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Abstract :

Thin films of CuO and CoO are prepared using thermal evaporation technology. The
results of X-ray diffraction showed the phase stability of the films, where the diffraction
angles were constant, and a decrease in the size of the crystals was observed with increas-
ing temperature, indicating an improvement in the growth of crystals. The results of the
atomic microscopy (AFM) also reported a decrease in the average diameter of the crystals
and the average roughness, demonstrating improved surface quality. Furthermore, the
results showed an increase in absorption as the temperature increased, while the permea-
bility decreased as a result of increased crystalline defects. The energy gap deteriorated,
reaching a maximum value of 2.69 eV at 500 °C, while falling to a low value of 2 eV at
700 °C, reflecting changes in electronic properties.
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1- Introduction

Thin films are extremely thin lay-
ers, typically ranging in thickness from
nanometers to micrometers, and are
used in a wide range of scientific and
industrial applications. Their impor-
tance stems from their unique proper-
ties that make them suitable for a wide
range of fields, from electronics to
medicine.[1,2].

In electronics, thin films are essen-
tial in the manufacture of integrated
circuits and sensors. These films are
used to reduce the area required for
circuits.[3], allowing for increased
density of electronic components. For
example, indium tin oxide (ITO) films
are used in touch screens and solar cells
because they have excellent electrical
transparency properties. Thin films
also play a crucial role in improving
the performance of transistors, helping
to improve response speed and reduce
power consumption[4,5].

In the energy field, thin films are
widely used in solar cells. This tech-
nology is used to improve conversion
efficiency.[6] Ultra-thin solar cells can
be manufactured using thin films of sil-
icon or other materials such as cadmi-

um telluride.[7] The use of thin films
contributes to reducing production
costs, making solar energy more com-
petitive compared to traditional energy
sources.[8]

In the medical sector, thin films
are used in drug delivery technolo-
gies. These films can be designed to
be biodegradable.[8] This allows for
controlled drug delivery over a period
of time, enhancing treatment effective-
ness and reducing side effects. For ex-
ample, thin films are used in the manu-
facture of medical patches that slowly
release medication into the body.[9]

Thin films have unique properties
that make them suitable for a variety of
applications. These films can be trans-
parent, making them ideal for use in
optical applications, such as lenses and
other optical devices. Additionally, the
physical and chemical properties of the
films can be modified by changing the
composition or thickness. This flexi-
bility allows researchers and engineers
to design films to suit specific needs.
[10,11].
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2-Materials used

Table(1)Materials used and their specifications

Manufacturer Purity Nanoparticle size The material
Alfa Aesar 99%= (nm 50 - 20) CuO
Sigma-Aldrich 99%< (nm 30 - 10) CoO

3-Practical Method

Vacuum evaporation technology is
one of the most common methods in
the manufacture of thin films. In this
process, the material to be used (such
as CuO or CoO) is heated to a high
temperature until it turns into steam.
This vapor collects on a cool surface,
where it is deposited as a thin layer.

CuO was deposited on quartz slices
using vacuum evaporation method un-
der pressure of (10 mbar x 2.2), with
an electric current of (3.8780 A) and
an electric voltage of (49.62 V). Then
the samples were oxidized in furnaces
at different temperatures ranging be-
tween (500 - 700 ° C) with a difference
of (50 ° C) for an hour. The next day,
the samples were extracted and oxi-
dized again in the same way, with pres-
sure (10 mbar x 2.4), electric current
(3.47 A) and voltage (48.72 V).

For CoO, it was also deposited using
vacuum evaporation technology under
approximately the same conditions.
CoO was prepared on quartz strips with
the same pressure, current and voltage.
The samples were then oxidized in fur-
naces at temperatures between 500 to
700 °C for an hour, ensuring similar
properties with CuO.

4-Results and discussion

4-1X-ray diffraction

Figure (1) shows the results of
X-ray diffraction of the prepared films,
where the diffraction angles (2Theta)
of the different phases (CuO and CoO)
remain almost constant with increasing
temperature, indicating phase stabili-
ty and no significant change in crystal
structure. However, there i1s a signifi-
cant decrease in crystal size (GS) with
increasing temperature; the crystal size
of CuO in (110) at (500°C) was (93.50
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nm), while at (700°C) it decreased to
(38.49 nm). This decrease may be at-
tributed to the improvement of the crys-
tal growth process.

In addition, the peak width at half
height (The FWHM increased signifi-
cantly with increasing temperature,
reflecting improvements in crystalline
regularity. For example, the FWHM
of CuO(110) at 500°C was 0.10162,
while at 700°C 1t increased to 0.2462,

indicating an improvement in crystal-
line interaction[14].

The results also indicate that the
phase remained constant, as all data in-
dicate that the phase is CuO and CoO
both belong to the monoclinic crystal
system. The stability of this phase de-
spite changes in size and width shows
that the films retain their basic proper-
ties.
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Figure 1 X-ray diffraction of membranes (CuO:CoO)

4-2 Atomic force microscope re-
sults

Figures (2) show the results of the
atomic force microscope of the films
prepared from copper oxide and cobalt

oxide. The results indicate a signifi-
cant decrease in the average diameter
with increasing temperature. The av-
erage diameter is at (500 ° C) (145.9
nm), while it decreased to (47.44 nm)
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at (700 ° C). This decrease indicates
an improvement in the control of crys-
tal growth, resulting in the creation of
smaller, more regular structures.

The root mean square ((rms)
showed a clear decrease with increas-
ing temperature, where at 500°C it was
40.62 nm and decreased to 21.12 nm
at 700°C. This improvement reflects an
increase in surface regularity and a re-

duction in roughness, which enhances
the quality of the films[15].

For the average roughness, the re-
sults also showed a decrease with in-
creasing temperature, where at(500°C)
(32.07 nm) and decreased to (16.73
nm) at (700°C). This indicates an 1m-
provement in the overall surface of the
films, which may positively affect their
optical and mechanical properties.

600 °C

650 °C

Figures (2) show
the results of the atomic
force microscope of the films
prepared from (CuO:Co00).
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4-3 Absorption

Figure 3 shows the absorption spec-
trum where: The experimental results
show that absorption increases with in-
creasing temperature. This can be ex-
plained by the effects of chemical re-
actions and the physical properties of
(Cu0:Co0) films. When films are ex-
posed to high temperatures, the atoms
in the crystal lattice are rearranged,
which enhances the regularity of the
crystal structure and reduces defects,
thereby increasing the electron densi-
ty of the films. The structured crystal

structure improves optical properties,
which leads to increased absorption.
[14].

Furthermore, higher temperatures
increase the surface activity of mate-
rials, facilitating chemical reactions.
These reactions promote the formation
of new bonds between atoms, increas-
ing the films’ ability to absorb a broad-
er spectrum of light. High temperatures
also accelerate chemical reactions, pro-
moting the formation of desired com-
pounds, such asCuO and CoO, which
have improved absorption properties.

Absorpation

— 750 °C
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—— 550 °C
— 500 °C

T .
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Figure 3: Absorbency spectrum of prepared films (CuQO:Co0O)
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4-4 Transmittance

Figure (4) Permeability spectrum of
films prepared from (CuO:CoQO) The
results showed that the decrease in per-

meability with increasing temperature
can be explained by several interrelat-
ed factors. When thin films are depos-
ited at high temperatures, a change in
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the crystal structure may occur, which
leads to an increase in crystalline de-
fects. These defects can hinder the
movement of photons within the mate-
rial, reducing light transmittance.
Furthermore, as temperatures rise,
the particle size distribution may
change, with larger particles clustering

together, reducing the amount of empty
space that allows light to pass through.
Oxidation and other chemical process-
es that occur at elevated temperatures
may also lead to the formation of new
compounds or additional layers that
impede light transmission.[15].
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Figure 4 : Film Permeability Spectrum (CuQ:Co0O)
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4-5 Absorption Coeflicient

Figure 5 shows the optical absorp-
tion coefficient of copper oxide and
cobalt oxide films prepared by vac-
uum thermal evaporation method at
temperatures between 500 and 750 °C.
The results showed that the absorption
coefficient increases with increasing
temperature.

The transition in this case is straight-

forward. Photons are absorbed by
electrons that travel directly from the
valence band to the conduction band,
resulting in increased absorption as
the temperature rises. These results il-
lustrate the importance of temperature
in improving the optical properties of
these materials, contributing to the de-
velopment of new applications in opti-
cal technology.
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Figure 5 Absorption coefficient of (CuQO:Co0) films

4-5 Energy gap

Shape () shows the energy gap
whereThe optical energy gap results
for thin films deposited at different
temperatures show a deterioration in
the energy gap with increasing tem-
perature. At a temperature of (500°C),
the energy gap was 2.69 eV, while at
(550 °C) it decreased to 2.51 eV. As the
temperature increased to (600 °C), the
gap deteriorated to 2.26 eV, and con-
tinued to decrease at (650 °C) to 2.14
eV, until it reached 2.00 eV at (700 °C).

These results can be explained by
several factors. First, the effect of tem-

perature on the crystal structure of the
films. At higher temperatures, the crys-
tal structure may be improved, lead-
ing to a reduction in crystal defects, but
new defects may also form, negative-
ly affecting the energy gap. Second,
changes in particle size and distribu-
tion may play a role, as larger particles
may lead to a reduction in the energy
gap due to size effects.

Interactions between molecules at
high temperatures may also lead to
changes in chemical composition and

thus changes in the energy gap.[16].
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Tible 2: Energy gap of (CuO:CoO) film
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Figure 6:
Energy gap of
(Cu0O:Co0) films
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Conclusions

The results showed that increasing
temperature improves the crystalline
properties of thin films, increasing sur-
face regularity and reducing defects. An
increase in the absorbance of the films
was also observed with increasing tem-
perature, reflecting an improvement in
the crystal structure. Meanwhile, the
energy gap deteriorated with increas-
ing temperature, indicating changes in
the electronic properties. The decrease
in transmittance also reflects the effect
of crystalline defects on the movement
of photons. These results underscore
the importance of temperature control
for improving the properties of thin
films in various technical applications.
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