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In this work, nanostructured SiO; thin films were deposited on glass substrates using DC reactive
magnetron sputtering technique. Gas mixtures of argon and oxygen at different mixing ratios were used
to synthesize SiO2 nanoparticles. A transition from amorphous to partially crystalline phases was
revealed as the oxygen ratio increased, indicating enhanced crystallinity under oxygen-rich conditions.
The morphology of the film surface varied and the particle size decreased with higher oxygen content,

suggesting improved oxidation and limited grain growth. The results confirm that the Ar:O> gas ratio plays
a critical role in tuning the structural and optical properties of SiO2 nanostructured thin films.
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1. Introduction

Silicon dioxide (Si0,), commonly known as silica,
is a common oxide compound made up of silicon and
oxygen atoms bonded together. Within the silica
molecules, every silicon atom connects with four
oxygen atoms while every oxygen atom connects with
two silicon atoms by Si-O bonds [1-3]. This compound
is prevalent in various crystalline forms, notably quartz,
and is also found in amorphous forms such as glass [4].
The basic structural unit of the silicon dioxide is a
tetrahedron formed by a silicon atom and four oxygen
atoms. The silicon atom sits in the center of the
structure and is chemically bonded to the oxygen atoms
in the four corners of the tetrahedron. The oxygen atom
has two valence electrons, and thus it has a possibility
to form a bond to the silicon atom of the neighboring
tetrahedron. Since the oxide is amorphous, all of the
oxygen atoms do not form bonds between the adjacent
structural units. Consequently, depending on the
bonding state of the oxygen atoms, they are referred to
as bridging or non-bridging oxygen [5]. The amorphous
structure forms a more open network and thus the
density of the oxide is less than the crystalline form
(i.e., the quartz) [6]. SiO, is characterized by a
substantial band gap, this large band gap classifies SiO,
as an insulator, making it an excellent electrical
insulator in various applications [7]. SiO, nanoparticles
are used in various fields, including chemical,
biological, and medical applications, due to their
chemical stability, optical transparency, low toxicity
[8], with low refractive index [9]. It serves as a
fundamental component in microelectronics [10], solar
cells [11], and protective coatings [12]. SiO; films are
widely used as low-refractive-index layers in
multilayer optical devices [13,14], as passivation and
protective coatings for silicon devices [15], and as
scratch-resistant coatings for plastic ophthalmic lenses
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[16,17], and so on. The physical and optical properties
of SiO; layer depend on the method of deposition [18-
24]. In reactive sputtering used to prepare
nanostructured SiO; thin films, compound thin films
are deposited in the presence of a reactive gas. The
reactive gas reacts with the sputtered material and
forms a compound. This process makes it possible to
deposit a wide variety of compounds (oxides, nitrides,
carbides, etc.) with a wide range of properties [25]. The
ability to deposit high-quality SiO, thin films with
controlled thickness and structural properties is crucial
for enhancing the performance of advanced
technologies [26-28]. The key parameters influencing
the film quality include oxygen partial pressure, DC
power, working gas pressure, and substrate
temperature, which must be optimized to achieve the
desired structural, optical, and electrical properties [29-
31].

In DC reactive sputtering, the gas mixing ratio
significantly influences the characteristics of thin films.
Adjusting the ratio of inert gas (e.g., argon) to reactive
gas (e.g., oxygen, nitrogen, etc.) controls the film's
composition, microstructure, and properties. For
instance, increasing the reactive gas can lead to higher
oxygen/nitrogen content, influencing phases (e.g., from
nitride to oxynitride), crystallinity, and grain size,
sometimes even causing amorphization [32-34]. This,
in turn, impacts optical properties like bandgap, and
electrical properties such as resistivity, which can shift
from conducting to semiconducting or insulating. The
gas ratio also affects deposition rates and surface
morphology, making it a critical parameter for tailoring
film performance in various applications [35-37].

The aim of this research is to synthesize silicon
dioxide thin films using DC reactive magnetron
sputtering, analyze their structural, morphological, and

PRINTED IN IRAQ 7


mailto:ruqia.a.hassan@uotechnology.edu.iq

IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 22, No. 1, January-March 2026, pp. 77-81

optical properties, and introduce the effects of gas
mixing ratio on these characteristics.

2. Experimental work

A homemade dc reactive magnetron sputtering
system was used to deposit SiO, thin films on glass
substrates. A two-stage Leybold-Heraeuos rotary pump
(24 m?/h) was used to reach a base pressure of about
0.15 mbar. The targets were cleaned and dried for the
deposition process. The glass substrates which are used
for depositing the thin films were initially cleaned
before the experiments. The target was maintained
carefully on the cathode. The plasma required for
sputtering was generated by the electric discharge of
argon. Electrical power was provided by a high-voltage
DC power supply. The operating conditions of the
system were divided into two groups: constant and
variable. The constant operating conditions include
vacuum pressure, current limiting resistance, discharge
voltage, discharge current, flow rate, deposition
temperature, inter-electrode distance. The variable
operating conditions were operating in deposition times
of 30, 45, 60, 90 and 120 min for thin films, and gas
mixing ratio (30:70), (70:30), (50:50), (10:90), (90:10).
A silicon sheet with purity of 99.9% was used as a
sputtered target. The discharge current was maintained
at 35 mA and the inter-electrode distance was
maintained at 4 cm.

The SiO; nanopowder was extracted from thin film
samples by the conjunctional freezing-assisted
ultrasonic extraction method. Full description and
specifications of this method can be introduced in
references [38-42]. The structural properties of the
extracted nanopowders were determined by x-ray
diffraction (XRD), field-emission scanning electron
microscopy (FE-SEM), and energy-dispersive x-ray
spectroscopy (EDX).

3. Results and Discussion

Figure (1) shows the XRD patterns of the SiO, film
samples prepared by dc reactive magnetron sputtering
using different mixing ratios of Ar:O, gases. The XRD
analysis confirms that the structural nature of the SiO,
thin films is strongly influenced by the variation in the
Ar:0, gas mixture during deposition. The films
deposited at higher oxygen ratios (e.g., 10:90 and
30:70) display sharper and more intense diffraction
peaks, indicating the formation of partially crystalline
SiO, phases. In contrast, films prepared under lower
oxygen flow rates (e.g., 90:10 and 70:30) exhibit broad
and low-intensity humps around 26 = 23°, which are
characteristic of an amorphous SiO, structure, that has
no crystal structure, so it has no plane with specific
miller indices [14,30,32]. The crystalline peaks
observed at 20 values around 36.5°, 60.1°, and 72.5°
can be indexed to the (110), (113), and (020) planes of
Si0,, respectively, corresponding to known crystalline
forms such as quartz or cristobalite [PDF 01-085-
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0794]. The appearance and growth of these peaks with
increasing oxygen content suggest that higher oxygen
partial pressures promote complete oxidation of
sputtered Si atoms and facilitate crystallization within
the Si0, films.
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Fig. (1) XRD patterns of SiO; thin films prepared at different
Ar:0; mixing ratios

According to the filed-emission scanning electron
microscopy (FE-SEM) results shown in Fig. (2), using
the 30:70 ratio, increasing the oxygen content improved
oxidation with some porosity, with an average particle
size of 40.88 nm. However, the high oxygen content
using 10:90 ratio negatively affected the deposition
quality, as the surface appeared heterogeneous with
small, dispersed particles, with an average particle size
of 36.29 nm. Using the 50:50 mixing ratio, a smooth,
dense layer with homogeneous nanoparticles was
obtained, and the average particle size was 35.4 nm,
indicating that the deposition quality was optimal.
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Using the 90:10 ratio, the oxygen content was low,
resulting in incomplete deposition and the growth of
large, heterogeneous particles with an average particle
size of 36.86 nm, The surface was relatively rough.
Using the 70:30 ratio, improved particle distribution
and structural regularity were observed, with an
average particle size of 34.07 nm, and the surface was
more homogeneous.
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Fig. (2) FE-SEM images of SiO, thin films prepared at different
Ar:0; mixing ratios

Figure (3) shows the contents of the composing
elements for SiO» in the final product determined by the
EDX measurements obtained for the samples prepared
using different mixing ratios of Ar:O; gases. At high O,
contents (10:90, 30:70, 50:50), the formation of
stoichiometric SiO, was revealed. As the Ar content
increases (70:30 and 90:10), a decline in oxidation
efficiency was suggested and the possible formation of
substoichiometric silicon oxide was confirmed. It was
found that the lowest percentage of silicon to oxygen
was at a gas mixing ratio of 70:30, while the highest
percentage of silicon to oxygen was at a mixing ratio of
50:50 and 30:70.

4. Conclusions

The results indicate that the structural and
morphological quality of SiO; thin films is highly
sensitive to the reactive gas environment during DC
magnetron sputtering. Controlled oxygen incorporation
enhances film crystallinity, reduces surface roughness,
and improves chemical stoichiometry, thereby enabling
the fabrication of high-purity, homogeneous SiO,
nanostructures suitable for advanced optical and
electronic applications. The variation in film structure
is solely due to the different Ar:O, gas ratios used
during sputtering. The adjustment of the oxygen
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content effectively controls the microstructure,
enabling a transition from an amorphous to a partially
crystalline SiO; phase.
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F1g (3) EDX spectra of SiO, thin films prepared at different
Ar:0; mixing ratios
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