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Introduction

Metallic oxides belong to a wide band gap semiconductor family containing tin oxide (SnO,),
cadmium oxide (CdO) [1-2], indium tin oxide (ITO), indium oxide (In,03) [3-4] and zinc oxide (ZnO)
[5-7]. These materials are prepared using techniques such as sol-gel spin coating [8], spray pyrolysis
deposition (SPD) [9], hydrothermal route [10], sputtering [11] and colloidal solution route [12]. Sol-
gel spin coating and spray pyrolysis deposition techniques have been used in this study because
they are nontoxic, low-cost, facile, rapid, unobtrusive, and environmental and have a low
processing temperature. Nanoscale metal oxide materials have been attracting much attention
because of their unique size- and dimensionality-dependent physical and chemical properties as
well as promising applications as key components in micro/nanoscale devices. Nowadays layers of
zinc, tin and others metallic oxides become a multifunctional material and the most studied
material due to their various properties such as high transmittance in visible range, high reflectivity
in the infrared, wide direct band gap around 1.5-3.5 eV, large exciton binding energy at room
temperature, and mainly to the huge application areas in microelectronic, solar, photocatalytic and
sensors devices. All these encouraged characteristics of the multifunctional materials attract
researchers to use them in many applications like solar cells, light emitting diodes [13-14], sensors
[15], and field emission device transistors [16]. Nanoscale inorganic materials such as quantum dots
(0-dimensional) and 1-dimensional (1D) structures, like nanotubes, nanobelts, and nanowires have
attracted interest of many researchers’ attention within the last decade [17-20]. This chapter
provides a detailed overview of nanostructured oxides films such as ZnO, Sn,0, CuO and CdO and
provides a guidance study to researchers working in the nanostructured films and devices based on
oxides. Beside, semiconducting oxide sensors have been studied intensively due to their sensitivity
to a large number of gases. Due to their difference in morphology and roughness, the coated films
exhibit difference in optical and photoluminescent properties. Moreover, such coated layers
present difference in optical and electrical parameters due to their different crystalline structure
and optical bandgaps. The nanostructure of oxides growing by a simple and low-cost coating routes
namely jet nebulizer spray pyrolysis, spin coating and sputtering techniques are investigated. The
as-grown oxides onto corning glass, ITO and silicon substrates are analyzed by X-ray pattern, UV-
Vis-IR  spectrophotometer, atomic force microscope (AFM), and room temperature
photoluminescence set up. The electronic characteristics are carried out using Keithley source
meter in room temperature, under dark and light conditions. The variation of the sensitivity are
measured for SnO, layer coated over In,03 using the set-up constructed using a vacuum coating
unit. Several perspectives on future research on metallic oxide nanostructures are emphasized and
also provided.

Thin films and devices based on metallic oxides achievement
Polycrystalline structure of layers based on oxides

Polycrystalline structure of as-grown layers based on oxide is shown in figures 9.1-9.3. The (002)
orientation, for the pure and In doped ZnO (IZO) layers is observed. X-rays diffraction analysis of
120 films versus pure ZnO in the 20-100° range of angle 20 is shown in figure 9.1. At high substrate
temperature of 400°C, the film exhibits only a (002) reflection. All cases present a (002) plane with
different magnitudes, but the (101) and (103) orientations are only observed in pure and 1ZO
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prepared at substrate temperature lower than 400°C. Among the standard ZnO reflections, the
(002), (101), (102), (103) and (112) planes have been detected in the majority of films except the
120 films grown @400°C, which exhibits only the strong (002) orientation. However, all the as-
grown 120 films demonstrate a polycrystalline nature, fitting well with the hexagonal ZnO wurtzite-
type structure. No phases corresponding to In,O; nor to other zinc indium compounds are
detected. According to the standard card N* 36-1451-of ZnO polycrystalline structure, the (002) (20
~34.42°) plane is seen in all cases with different intensities. Although the (002) orientation, for the
pure and doped ZnO film is observed, the (101) plane varies decreasingly from the undoped to the
doped films.
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FIGURE 9.1
X-rays pattern of pure and indium (1ZO) doped ZnO grown by ultrasonic nebulizer spray , Bragg angle ranges
within 20°-100°, indexation of main peaks is shown. The I1ZO films are prepared at 250-300-350 and 400°C

The figure 9.2 shows the XRD pattern of the pure ZnO and CeO, nano compounds. There are
number of intensive peaks are observed from (111), (002), (200) and (112) planes for CeO, and
from (100), (101), (102), (110) and (103) for ZnO. These signals confirm the simple cubic and
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hexagonal lattice form of pure ZnO and CeO, nano compounds respectively. The corresponding
lattice constants are a=b=c=5.411 A for cubic and a=b=3.249 A; c=5.206 A for hexagonal structure.
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XRD analysis of CeO, and ZnO layers via spin-coating sol-gel method

The as-grown films are identified as polycrystalline SnO, with a tetragonal crystal structure and
preferred orientation along the (200) plane as shown in figure 9.3. The as-deposited layers exhibit
the tin oxide (Sn0O,) structure and no other phase than structure of Sn0O, is detected, as reports the
JCPDS card (N° 72-1147) data of SnO,. Pure tin oxide (TO) film exhibits intense peak at 2 ~ 37.8°.
The main strong peaks are (200), (211) and (101) as evidenced in figure 9.3 which identify the
tetragonal structure; the weak peaks (20>54°) demonstrate the presence of SnO, orthorhombic
structure. Besides, the peak (200) is very intense in the case of pure TO, Al level doping reduces it.
While (211) orientation increases with Al doping level mainly for 1.5 % and 8.5 % sprayed films.
Furthermore, (101) direction decreases with an increase of Al doping content, whereas the peaks of
orthorhombic TO cases become insignificant in the doped samples as seen in figure 9.3. Overall,
these peaks present roughly a peak broadening (FWMH increases) which leads us to report on
nanostructures formation. This report is confirmed by the slight grain sizes of as- grown TO samples
(see table 9.1). The increase of Al doping level leads to decrease in crystallinity degree, this result is
also reported in literature [21].
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TABLE 9.1

Structural (grain size according to (200) plane, lattice parameters a, Aa, ¢, Ac, the strain €,, along ¢ orientation,
unit cell volume V, AV/V), optical (T at 550 nm), morphological (RMS, grain size by AFM measurement)
parameters of pure and Al doped tin oxide Al:SnO, thin films produced by spray pyrolysis onto glass at 300 °C
[22]

Al Grain Lattice constants £, Vv AV/V T RMS Grain
leve | size (A) (%) (&) (%) (550nm | (nm) size
(%) | (XRD) ) (AFM)

(nm) (nm)
a Aa C Ac

20.98 4.745 0.008 3.201 | 0.016 0.502 72.104 90.28 88.252 10.41 90.28
1 26.81 4.718 | -0.019 | 3.218 | 0.033 1.036 71.660 149.31 75.475 19.09 149.31

1.5 21.61 4.712 | -0.024 | 3.212 | 0.027 0.848 71.342 41.67 80.701 15.82 41.67

3 19.83 4.707 | -0.030 | 3.219 | 0.034 1.067 71.343 27.78 77.439 10.84 27.78
8.5 21.57 4.715 | -0.022 | 3.211 | 0.026 0.816 71.394 101.56 77.435 11.52 101.56
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FIGURE 9.3

X-rays pattern of pure and aluminum doped SnO, grown by ultrasonic spray nebulizer spray, Bragg angle
ranges within 30°-70°. Al doping level varies within 1-8.5 % range
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The high transparent coated layers based on oxides

The optical properties of ZnO, SnO, and CuO and their related doped compounds are carried out
using an accurate UV-VIS-IR spectrophotometer. As shown in figures 9.4-9.6, the high
transmittance (> 80%) in visible and IR bands is distinguished.
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FIGURE 9.4

The UV-VIS-IR transmittance versus photon wavelength of ZnO films which have grown within the 250-400 °C
substrate temperature range

A sharp increase of transmittance from UV (<400 nm) to visible band (400<A<800 nm) is detected
and several oscillations in the Vis-IR ranges are observed as shown by arrow in figures 9.4-9.6.

The pure tin oxide presents only one oscillation in visible range of 88.25 %, at 550 nm, followed by
a slight decay and an increase in infrared spectrum from the wavelength of 1200 nm. In the visible
band, the transmittance of sample A (see table 9.2 below) reached a maximum of 81% around a
wavelength of 600 nm, followed by a decay of about 5% from 600 nm to the visible band edge. A
second maximum of transmittance is obtained in the IR spectrum and found to be 89% and the
transmittance is also decreased rapidly by 15% in medium and far-infrared band. Sample B
exhibited another variation of transmittance. This latter increased rapidly in UV-VIS shaped two
oscillations and highest transmittance is around 88%, and then decreased rapidly by 38% in the
VIS—IR band. High transmittance (90%) of SnO2 is obtained by Moure-Flores [23]. The structural
parameters of sprayed ZnO and I1Z0 layers are listed in table 9.3. A biggest grain size of 221 nm is
reached for the case of pure ZnO film produced @ 350 °C while the smallest one (17 nm) is
obtained for 1ZO layer @ 250 °C.
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FIGURE 9.5

The UV-VIS-IR transmittance dependence on the photon wavelength of sprayed Al:SnO, films produced at 300
°C. Black arrow showed the oscillations and average curve is sketched (brown solid line). (A: 0.5, B: 2, C: 3, D:
8.5 %Al doped Sn0,)

TABLE 9.2

Grain size by X-rays pattern, transmittance at wavelength of 550 nm, Transmittance at wavelength of 550 nm,
optical band gap, thickness of films and figure of merit, root mean square roughness and RMS (nm) of
sprayed Al:SnO, grown onto ITO glass substrate at 300 °C (sample A:0.5, B:2, C:3 and D:8.5 %) [1]

Samples Grain size T(550 nm) Eg(eV) Thick Figure of RMS
(Al %) by X-rays (%) (nm) Merit (nm)
pattern (xlO'3 Q'l)

(nm)

along

(211)

plane
A:0.5 11.4 80.74 3.46 231.5 12 12.52
B:2 11.3 83.51 3.55 297.6 0.1 209.63
C:3 8.1 85.15 3.45 238.1 49 25.55
D:8.5 42.6 74.85 3.25 232.7 7x 10 348.70

The optical properties such as transmittance and optical band gap from absorption data are
determined using a spectrophotometer in the range between 200 nm and 2500 nm as sketched in
figure 9.6. In UV band, the sample annealed @ 250°C exhibits a strong transmittance of 33%
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compared to the samples heated at high post-annealing temperatures and then sharply decreases
as wavelength shifts to visible edge and increases rapidly to reach a peak of 76% in the infrared
range @ 826 nm (1.5 eV) (showed by arrow in figure 9.6) and exhibits an edge around 520 nm. The
transmittance changes from 74% to 80% in the IR band, this property will give the sputtered CuO
special applications in micro-optoelectronic devices. Furthermore, the absorbance increases in the
UV region with increasing the annealing temperature. The absorption edge which occurs around
530 nm might due to the Cu,0 phase which is formed at lower post-annealing temperature and
vanishes to higher ones. This latter detail is confirmed by XRD pattern as indicated in table 9.1. As
seen in figure 9.6, curve of transmittance reaches a high point of 80% in the 450-830 nm
wavelength range. The absorption coefficient is expressed as follows [1],

InT

Where t is the thickness of films ranged between 120 and 255 nm, T is the transmittance and a is
the absorption coefficient.
A post-annealing effect on the sputtered CuO/Si device properties is described in table 9.4.
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FIGURE 9.6

Transmittance plot vs. photon wavelength of sputtered CuO layers post-annealed at several temperatures
(250-550°C)
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The performed nanostructures of films based on oxides

The area scanned AFM surface studies show nanostructures occurrence with different sizes, shapes
and orientations. The formed nanograins look like mountains. As shown in figure 9.7, the films
growth of Al-doped ZnO onto glass substrate follows the z-axis direction; the average height is
about 1 pm. The surface is composed with wrinkled long grains. The (10umx10um) scanned 3D-
view of Cd-doped ZnO layer exhibits a fiber structure where the fibers grow along z-axis direction as
seen in figure 9.8. While the Sn doped ZnO films presents tip topography along the z-direction up to
180 nm. Overall, the surface is homogenous with a few avoids, some grains seem to tip-mountain
with a broadened head and the estimated average grain size is around 1pum as shown in figure 9.9.
Prepared with a same coating process and speed of 1200 rounds per minute (rpm), 2% Cu-doped
CdO films surface exhibits a tip texture morphology as seen in figure 9.10. According to z-axis
orientation, the grains are separated with different heights (max. height=275.7 nm) as seen in
figure 9.10, the height of grains increased and the similar texture is observed for the 3% Cu doped
CdO layers (see fig. 9.11).

10 0pum O

FIGURE 9.7
3% Al doped ZnO onto glass substrate prepared by sol-gel spin coating process @ 1200 rpm
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FIGURE 9.8
3% Cd doped ZnO onto glass substrate prepared by sol-gel spin coating process @1200 rpm
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FIGURE 9.9
2% Sn doped ZnO onto glass substrate prepared by sol-gel spin coating process
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Coated pure CdO films present a grain size of 75 nm, while the Cu doping increases the grain size up
to 208 nm.
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FIGURE 9.10
2% Cu-doped CdO film produced on glass substrate @ 1200 rpm by sol-gel spin coating process
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FIGURE 9.11
3% Cu-doped CdO film produced on glass substrate @ 1200 rpm by sol-gel spin coating process
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Nanostructures of Al-doped SnO, are successfully produced onto ITO-coated glass via spray
pyrolysis method at a constant substrate temperature of 300 °C. To characterize the topography
and confirm the nanostructure property, we performed AFM observations on the Al-doped SnO,
films. Figure 9.12 shows the 3D-AFM views of 2 % Al-doped SnO, film produced onto ITO coated
glass substrate by spray pyrolysis technique. The films of Al:SnO, revealed roughly a homogenous
surface consisting of crystallites. The crystallites are grown from the inner towards the surface. The
AFM observation showed a large amount of grain agglomeration that looked like assembled
nanofoam with few voids. The average size is evaluated at 65 nm, and the root mean square
roughness (RMS) of films is of 210 nm. In addition, these nanograins are concentrated with no well
boundaries. Similar nanostructures SnO, morphology is found in literature [24]. It is confirmed that
Al doping level influenced grain structures as sketched in figures 9.12-9.13. Nanograin-like
assembled tips are shaped in the 0.5% Al-doped tin oxide film as observed in figure 9.13. Overall,
its surface is homogenous and grains have different sizes, look like tips with an almost circular base
and a very sharp peak. Moreover, nanotips are smooth (RMS ~12.5 nm) compared to those
obtained from other samples as listed in table 9.2, and grown along the z-axis. The nanotips grow
side by side with a high surface density (number of nanotips / um?) leaving almost no voids. These
configurations are in well agreement with those obtained by Chacko [24].
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FIGURE 9.12
2 % Al-doped SnO, film produced on ITO glass substrate by spray pyrolysis technique
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FIGURE 9.13
0.5 % Al-doped SnO, film produced on ITO glass substrate by spray pyrolysis technique

The 3D Atomic force microscopy image of the coated over In,03: SnO, films deposited in the
concentrations ratio of 50:50. AFM results show spherical grains in all the films with varied
smoothness as sketched in figure 9.14. The grain size of In,03: SN0, films deposited at 75:25
concentration ( not shown here) in each at 20 min time of deposition is smaller than that of the
films deposited at the concentrations of 70:30 at 20 min ( not shown here), which is also confirmed
in XRD result. However, at 20 min time of deposition, of different concentrations the size
distribution is non—uniform. Whereas, in the film deposited at 20 min time of deposition at 75:25
uniform grains are observed. The AFM image gives the RMS roughness value, which will be
indicating the film surface smoothness quantitatively. The RMS roughness value is of 3.05 nm.

l,‘?.‘sflm

¥

FIGURE 9.14
The Atomic force microscope (AFM) topography image for ITO films deposited for 25, 30 and 50 % SnO, doping
level. The foam-like structures called “aero gel” are observed
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TABLE 9.3
The (hkl) planes, the grain size (G), the dislocation density (d), the textural coefficient (TC), lattice parameters
(a, €) and strain parameter (€zz) of sprayed ZnO and indium doped ZnO (I1ZO) thin films onto glass substrates

[25]

Sample (hkI) G o) TC Lattice €
Planes (nm) (x 10'5nm'2) parameters
(A)

Zn0@350°C (002) 39 65 1.56 a=3.290
(101) 94 11 0.58 ¢=5.200 3.8x 10
(102) 221 2 0.86

1ZO@250°C (002) 24 1.7 x10 1.53 a=3.006 1.9x 10
(101) 17.5 3.2x10° 0.47 ¢=5.207

IZO@300°C (002) 28 1.2x 107 1.42 a=2.440 1.9x 10
(101) 22 1.9 x10 0.58 ¢=5.207

1ZO@350°C (002) 24 1.7x 107 0.75 a=3.252 0.15
(101) 24 1.6x 10 1.25 c=5.214

IZO@400°C (002) 30.5 1.07x 10° 1.92 ¢=5.215 0.17

The photoluminescent layers based on metallic oxides

The photoluminescence (PL) spectra of Zn doped CeO, is examined in the range of 350 -550 nm by
PL spectrophotometer deposited at room and annealed at 3502C temperatures. The CeO; is a type
of wide band gap semiconductor compound. The spin-orbit interaction in the three unequal crystal
axes intersecting at oblique angles. The PL spectra of ZnO-CeO, and its annealed thin films on glass
substrate are shown in Figure 9.15. The PL spectrum showed multiple modulated signal bands in
the region of 350- 550 nm in which a peak is assigned to edge green region (520 nm) and a less
intense in the blue region (490 nm). The spectral peak intensity of compound as deposited is less
than at 350 °C. These results showed that, the peak at 390 nm is the band-edge free exciton
luminescence, while the peak at 490 nm is the bound exciton luminescence [26]. The PL emission
spectra is caused by the recombination of excited electron-hole pairs, so moderate PL intensity
indicates lower recombination of the electron-hole pairs, which may result in significant
optoelectronic property [27-28] and better photocatalytic properties. In this case, the PL spectrum
is very much blue shifted which is purely due to the doping of Zn on CeO. In addition to that, this
result is confirmed the nano crystalline nature of present material. The deep states in nano
crystalline materials are mainly associated with stoichiometric defects, dangling bonds or external
added atoms such as oxygen. But in this case the impurity ZnO is added with the compounds which
also support this process. The PL spectrum of the present nano compound reveals that, a peak shift
of CeO, emission upon ZnO doping which are due to the increment of oxygen defects localized
between the Ce* and 0” energy levels. This view is validated and makes good agreement with
previous work [29].
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Photoluminescence plotting of CeO, doped with 1% of ZnO at room temperature and annealed at 3502 C

The analysis of photoluminescence (PL) spectroscopy at room temperature of spin coated CdO
films reveals various peaks as shown in figure 9.16. We use the photoluminescence spectroscopy to
determine the band gap of semiconductors since the most common radiative transition in the
semiconductor occur between states at the bottom of the conduction band and the top of the
valance band. The strong ones are found at 2.11 (right), 2.30, 2.32, 2.44, 2.47, 2.58 and 2.80 (left)
eV. PL behaviour shows strong VIS emission around 440 nm (left peak) and 585 nm (right peak)
which correspond to violet and orange region of electromagnetic spectrum respectively. The
intense emission ~ 442 nm might be attributed to the combination of the electrons from the
conduction band and holes from the valence band. Weak peaks are situated in green region from
490 nm (2.53 eV) to 570nm (2.17eV) which are ascribed to defects centers as indicated in figure

9.16.
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FIGURE 9.16
Photoluminescence behavior against photon wavelength (range 300-650 nm) of pure CdO layers deposited by

spin coating process
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The dependence of photoluminescence on photon wavelength of ITO films grown by e-beam
evaporation (EBE) technique [30] for 25, 30 and 50 % SnO, doping level is observed in figure 9.17. A
photoluminescence spectrometer consists of two optical system, one for excitation and other for
the photoluminescence emission, and each system include a monochromator. The emission line at
3.827 eV has two features: (i) Relative intensity decreases rapidly with increasing intensity and
wavelength. (ii) The obvious energy shift is observed with increasing intensity. This spectrum is
dominated by the excitonic transition that now has shifted to 3.85 eV.

388.6

PL Intensity { a.u.)

10 H

360 385 350 395 400

Wavelength ( nm)

FIGURE 9.17
The dependence of photoluminescence on photon wavelength of ITO films grown by JNS technique for 25, 30
and 50 % SnO, doping level

Investigation of electronic devices properties

Deposited onto silicon substrate, metallic oxide like ZnO, SnO, and CuO can be a good candidate of
schottky diodes. Such oxides are a part in the fabrication of Ag/Sn0O,:In/Si/Au Al /ZnO/pSi/Al,
Ag/p-Cu0/n-Si/Au Schottky diode structures as shown in figure 9.18. The exponential profile of the
forward current-voltage characteristics depends strongly on the property of active material used
for diode. It is given in terms of voltage and temperature as follows [31-32];

q(V —IR;)

I=1,ex
o eXP( nkT

) (2)
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The ideality factor of the as-fabricated diode is then given from the following expression [31-32],

po 4 _dV 3)
kT dn(l)

Where k is Boltzmann constant (1.38 10 J/K), T is the absolute temperature (300 K) and q is the
electron charge (1.6 10™ C) [31]. The parameter n is equal to unity in the ideal diode case but for
our as-fabricated device it is greater than 1 due to interface density and series resistance. Using the
eqn. (3), we determine the ideality factor of metallic oxide/Si contacts Schottky diode from the
slope of the linear part of the bias forward In I-V. The ideality factor n is very important parameter
that decide the amount of contribution of tunneling on the recombination process and the change
of performance of the device [32], besides high values of ideality factor can be attributed to the
presence of the interfacial layer, a wide distribution of the low-Schottky barrier height (SBH)
patches (or barrier inhomogeneities), series resistance and therefore, to the bias voltage
dependence of SBH.
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e——+—— CuO layer
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SMU Keithley

FIGURE 9.18
A cross section schematic of the Ag/p-CuO/n-Si/Au Schottky diode structure

Based upon the best crystalline structure, the higher transmittance, the lower band gap and the
best surface morphology, the sample heated at 550°C is selected to fabricate the device. The
fabrication and electrical characterization of Ag/p-CuO/n-Si inorganic diode has been investigated.
Based on the electrical measurement of current versus bias voltage in dark conditions we extract
the parameters such as barrier height, ideality factor, saturation current, series resistance and
rectifying factor. Figure 9.19 shows the semi log |-V characteristics of the Ag/p-CuO/n-Si
heterojunction in the dark and illuminated. In light condition, the 150 watts correspond to 100
mW/cm? (1.5 AM). As can be seen from the plot that illuminated reverse current is larger than that
of under dark. This indicates that under illumination electron-hole pairs are produced in p-CuO/n-Si
junction generating then a photocurrent. The open circuit voltage (V) and the short circuit current
(Isc) of the as- fabricated heterojunction are found to be 290 mV and 5.5x10* A respectively. Vo,
and I, values are low causing degrade the conversion efficiency. Moreover, the sputtered device
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Ag/CuQ/Si/Au exhibits a non-ideal behavior because n is greater than unity (n=3.5).

233

By Norde

method [33] the barrier height and the series resistance are extracted and found to be 0.96 V and

86.6 Q respectively [11].

Current (A)

FIGURE 9.19
Logl-V plotting in dark and illumination conditions of Ag/p-CuO/n-Si heterojunction
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TABLE 9.4
Annealing temperature, film thickness, carrier concentration, resistivity and mobility of sputtered p-CuO/n-Si
layer [11]
Sample Annealing Film Carrier Resistivity Mobility Conductivity Conductivity
Temperature thickness Concentra- (Q.cm) (cm?/ type (10°®
(°c) (nm) tion Vs) Q.cm)?
(x10" cm?)
1 250 254 0.46 135.2 0.92 P 7.39
2 350 222 7.48 24.56 0.34 P 40.7
3 450 183 11.10 1491 0.38 P 67.1
4 550 122 45.83 21.81 0.06 p 45.8

Under dark, the Al/ZnO/pSi/Al Schottky diode presents the following parameters: n, I, ¢, and R
are found to be 3.5, 32 nA, 0.74 V and 5.4 kQ respectively. Under illumination of 150 watts, these
values become 1.6, 1.1 nA, 0.9 V and 1.6 kQ respectively as shown in figure 9.20. Electronic
parameters of Al/ZnO/pSi/Al Schottky diode are gathered in table 9.5 in dark and light conditions.
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TABLE 9.5

Ideality factor (n), saturation current (ly), height barrier @z and series resistance (R;) and photoresponse of
Al/ZnO/pSi/Al Schottky diode in dark and with several powers and temperatures [34]

Parameters of n lo O Rs Photo
measurements (nA) (V) by response
Zn0 slope
SD (kQ)
0 35 32 0.74 5.4 -
P 60 1.9 42 0.79 2.1 1730
(watts) 90 15 16 0.89 2.8 1945
120 1.1 2 0.86 1.4 3502
150 1.6 1.1 0.90 1.6 3891
295 3.02 34 0.74 2.5 -
T 320 2.55 73 0.79 2.5
(K) 340 2.49 14 0.89 1.6
360 2.51 260 0.86 1.0
380 2.67 450 0.89 1.2
g 150 W
2.479m -
E
1
E
45.4p 4
—_— -E
=,
=
<
@ 831.529n 1
- 3
=
&
15.23n 5
1 Y e 150W
E I 4 I L I . I v I
-2 -1 0 1 2
Voltage (V)
FIGURE 9.20

The semilog plot of the current-voltage characteristics of Al/ZnO/pSi/Al Schottky diode measured in dark and
at several light powers at room temperature

Fabrication of thin films for sensors devices

In order to test the sensitivity of such oxide, we fabricate devices which own sensing properties like
Sn doped In,0; by e-beam evaporation [35]. The sensors conductance G is expressed by,



Nanomaterials and Nanotechnology 235

S S (4)
G=eun—=eu,— (n,+0
s u,,L(o 2)

Where e and L, are the electron charge and mobility respectively, S and L are respectively the
cross-sectional area and length of the sensing layer and n, is the free electrons at the adsorption-
desorption equilibrium. The sensitivity and transient response of the In,03 sensor towards ethanol
is found poor which can be improved by incorporating some suitable material over optimized
In,03 SN0, is one such material having sensitivity in the measurable range, stable microstructure
and sensitive to gas response. For sensitizing reaction, reaction gas is observed with contact on the
surface of the In,0; Sn0O, film layer to form the Schottky contact and the electrical resistance of the
sensor is changed.

0y (gas) +26 ————» 20 + AH, (5)

The detection reactions, participation of oxygen which can be in molecular (O,) or in atomic (O’)
forms to reduce the resistance of the film.

CHsOH (gt O + AH; — @ + CH3CHOg,q) + H,0 + AH; (6)

On combining these two reactions mentioned above, the overall reaction on the surface can be
given as,

O2 (gas)+2C2HSOH (gas) —> ZCHSCHO (gas) + ZHZO +A H4 (7)

Sensitivity versus time of ITO films for 5, 10, 15, 20, 25min @ various SnO, amounts is displayed in
figure 9.21 below.

40

—=— In,0,:5n0, (70:30)
35 —#—In,0,:Sn0, (50:50)
—A— In,0,:Sn0, (75:25)

M
)l
I

-
(4]
1

10 4

Sensitivity(%)

0 = o & 4 &
0 200 400 600

Time(s)

T T
300 1000 1200 1400

FIGURE 9.21
Sensitivity versus time of ITO films for 5, 10, 15, 20, 25min @ various SnO, amounts
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Conclusions

Several semiconductor oxides in nanostructured thin films and devices have been proposed and
investigated as basis devices for the solar cells fabrications. Metallic oxides have become as
competitive material to GaN, GaAs, InSb and InP in electronic device fabrication and in optical,
electronic and optoelectronic and sensing devices. This study provides a guidance on the selection
of materials for optoelectronic device fabrications and on related physical, surface and electronic
properties. Nanostructures of aluminium doped tin oxide sprayed onto ITO glass substrate are
successfully synthesized. An (101)-oriented tetragonal crystalline structure is confirmed by X-ray
patterns analysis. According to the (211) orientation the obtained grain size of the as-grown films
obtained is lower. Thin films showed nanostructures with a size of 70 nm. Nanotips are also
observed, growing from inner to the surface, having an average diameter of 180 nm respectively.
The films’ typical transmittance in the visible range is 85% and the optical bandgap is found to be
3.7 eV. Through this study, we report that the lowest resistivity of such oxide is lesser which is very
good and competitive with other leading material candidates.

Nanostructured semiconductors of pure and indium-doped zinc oxide films have been obtained
using a soft chemical spray pyrolysis method. Based on X-rays pattern, the wurtzite crystalline
structure of as-synthesized films is confirmed. The 1ZO layers are polycrystalline and have grown
according to (002) orientation. We observe that the lattice parameters are roughly altered by
indium doping and the unit cell is slightly strained. An amount of dislocation occurs in I1ZO lattice
(0.002 nm?). A high visible and IR transparency around 88% is measured for 1ZO. Intense yellow
(2.1 eV) and blue (2.8 eV) emissions are detected, and furthermore a weak green (2.3 eV) light is
emitted from 1Z0 nanostructures.

The DC sputtered p-type CuO thin films and Ag/CuO/nSi Schottky diode have been studied. The as-
grown CuO film onto glass substrate is produced by sputtering. A (111)-oriented monoclinic
crystalline structure is confirmed by XRD analysis. The films revealed a high transparency, around
80%, in both Vis and IR bands and optical band gap decreases from 2.52 to 1.99 eV when
temperature increases. At high temperature of 550°C, the bulk concentration, the resistivity and
mobility are of 46x10" ¢cm? , 22 Q-cm and 0.06 cm?/Vs. The extracted electronic parameters are
deduced from |-V characteristics and are of : n=3.5, V,=0.290v, |,=5.5 10" A, the obtained |
value is 2.3x10° A. the non-ideal behavior of as-fabricated diode is confirmed and caused by the
series resistance (R;) occurrence. By Norde method R is of 86.6 Q and barrier height is around

0.96 V.

The gas sensing experiment shows good response from optimized indium oxide, 20 min tin oxide
coating over optimized In,0; film. Those films are more sensitive towards the 200 ppm of ethanol
vapour. Consequently, ITO is a good candidate for sensor device fabrication.
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