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I. Introduction 

In recent years, synthesis of materials, thin films, has attracted great interest. Also these materials have been 

widely studied for their unique properties, both physical and chemical. The preparation of materials with 

controlled sizes, morphologies and size distribution is always potentially important in the synthesis of materials 

suitable for optoelectronics and luminescent applications [1-3]. As one of the most important II – V group 

semiconductors, Zinc Selenide (ZnSe) with a room temperature bulk band gap of 2.7eV, is a good candidate for 

short wavelength lasers and other photo electronics devices such as blue-green diode lasers and tunable mid–IR 

laser sources [1,3-5]. Dimensionality, size and size distribution are known to play important roles in determining 

the physical and chemical properties of ZnSe thin film materials [6]. Within direct wide-band semiconductor 

materials, the zinc chalcogenides compounds have been the objects of numerous studies concerning thin film 

electrodeposition from aqueous solutions [7-9]. In this paper, we report on the potentiostatic electrodeposition of 

ZnSe thin films from an aqueous solution bath containing ZnSO4 and SeO2. The influence of substrate on the 

crystallinity and composition of the films was studied.  

II. Experimental Details  

The three electrode system consisting of counter electrode, working electrode and reference electrode, was used 

to study the electrochemical bath and also to electrodeposit the compound ZnSe. Platinum electrodes were used 

as the Anode (counter electrode) in our experiments. Fluorine doped tin oxide (FTO) coated onto glass slides 

with sheet resistance less than 10 Ω/□, copper and stainless steel sheets were separately used as the Cathode 

(working electrode) (for obtaining  CV voltammograms and for depositing the ZnSe films). An AgCl electrode 

was used as the reference electrode in these experiments.. This electrode was purchased from "pH products" a 

subsidiary of Elico Pvt. Ltd India.  

  X-ray diffraction (XRD) were performed (X’Pert-pro) employing Cu-Kα radiation of wavelength 1.5406 Å. 

The particle morphology and grain size of nano-crystals was studied using (SEM) Scanning Electron 

microscopy (SEM) ( Philips FE-SEM/EDAX modal- Quanta 200 FEG ) and Optical transmission spectra were 

obtained using a UV-VIS-spectrometer (Shimadzu UV-2450).    

 Deposition of ZnSe on Fluorine doped tin oxide (FTO) coated conducting glass, Copper substrate and Stainless 

steel was carried out using the electrodeposition technique. Equal volumes of 0.2M ZnSO4.7H2O, and 0.005M 

SeO2 were poured into a 100 ml beaker and stirred to achieve uniformity and the resultant solution was used for 

the deposition. The substrate (FTO, copper and stainless steel were separately used as the cathode while a 

Platinum electrode was used as the anode. The deposition was done at a potential of - 0.8 V versus AgCl, at 

room temperature, for aduration of 10 minutes. At the end of deposition, the coated substrates were washed well 

with distilled water and air dried at room temperature. 

The possible reactions are shown below: 

Zn
2+

 +2e = Zn 

SeO2 + H2O = H2SeO3 

H2SeO3 + 4H
+
 + 4e

-
 = Se +3H2O 

Abstract:  Zinc Selenide (ZnSe) thin films were deposited on three different substrates, fluorine doped tin 

oxide (FTO) coated conducting glass, Copper sheets and Stainless steel using the electrodeposition method. 

The deposited films were characterized using XRD, SEM, EDAX, AFM and optical transmission spectra. 

XRD studies show that films deposited on conducting glass (FTO) substrates crystallize in the cubic 

structure while films deposited on the copper and Stainless Steel substrates crystallize in the wurzite 

(hexagonal) structure. EDAX analyses show that ZnSe thin films of good stiochiometry can easily be 

electrodeposited on copper substrates but not on FTO or Steel. 
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Zn + Se = ZnSe 

III. Results and discussion 

Figures 1, 2, and 3 show the X-ray diffraction (XRD) patterns of the films deposited on Tin Oxide (FTO), 

Copper, Stainless steel substrates at potential -0.8 V. The observed XRD data was compared with the calculated 

XRD data and data published in the literature, and was found to match thus confirming the formation of the 

ZnSe compound [10].  

 
Figure 1: X-ray diffraction (XRD) pattern of the films deposited on Tin Oxide substrate 

 
Figure 2: X-ray diffraction (XRD) pattern of the films deposited on Copper substrate 

 

Figure 3: X-ray diffraction (XRD) pattern of the films deposited on Stainless Steel substrate 

For the samples deposited on FTO the prominent planes of reflection are indexed to cubic (111), (113), (400) 

while the samples deposited on copper and stainless steel substrates shows two prominent planes of reflection 

indexed to Wurzite (102), (210). The peaks not indexed in Figures 1, 2, 3 are those of the substrates FTO, 

copper and stainless steel. 
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Figure 4: SEM micrograph of a ZnSe thin film grown on Tin Oxide, Copper and Stainless Steel substrate 

Figures 4, are SEM images of ZnSe thin films grown on FTO, copper and stainless steel substrates for 15 

minutes. ZnSe thin films grown on FTO exhibit dense flakes on the surface, as can be seen in Fig. 4. ZnSe thin 

films grown on copper substrates have a homogeneous surface covered with spherically shaped particles. The 

layers adhere very well to the substrate and no cracks appear, as shown in Figure 4. EDAX studies which were 

performed to obtain the composition of the deposited material showed that the ZnSe films grown on FTO and 

stainless steel were in general deficient in Zinc, irrespective of the bath composition. However, there are no 

peaks in the XRD patterns indicating the presence of crystalline selenium, which suggests that the excess Se 

may be in amorphous form.  

 

Figure 5: EDAX image of a ZnSe thin film grown on Copper substrate 

The best stoichiometry of the ZnSe films was observed for the samples grown on Copper substrates. EDAX 

results (see Fig. 5), show that the Zn/Se ratio in the films is close to 1:1. The SEM image of the ZnSe thin film 

deposited on stainless steel substrate (Fig. 4) shows that the surface morphology is a bit similar to that of the 

film grown on copper. The particles are almost spherical in both the cases. 

Atomic Force Microcopy an important tool to observe the surface morphology was also used to study the 

surfaces of the films (Fig.6) shows the two dimensional and three dimensional images of ZnSe thin films 

deposited on a copper substrate. The films deposited on copper substrate contain sphere like surface with 

smooth and regular surfaces. The root mean square roughness (Rq) and the average roughness (Ra) were found 

to be 58.7 and 42.8 nm respectively.   
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Figure 6: AFM micrographs of ZnSe thin film grown on Copper substrate 

     
Figure 7: Transmission Spectra of ZnSe thin film on           Figure 8: (ahν)

2
 versus hν plot  of ZnSe films  

                 Tin Oxide substrate                                                                  on Tin Oxide 

Optical transmission spectra of the films were analyzed in order to obtain the spectral nature of the optical 

absorption and the nature and magnitude of the band gap. Fig. 7 shows the transmission spectractum of a ZnSe 

film grown on an FTO substrate. Fig. 8 shows the (ahν)
2
  versus hν plot whose intercept on the x-axis gives the 

direct band gap value. The band gap of the films grown on tin oxide substrate as seen in the figure is around 

2.65 eV which is close to the reported value of 2.7 eV 

IV. Conclusions 

ZnSe thin films were deposited by potentiostatic electrodeposition on three different substrates like Fluorine 

doped tin oxide (FTO) coated conducting glass, copper sheets and stainless steel sheets at a potential of -0.8V 

versus Ag/AgCl. XRD studies show that the films deposited on conducting glass (FTO) crystallize having f.c.c. 

zincblende  structure and while those grown on copper  and  stainless steel have the wurzite (hexagonal) crystal 

structure. EDAX analysis confirms that the ZnSe thin films electrodeposited on copper substrates are of good 

stiochiometry. Optical studies show that the band gap of the films grown on FTO is around 2.65 eV.   
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