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Abstract

The inquiry of structural, optical properties and morphological of nanostructured CuO and CuO: Mg films deposited by
Chemical spray pyrolysis (CSP) method were studied. Structural properties were studied as pure and Mg dopant CuO
at concentrations of 1 and 3%. The films were characterized by XRD to study film structure, XRD analysis confirmed
the CuO nanostructure for all samples. The grain size for pure CuO showed an increased from 24.12 nm to 27.11 nm
on doping, whereas the strain (%) parameter increased from 14.3 to 12.7.The morphological of the films were
evaluated using Atomic Force microscopy (AFM). Optical transmittance value of CuO and CuO: Mg films reaches 80 %
in the visible and NIR regions. Optical energy gap for CuO and CuO: Mg doping with 1% and 3% were 2.0 and 1.8 eV

respectively.
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Introduction

Noble metals (Pt, Ag, Pd and Au) and metal oxide
(Cuz0, ZnO, TiO2 and SnO;) have been widely
attracteddue totheir valuable properties and wide
range using such as solar cells, photocatalysis, drug
delivery and enhanced Raman spectroscopy [1].
The CuOmetal oxide is used in many fields likepn-
junction and transistors like SrCuO;, CuGaO; and
CuAlO; [2]. In the manufacture of a hybrid junction
as a gas sensors, electrodes in various applications
and as high absorbance in solar cells [3-7]. The
bandgap of CuO is ranged from 1.2 to 2.0 eV [8].
Copper oxide films candepositviavarious methods
like oxidation of copper sheets, electrodeposition,
ultrasonic spray pyrolysis and reactive sputtering
[9, 10].

The chemical spray pyrolysis technique can used to

fabricate metal oxide films because the high
melting point of metal oxides [11-15]. In this
workpureCuOand Mg:CuOthin films are deposited
by CSP on class substrates kept at a temperature of
450°C.

Experimental

CuO and Mg doped CuO films were depositedvia a
glass substrate by CSP technique. 0.1 M of
(CuCl2.2H20) was dissolved in deionized water. The
obtained doping agent was 0.1 M of MgCl was
appliedas1% and 3%. After many experimental
processes, the preparation conditions reached the
followings: Substrate temperature preserved at
4500C during deposition process.
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Nitrogen was used as a carrier gas, distance
between substrate and nozzle was preserved at 29
cm [16]. Spraying time, spraying rate and the time
interval between two spray process was 10 S, 5
mL/min and 2 min respectively. Structural
coefficients were utilized by X-ray diffractometer
(Shimadzu, model: XRD-6000, Japan. AFM (AA3000
SPM) is used to determine film topography.

Results and Discussion

Figure 1 displays three XRD patterns of the
deposited film with 20 peak referred to (002),
(200),(-202) and (-311).These spectra indicated
that the films were polycrystalline withmonoclinic

(FWHM) and the diffraction angle respectively. The
Grain size has been found to vary from 24.12 to
27.11 nm with Ni concentration as listed in Table. 1
Other structural parameters such as dislocation
density (8) and strain (¢) are also evaluated. &
gives number of defects in the films, the values of
(8) and (¢) listed in Table. 1 shows the structural
parameters estimated from [19]:

1
6=_3 (2)
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Figure (2) displays each 3, D, dandeversusdoping.

Table 1. Grain size, optical band gap and structural parameters of the
prepared films.

. . Dislocati
structure and fit well withICDD cardNo. 00-041- pooi | (K FWH Grai loptlca o:lssocal Strai
0254. The highest peak intensity of (200) was also n;pl })la 20 | M Size bandg ?:l;;lg') l(lx
observed when CuO depositionratiosat1% and | (%) | = | () | © (nm | ap (lines/m? | 104)
3% Mg. ) eV |,

The average Grain size(D) was calculated from | Cuo: 38.9 241
: : . o e | 0% 200 71 035 Sl 20 17.1 14.3
highest intensity peaks utilizing Scherrer’s Mg 4 2
equation [17, 18]: CuO: 387 263
_ 034 1) 1% 200 | 77032 | 7|19 14.4 13.1
Boosh I(\:/Igo.
Where A is the wavelength of the X-rays (0.1541 3},}0' 200 38-6 0.30 37-1 18 13.6 12.7
nm), f and 0 are full width at half maximum | Mg
~—Pure
—1%
(200) — 3%
(002)
) -202
= 2 (-311)
—
g Sra= ridlosr, “Lt-v
5
g
et
i **LL—L.
e rosiianaatvatl e
0/ . B, 0 o e L"—" s, ——

20 25 30 35 40 45 50
20 (degrees)

Fig. 1. XRD patterns of the deposited films.
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Fig. 2. FWHM (a) Grain size (b) Dislocation (c) Strain (d) of the prepared films.

CuO:Mg films surface topography were studied
using AFM technique. Figure 3offers AFM images of
the deposited films. It disclosed that CuO films have
a smooth surface morphology decreasing with Mg
doping increasing. The decrease of surface
roughness might be attributed to larger grain
formation [20].

The root mean square roughness (Rrmms) and
average roughness (R.) of prepared films are
shown in Table 1. As can be seen, the Rims and R,
follow the doping ratio. The Rims value of 23.3nm
for as deposited CuO thin films decreased to
5.51nm decreased by doping. The influence of Ni
doping on AFM parameters namely grain size (D),
surface roughness (R.) and root-mean-square
(Rems) are shown in Fig. 3 a3, bs,and c3 respectively.
Table (2) represents the values of AFM parameters.

Fig.1. FWHM (a) Grain size (b) Dislocation (c)
Strain (d) of the prepared films.
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Fig. 3. AFM images of the prepared films (a1, b1 and c1), granularly distributed (az, bz and c2) and variation of AFM parameters via doping (as, b3

and c3).
Table 2. AFM parameters of the deposited films.

Doping Aver_age . Roughness R.M.S.
Particle size
(%) nm Average (nm) | (nm)
- O,
Cud:0% | o34 20,5 233
Mg
- 10,
Cud: 1% | 7374 6.49 7.57
Mg
« 20,
Cul:3% | g6 9 4.83 5.51
Mg

The transmittance (T) spectra of the prepared films
are displayed in Figure 4. All films offer more than
70% transparency in the visible region, which
assure that films have relatively good homogeneity,
which might be due to crystallinity enhancement.
High grain size minimizes light scattering and
raises transparency. The decreasing transmittance
with Mg dopants observed [21]. The absorption
coefficient (a) of the films was calculated by the

equation [22]:

o In (1/T) @
Where d is film thickness.
Fig.5.shows the change of (a) versus photon
energyhv .The energy gap E, can be estimated from
equation[23,24]:

ahv=(hv-Ej) 2 (5)

Where, A is a constant. E; values can be evaluated
from the plots of (ahv)? versus energy plots to
intercept the photon energy axis [25, 26] (see
Figure 6). Eq films depend on many factors like the
existence of dopants and their properties. Energy
gap is set to vary among (2.0-1.8) eV. Similar
results were also reported in [27].
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Fig. 4. Transmittance as Function to the Wavelength for the CuO with
different Mg doping by (CSP).
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Fig. 5. Absorption coefficient with photon energyhv in respectively for
the CuO with different Mg doping by (CSP).
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Fig. 6. Shown the energy band gap for the CuO with different Mg
doping by (CSP).

Conclusion

Nanostructured CuO:Mg films were prepared by the
(CPS) method. XRD approve that these films were
polycrystalline monoclinic structure with a
maximum peak at (200) resulting of the Mg, XRD
analysis confirmed the CdS nanostructure for all
samples. The Grain size for pure CuO showed a
increased from 24.12 nm to 27.11 nm on doping,
whereas the strain(%) parameter increased from
14.3 to 12.7,0ptical bandgap decreased from 2.0 to
1.8 eV with the increasing of Mg dopants.
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