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Abstract

In this paper CdO thin films were prepared by using chemical bath deposition
method. Three different thicknesses of CdO films (84.1nm, 165.1nm, 194.23nm) were
used .x-ray diffraction technique has confirmed the formation of cadmium oxide,
where reveals the changes in films structure with thickness increase. Many structural
properties and constants have been studied and calculated by using the formation from
XRD patterns and ASTM chart such as grain size, FWHM, integral breadth, shape
factor, texture coefficient, and number of layers .These structural constants were
plotted as a function of the films thicknesses. The results indicate that the high grain
size (21.557nm) which was calculated for crystalline plane (111) was corresponding to
the high film thickness (194.23nm), while larger number of layer obtained for the film
thickness 165.2nm.

Keywords: CdO thin film, chemical bath deposition, structure properties.

o e

a5l d S oY A8 ) 4SS A ) Gailadd) o daud) pil
AadAll

eLAAjL.I g__g_u)ﬂ\ug)be\m\%e#a\ﬁ\ MJY@J‘MY‘MF@‘ Jaa 2
84.1,165.1,194.23 b 5 4dhide dlle ) A50 (LS piiodll i) o) Cim, sl
Q\‘)_\i_ﬁ\ QJ.@.E\&.\;E}MJ\S\ LS o) clde () oS aninaad) da B 3 gas A & ~~~~\ ().\A}Ab
Gldabis e dliantuall Cila glaal) ddail g Slaidl edb)@cwm‘)ﬂ\ M.uﬂ@dm\al\
Syl Bl g Gl ¢ A e 2uaall umJM\JJHM}YMMM\UM\}M\WY\ KAPWEN
Jualaa | Jol) Jale &Lw‘)f\ Uae Al Caaiial (4 e e.ka\ ’ﬁ;‘\ (AAAJ‘) Jia 4 il
O A @bl FE ke V) ey allaS G aguS Gl Gl Gl sl (lidal) 2ae | 45 gl
5 small Al 38 (e 5 194,23 hers sLEU S (a5t 21,557 aem s el
(e sl 165.9) clany g3l sliall IS clihll sxe S Laiw (111) sl

1. Introduction difficult to prepare these materials in
emiconductors have bulk form; however, synthesis can be
considerable technical interest in achieved in case of thin films [1]. The
the field of electronic and commonly used methods of

electro optical devices. In general, it is preparation thin films of
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semiconductors are vacuum thermal
evaporation, spray pyrolysis,
sputtering, sol gel and molecular beam
epitaxy, and the most of these
techniques are expensive and require
high vacuum and controlled formation
conditions [2, 3, 4]. Chemical bath
deposition (CBD) represents less
common technigue but inexpensive
and convenient method for large
preparation of thin films at low
temperatures [5, 6]. The
semiconductors oxide such as CdO,
Zn0O, BaO, F¢D; BIiCIO and CyO
thin films have studied extensively as
a result of wide range of technical
applications, specifically in the field of
photovoltaic solar cells and other
optoelectronic devices [7,8] , cadmium
oxide (CdO) one of these important
semiconductors oxide which has high
optical properties. According to these
properties it has vast applications.
Where it show high transparency in
the visible region of solar spectrum
and has high electrical properties
which were represented low ohmic
resistance [9]. Although it is difficult
to obtain simultaneously a high
transmission coefficient and good
conductivity these properties of CdO
thin films have been carried out [10,
11].

2. Experimental

2.1 Substrate Preparation
Substrate used for the deposition of
CdO is borosilicate glass slides, which
were first cleaned in distilled water in
order to remove impurities and
residuals from their surfaces, followed
by rinsing in sulphuric acid (¢$0Qy)
(for two days), to introduce functional
groups called nucleation and / or
epitaxial centers, which formed the
basis for the thin films growth [12].
Then the samples were washed
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repeatedly in deionized water, after
that dried and kept to be used in time.
2.2 Solution preparation

Cadmium Oxide films were
prepared from cadmium nitrate which
were provided from (SEELZE-
HANNOVER) with 99.99% pure. The
deposition of CdO films is achieved by
using cadmium nitrate solutions,
consist of 20ml of 0.2M cadmium
nitrate (Cd(NQ)2), 20ml of 0.5M
potassium hydroxide ( KOH), 2mi
hydrogen peroxide (0, and
deionized water were mixed slowly at
room temperature. KOH acted as both
a complexing agent and a pH stabilizer
in the alkaline medium, and it
represented as a source of (PDidns,
while the role of HO, is to avoid the
spontaneous precipitation of any solid
phase in the reaction.
2.3 Deposition of the CdO Films

The substrates were immersed
vertically in a beaker containing the
above reaction mixture. The beaker
was placed in a water bath at
temperature (8& 3 C). The solution
was stirred with a magnetic stirrer type
(LMS-1003). Then, it was heated with
continuous stirring  to the required
temperature of deposition, the pH
measured by pH meter type (HANA,
pH211 Digital); whereas the value pH
in the start of the deposition process
takes place was (9). Substrates were
then taken out after a suitable time;
they were washed with distilled water,
and then dried. After KOH was added
to the solution the color of solution
becomes milky. The value of pH of the
solution in the case of KCN added is
(10.5). By heating the solution, the
ions of Cd* (from cadmium nitrate
solution) and OH ions (from
potassium hydroxide solution) will
react with each other to form the white
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film of cadmium hydroxide Cd(OH)
which convert to CdO film after the
annealing process, due to the removal
of H,O vapor from the film structure .
3. Measurements
3.1 Thickness Measurement

Film thickness is measured by
optical interferometer method. The
method is based on interference of the
light beam reflection from thin film
surface and substrate bottom. He — Ne
Laser (632.8 nm) is used and the

thickness is determined using the
formula:-
a=xA (1)

X 2

Where: x is fringe width,Ax is the
distance between two fringes anldis
the wavelength of the laser light.
3.2 Structure Measurement

To determine the nature of the
growth films and the structural
characteristics of CdO films, X-ray
diffraction measurement has been
done and compared with the ASTM
(American  Society of Testing
Materials) cards, using (lab X-XRD
6000/shimad2u) ofi= 1.54 A from
Cu - Ka. The average grain size (@)
of the polycrystalline material can be
calculated from the X - Ray spectrum
by means of Full Width at Half
Maximum (FWHM) method (Scherrer
relation)[13]:
g =(0.94)0)/ [A 29y COH] .......... (2)

Where:

A: is the x-ray wavelength (A)

A (2 : FWHM (radian) .

0 : Bragg diffraction angle
ofthe XRD peak (degree).
Where A@ is the full-width at half
maximum of the XRD peak appearing
at the diffraction anglé, A represents
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the shape factor, the value of which
depends on the crystalline shape, is
0.94 and generally itis1?
4. Results and discussionXRD
Patterns

Figure (1) represents the structural
changes of CdO films, where
obviously it can be notice that the
diffraction patterns are consistent with
the presence of pure polycrystalline
CdO thin film with cubic (NaCl)
structure, showing a number of
characteristic peaks assigned for every
value of thickness. For 194.23nm,
there are eight peaks at0=29.3941,
32.9864, 38.2839 ,48.9484 ,52.31
,55.2136 ,56.096 ,and 58.757which
corresponding to diffraction from
H(100) ,C(111) ,C(200) , H(102),
H(110) , C(220) ,H(111) ,and H(003)
planes respectively. The three peaks
C(111) ,C(200) ,and C(220) refer to
cubic phase of polycrystalline CdO
films ,while the others reflected from
hexagonal phase of Cd(OH)These
peaks were produced of the excess
growth of grains with decreasing of
thickness value and not all the water
vapor could be released from the film
structure. As to the pattern of the film
which deposited at 165.2nm reveals
three peaks at6233.0261,38.3071,
and 55.3135 corresponding to
crystalline planes C(111) ,C(200) ,and
C(220) .All three peaks refer to cubic
phase of polycrystalline CdO films .
The last pattern represents the XRD
pattern of the film which deposited
with 84.1nm. There is a special case,
where the pattern contain one clear
peak only at @=33.0414 reflected
from C(111) peak with other four
peaks have very low intensity at
20=29.499 ,38.584 ,48.8121 ,and
55.513 for H(100) ,C(200) ,H(102)
,and C(220) respectively.
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The two minor peaks for C(200) and
C(220) represented the peaks of CdO
films which were disappeared to the
very low intensity at this pH value.
This can be attributed to the reverse
relation between growth rate and pH
value while others refer to hydroxide
phase which reside in the film even
after annealing and causes clear
increasing in average grain size .The
average grain size showed have an
inverse relationship to the thickness
value, therefore the preferred
orientation of CdO films at @ 33°)
are due to the controlled nucleation
process associated with the low
deposition rate. In other words when
thickness values increases the growth
are decreased due to more (Pidn
concentration which gives colloidal
precipitation during heating (because
of high (OH) ion concentration
leading to high and fast reaction to
produce Cd(OH) as a precipitate in
solution during heating ). Therefore
the reaction life is short with low
growth rate, and this gives low
thickness of film as follows small
grain size with low diffraction
intensity.

From comparing our results with those
given in the (ASTM data card 5-0664),
one could conclude that the deposition
films are having the cubic structure of
CdO. Significant changes, observed in
the X-ray diffraction patterns, manifest
themselves in increase of peak
intensity corresponding to (111)
crystal plane and a decrease in the
peak intensity corresponding to other
planes. Figure (2) shows the linear
dependence of the (111) plane
intensity peak on thickness cadmium
oxide films.

153¢

4.2 FWHM (A)

The results of the (FWHM) for all
samples point that have values close
together for lower thickness and
decrease for higher thickness. For
thickness (84.1, 165.2) nm value is
(about 0.5 deg.) while for (194.23) it is
about (0.3 deg.) as in table (1).

4.3 Integral Breadth (B)
There are two branches of line
profile analysis:-

a-Broadening.

b-Shape of diffraction line.

The first one is caused by non ideal

optics of the instrument,
wavelength, dispersion, and
structural imperfections of the

specimen, also this branch is
subdivided and size broadening
(which is caused by the finite size
of domains), and strain broadening
(which is caused by varying
displacements of the atoms with
respect to their reference-lattice
positions). The second is frequently
characterized by means of one or
two breadth measures FWHM, and
B.
The integral breadth of the samples
were obtained from the XRD pattern
sheets and using the relation (3) [14].

B =Areall,

Where Area: area under peak.

4: maximum intensity.
Our results indicate that increasing the
thickness leads to increasing in the
integral breadth; they are recorded in
the table (1) below.
4.4 Shape Factor ():
The shape factor determined the line
profile resulting from the XRD
patterns, which
Was calculated using the following
relation (4) [13].
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D=A/PB -4
The results show that the shape factor
had decreased with increasing
thickness of the thin films.

4.5 Average Grain Size (Q)

The average grain size was
calculated using Scherrer's formula (2)
the values of average grain size listed
in the Table (2) show an increases
with thickness of the films. Increasing
of thickness cause to increase the
average grain size, as shown in Figure
(3). It may be due to the combined
effect of increase in Cd incorporation,
increase in growth rate and
reorientation effect.

4.6 Texture Coefficient (T
Texture coefficient () of

fabricated CdO thin film was
calculated using relation (5) [13].
Te (hKI) = [(IChKD) / 1 o(hkI )]/ [ N,
> I(hkl) /1 o(hkD] ....... (5)
Where 1 is the measured intensity.

J: the ASTM standard
intensity.

N the reflection number.

(hkD): Miller indices
The results indicate that {)Tincrease
with increasing thickness. This is a
usual result because increased
thickness causes an increase in the
surface roughness. This result is in a
good agreement with that in the
literature [1].

Figure (4) shows the texture
coefficient and the number of layers as
a function of thickness. The increase
of number of layers causes to reduce
gaps between grains, then increase the
smoothness or reduce the roughness
and then minimize the texture of the
film surface.

4.7 Number of Layers (N)

The number of layers was
evaluated by using the relation (6) [13,
14]1d=g*Ng .ooevees e, (6)
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Where g: is a mean crystallite size or

average grain size

In table (3) the variation of layer

number varies with thickness in a

random way, where can be notice that

the higher thickness have number of

layer less than the thickness (165.2

nm) .This result may be due to the

values of grain size and the rate of
growth of the film with thickness

(194.23 nm).

Conclusions

We describe bellow summarization of

our work:

1- The deposition films are having
the polycrystalline structure of
cadmium oxide with cubic type.

2- The pure phase of CdO was
obtained with film thickness of
165.23nm.

3- The intensity of x-ray diffraction
was proportional with the film
thickness.

4- The texture Coefficient and
number of layers were increased
with increasing of film thickness,
unless for the film with thickness
165.2nm.

5- The other structural constants
were altering in randomly way.
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Table (1): The FWHM, Integral Breadth (p) and shape factorplanes of different
Thicknesses of CdO thin films.

Thickness | Crystal Full width of half | Integral Shape factor
T(nm) plane maximum breadth ()]

(hkl) FWHM(deg.) B(deg.)
84.1 111 0.482¢ 0.01 48.2¢
165.2 111 0.5227( 0.016: 32.4¢
194.23 111 0.3049( 0.008( 38.11

Table (2): The grain size and number of layers of ifferent thicknesses
of CdO thin film.

Thickness Grain size Crystal plane
T(nm) Gs (nm) (hkl)
84.1 17.94¢ 111
165.2 16.56¢ 111
16.322 200
14.77 220
194.23 21.557 111
39.159 200
79.93 220
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Table (3): The grain size and number of layers of ifferent thicknesses
Of CdO thin film.

Thickness | Crystal plane no. of layer
T(nm) (hkl) NL
84.1 111 4.6¢
165.2 111 9.97

200 10.123

220 11.187
194.23 111 9.01

200 4.96

220 2.43

Intensity (an)

Ao ¢111) A (Cubic plhiase)
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il
i
Iy
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cdg L1 ooy |
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Figure (1): The X-ray diffraction of CdO films for different thickness (d).
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Figure (2) Effect of thickness on the relative intasity of investigated peak (111)
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Figure (3): The average grain size of CdO films aa function of thickness
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Figure (4) Texture coefficient & number of layers & a function of thickness
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