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ABSTRACT

Introduction: CdSe is an important II–VI semiconducting material due 
to its typical optical properties such as small direct band gap (1.7 eV) and 
a high refractive index and, thus, a major concern is focused on the in-
vestigation of  optical properties of  CdSe thin films which is important to 
promote the performances of  the devices of  solid -state such as SC (so-
lar cells), thin film transistors, LED (light-emitting diodes), EBPL (elec-
tron–beam pumped lasers) and electroluminescent devices. In the present 
work, CdSe thin films were deposited by thermal evaporation method and 
the results have been analysed and presented. Materials and Methods: 
CdSe thin films has been deposited on glass microscopic slides as sub-
strates of  (75×25×1 mm) under room temperature using PVD technique. 
CdSe blended powders gets evaporated and condensed on the substrate. 
The film thickness (t = 100  5 nm) which is measured using Michelson 
interferometry method. Transmission spectrum, from 200-1100 nm, are 
scanned using two beams UV–VIS Spectrophotometer (6850 UV/Vis. 
Spectrophotometer-JENWAY). The deposited films then were annealed 
at temperature range of  (1500C to 3500C) under vacuum to have a sta-
ble phase of  the material and prevent surface oxidization. Results and 
Discussion: A transmittance spectrum of  CdSe thin film is scanned over 
wavelength range 200 to 1100 nm using a (6850 UV/Vis. Spectropho-
tometer-JENWAY) at room temperature. The transmittance percentage 
between the as-deposited film and the annealed films change varies from 
(17.0%) to (47.0%). It is clearly seen that there is a shift toward higher en-
ergy (Blue Shift) in the transmittance spectrum. As annealing temperature 
increased the transmittance edge is shifted to the longer wavelength (i.e., 
after annealing the CdSe films shows red shifts in their optical spectra). 
The band gap was found within the range 1.966-1.7536 eV for CdSe thin 
film. As annealing temperature increases, the Eg continuously decreases. 
Conclusions: CdSe thin films have been deposited using Physical Vapor 
Deposition (PVD) Technique. It is found that the transmission for as- 
deposited films is (17%) and increases to (47%) as annealing tempera-
ture increases. Beside this the energy gap for as- deposited CdSe film is 
(1.966eV) and decreased from (1.909 eV) to (1.7536eV) as the annealing 
temperature increases. There is a strong red shift in optical spectrum of  
the annealed CdSe films. There is a gradual shift of  the annealed films 
thin film spectra as compared of  bulk CdSe films.
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INTRODUCCTION 

Several semiconducting films have been deposited 
for optoelectronic device applications. Group II-VI 
compounds, in general, and cadmium chalcogenides, 
in particular, have attracted intense scientific and 
technological interest. Several physical and chemical 
techniques are available for the growth of  CdSe thin 
films [1].

CdSe is an important II–VI semiconducting materi-
al due to its typical optical properties such as small 
direct band gap (1.7 eV) and a high refractive index 
and, thus, a major concern is focused on the inves-
tigation of  optical properties of  CdSe thin films 
which is important to promote the performances of  
the devices of  solid -state such as SC (solar cells), 
thin film transistors, LED (light-emitting diodes), 
EBPL (electron–beam pumped lasers) and electrolu-
minescent devices [2-4]. 

CdSe thin films were prepared using different tech-
nique such as thermal evaporation(PVD) [1], sputter-
ing [5], electron beam evaporation(EBE) [6], chemical 
bath deposition(CBD) [7], spray pyrolysis(SP) [8], elec-
trodeposition [9], photoelectrochemical [10], SILAR [11] 

and photochemical deposition [12]. 

In the present work, CdSe thin films were deposited 
by thermal evaporation method and the results have 
been analysed and presented.

MATERIALS AND METHOD 

CdSe thin films has been deposited on glass micro-

scopic slides as substrates of  (75×25×1 mm) under 
room temperature using PVD technique. To clean 
the glass substrates, the glass substrates has been 
sinking into hot chromic acid for 24 hours, flashed 
with acetone and washed with distilled water. The 
glass substrates ultrasonically cleaned with deionized 
water for 10 minutes for preparing the samples for 
the deposition of  CdSe thin films. Rotating hold-
er which is hold’s 12 samples in a time was used. 
The chamber was evacuated to 10-5 Torr. The source 
material was heated using molybdenum boat, CdSe 
blended powders gets evaporated and condensed on 
the substrate. The film thickness (t = 100 ± 5 nm) 
which is measured using Michelson interferometry 
method [13]. Transmission spectrum, from 200-1100 
nm, are scanned using two beams UV–VIS Spec-
trophotometer (6850 UV/Vis. Spectrophotome-
ter-JENWAY). The deposited films then were an-
nealed at temperature range of  (1500C to 3500C) 
under vacuum to have a stable phase of  the material 
and prevent surface oxidization. 

RESULTS 
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A typical plot of  (αhν)2 versus hν for deposited CdSe 
thin films is as shown in Figure 2 and are listed in 
table 1.  The linear fit of  the plot indicates the exis-
tence of  the allowed direct band-gap transition. 
The band gap was found within the range 1.966-
1.7536 eV for CdSe thin film.

These band-gap values were in good agreement with 
the earlier reported values of  band-gap for CdSe 
nanocrystalline thin films [15]. 
As annealing temperature increases, the Eg continu-
ously decreases as shown in Figure 3. 

                                     (1)

14o

Transmittance 
A transmittance spectrum of  CdSe thin film is 
scanned over wavelength range 200 to 1100 nm us-
ing a (6850 UV/Vis. Spectrophotometer-JENWAY) 
at room temperature. Figure 1 reveal the diversity of  
transmittance spectra (T%) versus the wavelength (λ) 
of  annealed and as-deposited investigated samples. 
The theory of  optical absorption gives the relation 
between the absorption coefficient α and the photon 
energy hν, especially, for direct allowed transition as 

n as [14],

Where hν is the photon energy, Eg is the optical 
band-gap, A is a constant.
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Figure 1. The transmittance (% T) versus wavelength (λ) of  annealed and as-deposited CdSe thin films.
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Figure 2. ( αhν)2 against hν for CdSe thin films at annealing temperature (a)27 οC,(b)150 οC,(c)200 οC,(d)250 
οC,  and (e)300 οC. 
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Table 1. Energy gap of  CdSe thin films for different annealing temperature.

Temp Eg (eV) 

27
 

1.966
 

150

 

1.909

 200

 

1.8755

 
250

 

1.8256

 

300 1.7692
350 1.7536

DISCUSSION 

It can be seen that transmittance percentage be-
tween the as-deposited film and the annealed films 
varies from (17.0%) to (47.0%). It is clearly seen that 
there is a shift toward higher energy (Blue Shift) in 
the transmittance spectrum. As annealing tempera-
ture increased the transmittance edge is shifted to 
the longer wavelength (i.e., after annealing the CdSe 
films shows red shifts in their optical spectra). The 
increases in transmittance is believed to be due to 
the increases in crystallite size and lattice parameters. 
This leads to a gradual switching in color from red 
orange to black of  the CdSe thin films. Typically; sur-
face morphology, film thickness, and defects grain 
boundaries affect the thin films transmittance [16, 17, 18].

The large band gap energy value may be due to the 
size of  quantization effect of  CdSe which produces 
a series of  discrete states in the valence and conduc-
tion bands. The decrease in energy band gap after 
annealing can be attributed to improvement in the 
crystallinity with annealing temperature. The increase 

in crystallite size is due to sinter a small nanocrystal-
lites to form larger crystallites, losing its quantum
size. The temperature dependent parameters that 
affect the band gap are reorganization of  the film, 
selenium evaporation and self-oxidation of  the film. 
The reorganization of  the film should occurat all an-
nealing temperatures. By filling the voids in the film 
one expects denser films and smaller energy gaps [19].

CONCLUSIONS 

CdSe thin films have been deposited using Physical 
Vapor Deposition (PVD) Technique. It is found that 
the transmission for as- deposited films is (17%) and 
increases to (47%) as annealing temperature increas-
es. Beside this the energy gap for as- deposited CdSe 
film is (1.966eV) and decreased from (1.909 eV) to 
(1.7536eV) as the annealing temperature increases. 
There is a strong red shift in optical spectrum of  the 
annealed CdSe films. There is a gradual shift of  the 
annealed films thin film spectra as compared of  bulk 
CdSe films. 

REFERENCES 

1.	 Patel K., Jani M, Pathak V, Srivastava R. Deposi-
tion Of  CdSe Thin Fims By Termal Evaporation 
And Their Structural And Optical Properties. 
Chalcogenide Letters 2009; 6(6): 279 – 286.

2.	 Patidar D, Rathore K., Saxena N, Kananbala 
Sharma, Sharma T. “Energy Band Gap And Con-
ductivity Measurements Of  CdSe Thin Films. 
Chalcogenide Letters 2008; 5(2): 21 – 25.



5

3.	 Samanta D, Samanta B, Chaudhuri A K, Ghorai 
S  and  Pal U .Electrical characterization of  sta-
ble air-oxidized CdSe films prepared by thermal 
evaporation. Semiconductor Science and Tech-
nology1996; 11(4): 548-553.

	 https://doi.org/10.1088/0268-1242/11/4/016
4.	 Pal U, Herrera Z, Sathyamoorthy R., Manjuladevi 

V, Sudhagar P,    Chandra Mohan, S, Senthilarasu 
S. Nanocrystalline CdSe Thin Films of  Different  
Morphologies in Thermal Evaporation Process. J. 
of  Nanoscience and Nanotechnology2008; 
8(12): 6474-6480. 

5.	 Mohammed K, Baha A, Ausama I, AbdAlzahra 
A. Influence of  nanocrystalline size on optical 
band gap in CdSe thin films   prepared by DC 
sputtering.Photonics and Nanostructures – Fun-
damentals and Applications 2016; 18 : 59–66.

	 https://doi.org/10.1016/j.photonics.2016.01.001
6.	 Suthan N, Suthagarb J, Saravana B, Balasubrama-

niamd T, Perumale K. Effect of  Substrate Tem-
perature on the Structural and Optical Properties 
of  Nanocrystalline CdSe Thin Films Prepared 
by Electron Beam Evaporation Technique. Jour-
nal of  Nano- and Electronic Physics2010; 118 
(4):623-628. 

	 https://doi.org/10.12693/APhysPolA.118.623
7.	 Gopakumar N, Anjana P, Vidyadharan P. Chemi-

cal bath deposition and characterization of  CdSe 
thin films for   optoelectronic applications.J Ma-
ter Sci  2010; 45: 6653–6656. 

	 https://doi.org/10.1007/s10853-010-4756-1
8.	 Tembhurkar Y. Study of  Optical Properties of  

CdSe Thin Films by Spray Pyrolysis. IJSR 2015; 
5(11):1766-1767.

9.	 Mahalingam T, Mariappanr, Dhanasekaran V, 
Mohan M, Ravi G, Chu P. Characterization of  
Electrodeposited Indium Doped CdSe Thin      
Films. Chalcogenide Letters 2010; 7(12): 669-677.

10.Gudage Y, Deshpande N, Sagade A, Sharma R, 
Pawar S And Bhosale C. Photoelectrochemical 
(PEC) studies on CdSe thin films electrodepos-
ited from non-aqueous bath on different sub-
strates. Bull. Mater. Sci. 2007; 30(4): 321–327.

	 https://doi.org/10.1007/s12034-007-0053-2
11.Chaudhari K., Gosavi N, Deshpande N, Gosavi S. 

Chemical synthesis and characterization of  CdSe 
thin films deposited by SILAR technique for op-
toelectronic applications”.J of  Science: Advanced     

Materials and Devices 2016; 1(4): 476-481.
	 https://doi.org/10.1016/j.jsamd.2016.11.001
12.Hikmat S, Ahed Z, Khaled M, Nour N, Moham-

med S, Naser Q, and Abdul Raziq H. Combined 
Electrochemical-Chemical Bath Deposited Metal 
Selenide Nano-    film Electrodes with High Pho-
to-electrochemical Characteristics.5th Interna-
tional Conference    on Renewable Energy; Gen-
eration and Applications (ICREGA’18):140-142.

13.Barakat S, “Structural and Optical Properties 
OF ZnS Thin Films Prepared by Chemical Bath 
Technique”, MSc Thesis, 2016.

14.Chaudhari B, Narayani M, Deshpande N, Gosa-
vi S. Chemical synthesis and characterization of  
CdSe thin films deposited by SILAR technique 
for optoelectronic applications. J. of  Science: Ad-
vanced Materials and Devices 2016; 1 (4): 476-481. 
https://doi.org/10.1016/j.jsamd.2016.11.001

15.Mahfoz H., Dabban M., Abdel-latif  A, Hafiz M. 
Annealing temperature dependence of  the optical 
and structural properties of  selenium-rich CdSe 
thin films. J. of  Alloys and Compounds2012; 
512(1): 115-120.

	 https://doi.org/10.1016/j.jallcom.2011.09.034
16.Anuradha P, Chander S, Nehra S, Lal C, Dhaka 

M, “Effect of  thickness on structural, optical, 
electrical and morphological properties of  nano-
crystalline CdSe thin films for optoelectronic ap-
plications”, Optical Materials 2015; 47: 345–353.

	 https://doi.org/10.1016/j.optmat.2015.05.053
17.	Somnath M, Asit K. The effect of  annealing on 

structural, optical and photosensitive properties 
of  electrodeposited cadmium selenide thin films. 
J. of  Science: Advanced Materials and Devices 
2017; 2:165-171. 

	 https://doi.org/10.1016/j.jsamd.2017.04.001
18.	Kale R, Lokhande C. Influence of  air annealing 

on the structural, optical and electrical properties 
of  chemically deposited CdSe nano-crystallites. 
Applied Surface Science 2004; 223: 343–351.

	 https://doi.org/10.1016/j.apsusc.2003.09.022
19.	Erat S, Metin H, Arıb M. Influence of  the anneal-

ing in nitrogen atmosphere on the XRD, EDX, 
SEM and electrical properties of  chemical bath 
deposited CdSe thin films. Materials Chemistry 
and Physics 2008;111 :114–120.

	 https://doi.org/10.1016/j.matchemphys.2008.03.021

http://iopscience.iop.org/journal/0268-1242
http://iopscience.iop.org/journal/0268-1242
http://iopscience.iop.org/volume/0268-1242/11
https://doi.org/10.1088/0268-1242/11/4/016 
http://www.ingentaconnect.com/content/asp/jnn
http://www.ingentaconnect.com/content/asp/jnn
https://doi.org/10.12693/APhysPolA.118.623
https://doi.org/10.1007/s10853-010-4756-1
https://doi.org/10.1007/s12034-007-0053-2
https://www.sciencedirect.com/science/journal/09258388
https://www.sciencedirect.com/science/journal/09258388/512/1

