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Abstract:  
This work reports successful deposition of Zinc Selenide thin films on microscopic 

glass substrates of dimension (25.4 mm x 76.2 mm x 1.2 mm) using solution growth 

method in alkaline medium in the presence of EDTA as complexing agent. The bath 

composed of molar solution of zinc acetate (Zn(CH3CO2)2·2H2O) as source of Zn
2+

 

ion, freshly refluxed sodium selenosulphate as source of Se
2+

 ion and ammonium 

hydroxide as pH adjuster. Five samples of ZnSe thin films were fabricated at room 

temperature (300 K). The four of the deposited samples were heat – treated in an 

electric oven at temperatures of 373 K, 473 K, 573 K and 673 K respectively. Film 

thickness obtained by gravimetric method ranged from 435.15 nm to 744.05 nm. Film 

thickness was found to increase as annealing temperature increases. Optical properties 

measured with Spectrophotometer showed that the absorbance is high within UV 

region but decreases as wavelength increases. Transmittance of the films are found to 

be low within UV region but increases as wavelength increase. Reflectance of the 

films is low which suggest the usefulness of the deposited film in antireflective 

coating. Absorbance was found to increase as temperature increases while 

transmittance to decreases as temperature increases. The energy band gap result 

obtained ranged between 2.42 eV – 2.94 eV. We observed that the energy band gap 

decrease as annealing temperature increase. Refractive index ranged between 1.14 and 

2.60. The optical results obtained show that ZnSe thin films could be used for solar 

energy application and optoelectronics devices. Average crystallite sizes obtained 

using Scherrer’s formula are between 7.44 nm and 8.05 nm. 
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1. Introduction 

The ability of field of material science and engineering to develop new materials 

with astonishing combination of chemical, physical and mechanical properties has 

transformed our present world. The demands for thin film based materials are on the 

increase because of its enormous industrial applications. Thin film technology is the 

basic of astounding development in solid state electronics.  

 The usefulness of the optical properties of metal films, and scientific curiosity 

about the behavior of two-dimensional solids has been responsible for the immense 

interest in the study of science and technology of thin films [1]. Thin film studies have 

directly or indirectly advanced many new areas of research in solid state physics and 

chemistry which are based on phenomena uniquely characteristic of the thickness, 

geometry, and structure of the film [2,3]. Thin film materials have already been used 

in semiconductor devices, wireless communications, telecommunications, integrated 

circuits, rectifiers, transistors, solar cells, light-emitting diodes, photoconductors, light 

crystal displays, magneto-optic memories, audio and video systems, compact discs, 

electro-optic coatings, memories, multilayer capacitors, flat-panel displays, smart 

windows, computer chips, magneto-optic discs, lithography, micro electromechanical 

systems (MEMS), and multifunctional emerging coatings, as well as other emerging 

cutting technologies [1,2,3,4]. 

In all the thin film materials making advancement in the last few years, Zinc 

Selenide (ZnSe) thin films have shown great potentials in the field of science and 

technology due to their properties. ZnSe is n – type semiconducting material 

belonging to II – VI family of semiconducting materials and has wide band gap of 

about 2.70 eV at room temperature [5,6]. The major merits of zinc – based materials 

in comparison to other IIB elements in forming II – VI semiconducting material are 

that it is non – toxic, readily available and eco – friendly. Zinc selenide crystallizes 

either in cubic (zinc blende) or hexagonal (wurtzite) structures [5]. Figure 1 shows the 

crystal structure of the cubic and hexagonal phases of zinc selenide system. 

 

Figure 1. Crystal structural phases of ZnSe system (VESTA Software). 

Several physical and chemical methods of deposition have been used to deposit 

ZnSe thin films by various researchers which include; chemical bath method [5,6,7,8], 

photo – assisted chemical bath techniques [9,10], pulsed laser deposition [11], thermal 

evaporation [12,13], inert gas condensation [14], electrodeposition [15,16,17], 

vacuum deposition techniques [18], electron beam evaporation [19]. 

In this work, we prepared thin films of ZnSe by solution growth techniques at room 

temperature in the presence of disodium ethylenediamine tetraacetate (EDTA) as a 

complexing agent. The films obtained were annealed at different temperature so as to 

determine the effect of annealing temperature on the optical and structural properties 

of ZnSe thin films. 
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2. Experimental Details 

Zinc selenide was deposited in the reaction of solution containing zinc acetate 

dihydrate (Zn(CH3CO2)2).H2O, Sodium selenosulphate (Na2SeSO3). Disodium 

ethylenediamine tetraacetate (Na4(C10H16N2O8)) commonly known as EDTA, 

ammonium solution (NH4OH), and distilled water in a beaker. EDTA as complexing 

agent slowed down the precipitation of the zinc ions in the mixture. Ammonium 

solution stabilizes the pH of the mixture. Deposition of five samples of zinc selenide 

thin films were carried out using 100 ml glass beaker at an average room temperature 

of 300K. For a sample deposition, 30 ml of zinc acetate dihydrate, was measured, 

transferred into the beaker, 10 ml of sodium selenosulphate was added to the beaker. 

The mixture was stirred with a magnetic stirrer for 10 minutes. After that, 15 ml of 

EDTA was added and stirred for 10 minutes. Followed by addition of 5 ml of 

ammonium solution. The solution was stirred for 10 minutes, then 20 ml of distilled 

water was added. The final solution was stirred for 30 minutes using a magnetic stirrer 

to have a homogenous mixture. Glass substrate was inserted vertically into the beaker 

with the help of a synthetic foam. Five beakers were prepared in the same way. The 

substrates were allowed to stay in the bath for constant time of 24 hours and 

temperature of about 300 K was maintained throughout the deposition period. At the 

end of 24 hours, the substrates were removed, rinsed with distilled water and dried in 

open air at room temperature of (300 K). Four of the grown films were annealed at 

temperatures of 373 K, 473 K, 573 K and 673 K respectively. 

Table 1. Optimization of Zinc Selenide (ZnSe) at Room Temperature. 

Temp. 

(K) 

Zn(CH3CO2)2 Na2SeSO3 NH4OH 

Vol (ml) 

EDTA H20 

Vol (ml) 

Dip Time 

(hrs) Vol (ml) mol Vol (ml) Vol (ml) Mol 

300 30.00 0.4 10.00 5.00 15.00 0.05 20 24 

373 30.00 0.4 10.00 5.00 15.00 0.05 20 24 

473 30.00 0.4 10.00 5.00 15.00 0.05 20 24 

573 30.00 0.4 10.00 5.00 15.00 0.05 20 24 

673 30.00 0.4 10.00 5.00 15.00 0.05 20 24 

3. Results and Discussions 

3.1. Thickness Measurement 

Thicknesses (t) of the deposited thin films were evaluated using the gravimetric 

method given by [20,21,22] equation (3.1) 

𝑡 =
Δ𝑚

𝜌𝐴
 

where Δ𝑚 is the mass gain of the film. A is the surface area of the deposited film 

and 𝜌 is the bulk density of the material film. The mass gains of the deposited films 

were obtained by finding the difference in mass between the mass of the glass 

substrate and the film after deposited and the mass of glass substrate before deposition. 

Bulk density of 5.27 g/cm³ for ZnSe was used in evaluating film thicknesses. Figure 2 

shows the plot of thickness of the films plotted against annealing temperature. From 

the figure, the thickness of the films increases as annealing temperature increases. 

This is due to the increase in the crystallinity of the ZnSe at high temperature. This 

result is in line with results obtained by [23,24]. Peak thickness 744.05 nm was 
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obtained for film annealed at 673 K while the least thickness of 435.15 nm was 

observed for the as – grown film. 

 

Figure 2. Plot of thickness (nm) against annealing temperature for Zinc selenide thin films. 

3.2. Optical Analysis 

Optical characterization of the films was carried out using 752W UV – VIS – NIR 

Grating spectrophotometer at wavelength interval of 300 nm to 1100 nm. Absorbance 

values of the films were obtained using the spectrophotometer within the wavelength 

range of 300 nm and 1100 nm. Other optical properties such as transmittance, 

reflectance, refractive index, extinction coefficient and energy band gap were 

evaluated using the following equations as obtained from literatures.  

Transmittance of the film was evaluated using equation (3.2) given by [25,26]. 

𝑇 = 10−𝐴 

Reflectance was obtained using the expression in equation (3.3) as given by [27,28]. 

𝑅 = 1 − (𝐴 + 𝑇) 

Refractive index of the films was calculated using equation (3.4) as given by 

[29,30]. 

𝜂 =
(1 + √𝑅)

(1 −  √𝑅)
 

The absorption coefficient (α) was calculated from the transmittance and thickness 

values using the equation (3.5) as given by [31,32,33]. 

𝛼 =
1

𝑡
𝐼𝑛 (

1

𝑇
) 

Extinction coefficient was obtained using equation (3.6) as given by [34,35].  

𝑘 =  
𝛼 𝜆

4𝜋
 

The energy band gap was estimated using Tauc’s model given in equation (3.7) as 

given by [36,37]. 

(𝛼ℎ𝑣)𝑛 = 𝛽(ℎ𝑣 − 𝐸𝑔) 
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Where β is a constant, 𝑛 = 2 for direct band gap. The energy band gaps of the films 

were obtained by extrapolating the straight portion of the plot of (𝛼ℎ𝑣)2 against the 

photon energy (ℎ𝑣) at (𝛼ℎ𝑣)2 = 0. 

Figure 3(a) shows the graph of absorbance of the films plotted against wavelength. 

From the graph, the absorbance of ZnSe thin films decreases as wavelength increase 

and decreases slightly along the NIR region. Also, the graph shows an increase in 

absorbance as annealing temperature increases. The as – grown thin film of ZnSe has 

absorbance that ranges from a peak value of 71.4 % at 300 nm to minimal value of 

17.93 % at 1100 nm. ZnSe film annealed at 373K has absorbance peak of 91.48 % at 

300 nm and minimal value of 19.64 % at 1100 nm. ZnSe film annealed at 473K has 

absorbance peak of 87.10 % at 300 nm and minimal value of 21.05 % at 1100 nm. 

ZnSe film annealed at 573K has absorbance peak of 85.65 % at 300 nm and minimal 

value of 21.48 % at 1100 nm. ZnSe film annealed at 673K has absorbance peak of 

99.55 % at 300 nm and minimal value of 29.15% at 1100 nm.  

Figure 3(b) shows the graph of transmittance of the films plotted against 

wavelength. From the graph, the transmittance of ZnSe thin films increases as 

wavelength increase. Also, the graph shows a decrease in transmittance as annealing 

temperature increases. The as – grown thin film of ZnSe has transmittance ranging 

from a peak value of 66.19 % at 1100 nm to minimal value of 19.34 % at 300 nm. 

ZnSe film annealed at 373K has transmittance peak of 63.62 % at 1100 nm and 

minimal value of 13.30 at 300 nm. ZnSe film annealed at 473K has transmittance 

peak of 61.59 % at 1100 nm and minimal value of 13.45 % at 300 nm. ZnSe film 

annealed at 573K has transmittance peak of 60.98 % at 1100 nm and minimal value of 

13.91 % at 300 nm. ZnSe film annealed at 673K has transmittance peak of 51.12 % at 

1100 nm and minimal value of 10.03 % at 300 nm. 

 

Figure 3. Plot of (a) Absorbance, (b) Transmittance against wavelength for Zinc Selenide thin 

films at different annealing temperature. 

Figure 4(a) shows the graph of reflectance of the films plotted against wavelength. 

From the graph, the reflectance of ZnSe thin films increases as wavelength increase 

along the UV and some parts of VIS up to 500 nm. Beyond 500 nm, the reflectance of 

the films slightly decreases. Also, the graph shows a decrease in reflectance as 

annealing temperature increases within UV and some parts of VIS up to a wavelength 

of 500 nm. Beyond this wavelength, the reflectance of the films increases as annealing 

temperature increases. The as – grown thin film of ZnSe has reflectance ranging from 

a peak value of 15.89 % at 1100 nm to minimal value of 9.28 % at 300 nm. ZnSe film 

annealed at 373K has reflectance peak of 16.74 % at 1100 nm and minimal value of 

2.50 % at 320 nm. ZnSe film annealed at 473K has reflectance peak of 17.36 % at 

1100 nm and minimal value of 1.14 % at 305 nm. ZnSe film annealed at 573 K has 

reflectance peak of 17.54 % at1100 nm and minimal value of 0.41 % at 300 nm. ZnSe 
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film annealed at 673 K has reflectance peak of 19.74 % at 1100 nm and minimal value 

of 1.08 % at 360 nm. 

Figure 4(b) shows the graph of refractive index of the films plotted against 

wavelength. From the graph, the refractive index of ZnSe thin films increases as 

wavelength increase along the UV and some parts of VIS up to 500 nm. Beyond 500 

nm, the refractive index of the films slightly decreases. Also, the graph shows a 

decrease in refractive index as annealing temperature increases within UV and some 

parts of VIS up to a wavelength of 500 nm. Beyond this wavelength, the refractive 

index of the films increases as annealing temperature increases. The as – grown thin 

film of ZnSe has refractive index ranging from a peak value of 2.32 at 1100 nm to 

minimal value of 1.88 at 300 nm. ZnSe film annealed at 373 K has refractive index 

peak of 2.38 at 1100 nm and minimal value of 1.38 at 320 nm. ZnSe film annealed at 

473K has refractive index peak of 2.43 at 1100 nm and minimal value of 1.24 at 305 

nm. ZnSe film annealed at 573K has refractive index peak of 2.44 at 1100 nm and 

minimal value of 1.14 at 300 nm. ZnSe film annealed at 673K has refractive index 

peak of 2.60 at 1100 nm and minimal value of 1.23 at 355 nm.  

 

Figure 4. Plot of (a) Reflectance (%) and (b) refractive index against wavelength for Zinc 
Selenide thin films at different annealing temperature. 

Figure 5(a) shows the graph of extinction coefficient of the films plotted against 

wavelength. From the graph, the extinction coefficient of ZnSe thin films decreases as 

wavelength increase and remained almost the same along the NIR region. Also, the 

graph shows an increase in extinction coefficient as annealing temperature increases. 

The as – grown thin film of ZnSe has extinction coefficient that ranges from a peak 

value 5.68 × 10−2 at 300 nm to minimal value of 1.42 × 10−2 at 1100 nm. ZnSe film 

annealed at 373K has extinction coefficient peak of 7.28 × 10−2  at 300 nm and 

minimal value of  1.56 × 10−2 at 1100 nm. ZnSe film annealed at 473K has extinction 

coefficient peak of 6.93 × 10−2 at 300 nm and minimal value of 1.68 × 10−2 at 1100 

nm. ZnSe film annealed at 573K has extinction coefficient peak of 6.82 × 10−2 at 300 

nm and minimal value of 1.71 × 10−2 at 1100 nm. ZnSe film annealed at 673K has 

extinction coefficient peak of 7.95 × 10−2  at 300 nm and minimal value of 2.32 ×
10−2 at 1100 nm.  

Figure 5(b) shows the plotted graphs of (𝛼ℎ𝜐)2 against photon energy (ℎ𝜐) for the 

different annealing temperature. The direct band gap energy was extrapolated at the 

axis of the photon energy (ℎ𝜐) where (𝛼ℎ𝜐)2 = 0. The as – grown ZnSe film has band 

gap energy of 2.94 𝑒𝑉. ZnSe film annealed at 373 K has band gap of 2.86 𝑒𝑉. ZnSe 

film annealed at 473 K has band gap of 2.75 𝑒𝑉. ZnSe film annealed at 573 K has 

band gap of 2.55 𝑒𝑉 and ZnSe film annealed at 673 K has an energy band gap of 

2.42 𝑒𝑉. This show that the energy band gap of ZnSe thin films deposited decreases as 

temperature increases. The values of energy band gap obtained correspond to values 
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obtained by other researchers given in Table 2 below. According to [24], materials 

with these ranges of energy band gap are good for light emitting diodes (LEDs), 

photosensor, reflecting dielectric mirrors and other visible luminescent devices. [31] 

suggested that ZnSe films of energy band gap between 2.40 eV and 2.80 eV are good 

material for solar cell buffer layer. Figure 6 shows the variation of energy band gap 

with annealing temperature. The energy band gap is found to decrease as temperature 

increases. This is because of increase in the interatomic spacing as a result of increase 

in the amplitude of the atomic vibrations caused by thermal energy. This increase in 

interatomic spacing causes a decrease in the potential seen by the electrons with the 

ZnSe films which in turn makes the energy band gap to reduce. This is similar to 

results obtained by [38,39].  

 

Figure 5. Plot of (a) extinction coefficient and (b) (αhv)2 against photon energy against 

wavelength for Zinc Selenide thin films at different annealing temperature. 

 

Figure 6. Plot of Energy band gap against Temperature. 

Table 2. Corresponding energy band gap from other researchers. 

Researchers Band gap (eV) 

Our result 2.42 – 2.94 

[40] 2.12 – 2.49 

[41] 2.82 

[42] 2.70 ± 0.02 

[23] 2.02 – 2.48 

[31] 2.80 

[43] 2.65 

[44] 2.79 – 2.40 

[24] 2.95 – 3.30 
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3.3. X – ray Diffraction Analysis 

Figure 7 shows the x – ray diffractograms of as – grown and annealed ZnSe thin 

film deposited obtained using Cu – Kα radiation with wavelength (𝜆 = 1.5406Å). 

The diffractograms obtained show that films crystallizes in the cubic phase of ZnSe 

with JCPDS file number 37 - 1463. The broadening of the diffraction peaks revealed 

that the film is polycrystalline in nature. For as – grown ZnSe and ZnSe annealed at 

473K, the peaks obtained were 26.56°, 31.25°, 44.71°, 53.41° which correspond to the 

miller indices of (111), (200), (222) and (311). Additional peak of 64.76° 

corresponding to (400) was observed in the diffractogram of ZnSe thin film annealed 

at 473 K. Crystallite size of the film was obtained using Scherrer‘s formula given in 

equation (9) by [45,46.47]. 

 

Figure 7. Diffractograms of as – grown (300 K) and annealed (473 K) ZnSe thin films. 

𝐷 =
0.9𝜆

𝛽 cos 𝜃
 

where D is the crystallite size, is the wavelength of x – ray radiation (Cu ), is the 

full width at half maximum intensity of peaks in radians and θ is the Bragg diffraction 

angle. The crystallite size of the films were evaluated using Scherrer’s formula as 

given by (48,49) The crystallite size of the films is between 7.44 nm – 8.05 nm. The 

slight increase in the crystallite size and appearance of additional peak showed that 

increase in annealing temperature increases the crystalline nature of the films. This 

result is in line with x – ray pattern obtained by [50,51]. 

4. Conclusion 

We have successfully deposited thin film of ZnSe thin films using chemical 

deposition approach. Five thin films were deposited using the same bath parameters 

such as concentration of the solution, pH, temperature of the baths, and time of 

depositions. After deposition, four of the films were annealed at four different 

temperatures of 100 °𝐶  (373K), 200 °𝐶  (473K), 300 °𝐶  (573K), and 400 °𝐶  (673K) 

respectively. The as – grown and the four annealed thin films were subjected to 

optical analysis using spectrophotometer and structural analysis using diffractometer. 

Absorbance values of the films were obtained at wavelength range of 300 nm to 1100 

nm. Other optical properties were evaluated using existing formulations outlined in 



Volume 4, Issue 3, 2020  ISSN: 2617-4553  

DOI: https://doi.org/10.31058/j.er.2020.43002 

Submitted to Energy Research, page 29-33                                                                                                             www.itspoa.com/journal/er 

the literature review. The results obtained show that annealing temperature affects the 

optical properties of ZnSe thin films. 

The optical properties show that ZnSe thin films deposited have high optical 

absorption within ultraviolet (UV) region and visible light (VIS) region and low 

absorption within the near infrared (NIR) region, also absorbance is found to increase 

as annealing temperature increase. The transmittance of the films are low within UV 

and VIS region but increases to its maximum value within NIR region. Transmittance 

of the films decreases as annealing temperature increases. The reflectance of the films 

are generally low for all the films which suggest the possibility of using the films for 

anti – reflective coating to shed of UV radiations. The refractive index values of the 

films are low within UV and VIS region but increases to peak values within NIR 

region. This result shows that infrared radiation travels faster in the ZnSe thin film 

samples more that UV and VIS component of electromagnetic radiation. The 

extinction coefficient of the films decreases as wavelength increase but increases as 

annealing temperature increases. Energy band gap obtained is between 2.42 𝑒𝑉 and 

2.94 𝑒𝑉 . The energy band gap decreases as annealing temperature increases. 

Structural analysis of the films confirmed that ZnSe is in nanocrystalline form with 

crystallite size ranging between 7.44 nm – 8.05 nm. 

Conflicts of Interest 

The authors declare that there is no conflict of interest regarding the publication of 

this article. 

Author Contributions  

Conceptualization: E.N.J.; O.N.L.; Methodology: E.N.J.; O.N.L.; Software: E.N.J.; 

O.N.L.; Validation: E.N.J.; O.N.L.; Formal analysis: E.N.J.; O.N.L.; N.I.E.; O.I.O.; 

Investigation: E.N.J.; O.N.L.; N.I.E.; O.I.O.; Resources: E.N.J.; O.N.L.; N.I.E.; O.I.O.; 

Data Curation: E.N.J.; O.N.L.; N.I.E.; O.I.O.; Writing – original draft preparation: 

O.N.L.; Writing – review and editing: E.N.J.; O.N.L.; N.I. E.; O.I.O..; Supervision: 

E.N.J.; O.N.L.; N.I.E.; O.I.O.; Project administration: E.N.J.; O.N.L.; N.I.E.; O.I.O.; 

Funding acquisition: E.N.J.; O.N.L.; N.I.E.; O.I.O. 

Funding  

This research received no specific grant from any funding agency in the public, 

commercial or not-for-profit sectors.  

Reference 

[1] Saravanan, S. Analysis of Thin Films Applications and Deposition Processes. 

International Journal of Computer Sciences and Engineering, 2018, 6(7), 1261-

1266. 

[2] Rao, M.C.; Shekhawat, M.S. A brief survey on basic properties of thin films for 

device application. International Journal of Modern Physics: Conference Series, 

2013, 22, 576-582. 

[3] Singh, V.K. Versatility of Thin Film and Thin Film deposition Techniques and 

Parameters. Journal of Emerging Technologies and Innovative Research, 2017, 

4(10), 585-591.  



Volume 4, Issue 3, 2020  ISSN: 2617-4553  

DOI: https://doi.org/10.31058/j.er.2020.43002 

Submitted to Energy Research, page 30-33                                                                                                             www.itspoa.com/journal/er 

[4] Sonawane, P.; Warule, V.; Lohar, G.; Chopade, S.; Ulmek, N. Investigation of 

Characterization of CuSe Thin Film on Stainless Steel Substrate by SILAR and 

Electro Deposition Method. International Journal on Theoretical and Applied 

Research in Mechanical Engineering, 2017, 6(1-2), 130-134.  

[5] Okereke, N.A.; Ezenwa, I.A.; Ekpunobi, A.J. Effect of thickness on the 

opticalproperties of zinc Selenide thin films. Journal of Non-Oxide Glasses, 2011, 

3(3), 105-111.  

[6] Nnabuchi, M.N.; Chikwenze, R.A. Growth characteristics and effect of thermal 

annealing on the optical and solid state properties of ZnSe thin films. 

Chalcogenide Letters, 2012, 9(8), 337-344. 

[7] Maskaeva, L.N.; Markov, V.F.; Fedorova, E.A.; Kuznetsov, M.V. Influence of 

the Conditions of the Chemical Bath Deposition of Thin ZnSe Films on Their 

Morphology and Internal Mechanical Stresses. Russian Journal of Applied 

Chemistry, 2018, 91(9), 1528-1537. 

[8] Kumar, T.R.; Vedamalai, M. Deposition of ZnSe thin film by chemical bath 

deposition and for photovoltaic application. International Journal of Pure and 

Applied Mathematics, 2018, 119(12), 6665-6675. 

[9] Hile, D.D.; Swart, H.C.; Motloung, S.V.; Motaung, T.E.; Koao, L.F. Structural, 

morphological and optical studies of zinc selenide (ZnSe) thin films synthesized 

at different deposition time intervals using photo-assisted chemical bath 

deposition technique. Physica B: Condensed Matter, 2019, 575, 411706. 

[10] Karim, B.; Chottopadhyay, P. Annealing induced photosensitivity modulation of 

zinc selenide thin film in the sub-band gap optical absorption region. Journal of 

Applied Physics, 2018, 123(245701), 1-6. 

[11] Hassan, S.A.; Bashir, S.; Zehra, K.; Ahmed, Q.S. Structural, morphological and 

optical properties of pulsed laser deposited ZnSe/ZnSeO3 thin films. Material 

Research Express, 2018, 5(046404), 1-13. 

[12] Yadav, B.K.; Singh, P.; Pandey, D.K. Synthesis and Non-Destructive 

Characterization of Zinc Selenide Thin Films. Zeitschrift für Naturforschung A: A 

Journal of Physical Sciences, 2019, 74(11), 1-7. 

[13] Khairnar, U.; Behere, S.; Pawar, P. Optical Properties of Polycrystalline Zinc 

Selenide Thin Films. Materials Sciences and Applications, 2012, 3, 36-40. 

[14] Sharma, J.; Singh, H.; Singh, T. Study of the mobility activation in ZnSe thin 

films deposited using inert gas condensation. Journal of Science: Advanced 

Materials and Devices, 2017, 2, 432-436. 

[15] Uğurlu, H.A.; Hamurcu, Y. Electrochemical growth of ZnSe thin films, 

characterization and heterojunction applications. Material Research Express, 

2019, 6(116422), 1-9. 

[16] Xu, J.L.; Gong, W.Y.; Wang, W.; Meng, H.; Zhang, X.; Shi, Z.N.; Haarberg, 

G.M. Electrodeposition mechanism of ZnSe thin film in aqueous solution. 

 Rare Metals, 2017, 36(10), 816-820.  

[17] Gromboni, M.F.; Mascaro, L.H. Optical and structural study of electrodeposited 

zinc selenide thin films. Journal of Electroanalytical Chemistry, 2016, 780(1), 

360-366. 



Volume 4, Issue 3, 2020  ISSN: 2617-4553  

DOI: https://doi.org/10.31058/j.er.2020.43002 

Submitted to Energy Research, page 31-33                                                                                                             www.itspoa.com/journal/er 

[18] Jadhav, P.G.; Bhavsar, D.S. Synthesis and Characterization of Zinc Selenide Thin 

Films by Vacuum Deposition Technique. International Journal for Research in 

Applied Science and Engineering Technology, 2019, 7(4), 1113-1116.  

[19] Ou, K.; Wang, S.; Bai, L.; Wang, Y.; Zhang, K.; Yi, L. Investigation on annealing 

temperature-dependent optical properties of electron beam evaporated ZnSe thin 

films. Thin Solid Films, 2019, 669, 247-252. 

[20] Gode, F.; Unlu, S. Nickel doping effect on the structural and optical properties of 

indium sulfide thin films by SILAR. Open Chemistry, 2018, 16, 757-762. 

[21] Chaudhary, P.; Kumar, V. Preparation of ZnO thin film using sol-gel dip-coating 

technique and their characterization for optoelectronic applications. World 

Scientific News, 2019, 121, 64-71. 

[22] Ezenwaka, L.N.; Umeokwonna, N.S.; Okoli, N.L. Optical, structural, 

morphological, and compositional properties of cobalt doped tin oxide (CTO) 

thin films deposited by modified chemical bath method in alkaline medium. 

Ceramics International, 2020, 46(5), 6318-6325.  

[23] Kavitha, M.; Saroja, M.; Jenifer, G. The Annealing Effect of Zinc Selenide Thin 

Film Using CBD Technique for PV Solar Cell Application. International Journal 

of Materials Science and Engineering, 2017, 5(3), 110-115.  

[24] El – Sherif, M.; Terra, F.S.; Khodier, S.A. Optical characteristics of thin ZnSe 

films of different thicknesses. Journal of Materials Science: Materials in 

Electronics, 1996, 7(6), 391-395.  

[25] Lokhande, C.D.; Sankapal, B.R.; Mane, R.S.; Pathan, H.M.; Muller, M.; Giersig, 

M.; Ganesan, V. XRD, SEM, AFM, HRTEM, EDAX and RBS studies of 

chemically deposited Sb2S3 and Sb2Se3 thin films. Applied Surface Science, 2002, 

193(1), 1-10. 

[26] Ismail, B.; Mushtaq, S.; Khan A. Enhanced Grain Growth in the Sn Doped Sb2S3 

Thin Film Absorber Materials for Solar Cell Applications. Chalcogenide Letters, 

2014, 11(1), 37-45. 

[27] Shine, M.H.; Al – Saati, S.A.A.; Razooqi, F.Z. Preparation of high transmittance 

TiO2 thin films by sol-gel technique as antireflection coating. Journal of Physics: 

Conf. series, 2018, 1032(012018), 1-12. 

[28] Al – Dahaan, S.A.J.; Al-khayatt, A.H.O.; Salman, M.K. The optical Properties of 

Fe2O3 Thin Film Prepared by Chemical spray pyrolysis Deposition (CSP). 

Journal of Kufa – Physics, 2014, 6(2), 16-23.  

[29] Ohwofosirai, A.; Femi, M.D.; Nwokike, A.N.; Toluchi, O.J.; Osuji, R.U.; 

Ezekoye, B.A. Study of the Optical Conductivity, Extinction Coefficient and 

Dielectric Function of CdO by Sucessive Ionic Layer Adsorption and Reaction 

(SILAR) Techniques. American Chemical Science Journal, 2014, 4(6), 736-744. 

[30] Ilenikhena, P.A. Optical Characterization and Possible Solar Energy Applications 

of Improved Solution Grown Cobalt Oxide (CoO) Thin Films at 300K. African 

Physical Review, 2008, 2, 68-76. 

[31] Sagadevana, S.; Das, I. Chemical bath deposition (CBD) of zinc selenide (ZnSe) 

thin films and characterization. Australian Journal of Mechanical Engineering, 

2016, 15(3), 222-227. 



Volume 4, Issue 3, 2020  ISSN: 2617-4553  

DOI: https://doi.org/10.31058/j.er.2020.43002 

Submitted to Energy Research, page 32-33                                                                                                             www.itspoa.com/journal/er 

[32] Bekkari, R.; Jaber, B.; Labrim, H.; Quafi, M.; Zayyoun, N.; Laahab, L. Effect of 

Solvents and Stabilizer Molar Ratio on the Growth Orientation of Sol – Gel 

Derived ZnO THin Films. International Journal of Photoenergy, 2019, 

(3164043), 1-7. 

[33] Mursal, Irhamni, Bukhari and Zuklkarnain Jalil. Structural and Opticla Properties 

of Zinc Oxide (ZnO) based Thin Film Deposited by Sol – Gel Coating Method. 

Journal of Physics: Conf. Series, 2018, 1116(032020), 1-8. 

[34] Ongwen, N.O.; Oduor, A.O.; Ayieta, E.O. Effect of Concentration of Reactants 

on the Optical Properties of Iron – Doped Cadmium Stannate Thin Films 

Deposited by Spray Pyrolysis. American Journal of Materials Science, 2019, 9(1), 

1-7.  

[35] Abouda, A.A.; Mukherjeeb, A.; Revaprasaduc, N.; Mohamed, A.N. The effect of 

Cu-doping on CdS thin films deposited by the spray pyrolysis technique.  Journal 

of Material Research and Technology, 2019, 8(2), 2021-2030. 

[36] Tezel, F. M.; Ozdemir, O.; Kariper, I.A. The Effects of pH on Structural and 

Optical Characterization of Iron oxide Thin Films. Surface Review and Letters, 

2017, 24(4), 1750051, 1-10. 

[37] Tauc, J.; Grigorovici, R.; Vancu, A. Optical Properties and Electronic Structure 

of Amorphous Germanium. Phys. Status Solidi, 1966, 15(2), 627-637. 

[38] Supriyanto, N.A.; Ramelan, A.H.; Nurosyid, F. Effect of annealing temperature 

on optical properties of TiO2 18 NR – T type thin film. Journal of Physics: Conf. 

Series, 2018, 1011(012016), 1-5. 

[39] Zang, G.; Lu, K.; Zang, X.; Yuan, W.; Shi, M.; Ning, H.; Tao, R.; Liu, X.; Yao, 

R.; Peng, J. Effect of annealing temperature on optical band gap of sol – gel 

Tungsten trioxide films. Micromachines, 2018, 9(377), 1-9. 

[40] Tezel, F.M.; Kariper, I.A. Effect of pH on the structural and optical properties of 

polycrystalline ZnSe thin films produced by CBD method. International Journal 

of Modern Physics B, 2019, 33(5), 1950024(1-13). 

[41] Temel, S.; Fatma Ö.; Gökmen, F.O.; Yaman, E. An Energy Efficient Way to 

Produce Zinc-Based Semiconductor Thin Films via Chemical Bath Deposition 

Technique. Journal of Sustainable Development of Energy, Water and 

Environment Systems, 2019, 7(2), 253-260.  

[42] Olusola, O.O.; Olusola, O.I.; Aduloju, K.A.; Adesakin, G.E.; Odo, E.A. 

Investigating the Optical and Electrical properties of ZnSe Thin Films Prepared 

by Chemical Bath Deposition Technique. Journal of Applied Physics, 2017, 9(6), 

06-12.  

[43] Thirumavalavan, S.; Mani, K.; Sagadevan, S. A Study of Structural, 

Morphological, Optical and Electrical Properties of Zinc Selenide (ZnSe) Thin 

Film. Materials Today: Processing, 2016, 3(6), 2305-2314. 

[44] Raghu, P.; Naveen, C.S.; Sanjeev, G.; Mahesh, H.M. Thickness Dependent 

Optical Properties of ZnSe Thin Films. International Journal of Engineering 

Research and Technology, 2013, 2(11), 3568-3572.  

[45] Ezenwa, I.A.; Okoli, N.L.; Okereke, N.A.; Nnamdi, C. Effect of Complexing 

Agent on Tin Selenide (SnSe) Thin Films Prepared by Solution Growth 



Volume 4, Issue 3, 2020  ISSN: 2617-4553  

DOI: https://doi.org/10.31058/j.er.2020.43002 

Submitted to Energy Research, page 33-33                                                                                                             www.itspoa.com/journal/er 

Techniques in an Alkaline Bath. Nigerian Journal of Solar Energy, 2019, 30(1), 

58-64.  

[46] Ravindranah, K.; Prasad, K.D.V.; Rao, M.C. Spectroscopic and Luminescent 

Properties of Co
2+

 doped tin oxide thin film by Spray Pyrolysis. Aims Material 

Science, 2016, 3(3), 796-807. 

[47] Okorieimoh, C.C.; Chime, U.;  Nkele, A.C.; Nwanya, A.C.; Madiba, I.G.; Bashir, 

A.K.H.; Botha, S.; Asogwa, P.U.; Maaza, M.; Ezema, F.I. Room-temperature 

synthesis and optical properties of nanostructured Ba-Doped ZnO thin films. 

Superlattices and Microstructures, 2019, 130, 321-331. 

[48] Okoli, N.L.; Nkamuo, C.J.; Elekalachi, C.I. Effect of Dip Time on 

Electrodeposited Zinc Oxide. American Journal of Materials Synthesis and 

Processing, 2018, 3(2), 7-11.  

[49] Whyte, G.M.; Awada, C.; Offor, P.O.; Otung, F.U.; Alshoaibi, A.; Aljaafari, A.; 

Ekwealor, A.B.C.; Maaza, M.; Ezema, F.I. Optical and photoluminescence 

performance of electrodeposited arsenic selenide thin film doped with erbium ion. 

Optical Materials, 2020, 99(109556), 1-7.  

[50] Kim, D.; Park, K.; Jung, H.; Yoo, B. Electrodeposition of Chalcogenide ZnSe 

Thin Films with Tailored Compositions in Alkaline Aqueous Citrate Solutions. 

Journal of the Electrochemical Society, 2016, 163(7), D300-D304.  

[51] Indirajith, R.; Rajalakshmi, M.; Ramamurthi, K.; Ahamed M.B.; Gopalakrishnan, 

R. Synthesis of ZnSe Nano Particles, Deposition of ZnSe Thin Films by Electron 

Beam Evaporation and Their Characterization. Ferroelectrics, 2017, 467(1), 13-

21. 

 

© 2020 by the author(s); licensee International Technology and 

Science Publications (ITS), this work for open access publication is 

under the Creative Commons Attribution International License (CC 

BY 4.0). (http://creativecommons.org/licenses/by/4.0/) 

 


