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Abstract

In this paper CdO films of 160 nm thickness were deposited onto glass substrates by
spray pyrolysis technique at 400 °C temperature. The structure of films where studied , X-ray
measurements showed that the polycrystalline film and have a grain size of 14.63 nm. As shown
images of atomic force microscope that the film surface roughness of 3.26 nm .The photo of
scanning electron microscope show that the film and free from cracks and holes have a superficial
homogeneity. The energy-dispersive X-ray analysis show that the film containing the pure and

elemental cadmium and oxygen only signifying purity film prepared.
Physical Classification QC 170-179
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1.Introduction

The preparations of nanometer
size crystallites open the opportunity of
observing the evolution of physical
properties of the materials with sizes.
The reduction of sizes with which the
bulk properties change remarkably and
provide the possibility of observing
novel behaviors such as size-dependent
structural,  electrical and  optical
properties. The physics associated with
these properties of nanocrystallites of 11—
VI semiconductors have been very
interesting because of thinking the
phenomena in a new point of view with
the properties exhibited by them.
Nanocrystalline semiconductors have
attracted much attention due to their
novel properties and varieties of
promising  potentials in  extensive
applications [1,2]. Numerous technical
advancements in the field of
nanostructured materials have stimulated
the wide range of research interest in
recent years because of various new
properties exhibited by them. Recently,
nanostructured ~ semiconductors  are
widely used to design a rich varieties of
device for microelectronics.  One-
dimensional nanostructured materials
have gained special interest in the
assembly  of  nanodevices  [1,2].
Nanometer-scale electronics have been
predicted to play an important role in
device technology[3,4]. Quantum wires
of semiconductors[S] and metallic alloys
[6] have found to exhibit interesting
magnetic and electrical properties. The
nanostructured transparent conducting
oxides have also gained tremendous
importance due to their size dependent
optical  properties and  possible
applications in near future. Recently,

various research groups around the
world are working on the synthesis of
several II-VI  n-type transparent
semiconducting oxide thin films by
different processes. Previously, thin
films of cadmium oxide (CdO) have
been synthesized by various techniques,
including activated reactive evaporation
7], spray pyrolysis [8,9], solution
growth [10], MOCVD [11], PLD [12], rf
sputtering [13] etc. Recently, Fdoped
CdO thin film has been reported [14] via
sol—gel process. The preparation of ZnO
quantum dots [15] , nanowires and
nanorods [16,17] etc. have been studied
widely. In this research the structural
properties of CdO will studies.
2.Experimental

2.1.Solutions Preparation:

CdO thin films was prepared by
spraying an aqueous solution of
Cd(CH;C0O0),.2H,0 [which is a powder
of white color, and it's molecular weight
(266.53 gm/mol) in 100 ml distilled
water. The dissolving weight (W;) of the
materials [Cd(CH;COO0),.2H,0] was
determined by using the following
equation [18] :

Where:

M: is the molar concentration, equal
{0.1M materials [Cd(CH;COO),.2H,0]
M, is molecular weight, and V volume
of distilled water. The weights of
[Cd(CH3;COO0),.2H,0] were measured
by using electrical balance sensitive
(Metller. A.K -160 ) four digits (10™ g).
The solutions leaving for 24 hours to
make sure that no residues were left and
to ensure the homogeneity of the
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resultant solution. The resultant solution
was sprayed on preheated glass
substrates to prepare nano (CdO) thin
film. When the solution is sprayed, the
reaction takes place at the surface of the
heated substrate, the equation (2) shows
the reaction. The resulting film were
stable, whitish downhill to yellow in
color, transparent, free from pinholes
and have good adhesive properties .

Cd(CH;CO00),. 2H,0 —» Cd(CH;CO0O0),
+ 2H20
Cd(CH3COO0);5) —— CdOyt+
CH3COOH;() + COyg

2.2.The Parameters to Preparation

Films

A simple homemade spray pyrolysis
experimental setup was employed to
prepare nano (CdO) thin film on glass
substrates (35x 25 x1.35 mm’) at a
substrate temperature of 400 °C. Spray
solution and a total volume of 25 ml was
used in each deposition. The deposition
parameters such as spray nozzle-
substrate distance (30 cm), ,spray time
(4 s) and the spray interval (1 min) were
kept constant. The carrier gas (filtered
compressed air) flow rate was
maintained at 6 1/min at a pressure of
6.5x10° Nm?. XRD ,AFM ,SEM and
EDX analysis were used to recognize
the crystal structure properties of nano
(CdO) thin film.
3.Results and Discussion
3.1.X-Ray Diffraction Analysis

The X-ray Diffraction investigation
has been carried out for the prepared
thin film of (CdO) in Fig. (1), for range
from 20°-70° in 20. According to
(ASTM) cards, the structure of these
film showed a polycrystalline. The XRD
shows peaks whose position were
shifted slightly from the data of (ASTM)

card Increased by 0.03. The interplanner
spacing (dw) was determined using the
Bragg relationship (3) [19] :

2dsind =nA

Where n is an integer that indicates
the order of the reflection, 0 is Bragg
angle, and A is the wavelength of the X-
ray beam. By measuring the Bragg angle
0, the interplanar distance d can be
obtained if the wavelength of the X-ray
beam is known [20].

From Fig. (1) the five diffraction
peaks observed were identified as the
reflections from (111)*, (200)*, (220)*,
(311)* and (222)* planes of cubic CdO
phase with a lattice parameter of 4.6948
A [ICDD PDF file No:75-591]. The
most prominent peak was the reflection
from the (200)* plane. The diffraction
peaks corresponding to (111)* and
(200)* planes were sharp in comparison
to those from(220)* , (311)* and (222)*
planes.
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Fig.(1): The X-ray diffraction

patterns of the CdO films.

For all films, the grain size (G.s)
was calculated from the full width at
half maximum (FWHM) ( B) of the
preferred orientation diffraction peak by
using the Debye-Sherrer s equation, [
20] :



Al-Qadisiyah journal for pure science Vol. 21

No. 3 Year 2016

_ 094
" BcosO

........................ (4)

Where:
\: is the X-ray wavelength (&),
B: FWHM (radian). and

0: Bragg diffraction angle of the XRD
peak (degree).

Larger G.s and smaller B values indicate
better crystallization of the materials
According to Table (1) .

Table (1): X-ray diffraction data for

nano (CdQO) thin films.
2 o | a |FwaM | Gs | AV
2| M | deg) | (am) | @eg) | am) | OO
N (nm)
1D* | 164 | 027 | 037 | 223
o [(00)* | 191 [ 023 | 0555 | 151 |
S [(220)% | 276 | 0.16 | 09259 | 9.68 |
GID* | 330 | 0.14 | 08333 | 113

3.2.Atomic Force Microscope

(AFM)
Figure (2) shows 2D. , 3D,
granularity normal distribution and

appearance, graphic granular aggregates
formed in the film and grain boundaries
of nano (CdO) thin film. The white
regions in this figure represent the
formation of agglomerated grains one on
the top of the other. For these regions,
we think that neighbouring grains come
together forming large clusters. So
grains in the white regions are larger in
size as compared to others. From all of
these interpretations, the film growth
mechanism is thought to be formed
firstly layer by layer and then island
growth type .Figure (2.a ) shows the
three-dimensional images of the CdO

film where the note topographic surface
and appearance of grains formed on the
surface of the film, and from these
images, we found that surface thickness
equal 27.53nm ,this value represents the
thickness of the film surface roughness,
which account for the highest crystalline
granular tops on the surface, as we note
regularity in the grow film and note that
granules with a vertical arrangement on
the crystal axis and equal heights. Figure
(2.b ) shows the Analytical CdO thin
film topographic image of the two-
dimensional surface roughness and
found that average roughness equal 12.8
nm . As it turns out that the value of
root mean square equal 14.8nm , it
represents (total highs surface and lows
squared divided by the sum of the
number are all under the square root)
and this value is interpreted and
describes the surface roughness rate
higher the average square root of the
value indicated by the increase of
surface roughness of the film conversely
rate, and can take advantage of that in
how to get the morphology of the
surface the film according to the
required applications. Figure (2.c )
shows the graph on the distribution of
granular aggregates on the surface of
CdO film. It was found that average
diameter equal 72.11nm ,the graph
diagram shows how the distribution of
sizes grain aggregates on the surface of
the film a certain percentage. Figure
(2.d) shows the  morphological
appearance of the granular aggregates
formed in the film and grain boundaries.
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Granularity Normal Distribution Chart
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Percentage(%)

g
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Flg(2) AFM images of CdO thin

film.
Table (2): AFM data for (CdO) thin
film.
Total Aver.

= | RMS | Rough. | .0 Aver
g (nm) (nm) Grain Diameter
& No. (nm)
o
8 3.8 3.26 354 72.11

3.3.Scanning Electron Microscopy

(SEM)

Fig.(3) shows the scanning electron
microscope images of (CdO) thin film
grown on glass substrates at 400°C, of
which consists of a uniform distribution
of spherical shaped of nanostructured

grains . This structure throughout the
materials with closely packed to each
other indicating good adhesiveness of
film with the substrate.

Fig.(3): The SEM image of the
CdO thin film.

3.4.Elemental Analysis

The energy-dispersive X-ray
analysis (EDX) spectra of the CdO thin
films deposited on a glass substrate at
400 °C by spray pyrolysis technique was
given in Fig. (4), Which show that the
film contain the elements (Cd , O) as
expected, indicating formation of the
(CdO) film with high purity and it
reveals that the compound percentage
for the (Cd) and (O) are (86.96036) and
(13.03964) respectively.

cps/eV.

Fig. (4): EDX spectra of the
CdO thin film.
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4.Conclusion

The nano CdO thin film deposited
through spray pyrolysis method on glass
substrate  shows  better  structural
properties at substrate temperature 400
°C , The average grain size of CdO thin
film has been calculated 14.63 nm ,
surface roughness of 3.26 nm and has
high purity film.
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