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ide compound magnesium indium oxide films (MgIn2O4), manifesting high
transparency were prepared by metal organic chemical spray pyrolysis technique. Precursors prepared for
various cationic ratios of Mg/In=0.35, 0.40, 0.45 and 0.50 were thermally sprayed onto quartz substrates,
decomposed at 450 °C and the spinel phase evolution was studied. X-ray diffraction, Rutherford backscattering
and X-ray photoelectron spectroscopy studies have been conducted to confirm the formation of single-phase
MgIn2O4 films with Mg/In ratio 0.50. From optical transmission studies, the observed optical band gaps varied
from 3.18 to 3.86 eV (0.35bMg/Inb0.5). The electrical conductivity variations of these films were measured in
the temperature range between 30 and 150 °C by four-probe technique (34.07–1.44×10−5 S cm−1) and the Hall
coefficient showed n-type electrical conduction and high carrier concentration (0.16×1020–0.89×17 cm−3).

© 2008 Elsevier B.V. All rights reserved.
1. Introduction
In recent years, considerable attention has been given to wide gap
materials with optical transparency and metallic conductivity in the
development of transparent electrodes in liquid crystal displays and
solar cells. For transmission of visible light, the optical band gap must
be greater than 3 eV. Despite their large band gaps, they can sustain a
high concentration of electrons with high carrier mobility. Materials
exhibiting these properties are almost limited to oxides, fluorides and
chlorides. In the periodic table, the fifth row elements are n-type
conductors whereas the oxides of the fourth row elements exhibit
very limited conductive phases. The most commonly used post-
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transition-metal oxides (ZnO, SnO2 and In2O3) are thus serving as
transparent conducting oxide (TCO) electrodes in opto-electronic
devices [1,2]. However, the recent growing demands for high-
performance and low-cost TCO has led to an extensive search for
alternate TCO materials with higher transparency and conductivity
[3–5].

A working hypothesis has been proposed for finding some
technologically important transparent and electro-conductive spinel
oxides [6]. According to this hypothesis, transparent conducting
oxides like; MgIn2O4 [7], CdGa2O4 [8], ZnGa2O4 [9], Zn2SnO4 [10] and
few more have been studied recently. Among these ternary oxides,
MgIn2O4 thin films find potential application as a promising
transparent as well as active electrode in photo-electrochemical
solar cells [11]. It is an n-type wide-band gap semiconductor, which
has a separate conducting path in the crystal lattice. It has the general
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Table 1
Optimized spray deposition conditions for preparing spinel MgIn2O4 films

Spray parameters Values/quantity

Solvent 100% ethanol
Substrate temperature 400–450 °C
Carrier gas flow rate 0.4 kg/cm2

Substrate to nozzle distance 30 cm
Time of deposition 10 min
Precursor flow rate 5 ml/min

Fig. 1. XRD patterns of MgIn2O4 films prepared with different Mg/In ratios (a) MgIn2O4

powder sample (b) Mg/In=0.35 (c) Mg/In=0.40 (d) Mg/In=0.45 (e) Mg/In=0.50.
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structure like the mineral spinel MgAl2O4 with the formula AB2O4. It
falls under inverse spinel category, according to the lattice substitu-
tion of A and B cations in the tetrahedral and octahedral voids in the
fcc-cp oxygen sub-lattice. Unit cell of MgIn2O4 contains eight formula
units (Z=8) corresponding to the formula Mg8In16O32. The coordina-
tion environments of Mg2+ and In3+ are entirely different from normal
spinel because they are introduced into the inverse spinel structure.

An interesting phenomena observed in this spinel structure is that
the number of cations occupying the 8a and 16d sites may vary. Half of
the In3+ ions are placed in tetrahedral 8a sites. The other half of In3+

ions and all the Mg2+ ions are occupying the octahedral 16d sites due
to which the occupancy of them observed is distorted. Intermediate
phases also exist with the formula (A1 − xBx)[AxB2− x]O4 [12]. These
films are found to exhibit higher values of electrical conductivity due
to electrons generated from oxygen vacancies even without inten-
tional doping [13] and/or from implanting Li+ and H+ ions into the
crystal lattice [6].

Preparation of such thin films on quartz substrate is essentially
important for estimating their reproducible and reliable structural,
optical and electrical properties. Different techniques of deposition
have been reported for preparing magnesium indate (MgIn2O4) by
pulsed laser deposition [14], combustion synthesis [15] and magne-
tron sputtering [16–18]. Spray pyrolysis is a simple and elegant
technique for large area preparation of TCO thin films. In the present
paper, the preparation of MgIn2O4 spinel thin films by spray pyrolysis
technique for various cationic ratios and their structural evaluation,
variations in electrical and optical properties are reported.

2. Experimental details

The spray pyrolysis set-up and the detailed procedure adopted for
the deposition of MgIn2O4 thin films have been described elsewhere
[19]. Magnesium acetate and indium chloride were taken as the
precursors for the preparation of MgIn2O4 film. The precursors were
dissolved in ethanol to give a metal concentration of 0.1 mol/l. The
mole ratio of precursors in solutions was Mg/In=0.35, 0.40, 0.45 and
0.50. The spray solution was always buffered by a small amount of
hydrochloric acid to increase the solubility of the solution and sprayed
on to quartz substrates heated at 450 °C. The required deposition
parameters to obtain high quality films were optimized by controlling
the associated process parameters and are listed in Table 1. The
reproducibility was ascertained by measuring the experimental data
on several samples prepared under nearly identical conditions. All the
films prepared have a thickness of 0.32–0.46 µm as estimated by the
Stylus profilometer (Mitutoyo).

The structural aspects were investigated by X-ray diffraction (XRD)
(PANalytical-3040 X'pert Pro) using Ni filtered CuKα radiation
(λ=1.5408 Å) in θ–2θ scanning mode. Rutherford back scattering
(RBS) spectra were recorded for the MgIn2O4 films prepared for
different cationic ratios (Mg/In). In the present study, a tandem
peletron accelerator was set-up to deliver ions of 3.05MeV He+ for the
detection of back scattered yield. The chemical composition and
binding states of the magnesium indium oxide films deposited at the
optimized deposition conditions with Mg/In ratio 0.5 was character-
ized by X-ray photoelectron spectroscopy (XPS) over an area of about
1 mm×1 mm using a PHI 5600ci ESCA spectrometer with facilities for
excitation of photoelectrons usingmonochromated Al-Kα orMg-Kα X-
rays. For the present investigations, XPS spectra were recorded
engaging Al-Kα (1486.6 eV) radiation from an X-ray source operated
at 12 kW, 10 mA. The film was sputter-cleaned by Ar+ etching (5 kV,
15 μA) prior to recording the XPS spectrum. Survey spectrum scan up
to 1400 eV along with high resolution 23.5 eV scans were recorded for
the Mg 1s, In 3d, O 1s, and C 1s peaks. Freeware tool “XPS Peak” was
used for analyzing the XPS datawhich were calibrated against the C 1s
peak at 284.5 eV. Using Tougaard's method [20], the background was
subtracted from each peak before fitting. Gaussian–Lorentzian sum-
functions software was used for peak-fitting. The high resolution
spectra were recorded at a constant analyzer energy, which made the
detector efficiency constant and the analyzer resolution as 0.6 eV full
width at half-maximum (FWHM). For the monochromatic Al-Kα

radiation, the resolution of the FWHM was set at ≥0.6 eV. Optical
transmittancemeasurementswere performedwith a Hitachi-330 UV–
Vis–NIR spectrophotometer in the wavelength range of λ=280–
1500 nm. The sheet resistance and direct current (dc) conductivity
(σ) were measured using the four-probe method at different
temperatures (30–150 °C) using Keithley 2000 multimeter and Oriel
70310 multifunction meter. The effective carrier concentration and
mobility were calculated using Hall effect measurements.

3. Results and discussion

3.1. Structural identification of the spinel phase

MgIn2O4 films prepared for different cationic ratios were char-
acterized using XRD in order to get information about the crystal-
lographic evolution of spinel structure and orientation of crystallites.
The XRD patterns recorded on MgIn2O4 films prepared for different



Table 2
XRD data of MgIn2O4 films prepared with different cationic ratios

Cationic ratio
(Mg/In)

Diffraction angle
(2θ) degree

Miller indices
(hkl)

Relative Intensity
(%)

Observed unit cell
dimension a (Å)

Standard unit cell
dimension a (Å)

In2O3 phase MgIn2O4 phase In2O3 phase MgIn2O4 phase In2O3 phase MgIn2O4 phase In2O3 MgIn2O4 In2O3 MgIn2O4

0.35 21.58 – (211) – 31.67 – 10.108(4) – 10.118 8.864
30.67 (222) 100
35.50 (400) 76.72
37.70 (411) 26.21
51.08 (440) 24.19
60.68 (622) 20.61

0.40 21.57 27.84 (211) (220) 8.62 6.78 10.11(1) 9.03(2) 10.118 8.864
30.84 32.46 (222) (311) 75.61 24.71
35.49 34.10 (400) (222) 28.62 8.21
51.03 52.56 (440) (511) 20.86 22.64
60.59 61.83 (622) (442) 12.42 6.62

0.45 22.09 32.58 (211) (311) 8.21 94.6 10.01(1) 9.06(1) 10.118 8.864
31.08 34.19 (222) (222) 34.18 36.26
35.98 52.61 (400) (511) 18.41 56.72
51.56 61.93 (440) (442) 16.87 24.76
61.21 (622) 9.26

0.5 – 33.42 – (311) – 100 – 8.887(2) 10.118 8.864
34.91 (222) 41.60
53.51 (511) 62.81
62.69 (442) 20.69
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Mg/In ratios are shown in Fig. 1. Diffraction datawere collected by step
scanning over the angular range of 20°≤2θ≤80° in increments of 0.04°
in 2θ. The diffraction pattern indicates that the films are polycrystal-
line and strongly dependent on the cationic proportion in the spray
solution. The films prepared for the cationic ratio=0.35 exhibited
peaks at 2θ=21.58°, 30.67°, 35.50°, 37.70°, 51.08° and 60.68°
respectively for (211), (222), (400), (411), (440) and (622) planes
that corresponds to indium oxide phase only. The relative intensity
and the unit cell dimensions observed are listed in Table 2.
Fig. 2. RBS spectra of MgIn2O4 films deposited for different cationic ratio (Mg/In): (a) 0.35 (b)
respectively.
The lattice parameter a of the single-phase In2O3 films evaluated
after refinement of all the observed peaks is 10.108 Å, which is slightly
less than the bulk value (10.118 Å). Since the octahedral site preference
energy of In3+ is small of the order of −40 kcal g−1 atomic weight [21],
it dominates in forming In2O3 than MgIn2O4. The films prepared with
Mg
In

� �
¼ 0:4 contained both In2O3 and MgIn2O4 phases. On comparing

the relative intensity of the peaks, the secondary phase In2O3 is
dominating than the required primary phase MgIn2O4. The peak
positions of the MgIn2O4 phase were compared with the standard
0.40 (c) 0.45 (d) 0.50. Thicknesses of the films are 451 nm, 421 nm, 409 nm and 423 nm,



Fig. 3. XPS survey spectrum of magnesium indium oxide film.
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peaks of the MgIn2O4 powder (JCPDS card No.73-2414) [22]. The peak
positions are slightly shifted to the low angle side of the standard
peaks indicating the increase in their interplanar distance d resulting
higher unit cell parameter a=9.03 Å against 8.864 Å, the bulk value.
However, unit cell dimension of In2O3 phase is decreased (10.11 Å). For
higher indium rich compositions, the indium oxide phase is dominant
and was reported earlier by Tanji et al. [23] for the MgIn2O4 films
prepared from calcination of In2O3 and MgCO3 powder. Similar
secondary phase formation was reported for many of the spinel
compounds: CdIn2O4 [24], MgGa2O4 [25] and MgAl2O4 [26].

Further rise in Mg
In

� �
¼ 0:45 increases the intensity of the MgIn2O4

peak exhibiting the dominance of magnesium indate phase than the
In2O3 phase formation comparatively. The peak intensity of the In2O3

phase is very low (Fig. 2(d)). The positions of the MgIn2O4 slightly
shifted towards the standard values thereby reducing the unit cell
parameter. At Mg

In

� �
¼ 0:5, the indium oxide phase disappeared

completely, bearing only single spinel magnesium indium oxide
phase. The peaks at 33.42°, 34.91°, 53.51° and 62.69° are respectively
arising from the diffraction planes (311), (222), (511) and (442) of
MgIn2O4. The lattice parameter of the single-phase MgIn2O4 film
evaluated after cell refinement is 8.887 Å against the bulk value
8.864 Å. These observations confirmed that the optimized cationic
ratio for the single-phase MgIn2O4 evolution is exactly Mg

In

� �
¼ 0:5.

The structural evolution of MgIn2O4 was further confirmed with
the aid of the Rutherford backscattering spectrometry. In the present
study, Rutherford backscattering spectra were recorded for the
MgIn2O4 films prepared for different cationic ratios (Mg/In) at the
substrate temperature of 450 °C. A 3.05 MeV He+ ion beam line had
been used in all the cases and the beamwas normal to the sample. The
scattered particles were analyzed with a solid-state detector located
about 10 cm from the target and with a solid angle between 3 and
4 msr. A multi-channel analyzer was used to record the back scattered
ions with a channel width of 3 keV. Fig. 2 shows a typical RBS
spectrum of MgIn2O4 films deposited on quartz substrate at 450 °C for
different cationic ratios.

Thin films prepared with cationic ratio (Mg/In) 0.35 in precursor
solution forms only indium oxide instead of magnesium indium oxide.
This result has been confirmed again through the RBS studies (Fig. 2a).
The peak at the respective position corresponding to the elements
indium and oxygen confirms the formation of In2O3 films with out any
mixed phases like MgO and/or MgIn2O4. However, the films deposited
with cationic ratios 0.4 and 0.45 (Fig. 2b, c) have certain minimum
magnesium ion yield indicating the formation of MgIn2O4 along with
In2O3. The mixed phase formation is already confirmed from the XRD
studies. As the Mg content in the precursor increases further so that
Mg/In=0.5, the magnesium yield also increases correspondingly as
seen in Fig. 2d. It is observed that the Mg yield is zero for the films
prepared with cationic ratio 0.35. For the other cationic ratios (N3.5),
the indium yield is dominating with certain low yield for the
magnesium component. This may be the reason to have mixed phases
of In2O3 and MgIn2O4 for these cationic proportions. For the cationic
ratio of 0.5, the magnesium yield is increased to have the stoichio-
metric spinel film that was confirmed from the elemental composition
analysis to be discussed in the next section. The gradual increases in
oxygen yield is also an indication for the formation of good quality and
nearly stoichiometric MgIn2O4 films.

3.2. Elemental composition analysis

The chemical composition and binding states of the magnesium
indium oxide film deposited at the optimized deposition conditions
with Mg/In ratio 0.5 was characterized by XPS using Al-Kα radiations
at 1486.6 eV. In Fig. 3, the binding energy survey spectrum of the
scattered electron density per unit energy interval is displayed for the
magnesium indium oxide film deposited at the substrate temperature
of 450 °C. The binding energies were corrected to compensate for any
charge induced shifts by setting the C 1s signal to 284.5 eV. Obtained
values are in good agreement with the reported values [27,28]. In
addition, the core level spectra of Mg 1s, In 3d3/2, In 3d5/2, In 4d and O
1s are shown in Fig. 4. Assuming the intensity distribution to be
Gaussian, peak-fitting technique was employed for accurate area
measurements to calculate the stoichiometry of the deposited
MgIn2O4 film. For analyzing XPS data, the freeware tool ‘XPS peak’ is
used and the data are calibrated against the C 1s peak at 284.5 eV. Also,
for peak-fitting, the Gaussian–Lorentzian sum function is used. The
ratio between two elements was calculated using the formula:
n1
n2

¼ I1S2
I2S1

, where, n is the number of atoms per cm3, I is the intensity
of the XPS peak and S is the atomic sensitivity factor. The atomic
sensitivity factor for each of the XPS lines are taken from the reported
results previously [29,30].

The peak corresponding to Mg 1s is located at BE 1303.39 eV
(Fig. 4a). Fig. 4b shows the XPS spectrum of the peaks of In 3d doublet
(In 3d5/2 and In 3d3/2). The binding energy of In 3d5/2 is at 443.32 eV,
which corresponds to the indium bonding with oxygen [31]. Similar to
indium 3d doublet, indium 4d peak position is illustrated in Fig. 4c.
Fig. 4d shows the results from a fitting of an XPS of O 1s in MgIn2O4

thin film. The experimental contour of oxygen spectrum fits three
peaks centering at 529.05 eV, 531.4 eV and 532.35 eV. Jupile et al. [32]
investigated O 1s core levels of alkaline metal oxides by comparing
binding energy differences between the valence band and core level.
The O 1s binding energy reported are located at 527–531 and 530–
532 eV for alkaline metal oxide (O2−) and peroxide (O2

2−) respectively.
The difference in binding energy or chemical shift is due to an
appreciable change of the electronic charges surrounding O atoms
between the O2− and O2

2− configurations [33]. On the basis of these
reported results, the peaks centered at 529.05 eV and 531.4 eV are
assigned to the metal oxide (Mg2+–O2−) binding and metal peroxide
(Mg–O2) binding respectively. The other state is assigned to the bond
formation of indium with oxygen atoms (532.35 eV, In–O–In) [34].
However, the peroxide bond peak located at 531.4 eV can also be
assigned to the contamination of the surface with carbon compounds
(C–OH) [35,36]. As revealed in Fig. 4e, deconvolution of carbon C 1s
spectrum has two peaks; the first one is located at 284.61 eV that
corresponds to carbon C–C/C–H, the second corresponds to the
liaisons with oxygen atom at 285.28 eV [36].

From these observations, the ratio between magnesium and
oxygen is of the order of 0.26. In addition, the XPS spectrum shows
that, although film deposition is carried out in air without additional
oxygen purging, there is no evidence of oxygen deficiency in the
resulting peaks. These results indicate that oxygen is not only captured
during the film deposition from air but also from the precursor. From
the Mg 1s and In 3d5/2 narrow scan XPS peaks, the Mg/In atomic ratio
is estimated to be 0.46 and this is nearer to the expected values of 0.5.
This result also confirms the perfect stoichiometry of the prepared
single-phase MgIn2O4 film.



Fig. 5. Transmittance spectra of MgIn2O4 films prepared for different cationic ratios.
Inset shows the optical band gap variations.

Fig. 4. XPS spectra of MgIn2O4 film deposited at 450 °C with Mg/In=0.5: (a) Mg 1s spectrum (b) In 3d spectrum (c) O In 4d spectrum (d) O 1s spectrum and (e) C 1s spectrum.
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3.3. Optical characterization

Fig. 5 shows the transmittance spectra of MgIn2O4 films deposited
at 450 °C for various Mg/In ratios in the precursor. It is observed that,
the % transmittance of the indium rich films are more compared to
that of the MgIn2O4 film prepared under the optimized deposition
conditions with cationic ratio Mg/In=0.5. For the indium rich films,
the In2O3 phase formation may be the reason for more transmittance.
A maximum transmittance of 86.2% is observed at 600 nm for the
films prepared withMg/In=0.35. For this cationic ratio, prepared films
are In2O3 instead of MgIn2O4, which is already confirmed from the
XRD and RBS studies. Further increase in Mg species induces the
formation of MgIn2O4 phases and thus the transmittance is gradually
decreased. Alternately, changes in the optical transmittance in turn
induce changes in optical band gap energy and these changes have
been observed for different Mg/In ratios. Inset of Fig. 5 shows the
variation of band gap energy with addition of magnesium. The



Fig. 6. Electrical conductivity variations with temperature in MgIn2O4 films deposited
for different cationic ratios (Mg/In).

Table 3
Variation of activation energy (Ea) for different cationic ratios (Mg/In) in MgIn2O4 films

Cationic ratio (Mg/In) Activation energy (Ea) eV

0.35 0.35
0.40 0.353
0.45 0.43
0.50 0.52

Fig. 7. Variation of carrier concentration and Hall mobility of MgIn2O4 films with
different Mg/In ratios.
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absorption edge is shifted to short wavelengths as the Mg content is
increased. This indicates that the band gap of the films widens as the
Mg content is increased. The increase in optical band gap energy with
the addition of Mg is already reported for the MgxZn1− xO alloy thin
films [37–40].

It is evident that the % transmittance decreases as 86.2, 74.8, 72.4,
and 66.9%, where as the optical band gap energy increases as 3.18,
3.38, 3.62 and 3.86 eVwith the cationic ratio (Mg/In) of 0.35, 0.40, 0.45
and 0.50 respectively. The increase of optical band gap with Mg
content is once again verified in the present study, which in turn also
confirms the single-phase formation of spinel MgIn2O4 films.

3.4. Electrical characterization

The dependence of electrical conductivity of spray deposited
MgIn2O4 films prepared from various cationic ratio precursors is
shown in Fig. 6. The dc electrical conductivity increases from 10−5 to
102 S cm−1 with decreasing cationic ratio from 0.50 to 0.35
respectively. Themaximumdc conductivity of 34.07 S cm−1 is attained
in the films deposited for Mg/In=0.35. This value is about 6 orders
higher than that of MgIn2O4 films deposited with Mg/In=0.5, whose
value is 1.44×10−5 S cm−1. This vast increase of electrical conductivity
for a small fractional increase inMg/In is attributed to the formation of
highly conducting In2O3 phase in the film. It is evident from XRD and
RBS analysis that the films deposited with Mg/In=0.35 (indium rich)
have exhibited only the In2O3 phase without any additional phases
like MgO and/or MgIn2O4. The obtained electrical conductivity is in
agreement with the reported result of Siefert [41] and Mihaela Girtan
[42] for the sprayed In2O3 films with thicknesses of same order
(0.4 µm).

As the concentration of Mg species increases, the conductivity of
the MgIn2O4 decreases rapidly and attain the value 1.44×10−5 S cm−1

for the films deposited withMg/In=0.5. These films exhibited only the
MgIn2O4 phase with better crystallinity. Usually in spinel semicon-
ductor films, current carriers are generated from oxygen vacancies
[13]. Decreased electrical conductivity of the prepared MgIn2O4 films
are therefore attributed to the stoichiometric films with less oxygen
ion vacancies. Similar observations (σ≈10−5–10−7 S cm−1) are
reported for the magnesium indium oxide films prepared using the
RF (radio frequency) sputtering technique [18,43,44]. In addition,
lower conductivity reveals less concentration of the conduction
electrons that in turn demonstrate the non-degenerate semiconduct-
ing nature of electrical conduction in stoichiometric MgIn2O4 films.

In addition, it is evidenced from Fig. 6 that the electrical
conductivity decreases as theMg content is increased in the precursor.
This may be due to the increase of band gap energy with the increase
of magnesium content. The band gap of MgIn2O4, having the basic
cubic structure, widens from 3.18 to 3.86 eV as Mg/In varies from 0.35
to 0.5. Minemoto et al. [39] also reported similar type of electrical
conduction variations ofmagnesium zinc oxide thin films as a function
of Mg content. Further, it is observed that the electrical resistivity of
the films with different Mg/In ratios is decreasing when the
temperature is increased from 30 to 150 °C which confirm the
semiconducting nature of all the films. For the regions in which the
electrical resistivity decreases with the increase of the temperature,
the well-known dependence of semiconductor electrical conductivity
on temperature is considered: σ=σoexp(−Ea /2kT) where, Ea denotes
the thermal activation energy of electrical conduction, σo represents a
parameter depending on the semiconductor nature and k is the
Boltzmann constant. The activation energy values calculated using the
regression curves fitted for the data points in the graph (Fig. 6) drawn
between conductivity σ and 1000

T

� �
and are listed in Table 3.

Comparatively, spray deposited films with cationic ratio Mg/In=0.5
have higher activation energy of 0.52 eV than the films with Mg/
In=0.35 whose value is 0.35 eV. Indium rich films are therefore more
conductive than that of magnesium rich films. Therefore, the
stoichiometric MgIn2O4 films require more thermal energy to transfer
an electron from impurity level to the conduction band.

In the present study, carrier concentration andmobility values of the
MgIn2O4 films were obtained at room temperature under thermal
equilibrium conditions. Hall mobility measurements indicate n-type
conduction in all the prepared films. The variation of Hall mobility and
carrier concentration of MgIn2O4 films prepared with different Mg/In
ratio is shown in Fig. 7. The carrier concentration of MgIn2O4 films with
excess indium decreased with increasing Mg/In ratio. Also in inverse
spinel structure of MgIn2O4, as the Mg/In ratio increases, more
octahedral sites will be occupied with Mg either in neutral or ionized
state. These octahedral sites act as scattering centers for the conduction
electron and reduce the electrical conductivity. For the MgIn2O4 films
with Mg/In=0.5, the mobility is of the order of 10−3 cm2 V−1 s−1, which
again reduces the conductivity to a minimum of 1.5×10−5 S cm−1. It is
obvious that stoichiometric films with less oxygen vacancies exhibit
lower electron mobility indicating a hopping type of conduction
mechanism. This is corroborated by the observed electron mobility
variations. One such result is reported for the sintered and stoichio-
metric MgIn2O4 film [21]. Increase of electrical conductivity in MgIn2O4
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films can be achieved by increasing the carrier concentrations or
mobility using ion implantation or preparing non-stoichiometry films
with oxygen ion vacancies, which will be under exploration.

4. Conclusion

Highly transparent and semiconducting films of magnesium
indium oxide have been prepared by chemical spray pyrolysis
technique. The structural, optical and electrical properties of the
films are found to be very sensitive to the cationic ratio in the
precursor. The films deposited at 450 °C with the cationic ratio in
precursor 0.5 are identified as single-phase MgIn2O4 with an inverted
spinel structure. Mixed phases of In2O3 and MgIn2O4 are observed in
the films prepared with cationic ratios 0.4 and 0.45. Single-phase
In2O3 film is obtained for the cationic ratio 0.35. These results are
further confirmed from the results of the RBS, optical and electrical
characterizations. The optical transmittance variations from 86–66%
and optical band gap variations in the range 3.18–3.86 eV are observed
as the cationic ratio is varied from 0.35 to 0.5. Increase in optical band
gap and decrease in optical transmittance in theMgIn2O4 films are due
to the incorporation Mg species that leads to well stoichiometric and
single-phase films. The electrical conductivity also has a strong
dependence to the cationic ratio. In spinel structure, more number
of octahedral and tetrahedral vacancies are available and therefore its
conductivity can be increased by incorporation of dopant by ion
implantations or by creating oxygen ion vacancies.
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