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Abstract

Cadmium oxide thin films have been deposited on glass substrates at 400°C by using chemical spray pyrolysis
technique show spray time dependence growth when the substrate temperature is constant. Thin films have
different thickness of about (200,225,250) nm measured by gravimetric method. The XRD results presented that the
nature of the films are polycrystalline with a cubic structure and the preferred orientation is (111). The crystallite
size, texture coefficient, number of grains, dislocation density and micro strain were calculated. Field Emission
Scanning Electron Microscopy results showed Multiple shapes nano structures as semispherical, plates and rods. The
optical properties was studied in (300-900) nm wavelength range. The energy band gap Eg is in the range of

(2.3-2.6)eV, the absorption coefficient value is high(o >10* cm) and its Suitable for solar cell uses.
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Introduction
Cadmium Oxide considered an important
transparent conducting oxide semiconductors

(TCOs) which is have a high conductivity and
transparency in the visible region of the
electromagnetic spectrum, These distinctive
features suitable for optical and thermal devices as
a Transparent Thermal Material, Selectivity
Absorbent Compound and Gases Sensor [1,2].
Cadmium oxide have a high carrier mobility and
high potential which makes it suitable for many
optoelectronic devices and it has been used as heat
mirrors [1,3,4]. Due to the high conductivity of the
CdO films has used to produce high-efficiency solar
cells. Cadmium oxide is found in nature with two
type structures: crystalline and amorphous, Its
crystalline structure is of a brown or red color,
while its amorphous structure is colorless [5]. The

crystalline structure is characterized by a
crystalline (cubic) (Fcc) is similar to the synthesis
of sodium chloride (NaCl). This means that the unit
cell consists of four lattice points, each of which has
a two-ion basis, one of which is the positive (Cd *2)
and the other negative oxygen ion (0-2) Thus, the
normal unit cell contains four positive ions of
cadmium and four negative oxygen ions, ie, four
cadmium oxide molecules. Positive cation ions
occupy the eight cubic cell heads and their six focal
points, while the negative oxygen ions occupy the
center of the cubic cell and its twelve ribbons. Each
ion is surrounded by six ions and is the first
neighbor of the ion [6],n -type due to Oxygen
Vacancies resulting from the non-stoichiometric
compound[7].spray pyrolysis an efficient method to
deposit metal oxide films.
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Material and Methods

(CdO) thin films were grown onto soda-lime glass
substrates, the used technique to deposited the
films is chemical spray pyrolysis as a vacuum-free,
inexpensive and fast. The slides are high-quality
glass and their transparency is high, substrate
dimensions are (25x25x1) mm, the substrate
temperature was constant at 400°Calong the
spraying process to get high homogeneity and
consistency in films.

The CdO thin films prepared from using cadmium
chloride (CdCl;) which is Molecular weight
(201.33g/mol). 0.1M, (1.00665 g) of the cadmium
chloride was dissolved in (50 ml)of distiller water.
The spray solution was transferred to the hot
substrate by using filtered air as carrier gas at a
flow rate approximately to 5 mL/min. The spraying
time period was 10 sec and the interval time was3
minutes between any two successive sprayings.
Other deposition conditions are kept constant: the
carrier gas pressure (1.5 bar), vertical distance
between nozzle and substrate (30 cm). the
thickness of the deposited films was (200,225,250)
nm measured by gravimetric method, In this
method the difference of the mass of the glass

substrate is found after and before deposition using
a sensitive electronic balance (Mettler, AE -160)
with an extremely sensitive (10-4g), the difference
between the two masses represent the amount of
deposited CdO(Am).the thickness (t) of the
prepared film is calculated according to the
relationship shown below [8]:

Am
t= " (1)

Where p: density of the thin film material
(g/cm3).(A):the surface area of the deposited film.
The structural properties were determined by X-
ray diffraction (XRD; Shimadzu 6000) with CuKa
radiation as a source and Field Emission Scanning
Electron Microscopy (FESEM) (MIRA3, TE-
SCAN).The optical absorption and transmission
spectra of the prepared films measured by
(Shimadzu, UV- 1800) in the wavelength range of
(300 -900)nm.

Results and Discussion

XRD patterns shown a sharp peaks which refer to
good crystallization of CdO thin films as in Figure

(1).
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Figure 1. XRD patterns of the CdO thin films of different thickness
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The figure shows a distinctive peak located at
(26~33 °,38.2°,55.2°, 65.9° and 69.2°) Attributed to
(111), (200), (220), (311) and (222) plans
respectively which is in agreement with (ICDD)
card number 05-0640, all prepared films are
preferentially orientated along(111)
crystallographic directions. a number of diffraction
peaks in XRD patterns indicates that the nature of
the films are polycrystalline with a cubic structure
which is in agreement with other reports [9-
The mean crystallites size(D) was calculated by
using Debye Scherrer’s equation[15, 16]:
D=0.92/BCos0 ....(2)
Where 0 is the Bragg angle. According to Table (1),
the crystallites size Increases by increasing the
thickness of the film.
Number of grains (N,) and dislocation density(8) of
the prepared films It has been determined, its
results Installed in table (1)show that(N,) and(6)
are decreases with increase thickness of the films
Because they are inversely proportional with
crystalline size.
The texture coefficient Tc(hkl) is calculated for
crystal plane (111) and its equation is given by [17,
18]:

14].From table (1), It can be noticed that the values
of the diffraction angles do not change as the
thickness changes.
The lattice vector (a) in cubic ideal (CdO) structure
is4.695A, in the this work the lattice vector
is4.697Aand it is a matching to the ideal value, the
various values of full width at half maximum
(FWHM) (B) means that the crystallite size of CdO
films is affected by changing the thickness of the
films.
1(hk1)/1,(hkl

TC(hKl) =5 éNI()}{kS/IO()hkl)""" (3)
Where I(hkl) is the measured intensity, I,(hkl)
taken from the ICDD data and (N) is the number of
peaks in the experimental pattern. The values of
(Tc) are larger than lexpress of that the profusion
of grains in a given (hkl) direction.
Figure (2)show the crystallite size of the prepared
films calculated by using W-H equation for the total
peak broadening(lattice strain and crystallite
size)which is given by [19, 20]:

BcosOne= 0.9A/D + 4esinbnks ....(4)
Wherefs: The strain induced broadening and its
equal to 4etanbhy, €:is the microstrain.
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Figure 2. The W-H Analysis of CdO Thin Films

Table (1) depicted the results of average crystallite
size, this results indicate that the crystallite size
estimated by using Scherrer’s and Williamson-Hall
equations increases with increasing deposition
time, the crystallite size calculated by Scherrer’s

method are greater than that measured by
Williamson-Hall.

The growth of the film sgenerated the micro
strains, the negative values of micro strains indicate
compression in the lattice as in CdO films prepared
with thickness of about 200 and 225 nm, while the
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positive values of microstrains Indicate an

occurrence stretching in lattice as CdO film
Table 1. The structural parameters of the CdO thin film

prepared with thickness of about 250nm.

Cdo 26(deg.) | FWHM | D Scherrer D W-H Tc | Microstrain 6*10% (cm~ | No*10%2 (cm-
(nm) (nm) (nm) ) 2 )

200 33 0.43 19.25 13.09 1.9 | -0.0029 2.6 2.8

225 33 0.42 19.68 15.77 2.1 | -0.0005 2.5 2.9

250 33 0.39 20.98 22.58 2.0 | 0.0010 2.2 2.7

Figure (3)shows surface topography using(FESEM).
The images show that the CdO film with 200nm
grew in the form Nano rods and nano plates with a

particle size in the range of (15-20nm). while the
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Figure 3. The FESEM images for CdO thin films

Optical transmittance spectra of Cadmium Oxide
was studied in the region of (300-900)nm. The
interaction of light with materials produces three
processes that occur individually or double, The
incident light beam may Absorbed, Reflected or
Transmitted. Figure (4) shows that the
absorbance(the thin films ability to absorb the
light)increases as thickness increasing at the same
wavelength. The highest absorbance value is at
wavelengths (300-500) nm and it decreases at the
high wavelengths for all prepared films. Figure (5)
shows that the Least thickness films are more
transmittance and the transmittance of the films
increases at high wavelengths for all prepared
samples.

SEM MAG: 250 kx
WO 11.95 s

images of the (Cd0=225,250)nm films show the
formation of semi spherical nanostructures with an
average particle size of (15-32nm),(17-26) nm
respectively.
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Figure 4. The Absorbance of CdO Thin Films
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Figure 5. The Transmittance of CdO Thin Films

Figure (6) show the relation between CdO optical
absorption coefficient and the photonenergy, The
figure illustrates an increase in the absorption
coefficient values as the energy of the incident
photons increases, and its values (a >104 cm-1), this
high value refers to increase the direct electronic
transitions.
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Figure 6. The Absorption Coefficient of CdO Thin Films

The refractive index (n) is a substantial factor in

optical communication and in designing devices.

The (n) values of the CdO films plotted versus the

wavelength in Figure (7). It is clear that the

refractive index values increasing as wavelength

increases from (300-450)nm then the (n) values

decrease gradually as wavelength increases.

23
s CdO =(200 nm)
25 L * Cdo =(225 nm)
CdO =(250 nm)
‘:‘2.4 -

~N
~
T

Refractive Index
- ~N
& -
T T

.
=
T

-
.
T

1 1 1 1 1 1 1

300 400 500 600 700 800 900

Wavelength (nm)

Figure 7. The Refractive Index of CdO Thin Films
CdO optical energy gap values calculated based on
the absorption coefficient values. The energy gap
values obtained by relation between (ahv)? versus
(hv),As shown in Figure (8), Tauc equation was
used to estimate The energy gap (Eg) [21, 22]:

ahv = A(hv - Eg)1/2....(4)
Where hv: is the photon energy, A: is a constant, Eg:
is the energy gap. The energy gap values are
influenced by the arrangement of the atoms in the
crystal structure, the Eg values are (2.3, 2.5, and
2.6) eV for CdO thin films deposited at
(200,225,250)nm respectively, This results refer to
slightly increases of Eg values with the increasing
thickness.
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Conclusions
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Figure 8. The (ahv)2versus (hv) of CdO Thin Films

Cadmium oxide thin films deposited on glass
substrates at 400°C by using chemical spray
pyrolysis technique. The films prepared with a
thickness of about (200,225,250) nm. The
structural properties refer to that crystallite size
increases as thickness increases while number of
grains and dislocation density are decreases as the
film thickness increases. FESEM results showed the
formation semi spherical nanostructures and nano
rods. The energy gap values within (2.3 -2.6)eV.
The prepared films have a good structural and
optical properties suitable for many modern
electronic  applications such as Selectivity
Absorbent Compound and Gases Sensor.

References

Yan M, Lane M, Kannewurf CR, Chang RPH. Highly conductive
epitaxial CdO thin films prepared by pulsed laser
deposition. Applied Physics Letters 2001; 78: 2342-2344.

Verkey AJ, Fort AF. Transparent conducting cadmium oxide
thin films prepared by a solution growth technique. Thin
Solid Films 1994; 239: 211-213.

Dakhel AA. Effect of tellurium doping on the structural, optical,
and electrical properties of CdO. Solar Energy 2010; 84:
1433-1438.

Tang ZK, Wong GK, Yu P, Kawasaki M, Ohtomo A, Koinuma H,
Segawa Y. Room-temperature ultraviolet laser emission
from  self-assembled  ZnO  microcrystallite  thin
films. Applied physics letters 1998; 72(25): 3270-3272.

Richard J. Sr., Lewis, Hawley’s Condensed Chemical Dictionary,
13 th Edition 1997.

Photon energy (eV)

Photon energy (eV)

Wells AF. Structural Inorganic Chemistry. Oxford University,
Clarendon Press 1984.

Chu TL, Chu SS. Degenerate Cadmium Oxide Films for
Electronic Devices. Journal of Electronic Materials 1990;
19(9): 1003-1005.

Ziad TK, Buthainah AI, Mayada KH. Investigation on the
structural and optical properties of copper doped NiO
nanostructures thin films. Materials Today: Proceedings
2020; 20: 560-565.

Chandiramouli R, Jeyaprakash BG. Review of CdO thin films.
Solid State Sciences 2013; 16: 102-110.

Salunkhe RR, Lokhande CD. Effect of film thickness on liquefied
petroleum gas (LPG) sensingproperties of SILAR deposited
CdO thin films. Sensors and Actuators 2008; 129: 345-351.

Mane RS, Pathan HM, Lokhande CD, Sung HH. An effective use
of nanocrystallineCdO thin filmsin dye-sensitized solar
cells. Solar Energy 2006; 80: 185-190.

Maity R, Chattopadhyay KK. Synthesis and characterization of
aluminum-doped CdO thin films bysol-gel process. Solar
Energy Materials & Solar Cells 2006; 90: 597-606.

Yakuphanoglu F. Nanocluster n-CdO thin film by sol-gel for
solar cell applications. Applied Surface Science 2010; 257:
1413-14109.

Zheng BJ, Lian ]S, Zhao L, Jiang Q. Optical and electrical
properties of In-doped CdO thin films fabricated by
pulselaser deposition. Applied Surface Science 2010; 256:
2910-2914.

Bakr NA, Salman SA, Hameed SA. Deposition and
Characterization of Cu2ZnSnS4 Thin Films for Solar Cell
Applications. International Journal of Applied Engineering
Research 2018; 13: 3379-3388.

Ziad TK, Ali MM, Anees AK. Investigations of structural and
magnetic properties of Cul-xVx0O nanostructures prepared
by sol-gel method. Chemical Data Collections 2020; 25: 1-9.

elSSN 1303-5150

www.neuroquantology.com

25


https://aip.scitation.org/journal/apl
https://aip.scitation.org/toc/apl/78/16
https://www.sciencedirect.com/science/journal/0038092X

NeuroQuantology | April 2020 | Volume 18 | Issue 4 | Page 20-26 | doi: 10.14704/nq.2020.18.4.NQ20156

Sabreen A. Hameed, Effect of Thickness on Structural and Optical Properties of CdO Thin Films Prepared by Chemical Spray Pyrolysis Method

Khodair ZT, Bakr NA, Hassan AM, Kamil AA. Influence of
substrate temperature and thickness on structural and
optical properties of CZTS nanostructures thin films.
Journal of Ovonic Research 2019, 15: 377- 385.

Saleh AM, Bakr NA, Khodair ZT. Effect Of Oxygen Flow Rate On
Structural And Optical Properties Of SnO2 Thin Films
Prepared By APCVD Technique. Digest Journal of
Nanomaterials and Bio structures 2018; 13: 603- 608.

Ahmed HA, Tagreed MAS, Ziad TK. Structural, electrical and
magnetic properties of the (CexFe0.05Mg0.95-x0) nano
compound synthesized via sol-gel/ auto combustion
technique. ARPN Journal of Engineering and Applied
Sciences 2018; 13.

Ahmed HA, Ziad TK, Tagreed MAS, Tariq AAD. Study the
evaluation of Williamson-Hall (WH) strain distribution in
silver nanoparticles prepared by sol-gel method. AIP
Conference Proceedings 2019.

Ziad TK, Kamil AA, Abdalaah YK. Effect of annealing on
structural and optical properties of Ni(1-x)MnxO
nanostructures thin films. Physica 2016; 503: 55-63.

Ziad TK, Mushtaq AAJ, Abdulsalam MH, Mutaz SA, Fadhil IS.
Structural Properties of (Sn1-xMg xO) Thin Films and
Optical Parameter Dependence with Gamma Ray
Irradiation. Journal of Electronic Materials 2019; 48: 696-
678.

elSSN 1303-5150

www.neuroquantology.com



