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Thin films of CdTe with different film thickness have been grown on glass substrates with different film thickness by electron 
beam evaporation technique. The influences of the thickness and annealing temperature on the structural, optical and 
electrical characteristics of CdTe films have been investigated. The structure of the deposited CdTe films was of the zinc-
blend type with a preferential orientation of (111) planes. The optical transmittance of these films was determined using a 
double beam spectrophotometer. All the spectra reveal interference fringes in the wavelength region from 820 to 2500 nm. 
The refractive index, n was calculated from the transmission spectra using the Swanepoel’s method. The electrical 
resistivity measurements were carried out using the two-terminal configuration in air. High resistive CdTe films have been 
obtained after annealing at the temperature 400 oC. 
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1. Introduction 
 
Cadmium Telluride is one of the promising 

semiconducting materials that have been studied for 
application in solar cells [1, 2], photorefractive devices, 
laser windows [3], infrared-, gamma-ray and x – ray 
detector [4]. CdTe has a direct band gap of 1.5 eV at room 
temperature and hence it is a suitable material for 
photovoltaic applications [5, 6].  

The method of fabrication and properties of CdTe 
layer have great impact on the performance of the CdTe 
thin films solar cells. Major attention has been given in 
recent years to the investigation of electrical and optical 
properties of CdTe. 

Many methods were used for the fabrication of CdTe 
layer such as close spaced sublimation [7, 8], 
electrodeposition [9], sputtering [10], close spaced vapor 
transport [11], spray pyrolysis [12], metalorganic chemical 
vapor deposition [13, 14] and  vacuum evaporation [15]. 
The vacuum evaporation method has some advantages 
over other materials such as: the amount of impurities 
included in the growing layer can be minimized, the 
tendency to form oxides can be considerably reduced and 
the high degree of control is possible with electron beam 
sources, which provide efficient usage of evaporant and 
constant rate deposition [16, 17].  

In the present work the effect of thickness and 
annealing temperature on the structural optical and 
electrical properties of CdTe thin films prepared by 
electron beam evaporation techniques has been 
investigated. 

 
 
 

2. Experimental details 
 
An ingot of CdTe crystal has been grown by the 

traveling heater method THM. The starting materials 
consisted of 50% atomic weight of cadmium and tellurium 
of 99.999% purity. For the removal of surface oxides, Cd 
and Te were etched by HCl and HNO3, respectively and 
then washed many times in distilled and deionized water. 
The materials were then charged into a silica tube lined 
with pyrolytic graphite, and then evacuated down to 10-6 
torr and then sealed off. The ampoule (which was tapered 
to a point at the bottom of the ampoule to encourage the 
nucleation of a single crystal) was put in a furnace. The 
temperature of the furnace was raised gradually to 500 oC 
and was kept constant for two hours. After that the 
temperature was raised to 850 oC gradually and was fixed 
for three hours, then elevating the temperature gradually to 
1092 oC, during which the furnace was rocked slowly. The 
temperature of the furnace was kept constant at 1092 oC 
for 12 hours and cooled down slowly. For purification, 
zone refining step was used as follows, the resultant CdTe 
charge was put into another graphitized tube containing    
3 g of Te at the bottom, where Te was used as an impurity 
scavenger. The lower end of the tube is inserted into the 
working coil of an induction furnace ( Model 50, 1 kW at 
450 kHz) and lowered through the working coil at a rate 5 
mm/hr. After the zone refining step, CdTe charge was 
again inserted into a third coated silica tube, which is 
tapered to a point at the bottom of the ampoule. The 
ampoule is again evacuated down to 10-6 torr and sealed 
off and lowered in a furnace at 750 oC at a rate of 2 mm a 
day. 

 



534                                                                M. M. Abd El-Raheem, H. M. Ali, N. M. El-Husainy 
 

Thin films of CdTe were fabricated by the electron 
beam evaporation technique onto ultrasonically cleaned 
microscope glasses using an Edwards model E306A high 
vacuum coating unit at pressures of 10-3 Pa. The 
deposition rate was 8-10 Å/s. The film thickness was 
determined by means of a Maxtek model TM200 digital 
film thickness monitor. 

Investigations of the microstructure were carried out 
using a Cu Kα x-ray diffractometer (Philips model 
PW1710, Holland; λ = 1.541 838 ° A). The compositional 
analysis of CdTe bulk material was studied by the energy 
dispersive analysis of X-rays (EDAX) (Jeol JSM-5300, 
Japan). 

A Jasco V-570 UV–visible–NIR spectrophotometer 
(with photometric accuracy of ±0.002–0.004 absorbance 
and ±0.3% transmittance) was employed to record the 
transmission spectra over the wavelength range 200–2500 
nm at normal incidence. Transmission spectra were taken 
at normal incidence with reference to air. The cross-
section of the incident light was minimized using a 
suitable mask to eliminate the effects of layer 
inhomogeneities. 

The electrical resistivity measurements were carried 
out using the two-terminal configuration by applying 
constant voltage to the sample and measuring the current 
through it using Keithley 614 electrometer. 

The annealing temperature of the deposited films was 
carried out at fixed temperature of 250 and 400 oC for 30 
minute in a fully controlled furnace in air.  

 
  
3. Results and  discussion 
 
Fig. 1(a), (b) and (c) shows the typical x-ray 

diffraction (XRD) spectra obtained from CdTe films of as 
deposited and annealed at 250 oC and 400 oC for 30 
minute in air respectively for different film thicknesses. 
The structure of the deposited CdTe films was of the zinc-
blend type with a preferential orientation of the (111) 
planes. For as deposited films, one diffraction peak can be 
observed at 23.75o which corresponds to the cubic (111) 
orientation. 

The intensity of the (111) peak increases with 
increasing the film thickness from 0.8 to 1.8 μm. All the 
films annealed at 250 and 400 oC showed preferential 
growth of the film crystallites corresponding to the (111), 
(220), (311) and (422) planes with the peak positions at 
2θ=23.75°, 39.31°, 46.4° and 71.21° respectively. The 
peaks corresponding to the (220), (311) and (422) planes 
are of a very small intensity compared with that of the 
(111) plane. The intensity of all diffraction peaks increase 
strongly after increasing the temperature of annealing to 
250 oC. After annealing at 400 °C (Fig. 1-c) the (111) peak 
intensity decreases when compared with the same peak in 
Fig. 1 (a) and (b), indicating a randomization due to the 
appearance of (220) and (311) oriented grains at the 
expense of the (111) grains [18]. 

 

 
 

(a) 

 
 

(b) 
 

 
 

(c) 
 

Fig.1. X-ray diffraction patterns of as deposited CdTe 
thin film (a) and annealed at different temperatures of 

250 oC (b) and 400 oC (c) as a function of film thickness. 
 
On the other hand, the full width at half maximum 

(FWHM) decreases with increasing the temperature of 
annealing and film thickness, indicating an increase of the 
grain size with increasing the annealing temperature 
and/or film thickness as shown in Fig. 2 (a). 
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Using the average FWHM of the preferred line, the 
grain size, D, has been calculated according to the 
Scherrer formula: 

 

BB
D
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λ

cos
9.0

=            (1) 

 
Here, λ = 1.54056 Å, θB is the diffraction angle and B 

is the measured broadening of the diffraction line peak at 
an angle of 2θ, at half its maximum intensity (FWHM), 
corrected for the instrumental effects. 

The calculated grain sizes of the as deposited and 
annealed films are plotted as a function of the film 
thickness as shown in Fig. 2 (b). The latter figure suggests 
that the grain size increases with increasing the film 
thickness for both as deposited and annealed films. On the 
other hand, a very small difference between the grain size 
of the annealed film at 250 and 400 oC were observed.  

 
 

 
 

(a) 
 

 
 

(b) 
 

Fig. 2. The variation of (a) FWHM of the (111) CdTe 
peak  and  (b)  the  grain  size  of  CdTe  with the film 

thickness for as deposited and annealed films. 

The dislocation density (φ) was evaluated using the 
formula suggested by Williamson and Smallman [19], 
which is φ = n/D2.  On the other hand, for minimum 
dislocation density n = 1. As shown in Fig. 3 the 
dislocation density decreases with increasing the film 
thickness, which can be ascribed to the improvement of 
the film crystallinity. 

 
 

 
 
 

Fig. 3. The variation of the dislocation density of CdTe 
with  the  film  thickness  for  as deposited and annealed 

films. 
 

 
Fig. 4 shows the optical transmittance spectrum of as 

grown and annealed CdTe films in the wavelength range 
200–2500 nm for different film thickness. An excellent 
surface quality and homogeneity of the film were 
confirmed from the appearance of interference fringes in 
the transmission spectra. All the spectra reveal interference 
fringes in the wavelength regions from 820 to 2500 nm. It 
is clear that the films with 1μm or greater absorbs 100% of 
the incident light in the solar spectrum region. It is 
observed also that the number of fringes increases as the 
film thickness increases, whereas the transmittance 
decreases with increasing annealing temperature. It is 
noticed that, in the weak absorption, sharp interference 
fringes appeared and indicated that the air/layer and 
layer/glass interfaces are flat and parallel [20]. The 
decrease of the transmittance with increasing temperature 
of annealing may be due to the improvement of film 
crystallinity and/or the increase of the grain size.  

Strong absorption was observed at photon energies 
1.52, 1.49, 1.49 and 1.45 eV for the thicknesses 0.8, 1, 1.2 
and 1.8 μm respectively, where interference effects are 
suppressed almost completely due to a well defined band 
edge. Residual absorption at lower photon energies is 
more probably due to other defects and impurities arising 
from the vacuum environment and glass substrate. 
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Fig. 4. Optical transmittance spectra of as deposited and annealed CdTe films with different film thickness as a function of 
wavelength. 

 
The refractive index, n was calculated from the 

transmission spectra using Swanepoel’s method [21, 22] 
using the envelope method suggested by Manifacier et al. 
[23]. The envelopes connecting the interference maxima 
and minima are considered to be continuous functions of 
the wavelength. Therefore, for each maximum of the 
transmittance curves, TM, a corresponding minimum, Tm, 
may be determined at the same wavelength, λ. The 
refractive index of CdTe thin films, n, as a function of 
wavelength, λ; can be calculated using the following 
equations [21-24]: 
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The refractive index of the substrate s could be 
calculated from the following formula 
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where Ts is the transmission of the substrate. 

Fig. 5 shows the thickness dependence of the 
refractive index for as deposited and annealed films at 250 
and 400 oC. It was found that the refractive index increases 
with increasing the film thickness for both as deposited 
and annealed films which can be attributed to the increase 
of the packing density of the films and the improvement of 
the films crystallinity [25, 26] 

 

 
 

Fig. 5. Thickness dependence of refractive index of as 
deposited and annealed films at 250oC and 400 oC. 
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Fig. 6. Variation of packing density with film thickness 
for as deposited and annealed films at 250 and 400 oC 

 
The packing density of the film can be estimated from 

the following eqn. [27]: 
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where nf is the refractive index of a composite film, ns is 
the index of the solid material of the film (single crystal 
value),  nv is the index of the void in the film (equals one 
for air), and p is the packing density. The behaviour of the 
packing densities with respect to the film thickness for as 
deposited and annealed films is shown in Fig. 6. It has 
been found that the calculated packing density values 
increase with increasing the film thickness. 

Using the optical absorption coefficient α evaluated 
from the optical transmission data, the allowed direct band 
gap Eg values were obtained by extrapolating the linear 
part of the plots of (ahv)2 versus the photon energy (hν) to  
α = 0. The corresponding band gaps of CdTe films are 
shown in Fig. 7.  

As seen in this figure the energy gap gradually 
decrease from 1.55 to 1.45 eV with increasing either the 
film thickness or annealing temperature. The decrease of 
the optical energy gap can be, in general, correlated with 
the increase of the absorbance as a result of increasing the 
film crystallinity due to the increase of the grain size. 

The short wave cutoff wavelength has been 
determined using the following equation  
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m
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=μλ        (6) 

 
where Eg is the energy band gap of the material. The cutoff 
wavelength is directly affected by the energy gap of the 
material [28, 29]. According to the decrease in the optical 
band gap, the short wave cutoff wavelength increases, as 
shown in Fig. 8. 
 

 
 
Fig. 7. Variation    of    optical    energy   gap   with   film 
thickness for as deposited and annealed films at 250 and 

400 oC. 
 

 
 

Fig. 8. The   short   wave   cutoff   dependence   of   film 
thickness for as deposited and annealed films at 250 oC 

and 400 oC.                                                 
                                                                                                                    

The electrical properties of CdTe films is an important 
factor for the performance of CdTe solar cells. The 
thickness dependence of the electrical resistivity of as 
deposited and annealed films is shown in Fig. 9.  

 

 
                                 
Fig. 9. Variation   of  the  electrical  resistivity  with  film 
thickness for as deposited and annealed films at 250 and 

400 oC. 
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It can be seen that all films exhibit a resistivity of     
108 Ω cm. The high value of the electrical resistivity can 
probably be attributed to the stoichiometric behaviour of 
films. Small variation in the resistivity value is observed 
with increasing the film thickness from 0.8 to 1.8 μm. The 
electrical resistivity of the films found to decrease with 
annealing up to 250 oC which may be attributed to grain 
growth and possibly recrystallization [30]. On the other 
hand, the resistivity increased with increasing the 
annealing temperature at 400 °C due to the randomization 
as a result of appearance of (220) and (311) oriented grains 
at the expense of the (111) grains.  

 
 
4. Conclusions 
 
The influence of thickness and annealing temperature 

on the structural, optical and electrical characteristics of 
CdTe films deposited by electron beam evaporation 
technique has been investigated. The structure of the 
deposited CdTe films was of the zinc-blend type with a 
preferential orientation of (111) planes. The optical 
transmittance of these films revealed interference fringes 
in the wavelength regions from 820 to 2500 nm. It was 
found that the films with 1μm or greater, absorbs 100% 
from the incident light in the solar spectrum region. The 
refractive index was calculated from the transmission 
spectra using the Swanepoel’s method. Values of the 
refractive index were in the range of 2.18 to 2.54. The 
electrical resistivity measurements were carried out using 
the two-terminal configuration in air. High resistive CdTe 
films have been obtained after annealing temperature at 
400 oC. The behavior of the annealed CdTe films at 400 oC 
makes it useful for gamma detection devices and as a 
resistive-absorber layer for solar cells. 
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