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In this work, CuO thin films were deposited by sol gel spin-coating technique on microscope glass substrates. Copper acetate
was used as the starting salt material source, ethanol as solvent and monoethanolamine as stabiliser. The as-coated films were
preheated at 300 oC for 10 min and then annealed using two different temperatures. As the annealing temperature was
increased from 500 oC to 600 oC, along with thickness, an improvement of the structural properties was concluded from XRD
and SEM analyses. I-V characteristics of the films corroborated this result and showed existence of a normal Ohmic behaviour
of these films. The average crystallite size estimated from XRD analysis was found to increase from 28.06 to 37.68 nm with
the increase of both thickness and annealing temperature. On the other hand, the two parameters dislocation density and
strain followed an opposite trend and decreased from 1.27 to 0.704 (1015 lines /m2) and from 1.29 × 10−3 to 0.961 × 10−3,
respectively.
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Introduction

Cupric oxide (CuO) known as p-type semiconducting
material has attracted much attention because of its
interesting properties and promising applications in
batteries, superconductors, gas sensors, bio sensors,
nanofluid, catalysis, thin film photovoltaic material,
etc. [1-4]. There are many methods for synthesizing
CuO thin films such as reactive sputtering [5],
molecular beam epitaxy [6], spray pyrolysis deposition
[4], and sol gel processing [7-10]. The sol gel process is
one of the versatile methods to prepare thin films without
complicated instruments; it is simple, inexpensive and
has a general advantage of easy-control of composition,
large area deposition and uniformity of film thickness
[7, 11]. It is known that CuO (tenorite) single phase can
be obtained either by using high oxygen pressure, inert
atmosphere of nitrogen or simply in air, while Cu2O
(cuprite) single phase can be obtained in low pressure
oxygen atmosphere or in nitrogen atmosphere but with
prolonged treatment (up to 5 hr).However, the co-
existence of the two phases was always reported in all the
previous conditions, at least on the films surfaces [3, 7],
which may alter the desired properties of each phase
[5, 12]. In this work, sol gel method was used to
prepare CuO sol, and CuO thin films were produced
from the spin coating of the sol on glass substrates. The

effect of annealing temperature, in ambient air, and
thickness on the structural properties and phase purity
of the as-prepared CuO thin films was investigated and
the I-V characteristics of the films were also reported.

Experimental

The CuO precursor solution was obtained by first
dissolving copper acetate in an ethanol solvent for 30
min. Afterwards, monoethanolamine (MEA) as a
stabilizer was added to the solution with continuous
stirring. The molar ratio of Cu ions to MEA in the as-
prepared sol was maintained at 1.0 and the Cu ions
concentration was controlled at 0.5 mol/L. The
complex solution was stirred for 4h at 70 oC to yield a
homogenous and stable sol. A CuO sol served as the
coating solution after aging for at least 24hrs at room
temperature. CuO thin films were coated onto pre-
cleaned glass substrates using the spin coating
technique at a speed of 3000 rpm for 30sec. Each as-
coated layer was pre-heated at 300 oC for 10 min, and
this cycle was repeated three, five and seven times in
order to obtain thin films with different thicknesses
(three, five and seven layers). The samples were
subsequently heated to 500 oC, or 600 oC, at a heating
rate of 10 oC/min, and then maintained at this
temperature for 1hrs in a tube furnace in air ambiance.
The crystal structure of CuO thin films was determined
by X-Ray diffraction (X'PertHighScore Report) with
CuKα radiation (λ = 1.54 Å). The surface morphology
of the thin films was characterised by scanning electron
microscope (FEI Quanta 200).The I-V characteristics
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were carried out using Picoammeter/Voltage Source-
Keithley Model 6487 system.

Results and Discussion

Fig. 1 shows the XRD patterns of the as-prepared
copper oxide films annealed at 500 and 600 oC,
respectively for three different thicknesses (corresponding
to three layers: 3; 5 and 7).For samples consisting in less
than seven layers, the majority of peaks could be
assigned to monoclinic (tenorite) structure of CuO.
Furthermore, the presence of multiple peaks of the CuO
phase revealed the polycrystalline nature of the films. In
addition to the reflections due to the tenorite phase,
which is the predominant phase, two weak diffraction
lines at 2θ = 41.965 o and 43.6012 o were also observed
and attributed to the Cu2O phase (ICDD No. 05-0667)
and metallic copper (ICDD No. 04-0836), respectively.
Irrespective of the annealing temperature, increased
thickness with seven layers led to a disappearance of
those phases along with the rise of CuO reflections
intensity. Structural parameters such as crystallite size,
dislocation density and strain for all thin films were
evaluated using the XRD patterns and are presented in
table 1.The average crystallite size of the deposited
films was estimated from the line broadening using
Scherrer formula [2]:

D = (1)

Where K = 0.94 is the shape factor, λ is the wavelength
of CuKα radiation, β is the full width at half maximum
(FWHM) and θ is the angle of Bragg diffraction. The
dislocation density, δ, and strain, ε, of the thin films
were estimated from the following equations [4, 13-
15]:

(2)

(3)

The average crystallite size was found to increase from
28.06 to 37.68 nm with the increase of both thickness
and annealing temperature. The dislocation density and
strain exhibited an opposite trend and decreased
from1.27 to 0.704 (1015 lines /m2) and from 1.29 × 10−3

to 0.961 × 10−3 , respectively. These changes may be
attributed to the improvement of crystallinity and the
decrease in the concentration of lattice defects with the
increase of thickness and annealing temperature. The
increase of the crystallite size could be due to the
decrease in grain boundaries, and hence the amount of
defects in the films. Furthermore, the thermal energy
produced by annealing led to an enhancement of
mobility of active species by filling the micro-voids or
defects in the structure and formation of more packed
and large crystallites [2]. It is worth noting that if we

increase the annealing temperature of thin films with
the same thickness or by maintaining constant the
annealing temperature while increasing the thickness of
the thin films, an increase of the crystallite size as well
as a decrease of strain and dislocation density are
observed, with an exception for the sample with
maximum deposited layers but annealed at lower
temperature. In this case, the values of dislocation
density and strain were still relatively high which in
turn constraint the growth of large crystallites. This
indicates that both thickness and annealing temperature
contribute to the decrease in lattice imperfections and
the formation of high quality films. 

Fig. 2 shows the SEM images of the synthesised
CuO thin films annealed at 500 and 600 oC for three
different film thicknesses. Regardless of the number of
the deposited layers, it can be seen that the films have a
better and a uniform surface morphology when
annealed at higher temperature. Furthermore, the grains
size has become larger, their shape more homogenous
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Fig. 1. XRD patterns of CuO thin films on glass substrate annealed
at (a) 500 oC and (b) 600 oC with different thicknesses.
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and quasi-spherical and the distinct crystals formed on
top of the film surface (grains clusters on the surface)
disappear, which contributes to the increase of
smoothness. Simultaneously, the increased thickness,
together with the increased annealing temperature,
yield films with dense, smooth and more compact
morphology which is essential for the application in
thin film solar cells, since leakage of photo-current can
be avoided [15]. 

Fig. 3 shows the I-V curves of the CuO thin films on
glass substrate. From a qualitative point of view, when
the thickness is increased, the curves exhibit the ohmic

behaviour characterizing CuO thin films [16].
Otherwise, a nonlinear behaviour takes place. This may
be attributed to the high amount of scattering of
carriers through the films, that is, as grain size
decreased, the grain boundary density of the films
increased. Subsequently, the scattering of carriers at
grain boundaries increased which in turn decreased
carrier mobility and hence caused the I-V curves to
deviate from their normal behaviour. However, as
thickness and annealing temperature increased, lattice
imperfections decreased and the structure became
denser which reduced grain boundary scattering and

Fig. 2. SEM images of CuO thin films on glass substrate. (a) Three layers annealed at 500 oC. (b) Three layers annealed at 600 oC (c) Five
layers annealed at 500 oC. (d) Five layers annealed at 600 oC. (e) Seven layers annealed at 500 oC. (f) Seven layers annealed at 600 oC.
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increased carrier mobility of the films [2].

Conclusions

CuO thin films were successfully synthesized on
glass substrates in ambient air using sol gel method.
Both of thickness and annealing temperature have a
great influence on structural properties and phase purity
of the films, that is, increased thickness with seven
deposited layers led to a disappearance of diffraction lines

belonging to other phases than the CuO phase. In
addition, with the increase of both annealing temperature
and thickness, strain and dislocation density were found
to decrease while crystallites size increased, which gave
rise to thin films with good quality as confirmed by SEM
images, and by I-V characteristics which exhibit
normal Ohmic behaviour when both of the two
conditions were fulfilled. 
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Fig. 3. I-V characteristics of CuO thin films on glass substrate
annealed at 600 oC with different thicknesses.

Table 1. Structural parameters of CuO thin films on glass
substrate for different annealing temperatures and thicknesses.

No. of layers/ annealing 
temp.

FWHM
D

(nm)
ε

(10−3)
δ

(1015/m2)

3/500 0.3135 28.06 1.29 1.27

3/600 0.26 33.82 1.07 0.874

5/500 0.2768 31.77 1.139 0.991

5/600 0.2625 33.50 1.08 0.891

7/500 0.3298 26.66 1.357 1.407

7/600 0.2334 37.68 0.961 0.704


