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Abstract:

In this work, the effect of atomic ratio on structural and optical properties of SnO,/In,O;3 thin films
prepared by pulsed laser deposition technique under vacuum and annealed at 573K in air has been studied.
Atomic ratios from 0 to 100% have been used. X-ray diffraction analysis has been utilized to study the effect
of atomic ratios on the phase change using XRD analyzer and the crystalline size and the lattice strain using
Williamson-Hall relationship. It has been found that the ratio of 50% has the lowest crystallite size, which
corresponds to the highest strain in the lattice. The energy gap has increased as the atomic ratio of indium

oxide increased.
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Introduction

The year 1907 was assumed to be the
beginning of the discovery of the first transparent
conductive oxide, where the cadmium oxide thin
film has been prepared using discharge under
vacuum and oxidized to get a material of high
transparent and good conductivity for first time by
Badeker (1).Subsequently, there was a list of
potential TCO materials which has been expanded
to include such as Al-doped ZnO (2) and indium tin
oxide (3) and many others. Today, the most famous
transparent conductive oxide is the indium tin oxide
(ITO). It is naturally an n-type semiconductor.
Indium oxide lattice is doping by tin atoms as
cations, doped substations in places and binding
with oxygen atoms (4). It has a wide energy gap
greater than 3.5 eV, solar cells and many other
applications that use transparent conducting layer
(5).1t is widely used in many optical and electronic
devices such as flat-panel displays , gas sensors (6).
Indium oxide possesses oxygen vacancies (7)is a
material with high electrical conductivity and
optical transmittance in the visible range (8).
Another possibility to increase the concentration of
free electron by doping it by donors such as Sn**(9).

The structural properties of semiconductor
materials are important factors affecting their other
physical properties such as their electronic
properties (10). The amount of impurities might
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influence the charge carrier mobility which affects
the electrical conductivity, in which the carriers are
scattered by grain boundaries and the lattice strain
(9).The optical transparency and conductivity of the
ITO films are highly affected by reducing its grain
size. The small grain sizes improve the uniformity,
and hence improving thin film properties (11).

The aim of this work is to study the effect of
atomic ratio of SnO,/In,03 thin films synthesized by
pulsed laser deposition and annealed at 573 K on
crystallite size and lattice strain and optical
properties of the composite.

Materials and method:

Tin oxide powder (SnO,) of (99.9 %) purity
and indium oxide (In,O3) of (99.998% %) purity,
from Sigma-Aldrich, have been mixed as molar
ratios of (0:100, 25:75, 50:50, 75:25 and 100:0) by
ball mill and pressed in mold of 1.5cm diameter.
The composite thin films have been prepared on
glass substrates under vacuum of 10° mbar by
Nd:YAG pulsed laser of 1064 nm wavelength, and
has 800 mJ pulse energy, 9 nanosecond pulse
duration and 6 Hz repetition frequency as shown in
Figl. The rotated substrate is placed parallel to
target surface at 2 cm separation distance. The
deposited films have been annealed at 573 K for 1
hour in the air. Thin film thickness was measured
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using a reflectivity spectrometer model (TF Probe
TM / Angstrom Sun Technology Inc.), about
200+10 nm for all samples. The final films have
been examined by x-ray diffraction from Shimadzu.
The crystalline size and lattice strain have been
determined to utilize the peaks broadening using
Williamson-Hall analyzing method. The optical
properties of the pure and composite films of
different ratios have been studied in the range of
300-1100 nm using UV-Visible spectrometer.
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Figure 1. Thin films deposition setup.

Results and Discussions:

Figure 2 illustrates the x-ray diffraction
patterns of the tin oxide, indium oxide and their
mixed films prepared by pulsed laser deposition
technique (PLD) and annealed at 573 K. All thin
films have polycrystalline structure. The x-ray
diffraction pattern for pure SnO, film has four peaks
located at 26.48° , 33.68° , 37.74° and 51.38°
corresponding to (110), (101), (200) and (111)
directions respectively. These peaks agree with the
standard card (96-210-4744) (12).

The X-ray diffraction pattern for In,O3; films
illustrates  polycrystalline structure with peaks
located at 21.52°, 30.50°, 35.28°, 45.54° 50.70°,
60.22° and 63.14° belong to the (211), (222),
(111), (400), (440), (622) and (444) directions
respectively of good agreement with the standard
card (96-101-0589) of In,O; lattice. The comparison
between samples with different 1n,03/SnO, ratios
illustrates that the increasing of In,O; ratio leads to
increase the in peaks intensities and decrease the
intense of SnO, peaks and completely disappeared
at the ratio of 0.75 ratio, this indicates that all tin
ions are contained in the indium oxide lattice. The
crystallinity has been increased as the ratio of In,0;
increased due to the increasing of peaks intensities.
This result is in agreement with Mei et al. (13).
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Figure 2. XRD patterns of SnO,, In,O3; and their composite films prepared at different ratios.

Figure 3 shows the 2D XRD patterns
corresponding to the composite ratio. It is imaging
of the phase conversion point. It is clearly that the
major phase of the sample of 25% In,02/SNO; is
due to the cubic In,O3 crystal phase. The increasing
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of the ratio up to 100% causes a shifting in the
intensities of the preferred peak (222) to higher
values as shown in Fig. 4 indicates the decreasing in
the interatomic distance (dnq) due to the reduced
lattice constant as the variation of lattice strain.
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Figure 3. 2D X-ray diffraction phase variation plot for SnO,/In,0; thin films at different ratios.
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Figure 4. (110) SnO; and (222) In,0; peaks variation according to composite ratio.

Figure 5 shows the planes of preferred  where the density per unit area is low. This leads to
orientation of indium oxide (222) and tin oxide increase in the X-ray diffraction at (222) plane,
(110) (formed by Diamond software) , the density which causes a higher intensity even in the lower
of atoms per unit area of (222) plane in indium ratio of indium oxide.
oxide is large, compared to those in tin oxide (110)

10.145 &

10.145 £

Figure 5. Planes of preferred orientatio for tetragonal SnO, and cubic In,03; by diamond
software (14) according to data from standard card no. 96-210-4744 and 96-101-0589 respectively.
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The lattice constant (a) for the cubic structure
has been calculated using the interatomic distance,
calculated from the Bragg angle (20) of the
preferred orientation peak according to a=

Vh2+k? + [?2dy;,;. 1t is clear that the lattice

constant has been decreased from 10.27 A to 10.145
A compared with the lattice constants of pure SnO,
of (a= 4.736 A and c= 3.187 A) with increasing
In,O5 ratio from 25 to 100% as shown in Fig. 6 due
to the difference between indium and tin ion radius.
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Figure 6. Variation of lattice constant (a) for 1n,O; with composite ratio.

The line broadening of x-ray diffraction peaks
in the form of Cauchy distribution is due to crystal
size effect and lattice strain, which are two
independent variables. The line width at half
maximum (By;) is the sum of the two broadening
effects which have been calculated using the
Debye-Scherrer formula and the broadening has
been caused by the lattice strain (15)

kA
ﬁhkl = m + 4 £ tan®

Where k is the shape factor which is equal to 0.94
for cubic crystals, L is the crystallite size, 4 is the x-
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ray wavelength, 6 is the Bragg angle and ¢ is the
strain in lattice
By rearranging the above equation, one get
(16)
kA .
Brricosl = -t 4 ¢ sinf

Williamson-Hall plot is the plot of B, cosé
against 4sin@. Utilizing the best linear fit, the
crystalline size has been determined from the y-
intercept, and the slope of the line equivalent of the
non-uniform strain (¢). The strain in lattice and
domain crystallite size of prepared SnO,/In,0O5 thin
films at different atomic ratios, have been calculated
using Williamson-Hall plot, as shown in Fig. 7.
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Figure 7. Williamson - Hall plot the pure and composite samples at different ratios.

The calculated strain and crystalline size
values have been compared with In,O; atomic ratio
in Fig.8. It is noted that the crystalline size has a
minimum value (32.4 nm) at the 50% In,Os/SnO,

ratio. While,
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ratio and has been increased with increasing the
the
behavior with maximum value of 0.00579 at the
same ratio, as shown in Fig. 8.

lattice strain has convenient
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Figure 8. Domain crystalline size and non-uniform strain of SnO,/In,O; composite thin films at
different ratios.

The correlation between non-uniform strain
and average crystallite size is shown in Fig.9. It is
observed that the particles with large average size
have less strain, which indicates that high

crystallinity can be reduced the lattice strain (17).
However, the samples with particle size below 40
nm have characteristic strain due to the small size
effect, as shown in Fig.9.
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Figure 9. The plot of lattice strain as a function of crystallite size

Figure 10 shows transmission patterns of the
pure and SnO,/In,05 thin films of 200 nm thickness
prepared at different atomic ratios. The
transmittance spectrum has been increased as the
ratio of composite increasing (the transmission at
500 nm has been increased from 70 to 92% with
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increasing In,0; ratio from 0 to 100%). There is a
sharp fall in the transmission curves especially for
In,0O3 thin film sample due to high crystallinity and
the reduction of the tail states near the absorption
edge (18).
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Figure 10. Transmission spectra of SnO,/In,05 thin films of 200 nm thickness prepared at different
atomic ratios.

The optical energy gap values (E,*) for the
pure and composite samples have been determined
using Tauc equation for allowed direct transition

shown in Fig. 11. It is clearly that EP‘ has been

increased as the atomic ratio of In,O3 increasing.
This result agrees with Klein et al (19) .
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Figure 11. (e¢hv)?vs. (hv) for SnO,, In,0O; and their composite films of different atomic ratios.

Conclusions:

Sn0O,/In,05 thin films have been prepared in
different atomic ratio by pulsed laser deposition
under vacuum. The structural properties studied
show that the indium oxide is a cubic phase even in
small atomic ratio. The domain crystalline size has
been changed as the atomic ratio changed and the
smallest crystalline size is found at an atomic ratio
of 50% due to the highest non-uniform strain in the

lattice (the decreasing of the crystallite size may be
cause more lattice strain). The optical energy gap
has been increased with increasing the atomic ratio
of indium oxide.
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