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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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مستخلص:

تــم تحضــر أغشــية رقيقــة مــن CuO و CoO باســتخدام تقنيــة التبخــر الحــراري. أظهــرت نتائــج حيــود 
الأشــعة الســينية اســتقرار الطــور للأغشــية، حيــث كانــت زوايــا الحيــود ثابتــة، وتــم ملاحظــة انخفــاض في 
ــج  ــادت نتائ ــورات. كــا أف ــدل عــى تحســن في نمــو البل ــرارة، ممــا ي ــة الح ــادة درج ــورات مــع زي حجــم البل
ــودة  ــن ج ــر تحس ــا يظه ــونة، مم ــط الخش ــورات ومتوس ــر البل ــط قط ــل متوس ــذري )AFM( بتقلي ــر ال المجه
ــا  ــاع درجــة الحــرارة، بين ــع ارتف ــاص م ــرت النتائــج زيــادة في الامتص ــك، أظه ــى ذل ــاوة ع ــطح. ع الس
انخفضــت النفاذيــة نتيجــة لزيــادة العيــوب البلوريــة.  فجــوة الطاقــة، حيــث بلغــت قيمتهــا القصــوى 2.69 
eV عنــد 500 °م، بينــا انخفضــت إلى قيمــة منخفضــة قدرهــا eV 2 عنــد 700 °م، ممــا يعكــس تغيــرات في 

ــة. ــص الإلكتروني الخصائ
 الكلمات المفتاحية : أغشية رقيقة، التبخر الحراري، درجة الحرارة، فجوة الطاقة، الامتصاصية.
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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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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 × 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 × 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 is a signifi-
cant decrease in crystal size (GS) with 
increasing temperature; the crystal size 
of CuO in (110) at (500°C) was (93.50 

2-Materials used

Table(1)Materials used and their specifications

The materialNanoparticle sizePurity         Manufacturer

CuO )nm 50 - 20(    99%≥               Alfa Aesar

CoO )nm 30 - 10(    99%≥           Sigma-Aldrich
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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 it 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.

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 im-
provement in the overall surface of the 
films, which may positively affect their 
optical and mechanical properties.

Figures (2) show 
the results of the atomic 

force microscope of the films 
prepared from (CuO:CoO).
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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 
)CuO:CoO( 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.

Figure 3: Absorbency spectrum of prepared films (CuO:CoO)

4-4 Transmittance
Figure (4) Permeability spectrum of 

films prepared from (CuO:CoO) 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].

Figure 4 : Film Permeability Spectrum (CuO:CoO)

4-5 Absorption Coefficient 
 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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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].

Figure 5 Absorption coefficient of (CuO:CoO) films
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Tible 2: Energy gap of (CuO:CoO) film

T (oC) Energy Gap (eV)
500 2.69
550 2.51
600 2.26
650 2.14
700 2

Figure 6: 
Energy gap of 

(CuO:CoO) 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.

Reference  
1. Ohring, Milton. “Mechanical 

properties of thin films.” Materials Sci-
ence of Thin Films (2002): 711-781.‏ 

2.Sze, Simon M., Yiming Li, and 
Kwok K. Ng. Physics of semiconduc-
tor devices. John wiley & sons, 2021.‏ 

3.Petosa, Adamo R., et al. “Aggre-
gation and deposition of engineered 
nanomaterials in aquatic environments: 
role of physicochemical interactions.” 
Environmental science & technology 

 ‏.6532-6549 :(2010) 44.17
4. Boudiar, Meriem, et al. “Sol–gel 

derived Zn doped MgO thin films and 
their waveguides.” Journal of Sol-Gel 
Science and Technology (2023): 1-11. 

5. M. A. Khan, J. W. Park, and E. 
Y. Lee, “MgO thin films deposited by 
pulsed laser deposition: structural, op-
tical, and electrical properties,” Thin 
Solid Films, vol. 496, no. 1-2, pp. 152-
156, 2006. https://iopscience.iop.org/
article/10.1088/2053-1591/ab1208/
meta 

6. S. X. Wang, Z. M. Zhang, S. 
H. Ji, L. P. Liu, C. L. Xu, and Z. G. 
Liu, “Structural and optical proper-
ties of MgO thin films prepared by 
reactive magnetron sputtering,” Ma-
terials Letters, vol. 57, no. 4, pp. 714-
717, 2003. https://www.researchgate.
net/publication/354889540_Structur-
al_and_Optical_Properties_of_MgO_
Thin_Films_Prepared_by_Dip-Coat-
ing_Process_Effect_of_Thickness 

6. J. F. Pierson, “MgO thin films 
for electronic applications,” Journal of 
Vacuum Science and Technology B, 
vol. 9, no. 4, pp. 2115-2121, 1991. 

7. Nagu, A., et al. “Additive-free 
vapour-phase hydrogenation of ben-
zonitrile over MgO-supported Ni cata-



379 مجـلـة الدراســات التربـويــة والعلـمـيــة - كلـيــة التـربـيـة - الجـامـعـة العراقـيــة
العدد السادس والعشـرون - المجلد الأول - علـوم الفيزياء - أيلول 2025 م

lysts.” Research on Chemical Interme-
diates 46 (2020): 2669-2681.‏ 

8. lmontasser, A., Parveen, A. Prob-
ing the effect of Ni, Co and Fe dop-
ing concentrations on the antibacte-
rial behaviors of MgO nanoparticles. 
Sci Rep 12, 7922 (2022). https://doi.
org/10.1038/s41598-022-12081-z. 

9. Allaedini, Ghazaleh, Siti Masrin-
da Tasirin, and Payam Aminayi. “Syn-
thesis of CNTs via chemical vapor 
deposition of carbon dioxide as a car-
bon source in the presence of NiMgO.” 
Journal of Alloys and Compounds 647 
 ‏.809-814 :(2015)

10- Almontasser, A., A. Parveen, 
and A. Azam. “Synthesis, Character-
ization and antibacterial activity of 
Magnesium Oxide (MgO) nanoparti-
cles.” IOP Conference Series: Materi-
als Science and Engineering. Vol. 577. 
No. 1. IOP Publishing, 2019.‏ 

11- Güney, Harun, and Demet İsken-
deroğlu. “Synthesis of MgO thin films 
grown by SILAR technique.” Ceramics 
International 44.7 (2018): 7788-7793.‏ 

12- Dolai, S., et al. “Cupric oxide 
(CuO) thin films prepared by reactive 
dc magnetron sputtering technique for 
photovoltaic application.” Journal of 
Alloys and Compounds 724 (2017): 

‏.456-464
13- Arman, Ali, et al. “Micromor-

phology characterization of copper 
thin films by AFM and fractal analy-
sis.” Journal of Materials Science: Ma-
terials in Electronics 26 (2015): 9630-
‏.9639

14- Lin, Qingfeng, et al. “Efficient 
light absorption with integrated nano-
pillar/nanowell arrays for three-di-
mensional thin-film photovoltaic ap-
plications.” ACS nano 7.3 (2013): 
‏.2725-2732

15- Qasrawi, Atef F., and Alaa A. 
Hamamdah. “Thickness effects on 
the dielectric dispersion and optical 
conductivity parameters of CuO thin 
films.” Microwave and Optical Tech-
nology Letters 62.4 (2020): 1453-1458.‏

16- Chen, Yue, et al. “Band gap ma-
nipulation and physical properties of 
preferred orientation CuO thin films 
with nano wheatear array.” Ceramics 
International 44.1 (2018):441-467.



380
Study of The Structural And Optical Properties of Films Prepared By Thermal Evaporation Method 
at Different Temperatures  .................................................. Marwa Saadi Mahmoud        ,   Nadeem Khalid Hassan


