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Abstract

The tin oxide as a film was successfully prepared using the vacuum evaporation method. XRD, FE-SEM,
EDX, AFM, UV, and I-V characterizations are used to examine the morphological, structural, optical, and
electrical features of the material. The pure and tainted tin oxide film showed a crystalline structure,
and by adding bismuth oxide, this crystal structure was improved. Its optical energy gap was 3.096 eV
but when impurities were added the energy gap increased, the optical energy gap compound from the
ultraviolet region to the visible region making this compound sensitive to visible light especially blue

light with 450 nm with 74% photosensitivity.
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Introduction

As a transition metal oxide known as stannic
oxide, tin dioxide (Sn02) has been extensively
researched and employed. Potential
applications include transparent electrodes and
coatings, heterojunction solar cells,
optoelectronic devices gas sensors heat
reflectors flat displays photovoltaic cells dye-
based solar cells and thin-film transistors A. M.
Gheidari et al. 2015 - S. Ferrere et al. 1997. Due
to its high direct band gap (Eg) in the range of
3.6 - 3.9 eV at ambient temperature, Sn0; is an
n-type wide band gap semiconductor oxide that
is very transparent in the visible range 90
percent C. Yasemin et al 2009, K. Ravikumaret al
2018. With electrical resistivity ranging from 10
to 106 (), depending on temperature and oxide
stoichiometry.

Deposition techniques such as DC/RF
magnetron sputtering, thermal evaporation,
sol-gel, aerosol spray pyrolysis, chemical vapor
deposition, hydrothermal process, and others
have been used in an attempt to deposit Sn0O;
thin films utilizing a variety of deposition
techniques M. A. Gubbins et al

2002- Z. Yuanet al 2008. A chemical compound
of bismuth Bi,03 is an essential semiconductor
compound for researchers because of its optical
and electrical properties, such as a broad
energy band gap. Bismuth has five polymorphic
forms a-3-y-6 and w B. K Hasson et al 2016- R.
S. Aliet al 2014.The goal of this research is to
create high-quality SnO; thin films for
optoelectronic devices by modifying the growth
conditions with the addition of additional
materials.

Methods

Powders of 99.9% purity were employed in this
experiment for tin and bismuth. Tin was used as
the base material (1-X), with bismuth added in
an amount x = (1%) of the gram weight as an
additive. Blend the ingredients in an agate
grinder for 30 minutes after adding the bismuth
to the tin. They are then placed in a steel mold
and pressed to a pressure of 5 t/cm? for 5
minutes before being dried in the oven.
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Thin films of Sn0:-Bi;03; are prepared by
vacuum evaporation system with an
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experimental technique (1.8X10-°mpa) was
used. The experiment revealed that the weight
of the material inside the molybdenum boat
causes a thin film to be deposited on the glass
and silicon base of the boat with a height of (10-
12) cm. Because of the different melting points,
the process evaporates quickly, which prevents
the synthesis from decomposing. It was decided
to utilize the molybdenum boat since the
mixture does not adhere to it and does not float
on it when it evaporates, but the tungsten boat
does. For 60 to 90 minutes the thin film then
oxidized at 450°C in an oven.

Results
XRD analyses

The structural properties of Sn0O, and SnO;
doped with (1%) Bi»03 films were examined
using (SHIMADZU-Japan-XRD 6000). Figure 1,
shows the result of prepared samples which
reveal that the structure have a cubic phase
with perverted direction (110.101.200.211) It
is dominant at the angle (26.4,33.8,37.9,51.7)
and the intensity of the peaks increases when
bismuth oxide is added, and some compound
elements appeared in the membrane structure,
including (Sn304, Sn0), and the average particle
size was using the Debye-Scherer equation
between (55- 70) nm, and these results have
been agreed with researchers C. Geoffroy et al.
1991- A. Montenegro et al.2007.
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Figure1. XRD SnO; and Sn02/Bi;0s - 1% wt.

Morphology characterization of SnO; pure and
SnOz/ BizO3

Figure 2, Shows a FE-SEM image of SnO; thin

films, as well as a graph of the crystals diameter
distribution and an EDS histogram. According
to the morphology analysis, the sedimentation
parameters allowed that the shape of the
material is similar to sand crystals. The average
diameter of nanocrystals was (10 - 25) nano.

EDS showed that the percentage of oxygen was 683

about 71%, tin was about 30%, and the
membrane was evenly and smoothly
distributed.
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Figure 2. (a) FE-SEM images, (b) EDS spectrum
of SnO0y, (c) histograms of diameters with
Gaussian distribution.
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Topography analyses

The surface shape of the samples was examined
using (AFM) analysis and revealed a
polycrystalline granular morphology with
particle size average pore diameter depth and
surface roughness for Sn0;. We see the results
of AFM analysis of pure and doped thin films in
Figure 4, the 3D photos demonstrate that the
tin oxide surface layer is well covered with
particles that are dispersed virtually uniformly
over the surface. The 3D images show separate
vertical cone particles in the thin films

(b)

The SnO; film shows an average surface
roughness of (15nm) which may be due to a
little accumulation of the material. The average
surface roughness decreases when the green
material is added (11nm) and the average size
of the surface peaks decreases from (84 - 53)
nm. The addition of bismuth oxide may have
reduced the surface roughness and granular
size to surface morphology; this result is in
agreement with previous work S. K. Muhammad
etal 2020.
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Figure 4. (a), (b) 3D AFM images of pure Sn0; and Sn0>:Bi»03 at (1% wt), (c), (d) crystal distribution
diameters.

30ptical Characteristics

Shimadzu1800-]Japan spectrometer was used to
explore the optical properties of thin coatings
on glass substrates, which measured
permeability and absorption at wavelengths
between (300 and 1100) nm. Pure tin is
depicted in this figure's optical in Figure 5 was
the absorption coefficient obtained using
formula

a=2303(%)

Where, t: is thin film thickness, A: absorption.
And

energy gap calculated using formula
(hwa)y = p(hv — Eg)"

Where hv is energy of photon;  is a parameter;
y is index take the value 2 to calculate direct
allowed transitions. According to the results,
the tin oxide thin film has an optical power gap
of (3.096 eV), which is shown in Figure 5. The

(1) optical bandgap was found to rise when
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bismuth oxide was added to the mixture. G.
Shanker et al. 2019- R. Brahma et al. 2006.
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Figure 5. The Results of UV-VIS (a) Absorbance (b) Energy gap.

I-V characteristic

To understand the predominant conduction
mechanism of SnO; relative to the membrane,
charge transfer measurements were performed
in a sandwich structure. The current-voltage
characteristics of the Sn0; and Sn0,/Bi;0; films
are shown in
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Figure 6. AL contacts are made of surface type
(Co-planar). The films Measured at room
temperature, in dark and light conditions Apply
voltage values between 0.1 to 5 volts and
luminous intensity (300) watt, the ohmic
current mechanism predominates in the SnO;
films R. H. Bari et al 2015, E. Guneri et al. 2009.

Figure 6. [-V characteristics (a) SnO2 (b) Sn02/Bi,03-1%

Photodetector

When the films were exposed to light at a
specific wavelength of 450 nm at an intensity of
0.4 mW/cm? for a period of time, the sensitivity
was measured at Aex excitation wavelengths of
450 nm, with the lights on and off every 20
seconds. Sensitivity values for pure SnO; and

0.6
Dark .
Light| SNO2/Bi,0;
0.3
% faWal
\>/ T T oo T 1
>-6 =3 3 6
0.3 1
-0.6-
Current (mA)
(b)
Bi;Os-doped were calculated using the
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Ipn is light current and Id is dark current

The best sensitivity value was 74% for the
Sn0;/ Bi203.Photons are absorbed by Sn0O; and
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Sn0,/Bi;03 compounds when their energy
equals or surpasses the semiconductor
bandgap. when the sample exposed to light the
the current increases dramatically with a rise
time of (11.2 sec) and takes (0.8 sec) of fall time
to return to the steady state

when the light rotates as shown in the Figure 7,
and back-to-low current, where rise time is the
amount of time required to change the detector
output between specified percentages (eg, 10%
to 90%) of the peak value during rapid
illumination .Choosing a detector with a rise
time of 1/10 of the smallest pulse duration to
be detected is a suitable working rule A. B. Ali
Baig et al. 2020.

When the light is turned off when the light is
turned off, the fall time (t¢) is the time it takes
for the detector to return to its starting state
before illumination (i.e. dark state). To put it
another way, it's the time it takes for a response
to drop from 90% to 10% of its maximum
value. The photocurrents of SnO, doped with
Bi»03 as a function of time. The rapid reaction
(response) and fall times of the photodetector
are the most important characteristics, as seen
in Fig 7.
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Figure 7. The time-dependent photocurrent (a)
the SnO; (b) Sn02/Bi;03 composite under
on/off Aexc. 450 nm.

Conclusions

Polycrystalline tin oxide doped with (1%) Bi»03
were prepared by thermal evaporation, where
the crystallite size increases stilly with the

100

adding Bi;03; also the surface roughness
decreases, the amount of surface peaks
decreases, the energy gap increases, and it
behaves like an ohm in the dark and light state,
at this doping the current starts to remain
stable and as the voltage increases.
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