Academia Open

Vol. 10 No. 2 (2025): December
DOI: 10.21070/acopen.10.2025.12829

Academia Open

By Universitas Muhammadiyah Sidoarjo

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).

1/15



https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
https://doi.org/10.21070/acopen.10.2025.12775
https://doi.org/10.21070/acopen.10.2025.12775

Academia Open

Vol. 10 No. 2 (2025): December
DOI: 10.21070/acopen.10.2025.12829

Table Of Contents

N Lo 10 ol - B 00 )Y =) PPN
AUthor[s] Statement.... ...t iiiitiiiieiieinrnnnnneeeeeeeeeeeeceeeesssnsnssnnnnnnnnes
(e} o] -1 NN =T 1 o H
Y-\ o [of (=30 [0 o] of 1 1 =114 [o] o N PR
Check this article update (CrosSMaArK) .......eiiiiiiiiiiiii i it eeeeeeeaeeaeeeaeaaaaanns
Check this article IMPacCt ... ettt ei et eeeeearnaeeeeeseeennnnneeeseeannns
(8 =T o 1) - L Tl (=
B 1 L3N o = ¥ = 2
o 3Tl (T 1 |
X 1 o ol 1180 5. 7= 1 [ o T
Y 013 = L
Y\ g s Cod T=30 oCo] 3 1 =] o | oA PN

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).
2/15



https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/

Academia Open

Vol. 10 No. 2 (2025): December
DOI: 10.21070/acopen.10.2025.12829

Originality Statement

The author[s] declare that this article is their own work and to the best of their knowledge
it contains no materials previously published or written by another person, or substantial
proportions of material which have been accepted for the published of any other published
materials, except where due acknowledgement is made in the article. Any contribution
made to the research by others, with whom author[s] have work, is explicitly acknowledged
in the article.

Conflict of Interest Statement

The author[s] declare that this article was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

Copyright Statement

Copyright (&> Author(s). This article is published under the Creative Commons Attribution
(CC BY 4.0) licence. Anyone may reproduce, distribute, translate and create derivative
works of this article (for both commercial and non-commercial purposes), subject to full
attribution to the original publication and authors. The full terms of this licence may be
seen at http: //creativecommons.org/licences/by/4.0/legalcode

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).
3/15



https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
http://creativecommons.org/licences/by/4.0/legalcode

Academia Open

Vol. 10 No. 2 (2025): December
DOI: 10.21070/acopen.10.2025.12829

EDITORIAL TEAM

Editor in Chief

Mochammad Tanzil Multazam, Universitas Muhammadiyah Sidoarjo, Indonesia
Managing Editor

Bobur Sobirov, Samarkand Institute of Economics and Service, Uzbekistan

Editors

Fika Megawati, Universitas Muhammadiyah Sidoarjo, Indonesia

Mahardika Darmawan Kusuma Wardana, Universitas Muhammadiyah Sidoarjo, Indonesia
Wiwit Wahyu Wijayanti, Universitas Muhammadiyah Sidoarjo, Indonesia

Farkhod Abdurakhmonov, Silk Road International Tourism University, Uzbekistan

Dr. Hindarto, Universitas Muhammadiyah Sidoarjo, Indonesia

Evi Rinata, Universitas Muhammadiyah Sidoarjo, Indonesia

M Faisal Amir, Universitas Muhammadiyah Sidoarjo, Indonesia

Dr. Hana Catur Wahyuni, Universitas Muhammadiyah Sidoarjo, Indonesia

Complete list of editorial team (link)
Complete list of indexing services for this journal (link)

How to submit to this journal (link)

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).
4/15



https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
https://acopen.umsida.ac.id/index.php/acopen/about/editorialTeam
https://acopen.umsida.ac.id/index.php/acopen/indexingservices
https://acopen.umsida.ac.id/index.php/acopen/about/submissions

Academia Open

Vol. 10 No. 2 (2025): December
DOI: 10.21070/acopen.10.2025.12829

Article information

Check this article update (crossmark)

Check for
updates

Check this article impact ()

tﬁk D|meﬂ5|0n5 LENS.ORG ‘\‘\; Semantic Scholar

Solving The Problem Of Proble ng™

W/ wizdom.ai

Save this article to Mendeley

) Time for indexing process is various, depends on indexing database platform

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).
515



https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/
https://crossmark.crossref.org/dialog/?doi=10.21070/acopen.10.2025.12788&domain=pdf&date_stamp=2025-10-13
https://app.dimensions.ai/discover/publication?search_mode=content&search_text=10.21070/acopen.10.2025.12788&search_type=kws&search_field=doi
https://www.lens.org/lens/search/scholar/list?q=citation_id%3A10.21070/acopen.10.2025.12788&p=0&n=10&s=_score&d=%2B&f=false&e=false&l=en&authorField=author&dateFilterField=publishedYear&orderBy=%2B_score&presentation=false&stemmed=true&useAuthorId=false
https://www.lens.org/lens/search/scholar/list?q=citation_id%3A10.21070/acopen.10.2025.12788&p=0&n=10&s=_score&d=%2B&f=false&e=false&l=en&authorField=author&dateFilterField=publishedYear&orderBy=%2B_score&presentation=false&stemmed=true&useAuthorId=false
https://www.semanticscholar.org/search?q=Normal%20Macroscopic%2C%20Morphological%20and%20Morphometric%20Parameters%20of%20the%20Esophagus%20of%20White-Bred%20Rats&sort=relevance
https://www.scilit.net/articles/search?q=10.21070/acopen.10.2025.12788
https://scite.ai/search?q=%2210.21070/acopen.10.2025.12788%22
https://scholar.google.co.id/scholar?q=10.21070/acopen.10.2025.12788&hl=id
http://www.wizdom.ai/publication/10.21070/acopen.10.2025.12788
https://www.mendeley.com/import/?doi=10.21070/acopen.10.2025.12788

Academia Open

Vol. 10 No. 2 (2025): December
DOI: 10.21070/acopen.10.2025.12829

Highly Pure Nanostructured Copper Oxide Thin Films by Dual
Magnetron Sputtering

Basima S Dawood AL - Badri, basima@uowasit.edu.iq, (1)

Department of Physics, College of Science, University of Wasit, Wasit, Iraq

@ Corresponding author
Abstract

General Background: Copper oxide (CuO) is a promising semiconductor due to its excellent optical,
electrical, and catalytic properties, making it suitable for applications in photovoltaics, sensors, and
catalysis. Specific Background: However, the fabrication of highly pure, single-phase
nanostructured CuO thin films remains challenging, as many synthesis methods produce mixed
phases of Cu, CuO, and Cu20, reducing material performance. Knowledge Gap: Few studies have
systematically optimized sputtering parameters—particularly gas ratios and electrode spacing—in
dual magnetron sputtering systems to precisely control phase purity and morphology. Aims: This
research aimed to synthesize and characterize highly pure nanostructured CuO thin films using a
home-made dual magnetron sputtering system by adjusting argon-to-oxygen ratios and electrode
distances. Results: The films prepared at an Ar:O2 ratio of 1:1 and 2.5 cm electrode spacing exhibited
a single-phase CuO confirmed by XRD, with particle sizes decreasing from 44.99 nm to 19.68 nm as
oxygen increased. AFM and FE-SEM showed enhanced surface roughness, while UV-Vis analysis
revealed a 1.3 eV band gap suitable for solar absorption. Novelty: This study demonstrates a refined
sputtering configuration enabling reproducible synthesis of pure CuO nanostructures. Implications:
The findings support improved CuO thin-film production for solar energy and optoelectronic
devices.
Highlight :

* CuO thin films were synthesized using dual magnetron sputtering with controlled Ar:O2
ratios.

Single-phase CuO was obtained at 1:1 gas ratio and 2.5 cm electrode distance.
The films showed high optical transmittance and a 1.3 eV band gap suitable for solar energy

use.
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Introduction

with regard to the high thermal conductivity of copper oxide nano-fluids, as it acts as a highly dispersible catalyst in the upgrade
of crude oil and can also be used in other petroleum industries, due to its ability to transfer high heat suitable for heat exchange
applications, and The nano copper oxide additive is of great importance in the lubrication of mechanical units due to its passage
through the filter holes And its ability to resist abrasion . where additives can form a thin protective layer due to their melting
and adhesion to the dubbed surface of the metals. copper oxide is one of the most important materials for photovoltaic
manufacturing and a semiconductor type with an energy gap ranging in 1.21-2.1 and 2.2-2.9 eV for the monoclinic and cubic
crystal structures, respectively [1,2]. Due to its electrical and optical properties, reliable preparation and synthesis ,abundance
in nature, and non-toxicity, copper oxide is still the subject of intensive of many extensive research. solar cells, sensors,
optoelectronics and catalysis are important applications of copper oxide [3-5]. At room temperature , copper oxide is a good
absorber of solar radiation [7,8]. CuO has absorption spectrum in the visible region of electromagnetic spectrum and CuO thin
films have a suitable band gap for solar energy absorption as the absorption wavelength range is less than 600 nm [2] There
are Many methods of copper oxide manufacturing such as , thermal oxidation, chemical conversion, electrode positioning,
chemical vapor deposition, spray pyrolysis , molecular beam and reactive spray [9-10]. Magnetron sputtering is an important
technique for obtaining high sedimentation rates and low substrate heating as well as offering a good solution because the
thickness of the prepared film is required for high temperature control and to obtain thin films with excellent physical
properties .The magnetron spray coefficients ,such as substrate temperature, spray strength and distance between electrodes
,total gas pressure and reactive gas pressure can be improved . [11-12]. One of the problems associated with preparing this
material is the production of a mixture phase of copper (Cu), copper oxide (CuO) and copper dioxide (Cu20), which is not a
semiconductor [6]. In this study, thin films nanostructured copper oxide are deposited on glass substrates by dc reactive
magnetron sputtering technique. Where their main properties have been studied.

Experimental Work

Figure (1) shows the experimental setup of the magnetron sputtering system used in this work The electrodes discs (cathode and anode) were
made of copper; the diameter and thickness for each disc are 6 cm and 3mm, respectively, The magnetron was placed at the cathode in order to
provide the required confinement of the plasma.

Cathode

High Voltage DC

power Supply
WV

Pirani A
Gauge |

Chamber

Anode

Resistor

Rotary pump 02

L

Figure 1 : The Schematic diagram of sputtering system

The plasma was generated by glow discharge of argon gas at a maximum pressure of 0.1 mbar .Argon gas (vacuum gas) is provided to the glass
container over a micro-control needle valve (0-160 cc) to control the gas pressure inside the chamber. The starting materials were a solid copper
target (99.99 % purity) and two gases namely, Oxygen (reactive gas) and Argon (sputtering gas). The deposition chamber was evacuated to a base
pressure of 2 x 10-2 mbar. while the reactive gas was highly pure oxygen flowing inside the deposition chamber at a maximum pressure of 0.1
mbar. The optimum samples were prepared an inter-electrode distance of 2.5 cm, discharge current of 6.55 mA and discharge voltage of 740 V
.the deposition time was 30 minutes.
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Results and Discussion

Figure( 2-a) shows XRD models of a film sample of CuO deposited at a distance of 2.5 cm and with mixture ratio of Ar:O2 gases,1:1,the patterns
formed to form the nanostructures of single-phase CuO, with strong peacks at 35.28°and 38.43°corresponding to the plane [-011] and [110]
,respectively [13-14]. Therefore, the distance between the electrodes was used because it acts as an effective factor to control the formation of
certain crystal levels. Fig.(2-b) shows three distinct peaks at 35.48°,38.48°and 48.42°at a mixing ratio of 2:1 gases, where the levels correspond to
[022], [111],and [202] respectively [15].The result confirm the molecular bonding that takes place between the sputtered copper atoms and the
oxygen atoms to form copper oxide particles and then their deposition onto the substrate . In figure (2-c ),they appeared at the same distance of
2.5 cm between the electrodes with a mixing ratio for the gases Ar:02 ,1:2 .Distinctive peaks appeared at a higher density than the previous
mixtures of gases and their values were (35.48,38.43.38.32) that correspond to the diffraction peaks [002] , [111] and [202] ,respectively[15] for

the CuO phase.
600 - 600}
500 - 500}
=400 - 400|
=
=
2300 - 300|
[+
E= [-
=200 - 200|
o
oy [110]
2100 - 100]
2 ]
= )Ak
L) .
0 A ANt ool NeAmposimprneed Nt : 0
30 35 40 45 50
20 (Degree)
(a)
600 - 600
[002
500 - 500
.‘é
S 400 - 400
)
o
<
=
2 300 - 300
) 111
Z
%200 - 200
=
i
E [202]
100 - A 100
O-‘- “J y sttt e At A i 0
30 35 40 45 50 55 60 65 70
20 (Degree)

(b)

ISSN 2714-7444 (online), https://acopen.umsida.ac.id, published by Universitas Muhammadiyah Sidoarjo

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY).

8/15


https://portal.issn.org/resource/ISSN/2714-7444
https://acopen.umsida.ac.id/
https://umsida.ac.id/

Academia Open

Vol. 10 No. 2 (2025): December
DOI: 10.21070/acopen.10.2025.12829

600 - 600
] [00
500 500
400 1 400
- .
E :
300 - 300
%‘ I
o ]
Z 100 100
g 0 et - 0
= 30 35 40 45 50 55 60 65 70
20 (Degree)
()

Figure (2) the X-ray diffraction pattern of the prepared copper oxide samples at the distance between the electrodes of 2.5 cm and gas mixture:

(a) Ar:02 ,1:1, (b) Ar:02, 2:1,(c) Ar:02 ,1:2.

2-AFM

The result of the AFM for the copper oxide sample were observed in figure (3-a), the Two-dimensional and three dimensional images of the
prepared sample were show at a distance between the electrodes of 2.5 cm ana a mixing ratio of gases 1:1, from Ar:02.The results of the squre root
of the surface roughness were Rr.m.s for this sample 1.43 nm. Where it was found that the description of the surface roughness is better for the
microstructure of the material.Figure (3-b) showed the two-dimensional and three —dimensional images of the preparede sample fo the copper
oxide at the same distance but with a mixing ratio of gases Ar:02 ,2:1, Rr.m.s of this sample was 1.99 nm.As the increased flow of oxygen increases

the number of oxygen molecules absorbed on the surface of the substrate that traps the atoms and thus increases the roughness of the surface,which

leads to an increase in vertical growth on the substrate.
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Figure (3): AFM micrographs of the copper oxide nanostructures prepared at inter electrode distance of 2.5 cm with mixing
ratio (a) Ar:02, 1:1, (b) Ar:02, 1:2.

3-EDX

The results confirmed the presence of sharp peaks of the prepared CuO samples at a distance of 2.5 cm and the mixing ratio of Ar:02 ,1:1,1:2
,respectively. Figure(4) a and b) shows The results confirmed the presence of components such as copper (Cu) and oxygen (O) in the copper oxide

nanoparticles .The rest of the elements did not appear due to the presence of impurities due to the transfer of the models.
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Figure(4) shows EDX spectra of copper oxide nanoparticles at a distance of 2.5 cm with mixing ratio for gases (a)Ar:02,1:1, (b) Ar:02, 1:2.

4- Field-Emission Scanning Electron Microscopy (FE-SEM).

Figure(5)shows the assay results for FE-SEM of prepared copper oxide nanostructures at a distance between electrodes of 2.5 cm and with a mixing
ratio of Ar:02 gases, 1:1,1:2 ,respectively .It confirmed that the particles grew almost uniformly (spherical) and the particle size was observed at
44.99 nm ,19.68 nm ,respectively. The mixing ratio of Ar:O2 gases was used to control the surface roughness and particle size of the prepared

copper oxide nanostructures.
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Figure(5) shows FESEM micrographs of copper oxide nanostructures at a distance of 2.5 cm with mixing ratio for gases: (a)Ar:02 ,1:1 (b)
Ar:02 ,1:2.

FT-IR spectroscopy.

FTIR spectroscopy of CuO nanoparticles was performed at room temperature and in the range of 400-4000 cm-.Figure (6-a) shows the emergence
of two distinct bands about 466.77 cm,497.63 cm ,these ranges can be determined by the expansion vibrations of Cu-O [16].Also, a condensate
tape appeared at 3756.48 cm™ and it determined by O-H vibration extensions of the surface hydroxyl group of the absorbed water molecules [17]
. A small scale at about 2376.30 cm was also shown ,determined by C-H expansion [18] .The FT-IR analysis results are depicted in Fig (6-b) for
CuO nanoparticles catalyst with distance 2.5 cm with 1:2 Ar:02 . The peaks appearing at 439.77 and 524.64 cm-1 are attributed to (Cu-O) stretching
modes[16]. The peak at 605.65 cm—1 correspond to Cu (I)—O vibration of Copper oxide nanoparticles [19]. The absorption peaks situated around
1651 and 1458 cm-1 correspond to the stretching vibrations of C=C, C-C, and C-O [20]. The broad absorption band at around 3427 cm-1 is caused
by the adsorbed water molecules. Three intense bands were centered at 1384.34 cm-1 and 1545.73 cm-1 are attributed to the stretching vibrations

of C=0, and C-H groups respectively, [19].
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Figure (6): FTIR spectrum of the Copper oxide (CuO) samples prepared at inter -electrode distance 2.5 cm with mixing gas: (a) Ar:02 ,1:1,(b)
Ar:02 ,1:2.

Optical Properties

Figure(7) shows the transmittance spectra as a function of wavelength within wavelengths (100-900) nm. For the prepared copper oxide at a
distance between electrodes of 2.5 cm and the mixing ratio of the gases Ar:02,1:1 ,it was observed that the transmittance began to increase in the
wavelength from 150-450 nm ,in the UV-visible region. The reason is due to indirect electronic transformations within this scope. It was observed
that the curve tends to be almost flat ,and that the highest transmittance value reaches 77.2% at 450 nm ,in the visible region. Figure (8) shows
the absorption spectrum of the composite copper oxide nanoparticles .for the prepared sample at a distance of 2.5 cm ,with the mixing ratio for

gases ,Ar:02,1:1 .the absorption in the visible region are more suitable for manufacturing solar cells[21].
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Figure (7) shows the transmission spectra of copper oxide film prepared at inter-electrode distance 2.5 cm with a mixing ratio of Ar:02 ,1:1.
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Absorbance
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Figure (8) shows the absorption spectra of copper oxide film prepared at inter-electrode distance 2.5 cm with mixing ratio of Ar:02 ,1:1.

Based on the compatibility of the energy of the absorbed photon with the energy of the atom's coat .The absorption edge was specified in the range
of 208-282 nm .Therefore ,the energy band gap of copper oxide equal to 1.3 ev was determined using the following equation (a hv) =A(hv -

Eg)[22].

1,51 -
Eg=1.3 ev
1,01 -
0,51 -
0,01 T T T T T 1
0 0,5 2 2,5 3 3,5 4
hv (eV)

Figure (9) shows Determination of energy band gap of the copper oxide sample prepared at inter-electrode distance 2.5 cm using gas mixture
Ar:02 of 1:1.

Conclusion

Highly-pure nanostructured copper oxide thin films have been synthesized by reactive dual magnetron sputtering of a pure
copper electrode target in an oxygen-argon atmosphere. The phase of the deposited nanostructured films relies on many
parameters and one of the most important parameters is the ratio of argon-oxygen gas. X-ray diffraction studies show that by
controlling the oxygen partial pressure single phase CuO can be found. The thickness of the nanostructured films in the present
study was measured by optical interferometer method employing He-Ne laser (0.632um). The surface roughness of the copper
oxide nanostructures has been observed by atomic force microscopy (AFM), and field emission scanning electron microscopy
(FE-SEM) micrographs also used to determine the particles size of nanostructured films.
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