Chemleeh

International Journal of ChemTech Research
CODEN (USA): IJCRGG ISSN : 0974- 4290
Vol.6, No.3, pp 1965-1967, May-June 2014

www.sphinxsai.com

ICMCT-2014 [10™ — 12™ March 2014]
International Conference on Materials and Character  ization Techniques

Ti doped In,0; Thin Films suited for TCO by a Cost effective
Perfume Atomizer Technique

Sivaranjani. V *and Philominathan. P #*

12pG and Research Department of Physics,
AVVM Sri Pushpam College (Autonomous institution af filiated to Bharathidasan
University, Trichy), Poondi, Thanjavur - 613 503, India.

*Corres.author: philominathan@gmail.com

Abstract: Pure and titanium doped indium oxide (TIO) thimf were prepared by a low cost and simplified
spray pyrolysis method employing a perfume atomiZEre XRD analysis showed that these films havsccu
structure of polycrystallinén,O; phase.A high mobility (69 ciiVs), lower resistivity (1.12 x Itcm), high
figure of merit (2.02x18Q") and carrier concentration (1.519%%0r*)with high optical transmittance (85%)
were achieved for the TIO films prepared at theimppevel of 2 at. %. From the photoluminescertcgliss,
we showed that the intensity of emissions of tHése has been significantly vary with the effedtdmping
level and also shown the subsequent morphologi@iges due to variation in Ti concentrations.
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Introduction and Experimental

In recent times, the usage of transparent comiyctkides (TCO) has become vital and wide due to
their immediate applicability in various areas sasltflat panel displays, photovoltaic cells, towrtesns and in
high speed operational electronic devices.Morentigetitanium doped indium oxide thin films haviracted
considerable attention due to theirenhanced mglzilid transparent conducting properties [1-2]. okding to
the literature survey, as there is no report aititm doped indium oxide thin films prepared byirapdified
spray pyrolysis technique which employs a perfurteen&er, considering the features of perfume atemiz
method [3], we wish to report the transparent cotidg properties of titanium doped indium oxidenthi
films.To start with, InQ{ (Alfa acer 995) and TiGlhave been considered as sources of indium oxide an
titanium. An appropriate amount of In(@.08 M) and TiCJ (2 at. %, 4 at.% and 6 at.%) were dissolved
separately by suitable solvent after that both temis were mixed together and stirred for an hour a
atmospheric conditions. The final transparenttgmiuwas used to deposit TIO films (Ti doped indioride)
on glass substrates at 400° C. The structuralgaptlectrical, photoluminescence and morpholalgstudies
were carried out by X-ray diffractrometer, UV-VidiRispectrometer, Hall effect apparatus, spectrofioeter
and Atomic force microscope respectively.
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Results and Discussion

XRD patterns were carried out for 0 at.%, 2 at.%t.% and 6 at. % respectively and depicted in Fig.
1(a). The XRD studies revealed the formation oficsltructure of 1sO; phase (JCPDS No. 00-006-0416).Pure
indium oxide film has preferential orientation gibwalong (2 1 1) direction and orientation growtlasw
changed to (2 2 2) direction for titanium dopediund oxide thin films observed from the XRD pattefine
crystalline size was estimated from data obtaimethfXRD analysis and found that the crystallineesi a
function of dopant concentration as summarizedabld. 1.

Table. 1. Summary of grain size, electrical parameters atichated optical parameters.

Ti Grain size Resistivity (p Mobility Carrier Figure of Band
concentrati (nm) (Qcm)) (n concentration merit (x10° gap
on (at. %) (cm?/Vs)) (n (cm®) 3gD (eV)

0 18 3.121 x 16 46.1 1.012x18 1.56x10° 3

2 20 1.12 x 16 69.83 1.519x18 2.02x10° 3.3

3 31 2.5 x 10 52.8 1.619x1% 1.22x10° 3.5

4 32 2.9 x 10 49.19 1.765x18 7.1x 10° 3.8

The microstructure of the surface was obtained fldFM studies as shown in Fig. 2 (a=0at.%,
b=2at.%, c=4at.% and d=6at.%), the AFM images shioev smaller grains with uniform and continuous
distribution without any voids were found for thiémf prepared at 2 at.%, further, for increase irpidg
concentration the grain size became significaratige as evident in Fig. 3 and the high surfacehpegs was
obtained for higher doping level (2 at. %=17.350t4% = 26.54,6 at. % = 35.97 and 0 at. % = 20.I6¢
electrical studies at room temperature were obthifrem the Hall measurement with vander Pauw
configuration[1].A lowest value of resistivity (2%10°Qcm) was found for the film prepared at 2 at.%
compared with other films as shown in Table. 1.4bhimobility (69 crV's) was achieved at dopant
concentration of 2 at. %, which may be due to #sson that probably the Ti ions would have replabhedn
ions and thus by liberating more carriers[1]. Erdemhelectrical properties were achieved while emipbpthis
cheap fabrication (Perfume atomizer method) metiwbich may be treated as an attempt for obtaining
improvised results than earlier reports [1-2]. Aximaum visible transmittance of 84%found in the wawngth
range of 600 nm then it extended to 85% in neawriafl region (NIR) for the film prepared at 2 at.8%
depicted in Fig. 1(b).A low optical transmissiorhigher doping levels (4 at.% and 6 at.%) may kribated to
the scattering of photons, which is due to increassurface roughness of these films (evident fraRM
mages Fig. 2(a), ()& (d)). The optical band gafues estimated from the plot afhp)?Vs the photon energy
(ho) are tabulated in Table. 1, the band gap increfages3eV — 3.8eV, which attributed to Burstein-Moss (B-
M) effect (Shifting in band gap). Theoretical bagdp of 3.5eV is needed for TCO application and the
prepared samples have achieved the above basiceragut. For solar cell application of these filrtiee figure
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of merit (p) play a significant role, which is estimated frahe following relation®s , and the calculated
values of figure of merit listed in Table. 1. Thighest value of figure of merit 2.028 x 3@ was obtained for

2 at. % of Ti doped indium oxide thin film. The rmotemperature photoluminescence (PL) studies were
characterized for pure and Ti dopedQgthin films with the excitation wavelength of 35thras shown in Fig.
1(c). Pure indium oxide film has two distinct psdkcated at UV region (398 nm) and green wavelengt
region (528 nm). In case of Ti doped,®3 films, five distinct emission peaks were found athey
corresponding to UV region (355 nm), blue regiohl(4m, 452 nm, 467 nm) and green wavelength region
(550 nm). The emission at blue region can be atiith to imperfections and defects due to oxygemaneies.
The near band edge emission (emission at UV regias)due to the recombination of free exciton thhoan
exciton-exciton collision process. The green eraisgeaks was commonly referred to the deep levédapr
state emissions due to oxygen vacancies similattneas found from earlier report for.[B; nanoparticles [4].
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Fig. 1(a) XRD pattern (b) Transmission spectra and (cspectra of pure and Ti doped® films

Fig. 2. AFM images of pure and Ti doped In203 films.

In the present study, a simplified spray pyrolysishnique was employed to fabricate pure and Tedapdium
oxide films with different dopant concentrationheél'enhanced crystallinity was confirmed by XRD gsial
An interesting outcome this investigation is tha gould achieve 85% transmittance in NIR regiorhatw
resistivity and high mobility even from low conceation (at 2 at.%) employing this simple fabricatio
technique; to get appreciable enhancement of sffiaiency in NIR region.Thehighly intense greenigsion
due to photoluminescence as an indicator suitedapgmlications in electro-optical device as a gréght
source.
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