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Abstract. The Nb,Os films were successfully prepared on the quartz substrates using chemical method. Ammonium was
used as a main raw material with niobic acid solution at 12 M concentration. The XRD results ensure the formation of the
monoclinic crystalline structure of the niobium pentoxide. A wide optical band gap was obtained and found to be about
3.33 eV. Clear absorption in the UV region verifies wide range of the spectrum wavelength. The surface roughness
measurement indicates a good uniformity and crack-free surface. The films exhibit almost constant optical conductivity
irrespective of wavelength tunability.

INTRODUCTION

In the bygone decenniums, extended potentials have been made to improve different kinds of nanostructure in
establishing nanodevices like photodetectors [1, 2] field-effect transistors (FETs) [3, 4], light emission diodes
(LEDSs) [5, 6], and others. In specific, one of the generalities significant semiconductor devices, photodetectors that
transform optical signals to electrical ones possess broad implementations in binary switches, imaging,
remembrance storage, light communication, and optoelectronic loops [7-9]. Nb,Os is a novel material which has
established many substantial implementation in the domain of optical waveguides [10], antireflective or
antireflection (AR) coatings, interference filters [11-13], catalysis [14], electroluminescent and electrochromism
devices [15], gas sensing [16], biocompatible prostheses [17], batteries[18] and dye sensitized solar cells (DSSCs)
[19-21].

The pure niobia has an excessively complicated crystalline morphologic attitude, the confirming niobium oxide
as well as displays polymorphic with thermal treatment. In universal, pure Nb,Os possesses the structure of an
octahedrally coordinated NbOg in which deformations rely on how the polyhedrons are participated [22-24]. In
addition, the niobium-oxygen arrangement is complex and has narrow perversions in Nb,Os stoichiometry.
Therefore, highly influences the material physical attributes. For example, a little oxygen reduction leads up to the
transformation from insulating to n-type semiconducting conduit [19, 25-28].

Nb,Os is one of the helpful optical thin film materials on account of its desired characteristics, inclusive an
excellent chemical stabilization in air and water, corrosion impedance in both acidic and alkaline media and displays
band levels close to water redox potentials. The Nb,Os thin films have the characteristics of rise refractive index,
depressed extinction coefficient, and rise transparent proportion in the UV-vis-NIR (ultraviolet-visible near-infrared)
region [29, 30]. Furthermore, the Nb,Os thin films properties are exceedingly depended on the sputtered materials,
precipitation mechanisms, parameters of deposition, and its thicknesses [12]. Various procedures can be used to
precipitate Nb,Os thin films such as spin coating, thermal oxidation, magnetron sputtering, sol-gel methods, and
chemical vapor deposition [31-34].

This work presents the preparation of Nb,Os thin films on quartz substrate using niobic acid solution with
ammonium at a specific concentration of 12M. Surface morphology, structural and optical properties were
investigated and analysed.
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EXPERIMENTAL WORK

Niobium pentoxide powder (0.2 g) with ultra purity (99.99%) was used to prepare the Nb,Os colloidal solution.
Firstly, the powder was dissolved in hydrofluoric acid (HF) in water path at 100 °C and continuously stirred for 1
hour until the solution became totally transparency, giving an indication for total salvation of Nb,Os powder
according to equation (1). Next, DIW and ethanol were added to dilute the solution, and then ammonium hydroxide
NH3OH in 12 mol/l concentration was added to produce the niobium pentoxide colloidal solution according to
equation (2). The molar ratios for the added chemicals are 4, 1, and 1 for HF, DIW, and ethanol respectively. All the
above mentioned chemical reactions take the following chemical formulas [3]:

Nb,O; +10HF — 2H,[NbOF, ]+ 3H,0 )

2H,[NbOF,]+10NH,OH — Nb,O; 4 +10NH4F +7H,0 @

The thin films were prepared using the layer by layer spin coating growth at 1500 rpm for 1 min. The film was
dried in drying oven with 100 °C for 15 min on quartz, p-type and n-type silicon substrates. This process was
repeated three times to producing three layers of films whereby the thickness of each layer was measured to be 150
nm as observed on a scanning optical reflectometer (Fill metrics F20, USA). Heat-treated at 600 °C using a burning
furnace was also done. The structural properties of the prepared films were investigated by using x-ray
diffractometer (Shimadzu 6000), the grain size D, density of dislocation J, and strain ¢ were extracted using the
following equations [30, 35-37]:
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where D is the grain size in nm, £ is the peak full width at half maximum in rad, @ is the Braggs angle in deg. The
optical properties were investigated by employing T60 UV-Vis spectrophotometer in the range of 200-900 nm. The
energy band gap, Eg of the intended thin films was determined by extrapolating the linear part of the plot between
(ahv)? and the incident photon energy (Av) according to the following equation [38-40]:

(¢hv) = B(hv—Eg)"* (6)
where B is a constant and o is the absorption coefficient which dependent on the thickness (t) and the transmitting
(Trans) [41]
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Extinction coefficient, K and optical conductivity, o are also measured using the following relations [42-45] :
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Using SPM and atomic force microscope AFM the morphological properties were acquired.
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RESULTS AND DISCUSSION

Figure 1 shows the XRD patterns of the thin films. The diffraction peaks were located at 14.20, 17.20, 18.80
and 25.50 and corresponding to the (-203), (301), (-403) and (402) planes. All these peaks are dedicated to niobium
pentoxide peaks, and no impurities peaks like NbO appeared. Peak analysis verifies that the Nb,Os samples are
monoclinic crystalline structure due to the existence of dominant diffraction peaks according to standard cards No.
(00-037-1468). The grain size of the films was 9.4 nm, its dislocation density is 11.112 and the strain value is 0.23.
Figure 2 displays the transmission spectrum of the Nb,Os thin film.
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FIGURE 1. X-ray diffraction spectrum for the prepared thin film on quartz substrate

Optical transmission as a function of the incident wavelength is depicted in Fig. 2. The optical edge (shoulder) at
the UV region ensures the formation of the material with its typical energy gap. Based on the transmission spectrum,

the energy gap was estimated using equation (6) as portrayed in Fig. 3. Extrapolating the linear range gives the band
gap of about 3.33 eV.

100
90 |
80 |
70
60 |
50 |
40 e
30 |
20 |
10 |

0

T%

300 350 400 450 500 550 600 650 700 750 800 850 900
wave length (m)

FIGURE 2. Relation between the wave length and the transmission of the prepared thin films deposited on quartz substrate
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FIGURE 3. Estimated energy gap for prepared Nb,Os thin films on quartz substrate

Urbach energy could by calculated from the plotted graph of the natural logarithm of the absorption coefficient
and the energy of the absorbed photon. Fitting the liner part of the curve with a straight line as shown in Fig. 4
provides the value of Urbach energy.
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FIGURE 4. The absorption coefficient vs incident photon energy

Extinction coefficient, K and optical conductivity, o were also estimated by using equations 8 & 9, and shown in
Fig 5. The large value of K may be ascribed to structural modification in the samples. The optical conductivity is
almost constant throughout with nominal value of 1 x 10* .
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FIGURE 5. Extinction coefficient and optical conductivity as a function of wavelength

Morphological properties of the prepared Nb,Os thin film deposited on the quartz substrate are presented in Fig.
6 which is ideal for the quantitatively measuring the surface roughness and expedite the perception of the crystal
structures. Two and three dimensional AFM images of the films are illustrated respectively which reveals the
uniformity and cracks free surface with an average particle size of 250 nm.

37.81nm
35.00nm

30.000m
25.00nm
20.00nm
15.00nm
10.00nm
5.00nm

Onm

.I874.csm
CSPM Title

Topography

Pixels = (492,500)

Size = (25130m,25630m)

2500nm|

£ Z
z H

FIGURE 6. AFM images of the prepared thin film: (a) 3D image and (b) 2D image
CONCLUSIONS

According to the obtained results, it could be concluded that monoclinic Nb,Os thin films may be easily prepared
by employing chemical method using ammonia as a main raw material through chemical interaction with niobic acid
solution. The particle size was recorded to be 250 nm with a band gap of about 3.33 eV. There are no observed
impurities in the films that indicated its preparation procedure is successfully controlled. However, large extinction
coefficient is recorded.
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