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Abstract - Films of different thickness of chalcogenide 

InSbX3(X=Se and Te) glassy system have been prepared by 

thermally evaporation technique. The amorphous structure 

for all studied films identified by X-ray diffraction analysis. 

The present work  aimed to study the temperature and 

frequency dependence of ac conductivity and dielectric 

properties in the frequency range (102–105 Hz)over the 

temperature range (303 – 393 K).The obtained data reveal 

that Ac conductivity σac(ω) obey the relation σac(ω) = Aωs, 

where s is the frequency exponent and temperature 

dependent. The decrease of the frequency exponent s with 

increasing temperature suggests that the Correlated Barrier 

Hopping (CBH) model is the dominant conductivity 

mechanism. The  dielectric  constant  ε1and dielectric loss ε2 

increase  with  increasing  temperature  and decrease  with  

increasing  frequency. The obtained values of the maximum 

barrier height WM that calculated according to Giuntini,s 

equation are in good agreement with the theory of hopping of 

charge carriers over a potential barrier as suggested by 

Elliott in the case of chalcogenide glasses. Values of the 

relaxation time were determined at different temperatures. 

The obtained values of activation energy of relaxation (Eo) 

are equal to 0.86 and 0.46eV for InSbSe3  and InSbTe3 films 

respectively. Values of the maximum barrier height WM ,the 

relaxation time and the activation energy of relaxation for 

the two compounds were also determined. 

 

Keywords – A.C. Conductivity, Dielectric Properties, 

Relaxation Studies, Correlated Barrier Hopping  Model, 
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I. INTRODUCTION 
 

Studies on electrical and dielectric properties of 

amorphous chalcogenide materials has accelerated in 

recent years .This is because electronic applications have 

continuously provided the impetus pushing the 

development of new materials in a fascinating and rich 

variety of applications [1- 3]  . 

AC conductivity  measurements have been widely used 

to investigate the nature of defect centers in disordered 

systems since it is assumed that they are responsible for 

this type of conduction  . 

The general frequency behavior in this amorphous 

chalcogenide materials is of Aω
s
 type over a wide  

frequency range where the exponent s is found to be 

temperature dependent and has a value ≤ 1  [4- 7] . various 

models have been formulated to explain this behavior and 

classical approach has been to consider ac and dc 

conduction separately .  

The Correlated Barrier Hopping (CBH) model [4- 6] has 

been extensively applied to the chalcogenide glassy 

semiconductors . According to this model, the conduction 

occurs via a bipolaron hopping process wherein two 

electrons simultaneously hope over the potential barrier 

between two charged defect states(D
+
 and D

- 
)and the 

barrier height is correlated with the intersite separation via 

a Coulombic interaction.  

Glassy Se-In alloys have drown great attention because 

of  their potential application in solar cells[8- 10] .In2Te3 

and its solid solutions have valuable photoelectrical and 

good thermoelectric properties. The effect of incorporation 

of third element in binary chalcogenide glasses alloys has 

always been an interesting problem in getting relatively 

stable glassy alloys. 

Some electrical and optical properties, the effect of 

deposition temperature on the electrical and dielectric 

properties of InSbSe3 thin films have been studied by few 

authors[11 – 13] .  

Thermoelectric power , DC conductivity, structural and 

optical properties  of InSbTe3  have been made [14 – 15].  

In view of the above ,we have studied in this paper the 

temperature and  frequency dependence of AC 

conductivity and dielectric properties of InSbX3(X=Se and 

Te)  thin films deposited at room temperature .Also, 

relaxation time and the activation energy of relaxation 

have been calculated. 

 

II. EXPERIMENTAL TECHNIQUE 
 

InSbX3(X=Se and Te)  compositions were prepared in a 

bulk form as follows: The exact proportions of high purity 

In, Sb and Se or Te elements  in accordance with their 

atomic percentages weighed using an electrical sensitive 

balance of accuracy 10
-4

 gm. The weighed materials were 

sealed  in evacuated (10
-5

 Torr) silica ampoules. The 

ampoules containing the constituent materials were heated 

to 1223K for InSbSe3 [16] and to 1003K for InSbTe3 [17] 

and were heated at that temperatures for 48 hours. The 

temperature of the furnace was raised slowly at a rate of 

50K/h .During heating, the furnace was oscillate to obtain 

homogeneous compositions. The ampoule is then cooled 

slowly at a rate of 1K/min for InSbSe3 and at a rate of 

3K/min for InSbTe3 until room temperature. 
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InSbSe3 and InSbTe3thin films with different 

thicknesses were prepared by thermal evaporation 

technique on dry-cleaned glass substrates under vacuum of 

10
-5

 Torr using a high vacuum coating unit (Edward E – 

306A). The substrate was fixed onto a rotatable holder (up 

to 240 r.p.m) to obtain homogenous deposited films, while 

the substrate temperature was held at that of the room 

during deposition. The film thickness was controlled 

during deposition and then determined optically after 

deposition by Tolansky’s interferometric method.  

The structure of the investigated compositions in a 

powder and thin film forms was  checked by X-ray 

diffraction analysis . X-ray diffraction patterns obtained 

for all investigated films reveal the amorphous nature of 

the structure [11,13]. 

A micro DTA apparatus of a Shimadzu DT-30 model 

was used for the DTA investigation to determine the glass 

transition temperature Tg and from which the temperature 

range of investigation was detected. 

For ac measurements, films were sandwiched between 

two Al electrodes. A programmable automatic RLC bridge 

(PM 6304 Philips) was used to measure the impedance Z, 

the capacitance Cx and the loss tangent (tan δ) directly. All 

investigated samples are represented in the screen of the 

bridge by a resistance R connected in parallel with a 

capacitance Cx   . The  total conductivity was calculated 

from the  equation ζt(ω) = d/ZA, where d is the thickness 

of the film and A is the cross sectional area. The  dielectric  

constant  was calculated  from  the  equation ε1 = dCx / A 

εo, where εo is the permittivity of free space. The dielectric 

loss ε2 was calculated from the equation ε2 = ε1 tan 

δ,where (δ = 90– θ), θ is the phase angle. The 

measurements were carried out through the temperature 

range (303 – 393 K) and frequency range (10
2
 – 10

5
 Hz).  

 

III. RESULTS AND DISCUSSION 
 

AC conductivity 
Frequency  and temperature dependence of ac 

conductivity ζac(ω) were studied for InSbSe3 and 

InSbTe3thin films with different thicknesses  in the range 

(149 - 691nm) and (50 – 150 nm) for the two compositions 

respectively. 

A common feature to all amorphous semiconductors is 

that the ac electrical conductivity ζac(ω) increases with 

frequency according to the equation [18] 

    σac(ω) = σtot(ω) – σdc = A ω
s
      (1) 

where ω is the angular frequency, s is the frequency 

exponent, ζtot(ω) is the measured total electrical 

conductivity, ζdc is the dc electrical conductivity and A is 

a constant dependent on temperature. Figs.(1 – a, b) show 

a representative example for the relation between ln ζac(ω) 

and ln(ω) at different temperatures for InSbSe3 and 

InSbTe3 films with thicknesses 682nm and 50nm for the 

two compositions respectively. It is clear from these 

figures that ζac(ω) increases linearly with increasing 

frequency according to equation (1).The same behavior 

was obtained for all investigated films .  

Values of the   frequency exponent s were calculated  

from the slopes of linear lines of ln ζac(ω) = f(ω). 

     
(a)    (b) 

Fig.1. Frequency dependence of ac conductivity ζac(ω) 

at different temperatures ,and the inset figures show the 

temperature dependence of the average value of the 

frequency exponent s for 

(a) InSbSe3 film of thickness 682 nm  

(b) InSbTe3 film of thickness 50nm. 

    

The temperature dependence of the mean value of s for 

the investigated films is shown in the inset of Figs.(1– a, 

b) . It is obvious from these figures that the mean value of 

s decreases linearly as the temperature increases from the 

value 0.96 at 303K to 0.69 at 393K for InSbSe3 , and from 

the value 0.94 at 303K to 0.73 at 393K for InSbTe3 .The 

scattering of s due to sample thicknesses in the 

investigated range , indicated by vertical lines on the 

obtained results lie within the experimental error of ± 6% . 

Accordingly s is independent on the film thickness at any 

given temperature in the investigated range. 

According to the Correlated Barrier Hopping (CBH) 

model, the frequency exponent s is ranged from 0.7 to 1 at 

room temperature, and is found to decrease with 

increasing temperature as:   

       s = 1- 
)ln(

6

om KTW

KT



      (2) 

This is exactly the obtained data for s. So, the frequency 

dependence of ζac(ω) can be explained in terms of CBH 

model.  

Temperature dependence of the ac conductivity ζac(ω) at 

different frequencies was studied for InSbSe3 and InSbTe3 

thin films. Figs.(2–a,b) show the plot of  ln ζac(ω) against 

1000/T for a film of  thickness 682 nm and  50nm for 

InSbSe3 and InSbTe3 respectively as a  representative 

examples. It is clear from these figures that lnζac(ω) 

decreases non linearly with the reciprocal of the absolute 

temperature. If ln ζac(ω) depends linearly on 1000/T with 

single activation energy, the mechanism is due to hopping 

between states near the mobility edges where the density 

of states is taken to be constant [19], but the obtained 

dependence is not linear. A possible explanation of this 

behavior may be that the density of states rises 

continuously toward the band edges instead of being sharp 

at a specific energy value. 
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(a) 

 

 
(b) 

Fig.2. Temperature dependence of ac conductivity ζac(ω) 

at different frequencies for (a) InSbSe3 film of thickness 

682 nm (b) InSbTe3 film of thickness 50nm. 

 

Dielectric behavior  

Dielectric constant ε1 
Frequency and Temperature dependence of the 

dielectric constant ε1 were studied for the investigated film 

compositions with different thicknesses in the above 

mentioned ranges of frequency and temperature. The 

frequency dependence of ε1 at different temperatures for 

InSbSe3 film of thicknesses 149 nm , and for InSbTe3 film 

of thicknesses 150 nm as a representative examples are 

illustrated in Figs.(3–a,b) respectively. It is clear from 

these figures that ε1 decreases with increasing frequency. 

This can be attributed to the fact that, at low frequencies, 

ε1 for polar material is due to the contribution of 

multicomponent of polarization, deformational 

polarization (electrical and ionic) and relaxation 

polarization (orientation and interfacial). When the 

frequency increases, the dipole cannot rotate sufficiently 

rapidly, so that their oscillations lag behind those of the 

field. As the frequency further increased, the dipole will be 

completely unable to follow the field and the orientation 

polarization stopped, so ε1  decreases approaching a 

constant value at high frequencies due to interfacial 

polarization only. 

The frequency dependence of ε1 measured at room 

temperature for two films of InSbSe3 and InSbTe3 with the 

same thickness (150nm) is shown in Fig. (4). It is clear 

from this figure that the decrease of ε1 with the increase of 

frequency for InSbTe3 films is larger than that of InSbSe3 

films. Also, it is clear that the value of ε1 for InSbTe3 is 

larger than that of InSbSe3 at any frequency.   

 
Fig.3. Frequency dependence of the dielectric constant  ε1  

at different temperatures for (a) InSbSe3 film of thickness 

149 nm (b) InSbTe3 film of thickness 150nm. 

 

Figs. (5- a, b) show the temperature dependence of the 

dielectric constant ε1 at different frequencies for InSbSe3 

film of thickness 149nm and for InSbTe3 film of 

thicknesses 150nm respectively. It is clear from these 

figures that ε1 increases as the temperature increases over 

the whole investigated range of frequency. The increase of 

ε1 with increasing temperature can be attributed to the fact 

that the dipoles in polar materials can not orient 

themselves at low temperatures. When the temperature is 

increased the orientation of dipoles is facilitated and this 

increases the value of the orientational polarization, and in 

turn increases ε1. 

 
Fig.4. Frequency dependence of the dielectric constant ε1 

measured at room temperatures for   InSbSe3 and InSbTe3 

films of the same thickness (150 nm). 
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                  (a)                                     (b) 

Fig.5. Temperature dependence of the dielectric constant 

ε1 at different Frequencies for (a) InSbSe3 film of thickness 

149 nm (b) InSbTe3 film of thickness 150nm . 

 

Temperature dependence of ε1 measured at a frequency 

(10 KHZ) for InSbSe3 and InSbTe3 films with the same 

thickness (150nm) is illustrated in Fig. (6). It is noticed 

from this figure that ε1 increases with the increase with the 

increase of  temperature, but the increasing for InSbTe3 

films is larger than that for InSbSe3 films. Also, it is clear 

that the value of ε1 for InSbTe3 is larger than that of 

InSbSe3 at any temperature, which is similar to that 

obtained for the frequency dependence of ε1. This 

behavior may be due to the fact that the energy of Se-Se 

bond is higher than that for Te-Te bond [20] and the 

electron negativity of Se is stronger than that for Te [21]. 

So, InSbTe3 can response to ac electric field much easier 

than InSbSe3 which leads to the increase of the value of  ε1 

for InSbTe3 than that for InSbSe3 films.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 
Fig.6. Temperature dependence of the dielectric constant  

ε1  measured at 10 k HZ for   InSbSe3 and   InSbTe3 films 

of the same thickness(150nm). 

   

Dielectric loss ε2 
Frequency dependence of the dielectric loss ε2 at different 

temperatures for InSbSe3 film with thickness 235nm and for 

InSbTe3 film with thickness 105nm  as a representative 

examples is shown in  Figs. (7-a ,b) respectively. It is clear 

from these figures that ε2 decreases with increasing 

frequency at any temperature in the investigated range . 

This decrease of ε2 with frequency can be attributed to the 

fact that, at low frequencies, the value of ε2  is due to the 

migration of ions in the material. At moderate frequencies, 

ε2 is due to the contribution of ions jump, conduction loss of 

ions migration and ion polarization loss. At high 

frequencies, ion vibrations may be the only source of 

dielectric loss, so ε2 has the minimum value. 

The obtained data of the frequency dependence of ε2 is 

represented as ln ε2 versus ln ω at different temperatures 

for InSbSe3 film with thickness 235nm and for InSbTe3 

film with thickness 105nm as representative examples in 

Figs. (8- a ,b) respectively satisfying the following 

equation [22] 

           ε2 = A1 ω
m 

                   (3)            

where A1 is a constant, the power m was calculated from 

the negative slopes of the obtained straight lines of 

Figs.(8-a,b) at different temperatures. Variation of m with 

temperature is illustrated in the insets of Figs. (8-a,b).  

 
                     (a)                                          (b) 

Fig.7. Frequency dependence of the dielectric loss ε2 at 

different temperatures for (a) InSbSe3 film of thickness 

235 nm (b) InSbTe3 film of thickness 105nm 

 

It is obvious from these figures that m decreases linearly 

with increasing temperature for our compositions 

according to Guintini [22] equation, 

            m = - 4kBT/ WM                   (4)    

where WM is the maximum barrier height (the energy 

required to move the electron from one site to infinite). 

Values 0f  WM was calculated from the slopes of the lines 

of the insets of Figs.(8 - a , b) according to Eq. 4. It was 

found 0.115 eV for InSbSe3 and o.345 eV for InSbTe3 and 

this is in good agreement with the theory of single polaron 

hopping of charge carrier over potential barrier as 

suggested by Elliott [4] and Shimakawa [23] in case of 

chalcogenide glasses.  

 
(a) 
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Fig.8. Plot of  ln ε2 versus ln ω, and the inset figures show 

the temperature dependence of the average value of m for 

a) InSbSe3 film of thickness 235 nm b) InSbTe3 film of 

thickness 105nm. 

 

The frequency dependence of ε2 measured at room 

temperature for two films of InSbSe3 and InSbTe3 with the 

same thickness (105nm) is shown in Fig. (9). It is clear 

from this figure that the decrease of ε2 with the increase of  

frequency for InSbTe3 films is larger than that for InSbSe3 

films. Also, it is noticed that the value of ε2 for InSbTe3 is 

larger than that of InSbSe3 at any frequency.   

 
Fig.9. Frequency dependence of the dielectric loss ε2 

measured at room  temperatures for  InSbSe3 and   

InSbTe3 films of the same thickness (105nm). 

 

Figs. (10- a,b) show the temperature dependence of ε2 at 

different frequencies for InSbSe3 film with thickness 

235nm and for InSbTe3 film with thickness 105nm  as a 

representative examples respectively. It is clear from these 

figures that ε2 increases with increasing temperature  for all 

frequencies in the investigated range. This can be 

explained by Stevels [24] who
 

divided the relaxation 

phenomena into three parts: conduction losses, dipole 

losses and vibrational losses. At low temperatures, 

conduction losses have minimum value since it is 

proportional to ζac(ω). As the temperature increases, ζac(ω) 

increases and so the conduction losses increases.  

Temperature dependence of ε2 measured at a frequency 

(10 KHZ) for InSbSe3 and InSbTe3 films with the same 

thickness (105nm) is illustrated in Fig. (11).  

 
                      (a)                                       (b) 

Fig.10. Temperature dependence of the dielectric loss ε2 at 

different frequencies for a) InSbSe3 film of thickness 235 

nm b) InSbTe3 film of thickness 105nm 

 

 
Fig.11. Temperature dependence of the dielectric loss ε2 

measured at 10 k HZ for   InSbSe3 and   InSbTe3 films of 

the same thickness(105nm). 

   

It is noticed from this figure that ε2 increases with the 

increase of  temperature, but the increasing for InSbTe3 

films is larger than that for InSbSe3 films. Also, at any 

temperature the value of ε2 for InSbTe3 films is larger than 

its value for InSbSe3 films, which is similar to the behavior 

that obtained for the frequency dependence. The observed 

increase in the value of ε2 at any given  frequency and /or 

temperature for InSbTe3 films than that for InSbSe3 films 

is consistent with the increase in ac conductivity for 

InSbTe3 films than that for InSbSe3 films mentioned above 

in section (3-1),since the real part of ac conductivity is 

related to  ε2 by the following relation,     

       σac(ω) = εo ω ε2 (ω)             (5) 
 

Relaxation time and the activation energy of 

relaxation  
The dependence of ε1 and ε2 was studied for  

investigated film compositions with different thicknesses. 

Figs. (12-a,b) show ε1 versus ε2 at different temperatures 

for InSbSe3 film with thickness 149nm and for InSbTe3 
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film with thickness 105nm  as a representative examples 

respectively as a representative examples. A semicircle is 

obtained for each temperature which its centers lie 

between the abscissa axis. This confirms that there exist a 

distribution of relaxation time in InSbSe3 and InSbTe3 

films. The analysis of the results could reveal parameters 

such as relaxation time (η), activation energy of relaxation 

(Eo) and the distribution parameter (1) [25-27]. 

        
                 (a)                                        (b) 

Fig.12. Plots of dielectric constant ε1 against dielectric loss 

ε2 at different temperatures for (a) InSbSe3 film of 

thickness 149 nm (b) InSbTe3 film of thickness 105nm. 

 

The macroscopic relaxation time ηo can be evaluated 

using the relation [26,28,29], 

          u/v   11 




                (6) 

The distances u & v and the distribution parameter  1 

are shown in Figs. (12-a,b). The molecular relaxation time 

η is given by[25,27,28]   

               η 
o

o

o 












 
 

3

2                 ( 7 )  

Where εo and ε͚  are the static and optical dielectric 

constant respectively. 

Temperature dependence of η can be controlled by a 

thermally activation process [13,30-32] of the type               

τ =  τ͚ exp ( Eo / kBT )                        (8) 

 where η͚ is the relaxation time at infinite temperature 

(characteristic relaxation time which represents the time of 

a single oscillation of a dipole in the potential well ) and 

Eo is the free energy of activation for dipole relaxation. 

Figs.(13-a,b) show the plot of lnη as a function of a 

reciprocal temperature for the investigated film 

compositions. The calculated values of η͚ and Eo are found 

to be 3.3 x 10
-5

 sec, o.86 eV respectively for InSbSe3 films 

and 1.3 x 10
-5

 sec, 0.46 eV respectively for InSbTe3 films .  

 

IV. CONCLUSIONS 
   

Ac conductivity and dielectric properties of  InSbSe3 

and InSbTe3 films were studied in the frequency range 

10
2
-10

5
 HZ and temperature range 303-373K. For both  

compositions, it has been found that : 

1- Ac electrical conductivity ζac(ω) is related to the 

frequency by the relation ζac(ω) = A ω
s
 .  ζac(ω) increases 

with increasing frequency and the frequency exponent s 

decreases linearly with increasing temperature which can 

be explained in terms of Correlated Barrier Hopping 

(CBH) model suggested by  Elliot for chalcogenide  

glasses. Also, it was found that   ζac(ω) increases with  

increasing temperature and the obtained relation are not 

linear which can be explained by continuous rise in the 

density of states toward the band edges. The density of 

states is not sharp at a specific energy. 

          
                  (a)                                          (b) 

Fig.13. Temperature dependence of molecular relaxation 

time for (a) InSbSe3 films (b) InSbTe3 films. 

 

2- The  dielectric  constant  ε1and dielectric loss ε2 

increase  with  increasing  temperature  and decrease  with  

increasing  frequency   

3- Values of the maximum barrier height WM that 

calculated according to Guintinni equation are in good 

agreement with the theory of hopping of charge carriers 

over a potential barrier as suggested by Elliott in the case 

of chalcogenide glasses. 

4- Values of the relaxation time were determined at 

different temperatures. The obtained values of activation 

energy of relaxation (Eo) are equal to 0.86eV for InSbSe3 

films and 0.46eV for InSbTe3 films . 
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