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ABSTRACT

Transparent conducting binary MoOs-In,0; as-deposited and annealed thin films, well suited for window
layers were fabricated by employing a simple and inexpensive spray pyrolysis technique using
perfume atomizer. The effect of Mo concentration (0.2-3 at. %) on the structural, morphological, optical and
photoluminescence properties of the binary oxide thin films have been investigated. XRD reveals that the films
are polycrystalline with cubic bixbyite structure. An average visible optical transmission of 97% obtained and
is well extended in NIR region. A wide optical band gap (for as-deposited-2.84 eV, annealed-3.61 eV) makes
the film suitable for solar cell applications. The scanning electron microscope (SEM) measurements show that

the surface morphology of the film changes with Mo concentration and AFM ascertains the surface roughness.
Keywords: MoOs-1n,03 binary films, Optical properties, Perfume atomizer, Solar cell, TCO.
I. INTRODUCTION

In recent years, the research on the development of novel transparent conducting oxides (TCO) has been
intensified due to their potential applicability in areas like flat panel displays, smart windows, organic LEDs and
Solar photovoltaics [1]. Therefore, research in this direction is strongly accelerated by the rapidly rising
demand for enlargement in display size and extension of transmission from the visible to NIR region. For
instance, the solar cells having wide-range spectral sensitivity suffer from optical loss in the NIR region due to
free carrier absorption (a) in the conventional TCO electrodes such as Sn doped In,0; (ITO), F doped SnO, and
Al- or Ga-doped ZnO films [2]. This urged the photovoltaic research for developing visible to NIR transparent
TCOs for its usage in optoelectronics devices such as multifunction Si or Culn,, GaSe,, while organic and die
sensitized solar cells involve the usage of visible to NIR solar energy [3-5]. Hence, motivated by recent
demands, the preparation of the simplified spray deposited MoOs-1n,05 films with low optical absorption and
longer wavelength transparency as a function of Mo doping concentration has been considered and their related
results are presented. A simple and elegant technique employing a perfume atomizer has been chosen to deposit
MoOs- In,05 films and to the best of our knowledge, the study of MoOs- In,0; thin films using a cost-effective

simplified spray pyrolysis [6] has not yet reported.

I1. EXPERIMENTAL DETAIL
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The Indium I11 chloride (InCl3) was used as the source for indium, whereas the molybdenum concentration was
achieved using Molybdenum Penta chloride (MoCls). Microscopic glass plates (25x25x1.2mm®) cleaned with
acetone were used as substrate. The substrate temperature was fixed at 400" C and InCl; [0.1 at. %] was
dissolved in 2ml of concentrated HCI acid by heatingat 90° C for 10 min. The resultant transparent solution
diluted with methanol formed the starting solution. For molybdenum oxide, the required amount of MoCls was
dissolved in double distilled water, which was then added to the starting solution to make up the final spray
solution. The as deposited Molybdenum and indium oxide samples were then annealed at 600° C for 30 min in
vacuum chamber to investigate the annealing effect.

The X-ray diffraction (XRD) patterns were obtained using the computer controlled Phillips x’pert PRO XRD
system (Cuka radiation; A=1.5405 A) in Bragg-Brentano geometry (6/20 coupled). The Joint Committee on
Powder Diffraction Standards (JCPDS) database from the International Centre for Diffraction Data (ICDD) was
utilized for the identification of crystalline phases. The transmission data were observed in the range of 300-
1100 nm using ultraviolet visible near infrared double beam spectrophotometer (Perkin Elmer). The surface
morphology was recorded by employing scanning electron microscope (HITACHI S-3000H). Atomic force
microscopic images were obtained using AFM Explorer (ThermoMicroscopes, Sunnyvale, CA, USA) and these

were then analyzed to estimate the relative surface roughness.
I11. RESULT AND DISCUSSION

3.1 XRD Analysis

MoOs-1n,03 binary thin films prepared for different cationic ratios were characterized using XRD in order to get
the information about the crystallographic evolution of spinel structure and orientation of crystallites. The XRD
patterns of as-deposited and annealed MoOg3-1n,O3 binary films are shown in Fig. 1(a) and (b). The samples of
as-deposited MoO3-1n,03 binary films at different concentration with constant temperature 400 C are labeled
as MI1, MI2, and MI3. The films prepared for the cationic ratio-0.2 at. % contains both In,O; and MoO; phases
and exhibited peaks at 26=12.76°, 23.39°, 25.67°, 27.34° and 38.9° respectively for (011),(220),(602),(61
2) and (0 4 1) planes that correspond to molybdenum oxide phases(Fig. 1(a)). Although (02 0), (12 1) and (12
9) planes are similar to indium oxide phase, no change was observed in In,O; and MoO; phases and also in
diffraction planes even when the cationic ratios were increased to 0.25 and 0.3 at. %. The peak position of In,
MoO; phases were compared with the standard card [97-064-4063]. The planes of MoOs-1n,05 films coincide
well with the JCPDS data [04-010-8422]. The intensity of diffraction peak has increased as the concentration
level increased from 0.25 to 0.3 at. %. XRD patterns of as-deposited (Fig. 1(a)) MoO3-In,03 shows the presence
of diffraction planes, which are not reported in earlier work [7-11].

The samples of as-deposited MoOs-1n,0O3 binary films annealed at 600° C for 30 min are labeled as Mlal, Mla2
and Mla3 respectively to investigate the annealing effect. The annealed film prepared with 0.3 at. % contains
both In,O3; and MoO; phases(Fig. 1(b)). In(011),(220),(602),(612)and (04 1), all these planes are
coherent to molybdenum oxide phases. The planes (0 2 0), (1 2 9) and (6 4 0) are in indium oxide phase, and
the same diffraction patterns and phases appeared even in 0.2 and 0.25 at. %. In 0.25 at. % one more plane (0 4
4) is found to be in indium oxide phases. At 0.2 at. % there are four more peaks, with (2 1 1) and (8 0 4) in
indium oxide phase, remaining two planes (1 1 7), (2 2 3) in molybdenum oxide phase as shown in Fig. 1(b).

The annealed binary films were oriented along (0 1 1), (6 1 2) and (6 0 2) planes in which (0 1 1) orientation is

420|Page




International Journal of Advance Research In Science And Engineering http://www.ijarse.com
IJARSE, Vol. No.4, Special Issue (01), March 2015 ISSN-2319-8354(E)

found to be more predominant. According to the literature, as the dopant occupies interstitial sites of the
respective ion, there is a change in the intensity of preferred orientation. However, the dopant occupies
additional interstitial sites which are unoccupied and more intense preferred growth takes place as reported by
Agashe et al. [12].

In the present study, it seems that Mo replaces indium at its regular lattice sites upto 0.3 at. % of the Mo doping
level. At higher Mo doping level, perhaps the Mo incorporated on additional interstitial sites results (0 1 1)
plane which is more prominent in the films. The foregoing discussions lead to the comparison of as-deposited
and annealed films. The diffraction peaks of annealed films are sharp and it shows better crystalline behavior
than as-deposited films which is shown in Fig. 1(b). The particle size was evaluated using the full width half

maximum (FWHM) data according to the Scherrer formulae [13].
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Fig. 1. XRD patterns of (a) as-deposited and (b) annealed MoOs-In,0;3 binary thin films.
The FWHM (in radians) is inversely proportional to the particle size and is related to the degree of crystalline in
polycrystalline thin films [13]. The FWHM values decrease initially upto 350 nm thickness as shown in Fig 2.
(). The increase in grain size can be attributed to the improved crystallinity. As the degree of crystallinity of
annealed films are better than as-deposited films, FWHM reaches film thickness of 812 nm [14] and is shown in
Fig. 2(b). According to Liu et al.[15], the reason for the improvement in crystallinity is due to the increased
ability of the atoms to move towards stable sites in the lattice. The lack of any peak shifting also supports this
since incorporation of atoms into interstitial sites should result in some change in the overall lattice parameters

of the polycrystalline structure.
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Fig. 2. Variation of FWHM and grain size as a function of thickness shown for (a) as-deposited and (b)
annealed MoOs-1n,0; binary films.

3.2 UV-Visible Spectra

The transmission spectra of as-deposited and annealed MoOs-1n,O3 binary thin films recorded in the wavelength
range of 300-1100 nm is shown in Fig 3. (a) and (b). It is observed that as-deposited MoOs-In,0O5 films acquired
transmittance ~51-79% in the visible region. A maximum average visible transmittance (AVT) of ~86% is
observed at 800 nm for the films doped with 0.3 at. % and moderately higher transmittance 69-90% in the
visible-infrared region and is depicted in Fig. 3(a). The transmittance is significantly increased upon annealing
the M0Os3-1n,0; filmsat 600 C for 30 min. It is observed that the annealed MIO films have obtained
transmittance 65-84% in the UV-Visible region and the maximum average visible transmittance (AVT) of 86%
is observed at 675 nm and moderately higher transmittance 75-97% is obtained in the visible infrared region as
shown in Fig. 3(b). The transparency of both as-deposited and annealed MoOs-1n,O3 binary thin films extends
well into near-IR range. So, it is clear that all the samples have very high transmittance in the wavelength
region > 1000 nm. From the results of optical analysis, it is shown that the transmission rate is higher in the
NIR region (97%), which is a better result obtained from our investigation as it has not yet been reported in
earlier works [6- 10]. The optical band gap (Eg) is estimated from the plot of (ahv)? Vs (hv). A value of 2.84
eV is obtained for as-deposited films while the band gap value got increased to 3.61 eV for annealed films.
Hence, the wide band gap and highest transmittance of MoO3-In,0; binary films fabricated by simplified spray
technique, make these films possible candidate for window layer of solar cells and also in optoelectronic and

solar cell applications.
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Fig. 3. Variation of transmittance (T %) with wavelength A (nm) of M0Os-In,O; binary thin films for: (a)
as- deposited and (b) annealed at 600° C for 30 min.

3.3 Surface Morphological Studies

3.3.1 AFM Studies

Surface morphology of the as-deposited and annealed MoQO;-In,0O3 binary thin films were investigated using
AFM technique. The AFM measurements have been performed on all films with scan area of 5umx5um. Fig.
4(a) and (b) show the three dimensional surface morphology of as-deposited and post annealed films
respectively. The roughness of the film surfaces were calculated for all films and are found to influence by the
use of precursor. AFM images of the as-deposited films reveal a discontinuous grain growth (Fig. 4(a)), while
in annealed films the surface diffusion was activated and the surface morphology improves with distinct visible
grain boundaries (Fig. 4(b)). This observation of enhanced crystalline nature is in good agreement with the XRD
measurements(Fig. 1(b)). The as-deposited film exhibits the lowest roughness of about 12.786 nm, while the
annealed film has highest roughness of 22.293 nm. Therefore, the annealed film has large size particles with
roughness about 33.680 nm. The increase in the roughness of the films might be due to the re-arrangement of
polycrystalline structure in grains with larger size [16], which is also indicated in XRD measurements. The
calculated particle size from AFM measurements is higher than the values calculated from XRD studies

indicating that these particles are probably an aggregation of small crystallites on the surface of the films.

Fig. 4. AFM images of (a) as-deposited and (b) annealed MoOj3-1n,0; binary thin films
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3.3.2 SEM studies

To probe the effect of the morphological properties of as-deposited and annealed MoOs-1n,05 binary thin films,

SEM studies are carried out. From these microscopic images Fig. 5(a) and (b), it is evident that there is small

difference found from the films grown on as-deposited and annealed samples. It can be seen that the surface

morphology of the films strongly depends on the concentration of the starting materials. The microstructure of

the films consisted of many spherical grains distributed throughout the surface. The grain size of films of as-

deposited was larger than that of the annealed film. However, the grain size became smaller with increased

concentration because the grain growth was suppressed by the compression stresses generated due to the

difference in the ionic radii of indium and molybdenum [17].

Fig. 5(b). SEM images of annealed MoOj3-In; O3 binary thin films.

IV. CONCLUSION
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MoOs-1n,03 binary films with good structural, surface morphological and optical properties, suitable for solar
cell applications were obtained using an inexpensive, simplified spray pyrolysis technique using perfume
atomizer. The XRD studies confirm the polycrystalline nature of In,O5 films with cubic bixbyit structure and
the presence of Mo or MoOs. The average NIR transmission is found to be 97% in the wavelength ranging
between 1000 and 1100nm and gets increase with increase in concentration. The range of optical transmission
and optical band gap (for as-deposited-2.84 eV, annealed-3.61 eV) in these films suggests that the deposited
film will be useful in enhancing the performance of optoelectronic device such as TCO application in thin film
solar cells. The SEM measurement showed that, upon increasing the concentration, the surface morphology of
the films becomes uniform and grains are distributed uniformly throughout the surface. AFM pictures show the
porous nature of the films of samples MI3 and Mla3, which make them suitable for gas sensing. The increased
thermal energy and larger mobility acquired by the grains during annealing show different surface
morphologies. This technique attracts massive production of low-cost, large area MoOj3-In,O5 binary thin films

for solar cell applications.
V. ACKNOWLEDGEMENT

The authors (V.S and P.P) acknowledge the financial support provided by UGC New Delhi in the form of
Rajiv Gandhi National Fellowship (F1-17.1/2011-2012/RGNF-SC-TAM-438/dt.06.06.2012).

REFERENCES

[1] E. Fortunato, D. Ginley, H. Hosono,C. Paine, Transparent Conducting Oxides for Photovoltaics, MRS
Bull. 32 (2007) 242.

[2] J.A. AnnaSelvan, A.E. Delahoy, S. Guo, Y. Li, Influence of TCO type on the performance of amorphous
silicon solar cells, Sol.EnergyMater.Sol.Cells 90 (2006) 3371-3376.

[3] T. Koida, H. Fujiwara, M. Kondo, High-mobility hydrogen-doped transparent conductive oxide for a-
Si:H/c-Si heterojunction solar cells , Solar energy materials and solar cell, 93 (2009) 851-854.

[4] J.W. Bowers, H.M. Upadhyaya, S. Calnan, R. Hahimoto,T. Nakada,A.N. Tiwari , Development of Nano-
TiO, dye sensitsed solar cells on high mobility transparent conducting oxide thin films,
Photovolt.Res.Appl, 17 (2009) 265-272.

[5] R. Salzman, B.P. Rand, S.R. Forrest, Near-infrared sensitive small molecule organic photovoltaic cells
based on chloroaluminum phthalocyanine, Appl. Phys. Lett, 91(2007)13508-13510.

[6] K. Ravichandran and P. Philominathan, Investigations on microstructural and optical properties of CdS
films fabricated by a low-cost, simplified spray technique using perfume atomizer for solar cell
applications, Sol.Energy, 82 (2008) 1062-1066.

[7] S. Parthiban, E. Elangovan, K. Ramamurthi, R. Martins, E. Fortunato, Investigations on high visible to
near infrared transparent and high mobility Mo doped In,O5 thin films prepared by spray pyrolysis
technique, Sol.EnergyMater.Sol.Cells, 94 (2010) 406-412.

[8] S. Parthiban, E.Elangovan, K. Ramamurthi, R. Martins, E. Fortunato, R. Ganesan, High-mobility
molybdenum doped indium oxide thin films prepared by spray pyrolysis technique, Materials Letters, 62
(2008) 3217-3219.

[9] S. Parthiban, E.Elangovan, K. Ramamurthi, G. Goncalves, R. Martins, E. Fortunato, Structural, optical

425|Page




International Journal of Advance Research In Science And Engineering http://www.ijarse.com
IJARSE, Vol. No.4, Special Issue (01), March 2015 ISSN-2319-8354(E)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

and electrical properties of indium—molybdenum oxide thin films prepared by spray pyrolysis, Phys.
Status Solidi A, 207 (2010) 1554-1557.

D. Beena, R. Vinodkumar, I. Navas, V. Ganesan, A. Yamuna, V.P. Mahadevan Pillai, Transparent
conducting indium molybdenum oxide films by pulsed laser ablation, Journal of Alloys and Compunds
539 (2012) 63-68.

S. Kallemulla, N. Madhusudhana Rao, M. Girish Joshi, A. Sivasankar Reddy, S. Uthanna, P. Sreedhara
Reddy, Electrical and optical properties of In,O3 : Mo thin films prepared at various Mo—doping level,
Journal of Alloys and Compunds 504 (2010) 351-356.

C. Agashe, S. Mahamuni, Doping-induced changes in the physical properties of In,O; films, Semicond.
Sci. Technol, 10 (1995) 172-178.

H. Kim, C.M. Gilmor, Properties of Indium-Tin Oxide thin films for organic light emitting devices,
Journal of Applied Physics, 86 (1999) 6451-6461.

Funda Aksoy, Refik Kayali, Mustafa Oztas, Metin Bedir, The morphology and structural properties of InP
thin films deposited by spray pyrolysis method, Journal of Physics and Chemistry of Solids, 69 (2008)
835-838.

Y.H. Liu, L. Meng, L. Zhang, Optical and electrical properties of FeS2 thin films with different thickness
prepared by sulfurizing evaporated iron , Thin Solid Films, 479 (2005) 83.

Z. J.1-Cheing, L. Di-tian, L. You-zhen, Effect of sputtering pressure and rapid thermal annealing on optical
properties of Ta,Osthin films, Transaction of Nonferrous Metal Society of China ,19 (2009) 359-363.

R. Swapna, M.C. Santhosh Kumar, Growth and characterization of molybdenum doped ZnO thin films by
spray pyrolysis , Journal of Physics and Chemistry of Solids, 74 (2013) 418-425.

Simona Somacescu, Rares Scurtu, George Epurescu, Rovena Pascu, Bogdana Mitu, Petre Osiceanu, Maria
Dinescu , Thin films of SnO2-CeO2 binary oxides obtained by pulsed laser deposition for sensing
application , Appllied Surface Science, 278 (2013) 146-152.

426 |Page




