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The CdTe thin films were prepared by chemical bath deposition technique using 
commercial glass substrates with bath temperature 85oC and annealing temperatures 
350oC, 400oC and 450oC. The X-ray diffraction (XRD) analysis shows that the prepared 
samples are polycrystalline in nature. A significant increase in the XRD peak intensities 
for the CdTe films after annealing can be observed.. Optical absorption shows the presence 
of direct transition with band gap energy 1.5eV and after annealing it decreases to 1.4eV. 
Scanning electron microscopy (SEM) reveals that spherically shaped grains are more 
uniformly distributed over the surface of the substrate for the CdTe films. 
 
(Received February 15, 2010; accepted February  22, 2010) 
 
Keywords: Cadmium telluride film, Chemical bath deposition, UV-VIS-NIR spectroscopy,  
                   XRD, SEM 

 
 

1. Introduction  
 
CdTe is a useful material for solar cell preparation. It is cheaper than silicon, especially in 

thin film solar cell technology. “When it is sandwiched with cadmium sulfide a p-n junction 
photovoltaic solar cell will be formed [1]”. “CdTe solar cells have produced conversion efficiency 
as high as 16.5% in CBD method [2]”. CdTe with a band gap of 1.45eV is a technically important 
class of material. It has band to band type transition and has high optical absorption without any 
phonon assisted mechanism. “The lack of success in the preparation of CdTe films by chemical 
reaction is the difficulty in preparing the aqueous solution of telluro carbonyls and the oxidative 
instability of telluride ions [3-4]”. “CdTe is one of the promising semi conducting materials 
suitable for producing large area solar cells at low cost [5]. “Out of the various growth techniques 
like molecular-beam epitaxy(MBE) [6-8], metal organic chemical vapour deposition (MOCVD) 
[9,10]”, “UHV sublimation [11], metal organic vapour phase epitaxy (MOVPE) [12], hotwall 
epitaxy [13,14], sputtering, thermal evaporation electro deposition, spray pyrolysis and atomic 
layer epitaxy and chemical bath deposition (CBD), the  chemical bath deposition (CBD) is the 
simplest and most economical method for the preparation of semiconductor thin films[15]” . In 
this paper an attempt has been made to prepare CdTe thin films by chemical bath deposition and to 
characterize the same to assess the recombination quality of the CdTe epilayers by thermal 
treatment. 

 
2. Experimental 
 
CdTe layers were deposited on commercial glass substrates of 1 mm thickness by the 

CBD technique. 0.1M of Cadmium acetate solution was prepared and 0.2M of ammonia (NH3) 
was added drop wise until clear solution is obtained. Then 0.02M of TeO2 is dispersed in 50 ml 
aqueous solution of H2SO4. Both solutions were magnetically stirred for 2 hrs under nitrogen 
atmosphere. Then two glass substrates were immersed into the solution for bath temperature 85oC. 
________________________________________ 
* Corresponding author:deivasrinath@gmail.com  



160 
 
 

After annealing treatment at 350oC, 400oC and 450oC, the Optical, Structural and SEM 
studies were made and analyzed. The reaction is, 
 

Cd(CH3COO)2.8H2O2+TeO2 ------------------   CdTe 
 

The effect of annealing temperature on structural, optical, and surface morphology 
properties has also been studied. X-ray diffraction (XRD) studies were made with Philips X pert 
PRO diffractometer using CuKα radiation (λ=0.15406 nm). AJEOL JSM -5610 scanning electron 
microscope was used to record the micrograph of the samples. The optical absorption studies were 
carried out for the films deposited with UV-VIS NIR spectrophotometer (HITACHI 330) in the 
wavelength range 300 – 850 nm respectively.  

 
 
3. Results and discussion 
 
3.1 Structural characterization  
 
The XRD pattern of the CdTe thin films prepared on glass substrates with bath 

composition 0.2 M cadmium acetate and 0.02 M tellurium dioxide at bath temperature 85oC 
annealed at temperatures of 350oC, 400oC and 450oC are shown in figs.1a-c.“The XRD pattern 
reveals that the deposited films are polycrystalline in nature as reported earlier [16]”. The (111) 
peak corresponds to phase of polycrystalline structure of CdTe. The strong and sharp diffraction 
peaks indicate the formation of well crystallized sample. It can be seen that the major peak (111) is 
strongly dominating the other peaks. In figs.1a-c, the samples annealed at 350oC, 400oC and 450oC 
also develop the weaker peaks (220), (311), and (331) for CdTe.  The different peaks in the 
diffractogram were indexed and the corresponding values of inter planar spacing ‘d’ were 
calculated and compared with standard values of JCPDF (file no. 75-2086). The height of (111) 
peak in X-ray diffraction patterns for CdTe thin films deposited at higher annealing temperature 
(450oC) exhibit sharper peaks and small FWHM data. 

 
 

 
Fig. 1. X-ray diffactograms of thin films at annealing temperatures of a) 350o C  

b) 400oC and C) 450 o C. 
 
 
Using FWHM data and Debye-Scherrer formula, the crystalline size, lattice constant, 

strain and dislocation density were calculated for the CdTe thin films synthesized at various 
annealing temperatures 350oC, 400oC and 450oC. The variation of crystallite size and strain with 
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bath temperature 85oC and annealing temperatures from 350oC to 450oC is shown in Fig. 2. It is 
observed from Fig. 2, the crystallite size increases with annealing temperature and at 450oC the 
crystallite size reaches the maximum value and at the same time strain decreases. Fig.3 represents 
the variation of dislocation density and it is found to decrease while increasing annealing 
temperature from 350oC to 450oC. 
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Fig. 2. Variation of crystallite size and strain with annealing temperatures of  CdTe thin 

films. 
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Fig. 3. Variation of the dislocation density with annealing temperatures of   for CdTe thin 

films. 
 

 
3.2 Surface morphology 
 
The SEM photographs of the annealed CdTe thin films are shown in Fig. 4. No pinholes or 

creaks are seen for these samples. Theannealing of the film at 450oC for 30 min improves the grain 
structure. The film after annealing shows smooth and uniform crack free surface with spherical-
shaped grains spread all over. The average grain size was found to be 250 nm.  
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Fig. 4 SEM micrograph of chemical bath deposition of CdTe thin film after annealing at 

the temperature of 450 o C. 
 

 
3.3 Optical properties 
 
The variation of optical density with wavelength was analyzed to find out the nature of   

transition involved and the optical band gap, using the relation “[17]”     
 

                                                           
υ
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EhA g )( −

=                                                                 (1) 

 where,  A is a constant and Eg is the band-gap energy.  
The optical energy gap Eg could be obtained from the intercept of vs 2)( υαh υh for direct 

allowed transitions. The vs 2)( υαh υh  plots for typical sample deposited at optimized 
preparative parameters (deposition time 30 min, bath temperature 85oC) and annealed at 350oC, 
400oC and 450oC are shown in Figs. 5a-b. CdTe thin films as-deposited and annealed in air are 
presented in Figs.5a-b. In the case of chemical bath deposition of CdTe thin films, the optical band 
gap was shifted from 1.5eV to 1.4eV. This leads to a shift of lower annealing temperature 350oC to 
a higher annealing temperature to 450oC.  

 
Fig.5a-b Plots of   vs. 2)( υαh υh  for CdTe films after annealing at  temperatures of 

a) 350o C b) 400o C and 450 o C 
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3.4 Conclusions 
 
The chemical bath deposition of CdTe thin films and the effect of annealing temperature 

have been studied. The optical, compositional and morphological analysis of prepared and 
annealed films have been done. The energy gap of the synthesized material is found to vary 
between 1.5 eV and 1.4 eV. The films prepared with the optimized deposition parameters show 
preferential orientation along (111) plane. The annealing treatment of the film in air determines an 
improvement in the polycrystalline nature of the film. The SEM study shows the smooth and 
uniform growth of spherical-shaped grains on substrate surface with a crack free appearance and 
the average grain size was found to be 250 nm. 
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