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Abstract— Gold-silica nanocomposite thin films were deposited on glass substrate by RF-sputtering technique. X-ray
diffraction (XRD) and optical transmission spectra were measured for investigating the influence of working argon
pressure on the structural and optical properties of the Au/SiO2 samples. The formation of Au NPs in the silica films
is confirmed by XRD measurments. Effect of concentration of AuNPs on the optical properties of the Au/SiO2
nanocomposite films, such as trasmittance, optical absorption, optical gap energy (𝑬𝒈 ) and Urbach tails (𝑬𝒖 ) have
been investigated using UV-VIS-NIR spectroscopy. The results show that all these parameters are affected by the
deposition pressure. Hence, the transmittance decreased considerably in optical zone , the 𝑬𝒈 increased from 4 eV to
4.22 eV and the 𝑬𝒖 values change inversely with 𝑬𝒈 , and decreased from 344meV to 192 meV , when the argon
pressure increases . The best transparency of composite thin films is obtained at low argon pressure.
Keywords— Gold nanoparticles, Sputtering, Optical gap energy, Transmittance, Urbach tail.
I. INTRODUCTION
Nanocomposite films manufacturing by noble metal nanoparticles embedded in glass matrices has received special
attention due to their notable optical properties owing to the surface plasmon resonance (SPR). The SPR absorption in
noble metals at nanoscale have attracted significant attention due to their unique physicochemical properties,
functionalities and high-speed optical communications properties as compared to their bulk counterparts. One of the most
important aspect at the nanoscale is that the noble metals like silver and gold exhibit strong absorption band in visible
range. The origin of this absorption is attributed due to their collective oscillation of conduction band electron in
response to the electrical field of the electromagnetic radiation of light (e.g.[1]-[2]). The SPR wavelength of plasmonic
materials critically depends on the size, shape, inter-particles separation, volume fraction of the metal and the dielectric
constant of the embedding matrix (e.g.[3]-[7]).
Gold nanoparticles have attracted the attention of researchers because of their unique properties, and proven
applicability in diverse areas such as medicine, catalysis, textile engineering, biotechnology, nano-biotechnology,
bioengineering sciences, electronics (e.g.[8]-[19]). Silica is an excellent host matrix for growing small metallic particles.
The metallic particles can be nucleated by heat or radiation, and grown at a high temperature, resulting in a very narrow
size distribution inside the glass matrix (e.g.[20]) . Silicon dioxide (SiO2), one of the most abundant materials on Earth,
has broadly used in various fields such as passivation layers of electronic devices, protection layers of magnetic or
optical discs and anti-reflective coatings, because of their excellent chemical stability and optical transmittance with low
refractive index (e.g.[21]-[22]).
Nanocomposite films consisting of metal particles such as gold embedded in a silica matrix have recently been the
subject of many studies (e.g. [23]-[35]). A large number of methods have been used to obtain AuNPs embedded in SiO2
films, such ion implantation (e.g. [36]-[37]), sol-gel (e.g.[38]), plasma enhanced chemical vapor deposition (PECVD)
(e.g.[39]), hybrid techniques combining pulsed-DC sputtering and PECVD, which is used for simultaneous Au sputtering
and SiO2 deposition (e.g.[26]-[27]), and RF magnetron sputtering (e.g. [22],[23],[28],[29],[31],[32],[35],[40]-[42]). The
flexibility and easy fabrication of diverse composite films are the advantages of sputtering method. The important factors
to influence the formation of AuNPs are the working distance between the target and the substrate, rf-power, sputtering
time, the substrate temperature, applied voltage, and working pressure.
The purpose of this work is to investigate the influence of variation argon pressure on the structural and optical
properties of gold/silica composite films grown by RF-magnetron sputtering technique. The as-deposited films were
characterized by X-ray diffraction and optical absorption spectroscopy.
II. EXPERIMENTAL METHODS
The samples, consisting of gold/silica composite thin films, were prepared by conventional radio-frequency
magnetron sputtering method using an Alcatel SCM 650 apparatus. The target is constituted by two materials: a silica
disc with a diameter of 50 mm was used as a target, over which chips of gold covering a fraction of the target area, were
placed on top of silica disc. The deposition was accomplished on clean glass substrates at room temperature. The
chamber was evacuated to a pressure better than 10−6 mbar before the argon gas for the sputtering was introduced.
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Deposition was carried out at a pressure over the range 2. 10−3 − 5. 10−3 mbar and the surface of gold/silica ratio, of
materials from which the composite film fabricated is 2.6%. The relevant growth conditions of the films are shown in
Table I.
Table I. Films Growth Conditions
Initial pressure (mbar)
1.10−6
−3
Working pressure (mbar)
2.10 − 5.10−3
Au target (%)
2.6
Bias (V)
-50
Power (W)
50
Temperature
RT
Deposition time
4h30mn
Structural characterization of the obtained films was performed in a Philips PW 1710 spectrometer using Cu Kα
radiation λ = 1.5406 Ǻ. The diffraction patterns were collected over the range 10° to 80° with 0.02 steps. The
identification of Au crystalline phases was done using the JCPDS database cards (no. 04-0784). Optical absorption
spectra of composite films were registered by a Shimadzu UV 30101 PC spectrometer, in near ultra-violet-visible-near
infra-red range (NUV-VIS-NIR) from 200 to 2500 nm.
III. RESULTS AND DISCUSSION
3.1 Structural analysis
Fig. 1 shows the XRD patterns of the Au/SiO 2 composite films deposited at various argon pressures. X-ray
diffractogram of gold thin film with a cubic structure, presented as a reference, is also reported in Fig. 1. It is evident that
there are no Bragg reflections that are clearly visible in the spectra, due to the small AuNPs. Also, it well known that the
peak centered on 2θ=26°, in the spectra of all the samples, is attributed to the amorphous silica. It can be expected that
the measured spectra of the composite films results from the superposition of two diffractograms, assigned to small gold
particles and the amorphous silica matrix.

Fig. 1: XRD patterns of gold thin films Au/SiO2 composite deposited with different Argon pressure and JCDPS of gold
thin films.
To determine the phase structure, size, and lattice constant of AuNPs embedded in silica films, deconvolution
procedure was used where details are reported elsewhere (e.g.[28]). The curve fitting of the XRD spectrum of the sample
deposited at 2. 10−3 mbar is reported in Fig. 2. From the values of the Bragg angle position 𝛳𝐵 and the full width at half
maximum 𝐹𝑊𝐻𝑀 of the Au (111) reflection, we estimated the particle size (D) using the Debye-Scherrer’s equation:
0.9 𝜆
𝐷 = 𝐹𝑊𝐻𝑀 𝑐𝑜𝑠 𝛳
(1)
𝐵

Where  is the wavelength of 𝐶𝑢𝐾𝛼 radiation, 𝛳𝐵 is the Bragg angle of the diffraction peak. The average size of the
AuNPs was found to be in the range 0.73 – 1.14 nm. Also, from XRD analysis, it was observed that lattice parameter is
lower than that of the gold bulk and thereby the presence of compressive volume strain in the AuNPs. Table II
summarizes the fitting parameters determined from the Au (111) orientation plane for all the samples. It is important to
note from the Table II that the lattice parameter of the particles increase regularly ( Fig .3) and reach approximately the
bulk value of 4.079 Ǻ at argon pressure of 5x10−3 mbar. This behavior has been reported in our previous work
(e.g.[43]).
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Table II. Results of the Curves Fitting of the Experimental Diffractograms of the Samples Deposited at Various Argon
Pressures.
Argon pressure (mbar) FWHM (degree) 2θ (degree) Lattice parameter (Å) size (Å)
2x10−3
7.42
38.68
4.0318
11.35
−3
3x10
15.55
38.57
4.0429
5.41
5x10−3
11.48
38.21
4.0795
7.33

Fig. 2: Experimental diffractogram of Au /SiO2 sample deposited
at 𝟐. 𝟏𝟎−𝟑 𝐦𝐛𝐚𝐫 and their curve fitting where different pseudoVoigt functions were taken into account.

Fig. 3: variation of lattice parameter with
working argon pressure

3.2 Optical studies
The transmittance in the UV-visible spectral ranges of the Au/SiO2 composite thin films are shown in Fig. 3. The
spectrum corresponding to the SiO2 glass substrate is also presented as a reference. As can be seen , a strong transparent
region between 1400 and 2000 nm, where the value of the transmission is of the order of 75% to 85% with a maximum
value obtained for the sample desposited at argon pressure of 2.10-3 mbar. In this range of wavelengths, we also observe
interference fringes. The presence of interferences implies that the Au/SiO2 composite film has refractive index different
from the silica glass, and these fringes are due to multiple reflections from the two interfaces of the film. This indicates
that the films prepared under our conditions are smooth and uniform (e.g.[44]). Furthermore, with increasing argon
pressure, we observe a decrease in the transmittance and a disappearance of the interference pattern in the films. It can be
seen that for the wavelengths 𝜆 < 500𝑛𝑚, the optical absorption edge was shifted towards a shorter wavelength region
when the argon pressure increases. However, for all the samples the transmission in the optical range (500 – 1000) nm is
reduced, in comparison to the glass substrate. Thus, the Transmittance of the samples is sensitive to the variation of the
Au concentration in the composite films. These results can give a design guide how to modifie the optical transmission
depending on metal/dielectric combination and deposition processes.

Fig. 4: Transmittance spectra of Au/SiO2 composite films deposited at different Argon presuures.
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Fig.5 shows the absorption spectra for all the samples deposited at various argon pressures. The curves display only
an absorption edge and a weak and broad band, due to surface plasmon resonance, characteristic of small gold NPs in
the case of the film deposited at an argon pressure of 5.10-3 mbar. Therefore, the position of the absorption edge can be
controlled in both the near UV and whole visible band. Moreover, from the optical transmittance measurements we may
calculate the absorption coefficient, α, of the films using the formula :
ln 100 T
α=
(2)
d
Where T is the transmittance, and d is the film thickness.

Fig. 5: Optical absorption spectra of Au/SiO2 composite thin films deposited at different argon pressures .
The absorbance value in the edge region can be well determined by the optical absorption edge expression of the
semiconductor with direct bandgap given by Tauc’s relation (e.g[45]):
1 2

𝛼ℎ = 𝐵 ℎ − 𝐸𝑔
(3)
Where hν is the incident photon energy, 𝐸𝑔 the optical band gap energy, and B is a constant. To determine the band gap
energy of the 𝐴𝑢 𝑆𝑖𝑂2 films, we use the intercept of 𝛼ℎ 2 versus photon energy ℎ axis reported in Fig.6. The
corresponding optical band gap energy obtained values, varied from 4eV to 4.22 eV, when the working argon pressure
inceased from 2.10−3 𝑚𝑏𝑎𝑟 to 5.10−3 𝑚𝑏𝑎𝑟.

Fig. 6: Plot of (𝛼ℎ𝜈)2 versus photon energy ℎ𝜈 for Au/SiO2 deposited at different argon pressures.
Along the absorption coefficient curve and near the optical band edge there is an exponential part called Urbach tail.
This exponential tail appears in the low crystalline, the disordered and amorphous materials. The variation of the
absorption coefficient with the Urbach energy is given by the following equation (e.g.[46]):
ℎ𝜈
𝛼 = 𝛼0 exp
( )
(4)
𝐸𝑢

Where 𝛼0 is a constant and 𝐸𝑢 is the Urbach energy. We deduced the Urbach energy for the films from the plots of
𝑙𝑛 𝛼 vs. ℎ𝜈. The value of 𝐸𝑢 is calculated from the slope of the linear region of these curves varied from 344 meV to
192 meV .
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Fig. 7: A plot and linear fit of 𝑙𝑛 𝛼 against the photon energy ℎ𝜈 for Au/SiO2 deposited at different argon pressures.
We have plotted in Fig. 8 te value of 𝐸𝑔 against 𝐸𝑢 . It is noticed that as the value of 𝐸𝑢 increases the bandgap
decreases and there is a linear relation and correlation between them.

.
Fig. 8: The relation between the bandgap energy and the width of Urbach tail for for Au/SiO2 cmposite films deposited
at different argon pressures
Taking the Urbach energy as an indicator of disorder in the material, the linear dependence, for the composite
samples, between the later and the energy gap is an evidence that the value of Eg is probably set by the state of disorder
or chemical composition, in comparison to the semiconductor thin films.
IV. CONCLUSION
Au/SiO2 nanocomposite films have been prepared by RF-sputtering technique. The effect of argon pressure on the
structural and optical properties of the composite films was investigated. XRD anlaysis shows that the lattice parameter
of the Au NPs increase regularly and reach the bulk value.The transmittance measurements were taken at room
temperature in the wavelength range 200–2000 nm. The absorption coefficient, optial gap energy and Urbach tail were
deduced from the transmittance measurements .The increasing of the argon pressure decreases the disorder and it
therefore increases the optical gap. A linear relationship was found between the bandgap energy and the width of Urbach
tail.These results can give a design guide how to controle the properties of composite films by metal nanoparticles, who
can be used in divers applications depending on metal/dielectric combination and deposition processes, like thermal
solar conversion.
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