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Abstract

Molybdenum oxide (a-MoQ,) thin films were prepared on quartz and silicon substrates
by thermal oxidation of Mo thin films deposited using DC magnetron sputtering method.
The influence of thermal oxidation times ranging from 60-240 min on the structural and
morphological properties of the preparedfilms was investigated using X-ray diffraction,
Atomic force microscopy and Fourier transform infrared spectroscopy. The XRDresults
revealed that the as-deposited film was amorphous while those formed at thermal oxidation
times between 60-180 min exhibited polycrystalline orthorhombic molybdenum oxides. The
presence of (OkO) reflectionsin XRD patterns indicated the layered structure of a-MoQ, .Also
the surface morphology of the films isdependent on the thermal oxidation times. The FTIR
spectrumconfirmed the formation of MoO3 and the peak at 992.53 cm-limplythelayered
structure of a-MoO,.
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Introduction batteries[5]temperature  sensor material[6].
Molybdenum oxide (MoQ,) thin films Recently nanocrystalline MoQ, thinfilmshave
owing to its structural, morphological and attracted extensive interest for applications in
optical properties [1-13] has attracted much building nanodevices and nanosensors [7].
interest in divers field such as gas sensorg[1], Several techniques, such as electrodeposition
electrochormic deviceq 2], photonic [8], sol-gel[9], chemical vapor deposition
material[3], solar cellg4], lithium secondary [10],electron beam evaporation [11], laser
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assisted deposition[ 12] and sputtering[ 13] have
been employedfor preparation of molybdenum
oxide filmson different substrates.

In the present work, the MoO, thin filmswere
obtained successfully through the thermal
oxidation of molybdenum thin films deposited
onquartz substratesby meansof DC magnetron
sputtering method. The objective of this study
IS to preparation and characterization of
a-MoO, films with layered structure by this
low cost technique and studying the influence
of thermal oxidation times on structura and
morphological properties of the prepared
films.

Experimental

Molybdenum (99/99% purity) thin films were
depositedon quartz and silicon substrates
(lcmx1lcm) by dc magnetron sputtering
(EDS-160) technique at the same deposition
conditions. The starting substrate temperature
wasroomtemperatureandduringthedeposition,
the substrates are not intentionaly heated.
Before sputtering, the sputtering chamber was
evacuated to an ultimate pressure of 5x10°
mbar by using diffusion and rotary pumps. The
pure argon gas was admitted into the chamber
and the working pressure was maintained at
approximately 5x102 mbar throughout the
depositions process. The distance between
the target and the substrate was kept 7 cm.
The cathode voltage and discharge current
were 120V and 35 mA, respectively. Then,
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thermal oxidation of prepared Mo films, were
done in oxygen atmosphere at temperature of
600 °C for different oxidation times ranging
from 60-240 min in an electrical furnace.
The crystaline structures of films were
determined by the X-ray diffraction (XRD)
with Co (A=0.17890 nm) radiation (Philips,
PW 3710). The surface morphology of films
was investigated by atomic force microscopy
(AFM) (Auto probe cp,
instrument). For determination of chemical
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binding configuration of MoQO, thin films
on silicon substrate, the Fourier transform
infrared spectrophotometer (FTIR, Perkin
Elmer spectrum 100) in the wave number
range of 400-1200 cm* was employed.

Results and discussion

The XRD patterns of Mo films deposited on
quartz substrates before and after thermal
oxidation at different oxidation times ranging
from 60-240 min in temperature of 600 °C
are shown in Figures 1-5. In all figures the
wide and broad signa at 22.3%riginates from
guartz substrate.

The as deposited Mo films are amorphous
(Figure 1). After thermal oxidation of the Mo
films in temperature of 600 °C at oxidation
times between 60-180 min, the diffraction
peaks of (020),(040) and (060)corresponding
to the a-MoO, phase, were obtained that
exhibit the conversion of Moto MoOQ, (Figures
2-4). The (OkO) reflections indicated the
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orthorhombic aphase of molybdenum oxide.
The dominant XRD peak corresponds to (040)
plane of MoO,.Also, for oxidation time of
240 min the films is amorphous (fig.5). The
width of the diffraction lines are attributed to
the size distribution, defects and strain in nano

particles. Sincethe peaksare sharpit isevident
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that the prepared films are polycrystaline.
When the time of oxidation increases from
60-120 min the intensity of MoO, diffraction
peaks enhance that suggested the films are
well crystallized. The XRD results obtained in
the present work agree well with the reports
by [9, 14,15].
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Figure 1. The XRD pattern of the Mo film deposited on quartz substrate.

1K

(LI .
semple (1

800 L =60 min
- {02y
$
TE__ S0 ¢
- (060
[
i
2 400
@
b
=
200

i i L |
¥ 0 30 ACh 30 Gl Tih
20 (deg)

Figure 2.The XRD pattern of the MoO, film prepared at thermal oxidation time of 60 min.
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Figure 3.The XRD pattern of the MoO, film prepared at thermal oxidation time of 120 min.

1 L (e Samale 003
L= | a4l mun
=
= g L 1020
3
=
E (IR}
et () 8
8
i}
ok
|
Ibru'wm" o —y aalk L i N |
il 1 . AL
1 xi El}] 418 5 il i
M [dea)

Figure 4.The XRD pattern of the MoO, film prepared at thermal oxidation time of 180 min.
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Figure 5.The XRD pattern of the MoO, film prepared at thermal oxidation time of 240 min.
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The average crystalline size and microstrain
of the prepared films have been obtained from
the following Scherrer relations [16]:

D =0.9MBcose

and  ¢=[/4tane

1)
Where, B is the full-width at half maximum
(FWHM) of the diffraction peaks in radians,
A is the wavelength of X-ray (A=0.17890 nm)
and e is the Bragg’s angle. The structural
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parameters of MoO, films can be observed
in table 1.According to results of table 1,
we can observe that al the MoO, films are
nanocrystalline and the average crystaline
Size increases varied between 41-78 nm
with annealing time. Also, the annealing
time augmentation up to 120 min leads to
increase of average crystal size and decrease
of microstrain. The increase in crystallite size
isrelated to decreasein strain [16].

Table 1. Comparison of a- MoOsthin films structural parameters (Miller indices, Average crystalline size and Micro

strain).
Phase Miller indices Diffraction Average Micro strain
Sample composition Angle 2q (deg.) Crystalline ()
(hkl) size (nm)

(020) 14.90 66 4.6710%7
Sample Q1 MoO, (040) 29.98 53 2.93x10°
(060) 45.62 41 2.48x10°3
MoO, (020) 14.89 78 3.98x10°®

Sample Q2 ’
ple Q (040) 29.97 63 2.44x10°
(060) 45.62 50 2.07x103
(020) 14.89 66 4.64x10°

Sample Q3 ’
e Q MoO, (040) 29.98 56 2.77%10°
(060) 45.63 53 1.97x10°%

The Fourier transform infrared spectrum of
MoO, thin films formed on silicon substrate
at thermal oxidation temperature of 600 °C
for 120 min in the wavenumber ranging from
400-1200 cm™ is shown in fig. 6.In the broad
band the band observed at 545.49 cm™* was due
to the transverse optical vibration of Mo-O-
Mo[15]. Also, the peak observed at992.53cm'

is associated with Mo=0 stretching vibration,
whichisanindicator for layered orthorhombic
MoQ, phase[9]. The bands appeared at 815.46
and 1102.93 cm?, is related to stretching
band of Mo=0O and bridging (Mo-O-Mo)
respectively. The FTIR studies of the present
work are in good agreement with the reports
by [9, 15].
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Figure 6.The FTIR spectrum of the MoO, thin film on silicon substrate.

The surface morphological studies of the mode. Scans 5- 5cm* were recorded for all
prepared Moand MoQ, thinfilmsareexamined  samples. The AFM results of Mo films before

by using atomic force microscopy in contact oxidation isobtained in figure7.
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Figure 7. 2D and 3D AFM images of the Mo filmon quartz substrate, without oxidation.
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Figure 8. 2D AFM images of the MoO, filmsprepared at different oxidation times.

Figure 9. 3D AFM images of the MoO, films prepared at different oxidation times.

The surface of Mo film (Sample QO) is smooth
with an rms roughness of 1.18 nm that can be
due to the amorphous structure of this film.
After therma oxidation of Mo filmsthe surface
morphology was varied and the roughness
of films incressed due to the conversion of
amorphous to crystalline structure(figs 8 -10).

The layered structure is clearly observed in
AFM images and confirmed the XRD and
FTIR results. The dependence of film surface
roughness to thermal oxidation times is obtained
infig 10. It is observed that the root mean square
(RMYS) roughness and average roughness have
similar trends and varies by oxidation times.



110 A. Hojabri etal., J. Appl. Chem. Res., 9, 4, 103-111 (2015)
8O
. s Roughness
B Averape Roughness
= = 120 mumn
0 ! = [0 mun
gfmﬂ -
=
)
=
=l F
=1
=
=
40 GO mn
30
Sample (] Sample (02 Sample Q3 Sample Q4
Figure 10.The MoQ, thin filmsroughness versusthermal oxidation times.
Conclusion References

Thinfilmsof a-MoO3wereprepared by thermal
oxidation of Mo filmsdeposited on quartz and
silicon substrate using dc magnetron sputtering
method. The as-deposited amorphous Mo
films converted to crystalline a-MoO3 thin
films by thermal oxidation at temperature of

600°C for oxidation times of 60-180 min. The
layered structure of the MoO3 filmsis clearly
seen in AFM images. Also, theAFM and FTIR
results are in good agreement with the results
obtained by the X-ray anaysis. The average
crystalline size and surface roughness of films
was influenced by oxidation time.
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