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ABSTRACT

Titanium dioxide films were deposited on glass sabss by Spin Coating process. The thin film
samples were characterized for its structural, cgitiand mechanical properties using SEM,
EDAX, UV-Vis Spectrophotometer, X-ray DiffractiofRD) and micro hardness unit. Optical
constants such as k aadvere studied and discussed. The variation of ti@sk of the thin film
with number of times of deposition was found tditear. The optical band gap energy was
estimated to be 3.61 eV. Work hardening index wasd to be 0.53.

Keywords: SEM, EDAX, Eg, k,a, Hardening index.

INTRODUCTION

The fabrication of Titanium dioxide thin films is laghly researched topic as the material
exhibits a lot of important optical and electrigabperties [1]. Titanium dioxide films have
attracted attention for use in fabricating capasiia manufacturing microelectronic devices due
to their high dielectric constants [2]. To achieyeod optical and electrical properties, it is
necessary to carefully select the process of fabois. Titanium dioxide films can be fabricated
using different techniques such as thermal evajporatrf-sputtering, chemical vapour
deposition, laser ablation, Spray pyrolysis, Smpatimg [2]... it becomes difficult to choose the
method of preparation. The sol-gel technique (spiating, dip coating) has distinct advantages
over the other methods as the structural propeofitise films can be carefully controlled due to
the usage of the liquid precursors.

In this paper, we present a study of the structaatical and mechanical properties of Titanium
dioxide films fabricated using a low cost Spin togttechnique.
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MATERIALS AND METHODS
Spin coating
Titanium isopropoxide 10 ml/100 i was dissolved in ethyl alcohol. 2.5 ml of Hydrdazfc
acid was added as a catalyst. The solution afieingt for 1hour is left in an air tight container
for 12 hours. 2 — 3 drops of sol were put on tlesglsubstrate and spin coated. Films of different
thickness were prepared and dried in a hot air @&t for 6 hours. The films were annealed at
500 for 1 hour to make it crystalline.

RESULTS AND DISCUSSION

Optical properties

The prepared titanium dioxide films were charaegstifor their optical properties. The optical
transmission spectra of annealed samples weredetas shown in figurel using a UV-VIS
spectrophotometer (UV-1700 Pharma Spec, SHIMADZU).
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Figure 1. Transmittance spectra of TiQ films of different TiO , films annealed at 508 for 1hour.

The films showed maximum transmittance of abouB®%h at around 515-560 nm, with
reference to blank glass substrate and showedftairstihe peak for varying thickness of the

film. The relatively high transmittance of the filimdicates low surface roughness and good
homogeneity”.
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Figure 2. Thickness VS times of deposition of thigless annealed at 500C for 1hour .
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The thickness of the thin films were estimated gsmax-min method, using the formula
t=M )\.2/4n (;\,2 - )\.1)

Where't' is the thickness of the filmk; and), are the wavelengths which corresponds to the
maxima and minima of the transmittance spectra ‘ahds the refractive index to titanium
dioxide. A graph of thickness of the film with nuerlof time of deposition as in figure 2, shows
a linear increase in the film thickness with in@@&n the number of times of depositﬁn The
thicknesses of the samples were found to be 108.680n03nm and 148.51nm respectively for
10, 20 and 30 times of deposition.

A graph of ¢hv) > Vs (E = hv) was plotted to estimate the direct optical baap!y " of the thin
films as shown in figure 3. The films T1 and T2gtlas deposited and annealed films
respectively, exhibited direct band energy of 3\61le
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Figure 3. Variation of (ahv)? with photon energy of the films annealed at 50for 1hour.
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Figure 4. Variation of absorption coefficient withwavelength of the films.

Close to fundamental absorption, transmission dbarigtics can be converted to the absorption
spectra as shown in figure 4, using the relation

o = 2.303t! log (T
Where @' is the absorption coefficient of the film,'t" ishe thickness and ‘T’ is the %
transmissiort”. The value ofé’ increase rapidly in the short wavelength rangs,ithdue to the
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absorption of light, by the films. For this reasompst semi conducting and conducting oxides
are not transparent for the visible light in theebtegion.

The extinction coefficientk’ in relation to the wavelengti! was plotted as shown in figure 5.
In the visible region, the film samples exhibit l@xtinction coefficient. This factor is reduced
for the annealed film in comparison with the as a$#fed film indicating the enhanced
crystallization of the annealed filkf.

1.0

annealed

as deposited

0.5+

extinction coefficient (k)

&_4

0.0 T T T T 1
400 500 600 700 800

wavelength (nm)

Figure 5. Variation of extinction coefficient withwavelength for the as deposited and annealed fibn

Structural studies
The X-ray Diffraction pattern as shown in figurevés recorded using an X-ray diffractometer (-

Hitachi) using Cu K radiation of wavelengtid = 0.15418 nm in the scan rangé 2 20-80.
The X-ray Diffraction of film indicates the amorphatate of the as deposited films.

5000

Intensity

20 ' 30 ' 40 ' 50 ‘ 60
2 theta
Figure 6. X-ray Diffraction pattern of TiO , thin films deposited on glass.

Figure7 shows the Scanning Electron Microscope (phkbge of Titanium dioxide film
prepared using spin coating technique. The SEM @nageals smooth crack free surface with
nano grain sized films.

The chemical compositions of Titanium dioxide film&re analysed using EDAX spectra as

shown in figure 8. The EDAX spectra also show thensical combination of the glass substrate
on which the films were grown [10, 11].
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Figure 7. SEM images of TiO2 thin films prepared 8ing spin coating technique

Figure 8. EDAX spectra.

Microhardness

Microhardness measurements are commonly carrietbailgtermine the mechanical strength of
the materials. Micro hardness measurements wernedarut using Type M hardness tester fitted
with a Vicker's diamond pyramidal indenter. Therfd were indentated at different sites for the
load of 25gm to 500gm for 5 second. The micro hesdrwas calculated using

H= 1.8544 p/ (df Kg/mm?

Where ‘p’ is the applied load in gm and ‘d’ is theerage diagonal length of the Vickers
impression in mm after unloading. The diagonal teagwere readily calculated from the
measurements taken from the main and vernier ati@ehed to the instrument.

Figure 9 shows the variation of micro hardnegg With load in grams for as - deposited film.
The non linear variation in hardness implies thespnce of imperfections (such as impurities,
dislocations etc...) and voids. The Mayer’s formuikeeg the relation between the load and the
size of the indentation gs= ad" Where ‘p’ is the load in Kg, ‘d’ is the diametef the
recovered indentation in mm, ‘a’ and ‘n’ the comsafor given materials. The Mayer index
number ‘n’ gives the value of work hardening indi&ano scale / nano grain sized samples were
always characterized by Mayer index or work handgrindex. The lower the value of work
hardening index, the better will be the hardnesh®hano grain sized materiéfs **.
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Figure 9. Variation of microhardness of the film wth respect to the applied load.

The log-log plot between ‘d’ and ‘p’ of figurelOejds almost a straight line graph. The slop
determines the value of work hardening index Tar the as deposited titanium dioxide film, ‘n’

from the graph is found to be 0.53. The lower taki® of work hardening index, the better will

be the hardness of the nano grain sized materaal.hBrd materials, the value of ‘n’ range
between 1 — 1.6 and is more than 1.6 for soft nedser
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Figure 10. Graph of log ‘d’ versus log ‘p’.

CONCLUSION

Titanium dioxide thin films have been prepared gsspin coating technique. X-ray Diffraction
patterns have shown formation of non-crystalline @eposited film. The thicknesses of the
annealed films and optical constanisk) have been found from the transmission spectriihre
optical band gap energy has been found to of thger®.61eV. SEM image showed a smooth,
crack free surface and EDAX confirmed the compositof titanium dioxide. The micro
hardness test showed that the film had a work Imardandex number of 0.53 which estimates
the hardness of the material.
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