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Abstract: ZnSe thin films have been successfully deposited the different temperatures on an FTO substrate 

by using chemical bath deposition (CBD) technique. The chemical baths include the solutions of zinc acetate, 

Thiourea, selenium and deionizer water. The deposition parameters such as pH of the bath; deposition time, 

temperature etc. are optimized. As annealing temperature increased 200 ⁰C, the film was increased due to 

the coalescence of the nature due to crystalline given by the thermal energy occurring in the heating 

treatment of  the film. The sizes of the grains are  noticed to enhance at the same time as the temperature 

better too without annealing (200nm) and with annealing (1µm) fully covered on the substrate. The 

proportion of the constituent elements measured for before annealing is lower than the after annealing of 

FTO substrate. The optical absorbance of thin film samples was measured by DRS-UV spectroscopy within 

wavelength range of 300-1100 nm. The absorption spectra for the ZnSe thin film are analyzed, before 

annealing maximum absorption coefficient (k) is 402 cmˉ1 and after annealing maximum absorption (k) is 

489 cmˉ1. Using the optical parameter, refractive index (n) of the ZnSe thin film with annealing is  

determined as 1.76 and without annealing is 2.45, the thickness (t) of the ZnSe thin film with annealing is 

249nm and without annealing is 87nm and also found that the optical energy band value before annealing 

2.48 eV and after annealing 2.02eV. J-V performance of solar cells is reported. The efficiency of the ZnSe thin 

film is found to increase compared to the without annealing. It will be identified ZnSe thin film deposited by 

low cost technique and their physical properties are estimated as a possible mechanism for high efficiency.  
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1. Introduction 

Concentrator photovoltaic’s (CPV) is a photovoltaic technology that, contrary to conventional flat-plate 

PV systems uses lenses and curved mirrors to focus sunlight onto small, but highly efficient, multi-junction 

(MJ) solar cells. In addition, CPV systems often use solar trackers and sometimes a cooling system to further 

increase their efficiency. Ongoing research and development is rapidly improving their competitiveness in 

the utility-scale segment and in areas of high solar insolation [1]-[4]. (ZnSe) mostly used in photovoltaic, 

photo catalysis, UV blue emitting diodes, photo electrochemical properties, photo luminescence  etc.. The 

(ZnSe) thin films were prepared by the chemical methods. In this present work, the ZnSe films are coated on 

the FTO substrate and maintained at bath temperature 65oC followed by pH 9-10 for the composition using 

the chemical bath technique. The samples were annealed at 200oC and characterization was done to study 

the Morphological, Optical properties. J-V studies are also carried out by the linear sweep voltametry 
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Galvanostatic [5]-[9] . 

2. Experimental  

Zinc Selenide (ZnSe) thin films were grown on an FTO glass substrate using the Chemical bath deposition 

technique. The substrate is mounted on a plastic holder and the solution is continuously stirred at a 

constant 600 RPM during the deposition.  The bath temperature was controlled by a hot plate. In order to 

obtain good adherence and uniformity for the film, firstly the FTO glass substrate was cleaned with acetone 

in addition to diluted hydrochloric solution and then washed with deionizer water and finally dried with air. 

The standard procedure was followed in the direction of the deposit ZnSe thin film. The deposition bath 

consists of aqueous solution of 50 ml (0.2M) Zinc acetate, 50 ml (0.2M) of Thiourea  is completely dissolved 

in distilled water. Now the chemical bath solution was placed in a glass beaker and controlled at the 

temperature 65⁰C. Then 1gm of selenium (Se) was dissolved in 20ml of nitric acid completely dissolved as 

well as selenium (Se) is added. Then the pH value of the prepared solution was adjusted during the 

deposition by using the ammonia solution (NH3) and kept the value of 9-10. During the deposition of bath 

solution was stirred, the growth time was 300 mints. (5hrs).At the end of deposition process the substrate 

was removed from chemical bath and then cleaned with acetone. The prepared samples were annealed at 

200oC. The observed film was uniform and it has very good adhesion [10], [11]. 

3. Results and Discussions 

3.1. Optical Properties 

The semiconductor with direct band gap follows the relationship αhν=A (hν-Eg) ^1/2 for hν>Eg, where α, 

hν, Eg, A are  the absorption coefficient, photon energy,  optical band gap and proportionality constant 

respectively. The optical properties of the ZnSe thin film with and without annealing are observed from the 

DRS-UV spectrum. The DRS absorption spectra of ZnSe thin film within the range of 300nm -1100 nm as 

shown in Fig. 1. The optical absorption edge is approximately located on the corresponding wavelength. In 

absorption spectra was found that the (αhν) ^ 2 is plotted aligned with hν for both the films. The straight 

line of the plot is extrapolated to zero absorption {(αhν)^ 2=0} in order to obtain the band gap as shown in 

Fig. 2 .The absorption spectra for the ZnSe thinfilm are analyzed, before annealing maximum absorption 

coefficient (k) is 422 cmˉ1 and after annealing maximum absorption co-efficient(k) is 479 cmˉ1 [12]. Using 

reflectance and transmittance, determined the refractive index (n) of the ZnSe thinfilm with annealing is 

1.76 and without annealing is 2.45, the thickness of the film (t)  with annealing is 259nm and without 

annealing is 89nm [13] and also found that the optical energy band  gap (Eg) value before annealing 2.49 eV 

and after annealing 2.02eV [14]-[16]. The results are tabulated as shown in the Table 1. 

 

 

Fig.1. Absorption spectrum for without and with annealing of ZnSe thin films. 
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Fig. 2. Energy spectrum for without and with annealing of ZnSe thin films. 

 

Table 1. Optical Parameters of ZnSe Thin Films 

Sample 
Absorption 

coefficient (k),(cm)ˉ
1 

Thickness of the 
film (t) (nm) 

Refractive 
index (n) 

Energy Gap (Eg) 
(eV) 

Without annealing 
(FTO) 

402 87 2.45 2.48 

With annealing 
(FTO) 

489 249 1.76 2.02 

 

3.2. Morphological and Elemental Analysis  

The scanning electron microscopy (SEM) and energy dispersive analysis of X- ray spectroscopy (EDAX) 

studies are carried out.  ZnSe thin film, we employed for without annealing and with annealed (200⁰C) films 

at instance duration 60 min as shown in Fig. 3(a) and 3(b). The SEM micrographs of the films deposited for 

normal and 200⁰C show the distribution of grains, which covers the surface of the substrate completely [17]. 

No pinholes could be detected on the surface of these thin films. The closely packed grains provide a pinhole 

free morphology, which could lead to  better spatial contact between the grains, which is desirable for use in 

photoelectrochemical cells. These films also show agglomerated structure and exhibit well-defined grain 

edges  compared to the film deposited for without and with annealing (200⁰C) as well. This uniform 

structure, grain with small pinhole on the surface. Before annealing the formation adhesion nature and 

smooth plane surface. As annealing temperature increased 200 ⁰C, the film was increased due to the 

coalescence of the nature due to crystalline given by the thermal energy occurring in the heating treatment 

of the film. The film deposited on the substrate  depends on the formation nucleation site and subsequent 

growth of the films from these centers. The sizes of the grains are  noticed to enhance at the same time as 

the temperature better too without annealing (200nm) and with annealing (1µm) fully covered on the 

substrate. From the EDAX spectra the elements are analyzed as shown in Table 2. The table lists the atomic 

ratio of the zinc selenide thin films prepared under different temperature. The composition  analysis 

enabled to confirm that to prepared before and after annealing the ZnSe thin film samples are determined 

[18].  

3.3. J-V Studies  

The photovoltaic performance test of test of ZnSe thin film was calculated by measuring J-V characteristic 

curve as shown in the Fig. 4 by using linear sweep voltametry Galvanostatic (PGSTAT302N) meter by using 

short circuit current density (Jsc) and open circuit voltage (Voc) under the illumination condition (AM1.5, 

1000 W/m2) as seen in the Table 3. The J – V Graph as shown in the Fig. 4. The intensity of solar radiation 

has covered the region in 2 cm2 was calculated in the fill factor and also determined the conversion 

efficiency. Table 3 indicates J – V parameter of the multilayer thin film solar cell gave a short circuit current 

density JSC, VOC open circuit voltage and the fill factor of and reporting the conversion efficiency. The graph 
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indicates that the maximum power conversion efficiency has gradually been varied when compared to the  

with and without annealing. The open circuit voltage (Voc) of the ZnSe thin film with annealing the 

potential was increased as compared to without annealing. The photo generated charge carrier’s increases 

with increasing in the power[19]. 

 

Table 2. Elemental Analysis 

 

 
 

 

 

 

 

 

 

 

 
Fig. 3. (a) & (b). The surface and cross sectional image of without and with annealing of ZnSe thin films. 

 

 
Fig. 4. (a) and (b). J-V characteristics in without annealing and with annealing of ZnSe thin films. 

 

Table 3. J-V Parameters of ZnSe Thin Films 

Sample 
Area 
(cm²) 

Open circuit Voltage 
(Voc) (µV) 

Short circuit 
current (Jsc) (µA) 

Fill factor 
(%) 

Efficiency 
(η)(%) 

Without 
annealing (FTO) 

2x2 9.76 9.125 57 2.4 

With annealing 
(FTO) 

2x2 11 4.81 66 5.5 

Element 
Without  annealing With annealing (200⁰C) 

Normal (Wt %) Atomic (Wt %) Normal (Wt %) Atomic (Wt %) 

Zn 36.59 30.27 43.57 47.71 

Se 19.43 24.17 38.31 23.84 

Oxygen 0.08 0.47 - - 

Tin 0.32 .04 - - 

Molybdenum 43.58 44.61 - - 

Sulfur - - 17.13 20.44 

Total 100 100 100 100 

(a) (b) 

(a) (b) 

International Journal of Materials Science and Engineering

113 Volume 5, Number 3, September 2017



4. Conclusion 

The preparation of ZnSe thin films using CBD method and prepared thin film samples were 

characterized using advanced sophisticated instrumentation.  The thin film PV solar cell is a 

review of ZnSe thin film before and after annealing at 200⁰C is presented. The morphological 

characterization of ZnSe thin film has been studied using SEM instrument. This uniform structure, 

show the grain of small pinholes on the surface. Before annealing the formation of adhesion nature and 

smooth plane surfaces are seen. After annealing coalescence nature and smooth plane surface of 

the film.  From the EDAX spectra, the elements are identified before and after annealing the 

ZnSe thin films. The optical properties of ZnSe with (200⁰C) and without annealing of thin 

films are studied. The absorption, transition and reflection spectra are shown and evaluated 

the optical parameters. J-V performance of solar cells is reported the efficiency of the ZnSe 

thin film is found to increase compared to the without annealing. The PV material subjects of 

intense interest during these periods. The reviews will be identified ZnSe thin film deposited 

by low cost technique and their physical properties are estimated possible mechanism for 

identified the several conditions of the material search and extensive.  
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