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This work focuses discusses the structural and optical properties of
Cerium- Cupric oxide thin film prepared on silicon and glass substrate by the
spray pyrolysis technique at a temperature of 200,250,300 °C. The results of
(XRD) tests showed that all the prepared films were of a polycrystalline
installation and monoclinic crystal structure with a preferable direction was
(11°1) of CuO. Morphology analysis studied by atomic force microscopy
(AFM) and reveals that the grain size of the prepared thin film is
approximately (64.69-101.26)nm , with a surface roughness of (0.238— 0.544)
nm as well as root mean square of (0.280-0.636)nm for CuO Ce-doping,
Optical characteristics were studied by UV/VIS Spectrophotometer at (300-
1100 nm) and observed that the transmission value was more than 80 % at the
visible wavelength range. The direct energy gap (Eg) ranged between (1.70-
3.00) eV at temperature 200 C and then the values of the energy gap decreases

with increasing temperature of substrate when, is measured by UV/VIS.

1. INTRODUCTION

The study and application of thin film

Due to the properties like reflectivity,

technology is entirely entered in to almost all the
branches of science and  technology. Present study
which describes the synthesis and study of optical,
structural characteristics of cerium doped Cupric
oxide (CuO)

researchers due to its vast applications[1].

is really more interesting for
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transparency, low electrical sheet resistance etc.,
copper oxide thin films has immense applications
such as gas sensor devices[2] Solar application[3,4],
magnetic devices[5], magnetic storage media[6],
Optoelectronic Device[7], field emission[8].Till to
day so many methods were adopted to synthesize
doped or un-doped copper oxide films such as
electrodeposition [9], spraying [10], CVD [11],
thermal oxidation [12], MBE [13], plasma based ion
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spray
pyrolysis[15]. Cupric oxide crystallizes monoclinic

implantation and deposition [14] and

sputtering Laser Pulse Evaporation,
structure with lattice constant 4.27 A. It is an p-type
semiconductor having law band gap energy (=1.27-
158 eV) [16,17] and the wavelength Cutting
material (CuO) is (680) nm, either absorption
coefficient is (10* cm™) when wavelength (500)nm
,Since Used in optical thermal complexes which
require high efficiency and good range of stability
high The

visible wavelength[16,18]

and absorbency in  extent

2. EXPERIMENTAL

A Ce doped
concentration (10, 20,30,40 and 50 vol.%) of cerium

thin films at different

,were prepared by chemical spray pyrolysis. The
films deposited onto silicon and micro-glass slides
were first cleaned with detergent water and then
dipped in Alcohol. Spray solution was prepared by
mixing 0.1 M aqueous solutions of CuCl, and CeCl,
at ratio (10, 20,30,40 and 50 vol.%) using a magnetic
stirrer . The automated spray solution was then
transferred to the hot substrate kept at the
normalized deposition temperature of (200,250,and
300°C) using filtered air as carrier gas at a flow rate
normalized to approximately(2.3) ml/min, to
prevent the substrate from excessively cooling. The
structural properties were determined by X-ray
(XRD- 6000 Labx,

Shimadzu, X-ray source is Cu). Film morphology

diffraction supplied by
was analyzed by atomic force microscope (AFM),
type  (CSPM).The
transmission spectra were obtained using a UV-VIS
spectrophotometer 6B00JENWAY, Germany within

optical ~ absorption  and

the wavelength range of (300-1100) nm.
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3. RESULTS AND DISCUSSION
a. structural properties

The structure of the prepared Cupric oxide thin
films were investigated by XRD. By observing the
table 1 and Figure 1, which shows the test results x-
Ray (XRD), And compare these Results with card
(ASTM) (American Standard Testing of Materials)
and the impact on silicon bases and thickness
(175nm) found that The results are fairly compatible
And by studying the diffraction pattern rays and see
the peaks sites all films Prepared is undoped and
doped cerium(10%), deposition on silicon substrate
at 200°C, that
Polycrystalline type
tendency has been for these films is (111) as well as
(11°
1), either the third peak was less stringent (2072)

have
the

rules show the films

structure Monoclinic

the emergence of a second peak less intensity

when Valuable tip diffraction angles all belong
(CuO) When you increase the percentage of alcerium
proportions, leaving (20, 30, 40, and 50) note
increasing severity of peaks due to copper oxide as
well as the emergence of new peaks to cerium oxide
with decreased in (FWHM), with variation in offset
angles, It turns out that increasing the temperature of
deposed structure had not changed the nature of the
Crystal structure of the article but has increased the
intensity of the peaks as is evident in the figures 2
and 3 and tables 2 and 3. The result corresponds with
that described by Motoyoshi, R et al [19].green size
D was calculated using the diffraction results x- rays
and it turns out that Crystal size increases with
increasing doping with decreased (FWHM) these
hard facts The existence of an inverse relationship

between them.
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Figurel. X-ray diffraction patterns of Ce: CuO thin

films at 200°C

Table 1:Average Crystallite size, d (Ihk) and FWHM
for Cerium - Cupric oxide thin films at200°C
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Figure2. X-ray diffraction patterns of Ce : CuO thin

films at 250°C

Table 2: Average Crystallite size, d (Ihk) and FWHM

for Cerium - Cupric oxide thin films at250°C
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FWHM
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Table 3:Average Crystallite size, dw, hkl and
FWHM for Cerium - Cupric oxide thin films at300°C
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T Figure (4). As AFM examinations on film (Ce:

§ 0 & 1 % CuO rates % (10, 20,30,40, and 50 %) It shows the

presence of homogenous grains throughout the

mmegm] film and shows the distribution of particles on the

Figure3. X-ray diffraction patterns of CuO: Ce thin surface of the film and two the first two dimensions
films at 300°C (2D) and second in three dimensions (3D) and we

observed that average surface roughness and
average root men square (RMS) value increasing
with increasing of Ce%, as shown in table 4 and
explain that a Crystal development for grained

vertically on the surface.
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Figure4 The atomic force microscope (a) 2-D and (b)
3-D Image of prepared films
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Table 4: The Average grain sizes, roughness average
and(RMS) for CeO; - CuO films

%Ce0> Average Roughness | (r.m.s.)
diameter (nm) (nm) nm
10 64.69 0.238 0.280
20 73.63 0.388 0.452
30 76.61 0.496 0.512
40 85.49 0.500 0.590
50 101.26 0.544 0.636

b. Optical properties:

The transmittance is measured when
wavelength (300-1100)nm and notice of Form (5) the
transmittance increases progressively with increasing
wavelength, as doped films in  proportions
gravimetric (10, 20,30,40, and 50%) start at the
lowest value when the wavelength (400nm) then look
almost constant within the range length wavelength
(600-800nm) to rise rapidly to wavelength (800-1100
nm) and explained that this Opaque materials behave
articles (opaque materials) and a window for the IR
(infrared), as we observed that increasing
transmittance of films prepared with increasing
cerium doped as shift toward the low energy (red
shift) It turns out that increasing the temperature of
deposed substrate rules leads to decrease
transmittance and all ratios, as shown in Figure 5. The
experimental result agrees with that reported by
Sekhar C and Ogwu, A. et al [20, 21]. And we noticed
that absorbency behave "differently” transmittance
taking absorption spectrum exponential decay with
increasing wavelength due to low energy photons and
inability to raise electrons from the valence band to
conductive band , an inverse relationship between

wavelength and energy of photon [22].
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Figure 6- The current study found, one type

10 of basic electronic transitions and electronic

transitions Allowable direct, through which the
optical energy gap values were calculated for films
prepared so optical energy gap values were
calculated for Allowable direct transition for all
copper oxide films [20,21].

Transmittance®s
2 & 2 =

(ahv)*= B(hv -Eg) (2)

@ W MM W W e 1 Where o is the absorption coefficient, § is a

constant, Eg is the optical energy gap, v is the

(@) incident photon frequency, and his Planck.

90 The graphical relationship between (ahv)?
as a function of photon energy (hv) and that tangent
line the straight part of the curve represents the
value of the optical energy gap of the allowed direct

transition, most researchers depend on this way

Transmittance%s

calculate the energy gap likes (Balamurugan et al )
[22], as well as researchers Papadimitropoulos et al
[23], for Cupric oxide films with Ce (10,20, 30,40,

wow W "”Mm)““ oo 5%), Energy gap values gradually increased with

(b)
Figure 5-b The transmittance of prepared film doping caused by the resulting offset edge

absorption toward high energies that's when the

increasing proportions of cerium This means that

100

» ::x degree of the base 200°C. The heat when the
s [ temperature increases at 250,300 °C, the increased
n
§w :2 energy gap less than the values. Table-5 shows the
_§; 5 energy gap for all films prepared values.
2 4
L
0
10
0+

40 500 600 0 800 900 1000 1100

(c)
Figure 5-c The transmittance of prepared films
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Table 5: Band gap energies calculated with Tauc

method
Ce% Eg (eV)at Eg (eV)at Eg (eV)at
200°C 250°C 300°C
10% 1.70 1.95 1.80
20% 2.25 2.05 2.20
30% 2.80 2.08 2.37
40% 2.95 2.12 2.55
50% 3.00 2.15 2.70
Conclusion

All the films have Polycrystalline structure
type Monoclinic the tendency has been for these
films is (111) at temperatures substrate (200,
250and 300 °C ), Adding cerium did not change
the nature of the crystal structure, adding led to a
increase in crystal size (D) with decreasing width
mid-intensity (FWHM) as illustrated by the results
X ray, the beloved structures within structures of
nanoparticles, this is illustrated by the results of X-
rays. Surface roughness average and the root mean
square (RMS) increasing their values when adding
for all films and increasing rate grain size as
indicated by (AFM), films transmittance increases
and absorbance decreases with increasing ratios of
Ce%, and that the energy gap increases with

increasing cerium ratios.
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