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Abstract: Thin films of TiO2 - MoOs were deposited on quartz glass, Silicon (100) substrates by dc magnetron sputtering
at two substrate temperatures of 300 K and 600 K and at a fixed sputtering pressure of 5 Pa and sputtering power of 50 W
respectively. The atomic percent of (at.%) titanium (Ti) in composite is found to be 1 and 2.4. The deposited films were
characterized by X-ray Photo Electron Spectroscopy (XPS) and Optical Transmittance studies. The optical transmittance of
the MoOs films deposited at 300 K, 5 Pa is 60 % and increases with increasing Ti at.%. The energy gap of the films is 3.7
eV and increases with increasing Ti at. %. The optical transmittance is further increasing when the films were deposited at
600 K, reaching 98 % and decreases with increasing Ti at. %. The energy gap of the film is 3.94 eV and decreases with
increasing Ti at. %. The composite films showed good sensitivity and fast response time when exposed to CO.
Keywords:TiO2-MoQ;3 thin films, XPS, XRD, optical transmittance, gas sensing property.

1 Introduction

Among oxides transition metals oxides are found to be
promising candidates which finds many applications in the
field of science and technology. Among various
applications, the devices like gas sensors [1,2],
electrochromic [3,4], photochromic [5], and thermochromic
[6], samples, made up by using these materials occupy, an
important place among materials. Moreover the physical
properties like optical transmittance, resistivity and energy
gap can be tuned to required value by forming these
materials as composies. The purpose of forming a
composite is not only to tune a physical property but also to
improve it. Several composites like MoO3-WOs3 [7] MoO:s-
V205 [8],W03-V205 [9] and, TiO2-MoOs [10, 11] were
formed by researchers and experiementally demonstrated
that tune and improve in the various physical properties like
electrochromism, photochromism and gas sensitivity and
water treatment [12]. Among the above

composites the MoO3-WO; does not show any increment in
the conductivity and stability at high temperatures i.e.
above 700 K. Similarly the formation of MoOs3-V20s
composite film is difficult and it is quite unstable in the
film form. Similarly, lines WOs-V20s has found
applications in different fields like bolometers etc. The
Ti02-MoOs composite is found [10,11] to be a promising
candidate in terms of the formation of a stable compound,
and of improving in electrical conductivity and
maintenance of the composite state at high temperatures.
The composite which is used as a gas sensor should exhibit
good sensitivity and fast response when exposed to
different gases. This can be achived, in the case of TiOz-
MoO:s by the addition of TiO2 to Mo0Os.So it is possible to
tune the optical properties like transmittance, energy gap
and electrical resistivity in TiO2-MoO3 composite such that
it would exhibit good sensitivity and fast response when
exposed to different gases [13,14]. In the present
investigation thin films of TiO2-MoO; composite were
prepared by changing the TiO:2 content and their substrate
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temperatures during the deposition process.

2 Experimental Technique

Dc magnetron sputtering was used to deposit thin films of
TiO2-MoOs in a vacuum coating unit supplied by VR
Technologies, Bangaluru, India. The vacuum chamber is
initially thoroughly cleaned with acetone to prevent any
degassing then it was evacuated to a pressure of 10 mbar
(measured by using a digital penning gauge which is
calibrated with a Baured Alpert gauge) by using a diffusion
pump backed by a rotary pump. A high purity Mo and Ti
mosaic target of 3 mm thickness and 2.54 cm diameter was
used to prepare thin films at various sputtering pressures
and temperatures. The sputtering process was initiated by
flowing Ar gas first and then oxygen was flown in to the
vacuum chamber. The target was presputtered for few
minutes and the flow rate both gases was controlled by a
needle valve. The substrates were precleaned before fixing
them to the substrate holder and their ion bombordement
was also performed before deposition. The sputtering
power during the deposition was maintained at 50 W. The
X-ray photo electron spectrum was recorded by using a PHI
5000 Versa Probe II, FEI Inc. The XPS spectrum was
recorded performed in the scanning energy range of 0 —
1200 eV. The spectral resolution was 1 eV. The XRD
spectrum was recorded for the films deposited on Si (100)
substrates at a glancing angle of 0.5° in order to determine
their structure by using a Panalytical X ray diffractometer.
The surface microstructure was studied by using FESEM
microscopy (Zeiss, Model : Sigma 300). The optical
transmittance spectra of the films was recorded in the 300
— 1100 nm wavelength range by using an UV-VIS
spectrophotometer. The resolution of the instrument is 4
nm. The thickness of the films is 3000 A which was
measured by means of a stylus profilometer (Veeco
DEKTAK 150). The thickness resolution of the instrument
is £10A.

3 Results and Discussion
3.1XPS Studies

The X-ray photo electron spectra of MoOs and TiO2-MoOs
thin films were recorded to know their composition and
chemical state. The XPS survery spectrum of MoOs thin
films deposited at 5 Pa and 300 K is shownin Fig.1. The
XPS spectrum was calibrated by the C 1s peak (284.6 eV).
The high resolution analyses of the O 1s and M 2p peaks
are shown in Fig. 4.The characteristic peaks of Mo are
observed at 231 eV and 234.22 eV and are due to Mo 3d*?
and 3d*? while oxygen peak is at 529 eV and it is due to O
Is in the case of undoped MoOs thin films. This indicates
the Mo®" state of Mo in MoQs. The atomic percent of
individual elements was estimated by using the
deconvolution technique. The at.% of Mo is 25.18 and
Oxygen is 74.82 %.The observed at.% of oxygen indicates

|

that there is a small at. % percent (0.18) of oxygen
deficiency. This indicates the films were somewhat sub-
stoichiometric.

The XPS spectrum (Fig. 2) of TiO2-MoOs films deposited
at 5 Pa and 300 K shows the existence of Mo, O and Ti.
The at. % percentage of Ti is land Mo and oxygen were
23.41 and 75.59 respectively. There is a shift in the
characteristic Mo peak position towards higher energy due
to Titanium doping (see Fig.4). The characteristic peaks of
Ti are observed at 460 eV and 464 eV and are due to the
2p*? and 2p'? states. This indicates the Ti*" state in TiOx.
The XPS spectrum of films deposited at 600 K is shown in
Fig. 3. The at. % of Ti is 2.4, Mo is 22.77 % and oxygen is
74.84 %. The at.% ratio of Oxygen to Mo is 3.12. The
excess oxygen 0.12 at.% is corresponding to the oxygen in
TiOa. The characteristic Ti peaks were observed at 453 eV
and 460 eV. This indicates the characteristic shift in the
2p*? and 2p'? peaks towards lower energy. The shift in the
peak position in case of Mo and Oxygen is towards lower
energy. This may be due to the decrease of the energy
required to extract an electron from Ti with decreasing Mo
at. % in the composite. [15]. The oxygen 1s core level
spectrum is shown in Fig. 5. It is observed that there is a
shift in the 1s peak position with Ti at. %. But this shift is
towards higher energy when Ti at.% is low and it is towards
lower energy with increasing Ti at.%. The reason may be
due to the amorphous (in case of Ti at.% = 1, Ts = 300 K)
and polycrystalline phases (in case of Ti at. % = 2.4, Ts =
600 K) of the TiO2-MoOs composite.

3.2 X-ray Diffraction Studies

The X-ray diffraction spectra of TiO2:MoOs thin films
deposited at 5 Pa and 300 K are shown in Fig. 7.

The undoped MoOs films crystallizes in orthorhombic
phase (040) and crystallizes in mixed phases for 1 at. % of
Titanium while for 2.4 at. % of Ti, they exhibit strong
crystalline monoclinic phase [6,15]. The inter planar
spacing is evaluated using the Bragg’s la

nA = 2dSin© 1)

where n is the diffraction order,

) is the wavelength of X-rays in A,

d is the interplanar spacing, and

O is the angle of diffraction in degrees.

In the present case the 20 value of the observed (040)
orientation is 25.44. the 20 angle is shifting towards lower
value with increasing Ti doping into MoOs. The observed
shift is due to the films compression stress. The calculated
d value is 3.498 A. The lattice parameters a, b, ¢ of
undoped MoOs were calculated by using the following
relation,

A= 1
hZ kZ 12
e @
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Fig. 1: XPS survey spectrum of MoQOjs thin films deposited at 600 K and sputtering pressure of 5 Pa. The at. % of Mo
is 25.18 and Oxygen is 74.82.
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Fig.2: XPS survey spectrum of (Ti02)-MoO3 thin films deposited at 300 K and sputtering pressure of 5 Pa. The at. %
of Titanium is 1, Mo is 23.41 and Oxygen 75.59.
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Fig. 3:XPS survey spectrum of (Ti02)-MoOs thin films deposited at 600 K and sputtering pressure of 5 Pa. The at. %
of Titanium is 2.4, Mo is 22.77 and Oxygen 74.84.

T—— Mo 1(at.% of Mo 25.18)
—— Mo 2(at.% of Mo 23.41) 5/2
Mo 3(at.% of Mo 22.71) Mo 3d

2
o
O
O- O l T | T | T I T I
236 234 232 230 228
Binding energy (eV)
Fig.4: Variation of Binding energy of Molybdenum in MoOs and TiOz - MoOs thin films.
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Fig. 5: Variation of Binding energy of Oxygen in MoOs and TiOz - MoOs thin films.
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Fig. 6:FESEM image of Ti:MoOs thin films deposited at 5 Pa and 300 K (Ti at. % is 1).
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Fig.7: XRD of Ti:MoOs thin films deposited substrate temperature of 300 K and sputtering pressure of 5 Pa.

For (040) orientation, the obtained b value is 13.99 A. The
b value is increasing to 14.05 A with increasing Ti at.% to
1. The other two parameters a, ¢ were evaluated by using
the (120) and (021) crystallographic orientation, since we
got only one peak corresponding to (040). The above
crystallagraphic orientations are of the orthorhombic phase
and are having the nearly same interplanar spacing as the
one obtained in case of the (040) orientation. The evaluated
a, ¢ values are 4.05 A, 14.05 A which are higher when
compared to the single crystal MoOs [16] [JCPDS File no.
00-001-0615] . With increasing Ti at. % to 2.4 the films
crystallizes in monoclinic phase with (014) (see also Fig. 7)
orientation. The observed 20 peak is at 59.13° (degrees).
The d value obtained is 1.56 A, which is very close the
single crystalline MoOs [6] (JCPDS file num. 00-001-
0615). So, the a, b, ¢ values are 3.95 A, 3.69 A & 7.10 A
respectively. The grain size is estimated from Sherrer’s law,

L =kMPBcosO(3)

L is the grain size,
k is correction factor which is equal to 1.
B is the full width at half maximum (in radians),
O is angle in degrees.
The calculated grain size is 31 nm.
The X-ray diffraction spectra of undoped MoOs and TiOz-
MoO; composite deposited at a sputtering pressure of 5 Pa
and substrate temperature of 600 K are shown in Fig. 8.
With increasing substrate temperature to 600 K the

undoped MoOs exhibited the crystallographic orientations
(040) and (218) which correspond to the orthorhombic and
heaxagonal phases respectively [16]. The evaluated do4o is
3.51 A which is an increment when compared to the films
deposited at 300 K. The evaluated lattice parameter b is
14.03 A which implies its small increase. With increasing
Ti at. % to 1 at.% the films crystallizes again in the
orthorhombic (040) phase with an increment in the
interplanar spacing at 3.52 A. The evaluated b value is
14.08 A which is also indicates the increment as compared
to the undoped MoO:s films.

With further increasing Ti at. % to 2.4 the films crystallizes
in monoclinic phase. The 20 value is 59.20 degrees and
corresponds to the (014) crystallographic orientation. The
evaluated d value is 1.559 A. The evaluated b, ¢ values are
3.49 A and 6.97 A respectively, which are low as compared
to the ones for the films deposited at 300 K. The overall
study indicates the films were in a compressive stress, when
deposited at 300 K and the stress is increasing with Ti at. %
and deposition temperature. Instead, the films crystallized
in monoclinic phase are in tensile stress and the stress is
increasing with substrate temperature [16-18].

3.3 Microstructural Studies

The microstructure of Ti:MoOs thin films deposited at 5 Pa
and 300 K is shown in Fig. 9. The morphology reaveals
that the films contains micro particles of uniform size. The
crystallite size is around 30 nm. This type of observed flat
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morphologies proves to be more sensitive when exposed to
different gases and shows significant change in resistivity
with gas exposure [19-21].

3.4 Optical Transmittance

The optical transmittance spectra of the films was studied
to know the optical quality and type of optical transition of
the films. The optical transmittance of the MoO; films
deposited at 300 K and 5 Pa is shown in Fig. 9. The
transmittance of the films is 60 % and increases with
increasing Ti at. %. The reason for this enhancement is due
to the enhancement in the reactivity between Ti, Mo and
oxygen.

The energy gap of the films was estimated by the formula,
[22]

(ahv) =B (hv-Eg)'"™ 4

where exponent ‘n’ takes the values 2 and '% based on the
type of electronic transition. In the present investigation the
films showed better fit for n = 2 which indicates that the
electron transition is direct. The energy gap is found by
extrapolating the graph of (ahv)? versus hv (Fig. 10). The
estimated energy gap of the pure MoO;s films is 3.7 eV and
increase with increasing Ti at. % [23]. The optical
transmittance of the films deposited at 600 K and 5 Pa is
shown in Fig. 11. The transmittance of the films is uptill 98
% and decrease with increasing Ti at.%. The reason for
this decrease is given by more electron scattering and
ionized impurity scattering at a higher carrier concentration,
besides decrease in the solubility limit of Tiin MoOs matrix
which leads to an increase of lattice

distortion in some regions [24]. The energy gap of the pure
MoO:s film is 3.94 eV and decreases with increasing Ti at.
%. This may be due to an improvement in the crystallinity
of the composite films which decreases the energy gap
between conduction bands of TiO2 and MoOs [25].

3.5Gas Sensing Studies

Ti02:MoO:s thin films were deposited on quartz substrates
(10 mm x 5 mm) to study their gas sensing properties.
Silver was evaporated inorder to obtain the contacts to test
the samples for gas sensitivity [26]. The contacts were
found to be ohmic for a wide range of voltages. The testing
of samples for different gases were performered by placing
them on a sample holder inside the stainless steel chamber.
A needle valve was used to maintain a constant flow rate 50
sccm of testing gas. A Keithlymultimeter was used to
measure the resistance of the sample.
The samples were exposed to CO gas and showed good
sensitivity (see Fig. 13), .
The Sensitivty calculated by using

s=  RaRgxl &)

Ru [gas]

where Ra is the resistance of the film in air,

Rg is the resistance of the test gas and [gas] is the
concentration of the test gas.

It was found that the CO sensitivity was increasing with
increasing Ti at. % in the TiO2-MoOs composite. The
sensitivity of the films is maximum for Ti at. % of 2.4 . The
results were in good agreement with reported values [1,
14,15, 27, 28]. The sensitivity of TiO2-MoOs thin films for
different concentration of CO is shown in Fig. 13.
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Fig.8: XRD of Ti:MoOs thin films deposited substrate temperature of 600 K and sputtering pressure of 5 Pa.
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Fig .9: Optical transmittance spectra of MoOs and TiO2-MoOj3 thin films deposited at a sputtering pressure of 5 Pa and
substrate temperature of 300 K.
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Fig. 13: Sensitivity of (Ti02):Mo0Os thin films for CO.

4 Conclusions

MoOs and TiO2-MoQO; thin films were deposited by d.c.
magnetron sputtering. The binding energies of Mo and
Oxygen shift towards lower energy with increasing
polycrystallinity. The structural studies revealed that the
composite films crystallized in orthorhombic phase were in
compressive stress and this stress turned to tensile when
films were crystallized in monoclinic phase. The optical
results reveal that the tunability of the energy gap and
transmittance to a required value. Moreover, the crystalline
and Titanium-doped composite films were good candidates
to detect toxic gase, CO.

The results revealed that the composite films of required
stoichiometry, structure, surface morphology and good
sensitivity to toxic gases can be obtained at optimized
deposition conditions.
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