a digital electrometer (Keithley, 
model 614). Before measurement, the film were first annealed at their glass transition temperature 
(Tg ~ 353 K) for two hours in a vacuum ~ 10-3 Torr. Current voltage (I-V) characteristics were 
found to be linear and symmetric up to 30V. The present measurements were, however, made by 
applying only 1.5 V across the films in case of a- Se80Te20 thin film and applying only 20 V across 
thin film in case of a- Se20Te10Cd10 thin film.   

 
 
4. Results 
 
The temperature dependence of the dark conductivity and the photoconductivity (at the 

different intensities) were studied in a- Se80Te20 and Se20Te10Cd10 thin films in the temperature 
range 301 K- 370 K and 298 K to 355 K respectively. The results in case of amorphous thin film 
of Se80Te20, at intensities of 559 lux and 904 lux are shown in Fig.1. The results at other intensities 
were also of the same nature. It is clear from Fig.1, that dark conductivity is thermally activated 
with Arrhenius behavior described by:  

 
                                                        σd α exp (-ΔEd / kT)                                                   (1)      

                           
where σd is the dark conductivity and ΔE d is the activation energy for dc conduction. 
            In the photoconductivity curve, a maximum is clearly seen near a particular temperature 
(Tm = 356 K) at an intensity of 559 lux. As is evident from Fig.1, the photoconductivity curve can 
be divided into two temperature regions according to the nature of its slope. Below Tm, ln σph 
increases as T-1 and reaches a maximum value of σph at T = Tm and the activation energy of 
photoconduction is much smaller than the activation energy in the dark. σph > σd in this 
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temperature range. The photoconductivity is negatively activated (activation energy ΔEb) with the 
reciprocal of the temperature according to: 
 

                                                         σph α exp (-ΔEb / kT)                                              (2) 
 

Thereafter, above Tm, ln σph decreases as T-1 and shows a positive value of activation 
energy ΔEa as given below: 
 

                                                         σph α exp (ΔEa / kT)                                               (3)  
 
In this temperature range σph is less than σd. 
 

 
Fig. 1. Temperature dependence of photoconductivity in amorphous thin films of Se80Te20 at   

intensities of 559 lux and 904 lux. 
 

 
 

Fig. 2. Temperature dependence of photoconductivity in amorphous thin films of a-Se80Te10Cd10 at a   
intensity of 1190 Lux. 

 
 
               The values of the activation energies, ΔEd, ΔEa and ΔEb, calculated from the slopes of ln 
σph vs. T-1 curves, are indicated in Fig. 1. 
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               In the case of amorphous thin films of Se80Te10Cd10, a maximum is clearly seen in the 
photoconductivity curve near a particular temperature (Tm = 340 K) at an intensity of 1190 lux as 
shown in Fig. 2. In this case also the photoconductivity curve can be divided into two temperature 
regions according to the nature of its slope as describe above.  
   Steady state photoconductivity measurements as a function of light intensity (F) were also 
performed on the a-Se80Te20 thin films at temperatures from 305 K to 330 K. The results of these 
measurements are shown in Fig. 3. It is clear from this figure that, at all temperatures, ln σph vs. ln 
F curves are nearly straight lines which indicate that photoconductivity follows a power law with 
intensity (σph α Fγ). The power γ has been calculated from the slopes of ln σph vs. ln F curves. The 
value of γ are nearly to 0.5 in the temperature range (305 K to 330 K). 
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Fig. 3. Intensity dependence of photoconductivity at various temperatures in a- Se80Te20. 
 
 

In case of a semiconductor with only one type of recombination centers, the excess electron 
density (Δn) can be related to the generation rate (g) as follows 
            

                                              g = Cn (Δn2 + 2 n0 Δn)                                                      (4)   
 
where Cn is the capture coefficient (the product of capture cross section and the thermal velocity of 
the carrier), n0 is the density of thermal carriers. In the case of monomolecular recombination 
where n0 > > Δn, equation (4) reduces to 
 

                                                  Δn = g / 2Cn n0                                                                  (5)     
   

As the generation rate is proportional to the light intensity (F), the photoconductivity will 
vary linearly with light intensity in the above case. In case of bimolecular recombination where Δn 
> > n0, equation (4) reduces to 
 

Δn = (g / Cn )1/2                                                                                                  . (6)  
 

Equation (5) shows that the photoconductivity will be proportional to square root of the 
light intensity in case of bimolecular recombination. 

 Intensity dependence of photoconductivity has been studied in chalcogenide glasses by 
many workers [32, 37]. The value of γ is reported between 0.5 and 1.0 in various glassy systems. 
In the present case, γ is 0.5 in the temperature range 305 K to 330 K which indicates that 
bimolecular recombination is predominant in Se80Te20. Similar results are found in amorphous thin 
film of Se80Te10Cd10. 
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5. Discussion 
 
As predicted by Simmons and Taylor [15], the photoconductivity σph is a linear function of 

Intensity F (monomolecular recombination) up to the value of σm corresponding to Tm and in this 
range the photoconductivity decreases with increase in T. For σph > σm, σph increases as F1/2 
(bimolecular recombination), and in this range the photoconductivity increases with increasing T. 
The observed experimental findings in the present case show fair agreement with the model 
proposed by Simmons and Tayler [15]. 

The models proposed by Simmons and Taylor [15] and Main and Owen [14] give 
information for the energy location of discrete sets of localized states between the band edges. 
With the help of experimental observations in term of the low – and high – temperature slopes, 
ΔEa ~ 0.04 eV and ΔEb ~ 0.14 eV, we can deduce the energy position for these two defect states in 
the mobility gap in case of a- Se80Te20 at an intensity 559 lux. We can not determine the value of 
ΔEa precisely since only a limited number of data points are available in the higher temperature 
range. The activation energy calculated for the dark conductivity is ΔEd = 0.30 eV, which can be 
taken nearly half of the band gap of a –Se80 Te20 thin films. Similar calculation has been done for 
the sample of thin film of a-Se80Te10Cd10 is shown in Fig.5.  The position of the defects energy 
states E1 and E2 above the valance band edge can be written as 

 
                                              E1 = ΔEd + ΔEa 
and  
 
                                              E2 = 2ΔEb 

 
From this, the approximate location of the energy states E1 and E2 have been computed for 

a – Se80 Te20 thin films and are shown in Fig 3. It is clear from the figure that one state is below the 
Fermi level whereas another state is above it. It is known that in chalcogenide glasses the states in 
mobility gap may behaves as a D- and D+ centres. These D+ and D- centres capture electrons and 
holes via D+ + e → D0 and D- + h → D0, creating neutral D0 sites. These D0 sites produce energy 
levels approximately midway between the band edges and the Fermi levels. The corresponding D0 
levels are at 0.28eV and ~ .34eV for a- Se80Te20.Similarly the position of defect centers have been 
calculated in case of amorphous Se80Te10Cd10  and the results are shown in Fig.5.  Some other 
authors have also observed two defect centres for the Se - Ge and Se – Ge - Cu system [20, 31].  
 

 
                             

Fig. 4. Energy level diagram for defect states in the mobility gap of a-Se80Te20 thin films at 
intensity of light 559 Lux. 
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Fig. 5. Energy level diagram for defect states in the mobility gap of a-Se80Te10Cd10 thin films at 
a particular intensity of light 1190 Lux. 

 
                   

6. Conclusion 
 
The temperature dependence of the photoconductivity of a- Se80Te20 and a- Se80Te10Cd10  

thin films has been measured at different intensities. Photoconductivity shows a maximum at a 
particular temperature for both the cases. From the activation energies obtained for the two 
regions, prominent defect levels have been calculated in the present glass systems whose positions 
comes out to be 0.28 eV and 0.34 eV from the valence band in case of a- Se80Te20. However, in 
case of a- Se80Te10Cd10 thin films, the positions of defect levels comes out to be 0.26 eV and 0.50 
eV from the valence band. 
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