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Abstract 
Cadmium selenide thin films were deposit on glass substrates using chemical bath technique (CBD) at 
temperatures 320, 330, 340,and 350K.The polycrystalline nature of the material was confirmed by X-ray 
diffraction technique. Various structural parameters such as lattice parameters, grain size, dislocation density, 
and micro strain were measured. The root mean square (RMS) roughness was obtained using atomic force 
microscopy(AFM) values indicated a decrease of the average roughness with the decrease of the bath 
temperature. Optical properties were carried out by UV-Visible transmittance spectra, and the band gap energy 
was determined.                                                                                                                 
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1. Introduction  
Thin film technology occupies a prominent place in 
basic research. The use of thin film semiconductors 
have attracted much interest in an expanding variety 
of applications in various electric and optoelectronic 
devices due to their low production costs [1]. Binary 
semiconductor compounds belonging to II-VI groups 
of the periodic table are important due to their 
potential use in photoconductive devices and solar 
cells [2]. Among the II_VI group compound, 
cadmium selenide (CdSe) is an important material for 
the development of various modern technologies of 
low cost devices such as light emitting diodes , solar 
cells , photo detectors and gamma ray detector , 
electro photography, lasers and high-efficiency thin 
film transistors [ 3,4]. Semiconductors devices based 
on CdSe thin films strongly depend on the structural 
and optical properties of films and its photosensitivity 
gives an edge over other semiconducting materials. 
Several physical and chemical techniques are 
available for the growth of CdSe thin films. CdSe thin 
films had been deposited by using different 
techniques such as chemical bath deposition, 
chemical vapor deposition, electron beam evaporation 
technique, molecular beam epitaxy, spray pyrolysis, 
successive ionic layer adsorption and reaction 
method, and cathodic electro deposition, [5-9]. 
Nowadays, inorganic thin films with controlled 
morphology and properties can be fabricated using 
chemical bath technique. A variety of substrates such 
as insulators, semiconductors or metals can be used, 
since it is a low temperature process [1]. In the 
present study, the effect of deposition     temperature 
on structural and optical properties of CdSe thin films 
synthesised by CBD was studies. 
2. Experimental  
2.1 Film Preparation 
Substrate cleaning plays an important role in the 
deposition of thin films. Commercially available 
glass slides were boiled in chromic acid for 2 h, 
washed with detergent, rinsed in acetone and finally 
cleaned with double distilled water before use. 
Chemical bath deposition technique was adopted for 
the preparation of cadmium selenium (CdSe) thin 

films. The chemicals used for the preparation were 
analytical grade cadmium acetate (99%), selenium 
powder (99%) and sodium sulphite (98%). The 
reaction mixture was prepared by adding ammonia 
(NH3) solution in 0.5 M of cadmium acetate 
[(CH3COO)2Cd. 2H2O] till a pH of 11 is attained. To 
the precursor cadmium acetate ammonia solution, 
15ml of freshly prepared sodiumselenosulphite 
(Na2SeSO3) was used. Sodiumselenosulphite was 
prepared by refluxing 4 gm of selenium powder with 
12 gm of anhydrous sodium sulphite (Na2SO3) in 50 
ml of double distilled water for 4 hours at 
80±0.5oC[3]. Thoroughly cleaned glass substrate was 
vertically immersed at the center of the reaction bath. 
The deposition of the films was carried out at bath 
temperatures 320, 330, 340,and 350K. The bath 
temperature was controlled using a digital thermostat 
connected with Pt-100 controled by a  thermocouple. 
The colorless bath turned orange in color and then to 
orange-red as time progresses .The time of deposition 
was optimized as 130 minutes. After deposition, the 
substrates were rinsed in distilled water and dried. 
The films were then annealed in air at a temperature 
of 553K for 15 minute. During annealing the color of 
the films changed from orange to red then to dark 
brown. Films prepared by this method were uniform, 
well adherent to the substrate, smooth and reflecting. 
2.2Kinetics of films formation 
Deposition of CdSe thin films occurs when the ionic 
product of Cd+2 and Se-2 ions exceeds the solubility 
product of CdSe. Cd+2 and Se-2 ions in the solution 
control the rate of precipitation and film formation. 
The steps involved in the chemical deposition of 
CdSe thin films are, the hydrolysis of sodium 
selenosulphite proceeds via the chemical reactions 
[3].        

Na2SeSO3  +  OH-↔  Na2SO4+HSe- 
HSe-  + OH-↔Se-2+H2O 

When ammonia is added to Cd+2 salt solution, 
Cd(OH)2

 is produced and starts precipitating when the 
solubility product of Cd(OH)2 is exceeded, but 
dissolved in excess of ammonia solution to form the 
complex cadmium tetra-amine ions,                                                            
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(CH3COO)2Cd.2H2O+4NH3↔[Cd(NH3)4]+2+2(CH3
COO) -1 +2H2O 

Finally, the CdSe thin films formation takes place 
 [Cd(NH3)4]+2 +Se-2↔CdSe+4NH3  
At the intermediate temperatures (330K, 340K), the 
ions aquire sufficient time to condense on the 
substrate surface and therefore a large amount of 
material gets deposited on the substrate giving 
maximum layer thickness. At relatively higher 
temperatures, more and more ions are released but all 
the ions do not have a chance to adsorb on the 
substrate surface. Instead they settle down at the 
bottom of the reaction container leading to a decrease 
in the film thickness.                                                                                                                                
2.3 Characterization 
The X-ray diffraction (XRD) patterns of the 
deposited CdSe thin films were recorded using 
diffractrometer kind "Shimadzu XRD 6000", with 
source radiation of CuK   with 1.54306 nm 
wavelength at 30-60 degree with 0.0500 degree step. 
The FTIR measurements were performed using a 
Shimadzu spectrometer model (IR Prestige-21) with  
a range of 250-4000 1/cm and resolution of 
4[1/cm].An Atomic force micrograph(AFM), model 
(AA3000) scanning prop microscope was used in this 
work to investigate the film morphology.  
3.   Results and discussion 
3.1 Structure analysis 

The structural elucidation of CdSe films for the bath 
temperatures 320,330K are presented in Fig(1a,b) 
with the diffraction 2θ from 20 to 60o. The 
observed(d) spacing and the respective prominent 
peaks correspond to reflection from ((111),(220) and 
(311) planes which coincide well with JCPDS data 
[10] . It has been concluded that the deposited CdSe 
thin films are polycrystalline in nature with cubic 
structure. The lattice parameter (a) for cubic structure 
is determined using relation [3]:  

a=d(h2+k2+l2)1/2 …………(1) 
Where, d is the spacing between the planes in the 
atomic lattice, and hkl are the Miller indices. The 
obtaind lattice constants of (111) plan are very close 
to that for bulk CdSe.  From the XRD patterns it is 
possible to evaluate the average grain size (D) of the 
CdSe thin films by using the Well –known Deby- 
Scherer's formula [3].  

D=Kλ/βcosθ,……….(2) 
Where, K is a constant of the order of unity, λ is the 
wavelength of X-rays 1.4506Ao for CuKα, θ is the 
Bragg's angle and β is the full width at half 
maximum. The dislocation density (δ) has been 
evaluated from Williamson and Smallman's formula 
[3].  

δ=1/D2 lines /m2………(3) 
The micro strain (ε) is obtained using relation [3].    

ε=β cos θ/4….………..(4) 
All these parameters are calculated and presented in 
Table 1. 

   

 
Figure (1):  The XRD pattern of CdSe thin films deposited at different substrate temperatures 
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Table (1) structural parameters of CdSe thin films 
Micro 
strain 
(ε) 
x10-3 

Density 
(δ) 
x1015 
Lines/m2 

Grain 
Size (D) 
nm 

Lattice 
(a) Ao (hkl) (β) 

FWHM 
d 
(spacing)Ao 

2θ 
(degree) 

Material with 
temp. bath 
 

3.276 8.175 1.10679 6.16298 111 1.3440 3.5582 25.5884 CdSe(320K) 
4.652 10.21 9.89522 6.02143 220 0.1999 2.1289 42.8323  
9.561 6.96 3.79088 6.07771 311 0.4222 1.83256 49.9923  
3.225 7.915 1.12432 6.1487 111 1.3230 3.55600 25.5800 CdSe(330K) 
4.60 1.64 7.84033 6.0181 220 0.1987 2.12772 42.7734  
9.51 6.88 3.8100 6.08136 311 0.4200 1.83360 49.9700  
3.319 4.15 1.1551 6.033737 111 1.2876 3.48358 25.5500 CdSe(340K) 
3.928 11.7 3.928 5.961532 220 0.16880 2.10772 42.8726  
8.953 6.11 4.0435 6.055825 311 0.3950 1.82590 49.9058  
2.981 6.672 1.2165 5.96656 111 1.2234 3.44482 25.5422 CdSe(350K) 
2.898 5.935 6.574 5.952453 220 0.1233 2.10451 42.7622  
7.458 4.34 4.8039 6.01045 311 0.3330 1.81222 49.8722  

 
3.2 FTIR Spectrum 
Fig (2) shows the FTIR spectrum of CdSe 
nanocrystals. The presence 1126.93cm-1 and 
927.76cm-1band confirms the existence of capping 
agent trisodiumcitrate used in the study. The band 

shoulders around 1600.93cm-1 indicates that 
trisodium citrate is bounded to CdSe nanocrystals and 
it is arresting the growth of bulk CdSe crystals of 
[11].  

               .                                                                                                                        

 
Figure (2): FTIR spectrum of CdSe nanocrystals films 

 
3.3 Surface Morphology 
AFM is a convenient and versatile method to study 
the morphology of thin films. The surface 
morphology of CdSe thin film prepare is shown in 
Fig (3:320,330,340 and 350K). The micrograph 
reveals that the agglomeration of spherical grains led 

to the formation of relatively big islands of different 
size spherical shape. The (RMS) roughness of the 
films surface is about (10.6 nm to 78.2 nm). It was 
found that the average size of crystallites increases 
with increasing solution temperature. 
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Figure (3): AFM images of CdSe thin films prepared on glass substrate at different bath temperature 

 
3.4 Optical Properties 
The optical absorption spectra of CdSe thin film 
prepared by chemical bath deposition prepared at 
different temperature are recorded as a function of 
wavelength in the range 200-900 nm and shown in 
Fig (4,:a,b,c,d). A typical plot of (αhv)2 with photon 
energy hv for CdSe thin film is shown in 
Fig(6:a,b,c,d). The transition type is direct, the band 
gap energy is obtained by extrapolating the strength 

line portion of the graph to zero absorption 
coefficient. The intercept on the hv axis gives the 
value of band gap energy. which was found to be 
1.552, 1.85, 2.0, 2.35eV at bath temperatures 320, 
330, 340, and 350K respectively. The direct band gap 
energy decrease with temperature increase [3]. These 
changes are attributed to the crystalline size-
dependent properties of the band gap energy. 

 

 
Figure (4: a, b, c, d):  Plot of absorption vs. wavelength for CdSe thin films deposited at different bath 

temperature 
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Figure (5):  Plot of (αhν) 2 vs. hv of CdSe thin films deposited at different bath temperature 

 
4. Conclusions  
CdSe thin films have been successfully deposited on 
glass substrate by chemical bath deposition 
technique. XRD pattern confirms the cubic structure 
of CdSe thin films. AFM analysis revealed the 

presence of spherical shaped cluster of different size. 
Optical transitions are due to the direct transitions and 
the optical band gap is a function of deposition 
temperature. The AFM results that the morphology of 
film is depend on the deposition temperature. 
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  CdSeوم كادمیومتاثیر درجة حرارة الترسیب على الخصائص التركیبیة والبصریة الغشیة سیلینی
 المرسبة بالمسار الكیمیائي

 مظفر علي محمد،  شذى شمعون بطرس جمیل
 

  الملخص
 330 و 320رسبت اغشیة رقیقة من مادة كادمیوم سیلینیوم على ارضیات زجاجیة باستخدام طریقة المسار الكیمیائي للتفاعل عند درجات حرارة 

الغشیة باستخدام تقنیة حیود االشعة السینیة وقد درست عدة متغیرات تركیبیة منها ثابت كلفن. سخصت طبیعة التبلور المتعدد ل 350و 340و
 الشبیكة والحجم الحبیبي وكثافة االنخالعات واالجهاد المایكروي لالغشیة. لوحظ من فحص مجهر القوى الذریة ان معدل خشونة السطح یقل مع

  ار التفاعل. الخصائص البصریة درست باستخدام طیف المنطقة المرئیة والفوق البنفسجیة وحسبت فجوة الطاقة.   نقصان دردة حرارة مس
  
  


