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Abstract

In this work, highly-pure silicon oxide nanostructures were prepared by a closed-field unbalanced magnetron
plasma sputtering technique. These nanostructures were characterized by field-emission scanning electron
microscopy (FE-SEM) and atomic force microscopy (AFM) in order to determine the optimum preparation
conditions. These conditions are optimized to control the structural characteristics, mainly surface morphology
and topography, of such nanostructures and hence to satisfy certain requirements and purposes in spectroscopic

and photonic applications of SiO2 nanostructures.
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1. Introduction

It was experimentally revealed that
amorphous silicon dioxide (SiO2) preserves
much of the ordering present in the
crystalline forms on a short or intermediate
length scale [1,2]. For example, the
coordination of atoms and the first and
second nearest neighbor distances are very
similar in the amorphous and crystalline
forms, suggesting that both materials have
similar building blocks. It is therefore
instructive to start our review with the
various crystalline allotropes [3-5].

All forms of silica are constructed from
the corner-sharing tetrahedra, such as the
SiO4 building block [6]. High-temperature
cristobalite and tridymite possess the largest
bond angles, and have the most open
structures of the crystalline forms of SiO;
[7]. The smaller the bond angle, the denser
is the possible packing, reflected in
measured density variations [8].

The temperature- and pressure-stability
of the various forms of SiO, determine
which might be present - as microcrystallites
- in thermally grown oxide films or silica
glass. The most likely form is tridymite,
which is stable at low pressure up to 1470°C
[15,16]. High-temperature quartz might not
be expected in a typical thermal oxide, as it
transforms to tridymite at 870°C [17].
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However, due to the large stresses possible
during oxidation, the high-temperature
quartz form and its associated bonding
configuration should not be ruled out
entirely [18].

Silicon dioxide films are extensively used
as low-index films in multilayer optical
devices [19], passivated and/or protective
layers of silicon devices [20], scratch
resistant coatings for plastic ophthalmic
lenses [21] and so on. Stoichiometry and
stability of the films are important during
applications [22]. The usual methods
employed for forming SiO films involve
oxidation of silicon at elevated temperatures
(T>900°C), however, the high-temperature
processing results in junction degradation
[23].

In this work, silicon oxide nanostructures
are prepared by dc reactive magnetron
sputtering. The surface morphology and
topography of the prepared nanostructures
were determined.

2. Experimental Part

A p-type silicon wafer of 10cm in
diameter and 300um in thickness was used
as the sputtering target. It was cleaned by HF
acid, ethanol and distilled water, dried and
then used for deposition process. This target
was maintained carefully on the cathode.
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Highly-pure argon and oxygen gases were
used as discharge and reactive gases,
respectively. The silicon dioxide films were
deposited on glass substrates. Before using
them in sputtering experiments, these
substrates were first cleaned with ethanol to
remove any oil layers or residuals may exist
on their surfaces, rinsed and washed with
distilled water to remove ethanol, and then
dried completely before being kept in clean
case or placed inside vacuum chamber. More
details on magnetron sputtering system can
be introduced in references [24-28].

The samples prepared in this work were
characterized in order to determine their
structural characteristics. The measurements
and characterization tests include atomic
force microscopy (AFM) and field-emission
scanning electron microscopy (FE-SEM).

3. Results and Discussion

Figure (1) shows the SEM images for the
SiO2 film sample prepared using different
mixing ratios of Ar:O> gases after deposition
time of 3 hours. The minimum particle size
for each sample was determined as shown in
table (1) and found to be 20nm for the
sample prepared using mixing ratio of 70:30.
The samples show agglomeration as large
grains are formed.
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Fig. (1) SEM images of the nanostructured SiO; films
prepared in this work using different Ar:O, gas mixing ratios
(a) 50:50, (b) 60:40, (c) 70:30, (d) 80:20 and (e) 90:10

Table (1) Minimum particle size obtained from SEM results
for the samples prepared using different mixing ratios of

Ar:0, gases
Ar:0; ratio | Minimum Particle Size (nm)
50:50 90
60:40 40
70:30 50
80:20 20
90:10 35

Figure (2) shows the 2D and 3D AFM
images for the nanostructured SiO; thin
films prepared using different mixing ratios
of Ar:O> gases after deposition time of three
hours, while table (2) shows the average
diameter of nanoparticles prepared at
different deposition times using Ar:0O;
mixing ratio of 70:30. As can be seen, the
agglomeration on the surface of prepared
sample is sufficiently low. The average
diameter of particles is 91.83nm. Certain
applications of nanostructures, such as
photodetectors, energy conversion devices,
gas sensing and ultra-hard coatings, require
as high as possible surface area. Therefore,
the prepared samples can be efficiently used
for such applications.
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Fig. (2) The 2D and 3D AFM images for the nanostructured
SiO; films prepared in this work using different Ar:O, gas
mixing ratios (a) 50:50, (b) 60:40, (c) 70:30, (d) 80:20 and (e)
90:10

Table (2) The average diameter of nanostructured SiO, thin
films prepared at different deposition times

Deposition time (hours) | Average diameter (nm)
97.35
25 108.79
3 91.83
35 91.30
4 78.10

4. Conclusions

As conclusions obtained from these
results, the optimum conditions to prepare
20nm nanostructured silicon dioxide films
are inter-electrode distance of 4cm, Ar:O>
gas mixing ratio of 70:30, total gas pressure
of 0.08torr, discharge voltage of 2.5kV,
discharge current of 35mA, anode
temperature of 27°C (room temperature) and
cathode temperature of about 40°C. The
excellent control of these parameters
enabled very good control of the structural
characteristics of the prepared SiO>
nanostructures.

References
[1] C. Yanyan and J. Gang ,"Refractive Index and
Thickness Analysis of Natural Silicon Dioxide
Film Growing on Silicon with Variable-Angle
Spectroscopic Ellipsometry",Spectroscopy Vol.
26,No. 21,P. 10,(2006).

ISSN 1999-656X (print) 2958-6488 (online)

(2]

(3]

[4]

[5]

[6]

[7]

8]

[0]

[10]

[11]

[12]

[13]

[14]

© All Copyrights are reserved

Vol. (7) No. (3) July-September 2024, pp. 23-26

O.A. Hamadi, “Characteristics of CdO-Si
heterostructure produced by plasma-induced
bonding technique,” Proc. IMechE Part L: J.
Mater. Design and Applications, 222, 2008, 65—
71.

A. Tabata, N. Matsuno, Y. Suzuoki, T.
Mizutani, “Optical properties and structure of
SiO; films prepared by ion-beam sputtering”,
Thin Solid Films, 289 (1996) 84-89.

A.A. Anber and F.J. Kadhim, “Preparation of
Nanostructured SixNix Thin Films by DC
Reactive Magnetron Sputtering for Tribology
Applications”, Silicon, 2017. DOI:
10.1007/s12633-016-9535-4

A.A. Issa, “The Effect of Annealing on Nano-
Topography of SiO, Film”, Raf. J. Sci., 25(2)
(2014) 74-86.

AK. Yousif and O.A. Hamadi, “Plasma-
induced etching of silicon surfaces,” Bulg. J.
Phys., 35(3), 2008, 191-197.

AM. Al-Dhafiri, “High-Quality Plasma-
Induced Crystallization of Amorphous Silicon
Structures”, Iraqi J. Appl. Phys., 5(1), 2009, 35-
39.

A.T.S. Yee, “Synthesis of Silicon Nanowires by
Selective Etching Process”, Iraqi J. Appl. Phys.,
4(3), 2008, 15-17.

Alexandrov SE, McSporran N, Hitchman ML,
“Remote AP-PECVD of silicon dioxide films
from hexamethyldisiloxane (HMDSO)”, Chem.
Vap. Depos., 11 (2005) 481-490.

Bang SB, Chung TH, Kim Y, Kang MS, Kim
JK, “Effects of the oxygen fraction and substrate
bias power on the electrical and optical
properties of silicon oxide films by plasma
enhanced chemical vapour deposition using
TMOS/O, gas”, J. Phys. D: Appl. Phys., 37
(2004) 1679-1684.

Choi J-K., KimD., Lee J. and Yoo J-B., “Effects
of process parameters on the growth of thick
SiO, using plasma enhanced chemical vapor
deposition with hexamethyldisilazane”, Surf.
Coat. Technol., 131 (2000) 136-140.

Croci S., Pecheur A., Autran J.L., Vedda A.,
Caccavale F., Martini M. and Spinolo G., “SiO»
films deposited on silicon at low temperature by
plasma-enhanced decomposition of
hexamethyldisilazane: defect characterization”,
J. Vac. Sci. Technol. A, 19 (2001) 2670-2675.
F.J. Kadhim, B.T. Chiad, N.A. Ali and J.F.
Odah, “Synthesis and Spectroscopic Properties
of Silica Nanoparticles as Scatter Centers in
Random Gain Porous Media”, J. Sol-Gel Sci.
Technol.,, 75(2), 2015, 247-254. DOI:
10.1007/s10971-015-3740-2

H. Jung, W.H. Kim, LK. Oh, CW. Lee, C.
Lansalot-Matras, S.J. Lee, J.M. Myoung, H.B.
Ram Lee and H. Kim, “Growth characteristics
and electrical properties of SiO; thin films
prepared using plasma-enhanced atomic layer

Printed in Iraq 25



IRAQI JOURNAL OF APPLIED PHYSICS LETTERS

[15]

[16]

[17]

(18]

[19]

[20]

[21]

deposition and chemical vapor deposition with
an aminosilane precursor”, J. Mater. Sci., 51(11)
(2016) 5082-5091. DOI 10.1007/s10853-016-
9811-0

H.I. Jaafer and Z.R. Muslem, “Effect of nano
and micro SiO2 weight percent on interlaminar
fracture toughness of woven roving/ epoxy
composites”, Iraqi J. Phys., 10(18) (2012) 117-
121.

Hiller D, Zierold R, Bachmann J, Alexe M,
Yang Y, Gerlach JW, Stesmans A, Jivanescu M,
Muiller U, Vogt J, Hilmer H, Loper P, Kiinle M,
Munnik F, Nielsch K, Zacharias M, “Low
temperature silicon dioxide by thermal atomic
layer deposition: investigation of material
properties”, J. Appl. Phys., 107 (2010) 064314-
1-064314-10.

Inoue Y, Takai O, “Spectroscopic studies on
preparation of silicon oxide films by PECVD
using organosilicon compounds”, Plasma
Sources Sci. Technol., 5 (1996) 339-343.

J.P. Bange, L.S. Patil and D.K. Gautam,
“Growth and characterization of SiO; films
deposited by flame hydrolysis deposition
system for photonic device application”, Prog.
in Electromag. Res. M, 3 (2008) 165-175.
Kamiyama S, Miura T, Nara Y, “Comparison
between SiO; films deposited by atomic layer
deposition with SiHz[N(CHs)2]2 and
SiH[N(CHa)2]3 precursors”, Thin Solid Films,
515 (2006) 1517-1521.

Klaus JW, George SM, “Atomic layer
deposition of SiO, at room temperature using
NHs-catalyzed sequential surface reactions”,
Surf. Sci., 447 (2000) 81-90.

Klaus JW, Ott AW, Johnson JM, George SM
“Atomic layer controlled growth of SiO films
using binary reaction sequence chemistry”,
Appl. Phys. Lett., 70 (1997) 1092-1094.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Vol. (7) No. (3) July-September 2024, pp. 23-26

Klaus JW, Sneh O, Ott AW, George SM,
“Atomic layer deposition of SiO, using
catalyzed and uncatalyzed selflimiting surface
reactions”, Surf. Rev. Lett., 06 (1999) 435-448.
Lee JH, Jeong CH, Lim JT, Jo NG, Kyung SJ,
Yeom GY, “Characteristic of SiO; films
deposited by using low temperature PECVD
with TEOS/N,/O,”, J. Korean Phys. Soc., 46
(2005) 890-894.

O.A. Hammadi, M.K. Khalaf and F.J. Kadhim,
“Fabrication and characterization of UV
photodetectors based on silicon nitride
nanostructures  prepared by  magnetron
sputtering,” Proc. IMechE Part N: J. Nanoeng.
Nanosys., 2015, 230(1): 32-36. DOI:
10.1177/1740349915610600.

O.A. Hammadi, M.K. Khalaf and F.J. Kadhim,
“Fabrication of UV photodetector from nickel
oxide nanoparticles deposited on silicon
substrate by closed-field unbalanced dual
magnetron  sputtering  techniques,”  Opt.
Quantum Electron., 47(2), 2015, 1-9. DOI:
10.1007/s11082-015-0247-6

M.A. Hameed and Z.M. Jabbar, “Preparation
and Characterization of Silicon Dioxide
Nanostructures by DC Reactive Closed-Field
Unbalanced Magnetron Sputtering”, Iraqi J.
Appl. Phys., 12(4), 2016, 13-18

O.A. Hammadi, M.K. Khalaf and F.J. Kadhim,
“Silicon nitride nanostructures prepared by
reactive  sputtering  using  closed-field
unbalanced dual magnetrons,” Proc. IMechE
Part L: J. Mater. Design and Applications,
229(5), 2015, DOI:
10.1177/1464420715601151

O.A. Hammadi, M.K. Khalaf, F.J. Kadhim and
B.T. Chiad, “Operation characteristics of a
closed-field  unbalanced  dual-magnetrons
plasma sputtering system,” Bulg. J. Phys., 41(1),
2014, 24-33.

ISSN 1999-656X (print) 2958-6488 (online)

© All Copyrights are reserved

Printed in Iraq 26



