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ABSTRACT

In this investigation, TiO, thin films were synthesized by vacuum
evaporation technique on glass substrates at room temperature. The films
werethen annealed at 200 and 250°C in air for a period of 1 hour. The optical
characterizations of the as deposited and annealed films were carried out
using UV-VIS transmittance spectroscopy in the wavelength range 300—
900 nmin order to calculate the optical constants such asrefractive index,
extinction coefficient, real and imaginary partsof dielectric constant. Results
illustrate that refractive index, extinction coefficient, both the real and
imaginary parts of dielectric constant and the optical conductivity of the
films are increasing with increasing annealing temperature, on the other
hand, the value of the skin depth is found to be decreases as the annealing
temperatureincreased to 250°C, so the skin depth is a transmittance related.
© 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION photocatalysts. One of the advantages of thin film
photocatalystsisthat the catalyst layer may be con-
nected to an external power sourceto reducethere-

combination of UV-activated e ectronsand holesand

Consderableinterest has been generated in recent
years, researchers and engineerspaid specia attention

to TiO, thinfilms, which have many applicationsin ca-
talysis, photocatalysisand solar cells*9. TiO, isawide
band gap semiconductor (3.03 eV for rutileand 3.18
for anatase) and can only absorb about 5% of sunlight
intheultraviolet light region, whichlargely limitsitsprac-
tical gpplicationsbecause of thelower utility of sunlight
and quantumyield. Variousresearchersstartedtoin-
vestigateways of immobilizing TiO, particles, for ex-
ampleinthinfilmform™3, Actudly thinfilmtechniqueis
becoming a standard for preparation of TiO,-based

thus, theefficiency of the catalyst isincreased.
Formation of a particular phase depends on the
natureof thestarting materid, itscomposition, deposi-
tion method, and annealing temperatures. Many depo-
sition methods have been used to prepare TiO, films,
including thermal™®, Plasma spray!'®, anodic*¥, ion
beam!*2, sol—gel method!*¥, chemical vapor deposi-
tioni*, spray pyrolysig®d, plasma-enhanced chemical
vapor deposition*d, pulsed laser deposition™”, and RF
sputtering method*8, evaporation*¥. Each oneof these
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methods hasitsown benefitswhich can beused to ob-
tainfilmswith specific characterizations.

Many researches have been devoted to study the
fabrication and characterization of TiO, thinfilmg>#.
Inthisstudy, theoptical characteristicsof TiO, films
deposited by vacuum evaporation technique on glass
substrates are reported. The optical constants of the
filmswere examined and the effect of annealing tem-
perature upon the optical properties of thefilmswas
investigated.

EXPERIMENTAL PROCEDURE

TiO, thinfilmswere prepared by vacuum evapora:
tion technique onto glass substrates at room tempera-
tureunder vacuum 10'5mbar. Ti meta (99.99% purity)
provided by (Flukachemica s Germany). Film thick-
nesswas checked by aninterferometric method?, and
it wasfound to be 300nm. The oxidewasthen formed
by thermal oxidation at 500C for 45min. Optical trans-
mittance was recorded with adoublebeam Shimadzu
UV-VIS spectrophotometer in the wavelength range
300-900 nm. The effect of annealing temperatures on
theoptica propertieswasinvestigated.

RESULTSAND DISCUSSIONS

Information concerning opticd transmittanceisim-
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portant in evaluating the optica performanceof con-
ductive oxidefilms. Thespectra dependencesof T and
R of theas-prepared TiO, filmsand thefilms after an-
neal to 200 and 250°C are shown in Figures 1 and 2
respectively. Theresultsindicatethat T increaseswith
theincreasing of theincident photonswavelength A, and
decreaseswith theincreasing of annedling temperature.
One can noticethat the spectral dependences of both
T andRof dl filmsasafunction of A in the high absorp-
tion region (A < 1000 nm) ischaracterized by drastic
change of both T and R asafunction of A in which
T+R<1wheretheoptical constantsweredetermined.
Figure 1 announcesthat the percentage of transmission
isgpproximately 45%inthevis bleregion consequently;
thetransmittanceinferred that spin coated TiO, films
could be used for optical coating applications. The
wavelength of thefilm absorption edgeis 290 nm ap-
proximately. Theseresultswerein agood agreement
with that obtained by EI-Nahasset a.[*".

Figure2 showsthat inthevisibleregion, thereflec-
tance values were observed between 0.38% and
0.45%. Thereflectanceof al filmshad acommon ten-
dency that thevaluesincreased with theincrease of the
wavedength. Itisseenthat thereflectanceislimited only
by the surfacereflectance of about 40%inthevisible
region.

Theoptical propertiesof TiO, thinfilmsby means
of optical absorptioninthe UV-VISregion of (300
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Figure?2: Reflectancever suswavelength for asdeposited and annealed TiO, thin films

900) nm have been investigated. Theabsorption coef-
ficient (o) could be calculated using the following rela-
tion:
2.3034

g )
Where (A) istheabsorption and (t) isthefilm thick-
ness. Figure 3 showsthe dependenceof the absorption
coefficient (o) of TiO, thinfilmsonthewavelength at
two annealing temperatures 200 and 250°C. It is seen
that withincreasing anneding temperature the absorp-

tion edgeshiftsto the higher waveength direction. This
result provesthat upon increasing the annealing tem-
perature, the absorption edge of TiO, filmsmovesto
visible spectrum range, whichindicatesthat thefilms
aresensitivetovisiblelight. Theblue shiftinthe ab-
sorption band edge has been claimed asaconsequence
of exciton confinement with decrease particlesize (the
so-called quantum-size effect) in TiO . Serponeet.
al .®9 indicated that the bl ue-shifted absorption thresh-
oldsinTiO, small particlesaredirect transitionin an
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Figure4: Refractiveindex ver suswavelength for asdeposited and annealed TiO, thin films

otherwiseindirect band gap semiconductor instead of
guantum-size effect. Deloach et. al .*Y recently reported
that the blue shift of optical energy gap isdueto the
change of theenergy gap of thedisorder crystd inTiO,
films. Theoptica energy gapsof thefilmsdecreasefrom
3.25t0 2.95eV when the annealing temperature in-
creasesto 250°C. From the result, it is believed that
theblue shift of absorption band edge might duetothe
change of theenergy gap of thedisorder crystd inTiO,
films

Refractiveindex of thefilmsisanimportant param-
eter for optod ectronic devicesdesign. Inorder to ca-
culatetheoptical constant refractiveindex (n) and the
extinction coefficient (k) of thefilmsat different wave-
lengths, we can usethefollowing rel ationg®?:
n=[1+R/1-R] +[4R / (1-R)?— k?]¥? )

k = aM/4n ©)
Where () is the absorption coefficient and A is the
wavelength. Therefractiveindex of thefilmswascal-
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culated by using Eq. (1) and thevariation of refractive
index with wavelengthfor thefilmsisshowninFigure
4. All filmsshowed smilar behavior inrefractiveindex
spectrawhichisagradually decreaseswithincreasing
wavelength. It can be noticed that therefractiveindex
of thefilmsthat annealed to 200 and 250°C is increased.
Thisincrease may be attributed to higher packing den-
sty and changein crystdline structure, Many research-
ersreported that annealing treatment caused refractive

index toincrease dueto the enhancement of crystdliza:
tion®*3%1, Refractiveindex values of thesampleshave
varied between (4.2-4.8) at long wavelengths.

The calculated val ues of extinction coefficient, k
versus for TiO, filmsareillustrated in Figure 5. It
could benoticed that k vauesincreaseswithincreasing
thewavelength and dsoincreased asthefilmsanned ed
t0 200 and 250°C, such results was also confirmed by
Hasan et. al .1,
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Theobtained values of nand kwere used to cal cu-
lateboth ¢, andimaginary €, parts of the dielectric con-
stant and they were obtai ned using the formulas®”:

(4
&5 =2nk (5)
Wheree, determinesthe maximum energy that can be

storedinthematerid, ¢, dsoiscaled therelativeloss
factor and representsthe absorption of electrical en-

— N2 2
g =n —k

—= Pyl Paper

ergy by adielectric material that issubjectedto ana-
ternating el ectromagnetic field. Thevariation of both
red ¢, andimaginary , partsof thediel ectric constant
fordl TiO, films(beforeand after annealing) asafunc-
tion of wavelengthareshowninFigures6and 7. It can
be noticed that the values of thereal part are higher
thanthose of theimaginary part. Thee, increasefor-
ward asthewavel ength increases and display amaxi-
mum starting around 340nm which correspondsto di-
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Figure8: Skin depth ver suswavelength for asdeposited and annealed TiO, thin films
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rect energy gap. Also thevaluesof red andimaginary
parts of the dielectric are found to beincreases after
anneding.

The skin depth could be cal culated using thefol-
lowing relation’;
x =L/ 2nk (6)
Where is the wavelength of the incident photon, k is
theextinction coefficient. Figure8 show thevariation of
skindepth asafunction of wavelengthfor dl films. Itis
clear fromthefigurethat the skin depth increase asthe
wavel ength increase, thisbehavior could beseenindl
samples, but the skin depth decreasesasthe anneding
temperatureincreasesto 250°C, which means that the
skin depthisatransmittancerelated.

Theoptica conductivity was calculated using the
relation™:
c=onc/4n @)

Where(c) isthevelocity of light.

Figure9 showsthevariation of optica conductivity
with thewavelength. It was observed that the optical
conductivity increaseswith theincreasing of anneding
temperature. It can be noticed that the optical conduc-
tivity for al filmsincreased inthe high photon energies
region and decreased in thelow photon energy region,
thisdecreaseisdueto thelow absorbance of thefilms
inthat region. It isseen that the optical conductivity
decreaseswith increasing wavelength, which hasdras-
tically increased corresponding to the absorption edge
and the optical gap. Thissuggeststhat theincreasein
optica conductivity isdueto e ectronsexcited by pho-
ton energy. Theorigin of thisincreasing may be attrib-
uted to some changesin the structure dueto the an-
nealing and the charge ordering effect [ 68].

CONCLUSION

TiO, thinfilmshavebeen successfully deposited onto
aglasssubstrate by vacuum evaporation technique. All
sampleswereopticaly characterized by usng UV-VIS
techniqueandtheresultsweresystematicaly presented.
It wasfound that thetransmittance of theTiO, filmsin
thevisbledomainreaches45% in alargespectrd range.
Reaultsindicatethat theoptica parametersarestrongly
dependent on annedling, asthe annealing temperature
increases, theenergy gap of the TiO, filmsdecreasesto

flano Soienoe and flano Teohnology

2.95¢eV. Therefractiveindex, theextinction coefficient,
thered andimaginary partsof thedielectric constant,
and the optical conductivity was cal culated and they
aretending to decreasewithincreasing annedling tem-
perature, on the other hand the skin depth increases
with increasing annealing temperature. These present
observations can hepimprovetheunderstanding of the
optical parametersof TiO, thinfilms.
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