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ABSTRACT

This study focuses on the thin film and related device based on indium tin oxide
(Sn0z2). It is produced onto glass and n-type silicon by spray pyrolysis and
thermal evaporation processes. The structural, optical, dielectric, and surface
properties of In-doped SnO:z layers are investigated, and important parameters
have been determined. A polycrystalline structure and a main orientation along
(200) are confirmed by X-ray patterns. UV-Vis measurements of Indium-doped
Sn02 layers show a transmittance peak of 95% and 97% in the visible band. A
wide optical band gap Eg of 4.06 and 4.13 eV is recorded and SnO:
nanostructures have been revealed. The electrical conductivity o(T) profile of
SnO: film is reducing as 1000/T values are increasing. An evidence of dark-light
conditions on the I-V characteristics of our diode based on In-doped SnO: is
confirmed. Effect of In-doping level on the parameters extracted from -V
characteristics is emphasized. The effect of light on the diode parameters, such
as ideality factor, saturation current, and photocurrent, is observed, which gives
it the possibility of being used as a photodiode.

Introduction

electrodes for  displays,
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semiconductor

ide band gap semiconductor
(Sn0z) with  high infrared
reflectivity, high transparency in
the visible, wide bandgap of 3 eV,
and high excitonic energy of 130
meV is among the attracted wide band gap
semiconductors [1]. These materials are
employed in various products due to their
interesting properties, including transparent

technologies, gas sensors, heating components,
and static surfaces [2]. Some elements are used
as dopants in order to improve SnO; properties
like Al, Fe, Sb, La, F, Gd, Pd, and Pt [1-9]. Gd
doped-SnO; nanocrystals are previously
produced [10]. Spray pyrolysis is a common
technique since it is simple, inexpensive,
unobtrusive, and environmentally friendly. In
this context, we focused on the effect of indium
doping, with various indium concentrations, on
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the ultrasonic sprayed SnO; layers. Investigated
behaviors including structural, morphological,
optical and electrical are studied. Spray
pyrolysis is previously used to create the
transparent p-n junction diode with a p-SnO/n-
Sn0O, composition [11]. The SnO,: Fe/p-Si
heterojunction tunneling transport
investigation is mentioned before [3]. SnO:
meets applications for photovoltaic cells [12],
sensors [13-14], transparent conductive coating
in luminescent devices are previously
mentioned [15-16]. A technique to enhance the
UV photo-response characteristics of Sn02/p-Si
based heterostructures using hydrothermally
produced nanorods is presented [17].
Researchers [18] have mentioned a previous
study on In-doped SnO; thin layer preparation
using the sol-gel method. According to reports,
thin films of Sn0O; that are pure and 15 and 30
Indium-doped show high transparency in the
VIS and IR bands. SnO;/boron-doped diamond
heterojunction photodiodes fabricated by RF
magnetron sputtering are mentioned
previously. Furthermore, Zener diode is studied
as ported by Xue et al [19]. From the
characteristics of the current voltage (I-V) the
electronic parameters, ideal factor, effective
barrier, flat band barrier height, series
resistance, and saturation current density of the
diodes are deduced. Under both low- and high-
light conditions, the photocurrent and
photoresistance are calculated. This study
involves the fabrication of 4, 6, and 8 nm
indium-doped SnO; thin layers and elated
diodes. It is investigated how illumination and
frequency affect the electrical characteristics of
a junction based on SnO,. In addition, the
influence of light on current-voltage and
frequency on capacitance-voltage
characteristics are taken into account. Wide
band gap diodes have been the subject of
numerous studies, but none have examined the
impact of indium in varying concentrations on
electrical and optical properties. Up to our best
knowledge rare are works mentioned on both
SnO; thin films and diode and no studies
reported on In-doped effect on structural,
optical and I-V measurements in both dark and
light conditions.

Journal of Engineering in Industrial Research
Experimental

In-doped Tin oxide thin films were produced
via a simple and costless ultrasonic spray
pyrolysis technique. The precursor was 0.1 M of
SnCly, 2H,0 diluted in methanol during 5 min at
300 °C followed by insertion of indium (3+)
chloride (InCl3) as a doping source. The doping
ratio In /Sn are 4, 6, and 8 % in the solution. A
thermal evaporation technique under vacuum
at 4.5 x10-5 Torr was used to deposit a 120 nm
thick gold contact. Using SEM inspection, the
films average thickness was found as 2 pm.
Structural study of SnO; films was achieved by
Rigaku X-ray diffractometer; model DMAX
2200, having a copper anticathode (Cu K,
1.544A in the range of 20 between 202 and 709).
A Shimadzu UV-3600 PC double beam UV-VIS-
NIR spectrometer was used to record the UV-
VIS-NIR transmittance spectra of the SnO; films
made at various indium concentrations. An
electrometer made by Keithley, model 65174,
was used to gauge the films' electrical
conductivity. Average thickness of films was
about 2pm. As a result, a diode made of
Ag/Sn0;/nSi/Au was produced and described.
A source meter, LCR HiTESTER Hioki 3532-50
served to do the electrical measurements. A 200
W lamp was used to evaluate current voltage
characteristics in the 20-100 mW/cm?2 by step
20 intensity range first in the dark, and then in
light. The applied frequency was in the range of
100 to 500 Hz, while the voltage was in the
range of -5to 5 V.

Results and Discussion
X- rays pattern analysis

The films reveal a polycrystalline structure,
rise preferentially in the direction (200), as
displayed in Figure 1. The intensity of (200)
peak augments with level doping while up to
4%, the intensity declines but 8% In-doped case
demonstrates lowest peak intensity. It is
observed also (111), (110), and (220)
orientations with different intensities, as seen
in Figure 1.
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Figure 1: X-ray pattern analysis of 4, 6, and 8% In-doped SnO; layers.

Table 1: Structural parameters of In-doped thin layers

In Level 20 (°) d(hkl) Grain size FWHM Direction
doping (%) A) A) )
4 26.76 3.3287 196 0.428 (110)
38.54 2.3341 406 0.230 (111)
44.78 2.0223 491 0.202 (200)
65.122 1.4313 448 0.233 (220)
6 38.6 2.3306 453 0.211 (111)
44.839 2.0197 462 0.211 (200)
65.181 1.4301 444 0.235 (220)
8 44.76 2.0231 289 0.314 (110)
65.21 1.4313 174 0.552 (200)
Table 2: Textural parameter, rain size, and lattice parameters, unit cell volume of fabricated films
Level doping TC Grains size a(A) c(A) Volume (A3)
(200)
(A)
4 0.84 491 4.044 4.038 66.06
6 0.84 462 4.039 4.05 66.23
8 0.51 174 - - -

Table 3. Comparison of In-doped SnO; films grown by several routes in terms of structural, optical, and
electrical characteristics

Growth route Crystal size Optical band gap Max of Ref.
(nm) (eV) T (%)/p (2xcm)
Spray pyrolysis 3.4 3.96 for In-doped ~82 [51]
Sn0;

Ultrasonic spray 17- 64 4.1 75% /104-107 [52]
pyrolysis

Co-precipitation - 3.18-3.11 ~85 [53]
Method

Sol-gel 481-6.8 3-4 95/ 6.08 x 10-3 [18]
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It is displayed a shift peak to the higher angle
20. A polycrystalline tetragonal rutile structure
synthesized by the spin coating method and
indexed diffraction peaks (110), (101), (200),
(211), (220), (310), and (301) of Sm3+ doped
Sn0; are located according to JCPDS card no
41-1445 as mentioned previously [20].
Location of peak, d(hkl) interlayer distance,
grain size, FWHM, and directions of In-doped
thin layers are summarized in Table 1.

The typical peaks of Sb-doped SnO; thin films
produced by a sol-gel spin coating process were
found at 26.61° 33.89°, 38.96° and 51.78°
corresponding to the planes (110), (101), (111),
and (211), respectively, indicating that
cassiterite tetragonal crystal structure was seen
in all samples [21]. It was reported that indium
(In3+), aluminum (Al3+), gallium (Ga3*), and
boron (B3+)-doped SnO, lattice improve its
structural, optical, and electrical properties
[18,22-23]. A3+ was well-known among metal
due to its smaller radius (0.54) than Sn** (0.71).
Our results were in well-agreement with those
cited before. The crystallite size In-doped SnO>
films was considered by well-known Scherer’s
expression [18]. The lattice constants a and c
were determined from the X-ray patterns.
According to (200) direction, the lattice
parameters (A) of Sn0O; were found to be a =
4.046 and c= 4.049, c/a ~ 1.0007 but by JCPDS-
41-1445 identification, were of: a = b = 4.737,
and ¢ = 3.185 [24]. Textural parameter, rain
size, and lattice parameters, unit cell volume of
fabricated films are listed in Table 2.

Transmittance profile

Understanding a material's optical constants is
typically very important for the design and
study of materials to be used in optoelectronics.
Furthermore, optical measurements are often
used to describe the composition and quality of
the materials. The transmittance spectrum can
be used to determine optical constants such the
dielectric constant, refractive index, and
absorption coefficient. In order to compare
transparency of In: SnO: films within 4-8%
indium doping level, the samples are produced
and analyzed. Optical transparency of films
based SnO; layer is plotted in Figure 2. An
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increment of transmittance from UV band to a
top of 87 % (at ~367 nm) at UV near band edge
is observed as indicated by arrow in Figure 2.

Our findings are in well agreements with those
of literature. Indium-doped SnO; recording
peak points of 95% and 97% in the visible
band, and 87% towards the edge of the UV band
as cited prior [18]. SnO; thin films exhibit
intense transparency in visible and infrared
ranges and Fe cation reduces it slightly as
reported by Ben Haj Othmen et al. [3]. Using
Tauc’s plot (not shown here), optical bandgap
(Eg) is found to be 4.09, 4.07 and 4.11 eV
respectively for 4%, 6% and 8% In-doped SnO;
films. The transmittance falls very sharply near
the UV range due to the onset of fundamental
absorption as shaped in Figure 2. In literature,
similar trends are found as cited by Chayoukhi
et al. for 2,4 and 6% Co-doped SnO layers
produced by spray pyrolysis route. A highest
transmittance point of 85% inside IR band and
a large bandap around 4 eV are recorded for
Co-doped SnO; layers [25]. Bandap around 3.4-
3.8 eV are mentioned by Kajal et al. for SnO;
films deposited onto FTO substrate at 400 °C
via the pulsed laser deposition (PLD) route
[26]. Pure and Al-doped SnO; thin films were
grown using sol-gel spin-coating process,
display a bandgap of 3.8 eV as a result of Al
cation insertion in SnO; lattice [27].

Transmittance of the films against wavelength
within 300-800 nm range describes a growth
from UV band to 87% in UV range (at 365 nm).
4% In shows a slight increase with respect to 6
and 8 % In doped cases. Discrepancy might due
to value of layer thickness. Additionally, the
absorption edge of samples is recorded in the
300-355 nm wavelength band [28]. The
variation in the absorption coefficient as a
function of incident photon energy for allowed
direct transitions is given by Tauc’s formula
[29],

(vAa)?=hv-Eg )

Where o is the absorption coefficient, h is
Planck’s constant, v is the frequency, and E; is
the band gap energy. The absorption coefficient
o is obtained from Beer’s law,

I=l,e*x (2)
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Figure 2: Transmittance variation versus wavelength of In-doped SnO; films.
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Figure 3: Description of refractive index of In-doped SnO; versus incident photon energy.
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Figure 4: 2D-scanned AFM pictures of 4, 6, and 8% In-doped SnO films.

Table 4: AFM parameter, RMS, E;, and refractive index values

Indium doped SnO; 4
sample (%)
Particle size by AFM (nm) 295
RMS Roughness (nm) 4.955
Eg (eV)
4.06
n (A=550 nm)
2.48

Where, a is absorption coefficient and x is the
thickness of the measured sample. Absorption
coefficient «, optical band gap Eg refractive
index n and thickness of the films are evaluated
from the transmittance/absorption spectra.
From (ahv)? plot vs. photon energy hv (eV) (not
shown here) and using extrapolation of the
linear part which intercepts the energy axis the
value of Eg is then determined. The data of
optical band gap E; comprises inside 4.06 and
4.13 eV, as listed in Table 4.

The normal incidence reflectivity R in terms of
refractive index expresses as [30]:

(n—1)%+k?
=(n+1)2+k2 (1)

The shape of refractive index versus photon
energy is shown in Figure 3 within the 1.5-4.5
eV range. It is observed that refractive index is
energy dependent, as seen in Figure 3, recoding
a highest value of 2.5 for 4%In doped inside
visible range. Wide band gap of our films is also
reported literature even the deposition route is
different like In- doped SnO; produced by sol-
gel, [18], a value of 4 eV is recorded by
Kamarulzaman et al. for SnO; nanomaterials

6 8
434 278
19.572 24.100
4.08 4.10
1.40 1.42

made by a self-propagating combustion process
[31]. It is noted that rutile SnO, nanoparticles
made by co-precipitation technique display a
band gap of 3.6 eV as mentioned by Mohanta et
al. [32]. Nanorods of SnO2, ZnO, and Sn0;/Zn0O
composites are fabricated via the hydrothermal
process. Band gap is included in 2.78-3.68 eV
range. Besides such found findings of Sn0./Zn0O
composite meet the optoelectronic and gas
sensing device applications [33]. Table 3
indicates comparison of In-doped SnO; films
grown by several routes in terms of structural,
optical, and electrical characteristics. Semi-log
curve of absorption versus photon energy (not
shown here) is considered. Urbach energy Eu is
determined via following equation [34]:

_ -k
b=

Based on optical properties in particular Inoa
versus hv plotting, Urbach energy (Eu) values
record 200 meV, 210 meV and 252 meV,

respectively, for 4, 6, and 8% In-doped samples.

2D-scanned AFM pictures analysis
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In semiconductor oxide thin films, the optical
and electrical properties are managed by
surface roughness and morphology as cited
before [20]. The atomic force microscope (AFM)
observation is shown in Figure 4. The following
images show that all coated films are dense and
homogeneously formed on the substrate, with
no cluster formation. Furthermore, the grains
are well distinct and spherical in structure, with
no cracks. Due to the doping level, the surface is
full of aggregates assembled in complete
surface brilliant and less bright with various
sizes ranging from 200 to 400 nm. Similar
nanostructures of Sn02:Ni/Cu are observed in
work of Lolly Maria Jose et al. [35]. The grain
size and RMS roughness of the Er-doped SnO;
films are determined using AFM measurements,
and the film surface had a saw-tooth structure
as cited before [36]. The Rms parameter is
calculated by Equation (3) [37]:

Y (zi-2)?
ers = IT (3)

Where, Zi represents the value of each point,

Z is the average of the Z values and N is the

2025, Volume 6, Issue 1

number of points. 2D-AFM scanned pictures
display the grains smoothness about 25.5 nm
recording diverse sizes and nanosphere and
nano-hexagon forms with diverse diameters
and configurations, as shown in Figure 3.
According to the two-dimensional profiles, the
texture of the 908 nm film appeared more
granular than that of the 373 nm SnO; film,
whose microscopic grains appeared
significantly smoother [38]. Size values and
optical measurements as a result of In-doping
level are gathered in Table 4. Nanostructures
are also revealed by SEM observation in some
TCO like TiO2 and ZnO as reported previously
[39-40]. Furthermore nanoparticle of meta-
oxide on carbon nanotubes are occurred as
mentioned previously [41].

Electrical conductivity dependency on
temperature
Figure 5 illustrates how the profile of

conductivity o(T) is reducing as 1000/T values
rise at 290-500 K.

100y

=
= o
= =

Conductivity (S/cm)

o
o
=)

2.4 2.6

2.8 3.0 3.2 3.4

1000/T (1/K)

Figure 5: Variation of electrical conductivity of In-doped SnOzlayers in terms of 1000/T.
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Figure 6: The measuring setup and the Ag/Sn0:In/Si/Au junction structure arrangement.

Due to In-doping rate, o(T) values range from
100 nS/cm to 100 S/cm whereas the 6 and 8 In-
doped SnO; layers are less conductive, the 4 In-
doped layers is more conductive.

The films display semiconducting activity, and
the semi-log figure displays one conduction
mechanism followed by a slope. From 100 S/cm
for 4% In-doped film to 100 nS/cm for 6% In-
doped one, electrical conductivity decreases
significantly. The critical device parameter E is
then derived from the slope as indicated by In
(o/c0)=-AE/kgT. The electrical conductivity
dependency on temperature T is expressed by
[42];

0 = 0y exp (— i—i) (4)

Where, oo is the conductivity at 1/T = 0, E is
the thermal activation energy, and k = 8.62 10-5
eV is the Boltzmann constant. It is early
mentioned that SnO,/FTO produced by PLD
exhibited a conductivity of 1.47 S/cm and a
bulk concentration of 2.6x102! cm3 [26]. As
reported in [27], a resistivity within the range
of 10-3-10-4 Qxcm was found in Al-doped SnO;
films. According to prior research, SnO;
nanostructures have a conductivity of 2-12
uS/cm [31]. Plots of In(o) vs. temperature of p—
n homojunction diode-based Ga-doped SnO:
determine the activation energy as ~22 meV,
close to the thermal energy at ambient (~25
meV) which confirms the fact that the
conductivity is governed by the thermal

excitation of bound holes [23]. The Ga-doped
SnO; layers as grown by reactive RF magnetron
sputtering process onto Si presented the
following parameters: a resistivity, mobility,
and a carrier density of 2.8 mQxcm, 228
cm?/Vs, and 9x1018 cm3, respectively [43].

Effect of light on I-V characteristics

Effect of light on I-V characteristics of Indium
doped (4, 6 and 8 % on SnO:) thin layer based
junction diode at room temperature is
evidenced. The measuring setup and the
Ag/Sn03:In/Si/Au MOS junction structure
arrangement is drawn in Figure 6. The semilog
plotting of current-voltage characteristics of
the prepared Al/SnO::In/Si/Al diode are
studied under dark within the bias voltage (-
2,+2) V range between, as shown in Figure 7. A
rectifying ratio (RR) is illustrated by two
branches that are drawn along the reverse and
forward bias voltage bands. RR is the lowest for
In 8% doped Sn0; based diode.

The highest values of current occurred at 2V
are 2.19 mA (4%), 1.54 mA (6%), and 1.45 mA
(8%). Inside forward voltage around 0-1V band,
a straight-line part of I-V curve obeying to
V>3kT/q condition postulated by thermionic
emission model is observed. Such portion of
curve confirms the value of ideality factor
greater than one. Using a (dlnl/dV) function,
the values of n and Iy are easily extracted for 4,
6, and 8 % SnO; based diode in dark-
illumination conditions.
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Figure 8: Effect of In-doping level on I-V curves in dark conditions.
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Table 5: Ideality factor (n) and saturation current (Io) of diode based In-doped SnO; layers
Ideality factor (I, value)

Light Intensity
(mW/cm?)
4
Dark 4.6 (830 nA)
20 3.4 (215nA)
40 3.5(231nA)
60 3.5(231nA)
80 3.6(266nA)
100 3.7(393nA)

In (%)

6 8
2.8(180nA) 4.3 (1pA)
4.2 (393 nA) 4.55(1.1pA)
4.2(400nA) 4.4(1pA)
4.1(400nA) 4.38(1pA)
4.1(397nA) 4.34(1pA)
4.2(465nA) 4.26(0.9pA)

Table 6: Photocurrent Iy, in dark at -2V, I= (3.8p4, %41n), (5.4 pA, %6In), and (17.9 pA, %8In)

Iph (pA)
Light Intensity (mW/cm?) In 4% In 6% In 8%
20 5.6 7.4 9.1
40 12.2 9.9 10.1
60 15.2 15.8 16.1
80 21.7 19.4 19.8
100 35.2 25.3 32.2

Table 5 summarizes ideality factor (n) and
saturation current (Io) of diode based (4%-8%)
In-doped SnO; layers. Effect of In-doping level is
evidenced in Figure 8 when device is kept in
dark. Arrows indicate effect of In-doping level
on -V values at -2 V and +2 V values. Figure 9
displays the [-V  characteristics under
illumination showing the wvariation of
photocurrent. The ideality factor (n) of the
diode at T=300 K is then expressed as follow
[44-45]:

n =3 (Gne) ©

Where, dIn(I)/dV signifies the slope of straight
part of the forward curve I-V, as seen in Figure
7.

The slope is 0.53 and n=38.67/ slope. At
ambient q/kT=38.67 and kT/q=0.02586V. A

value of ideality factor of 3 indicating the strong
effect of the series resistance in the linear
region is occurred. Furthermore, effect of In-
doping level is evidenced as portrayed in Figure
10 when device is kept in 100 mW/cm?
condition. Arrows indicate the effect of In-
doping level on I-V values at -2 V and +2 V
values. Light intensity decreases the ideality
factor (n) and the saturation current Iy values
for 4% In-doped SnO,. However, illumination
intensity increases both n and I, values to two
times approximately for 6%In doped SnO:, as
listed in Table 6, while a slight shift is observed
for 8 In-doped case. It is reported previously
that n swept within 2.75-3.58 range and Iy is
about 161-244 nA for p-Sn0O/n-Sn0O; p-n
junction diodes and SnO./Ag contact [11].
Diodes display a reverse saturation current of
137 nA and 164 nA by a conventional method
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recording (Ir /I;) ratio of 2 x105 and 10.2 at 1V
for two fabricated devices. The exponential

profile of the forward -current-voltage
characteristics depends strongly on the
property of active material used for

heterojunction. It is given in terms of voltage
and temperature as follows [46-47]:

I=1, [exp (%) - 1] (6)

The reverse saturation current is lp, can be
calculated by extrapolating the linear portion of
the semi-log I-V curve as previously expressed
[10]. Effective diode area is A=8x10-3 cm?, and
the Richardson constant is A* (112 A/cm? K2 for
n-type Si) [44-45]. The linear fitting reveals that
the saturation current Iy is determined. Figure 8
illustrates the I-V characteristics for 4, 6, and 8
In-doping under light conditions of 20-100
mW/cm? Figure 8 demonstrates how the
transport of photogenerated holes inside the
diode causes the current to grow with voltage
in the vreverse voltage region. The
photosensitivity  (Iph-lgark)/laark IS then
calculated at 100 mW/cm?, and the open circuit
voltage V. is approximately of 40 mV and very
small for other light levels as seen in I-V
characteristics for 8 %In case, and then V. is
about 0.02 V, is retrieved. According to Ben Haj
Othmen et al [3], SnO; diode has an ideality
factor of 2.95, and iron doping may climb it to
5.45. Likewise, it was stated that while the
height barrier remained nearly unchanged with
Fe doping, the saturation current and series
resistance rose. It is showed that two branches
of I-V characteristics are plotted showing an
effect of light within the reverse bias voltage, as
seen in Figure 9. Likewise, the semilog [-V curve

2025, Volume 6, Issue 1

of 4 %In doped SnO; demonstrates obviously
that exposure to light increased the forward
bias voltage. Hence, when V=-2V, a
photocurrent (Ipn) parameter is derived as
[ph=lin-ldark- In addition, the semilog I-V curve of
6% In-doped SnO; clearly shows an increase in
forward bias voltage due to the film being
exposed to light. Obtained values are listed in
Table 6. The SnO:/FTO current by PLD
technique rises nonlinearly for all the voltage
values and demonstrates the rectification
behavior, as previously reported [26]. For the
terminal voltage of 0.6 V, the computed
intrinsic voltage across diodes 1 and 2 is found
to be 0.346 V and 0.46 V, respectively. The
parasitic series resistance measurements for
diodes 1 and 2 are 8 KQ and 5 KQ, respectively,
as cited by Eqgbal et al. [11]. The electrons at
low illuminations are able to overcome the
lower barriers because the current transport
across the diode interface is generated with a
light level, so the current transport will be
predominated by the current flowing through
the patches with lower BH and a bigger ideality
factor. More and more electrons are able to
cross the greater barrier as the illumination
intensity is increased. The I-V curves are shown
for Au contacts on boron-doped diamond and in
contacts on Sn0O. These data demonstrate not
only that the contacts between the metal
electrode and the semiconductor are always
ohmic, but also that when PO increases, SnO;
conductivity falls, meaning that the Fermi level
of Sn0; finally leaves the conduction band as
reported by Xue et al. [19].
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Figure 10: Effect of In-doping level on I-V curves in 100 mW/cm? conditions.

Furthermore, more details are introduced in
this study, like effect of In-doping level is well
evidenced in Figures 8 and 10 both in dark and
illumination conditions. Therefore, the current
is influenced by In-doping level into SnO; lattice
at -2V, it is found to be ~17 pA, 6.2 pA, and 8uA
for 8%, 6%, and 4% In-doping, respectively, in
dark condition. However under light within the
reverse voltage range, radiation effect is very
important on the current as a result of light
intensity. It is revealed that top <100 pA is
recorded for 4 and 6% In-doping at 100
mw/cm2 and increases to 120 pA for 8%]In, as
seen in Figure 8. Dissimilar trends are observed
within forward voltage, current reaches 4% (>1
mA), 6% (~1 mA), and 8%In (950 pA)
approximately for all illumination levels. The 8
%In increases current as seen in (-2 V,0 V)
reverse voltage range but 4 %In rises current in
forward voltage range in particular curved part
of [-V characteristics. Recorded values of
current (pA) at -2 V are as follows: 9.549 (4
%In), 5.35491 (6 %In), and 19.043 (8 %lIn). But
in forward voltage, results are found to be 2150
(4 %In), 485. 398 (6 %In), and 15.786 (8 %lIn).
The results of this study reveal two different
sets of values. Under light, devices present:
38.6521, 29.3277, and 78.1644 pA for 4, 6, and

8 In %, respectively, in reverse, whereas 2700,
1700, and 1600 pA are confirmed in forward
biasing, as demonstrated in Figure 9. Prepared
by the spray deposition route, Al/Sn0z/p-Si (1
1 1) Schottky diodes demonstrates an ideality
factor of 1.9-2.6 as a result of substrate
temperature [48]. Altindal reported that n of
diode is increasing roughly (2.6 to 7) with
temperature lowering (350-80 K). Such values
reveal the trap-assisted tunneling and the
thermionic emission as the current transport
mechanism [49]. The Al/rGO-Sn02/ITO SBD
device demonstrates a saturation current of 11-
68 uA, as previously reported [50].

Conclusion

In-doped SnO; thin films and their properties
are successfully fabricated and investigated.
Besides, I-V measurements of Ag/Sn0,/nSi/Au
heterojunction are investigated under dark and
light conditions. Tetragonal crystal structure
along (200) orientation is revealed by X-ray
analysis. Strong transparency of layers is
recorded in particular for 4%In case within
visible band. Besides, the highest values of
refractive index are recorded for 4%In-doped
SnO; film. Nanosphere and nanohexagon forms
with diverse diameters and configurations are
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observed by AFM analysis. Electrical
conductivity of In-doped Sn0O; layers in terms of
1000/T is studied and discussed. When n is
around 3 higher than unity, this heterojunction
displays a non-ideal behavior. The rectification
factor and saturation current are measured
respectively. Effect of both dark and light on
electrical parameters as a result of In-doping
amount is well studied and well discussed. Such
results allow to our device the photodiode
applications.
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