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ABSTRACT

Titanium oxide thin films were prepared using siolu$ of titanium (1V) isopropoxide, acetyl acetamaissolved
in various alcoholic solvents such as methanolplaits ethanol, 1-butanol, 2-butanol, 1-propanopr@panol and t-
butanol in the volumetric ratio’s of 1:1.5:22.5 Bpray pyrolysis technique at substrate temperabfird50C under
optimum conditions. The films have uniform thickeesrying from 0.8—0.8m and good adherence to the substrate. XRD
studies show poly crystalline nature of films. T@gystallite size (D), microstrairel and dislocation densitys) values
varied from 96-289 nm, 1.25-3%%0* lin®m* and 1.2-10.7810lin m? respectively. Increase of microstrain,
dislocation density and anatase to anatse-rutilednphase change may be attributed to increadeeicdncentration of
lattice imperfections, crystallization of amorphotifO, films and long carbon chains in alcohol solventsesEnt
investigation reveals that alcohols play an imptdrt@le in the crystallization of Tiayers. SEM micrographs exhibit
spherical, square, needle shaped grains and goaindiary formation. Comparative study of SEM micegrs indicates
variation of grain size from 0.1-Oum. EDAX analysis shows the formation of stoichiorweTiO, films, with an O-to-Ti

atomic ratio of near 2 and variation of ratio garection of various alcohols.
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INTRODUCTION

TiO2 exists in three different phases: anatasderand brookite, Anatase and rutile are stablesph; however,
brookite is an unstable phase which is of low egérfor applications. For the last few years Ji©being extensively
investigated due to its intensive and useful prigeiboth in bulk and thin film forms. Tihas interesting properties like
high refractive index (Fitzgibbons E.T, Sladek KHartwig W.H ,1972), high dielectric constant (Samov G.V,1973),
remarkable solar energy conversion (Regan B.O,z€ral ,1991) and gas sensing applications (Ruiz ASdkai G,
Cornet A, Shimanoe K, Morante J.R, Yamazoe N, 20818), These properties make it useful for a widege of
applications such as solar cell and sensing €ei©; flas been prepared by various deposition technigussas sputtering
(Chow L.L.W, Yuen M.M.F, Chan P.C.H, Cheung A.T02), chemical vapour deposition (Taun A, Yoon M,dMedev
V, Ono Y, Ma Y, Rogers Jr. J.W, 2000), moleculaaineepitaxy (Ong C.K, Wang S.J, 2001) and spraylpsi®(Galego
N, Studenikin S.A, Cocivera M ,1999: Masayuki Okuiatsuyuki Shiozaki, Nobuyuki Horikawa, Tsuyoshidtgi, G.R.
Asoka Kumara, Janos Madarasz, Shoji Kaneko, GyBiakol, 2004). One of the simple, low cost, non-vanuechniques
and a novel approach to make thin films is throsgray pyrolysis. Though this technique has beerehlyidmployed for
the study of transparent conducting oxides (TC@ndj the properties of the films vary from one pysis setup to the
other. Moreover, the geometry of the experimergtls does influence the properties of the filmse phoperties of films
can be controlled to a suitable parameter valuguiba particular application such as solar cels@nsor by controlling
some of the process parameters such as film thsskromncentration of the solution, temperaturéhefdubstrate and the

solution flow rate etc., The films prepared by tinisthod are of uniform thickness, pin hole free hade good adherence
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to the substrate. Improvement in the quality of filra, its characteristics as well as reproduciilinade us to deposit
TiO, thin films by spray pyrolysis technique. The olijee of the current investigation is to study thélience of various
alcoholic solvents on structural, morphological @oedhpositional properties of Tidilms deposited by a simple low cost

non-vacuum technique such as spray pyrolysis umggmum conditions.
EXPERIMENTAL

The precursor solutions of the Tifdyers are obtained using analytical grade chemisath as titanium (1V)
isopropoxide (TTIP — GH,gO,Ti) and acetyl acetonate (AcAc — @HCO-CH-CO-CH) used as complex agent
dissolved in various alcoholic solvents namely, raaebl (CHOH), absolute ethanol (EtOH —ld;OH), 1-butanol (Cht
(CH,),CH,OH), 2-butanol (CH-(CkK,CH,OH), 1-propanol (CkCH,-CH,-OH), 2-propanol ((CH,CHOH), t-butanol
((CH3)sCOH). The TiQ layers were deposited by spray pyrolysis as desdrelsewhere (Murthy L.C.S, Rao K.S.R.K,
1999) on different substrates such as glass, gaadzsilicon, using solutions of TTIP, AcAc andivas alcohols in the
volumetric ratio of 1:1.5:22.5. The glass and quartbstrates were cleaned by soaking in chromat faci20 min, rinsed
in de-ionized water, washed in acetone, methaniderionized water to remove organic contaminavitgor-like single
crystal n-type (100) Si wafer with a thickness 803um and a resistivity of 1-@cm was used as one of the substrate in
this study. Wafer cleaning is an important andaaitstep in device fabrication as any chemicalttaomnation (metallic or
organic) can ruin the device performance and riilgbRCA cleaning process is used for removingy g@articles or any
chemical contaminations present on the wafer biygugisequential cleaning solutions, nans#ndard cleaning-1 (N4
H,0,-DI water in composition of 1:1:5 to remove natiwdde present on the wafer) astdndard cleaning-2 (HCI-9,-DlI
water in composition of 1:1:6 to remove metal camtation on the wafer) respectively. The cleaningcpss is followed
by a dilute HF dip and then washed with deionizedewto passivate the Si dangling bonds with hyenogubsequently
dried in flowing N, gas and transferred to dessicator before depositiom temperature of the substrate was maintained a
350C using a heater arrangement similar to hotplateasathe carrier gas and films were coated at siéipn time of 3
minutes respectively. The schematic diagram ofyspyaolysis unit used here has been reported elseniMurthy L.C.S,
Rao K.S.R.K, 1999) The structural, morphologicadl @empositional properties were studied by XRD, S&hd EDAX

techniques respectively.

RESULTS AND DISCUSSIONS
XRD Studies

A typical XRD patterns of the spray deposited Jiilns prepared using various alcoholic solventa aubstrate
temperature of 35C are displayed in Fig. The presence of different peaks in the figure shthas the films are poly
crystalline in nature. The background signal in XRidfile reveals the presence of amorphous comgoftem both
silicon substrate and Tidilm. The diffuse nature of peaks indicates a perystallinity with very small crystallites in the
nano meter scale. Strong diffraction anatase pask®bserved at angles 25.33, 68.9, 76.F and they correspond to
(101), (104), (116), (301) reflections respectivéifie Anatase (104) peak at®3®rresponds to s structure which is
electrically insulating (Jungyol Jo, Hyoshik Ch&iejin Kang, 2008). A weak anatase peak is obseaveghgle 38.%
corresponding to (112) reflection respectively. Wdowith anatase some rutile peaks are also obsevedgles 389
66.6°, 71.5 and they correspond to (210), (221), (112) reiest respectively. Very strong peak af €@rresponds to
silicon substrate. It is observed that the crystigyl of the films have slightly improved and it #so seen that there is
change of phase from anatase to anatase-rutilednplkase in as deposited Bifdms as a function of various alcoholic

solvents. This may be attributed to long carbonrchevhich exist in alcoholic solvents.
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Figure 1: Typical XRD Patterns of the as DepositediO , Films Prepared by Spray Pyrolysis Technique Using
Various Alcoholic Solvents
(a) Ethanol (b) Methanol (c) 1-Butanol (d) 2-Butanb(e) 1-Propanol (f) 2-Propanol (g) t-Butanol
The micro structural parameters of ifdms such as size of the crystallitesdiDmicrostrain €) and dislocation
density §) as a function of alcoholic solvents have beercudated (Lalitha S, Sathyamoorthy R, Senthilarasu S
Subbarayan A ,2006) for anatase peak correspomdi(d1) plane at@equal to 25.3and presented in Table 1. The size

of the nano-crystallites has been estimated usiagtherrer formula,

D = 0944 "
¢ wecos 6
wherel is the wavelength of X-ray (1.54 A)g,is the Bragg angle ana is the full width at half maximum

(FWHM) of the XRD peaks. The microstraig),(

£ = G cosé
= 2
4 )
and the dislocation densit)(defined as the length of dislocation lines peterig
1
o= —5 )
D C

has been estimated. The size of the crystallite} &5 obtained from Scherrer formula varies betwg#®r 289
nm. The variation in crystallite size may be atitéddl to long carbon chains which exist in alcohstitvents. Increase in
the microstrain and dislocation density in the filmay be attributed to increase in the concentraténlattice
imperfections, long carbon chains in alcohol solseand crystallization of amorphous Bffims. Present investigation

reveals that various alcohols play an importarg mlthe crystallization of Tigayers.

Table 1: Observed Micro Structural Parameters of TO, Thin Films as a Function of Various Alcoholic Solents

Samole S Grain Size (Dg) Crystal Size Micros'train Dislocatior) Density
P nm (SEM) | (D) nm (XRD) | (¢) 10*lin"m* | (3) 108%in m?
A;(ethanol) 234.4 - 609.5 192 1.87 2.69
A,(methanol) 246.1 - 691.5 144 2.51 4,83
As(1-butanol) 175.8 - 386.7 96 3.75 10.76
A4(2-butanol) 141.1 - 339.8 289 1.25 1.20
As(1-propanol) 164.1 - 433.8 193 1.87 2.69
Ag(2-propanol) 164.5 - 293.7 145 2.50 4.78
A(t-butanol) 257.3 - 584.7 173 2.09 3.33
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SEM Studies

Figure 2: Shows SEM Micrographs for the as DepositeTiO, Films Prepared by Spray Pyrolysis Technique Using
Various Alcoholic Solvents
Figure 2 shows SEM micrographs for the as depodit€y films prepared by using various alcoholic solvents.

The SEM micrographs show that a polycrystalline adiipis formed with a well defined circular graimda grain
boundaries. By comparing the micrographs it caolimerved that the grain size inside the films vietsd to vary from
0.1 — 0.7um. Variation in grain size may be attributed todararbon chains in alcoholic solvents. It is albserved that
the grain boundaries decrease with grain size, wimay in turn enhance conductivity in Lifilms. Spherical, square and
needle shaped grains are observed in some of #regnaphs. crystallites are normally smaller tHagrain size in Ti®
films prepared by spray pyrolysis. The grains beingpllection of small crystallites, TEM picturesynreveal the multi
crystalline nature of the grains.

EDAX Studies

(a) t) )

) ) L]

Figure 3: EDAX Patterns of as Deposited TiQFilms Prepared by Spray Pyrolysis Technique Using &rious
Alcoholic Solvents

The chemical composition of the as deposited,Tilns prepared by using various alcoholic solvewesre
estimated by Energy dispersive analysis of x-r&BAX) and displayed in Fig.3. No impurity elementsre detected
from the EDAX studies. The presence of Siliconamitm and Oxygen is distinct and thus formatiofi@¥, is confirmed.
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Table 2 shows the alcoholic solvent dependenceaonhia and weight percentages of Ti and O as wetha# ratio’s in
sprayed films. The atomic and weight percentage’'sabf Oxygen to Titanium in films were found tany from 1.9 —
31.3 % and 0.6 — 10.4 % as a function of variousests. The atomic or weight percentage changd#ns may be
attributed to surface oxidation and long carborirehavhich exist in alcoholic solvents. In this arsis, it is observed that
the atomic ratio of oxygen to titanium is 2:1, whimndicates the perfect stochiometric ratio of Fifdms grown using
alcoholic solvents such as 1-butanol (sampie However, we have observed some unusual chang@sto Ti atomic
percentage in case of some as deposited films. mhis due to the fact that the exact determinatiomi® ratio is not
possible since the examined films are thin, assalr&DX acquires minor signal from thin layer vehihajor signal from

silicon substrate.

Table 2;: EDAX Elemental Analysis of TiQ, Thin Films as a Function of Various Alcohol Solvets

Sample S Atomic % Ratio Weight % Ratio
P Ti*% | O°% | OM° | Ti% | O°% | OfTi'
A,(ethanol) 14.51 85.49 5.89 3360  66.31 1.87
A,(methanol) 21.25 78.75 3.70 44.68 55.32 1.24
As(1-butanol) 23.65 44.79 1.89 41.39 26.20 0.3
A4(2-butanol) 3.10 96.90 31.25 8.74 91.26 10.44
As(1-propanol) 4.81 95.19 19.79 13.13 86.87 6.61
Ae(2-propanol) 19.22 80.78 4.20 41.59 58.41 1.40
A7(t-butanol) 7.59 92.41 12.17 19.78 80.27 4.7

#— Titanium atomic %;° — Oxygen atomic %; — Oxygen to Titanium atomic ratio
4 _ Titanium weight %;® — Oxygen weight %7 — Oxygen to Titanium weight ratio
Thickness Measurements

The thickness of the deposited film was estimatedravimetric method using a microbalance (SHIMADRBU
series with sensitivity of 0.01 mg). The thickné&3f the film is given by
(m, —my)

Ap ’

t= ()

where g and m are the masses (kg) of the substrate before aedd®position of the film. A is the surface area
(m?) of the film andp is the density (kg/f of bulk TiO,. Thus the thickness (t) of the deposited film wasmated and
found to be 0.8 — 0.gm.

CONCLUSIONS

In summary, thin films of titanium oxide have bemrccessfully prepared at substrate temperatur6@€3dy a
low cost non- vaccum spray pyrolysis technique gisolutions of titanium (V) isopropoxide as Ti puesor, acetyl
acetonate as complex agent dissolved in varioushalc solvents such as methanol, absolute ethdnrbljtanol, 2-
butanol, 1-propanol , 2-propanol and t-butanol ie volumetric ratio’s of 1:1.5:22.5 under optimumnditions. The
prepared films have uniform thickness varying fror@ — 0.9um and good adherence to the substrate. A systestatly
has been made on the influence of various alcabtwlthe structural, morphological and compositigmalperties of the
TiOJfilms. XRD studies show poly crystalline nature fibns. The Crystallite size (D), microstrais)(and dislocation
density ) values varied from 96 — 289 nm, 1.25 — 3:7B)* lin?m™ and 1.2 — 10.76& 104in m™ respectively for films
prepared using various alcohols. Increase in therasirain and dislocation density in the film mag &ttributed to
increase in the concentration of lattice imperfawdi long carbon chains in alcohol solvents andstalyzation of

amorphous Ti@films. Present investigation reveals that varioleslols play an important role in the crystallipatiof
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TiO, layers. XRD studies also show that there is charfigihase from anatase to combination of anataseitel due to

long carbon chains which exist in alcohols. SEM moggaphs of the Tigilms exhibit clear grains and grain boundary

formation. Spherical, square and needle shapeag@ie seen in some of the SEM micrographs. By edmyp the

micrographs it can be observed that the grainisgide the films were found to vary from 0.1 — @M. Larger grains in

TiO, films may in turn enhance conductivity. EDAX datalicates variation of Oxygen to Titanium atomiagqentage

ratio as a function of various alcohols. In thislgsis, it is observed that the atomic ratio of gey to titanium is 2:1,

which indicates the perfect stochiometric ratiaf @, films grown using various alcoholic solvents.
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