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CdSe semiconductors that have a direct band gap and high absorption coefficient are quite suitable materials for 
photovoltaic devices. The production of semiconductors with a cheap and simple method is very important in terms of cost 
reduction. This paper consists fabrication of CdSe thin film with electrodeposition which cheap and simple method. The 
electrodeposition was carried out in an aqueous solution consisting low concentration of CdCI2 and TeO2 at room 
temperature on indium tin oxide coated glass substrate (ITO) with a 1 mA/cm

2
 current density. The characterization of CdSe 

semiconductors thin film was made by UV-visible spectrophotometer, XRD (X-ray Diffraction), Raman spectroscopy, SEM 
(Scanning Electron Microscopy), EDX (Energy Dispersive X-ray Spectroscopy) and Hall-effect measurement. The CdSe 
thin film was found to have a hexagonal structure and a 1.71 eV energy band gap. The CdSe film has a chemical 
composition of 55 % Cd and 45 % Se. The carrier concentration of n-type CdSe film was measured as 8.80 x 10

17
 cm

-3
. 
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1. Introduction 
 

Due to their wide range of properties, metal 

chalcogenide materials are used in applications such as 

electronics, optics, magnetics, solar energy conversion, 

catalysis, batteries and fuel cells [1]. CdSe is a metal 

chalcogenide material, which has a direct energy band gap 

and high optical absorption coefficient, belonging to the 

II-VI group [2, 3]. CdSe thin films have been investigated 

in optoelectronic devices such as solar cells, 

photoconductors, thin film transistors, and gamma ray 

detectors because of direct band gap energy of 1.74 eV 

and high light sensitivity in the visible region [4–7].  

CdSe has cubic, hexagonal structures or mixtures of 

two structures and it displays n-type or p-type 

semiconductor properties [2, 8]. The fabrication technique 

affects the morphologic, optical, structural, and electrical 

properties of the CdSe thin films. Various fabrication 

techniques have been used to obtain CdSe thin films such 

as chemical bath deposition [9, 10], physical vapor 

deposition [11, 12], chemical vapor deposition [13], 

thermal evaporation [14], electrodeposition [15, 16], etc. 

Electrodeposition is essential in these techniques because 

it has a simple application and is inexpensive. Also, it is a 

technique that the film’s morphological, structural, and 

electrical properties can be easily controlled by 

concentration, pH, temperature, current and potential  [4, 

17, 18]. 

Many researchers have used the electrodeposition 

technique to obtain CdSe films. They have generally 

electrodeposited the CdSe thin films at constant potential 

as potentiostatic [5, 6, 15, 19, 20].  Also, there are some 

studies about the CdSe thin films that were achieved at 

various temperatures using the constant potential [3, 4, 6, 

8]. Arif V. Shaikh et al. have used a constant cathodic 

current density for electrodeposition of CdSe thin film 

from a solution containing EDTA with a pH of 10 [21]. In 

this study, CdSe thin film was obtained by 

electrodeposition technique in acidic aqueous solution at 

room temperature at constant current density. We have 

seen that hexagonal CdSe thin films with n-type 

conductivity and a 1.71 eV energy band gap may be easily 

produced by electrodeposition without the use of heat.  

 

 

2. Experimental details 
 

CdSe thin film was electrodeposited on ITO coated 

glass (surface resistivity 8-12 Ω/sq) in aqueous solution 

consist of 0.1 M CdCI2 (Acros, 99%) and 0.1 mM SeO2 

(Sigma, 98%).  The pH of the solution was adjusted to ⁓2 

with HCI (Merck, 37%).  For the electrochemical 

deposition set up platin sheet and Ag/AgCI (3.5M KCI) 

were used respectively as counter and reference electrodes. 

CHI 660D Electrochemical Workstation was used for 

electrodeposition. The CdSe thin film was 

electrodeposited at room temperature cathodically with a 1 

mA / cm
2 

current density during 60 minutes. It was seen 

that the deposition took place at about -0.95 V from the 

potential – time diagram. The substrate was cleaned with 

ethanol, propanol, acetone, ultrapure water and dried with 

an air dryer before and after the deposition process. 

Optical transmittance spectrum of the CdSe thin film 

was measured by the UV-visible spectrophotometer 

(Shimadzu UV-1700) that wavelength range of 190-1100 

nm and the optical band gap of the film was obtained from 

the transmittance spectrum. XRD pattern was recorded by 

Rigaku Smart Lab X-ray diffractometer using CuKα 
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radiation (λ = 1.54 Å) of 20°≤ 2θ°≤ 60°, and 0.02° steps. 

Raman measurement was done using a Renishaw inVia 

Qontor Raman microscope at 785 nm wavelength. The 

SEM images of the film were obtained with a Zeiss-Supra 

55 FE-SEM. The chemical composition of the CdSe film 

was investigated using Energy Dispersive X-ray 

Spectroscopy (EDX). The resistivity, carrier concentration, 

and mobility were determined in a Van der Pauw four-

point probe configuration, using gold contacts with a 

magnetic induction of 0.54 T at room temperature.  

 

 

3. Results and discussion 
 
3.1. Optical properties  

 

Optical properties of CdSe electrodeposited on ITO 

substrate has been investigated with UV-visible 

spectroscopy in the wavelength range from 300 nm to 

1100 nm. The transmission versus wavelength spectrum of 

the CdSe thin film is displayed the inset in Fig. 1. The 

thickness of the film was calculated using the transmission 

interferences in this spectrum by the following equation: 

 

d=  
    

         
]             (1) 

 

where d is the film thickness, n the refractive index, λ1 and 

λ2 are at the two adjacent maxima (or minima) [22]. CdSe 

thin film thickness is found 147 nm. 

The energy band gap of the semiconductor CdSe thin 

film was calculated by the correlation between the 

absorption coefficient and photon energy:  

 

   (     )
 
          (2) 

 

where A  is a constant, α is absorption coefficient, h  is 

the photon energy and n is also a constant and depends on 

the type of the transitions. n is 1/2 because CdSe has a 

direct optical transition. The Fig. 1 shows the 
2 

versus 

photon energy (hv) diagram of the CdSe film. The Eg 

value of the CdSe thin film was obtained from the 

intercept on energy axis where α
 2

= 0 via extrapolating the 

linear portion of the graph. The optical band gap of the 

film was found at around 1.71 eV from the graph. This 

value is close to the 1.74 eV energy band gap of bulk 

CdSe [5, 23]. 

 

 

Fig. 1. The 2 versus photon energy (hv) diagram of the CdSe film and inset transmittance versus wavelength graphic 

 

 

3.2. Morphological properties  

 

Surface morphology of the CdSe thin film 

electrodeposited on ITO substate was investigated by 

SEM. Fig. 2 shows the SEM images of the CdSe 

morphology at (a) 200.00 KX and (b) 50.00 KX 

magnifications. It is seen that the CdSe film is uniformly 

distributed on the ITO substrate from SEM images. Also, 

SEM images show that the CdSe film was coated 

smoothly and homogeneously on the ITO surface. The 

elemental composition of the CdSe was found that 55 % 

Cd, 45% Se from EDX analysis, as given in Fig. 3.  
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Fig. 2. The surface images of CdSe thin films at (a) 200.00 KX, and (b) 50.00 KX magnifications 

 

 

 
 

Fig. 3. The atomic percentage values of Cd and Se  

elements in the CdSe thin film (color online) 

 

 

3.3. Structural properties 

 

Fig. 4 shows XRD pattern of the electrodeposited 

CdSe thin film on ITO substrate. It was determined that 

the (100), (002), (101), (102), (110) and (112) diffraction 

peaks seen in the CdSe film matched with the JCPDS 

reference card numbered 01-075-5679 and the crystal 

structure was hexagonal. It has been reported in previous 

studies that CdSe thin films obtained by electrodeposition 

have cubic [2, 4, 6], hexagonal [5,24], and polycrystalline 

[19, 21, 25] structures.  

The average crystallite size was calculated using 

Scherrer equation, 

 

     
  

     
            (3) 

 

Here, λ is the wavelength of the X-ray used, θ is the 

Bragg reflection angle, β is the half-maximum width 

(FWHM) in radians, and K is a constant of 0.9 in the 

calculations.  

The dislocation density was calculated using the 

crystallite size data with Equation (4):  

 

   
    

 ⁄         (4) 

 

The number of crystals per unit surface was calculated 

using Equation (5):  

 

   
    

 ⁄         (5) 

 

Here, d is the film’s thickness. Strain was calculated 

using Equation (6): 

 

        ⁄         (6) 

 

All calculated parameters of CdSe thin film according 

to selected diffraction peaks are given in Table 1.  

 

 
 

Fig. 4. The XRD pattern of CdSe thin film 
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Table 1. The FWHM, crystallite size, dislocation density,  

number of the crystallites/unit area, and strain of the  

CdSe film 

 

(hkl) (002) 

Crystal structure Hexagonal 

FWHM (deg) 0.21 

D (nm) 38.80 



line/m

2
) 6.64 

(10
22

 m
-2

) 5.89 



 8.93 

 

 

Raman spectroscopy is an important method to further 

investigation of structural analysis. The Raman spectrum 

of the hexagonal CdSe thin film is displayed in Fig. 5. 

There are three active modes seen in Raman shift spectra 

at 175 cm
-1

, 202 cm
-1

, and 402 cm
-1

. The observed peak at 

202 cm
-1

 is related to the longitudinal optical (LO) phonon 

mode of the nanocrystalline CdSe [16, 26–29]. The weak 

peak at 402 cm
-1

 corresponds to the second longitudinal 

optical (2LO) phonon mode of CdSe nanocrystals [16,28–

30]. The Raman peak is observed at 175 cm
-1

 is assigned 

to the transverse optical (TO) mode [13, 16]. 

 

 

 

Fig. 5. The Raman spectra of CdSe thin film 

 

 

3.4. Electrical properties  

 

The electrical properties such as carrier type, carrier 

density (cm
-3

), mobility (cm
2
/Vs), and resistivity ( - cm) 

of the CdSe thin film were determined at room 

temperature by the Hall effect measurement. The carrier 

type of the films was found by sign of Hall coefficient.  

CdSe thin film’s carrier type was identified as n-type 

because Hall coefficient was negative. The carrier density, 

mobility, and resistivity of the CdSe film were 

respectively 8.80 × 10
17

 cm
-3

, 1.06 cm
2
/Vs, and 6.69  - 

cm. When these results are compared with the studies in 

which the CdSe thin films are obtained by 

electrodeposition, it is seen that the resistance is lower [5, 

24], and the carrier concentration is higher [15, 25].  

 
 
4. Conclusions 

 
The CdSe thin film was simply electrodeposited on 

ITO substrate cathodically in an aqueous solution at room 

temperature. It is significant using a simple and cheap 

method to the fabrication of the films for cost reduction 

and ease of application. The electrodeposited CdSe film 

was coated on ITO substrate homogenously as nanosized 

particles. Energy band gap and absorption coefficient of 

the film was determined 1.71 eV and 10
5
 cm

-1
, 

respectively.  The structure of the CdSe film was found 

hexagonal and the characteristic Raman shifts of the 

nanocrystal CdSe were seen from the Raman analysis. The 

carrier type was identified n-type by Hall measurement.  
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