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Abstract

In this work, the effect of annealing temperature T, on the structural and optical properties of
SnO; nanostructure prepared by spray pyrolysis method was investigated. SnO; films prepared on glass
substrate with thickness 250 nm by dissolved 2.2563 g of SnCl2.2H20 in 100 ml of ethanol then added
60 drops from concentrated hydrochloric acid (HCI).

After that the films were annealed at various temperatures (573, 673 and 773 K). X-ray
diffraction studies show that the structure of all SnO> films is polycrystalline with tetragonal rutile
crystalline structure with preferential orientation in the (200) direction.

The optical measurement showed that the nature of the optical transition has been direct with
average band gap energies have tendency to decreases from 3.98 eV to 3.73 eV with increasing of T..
The extent and nature of transmittance and optimized band gap of the material assure to utilize it for
photovoltaic applications.
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1. Introduction

The thin film physics is one of the most important physics branch that deals with system of

very small thickness it’s from ten nanometer to a few micrometer [1, 2]. Thin films technology that

play important place in the semiconductor application, It gave a clear idea of many of its physical
properties [3].
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Tin dioxide has been extensively studied for a long time for use as transparent oxide films in
optoelectronic devices such as sensor, solar cells, liquid crystal displays (LCD), photo catalysis,
lithium ion batteries, wastewater treatment, and large area flat panel displays.The SnO; thin films can
be doped with a wide variety of transition metal ions to meet the demands of these many practical
applications [4-8].

SnO; is n-type semiconductor with large exciton binding energy, wide and direct band gap and high
carrier mobility [9]. Over time, SnO> has proven to be the most commonly used semiconductor oxide
gas sensor that can detect a wide range of pollutant gases [10]. And it is inexpensive, non-toxic, and
can be fabricated via simple processes [11].

SnO; films have been fabricated using various technologies, including sputtering, chemical vapor
deposition CVD [12], spray pyrolysis , atomic layer deposition (ALD), pulsed laser deposition (PLD),
physical vapor deposition (PVD), sol-gel, spray pyrolysis [13-15] and Chemical bath deposition (CBD)
[12]. In this study tin dioxide thin films were prepared by the spray pyrolysis technique, the spray
pyrolysis technique is particularly attractive because of its simplicity, fast, inexpensive, vacuumless
and suitable for mass production.

2. Aim of the work
The purpose of this work is to finding the best temperature for creation of SnO> film and research of
their figure of merits characteristics.

3. Experimental Procedure

Nanostructure SnO> film was fabricated by spraying 0.1 M concentration of tin salt solution on glass
substrate at temperature of 450 °C, The solution was prepared by solving 2.2563 g of SnCl>.2H20 was
dissolved in 100 ml of ethanol then added 60 drope from concentrated hydrochloric acid (HCI) by
using drop by drop technique the solution put on magnetic stirrer for 30 minits. The addition of HCl
rendered the solution transparent, microscope glass slides, cleaned with HCL, distilled water solvents,
and then put in uletra sonic cleaner for 15 mints.after that put it in ethanol and distilled water solvent
and again put in uletrasonic cleaner for 15 mints, finally the substrates put in 100 ml of distilled water
and eject it then let it dry. The spray rate of the solution was adjusted to be one sprinkling in a minute
and the sprinkling time was about 10 seconds. The normalized distance between the spray nozzle and
the substrate was 30 cm. SnO; films were treated thermally at different temperatures (573,673, and
773) K for two hours in air.

The thickness of the films (t) was determined using the weighing-method as shown in the following
equation:

where Am represents the mass difference of slide after and before the deposition, A represents the area
of the film and p is the mass density, the thickness of the films prepared about 250 nm.

The structure of the films was examined by X-Ray Diffraction (XRD) using a Philips X-ray
diffractometer system which records the intensity as a function of Bragg's angle. The source of
radiation was Cu (ko)) with wavelength A=1.5406 A, the current was 30 mA and the voltage was 40
kV. The scanning angle 20 was varied in the range of 20°-60°
Atomic Force Microscope (AFM), (AA3000 Scanning Probe Microscope SPM, tip NSC35/AIBS)
shown in photo plate 3.5 from Angstrom Advance Inc. tests were employed to examine the surface
morphology.

The transmittance and absorbance of the films was measured using UV-VIS spectrophotometer
Shimadzu UV/ Visible recorder spectrometer model 12600 in the spectral range 200-1100 nm.

The intensity of light (I) after crossing thickness of material x in an isotropic medium can be estimated
by [16]:
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I= I, exp (—ox).......... (2)

where I, is the initial intensity.

4. Results and discussion

The results of XRD tests for SnO» thin film deposit on glass substrate shown in figure (1), which
indicates that, the structure of the films polycrystalline.

It is known that tin dioxide SnO: has a tetragonal rutile crystalline structure [17]. The unit cell consists
of two metal atoms and four oxygen atoms. Each metal atom is situated amidst six oxygen atoms which
approximately form the corners of a regular octahedron. Oxygen atoms are surrounded by three tin
atoms which approximate the corners of an equilateral triangle.

The major diffraction peaks of some lattice planes can be indexed to the tetragonal unit cell structure
of SnO; with lattice constants a =4.71 A and c=3.19 A, which are consistent with the standard values
for bulk SnO; (JCPDS-041-1445, card No. 96-900-9083) [17]. There are six apparent peaks with 20
values of (26.58 °, 33.8°, 37.87°, 51.64°, 61.7 and 65.7) corresponding to SnO; crystal planes peaks of
(110), (101), (200), (211), (310), and (301) respectively.

The crystallite reveals the nano size and the d space which determined from Scherer’s formula
equation (3) and Bragg equation equation (4) [18] respectively are listed in table (1).
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Fig.(1): X-ray diffraction (XRD) pattern of SnO: thin film at different annealing temperatures.
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Table (1) Experimental and stander XRD data for SnO: films at different annealing temperatures.

FWHM | dia G.S dui

(Deg.) Exp.(A) | (nm) | Std.(A)
26.5682 0.2749 3.3523 29.7 3.3498 (110)
33.8086 0.2342 2.6491 35.5 2.6439 (101)
RT 37.8717 0.2749 2.3737 30.6 2.3686 (200)
51.6395 0.2953 1.7686 29.9 1.7642 (211)
61.7006 0.4481 1.5022 20.7 1.4981 (310)
65.7026 0.3666 1.4200 25.8 1.4149 (301)
26.5479 0.2647 3.3549 30.8 3.3498 (110)
33.8289 0.2443 2.6476 34.0 2.6439 (101)
300 37.9226 0.2749 2.3707 30.6 2.3686 (200)
51.6904 0.3359 1.7670 26.3 1.7642 (211)
61.7821 0.2851 1.5004 32.5 1.4981 (310)
65.7943 0.3768 1.4183 25.1 1.4149 (301)
26.5886 0.3462 3.3498 23.6 3.3498 (110)
33.8086 0.2241 2.6491 37.1 2.6439 (101)
400 37.9124 0.2545 2.3713 33.0 2.3686 (200)
51.6497 0.2749 1.7683 32.1 1.7642 (211)
61.7312 0.3462 1.5015 26.7 1.4981 (310)
65.7332 0.3462 1.4194 27.3 1.4149 (301)
26.5580 0.2546 3.3536 32.1 3.3498 (110)
33.8086 0.2545 2.6491 32.6 2.6439 (101)
500 37.8717 0.2749 2.3737 30.6 2.3686 (200)
51.6293 0.2953 1.7689 29.9 1.7642 (211)
61.7108 0.3768 1.5019 24.6 1.4981 (310)
65.7332 0.3767 1.4194 25.1 1.4149 (301)

T(C) |20 (Deg.) hkl

Figure (2) shows surface morphologies of SnO> nanostructures. It can be seen that films are extremely
smooth with RMS surface roughness of less than 3nm. The surface morphology as in figure is shown there
are uniform distribution of homogeneous with columnar grains and an increasing in the grain size with
annealing. The estimated grain size of the films is in the range of (57.6 — 68.8) nm. The average surface
roughness, (RMS) values and the average surface grain size are listed in Table (2).

Table (2): Average crystallite size and roughness for as deposited and annealed SnO: thin films

from AFM Images.
Ta G.S (nm) Root mean Roughness Peak-peak
(K) square(nm) average (nm) | (nm)
R.T 57.6 1.6 1.23 7.1
673 62.3 5.9 4.04 21.5
773 64. 2 9.5 8.15 23.7
873 68.8 34 3.12 12.1
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Fig.(2): AFM images;: at (a:R. T, b: Ta=573 K ,c: Ta=673 K,
and d: Ta=773K)) of SnO: thin films.

The transmittances of SnO; films with different annealing conditions are shown in figure. (3). From this
figure one can be seen clearly that the transmittance of SnO- above 85% for all films. Generally the required
transmittance of transparent conductive thin film for solar cells and as such these results indicate that SnO»
thin films are a good candidate to be used as a window layer in solar cells.

100 -
80 -
60 -
N ;
= 40 4 ¢ ——a: RT
1 —— b: Ta=573 K
—c: Ta=673 K
20 1 d: Ta=773 K
0
250 350 450 550 650 750 850
A (nm)

Fig. (3) Transmittance spectrum as a function of A for SnO: film
at different annealing temperatures.
Figure (4) shows refractive indices (n) values for SnO,. The peak of refractive index at ~3.8 eV
corresponds to direct band gap transition. The refractive index, in general changes slightly with
increasing of annealing temperatures Ta and it is about 2.15 for all sample.
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Fig. (4): Variation of n as a function of hv for SnO: filmsat different annealing temperatures.

. The optical energy gaps for both allowed and forbidden direct transition have been calculated using Tauc

equation, equation (5): [16]

(ahv)= B(bv - E, )r ..... (5)

Where B is Tauc constant and hv is the photon energy, a is the absorption coefficient and r =1/2 for allowed
direct transition and r =3/2 for forbidden direct transition as in figures (5),(6).The energy gap E; of the
samples was evaluated from the intercept of the linear portion of each curve with the hv..The obtained values
of energy gap for different annealing temperatures are shown in table (3), Band gap lies in the range of
(3.98-3.72) eV our results are in good agreement with those reported in literature [19].

The values of optical energy gaps as shown decrease with increasing annealing temperatures this may be
attributed to the increase in the localizes levels near the band edges.
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Figure (5). Variation (ahv)? versus hv for allowed direct transitionat different annealing temperatures.
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Figure (6). Variation (a¢hv)?? versus hv for forbidden direct transition
at different annealing temperatures.

In polycrystalline semiconductors where there are localized states in their energy gaps, the absorption edge
becomes wide. The width of these localized states can be calculated by using Urbach rule [20],

Where the tails width (Eu) is Urbach energy which is calculated from the slope of the plot between Ina and
hv.as in figure (7). Our results are listed in table (3), which shows that (E,) decreases with the increase of
annealing temperatures (Ta). This effect can be explained as increasing of crystallites of films with annealing
leads to a decrease in localized state.
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Figure (7). The variation of (In a) versus hv for SnO: thin films
at different annealing temperatures.
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Table (2): The values of energy gap for the allowed and forbidden direct transition
at different annealing temperatures.

Eg (Ev)
Ta (K) Eu (Ev) Allowed Forbidden
R.T 1.172 3.98 4
573 1.103 3.86 3.85
673 1.034 3.83 3.83
773 0.926 3.72 3.73

5. Conclusions:

There are main conclusions that have obtained from this work.

From X-ray diffraction results can be concluded that the structure of SnO> films is polycrystalline
with tetragonal structure with preferential orientation in the (200) direction. Annealing process leads
to improve in the crystallization.

From the optical properties concluded that the optical transitions in SnO; is direct transition and value
of optical energy gap decreases with annealing temperature.
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