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Abstract
In this work, the synthesis of titanium thin films on two different substrates (glass and
n-type Si), with thicknesses of 90 and 145 nm at two different times (5 and 10 min)
respectively, have been obtained. The thin films have been successfully deposited on
glass and silicon substrates using DC diode sputtering technique. The optical
properties of the prepared thin films have been checked out using the optical
reflectance spectrum. A significant reduction in surface reflectivity was observed at
(10 min) sputtering time. The structural properties of the prepared thin films were
studied using X-ray diffraction (XRD) and field-emission scanning electron
microscopy (FE-SEM). XRD results confirmed that titanium thin films had a
hexagonal structure with preferred orientation on (002). The images of FESEM
showed that all the samples had a uniform distribution of granular surface morphology.
The grain sizes of the Ti nanostructure were estimated using Scherrers’ analysis. The
thickness of Ti thin film increased as the sputtering time increased for both glass and
Si n-type substrates. The repeated experiments revealed that the most uniform Ti thin
film is on Si substrate (n-type) with particle size 10 nm at deposition time 5 min.
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1. Introduction
Titanium nanoparticles have gotten great attention due to their attractive characteristics. Thus, control of the structure
formation during film fabrication appears to be of great importance for a particular application. Titanium has been
utilized in the micro-electro-mechanical system, optoelectronic devices, bio-applications, and mechanical equipment
[1–9]. Many efforts have been made to obtain (002) orientation. Among various Ti orientations, the (002) oriented
Ti film was optimum for the (002) growth on Si wafers [10]. Therefore, the growth of highly (002) oriented Ti films
has been an important issue in sputtering. Ti thin films have been utilized in many applications such as biomedical
applications, and micro-electro-mechanical system equipment technology due to their specific characterizations like
excellent biocompatibility, and good thermal and chemical stabilization [11]. Titanium thin films can be largely
obtained utilizing diverse sputtering like direct current (DC) sputtering [12], radio frequency (RF) sputtering process
[13], high power impulse magnetron sputtering [14], which is a familiar process in the industry to achieve thin-films
with high reproducing and growth rate. DC sputtering deposition of titanium metal film in argon ambient ensures a
high deposition rate. The effect of the deposition parameters like sputtering power and the separation between the
cathode and the anode on the characterization and structure of titanium thin films by the DC sputtering technique
has been studied by many researchers [15-20]. While few researchers have studied the deposition of titanium thin
films by the RF sputtering process, RF sputtering can get a feature of a high ionization degree according to the
vibrations of the electrons in the plasma [21]. Meantime, there are other techniques like bias sputtering [22], and ion
beam assisted deposition [23] to set ions energy in the plasma since the substrate influences the deposition properties
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of thin films. However, an electric bias in these techniques would be used toward the anode, which can overlap
within the plasma or require complicated and costly requirements. So the DC sputtering technique can be considered
a simple and low cost to obtain metal’s and alloy’s thin films [24]. In the physical vapor deposition (DC sputtering
process), an electron is accelerated from the cathode toward the argon atom and collide with it to produce the argon
ion, this ion has a positive charge, so it will attract toward the cathode to eject an atom from the target toward the
substrate. This process will be repeated many times until the thin film is formed [25]. Plasmonics includes the
sciences and applications of noble metal structures that lead and influence visible light at nanoscale lengths—much
smaller structures than the light wavelength [26]. Plasmonics is predicted to be the key nanotechnology to merge
electronic and photonic elements on the same chip [27]. The plasmonic characteristics are responsive to change in
the local insulation environment, that is at present associated with the size, shape, and spacing of the utilized metal
nanostructures [28]. Establishing metal nanostructures for optoelectronic devices can be the most hopeful way to
improve the device's performance while keeping the same size [29, 30]. Till now, very large advances have been
made towards plasmonic improved optoelectronic devices, for example, in solar cells [31], photodetectors [32], and
LED’S [33]. In the current work, titanium nanoparticles have been deposited on glass and n-type silicon substrates
via DC sputtering technique then investigated the sputtering time effect on the particle formation.
2. Experimental Work
A schematic diagram of the DC sputtering system is shown in Figure 1. Titanium disc of 4.7 cm diameter and 5mm
thickness with 99.9% purity supported from SIGMA-ALDRICH has been located on the cathode in the sputtering
chamber. Glass and n-type Si (111) with 5–40 Ω cm resistivity and 0.45 mm thickness have been used as substrates
for the deposition, these substrates with sizes of 1 cm x 1cm have been cleaned with ethanol in a digital ultrasonic
cleaner device (model / CD-4820) for 15 minutes. Next, these substrates were rinsed with distilled water. After that,
they were dried at room temperature and placed on the anode in the deposition chamber. However, it can be directly
heated by an electrical heater as another way for drying to eject all impurities. Plasma in the deposition chamber was
generated by the glow discharge of argon gas at a maximum pressure of 1.5 mbar and a flow rate of 500 SCCM. The
separation between the cathode and the anode was 7 cm. A discharge current of 15 mA was used in this work. A
rotary pump has been used to discharge the tube to a vacuum below the 2.4 10 −2 mbar. To investigate the sputtering
time effect on the formation of the particles, the experiment ran for 5 and 10 minutes, while the time 30 minutes was
to investigate XRD patterns. The optical properties represented by the prepared samples' reflectance were analyzed
using (AvoSpec-2048). While the structural properties of the deposited Ti thin films were taken using a (PhillipsXpert) x-ray diffractometer with (λ=1.54056 Å) as well as field emission scanning electron microscopy (FE-SEM)
(Carl Zeiss Auriga).
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Figure 1: Scheme of DC diode sputtering system.
3. Results and Discussion
The thickness of the prepared thin films has been obtained using an optical interferometer technique. This technique
is based on the interference of light beams reflected from the thin film surface and substrate bottom. The diode laser
of wavelength (532 nm) has been used, and the thickness is determined using the formula:
𝒅=

𝜟𝒙
𝒙

×

𝝀
𝟐

(1)

Where x is the Fringe width, ∆x is the distance between two fringes and λ is the Wavelength of laser light.
X-ray diffraction patterns are shown in Figure 2 at the range of 2θ ≈ 20° to 60° for the Ti thin films obtained
by DC diode sputtering on glass and n-type Si substrates. XRD peaks for Ti thin films on the glass substrate
were shown at 2θ ∼ 35° and 38° on the (1 0 0) and (0 0 2) planes, respectively. The same peaks have been
seen for Ti thin films on n-type Si substrate and (10 1) plane that showed at 2θ ∼ 40° according to standards
(JCPDS 00-044-1294) as in [34]. So, the reason for disappearing some Ti patterns from the XRD results
may be to return to the thermal stress induced in the thin film. From Figure 2, we can indicate that the
prepared thin films on glass and n-type Si showed high peak intensity over the plane (0 0 2). The (0 0 2) is
the preferential plane for thin-film growth on these substrates. Figure 2 reveals the hexagonal structure of
the prepared titanium thin films. The effect of the substrate type on XRD patterns of titanium thin films
was clearly shown in Figure 2. The grain size and dislocation density were changed due to the substrate
type. The growth of TiNPs on glass substrate exhibited greater grain size than that deposited on Si n-type
substrate, which agrees with previous research work of Francisco et. al [35]. The Scherrer formula was used
to determine the grain size of the titanium thin film (D) [36].
𝝀

𝑫 = 𝑲. 𝜷.𝒄𝒐𝒔𝜭

(2)

Where K is the shape factor of the average grain (0.9), λ is the X-ray wavelength (0.154056 nm for Cu
Kα1), β is the full width at half maximum of the diffraction peak in radians, θ is the diffraction peak angle.
From Eq. (2), the FWHM of the diffraction peak has an inverse relation to the grain size of the
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nanoparticles. As the nanoparticle grain size increased, the diffraction peak became sharper. The
dislocation density (δ), which represents the length of the dislocation per unit volume of the crystal, can be
determined from formula (3):
𝜹 = 𝟏/𝑫𝟐

(3)

Thin-film parameters from XRD results are presented in Table 1. The surface morphology of the prepared
films was identified using FE-SEM. Figure 3 shows similar, isolated granular surface shape morphology
with uniform distribution of TiNPs prepared in this work. These nanoparticles were homogeneously
distributed on the substrate surfaces. These images confirmed that, in a specific area, the distribution of
granules that form the crystals was increased with the increase of sputtering time. For the prepared samples
in 10 min, fewer surfaces of the glass and Si can be observed. Figure 4 shows the EDX mode of the FESEM
analysis of titanium nanostructures synthesized on different substrates at different sputtering times. The
EDX spectrum of each element composition was almost similar, except the weight of the elements was
different due to the change in the sputtering time. For TiNPs deposited on a glass substrate, approximately
18.3% and 31.1% weight of titanium was present in the prepared nanoparticles for 5 and 10 min
respectively, while TiNPs deposited on n-type Si substrate about 25.7% and 38.8% weight. The other
percentages were for other elements, as shown in Figure 4. The histogram of Ti nanoparticles on glass at 5
min; Figure 5 (a), (b) changes from 10 - 190 nm, with a peak at 70 nm when deposition time rose to 10
min; Figure 5 (b), the peak will be at 100 nm. While the histogram of Ti nanoparticles on Si (n-type) at 5
min; Figure 5 (c), results in nanoparticles dimensions varying between 5 - 65 nm, with a peak at 10 nm.
Increasing the deposition time to 10 min, Figure 5 (d), the Ti nanoparticles will be varied between 12 - 120
nm with a peak at 24 nm. The reflectivity measurements as a function of the sputtering time, depending on
the reflectivity peak at the reference wavelength (Sodium line) 589 nm. Si is about (29%) based on the
dielectric constant value and the refractive index for the bulk.
n= √𝓔𝒓

(4)

Where ℰ𝑟 is about 11.7, n=3.4 at the air/Si interface, the reflectivity R= 29% according to:
R=(

𝒏𝟐−𝒏𝟏 2
)
𝒏𝟐+𝒏𝟏

(5)

While for the plasmonics Ti/Si, the reflectivity of this combination is 16.38% and 13.09% for sputtering
time 5 min and 10 min, respectively as shown in Figure 6. From these measurements, the deposition of a
metallic nanolayer on Si decreased reflectivity, especially at the 10-min sample, the lower curve in Figure
6. This will create a new understanding of reflectivity, where the plasmonic nanoparticles play an important
role in decreasing reflectivity. Each plasmonics nanoparticle will act as a localized fabryperot between the
surface of the based Si and the plasmonics layer. This will increase the possibility of photon absorption,
which implies a reduction in reflectivity based on the scientific fact that the R+T+A=1. The increasing
absorption in the plasmonics regime is strongly related to the sizes of metallic nanoparticles.
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Figure 2: XRD patterns of Ti nanoparticles (a) on glass substrate and (b) on Si (n-type) at 30 min.

Figure 3. FE-SEM of Ti nanoparticles at 5and 10 min (a,b) on glass substrate and (c,d) on Si (n-type).
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Figure 4: EDX of Ti nanoparticles at 5&10 min (a,b) on glass substrate and (c,d) on Si (n-type).
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Figure 5: Histogram of Ti nanoparticles size at 5&10 min (a,b) on glass substrate and (c,d) on Si (n-type).
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Figure 6: Reflectance spectra of Ti nanoparticles on Si (n-type) substrate at 5 min & 10 min.

Table 1. XRD parameter of Ti thin films on glass and Si (n-type).
Substrate type
glass

Si (n-type)

(h k l)

2θ(degree)

FWHM(rad)

D(nm) =0.9λ/βcosθ

δ=1/D2(cm-2)

(100)
(002)
(100)
(002)
(101)

35
38
35
38
40

0.015
0.018
0.016
0.020
0.014

9.7
8.08
8.7
7.3
10.3

1.1E+12
1.53E+12
1.30E+12
1.87E+12
9.4E+11

4. Conclusions
An efficient reduction in the surface reflectivity was achieved in this work by incorporating plasmonics TiNPs. The
obtained results refer to the ability to use plasmonics NPs in applications such as an anti-reflection layer. The effect
of sputtering time and substrate type was investigated in this paper. The Ti thin films thickness increases lightly with
the sputtering time. The results from XRD revealed that Ti's hexagonal structure successfully grows on glass and nSi (111) substrates via the DC diode sputtering process. According to Ti (002) peak intensity, the grain size of Ti
NPs deposited on glass substrate was higher than that deposited on n-type Si. The surface morphologies of the Ti
thin films indicated the formation of a granular surface when Ti is deposited on glass and n-type Si (111) substrate.
The prepared thin films exhibit preferred orientation along the (0 0 2) plane.
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