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 CdO films were prepared using a chemical spray paralysis (CSP) 

method on the glass substrate at a temperature of  350 ° C and thickness 

(260 ± 15 nm), and study the effect annealing time (0, 1, 1.5, 2, 2.5) h at 

annealing temperature 450 °C on structural properties. 

The X-ray diffraction pattern the results showed that all CdO thin 

films have a polycrystalline structure and a prevalent growth in the 

direction (111), and the  average grain size (G) in this direction ranges 

(29.80 - 33.23) nm. It generally increases in value while the agitation 

values, extraction density, number of crystals decrease by increasing the  

annealing time (0-2)h at annealing  temperature 450 ° C of thin films. 

From the resulted of the atomic force microscope (AFM), the surface 

roughness, medium square root (RMS) and average grain size increase 

with the increasing of the annealing time (0-2) h,  at  annealing  

temperature 450 ° C.  The thin film with annealing time  2.5 h at 

annealing temperature 450 °C . We note a slight decrease in the values 

of the coefficients ( XRD and AFM) Due to the  changes in the crystal 

structure of  thin films and  beginning of cracks and crystal defects 

generated on the surface of the thin film during the annealing process. It 

has been observed in practice that the increase in the annealing time  to 

3 h at  annealing  temperature 450 ° C. led to the separation of the thin 

film from the  substrates. 

DOI: http://dx.doi.org/10.31257/2018/JKP/2020/120201  
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 الرقيقت المحضرة بالرش الكيميائي  الحراري   CdOدراست الخصائص التركيبيت والتشكيل السطحي لأغشيت 

 كرار مهذي صالح

 العراق -ثغذادهذرسخ أشْر الثبًٌْخ, هذٌرٌخ ررثٍخ ثغذاد الرصبفخ الأّلى, ّزارح الزرثٍخ, 

 تـــلاصـــخ  ــــال  الكلماث المفتاحيت:

 أّكسٍذ الكبدهٍْم

 الرش الكٍوٍبئً الحراري

 الخصبئص الزركٍجٍخ

( على قْاعذ CSPثبسزخذام طرٌقخ الرش الكٍوٍبئً الحراري) CdOرن رحضٍر أغشٍخ  

ًبًْهزر( , ّدراسخ رأثٍر  55±  063درجخ هئٌْخ ّسوك ) 053زجبجٍخ عٌذ درجخ حرارح 
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1. INTRODUCTION 

A thin film is described as a layer or several 

layers of atoms of a particular substance with a 

thickness not exceeding one micrometer. As the 

thin films layer is very thin, which means that it 

can be easily broken, so it is deposited on 

certain materials that differ according to the 

nature of the study and use and these materials 

are called the substrate such as: glass, quartz, 

silicon, aluminum and others [1]. Cadmium 

oxide is one of the chemical compounds of the 

cadmium element, as it dissolves in water or in 

the bases but dissolves in acids and ammonia 

salts, It can be obtained from the intense heating 

of cadmium [2]. Cadmium oxide belongs to the 

second-sixth group (II-VI) of the periodic table, 

a dark brown substance with a viscous 

crystalline structure (F.C.C.) that resembles the 

crystal structure of sodium chloride (NaCl)[3] . 

Cadmium oxide is a negative 

semiconducting material (n-Type) and has been 

classified as a Transparent Conductive Oxides 

(TCO) group because of its different physical 

properties such as high permeability in the 

visible area of the electromagnetic spectrum and 

the movement of high charge carriers and the 

large energy gap [4]. 

On this basis, cadmium oxide has been 

used as thermal transparent materials for vehicle 

and aircraft windows, and as window layers in 

the Hetrojunction Solar Cell as well as used in 

the manufacture of solar cell systems [5], 

because of its laboratories High absorption that 

enables it to be used as Absorbent Compound 

Selective in solar thermal complexes and as a 

gas sensor [6] 

Chemical Spray pyrolysis   is a low – cost 

method of preparation and its equipment is less 

complex. The thin films  prepared in this way is 

good thin films and has important applications 

in many fields such as scientific studies and 

some technological and industrial 

applications[7].      

The research aims to improve study the 

structural properties and surface morphology of 

CdO thin films prepared by chemical spray 

pyrolysis. 

درجخ هئٌْخ على  053( سبعخ عٌذ درجخ حرارح الزلذٌي 0.5,  0,  5.5,  5,  3زهي الزلذٌي ) الزشكٍل السطحً

 الخصبئص الزركٍجٍخ.

الرقٍقعخ لِعب ثٌٍعخ هزععذدح  CdOًوظ حٍْد الأشعخ السٌٍٍخ أظِرد الٌزبئج أى جوٍع  أغشعٍخ 

( فعً ُع ا الارجعبٍ ٌزعراّ  G( , ّهزْسظ حجن الحجعْة )555الجلْراد ًّوْ سبئذ فً الارجبٍ )

( ًععبًْهزر. رععسداد قٍوزععَ ثشععكل عععبم ثٌٍوععب رععٌخة  قععٍن الوطبّعععخ ّكثبفععخ 00.00 - 08.93)

 053لزلعذٌي ( سعبعخ عٌعذ درجعخ حعرارح ا0-3الاًخلاعبد ّعذد الجلْراد ثسٌبدح ّقذ الزلذٌي )

( , رععسداد وشععًْخ السععط  , AFMدرجععخ هئٌْععخ لةغشععٍخ الرقٍقععخ. ًزٍجععخ هجِععر القععْح ال رٌععخ )

( سعبعخ 0-3( ّهزْسظ حجن الحجْة ه  زٌبدح زهعي الزلعذٌي )RMSالج ر الزرثٍعً الوزْسظ )

سعبعخ عٌعذ درجعخ حعرارح  0.5درجخ هئٌْخ.  ه  ّقذ الزلذٌي  053, عٌذ درجخ حرارح الزلذٌي 

( ثسعجت XRD  ّAFMدرجخ هئٌْخ. ًلاحع اًخةبضًب طةٍةبً فعً قعٍن الوععبه لاد ) 053ٌي الزلذ

الزغٍراد فً الزركٍت الجلْري لةغشٍخ الرقٍقخ ّثذاٌخ الشقْق ّالعٍعْة الجلْرٌعخ الوزْلعذح علعى 

سط  الغشبء الرقٍق أثٌبء عولٍعخ الزلعذٌي. لقعذ لعْحع فعً الووبرسعخ العولٍعخ أى السٌعبدح فعً ّقعذ 

إلععى فصععل الغشععبء درجععخ هئٌْععخ أدد  053سععبعبد عٌععذ درجععخ حععرارح الزلععذٌي  0ي إلععى الزلععذٌ

 .قْاعذالرقٍق عي ال
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2. Materials and Methods 

The Cd(CH3COO)2.2H2O cadmium acetate 

material used by BDH-England was used, 

which is a colorless, soluble substance in water 

with a molecular weight (266.52) g / mol at 

molar concentration (0.1 mol / l ), where a 

certain weight has been dissolved Of cadmium 

acetate in distilled water gradually using a 

magnetic mixer for (15-20)  minutes. We obtain 

a homogeneous clear solution according to the 

relationship [8]: 

   
  

   
   

    

 
    ……….……… (1) 

Where: 

M: molar concentration.             

Wt: The weight required to melt. 

V: Volume of distilled water.    

Mwt :molar weight of matter. 

After dissolving and obtaining the 

appropriate solution, the solution is left for an 

appropriate period of time to ensure that no 

residue is present. Then, it is placed in the tank 

of the spray device. After the spraying process, 

the gases evaporate by heat. CdO thin films  

remain on the glass substrate for the following 

chemical formula 

(CH3COO) 2 Cd.2H2O + H2O               CdO + 

2H2O + 2CH3COOH 

The thickness of the prepared thin films  (t) 

was measured using a weight-difference method 

using a sensitive electronic scale Sartorius of 

10
-4

 g of German origin using the following 

relationship [9]: 

    
  

     
    …………. … .. (2) 

where : 

t: thin films thickness. 

∆w: difference in base weight before and 

after the film is deposited, 

ρ: the density of the thin films material, 

S: the area of the substrates glass on which 

the film is deposited. 

3. Results and Discussion 

Results  of X-Ray Diffractions 

Diagnostic results (XRD) showed that all 

prepared thin films are thin CdO films with a 

polycrystalline cube type (cubic). This is 

consistent with the results of published research 

[9]. 

We see three distinct peaks (220), (200), 

(111) and a prevalent growth towards (111), and 

that annealing process for  annealing time (0,1, 

1.5, 2, 2.5) h. It did not affect the nature of 

crystallization but led to an increase in the 

intensity and intensity of the peaks (decrease of  

FWHM) while continuing to grow in the 

direction (111), This indicates increased 

crystallization as shown in figures(a-1)  (b-1) 

(c-1) and (d-1).The effect time of annealing on 

increasing the degree of crystallization of thin 

films in direction (111) is consistent with the 

findings of O. Vigil et. al [10] prepared thin 

films CdO with Chemical Spray pyrolysis at 

temperatures annealing at 450ºC for time of  

annealing 0.25h, 0.5h, 1h and 1.5h with air. 

Continued increase in  annealing  time to 

2.5h resulted in a decrease in peak strength as 

shown in figure (e-1).This may be due to the 

possibility thermodynamic properties or the 

possibility of cracks in the  thin films formed. 

It was observed that increasing the 

annealing time treatment to 3h resulted in 

completely separating the CdO  thin film  from 

the substrate. 
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Fig. (1) (XRD) spectra of thin films  Cdo 

prepare at annealing temperatures     450ºC  for 

annealing time: (a) 0h, (b) 1h, (c) 1.5h, (d) 2h, 

(e) 2.5h. 

Depending on the results of  X-ray 

diffraction, a number of the following structural 

properties and parameters were calculated: 

1) Interatomic  spacing (d) 

The distance between the crystalline levels 

(d) of thin films CdO before and after annealing 

time was calculated at annealing temperatures 

450 º C and  annealing time (0,1, 1.5, 2, 2.5) h 

and compared with the results obtained from X-

ray diffraction data for all membranes using 

Brack method by applying the following 

equation: [11]:  

               ……………… (3) 

where : 

d: distance between crystalline levels 

θ: angle of fall confined between the falling 

beam and the reflector surface. 

The Order of the 

λ: Single wavelength x-ray beam. 

The values of (d) thin films (CdO) decrease 

with increasing annealing time except annealed 

thin films for annealing time 2.5h We note a 

slight increase in their value as shown in figure 

2 and table 1. 

 

Fig. (2) Interval as a function the annealing 

time. 

2) Lattice Constant (a0) 

Lattice constant a0 for the preferred level 

(111) was calculated by applying the following 

equation [12]:  

                        
 
 

    ………… (4)  

Where: 

a˳: lattice   constants in Cubic structure. 

dhkl :Interval of levels (hkl). 

hkl : Miller coefficients. 

It was generally found that the  ao value for 

CdO thin films prepare and annealing  

temperatures  at 450ºC  and  annealing  time 

(0,1, 1.5, 2, 2.5) h is approximate to the lattice 

constant  ao = 4.695Å obtained from the ASTM 

card. 

The values of ao decrease with thin films 

annealing time. This may be due to mechanical 

stresses, changes in the crystal structure of  thin 

films, or cracks and defects, especially for thin 

films 450ºC  for 2.5h as shown in  the figure . 3 

and  table 1. 

This corresponds to the results of published 

research [10] to decrease the value of ao from 

4.696Å to 4.689Å by increasing annealing time 

from 0.25h to 2h for CdO thin films prepared by 

Chemical Spray pyrolysis  and  temperatures 

annealing  at 450ºC with air. 
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Fig. (3) Fixed relationship of the lattice with the 

annealing time.  

 

3) Crystallite Size (G): 

To determine the improvement in the 

crystal structure, it is necessary to calculate the  

crystallite size of all thin films of the 

characteristic directional peak (111) by 

measuring the full width of the curve at the mid-

peak of the diffraction (FWHM) using the 

Scherer’s equation (Scherer’s)[13]. 

   
   

β     
    …………….……………… (5)      

where: 

k: constant  close to one and found that its 

value is 0.94 for polycrystalline thin films [14]. 

λx : fallen wavelength of the X-ray 

diffraction. 

β: full width at the middle of the diffraction 

peak and measured in radial angles. 

θ: Brack angle measured in degrees. 

Generally, the increase in the  annealing 

time at the  annealing temperature  450 ° C from 

(0 to 2 )h, resulted in an increase in the average 

grain size from 29.80 nm to 33.23 nm due to a 

decrease in the curve width at mid-peak (β), 

indicating an improvement in crystallization 

Thin films CdO, which is consistent with O. 

Vigil et. al [10], then the G value decreases 

when the annealing time is increased to 2.5 h. 

This is due to an increase in the curve width 

at the midpoint of the point (β) as shown in 

table 1. As shown in figure 4 

From this it can be said that annealing at a 

temperature of 450 ° C for annealing time  less 

than 2.5 h allows better granular growth by 

maintaining the high level trend (111). 

 

Fig. (4) relationship of the Crystallite Size with 

the annealing time. 

 

4) Texture Coefficient(TC): 

The texture coefficient (TC) represents the 

preferential direction of the diffraction level 

(hkl) in polycrystalline thin films. TC was 

calculated using equation  [15]:  

 

        
              

   ∑                
 …....……  ( 6 ) 

where : 

N : The number of peaks in X- ray 

diffraction. 

I (hkl) :The relative intensity measured for 

the level (hkl). 

Iº (hkl)   : Standard intensity (hkl) from 

ASTM. 

The results shown in table (1) show that all 

values are not less than one for the direction 

(111), This indicates that all CdO films 

prepared at the time of different annealing have 

a predominant growth towards the diffraction 

level (111). 

5) Strain (Є)   

It can be calculated according to the 

following relationship [15]: 

  
β     θ 

 
    ……………….………….... (7) 
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The results shown in table (1) generally 

showed a decrease in the value of Є by 

increasing the  thin films of  annealing time 

from( 0-2)h, which indicates the relaxation of 

the stresses on the thin films after the heat 

treatment process. This is consistent with 

published research results [16,10],The increase 

of time of  annealing to 2.5h resulted in an 

increase in the value of  Є as shown in table (1), 

indicating an increase in defects at the granular 

boundaries, increasing dislocations and 

decreasing the particle size of the thin films. As 

shown in figure 5. 

 

Fig. (5) relationship of the strain with the 

annealing time. 

 

6) Dislocation Density (δ) 

It represents the number of lines of 

extraction that cut a unit of area in that crystal, 

The dislocation density of all thin films of the 

preferred level (111) was calculated using 

equation (8) and calculated from the following 

relationship [15]: 

    
 

     ..………………….…………. (8) 

It was found that the dislocation density (δ) 

decreases from 1.13 × 10
15

lines / m
2
 to 0.91 × 

10
15

lines / m
2
 when the annealing time (ta) 

decreases from (0- 2)h. and then 2.34 × 10
15

 

lines / m
2
 when annealing time (ta) increased to 

2.5 h. The increase in the value of δ may be 

attributed to the change in the chemical 

equivalence of the thin film and to the 

emergence of new crystalline defects that led to 

a decrease in crystal size as well as an increase 

in dislocation density when the annealing time 

increased to 2.5h. As shown in figure 6, the 

results are shown in table (1). 

 

Figure (6) Relationship of the Dislocation 

Density With the annealing time. 

 

7) Number of Crystals (NC): 

It was calculated by the relationship  [17]:  

    
 

         ..………………… …… (9) 

t : the thickness of the thin film. 

It was found that the increase in the 

annealing time value (ta) from (0-2)h led to a 

decrease in NC value, this may be due to a 

decrease with the thickness and Increasing the 

crystallite size (G) by increasing  annealing 

time, However, the increase in ta to 2.5h led to 

an increase in NC due to the decrease in the  

average crystallite size (G). As shown  in the 

results shown in fig. 7 and  table 1. 

 

Fig. (7)  Relationship of the number of crystals 

with the annealing time. 

8) Number of Layers) ((NL)   
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The number of deposited layers are 

calculate by relationship [18]: 

    
 

 
       ………………...……… (10) 

It was found that the value of  NL decreases 

by increasing ta from( 0-2)h and then increasing 

the annealing time to 2.5h. This may be due to 

the effect of heat treatment on the crystal size 

and thin films thickness. The results are shown 

in figure. 8 and table 1. 

 

Fig. (8) Relationship of the number of crystals 

with the annealing time. 

 

Table (1) Results of (XRD) of  CdO thin films with changing time of annealing 

 

1. Result of  Atomic Force Microscopy 

(AFM) 

Atomic Force Microscopy (AFM) is used 

to study terrain changes in the surface formation 

of thin films and has the ability to analyze these 

surfaces and explain the amount of their 

homogeneity, while giving the particle 

distribution values Very accurate values for the 

average grain size, surface roughness and root 

mean square  (RMS) [19].  

The  images for  d  thin films with 

thickness (260   15 nm) which was measured 

by  before and after annealing at temperature 

450  C and annealing time (0,1, 1.5, 2, 2.5) h . 

These images are used to confirm XRD notes as 

shown in Table 2 and Figure 9, from the images 

observed in figure 9 that all thin CdO films do 

not have holes or island structures, that is, they 

are homogeneous. 

We note from table (2) that the average 

grain size, root mean square and surface 

roughness increase with increasing of annealing 

time,  xpect for melting thin films at 

temperatures 450  C and for the annealing time 

2.5h note  decrease  slightly  may be the 

possibility of an occurrence  the cracks- free of 

the  thin films component. The distribution of 

molecules on the surface of the thin films is a 

measure of the roughness of these CdO 

surfaces. 

2.5h 2h 1.5h 1h 0h ASTM Sample 

2.7079 2.7043 2.7134 2.7201 2.7208 
 

2.71 d(111) ( Å ) 

4.7129 4.7111 4.6971 4.6949 4.69.03 4.695 (111) Lattice  Constants  a◦(Å) 

33.059 32.991 33.054 32.989 32.982 -  2θ (deg) 

5.71 4.54 5.06 5.16 5.27 -  β ×10
- 3

(rad) 

20.51 32.89 30.21 29.76 28.51 - (111) (G) nm 

1.162 1.106 1.258 1.257 1.197 - (111) Tc(hkl) 

1.69 1.01 1.11 1.19 1.42 - Strain    Є×10
-3

 

2.29 0.87 0.91 1.12 1.15 - (111) δ×10
15

  (Lines/m
2
)

 

22.26 6.51 11.09 11.79 12.07 - (111) NC×10
15

  (m
-2

) 

9.51 7.22 9.49 10.50 11.82 - (111) NL 
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There is a difference in the grain size 

measurement from the AFM and XRD 

measurements, as the AFM measurement only 

visualizes the surface grain without looking at 

the degree of structural defects [20], while the 

XRD scale depends on the size of the empty 

grain with the presence of structural defects [21] 

 

 

 

ta (0h) 

ta(1.5h)h 

ta(1h) 
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Figure (9) shows the AFM image after and before annealing at temperatures annealing 450°C and time 

annealing (1, 1.5, 2, 2.5) h for the CdO thin films. 

Table (2): The values of the average grain 

size, surface roughness and root mean square  

(RMS) for CdO thin films. 

ta(h) 

Surface  

Roughness 

(nm) 

RMS 

(nm) 

Grain  Size 

(nm) 

0 10.11 12.454 46.32 

1 11.239 14.242 49.77 

1.5 26.418 22.734 51.33 

2 36.069 37.506 56.67 

2.5 35.529 33.762 41.63 

 

CONCLUSION  

All CdO thin films have a polycrystalline 

crystalline structure of the cubic type and the 

highest intensity was at the crystal level (111) 

which represents the preferred direction of  thin 

films growth.  An improvement in the 

crystalline nature of the thin films  and an 

increase in the rate of granular size in the 

direction (111) ranging between (28.58 - 33.23) 

with a decrease in the values of emotions, the 

density of extraction, the number of crystals and 

the number of crystalline levels annealing thin 

films  (1-2) h. The possibility of obtaining Nano 

films free of cracks and smooth and 

homogeneous and coherent well by the 

chemical Spray pyrolysis        method. The 

increase annealing time  to 3 hours separated 

the CdO thin film completely from the 

substrate. The Annealing time  at a temperature 

of 450 ° C for less than 2.5 hours allows better 

granular growth by maintaining the high level 

trend (111).  

ta(2h) 

ta(2.5h) 
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