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Abstract: Copper doped cadmium selenide thin films with variable composition 0.01-1 mol% have been grown on non-conducting 

glass substrate by dip coating technique. The effect of doping has been investigate. X-ray diffraction optical absorption microscopy 

techniques were used to characterize the films. The X-ray diffraction study indicates all the films were crystalline in hexagonal 

structure. Examination of absorption spectra suggests direct kind of band gap, the magnitude of which varies non-linearly as copper 

content in the film increases. The grain size increases up to 0.1 mol% and afterwards decreases. 
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I. INTRODUCTION 

 

The electronic and optical properties of semiconductors are strongly influenced by the doping process,which provides the basis for 

tailoring the desired carrier concentration and, consequently, the absorption, emission and transport properties as well. When the 

density of n-type or p-type doping becomes sufficiently high, the impurity merge with conduction and valence band and causes the 

formation of band tail and band gap shrinkage.  In photo electrochemical cells, one of the reasons in the loss in conversion 

efficiency is due to higher resistivity of the photo electrode material. An efficient way is to decrease the resistivity, lowering the 

band gap and to improve the properties of semiconducting material is to dope with a suitable impurity called dopant. This enhances 

properties in number of host lattice1-9. Cadmium Selenide is a semi-conducting material taken into concern as a necessary compound 

for the progress of diverse optoelectronic gadgets10-14. 

  A very attractive method for producing thin films, by large area deposition at low cost, is the chemical method. The method 

requires the presence of chalcogen ions and complexed metal ions. Complexation provides small metal cation concentration to 

produce the controlled homogenous precipitation of the thin films on the solid substrate. Thin film formation by chemical method 

proceeds through various reaction steps at the substrate surface. First step is the nucleation-taking place on the substrate surface. An 

impurity already deposited on the substrate or adsorbed cation or anion or impurities on substrates surface in contact with reaction 

mixture can act as nucleation centers. Once the layer of material is formed, further growth takes place by adsorbing more and more 

ions from the solution giving a continuous film. The film growth takes place either by an ion-by-ion condensation or by adsorption 

of colloidal particles on substrate surface. 

 Pawar15 et al electrodeposited cadmium selenide and Fe doped cadmium selenide thin films. The doping concentration of Fe is 

optimized by using (photo) electrochemical characterization technique. The deposition mechanism and Fe incorporation are studied 

by cyclic voltammetry. The photoelectrochemical study shows that Fe doped thin films are more photosensitive than that of 

undoped thin films. The X-ray diffraction analysis shows that the films are polycrystalline with hexagonal crystal structure. The 

complete surface morphology has been changed after doping.  

 In the proposed research work, doped and undoped binary or ternary thin films of group II-VI will be prepared by employing a dip 

method.16   It is a modified chemical bath deposition method. This method requires the complexed metal ions and chalcogen ions. 

II. MATERIALS AND METHODS 

 

Every chemical applied in preparation have been analytical level. Ammonia, selenium powder, cadmium sulfate, sodium sulphite 

and trichloroacetic acid were utilized.  
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Sodium selenosulphate (0.2 M) became applied selenide ion resource for synthesize of cadmium selenide samples. The mixture 

became ready by heating 3.0g selenium fine particles accompanied by 9.0 g Na2SO3 in 100mL two fold purified water for 8 hour on 

353 K.  Mixtures became cool, filter to take out solid residue and put in storage inflask.17 

For manufacture of CdSe samples, 10 mL of (0.2 M) cadmium sulphate octahydate have been in use in 100 mL glass vessel, and 

after that it be chelated by means of trichloroacetic acid. 15 mL (5N) ammonia became mixed this reactive solution. Afterward 10 

mL (0.2 M) sodium selenosulphate is further mixed in vessel.30 mL distilled water become mixed in the bath  

By using pH meter, pH of reactants was measured. It was observed to be 10.20. The glass vessel becomes placed in the ice. The 

solution was stirred strongly prior to dipping non conducting as well as conducting substrates, which were mounted upright 

somewhat slanting in reaction mixture. Temperature of reactive solution became formerly allowable to rise to 298 K extremely 

gradually. Once four hour was completed, templates have been distant. The deposited glass substrate was dried in nature.  

 

III. RESULT AND DISCUSSION 

 

 Copper doped cadmium selenium existing in hexagonal and cubic phase the. X-ray refraction (XRD) spectra of copper doped cdse 

samples coated on amorphous materials are indicated in fig.1. JCPDS information of cdse and cu selenide was utilized to determine 

the phase of the sample the XRD pattern suggest polycrystalline nature of sample. The study of spectrum indicate that all the film 

samples have hexagonal phase18-19 Each copper dopant sample demonstrate (002) as main peak. (101), (110), (112) (202) peaks 

have been observed. It is a conformity with formerly report.20 For sample having dopant amount greater than 0.01mol%, observe 

intense diffraction peak at 2θ = 44.590 corresponding to (022) planes of cubic structure of copper selenide. While sample having 

dopant quanitity larger than 0.05 mol%, another peak at 2θ = 64.980 corresponding to (004) plane of cubic structure of copper 

selenide obtained. For 1.0 mol% copper doped in cadmium selenide sample futher new peak of cubic copper selenide was found at 

2θ = 52.920 corresponding to (113) plane. Other possible structures of copper selenide were not observed.  For sample, up to 

0.1mol% copper dopant the peak height as well as polycrystalline nature improves. Greater than 0.1mol% quantity of copper, the 

peak height and polycrystalline natures decreases. 

   The optical parameters of copper inserted cadmium selenide thin samples were computed in the wavelength changes from 400-800 

nm. The acquire absorbance became utilized to estimate absorptivity, optical energy as well as nature of transition. Variation of 

absorbance with wavelength of representative copper doped films is shown in Fig.2.  

 Absorptivity of all doped sample is greater than undoped cadmium selenide. The copper dopant samples signify exceptionally 

absorptive character. For shorter wavelength the magnitude of absorptivity is high and decreases later for higher wavelength.  For 

0.01 mol% copper doped sample, magnitude of absorptivity became 2.50 x 104 cm-1 at 400nm and 2.33 x 103 cm-1 at 800nm. For 

1.0mol% copper doped sample, absorptivity became 2.96 x 104 cm-1 at 400nm and 5.19 x 103 cm-1at 800 nm. The absorptivity 

enhances up to 0.1mol% of dopant and later reduces. Important absorption that related to electron stimulations of valence to 

conduction band, may be applied to compute character in addition to magnitude of band energy. Optical energy has been computed 

utilizing Tauc’s relation.21 

The optical gap has been computed through cut-off the linear region of charts drawn among (αhν)2 in opposition to photon energy on  

x- axis. Such charts are represented in Fig.3.  The linear character of graph suggests the occurrence of direct transition. The optical 

gap of 0.01mol% copper doped cadmium selenide thin sample was found to be 2.02 eV, which is less than undoped cadmium 

selenide. It was originating that optical gap decay as quantity of copper upto 0.1 mol %. Greater than 0.1 mol% optical gap boost 

steadily. The optical gap of 1.0mol% copper doped cadmium selenide thin sample was found to be 2.10 eV which is equivalent with 

undoped cadmium selenide. The variation in optical energy was non-linear. The variation of band gaps for different films is due to 

the variation of crystallinity and or particle sizes.  It is put forward that copper amount enhance, extra energy levels are establish in 

optical gap, through a resultant decrease in the optical energy related by means of direct transition. Analogous reduce in the optical 

energy is too observe for copper doped cadmium selenide nanoparticles synthesized via chemical method.22  The raise in optical 

energy after 0.1mol% is possibly due to reduce in crystalline character and diminish in particle dimension. To check the nature of 

transition, the chart of ln (hυ) in opposition to ln (hυ-Eg) was drawn. The slope of chart is approximately 0.5, indicating that 

samples indicate direct transitions.  

The electron images of copper inserted CdSe samples were represented in figure. 4. Acquired samples were observed to be uniform. 

Material fully covered amorphous templates. As copper amount raise to 0.1 mol% granules dimension too enhances and later on 
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declined. For 0.01mol% copper dopant sample, the grain dimension became found out to be 65 nm. The grains are distributed 

randomly. For 0.075% dopant sample, the grains are densely packed. They fused with each other. Along with spherical grains some 

rods or needles are also obtained. Quantity of rods or needles increases with rise in copper amount. For 1.0 mol% copper dopant 

sample, the grain dimension was found out to be 62 nm. Micrograph shows mix type of morphology. It shows spherical, rods, 

needle, and ribbon like structure. 

IV. CONCLUSION 

 

Copper doped cadmium selenide thin films can be deposited by using dip coating method. The copper donor ions were found to 

dissolve substitutionally in the lattice of cadmium selenide up to a certain range of doping concentration. The films highly oriented 

in the hexagonal phase. The absorption study shows the presence of direct band gap. The band gap decreases from 2.02 to 1.73eV as 

the doping concentration increase from 0.01 to 0.1 mol%. Whereas for higher values of copper, band gap increases. 
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Fig. 1: X-ray diffractrogram of copper doped cadmium selenide. 
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Fig. 2: Plot of absorbance in opposition to wavelength for copper doped cadmium selenide. 
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Fig 3: Computation of optical energy of copper coped cadmium selenide. 
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Fig 4: Microscopic image of copper doped cadmium selenide. 
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