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ARTICLE HISTORY ABSTRACT

Tin Oxide (SnOy) is an n-type semiconductor with a direct bandgap of 3.6eV.
Received It is highly conductive, transparent, and gas sensitive. The SnO, can be
24 May 2021 unstable depending on certain parameters and methods to prepare it. In this
work, the thin film of SnO, doped with Al,Os was deposited by
Accepted electrospinning on glass substrates. The thin films were then annealed at
27 June 2021 100°C, 200°C, 300°C, 400°C, 500°C, and then the optical and physical films
were examined. Measurements of X-Ray Diffraction (XRD) and Microscope
Available online were performed for structural and morphological analysis. The optical
4 August 2021 characteristics were analyzed using the UV-Vis spectrophotometer. As the
annealing temperature increases, the optical transmittance also increases
due to the increase in film homogeneity and the degree of crystallinity of the

film. The rise in temperature leads to a decrease in absorption values.
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1. INTRODUCTION

Semiconductors are one of the most interesting and useful solids. They have been investigated
many times for their flexibility, electrical characteristics, and optical characteristics. SnOz is
included in the semiconductor group and has a large bandgap (3.6 — 4.0eV) [1-3]. SnO2 can be
used in many applications, such as solar cells and gas sensors [4-7], due to the large bandgap.
In addition to its electronic properties, SnO> also has unique optical properties [8, 9]. Among
other n-type oxide materials, SnO is most used in gas sensors to detect gas concentrations [10].
The practical performance of SnO: is dependent on its morphology, crystal defects, surface
properties, and crystal size. It is therefore necessary to control the morphology and size during
preparation in order to obtain the required chemical and physical properties [11-13].

There are many ways to prepare a thin SnO> film. Several synthesis techniques have been used,
such as solvothermal [14], co-precipitation [15, 16], sol-gel [17, 18] hydrothermal [19, 20],
solid-state reaction technique [21] and, microwave-assisted nanostructure preparation [22]. Sol-
gel-dip coatings, spray pyrolysis, pulsed deposition, and sputtering [23] are among the sol-gel
method. In addition, electrospinning can also be used to produce a thin SnO> film. Among these,
we employed the electrospinning method to synthesize SnO2 nanostructures as it has several
advantages such as that it has been reported to have successfully produced SnO; in the form of
nanofibers [24], a simple and versatile method to produce nanofiber from a wide range of
materials, including polymers, composites, and ceramics [25]. Apart from producing
homogeneous particles, this method is cheap and does not require any complicated tools.
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Electrospinning is a manufacturing technique involving an electrostatic driven process used to
produce electrospun fibers. It is a very simple technique to produce fibers ranging from
submicron to nanometre [26, 27]. In electrospinning, solid fiber is produced by continuous
stretching of the electrified jet due to electrostatic repulsions between surface loads and solvent
evaporation [25]. The solution formed at the end of the metal tip is highly electrified by a strong
electrical field. This technique required high voltage to induce the formation of a liquid jet.

However, SnO: is not stable due to its wide bandgap, and to make the nanomaterial more stable,
it must undergo doping and an annealing process [28-31]. Previous work has been reported on
how annealing temperature can change the properties of SnO2 [32, 33]. Among the studies that
have been conducted, it has been shown how annealing temperature can reduce the intrinsic
stress, improve the uneven distribution between the lattices and create a longer mean path for
free electrons to improve electrical conductivity [34] due to the improved mobility of the
carriers. High annealing temperature effects [35] should be considered to improve
nanocrystalline films and increase the particle size. Moreover, the high annealing temperatures
may increase the diffraction peak intensity to become sharper and stronger. This may be due to
a decrease in film homogeneity and the degree of crystallinity of the film [36]. The results show
that a higher annealing temperature results in a lower surface roughness and larger crystal size

[7]1.

Amorphous SnO; is usually produced at low temperatures. It is defined as a formless or
undefined material where it is not easy to determine the characteristics or properties of the
material. Therefore, it is not preferable to use material with this form in some electronic devices.
The conductivity of this type of material is also low and it will not exhibit good electrical
properties. SnO2, which has been deposited at such high temperatures, exhibits good electronic
and optical properties, however, such high temperatures cannot be used for all applications. For
example, for a film on temperature-sensitive substrates (plastic) or the deposition of SnO> films
on active devices, such as thin film solar cells or photoelectrodes. In such cases, low-
temperature deposition processes, such as the reactive magnetron sputtering, are required [37,
38].

In the work presented, the effect of SnO> doped Al>O3 thin film deposited by electrospinning
at different annealing temperatures (100°C, 200°C, 300°C, 400°C, 500°C) is investigated. It
focused mainly on physical and optical properties.

2. METHODOLOGY

This section describes the preparation of thin film samples of SnO> doped Al,O3 from start to
finish. The preparation process begins with the preparation of SnO2 doped Al.Os solution. The
next step is to prepare a SnO2 doped Al>Os thin film using the electrospinning method until it
underwent the annealing process. Finally, the characterization process for these SnO2 doped
Al>O3 thin films is described.

2.1 Preparation of SnO2 doped 10 wt% Al203 solution

To begin with, two solutions X and Y were prepared. A digital scale was used to weigh the tin
(1) chloride (SnCI2H20) and the Aluminum (111) Oxide powder.

Solution X was prepared by dissolving 1.5 g of SnCI;H20 and 0.08066 g (10 wt%) of Al,O3 in
7.91 ml of 1.0M Ethyl Alcohol. It was stirred with a magnetic stirrer, set to 300 rpm, and placed
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on a hot plate at 80 °C for two (2) hours. Furthermore, it was aged at room temperature for two
(2) hours.

For solution Y, 1.5 g of polyvinylpyrrolidone (PVP) was dissolved in 7.5 ml ethanol and 7.5
ml Dimethylformamide (CH3)2NC(O)H. The solution was stirred with a magnetic stirrer at 300
rpm. In addition, it was placed on a digital hot plate stirrer for two (2) hours at 80 °C. Next, it
was aged at room temperature for two (2) hours.

Finally, both solutions were mixed and stirred at 300 rpm for 24 hours at room temperature on
a digital hot plate stirrer.

2.2 Preparation of SnO2 doped 10 wt% Al2Os3 thin film

The solution of SnO> doped 10 wt% Al>O3 was deposited on 2.5 cm x 2.5 cm glass substrates
via the electrospinning method. The experimental setup for the electrospinning to prepare the
SnO; doped 10 wt% AlOs thin film is shown in Figure 1. In this work, the Al,O3was set to 10
wt% as discussed in Section 2.1. The solution was first filled in a syringe (10 cc/ml) with a 16G
tip of a stainless needle.

Second, the syringe was placed on the syringe pump and a high voltage of 18 kV was applied
to the 16G needle. The syringe pump and target rate were then set at 0.250 ml/h and 0.5 ml/h
respectively. While the rotary drum machine was set to rotate the glass substrates at 250 rpm,
the distance between the needle tip and the glass substrates was measured at 10 cm. When the
voltage was applied to the tip and the collective target plate, the fluid jet was ejected from the
tip of the needle.

The SnO> doped 10 wt% Al>Oz3 thin film deposition process took 1 hour to complete. Finally,
all samples were annealed in a vertical furnace at 100°C, 200°C, 300°C, 400°C, 500°C for one
(1) hour.

Figure 1: Electrospinning set up to prepare the SnO; doped Al,Os thin film
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2.3 Thin-film Characterizations

Descriptions of characterizations of the thin films are discussed in this section. The
characterizations that were carried out were physical and optical properties. The optical
properties of the thin films were analyzed using Ultraviolet-Visible Spectroscopy (UV-Vis) for
all samples in the 300-800 nm range. Whereas the crystallinity characteristics were examined
by X-ray diffraction (XRD) and the surface morphology was observed by a microscope.

3. RESULT AND DISCUSSION
3.1 Microscope measurement

Figure 2 depicts microscope images featuring SnO2 doped Al-Os thin film surface morphology
at different annealing temperatures. A nanofiber-like structure for each sample was observed in
the microscope images. The average diameter obtained from microscope images below 50 x
magnification is shown to be 580, 493, 693, 650, 383 and 360 nm at 25°C, 100°C, 200°C,
300°C, 400°C, 500°C, respectively. The value of the diameter is shown in Table 1. As
illustrated in Table 1, the diameter size showed a decrease in value as the annealing temperature
increased from 25°C to 500°C. The reduction in grain size can be attributed to the improved
crystal quality as the annealing temperature increased [39].

Figure 2: Microscope images of SnO: doped 10% AlL:Os under 50x magnification at different annealing
temperatures (a) 25°C, (b) 100°C, (c) 200°C, (d) 300°C, (e) 400°C, and (f) 500°C
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Table 1: The average diameter size for different annealing temperature

Temperature (°C) Average diameter size (nm)
25 580
100 493
200 693
300 650
400 383
500 360

3.2 XRD Analysis

Figure 3 shows the XRD pattern for all samples at which revealed the amorphous or non-
crystalline solid concerning the increased annealing temperature. Furthermore, all samples
showed broad humps at 26 = 28°. The width of the humps is similar for all samples as the
annealing temperature increased. Two possible explanations are that the annealing temperature
is low and that the average crystalline size decreases as the molar concentration increases [40].
According to [36], the best temperature for SnO. preparation is above 500 °C. It has also been
reported that as annealing temperature increases, the intensity of diffraction peaks increases and
becomes sharper and stronger [37]. We conclude that the low annealing temperature is closer
to the amorphous phase transformation than to the crystalline phase.
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Figure 3: XRD pattern of SnO: doped wt% ALO:s at different annealing temperatures 25°C, 100°C, 200°C,
300°C, 400°C, 500°

3.3 Optical Properties

Figure 4 shows the optical transmittance spectra of SnO. doped 10 wt% Al.Os thin film
deposited with various annealing temperatures. The transmission of all samples was between
14 T% and 62 T% at 350 nm wavelength. The optical transmittance has not increased or
decreased as the annealing temperature increased. The highest transmittance was found at
350°C, with 62 T%, and the lowest transmittance was found at 100 °C, with 14 T%. This is due
to the amorphous phase of SnO2 doped Al>Os obtained in this work. As reported elsewhere,
when annealing temperature increases, the transmittance increases due to the increment in film
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homogeneity and the degree of crystallinity of the film. From Fig. 3, with 500°C annealing
temperature, it can be observed that there is a peak shift to a shorter wavelength (blue shift)
[38]. These results are in agreement with the previous research [41, 42].

Figure 5 shows the absorbance spectra for all samples of SnO. doped 10 wt% Al.Os thin film
at different annealing temperatures. Showing clearly from this figure, the nanoparticles have a
low absorbance value of 0.24 for 300 °C annealing temperature and a maximum absorbance
value of 1.0 for 100 °C annealing temperature at 350 nm wavelength. All measurements were
made within the visible range (300 — 800 nm). The absorbance edge (peak) shifted to a shorter
wavelength when a high annealing temperature was applied to the sample. Figure 5 does not
show an increase in the annealing temperature leading to a decrease in absorption values as the
samples are in an amorphous phase. Both Figure 4 and Figure 5 show a significant increase at
200 — 300 °C, which could be attributed to the sample's treatment process at 200 °C, whereas at
300 °C onwards, it begins the annealing process, which modifies a material's microstructure to
change its mechanical or electrical properties.
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Figure 4: Transmittance spectra of SnO. doped Wt% AlLOs at different annealing temperatures 25°C, 100°C,
200°C, 300°C, 400°C, 500°.
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Figure 5: Absorbance spectra of SnO2 doped Wt% ALOs at different annealing temperatures 25°C, 100°C, 200°C,
300°C, 400°C, 500°C
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4. CONCLUSION

SnO; doped Al>O3 was successfully deposited on glass substrates using the electrospinning
method with different annealing temperatures. The fiber — look structure showed a reduced
diameter and the XRD pattern showed an amorphous peak as the annealing temperature
increased. While the optical properties are concluded, there is a peak shift to a shorter
wavelength at an annealing temperature of 500 °C.
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