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Abstract 

 CdSe thin films have been deposited on suitably cleaned glass substrates by thermal 

evaporation method. The pressure during evaporation was maintained at 10
-6

 to 10
-5

 Torr. 

The samples are annealed in vacuum for 2h at various temperatures and characterized by 

structural, optical and electrical properties. The crystal structure and lattice parameter of these 

films were determined from X-ray diffractograms. It was observed that the films have a 

polycrystalline hexagonal (wurtzite) structure with preferred orientation along (002) plane. 

The crystallite size, dislocation density and micro strain were calculated by considering high 

intense diffraction peaks of the as-deposited and annealed films. It was found that the average 

size of the crystallites increases and the average dislocation density decreases with increasing 

annealing temperature. Absorption and transmittance spectra of these thin films were studied 

using UV-visible double beam spectrophotometer in the wavelength range of 300 – 1100 nm. 

The energy band gaps have been determined using absorption spectra. The values of the 

optical band gap energy, Eg, decreased from 2.37 – 2.08 eV with increasing the annealed 

temperature. Dependence of optical band gap on crystallite size has also been studied. The 

electrical resistivity and activation energy of CdSe thin films are calculated by two probe 

resistivity measurements. The decrease in dc resistivity with increase the grain size was also 

noted. 

 

Keywords: Cadmium selenide, Thermal deposition, Annealing temperature, XRD, Crystallite 

size.

1. Introduction 

     Semiconducting thin film technologies are 

used for large area productions, minimizing 

the production costs. Now-a-days 

semiconducting nanocrystalline materials are 

used to convert solar energy into electricity. In 

nano materials the quantum dots increase the 

efficiency of solar power conversion through 

multiexcitons generation [1]. The 

semiconductor nanoparticles have properties 
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between molecules and bulk solids and their 

physicochemical properties are found to be 

strongly size dependent [2,3-8]. It is well 

known that the nanoscale systems show 

interesting physical properties, for example, 

increasing of the semiconductor band gap due 

to electron confinement [9-15]. Due to the 

effect of the spacing in the energy levels, the 

value of the energy gap is increased by 

decreasing nanocrystalline size [16-18]. At 

such crystalline dimensions, the 

photogenerated electron hole pairs are 

spatially confined [19], due to the large 

surface to volume ratio. The II-VI group 

compound semiconductors, due to their direct 

and large band gap, attract intense interest 

from both fundamental view point and the 

promising applications in electronic, 

optoelectronic, and photo-voltaic devices [20]. 

Cadmium selenide is one of the well-known of 

this group binary compounds as important 

material because of its containing active 

regions which can be used to produce light 

emission. The spectral range (460-530) nm 

and suitable band gap (1.74 eV) [21], can be 

used for optoelectronic devices such as solar 

cells[22], (PEC) cells [23] and light emitting 

diodes …etc. For the preparation of CdSe thin 

films, different methods have been used and 

reported in literature [24]. 

The structural parameters such as lattice 

constant, grain size, etc. are dependent on the 

deposition conditions. The structure of CdSe 

thin films is dependent on the rate of 

deposition, substrate temperature, vacuum 

conditions, film thickness, etc. In this paper, 

CdSe thin films were deposited by thermal 

evaporation method and the results have been 

analyzed and presented. 

 

2. Experimental part 

2.1. Substrate cleaning 

The substrate cleaning is very important in the 

deposition of thin films. The properties of 

such a deposited film depends on the 

cleanliness of the substrate surface on which 

the film is deposited. Contamination on this 

surface can result in reduced adhesion of the 

film to the substrate, more rapid degradation 

of the film after deposition, greater contact 

resistance for electrically conducting films, 

and poor optical qualities for optical films. 

Even with careful handling, surface 

contamination in the form of adsorbed water 

vapor and a variety of hydrocarbons results 

from exposure to the laboratory atmosphere 

prior to deposition. This exposure can also 

cause the formation of native oxide layers on 

reactive substrate materials [25]. To remove 

this surface contamination, it is necessary to 

clean the substrate surface. Microslide glasses 

of dimensions of (75 mm x 25 mm x 1 mm) 

were used as substrates. Before deposition, the 

glass substrates were cleaned first by a mild 

soap solution, then degreased with acetone 

(99.5%), etched with 5% HCl for 24 hours and 

ultrasonically for 10 min, first in acetone and 

then in water: ethanol (1:1) solution and then 

rinsed with double distilled water. 

 

2.2.  Preparation of CdSe thin films  

Thin films of CdSe that have thickness around 

560 nm were deposited on chemically and 

ultrasonically cleaned glass substrates with the 

help of vacuum coating unit at room 

temperature for substrates. The CdSe film 

thickness was measured with commonly used 

weight difference method by using a sensitive 

microbalance. A clean evaporation source 

molybdenum boat was fixed in the filament 

holder inside the chamber. Stoichiometric 

CdSe powder has purity around 5N was placed 

in a molybdenum boat. When 10
-6

 Torr 

vacuum was attained in vacuum chamber by 

the combination of rotary and diffusion pump, 

the heater connected to the evaporation source 
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was switched on which in turn slowly heated 

the source of CdSe to temperatures grater then 

melting point. This allowed the evaporation of 

CdSe material. After finishing the deposition 

of all the samples, the CdSe thin films were 

subjected to an annealed at 200 
o
C, 300 

o
C and 

400 
o
C, in vacuum for almost two hours. 

Annealed which is performed by a tubular 

furnace, afterwards the sample was allowed to 

cool down naturally. The aim of this post-

deposition procedure is to improve the 

structural, morphological and chemical quality 

of the films. 

 

2.3. Characterizations 

The structure evolution of the as-deposited 

CdSe and annealed thin films was examined 

by high-resolution X-ray diffraction (HR-

XRD) using X
'
pert pro MRD diffractometer 

(PANalytical company) system equipped with 

Cu-Kα radiation wavelength (λ= 0.15406 nm) 

in the range from 20
o
 to 80

o
. The optical 

characteristics were studied at room 

temperature for CdSe using HeλIOS α UV-

Visible spectrophotometer 

(ThermoSpectronic, England) at wavelengths 

ranging from 300 to 1100 nm. 

 

3.   Results and discussion 

3.1. Structural analysis of CdSe thin films: 

X-ray diffraction 

The crystallite size, structural phase, 

dislocation density (δ) and micro strain (ε) of 

the CdSe thin films have been determined 

using XRD measurements. Cadmium selenide 

can be formed having the hexagonal (wurtzite 

type) structure or the cubic (zinc-blende type) 

structure [26]. Figure 1 shows the XRD 

pattern of as-deposited and annealed CdSe 

thin films at different temperatures. The X-ray 

diffraction patterns indicate that the prepared 

films are polycrystalline and have a hexagonal 

(wurtzite) structure. The films are highly 

oriented toward (002) planes. There are three 

dominant diffraction peaks: (002), (101) and 

(103). The d-values for peaks in XRD patterns 

were calculated and have been given in Table-

1 along with the standard JCPDS data [27]. It 

is good agreement between the calculated and 

the standard d-values for the hexagonal 

structure. Since, the thickness of the films was 

not sufficiently enough, the intensity of other 

peaks is almost negligible. The lattice 

parameters (a and c) of hexagonal phase of as-

deposited and annealed thin films were 

calculated using Eq.(1) [28]: 

  
 

  
 
 

 

(        )

  
 
  

  
                              (1)  

The calculated values are tabulated in Table 1. 

These values are in good agreement with the 

desired one as well as the reported data 

[27,29]. 

The crystallite size, dislocation density 

and micro strain were calculated by 

considering high intense diffraction peaks of 

the as-deposited and annealed films using 

Eqs.(2-4) and the values are listed in Table 1. 

Debye – Scherrer’s formula [28] 

   
    

     
                                                              (2) 

Where D is the crystallite size, λ is the 

wavelength of the X-ray source, β is the full 

width at half maximum value and θ is the 

Bragg's angle. The dislocation is imperfection 

in the crystal which is created during growth 

of the thin film. 

The dislocation density (δ) was calculated 

from the crystallite size of the samples using 

Williamson and Smallman's formula [30]: 
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                                                                     (3) 

It was found that the average size of the 

crystallites increases and the average 

dislocation density decreases with increasing 

annealing temperature. 

Figure (2) shows variation of crystallite size 

from 39-82 nm with annealing temperatures, 

which shows that the crystallinity of CdSe 

increases with annealing temperature.  

 

The strain in thin film is defined as the 

disarrangement of lattice created during their 

deposition and depends upon the deposition 

parameters. The micro strain (ε) is obtained by 

using the relation:  

  (     )                                         (4)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 XRD patterns of CdSe thin films (a) as-deposited and annealed at (b) 473 K, (c) 573 K and (d) 

673 K. 
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Fig. 2 Variation of crystallite size with annealing temperature of CdSe thin films. 

Fig. 3 Shows the variation of dislocation density and strain  with annealing temperature of CdSe thin 

films. 
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3.2.Optical properties 

Figure 4 shows the variation of optical 

absorption and transmittance spectrum as a  

 

 

function to the wavelengths for as-deposited 

and annealed CdSe thin films. The results of 

these investigations have been used for the 

Thin films 
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Table 1: structural parameters of as-deposited and annealed CdSe thin films at different temperatures. 
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calculations of absorption coefficients and 

other parameters. From the optical 

transmittance spectra, it is observed that the 

transmittance of the annealed CdSe thin films 

gets reduced compared to the film as-

deposited at room temperature. While, it is 

apparent that the absorption spectra of 

annealed films have high optical absorption 

compared to those of as-deposited CdSe. 

These decreases in optical transmittance and 

increases in optical absorption spectra, it may 

be due to increase in crystallite size, the 

decrease in the number of defects, the change 

in lattice parameters and change in color from 

red-orange to dark brown.  

The absorption coefficient α can be calculated 

by using the following relationship [31]: 

        
 

 
                                                     (5) 

Where t is the film thickness and A is the 

absorption. The absorption coefficient was 

found greater than 10
4
 cm

-1
, suggesting that 

CdSe has a direct band gap that increases 

sharply below a certain wavelength [32]. 

The fundamental absorption, which 

corresponds to the transition from the valence 

band to the conduction band, can be used to 

estimate the band gap of the semiconductor 

material. The relation between absorption 

coefficient α, and the incident photon energy 

hν, can be written as [33]: 

  
 (     )

 

  
                                                      (6)  

Where A is a constant, hν is the photon 

energy, Eg is the band gap and the parameter n 

depends on the type of electronic transition. 

The parameter n in the equation 6 can have 

values 1/2, 2, 3/2 and 3 for allowed direct, 

allowed indirect, forbidden direct and 

forbidden indirect transitions, respectively. 

The tangent drawn at absorption edge was 

extrapolated to energy axis i.e. zero absorption 

and the intercept value gives the optical band 

gap [34]. The band gaps (Eg) values for as-

deposited and annealed hexagonal CdSe thin 

films were reported in Table 2 (see Figure 

5(i)). The optical band gap values of the 

annealed CdSe thin films are higher than the 

value of the optical band gap of bulk CdSe 

(1.7 eV), this difference in band gap may be 

attributed to quantum-size effect [35]. 

As the annealing temperature was increased, 

the crystallite size of CdSe films was 

increased resulting in to decrease in band gap. 

Therefore, annealing the films, exhibits strong 

red shift in their optical spectra due to 

localization of charges in individual 

nanocrystals. Annealing of the films caused a 

gradual shift of the film spectra to that 

characteristic of bulk CdSe, due to sintering of 

the nanocrystallites into effectively larger 

crystallites. This agrees with the results 

reported earlier in the literature [36-39]. 

Figure (5(ii)) shows the variation of band gap 

Eg versus crystallite size of CdSe thin films. 
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The refractive index (n) and dielectric constant 

(ε) of semiconducting materials are very 

important in determining the optical and 

electrical properties of the film which is 

essential for designing heterostructure lasers in 

optoelectronic devices as well as in solar cell 

applications. The refractive index is directly 

related to the fundamental energy band gap 

(Eg) by the Moss relation [40] equation (7) 

   
                                                                 (7) 
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Fig. 4 (i). Plot of absorbance vs. wavelength for CdSe thin films (a) 

as-deposited, and annealed at (b) 473 K, (c) 573 K and (d) 673 K. 
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Fig. 4(ii) . Plot of transmittance vs. wavelength for CdSe thin films 

(a) as-deposited, and annealed at (b) 473 K, (c) 573 K and (d) 673 K. 
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Fig. 5 (ii). Plot of band gap vs. grain size of CdSe thin films. 
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Fig. 5 (i). Plot of (αhυ)2 vs. hυ for CdSe thin films (a) as-deposited, 

and annealed at (b) 473 K, (c) 573 K and (d) 673 K. 
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Where k is a constant with a value of 108 eV. 

A different relation between the refractive 

index and band gap energy is presented by 

Herve and Vandamme. The Herve and 

Vandamme [41] relation is given by the 

following equation (8) 

  √  (
 

    
)
 

                                               (8) 

Where A and B are numerical constants with 

values of 13.6 and 3.4 eV, respectively and the 

result is shown in Table 2. The dielectric 

behavior of solids is important for several 

electron-device properties. Both static and 

high frequency dielectric constants were 

evaluated for all the films. The high frequency 

dielectric constant (  ) was calculated 

through the following relation equation (9)[40] 

    
 

                                                                                                        (9) 

Where n is refractive index. The static 

dielectric constant (  ) [41] of the films was 

calculated using a relation expressing the 

energy band gap dependence of    for 

semiconductors compounds in the following 

form equation (10) 

                                                       (10) 

The calculated n,    and    values of the 

CdSe films are presented in Table 2. Fig. 6 

shows the variation in n and    with energy 

band gap which calculated by using Moss 

relation and Herve & Vandamme relation.

 

3.3.Electrical properties 

Electrical resistivity of CdSe film onto glass 

substrate was measured using a d.c. two    

point probe method in air in the temperature 

range from 300K to 430K. Figure 7 shows the 

variation of (Lnρ) with reciprocal of 

temperature (1/T)x10
3
. It is observed that the 

resistivity decreases with increase of 

temperature, indicating semiconducting nature 

of films. The resistivity at room temperature 

was found to be of  (2.55x10
3
Ω.cm) of as-

deposited CdSe thin films was decreased to 

(1.58x10
3
Ω.cm) after annealing at temperature 

673K. The high value of resistivity for as-

deposited CdSe thin film may be attributed to 

the found some lattice defects, geometrical 

and physical imperfections randomly 

distributed on the surface and the volume of 

the film [42]. The roughness of the surface, 

grain boundaries and inclusions in the volume 

are the main components of the geometrical 

imperfection. The important factor, which is 

responsible for the physical properties of thin  

 

film, is the structure. An increase of 

temperature of the films affects the structure 

significantly causing a considerable increase 

in the mean size of the grain [43] and a 

decrease in the grain boundary area. This 

decrease is due to the migration of the smaller 

crystallites and joining of those grains, which 

are similarly oriented, to form bigger 

crystallites. Because of these structural 

changes the inter-grain boundary area 

decreases i.e. there is a decrease in the 

scattering of electrons. Consequently, the 

carrier concentration also increases with the 

increase of temperature. This in turn decreases 

the resistivity of given sample.  

The thermal activation energy was calculated 

using the relation [44]: 

            (
  

  
)                                             (11) 
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Where, ρ is resistivity at temperature 

T, ρo is a constant, K is Boltzmann constant 

(8.62x10
-5

eV.K
-1

) and Eo is the activation 

energy required for conduction. Figure 8 

shows variation in activation energy from 

0.9935 to 0.0355 eV as annealing changes 

from 300 to 673 K. These observations may be 

due to size effects that are arising because of 

quantum confinement of charge carriers within 

the particles. Also the decrease in activation 

energy with annealing temperature is due to 

shifting of donor level towards conduction 

band. It suggests that the conduction in these 

thin films is due to the thermally assisted 

tunneling of the charge carriers through the 

grain boundary barrier and transition from 

donor level to conduction band [45]. 

  

      

  

  

Moss relation 

Herve & Vandamme relation 

Moss relation 

Herve & Vandamme relation 

Energy band gap Eg (eV) Energy band gap Eg (eV) 

n
   

 

Fig. 6 Variation of n and    with energy band gap of CdSe thin films. 

Table 2. Crystalline size, band gap (Eg), refractive index, high frequency dielectric constant and 

static dielectric constant of as-deposited and annealed CdSe thin films. 

 

 

Thin films Crystalline size 

(nm) 

Optical band gap “Eg” 

(eV) 

Moss relation Herve & Vandamme    

n    n    

As-deposited 39 2.37 2.598 6.750 2.560 6.555 11.220 

473 K 41 2.31 2.614 6.837 2.583 6.672 11.405 

573 K 52 2.2 2.646 7.006 2.626 6.897 11.744 

673 K 82 2.08 2.684 7.205 2.675 7.159 12.113 

 



Journal of Basrah Researches ((Sciences)) Vol. (44). No. 1 (2018) 

 

43 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 

Polycrystalline CdSe thin films were 

successfully deposited on glass substrate at 

room temperature by thermal evaporation 

method. The prepared CdSe films were 

annealed in vacuum for 2h at 200
o
C, 300

o
C 

and 400
o
C and characterized for structural, 

optical and electrical properties. The structure 

of the films consists of fine and highly 

oriented grains with hexagonal (wurtzite) 

(002) planes. The crystalline nature of the film 

got enhanced due to increase in the crystallite 

size after annealing. The increase of optical 

absorption and decrease in transmittance with 

annealing temperature resulted in lowering of 

the band gap value which will be 

advantageous for its use in photovoltaic cells. 

The values of the optical band gap energy 

decreased from 2.37-2.08 eV with increased 

 

Fig. 7 Plot of Ln ρ vs. (1000/T) of CdSe thin films (a) as-deposited and annealed at (b) 473 K, (c) 

573 K and (d) 673 K 
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Fig. 8 Variation of activation energy of CdSe thin films with annealing temperature. 
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the annealed temperature. The decrease of the 

electrical resistivity with the increase of 

annealing temperature is due to the increase of 

grain size and carrier density, then the 

electrical resistivity and therefore activation 

energy are observed to be temperature 

dependent. 
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الورسبت  CdSeلوركب  الرقيقتالوعتوذة على درجت حرارة التلذين للأغشيت والكهربائيت  الخىاص التركيبيت والضىئيت

                               حراريا 

 

 

 هحوذ هحسن علي   

العراق -البصرة /  قسن الفيزياء/ كليت العلىم / جاهعت البصرة

 الخلاصت

ػهً قىاػذ صجاجُح تطشَقح انرثخُش انحشاسٌ. وقذ كاٌ انضغظ فٍ حجشج  CdSeذى ذشسُة الاغشُح انشقُقح نهًشكة 

10انرثخُش ثاتد ػُذ انًذي 
-6

10انً  
-5

 Torr  ًػهً طىل فرشج انرشسُة. ثى تؼذ رنك ذًد يؼايهح الأغشُح انشقُقح حشاسَا

اص انرشكُثُح وانضىئُح تانفشاؽ نًذج ساػرٍُ تذسجاخ حشاسَح يخرهفح ودساسح ذأثُش ذهك انًؼايهح ػهً يًُضاخ انخى

وانكهشتائُح. وقذ ذى ذحذَذ انرشكُة انثهىسٌ ويؼايلاخ انشثُكح نلأغشُح انًحضشج وانًهذَح ػٍ طشَق ذحهُم حُىد الاشؼح 

انسُُُح ونقذ ذثٍُ اٌ الاغشُح يرُاسقح وَاػًح ويرؼذدج انرثهىس وذًرهك طىساً واحذاً فقظ وهى انرشكُة انثهىسٌ انسذاسٍ 

Hexagonal (wurtzite)  ٌوتذوٌ حذوز أٌ ذغُُش فٍ انرشكُة انثهىسٌ خلال فرشج  (002)وتاذجاِ ًَى يفضم نهًسرى

انرحضُش وكزنك خلال ػًهُاخ انرهذٍَ. ونقذ ذى حساب انحجى انثهىسٌ وكثافاخ الاَخلاع والاجهاد انًاَكشوٌ تانُسثح نهقًى 

ى يلاحظح اٌ انحجى انحثُثٍ ) انحجى انثهىسٌ ( َضداد تًُُا ذقم انرٍ ذًرهك اػهً اسذفاع نلأغشُح انًحضشج وانًهذَح. ونقذ ذ

كثافاخ الاَخلاع يغ صَادج دسجح حشاسج انرهذٍَ. كزنك ذًد دساسح أطُاف الايرصاصُح وانُفارَح نرهك الاغشُح تاسرخذاو 

نطاقح ، ونقذ حذدخ فجىاخ ا nm 1100-300فٍ يذي الاطىال انًىجُح  UV-visibleيطُاف انحضيح انًضدوجح 

يغ صَادج دسجح حشاسج انرهذٍَ.  eV 2.08انً  eV 2.37تاسرخذاو طُف الايرصاصُح ونىحظ اٌ فجىاخ انطاقح ذقم يٍ 

وأَضاً ذًد دساسح اػرًاد فجىاخ انطاقح ػهً انحجى انثهىسٌ، وحساب انًًاَؼح انكهشتائُح وطاقح انرُشُظ نلأغشُح انشقُقح 

سسد حانح َقصاٌ انًًاَؼح انكهشتائُح نهرُاس انًسرًش يغ صَادج انحجى ويُها د Two Probeتطشَقح  CdSeنهًشكة 

 انحثُثٍ اَضاً. 

 

 

 

 

 


