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This paper examines the influence of temperature, thickness and illumination of different intensities on the capacitance-
voltage (C-V) and current-voltage (I-V) characteristics of coplanar ZnTe thin films of thickness range (300-700 nm). 
Capacitance–voltage (C-V) measurements of ZnTe thin films were performed by a sweep of voltages from -10 to +10 V at 
different elevated temperatures in the range 298-398 K. The temperature dependence of the measured capacitance for the 
different applied voltage was studied. The dependence of capacitance on the reciprocal of film thickness, yields a 
permittivity value of ZnTe, assuming that the capacitance follows a simple parallel plate relationship. The current-voltage (I-
V) characteristics of ZnTe films at room temperature (RT) for different thicknesses showed the Ohmic conduction 
mechanism at low voltages, while at higher voltages, the trap-charge-limited conduction (TCLC) was dominant. The 
temperature dependence of current allows the determination of some essential parameters of ZnTe. Discussion of the 
obtained results and their comparison with the previously published data are also given. 
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1. Introduction 
 
Research and development on thin films has led to the 

conclusion that different classes of materials are of 
particular interest for different applications. 
Semiconductor compounds of the AIIBVI group have 
attracted considerable interest of the international physical 
community due to their potential for solving a number of 
problems in semiconductor electronics and optoelectronics 
and thus remain in the focus of considerable intellectual 
and funding effort in the world’s leading industrial 
countries  [1].  

In recent years, zinc telluride (ZnTe), has been the 
focus of great interest due to its low cost and high 
absorption coefficients for applications in photovoltaic, 
photo-electrochemical cells [2-4], optoelectronic devices 
such as pure-green light-emitting devices, terahertz 
detectors, solar cells, waveguides and modulators. ZnTe 
has a direct band gap of 2.2–2.3 eV at room temperature 
and it is usually a p-type semiconductor.  These have 
generated a great deal of effort toward the growth and 
characterization of this material. To the present, ZnTe 
films were prepared by different  techniques such as 
thermal evaporation [5], hot-wall evaporation [6], radio-
frequency sputtering [7], molecular beam epitaxy [8], 
solvothermal process [9-10] and electro-deposition [11]. 

Most of the reports  address themselves to the 
structural aspects of ZnTe films  [12] emphasizing the 

inter-relation between the substrate materials, film 
structure [13] and their optical applications in industry as 
well as in their practical use [14]. Although  there have 
been a number of investigations on the  electrical, optical 
and structural properties of the films,  limited systematic 
study appears to have been done on the current-voltage 
and capacitance-voltage characteristics for the coplanar 
geometry of ZnTe film which has been proposed to 
eliminate the effect of electrode on the electrical 
characteristics of the film.  Moreover, there is a 
considerable lack of understanding the effect of different 
temperatures and illumination on the properties of this 
structure. 

In the present work, we have reported the 
investigation of the high frequency capacitance-voltage 
(C-V) and current-voltage (I-V) characteristics of ZnTe 
films. Such studies of Ohmic and space charge limited 
conduction in ZnTe are capable of providing considerable 
insight into charge transport mechanisms and carrier 
trapping in this material. Such information is of  particular 
importance in the development of viable ZnTe thin film 
applications. Measurements were performed in the 
temperature range 298-393 K under dark and illumination 
at different intensities in the range 500-2000 lx. 
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2. Experimental 
 

Thin films of ZnTe were prepared using thermal 
evaporation technique with thickness ranging from 300 to 
700 nm, deposited onto a pre-cleaned glass substrates  
separated 21 cm from the source of evaporation, which 
keeps substrate at room temperature during the deposition. 
A high vacuum coating unit (Edwards, E-306A) was used. 
Thin films were deposited by using a molybdenum boat 
under vacuum of 2x10-5 Torr. The rate of deposition was 
10 nm.s-1 and the film thickness were controlled using a 
quartz crystal thickness monitor (FTM4, Edwards). X-ray 
diffraction pattern of ZnTe thin film contain only one 
single crystalline peak of {111} plane of a cubic phase. 
This crystalline peak represents the preferred orientation 
(permanent plane) in this films. 

Two Aluminum electrodes were evaporated firstly on 
the pre-cleaned glass substrates to be used for the 
electrical contacts as described before [15]. This coplanar 
configuration was used to eliminate the effect of electrodes 
on the electrical properties of ZnTe films as shown in Fig. 
1 [16]. Capacitance-voltage measurements were performed 
on ZnTe film samples using a computer controlled 410 C-
V meter with an operating frequency  at 1 MHz. The 
measurements were performed under a sweep of voltage  
from -10 to +10 V in the temperature range 298-398 K 
.The temperature of the device was recorded using 
chromel–alumel thermocouple (Type-K) connected to 
temperature controller. The measurements  of the current-
voltage (I-V) characteristics in dark were taken using  high 
internal impedance electrometer (Keithely 617A).  

 

 
 

Fig.1. ZnTe thin film and aluminum electrodes pattern 
as-deposited on a glass substrate. This design is chosen 
in order to minimize the effect of the electrical contacts  
                           on the measured signal. 
 

 
The source of light was a 500 W halogen lamp 

containing iodine vapor and tungsten filament. A water 
filter was used to eliminate the far infrared component 
from the light source. The intensity of light was measured 
with a digital lux meter    (LX-101, Taiwan). The intensity 
of light was varied by changing the voltage across the 
lamp. During the effect illumination on the investigated 

samples, the silver electrodes were well-covered with 
aluminum foil to avoid photo diffusion. 

 
 
3. Results and discussion 
 
3.1. Capacitance-voltage characteristics under  
       dark conditions 
 
It is known that when a blocking (or Schottky barrier) 

contact is provided to a semiconductor surface, a depletion 
region is established at the interface. Associated with the 
depletion region, there is a depletion region capacitance 

dC , which varies with the voltage drop dV  across the 

junction. In Fig.2a, the dependence of the capacitance C  
on the applied dc voltage V  at room temperature (298 K) 
is shown for both forward and reverse bias  for a series of 
samples with thicknesses in the range of 300-700 nm. It is 
clear from this figure that the capacitance C  is essentially 
independent of V  and the depletion regions are not 
therefore evident. This type of behavior is a typical 
situation when an injecting or Ohmic contact is provided 
and offers confirmation that Al electrodes do indeed 
establish Ohmic contacts to ZnTe.  

 

 
Fig.2a. Dependence of the capacitance C  on the 

applied dc voltage V  at room temperature (298 K)  
of different thicknesses. 

 
Fig.2b. Capacitance C  as a  function of  reciprocal  

thickness. 
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In the case of application of an alternating voltage 
across a certain semiconducting material, the equivalent 
capacitance measured by a C-V meter is given by [17]: 
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At high frequency (1MHz), the second term of Eq.(2) can 
be ignored and the first term is dominant for the whole 
range of temperature and the applied voltage. Therefore, 
the capacitance is given by: 
 

d
ACc π
ε

4
= ,                                     (3) 

 
In Fig.2b, a plot of capacitance C  as a  function of  
reciprocal  thickness d/1  is presented. It is clear that the 
relationship between these two quantities is linear with the 
slope equal πε 4/A , and confirm that Eq.(1) is obeyed; a 
permittivity value of  7.7x10-11 F.m-1 ( rε =8.7) was 
derived from these data and this value is thus used in the 
analysis of the remaining  measurements reported in this 
work. This value of rε  is in good agreement  with the 
value quoted by Salem et al. [18] .  
 
 

3.1.1. Temperature dependence of the C-V  
          characteristics.  
 
Fig. 3 shows the temperature dependence of the 

capacitance C  of ZnTe films of thickness 700 nm, as a 
representative example, at different applied bias voltages. 
It is observed that the capacitance increases with 
increasing temperature and this variation is less from 298 
to 373 K, whereas above 373 K the rate of increase in 
capacitance with the temperature is more pronounced. The 
increase in the capacitance above room temperature may 
be partly due to the expansion of the lattice and partly due 
to the excitation of the charge carriers, which are likely to 
be present inside the specimen at defect sites. Hence, the 
decrease in capacitance with temperature in these thin 
films is due to the expansion of the lattice and also due to 
the excitation of charge carriers at the sites of imperfection  
[19-20]. 

 
Fig.3. Temperature dependence of the capacitance C  of 

ZnTe films of thickness 700 nm at different applied dc 
bias voltages. 

 

 
 
Fig.4. Temperature dependence of the dielectric constant 
ε  of ZnTe films with thickness 700 nm at high frequency  
                                          (1 MHz). 
 
 
Fig. 4 shows the temperature dependence of the 

dielectric constant ε  of ZnTe films at higher frequency 
(1MHz). This figure indicates that the increase in the 
dielectric constant ε  with temperature is clear, and a 
strong dielectric dispersion occurs at temperatures greater 
than 370 K. The increase in the dielectric of the sample is 
due to the electric field which is accompanied by the 
applied frequency. Such field will cause some ordering 
inside the sample as well as the formation of an electric   
moment in the entire volume of the dielectric and also in 
each separate polarizing molecule. The molecular dipoles 
in  polar material cannot orient themselves at lower  
temperatures.  When the temperature rises, the dipoles 
orientation is facilitated, and this led to the  increase of the 
dielectric constant ε  [21-22]. 
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3.1.2. Capacitance-voltage characteristics under  
         illumination 
    
The capacitance-voltage characteristics of ZnTe films 

of thickness 700 nm (as a representative example), under a 
sweep of dc biasing voltage from -10 to +10 V  were 
measured before and after the effect of different intensities 
of illumination in the range 500-2000 lx as shown in Fig.5. 
This figure illustrates the voltage independence and 
illumination dependence of the measured capacitance C  
in this range of the intensity of illumination. This means 
that the capacitance is not voltage activated  in  this range 
of voltage. The variation of capacitance with increasing 
illumination is shown in Fig. 6. 

 
 

Fig.5. Capacitance-voltage characteristics under 
different intensity of illumination for ZnTe thin film of 

thickness 700 nm. 
 

 
 
Fig. 6. Capacitance versus illumination and the inset 
shows the illumination dependence of the dielectric 
constant of ZnTe films of thickness 700 nm.  
 
 
 
 
 
 

It is shown that the capacitance decreases with the 
increasing of the intensity of illumination and this 
indicates that the ionization is taking place on illumination 
exposure that in further leads to changes in the permittivity 
of the ZnTe films as shown in the inset of  Fig. 6. 

 
3.2. Current-voltage characteristics under dark  
       conditions. 

 
Fig.7 shows the I-V characteristics in a logarithmic 

scale of the ZnTe films of different thicknesses (300-700 
nm) at room temperature (298 K). As observed, there are 
two distinct regions in these characteristics. Firstly, At 
lower voltage, the slopes of the Iln - Vln  plots are 
approximately equal to unity. Secondly, at higher voltages 
above a well-defined transition voltage tV , the slopes are 
approximately ≈2.7 i.e. slopes are more than 2. These plots 
are typical for Ohmic conduction of voltage below tV  and 
trap-charge-limited conductivity (TCLC)  at voltage above 

tV  [23] .  
 

 
 

Fig.7. I-V characteristics in a logarithmic scale of ZnTe 
films of different thicknesses at RT. 

 
 
The origin of these traps may be attributed to the 

presence of inherent defects in the as-deposited ZnTe 
films. Such defect structures are also observed in high 
resistivity semiconducting films such as CdS, CdTe,…etc. 
[24]. The space charge limited hole currents were reported 
for semi-insulating ZnTe layers [25]. The Ohmic behavior 
observed at lower voltages may be due to the filling of a 
discrete set of traps lying below the Fermi level EF. Since 
most of the traps are filled at lower voltages, further 
increase in the voltage causes a rapid increase in the 
current and the trap density Nt can be estimated [26]. 



208                                                           A. A. M. Farag, I. S. Yahia, E. G. El-Metwally                                                          
 

 
 

Fig. 8. Dependence of transition voltage on the film 
thickness d . 

 
 

Since the ZnTe film behaves as p-type semiconductor, the 
Ohmic conductivity is assumed to be due to entirely holes 
and is described by Ohm's law at lower voltages region by 
the following equation [27]:  
 

dAVqpI p /0μ= ,                   (4) 
 
where op  is the concentration of thermally activated holes 

in valence band, pμ  is the hole mobility and d  is the 
thickness of ZnTe layer in the range 300-700 nm. The 
concentration of the hole at the thermal equilibrium is 
given by [28]:  
 

)/exp(0 kTENp Fv −= ,            (5) 
 
where vN  is the density of states in the valence band, and 

FE  is the separation of equilibrium Fermi level from the 
valence band edge (the equilibrium Fermi level value). 
Using Eqs.(4) and (5), the current in Ohmic region 
becomes: 
 

)/exp()/( kTEdVANqI FVp −= μ ,                    (6) 
 

the applied voltage above tV  (see Fig.6), the slopes of the 

relation between Iln  versus Vln  are about ∼ 3.7. This 
means that the forward biased current is dominated by 
TCLC mechanism. According to TCLC mechanism, the 
current flow in ZnTe is restricted  by the density of free 
injected carriers and trap concentrations and  the 
relationship between current intensity and the applied 
voltage is given by the following equation [29]: 
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where VV  is the effective density of states in the valence 

band edge. The exponent   )/( TTr t= , where tT  is the 
temperature parameter characterizing trap distribution. For 
the cases where the exponent )1( += rm >2, the power 

law )( mVJ ∝  representing TCLC region appears to be 
dominated by an exponential distribution of trap levels  in 
energy above the valance band edge according to the 
equation [27-28]: 
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where )(EP  is the trap density per unit energy range at 
an energy E  above the valence band edge. From Fig.6, 
the slope of the straight line equal ∼ 3.7 implies that 
r =2.7, and thus the temperature parameter which 
characterizes the trap distribution tT = 804.6 K for the 
measurement temperature of 298 K.  

A fairly well defined transition voltage tV  may be 
derived from each characteristic by obtaining the 
intersection point of the two linear sections of the  
logarithmic characteristics as shown in Fig.8. The 
transition voltage tV  separating Ohmic conduction and 
TCLC mechanism is given by [30]: 
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The dependence of transition voltage on the film 
thickness d  for ZnTe films is shown in Fig.8. A linear 
relationship is obtained with a slope equal to ∼2, verifying 
Eq.(9) and also supporting the interpretation of  the 
analysis of TCLC  in ZnTe films .  

 

 
 

Fig. 9. Thickness dependence of Iln  for both Ohmic 
current and TCLC regions at certain fixed values of 

voltages 0.5 V and 6 V, respectively at 298 K. 
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Fig. 9 shows the thickness dependence of the current 
as Iln  for both Ohmic current and TCLC regions at a 
certain fixed values of voltages at room temperature. The 
Ohmic dependence (slope of ∼1) indicates that good 
Ohmic contacts exist and also verifying Eq.(4).  The slope 
equals ∼ 6.71 in the SCLC region verifies  the TCLC 
conduction is the dominant mechanism. From Eq.(7), the 
slope in this region should be )12( +r implying that 
r ∼2.85 , which is in excellent agreement with the values 
deduced from the I–V characteristics of Fig.6. More 
information about the material can be obtained  from the 
variation of current with temperature in  TCLC region.   

 
 
 
 
 

3.2.1. Temperature dependence of the I-V  
          characteristics. 
 
The dc current of ZnTe thin films was measured as a 

function of temperature from 298 to 398 K. The applied 
voltage was held constant in both Ohmic at V= 0.5 V  and  
TCLC  region at V=6 V. Fig.10 shows the dependence of 
current  on reciprocal of absolute temperature T/1000  
for a sample of thickness 700 nm.   

In the Ohmic region (0.5 V),  a straight line for the 
temperature dependence of the current was obtained,  and 
then the Fermi level value as well as the hole mobility can 
be obtained from the slope and by extrapolating of these 
straight lines to 0/1000 =T , respectively. The value of 
the Fermi level and the hole mobility of ZnTe films were  
obtained and listed in Table.1.  

 
 

Table.1. I-V characteristic Parameters of ZnTe thin films in the Ohmic and TCLC regions. 
 

 Ohmic region TCLC region 
 

fE , (eV) pμ , (m2.V-1.s-1) pμ , (m2.V-1.s-1) tN , (m-3) oP , ((J-1.m-3) 
ZnTe (300 nm) 0.33 2x10-9 3.4x10-9 2x1023 1.8x1043 
ZnTe (500 nm) 0.34 4x10-9 5.2x10-9 4x1023 3.6x1043 
ZnTe (700 nm) 0.36 6.2x10-9 8.4x10-9 5.2x1024 4.6x1043 

Illuminated ZnTe of 
700 nm under 500 lx - - 4x10-9 6x1024 5.4x1044 

Illuminated ZnTe of 
700 nm under 1000 

lx 
- - 5.4x10-9 7.5x1024 6.2x1044 

Illuminated ZnTe of 
700 nm under 1500 

lx 
- - 6 x10-9 8.3x1024 7.5x1044 

Illuminated ZnTe of 
700 nm under 2000 

lx 

 
- 

 
- 6.8x10-9 9.1x1024 8.2x1044 

 
 
More information about the material can be obtained 

from the dependence of current in the space charge region.         
Fig. 10 shows the variation of Iln  against T/1000  for 
the different thicknesses in the space charge region at a 
constant applied voltage equal 6V. For this temperature 
range, the characteristics show a linear segments and the 
slopes of these lines are given by [31]:    
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and the intercept on the Iln  axis is given by:  
 

)ln(ln 0 d
VNe

I vμ
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where oI  represents the current  at infinite temperature 

( 0/1 =T ). The value of the total trap concentration has 
been obtained using equation (10) at tT  = 804.6 K at room 

temperature (298 K). Assuming that vN  = 2 x 1024 m-3 [32 
], the average calculated values of the mobilities for the 
investigated thicknesses and the trap density are calculated 
and given in Table.1. These values of drift mobilities and 
the trap density can be compared with the values obtained 
by other authors [33-34]. The mobility was observed to 
increase with increasing the film thickness. This behavior 
may be explained by an argument proposed by Berger et 
al. [35], in which increasing  film thickness is 
accompanied by an increase in mean crystallite size and 
thus reducing the number of internal potential barrier.  
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Fig.10. Temperature dependence of Iln  at different 
constant voltages ,0.5 for Ohmic region and 6 V for 
TCLC ,for a sample of thickness 700 nm in the  
temperature range 298–398 K. 
 

 
 

Fig.11.  I-V characteristics under different intensity of 
illumination for ZnTe of thickness 700 nm. 

 
 

 
The characteristic energy of the trap distribution 

tt kTrE )1( += , calculated from the measured values of 

1+= rm  is shown in Fig.6. At higher temperature     
(T ≈ 398 K), tE =0.1 eV, but as the devices are cooled 
down, it continuously decreases to a value of about 0.07 
eV at 298  K. According to SCLC theory, at lower 
temperature, to thermally generate enough free carriers 
will sweep across regions of the trap distribution. 
Therefore, the part of the trap distribution dominating the 
I–V characteristics and responsible for the power-law 
behaviour according to Eq.(9) will vary with temperature. 

 
 
3.2.2. Current-voltage characteristics under  
          illumination 
 
In order to record the photo-induced current, the 

sample was exposed to the light radiation from a 500 W 
halogen lamp containing iodine vapor and tungsten 

filament. The emission spectrum of the halogen lamp was 
observed to be a continuous one with wavelengths ranging 
from 300 to 1000 nm. The photo-induced current was 
recorded in the same range of the applied voltage. This 
study was done with a change of the incident light 
intensity from 500-2000 lx. An upward shift towards 
higher values of the photo-induced current with the 
increasing of the applied bias voltage was observed. 

The voltage dependence of the dark and the photo-
induced currents in  ZnTe films are presented in Fig.11. It 
is observed that the photo–induced currents of ZnTe films 
increases with increasing the applied electric field. The 
photo–induced current is found to be larger than the dark 
current at the same applied voltage which is termed as  
positive photo-induced current. This may be attributed to 
the generation of mobile charge carriers caused by 
absorption of photons [36].  

The variation in the current under different intensity 
of illumination (500-2000 lx) is shown in Fig.12. It has 
been observed that this variation obeys the power law 
[37]: 

 
        Iph=F γ,                                   (12) 

 
where phI  is the photocurrent (total current minus the 

dark current), F is the intensity of the light and γ is the 
exponent, which depends on the recombination 
mechanism. The photocurrent was found to be square-
root-dependent on the illuminated light intensity, i.e. γ 
 0.5 for all the samples. The γ value was determined from 
the slope of phI  versus light intensity and was found to be 

0.67. The γ values for 0.5 and 1.0 correspond to 
bimolecular recombination and mono-molecular 
recombination mechanism, respectively [38]. Whereas, the 
value of the exponent lies between 0.5 and 1.0 for 
continuous distribution of trapping centers [39]. The 
obtained value of  γ for the ZnTe films can not be 
understood by assuming a set of discrete trap levels but 
demands the existence of continuous distribution of traps 
in the band gap. This value suggests that the life times of 
the photo-carriers are determined by the trapping centers. 

 
Fig.12.  Photo –induced current phI versus light 

intensity (ln-ln scale). 
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Fig.13. Temperature dependence of dark and illuminated 
current at different intensity of illumination of ZnTe thin  
                       film of thickness 700 nm.  

 
 

Temperature dependence of the photo-induced current 
of ZnTe films (700nm) at different intensity of 
illumination is given in Fig.13. It is clear from this figure 
that the photo-induced current is a thermally activated 
process as Iln  versus T/1000  in which show a straight 
line in the space charge region. Table.1 contains the 
parameters deduced under the effect of dark in the space 
charge region as well as under the effect of illumination.  
 

 
4. Conclusion  
 
The main conclusion of the present work can be  

summarized as follows:  
1- The capacitance voltage characteristics of ZnTe 

were measured at 1 MHz. This frequency is high enough 
to be able to neglect a dielectric relaxation  in ZnTe. These 
characteristics showed a constant value independent of 
applied voltage. This indicated that the capacitance of 
ZnTe films equals to its geometric capacitance due to its 
longer dielectric relaxation time. The temperature 
dependence of ZnTe films showed an increasing in the 
capacitance  with temperature which may be attributed to  
the expansion of the lattice and also due to the  excitation 
of charge carriers at the sites of imperfection. 

2-    2- The  current transport mechanisms of  ZnTe 
are Ohmic conduction followed by  trap–charge limited 
conduction (TCLC)  at low and high voltages,  
respectively. The transition voltage between the Ohmic 
and the TCLC was proportional to the thickness, 
supporting the interpretation of  the analysis of  TCLC  in 
ZnTe films .  

3-  Temperature measurements enabled the mobility 
to be derived and other important parameters are also 
obtained. The temperature dependence of photo-induced 
current at different intensities indicates that photo-induced 
current is thermally activated in all samples. 

4-  The typical photo-enhanced current–voltage 
relationship for ZnTe films is of the type mVIα  with  m  
> 2 which results from the trap charge limited current. 

5-  The intensity dependence of photo-induced 
current shows bi-molecular recombination in the 
experimental range of temperatures.  

 
 
 
References  

 
  [1] Z.T. Kang, C.J. Summers, H. Menkara, B.K. Wagner,  
        R. Durst, Y. Diawara, G. Mednikova and T. Thorson,  
        Appl. Phys. Lett., 88, 111904 (2006).  
  [2] A.Z. Nozik and R. Memming,  J. Phys. Chem., 100,      
        13061 (1996). 
  [3] J.O.M. Bockris and K. Uosaki, J. Electrochem. Soc.,  
       124, 1348 (1997). 
  [4] D. Ham, K.K. Mishra and K. Rajeshwar, J.  
        Electrochem. Soc., 138, 100 (1991). 
  [5] A.K.S. Aquili, Z. Ali and A. Maqsood, Appl. Surf.  
         Sci., 167, 1 (2000). 
  [6] A. Mondal, S. Chaudhuri and A.K. Pal, Appl. Phys.  
        A, 43, 81 (1987).  
  [7] H. Bellakhder, A. Outzourhit and E.L. Ameziane,  
        Thin Solid Films, 265, 30 (2001).  
  [8] R.L. Gunshor, L.A. Koladziejski, N. Otsuka and S.  
        Dutta, Surf. Sci., 174, 522 (1986).  
  [9] Y.D. Li, D. Yi and Z.Y. Yu, Adv. Mater., 11, 847  
         (1999).  
[10] J. Du, L. Xu, G. Zou, L. Chai and Y. Qian, J. Cryst.  
        Growth, 291, 183 (2006).  
[11] T. Ishizaki, T. Ohtomo and A. Fuwa, J. Phys., D 37,  
         255 (2004).  
[12] M. Lang, D. Schikora, T. Widmer, C. Giftge, A.  
         Forstner, V. Holy, J. Humenberger, K. Lischka, G.  
         Brunthaler, H. Sitter, M. von Ortenberg, J. Cryst.  
         Growth,  138, 81 (1994). 
[13] K.N. Raju, R.P. Vijayalakshmi, R. Venugopal, D.R.  
        Reddy, B.K. Reddy, Materials Letters,  13, 336  
        (1992). 
[14] T. Tanaka, Y. Matsuno, Y. Kume, M. Nishio, Q. Guo,  
        H. Ogawa, Phys. Stat. Sol. (c), 1, 1026 (2004). 
[15] H. Ghamlouche, S. T.Mahmoud, N. Qamhieh, S.  
        Ahmed, H. Al-Shamisi, Phys. Scr., 77, 1 (2008). 
[16] T. Saleh, H. Mahmoud, H. Ghamlouche ,N. Qamhieh,  
        H.Al-Shamisi, Appl. Surf. Sci., 253, 7242 (2007). 
[17] M.A. Majeed Khan, M. Zulfequar, M. Hussain,  
        Physica B 366, 1 (2005). 
[18] A.M. Salem ,T.M. Dahy, Y.A. El-Gendy, Physica B,  
       (2008) in press. 
[19] S. Muruganand, SaK Narayandass, D. Mangalaraj,  
        T.M. Vijayan., Polym. Int., 50, 1089 (2001). 
[20] J. Dheepa, R. Sathyamoorthy, P.J. Sebastian, Solid- 
       State Electronics, 50, 1315 (2006). 
[21] K.K. Srivastava, A. Kumar, O.S. Panwar, K.N.  
        Lakshinarayan,  J. Non-Cryst. Solids, 33, 205 (1979). 
[22] B. Tareev, Physics of Dielectric Materials, Mir  
        Publishers, Moscow, 1975. 
 



212                                                           A. A. M. Farag, I. S. Yahia, E. G. El-Metwally                                                          
 

[23] S.A. Awan, R.D. Gould, S. Gravano, Thin  Solid  
        Films, 355/356, 456 (1999).  
[24] M.A. Lampert and P. Mark In: Current Injection in  
        Solids, Academic Press, New York, 1970, p.100. 
[25] R.K. Pandey, R.B. Gore and A.J.N. Rooz, J. Phys. D:  
        Appl. Phys., 20, 1059 (1987).  
[26] M. Neumann-Spallart and C. Königstein, Thin Solid  
        Films, 265, 33 (1995).  
[27] A.O. Oduor, R.D. Gould, Thin Solid Films, 317, 409  
        (1998). 
[28] G.D. Sharma, S.G. Sangodkar, M.S. Roy, Physica B,  
        229, 394-403 (1997). 
[29] M.A. Lampert, Rep. Prog. Phys., 27, 329 (1964). 
[30] R.D. Gould, Thin Solid films, 125, 63 (1985). 
[31] R.D. Gould, J. Phys., D9, 1785 (1986). 
[32] R.H. Bube, Electronic Properties of Crystalline  
        Solids, Academic press, New Yourk, 1974, p.325.  
[33] A.A. Ibrahim, N.Z. El-Sayed, M.A. Kaid, A. Ashour,  
        Vacuum, 75, 189 (2004). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[34] T. Mahalingam, V.S. John, S. Rajendran, G. Ravi, P.  
         J. Sebastian,  Surface and Coatings Technology, 155,  
        245 ( 2002). 
[35] H. Berger, F.Gutshe,W. Kahle, Phys. Status Solidi a,  
        K210, 14 (1966). 
[36] V.N. Joshi, Marcel Dekker, Photoconductivity, New  
        York, 1990. 
[37] K.S. Bindra, N. Suri, R. Thangaraj, J. Non-Cryst.  
        Solids, 353, 1446 (2007). 
[38] R.H. Bube, Photoconductivity of Solids, Wiley, New  
         York, 1960. 
[39] A. Rose, Concepts in Photoconductivity, Inter- 
        science, New York, 1960. 
 
 
 
 
 
____________________________ 
*Corresponding author: dr_isyahia@yahoo.com,  
                                       dr_isyahia@ifpan.edu.pl 
 


