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ABSTRACT

Novel TiO,/ZnO core-shell thin film has been deposited onto a glass substrate by the chemical bath deposition
technique. The films were annealed in the temperature range of 373k and 673K in order to investigate the effect of
annealing on the optical properties and thickness of the film. The films were investigated using X-ray diffraction
(XRD), scanning electron microscopy (SEM),Rutherford backscattering (RBS) and spectrophotometer. Our results
showed that there is more crystallization and more orientation of the crystal growth with increase in temperature.
The results also revealed that most of the optical properties were significantly affected by the annealing process.
The calculated thickness shows that the films are nanocrystalline in nature. The optical band gap decreased with
increase in temperature and are in the range of 2.17eV- 2.68eV.
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INTRODUCTION

Transparent conducting oxides (TCOs) have long lmeinteresting area of research. This is largely tb its
unique properties and diverse applications. Sombese TCOs include titanium oxide, tin oxides,maoh oxides,
ferrous oxide, cuprous oxides etc. Titanium oxi@®g) has been one of the most studied oxides becdutserole
in various applications, namely photo induced wafditting, dye synthesized solar cells,solar cefisironmental
purifications, gas sensors, display devices batieetc[1] Znic oxide (ZnO) belongs to member of tiexagonal
wurtize class, it is semiconducting, piezoelecanc optical waveguide material with a variety oplagations. Znic
oxide has been extensively studied as a promisiagnial for blue and ultraviolet light emitting dees because of
its wide band gap and large binding energy [2]. Te¥elopment of new materials, blends, compositets a
advanced materials is a necessity for modificabbmechanical, electrical, optical and thermal mmigs of thin
films to fulfil the demand for improved materiatsindustries. The development runs parallel withititense series
of studies aiming at describing the structure-prgpeslationship of the modified materials. Manydies have been
reported on electrical and thermal properties afiesgore shell thin films [3]

The study of semi conducting thin film are beinggued with increasing interest on the account eif goroven and
potential applications in many semiconductor devisech as solar energy converters, optoelectrafgesces
etc.[4] In the last decades, there has been a degditof interest in the production of inexpendiva films, due to
its high varying characteristics. Such charactedsinclude high resistivity, heat reflecting wirnvdg, catalytic
properties, photo thermal and photovoltaic[3]. Heat applications of thin oxide films are in hou$eld,
electronics, recording heads, memory and microveiexéces. Most oxide thin films can also be appliedhighly
reproducible gas and humidity sensor materialsQ5Qxides thin film materials have been one of thest
attractive research topics in physics and matecdi@nce. Materials like K®,, CrO,, manganese pervoskites, double
and layered pervoskites, BiFg@nd more recently transition metal doped semicotwds thin films such as TiD
ZnO, MnO to mention but a few have been reportettave received new and exciting attentions [1,5]
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Thin films of TiO, and ZnO oxide film are some of the metal oxide isemductors which have been found to be
very useful as a UV detector [5,15]. As importaraugp [I-1V semiconductor thin films with versatitsharacters,
these films possess wide applications in variogisifisuch as gas sensors, transducers, catalgsmdary batteries
and super capacitors [6]. In recent years, theldpweent of core/shell structured materials on sonaeter scale has
been receiving extensive attentiph8]. The shell can alter the charge, functionalityd reactivity of surface, or
improve the stability and dispersive ability. Futimore, catalytic, optical, or magnetic functioas de imparted to
the core particles by the shell material. In gelhdlee synthesis of core/shell structured matehnad the goal of
obtaining a new composite material having synecgeti complementary behaviours between the coresaed
materials. Many studies on the synthesis of contggsi.e. TiQ [9], CaCQ [10], F&O3[11,13]and Ag coated with
SiO, shells have been reported. Optical characterizatbnhin films gives information about other phyadic
properties like band gap energy and band structptgally active defects etc. It is therefore efmanent interest
for different applications. The widely used enva&lapethods have been adopted for measurement shiiéance
and this can be used to evaluate the refractivexineixtinction coefficient and absorption coeffitieGenerally, the
optical band gap Fand the absorption coefficient could be calculated from the transmittance or dizswe
spectra [14]. Many properties of thin films haveebehown to depend on the thickness of the filnn.ifsiance, the
reflectance, the transmittance, the resistivitgnention but a few depends to a large extent ofiilthahickness.

In this paper, the effect of annealing on the @bticoperties and thickness of novel core-Shell,A60 crystalline
thin films are reported.

MATERIALSAND METHODS

The chemical bath used for the preparation of thie films in PVA matrix in this work was prepared the
following order. First the PVA solution was prepaduley adding 900ml of distilled water to 1.8g ofiddPVA and
stirred at 363K for 60mins. The solution was agetil the temperature dropped to room temperatuoeoftain the
deposition of TiQ, the chemical bath was composed of 12 mls of 1MgIZrM2mls of 1M NH4C), 12mls of 10M
NH; and 13 mls of PVA solution put in that order inOhtl cleaned and dried beaker. Four (4) clean gilidses
were then inserted vertically into the solutioneTdeposition was allowed to proceed at a temperaiuB38K for
3hrs in an oven after which the coated substrate wemoved, washed with distilled water and allowedry. To
obtain the TiQ/ZnO core-shell, the TiQalready formed (core) was inserted in a mixturetaiming 12mils of 1M
ZnCl,, 12mls of IM NH,CI, 12mls of 10M NHOH and 40mis of PVA in 100ml beaker. Deposition \aiswed to
proceed at same temperature and duration. Twoeodiéiposited films were annealed in an oven at 4:8K673K
respectively for 1hr. One of the samples was Iaftrinaeled to serve as the control. Structural aisabf the films
was carried out using X-ray diffraction (XRD) methwithin the range of 15- ?®n a computer controlled Phillips
pin 1500 X-ray diffractometer of CU&wavelength (1.5408A). The composition of the filmas determined
using Rutherford back scattering (RBS) ,while tiptical properties of the CBD deposited films wereasured at
room temperature from Unico-UV-2102PC Spectrophetimat normal incident of light in the wavelengémge
of 200-1200nm. From the absorption spectra, opbiaald gaps of the samples were determined.

RESULTSAND DISCUSSION

The chemical status and the elemental compositfothe film analysed by using RBS method is preskrite
fig.1.The analysis showed that the samples is nuigpdef 6.0% of titanium (Ti), 6.1% of znic (Zn) a®&.0% of
oxygen. This implies that the crystalline film isn@st pure.
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Fig.1 RBSof TiO,/ ZnO thin film
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(hkl) @ Al

101 20.87 4516
113 21.46 4.080
104 32.11 2.854
321 43.89 2.273
324 47.20 2.213
0111 49.04 1.468
330 52.65 1.440
514 59.68 1.430
119 69.54 1.420

The crystalline structure and orientation of th®JZnO thin films deposited were investigated by X-dhiffraction
(XRD) pattern. The X-ray diffraction spectrum isosin in fig.2a, b and c for as-deposited, thermaltyealed at
373K and 673K respectively. The figures indicdigttthe film is polycrystalline in nature. A cloe®k at the two
diffractograms show several peaks. Prominent antbe are peaks ab%alues of around 20.8732.1%, 69.54
corresponding to diffraction lines produced by (1q104) and (119) plane (JCPDS 35-0D88) respdgtiveclose
look at figures 2a to ¢ shows an improvement indtystallinity of the films. A comparison among thpectra of
figures 2a,b and c show that there is more cryssibn and more orientation of the crystal growttthe case of
film annealed at 673K. The peaks @tvalues of 25.68and 59.99 are attributed to orthorhombic TIQICPD -29-
1360) with lattice parameter a=b=c=4.120 A. Theseenassigned to the diffraction line produced byljland
(123) planes. However the additional peaks at ayteaof 34.89 and 48.01 are identified to be ZnORDCG-29-
0902) and are assigned diffraction line producedt0) and (024) planes of the ZngiQpyrophanite) phase.
These results suggest that the thin films depositelis are a mixture of oxides of zinc and titami The existence
of this high pressure magnetic phase implies that film can be used as magnetic resonance eleridet.
crystalline grain size was calculated using theeBsthformula: D=0.8%/3co® (1)

Where D is the average crystalline sizejs the wavelength of the incident X-ra,is the full width at half

maximum of X-ray diffraction an® is the Bragg’'s angle. The crystallite size for #reealed film at 373K and
673K are 18.31nm and18.03nm respectively whilectleulated crystallite size for as-deposited fibnl4.12nm.

The B and d values are given in table 1.
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Fig.2: XRD for TiO,/ZnO at (a) as-deposited (b) annealed at 373K (c) annealed at 673K
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Fig.3 SEM micrograph for TiO,/ZnO core shdll thin film (a) as-deposited, (b) annealed at 373K and (c) annealed at 673K
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The SEM of the as-deposited, thermally anneale®78K and 673K are displayed in figures 3a, b and ¢
respectively. The SEM show an increase in grair €8 annealing temperature increases due to effdcts
evaporation of absorbed water and reorganizatiahefrain. Uniform distribution of the grain issalobservable
with the gradual fading in colour from grey to ysllish brown.

Figs. 4 and 5 are plots of transmittance againsteleagth and absorbance against wavelength resphcfor
TiO,/ZnO core shell oxide films deposited in this wdfkom fig.7, we deduce that the transmittance e with
wavelength for all the samples. This is due toiticeease in crystalline size associated with higlesifications of
the film. The figure also shows high transmittan€¢he film in the NIR region of the solar spectrufine plots also
show that in the UV region, samples exhibit lowngmittance. Thin film of Ti@ ZnO of displays high absorbance
values in the IR region and virtually non-absorhimghe UV-VIS at all temperatures.

The spectral absorbance and transmittance displiayégdures 4 and 5 shows that TI&ZnO thin films could be
used as spectrally selective window coatings ird adimate to facilitate transmission of VIS and Nighile

suppressing the UV portion of the solar radiatibhe thin film can be used for coating eyeglassegfotection
from sunburn caused by UV radiations.
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Fig.4: Transmittance against wavelength for TiOy/ Zn0 Fig.5: Absorbance against wavelength for TiOy/ Zn0O

thin films thin films

The extinction coefficient k can be obtained frdra experimental expression [14]:

_al
K= 2 (2)
(n _1)(n - ns)[ [T ma . 05
And @ =—-1In /T m|n]+1 (3)

(n _1)(n + ns)[ [T m% min]— 1]0.5

wherea is the absorption coefficient and t is the thicdsef the film. The optical constants such as c#fra index
n and extinction coefficient k were determined frtime transmittance and absorbance spectra. Thatieariof n
and k is as displayed in figures 6 and 7 respdgtive

The film thickness was calculated using the retafist]
A,

tl=—F/—————
2(/]1”2 - /12”1)

(4)

where B and n are the refractive indices corresponding to wangtle); and, respectively. The thicknesses of the
films are 75.48nm, 85.16nm and 97.51nm for as-degghshermally annealed at 373K and 673K respebtivl his
shows that high temperature annealing has signifieliect on the thickness of the deposited filthe Tesult shows
that as the annealing temperature increases, itle#ss increases. The result also indicates tieati¢posited thin
films are nano in size. The absorption coefficiwat determined using the relation:
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a= 2303? )

where A is the absorbance. The optical absorptilge evas analyzed using the equation [11,12]
ahv =Bhv-E, ' 6)

where B is a constant.
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Fig.6: Refractive index vs hv for Ti0;/ Zn0 thin films Fig. 7: Extinction coefficientVs hv TiO:/Zn0 thin films

The variation of ¢hu)®> with photon energy in joule is shown in fig.8.éTplot shows that the band gaps are
2.62eV, 2.68eV and 2.17eV for the as depositedthlly annealed at 373K and 673K respectively. @beve
suggests that annealing the sample in oven loviervalues of the band gap. This may be a consequanihe
increase in crystalline size associated with heghgerature annealing.[12,14].
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Fig.8:(ghv)vshv for TiO2/Zn0 thin films

According to [15], a change in energy band gap dépénversely on the particle radius R. Therefm® increases
due to the increase in the crystalline size assetiaith temperature annealing the valu@&gj will decrease.
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CONCLUSION

In conclusion, this communication demonstrates tioael nanocrystalline core/shell oxide thin filrhtbe form T.
i0,/Zn0O films have been successfully deposited ong#aas slide using the CDB technique. XRD study aés/e
better crystallization of the films and band gaplgsis show that high temperature annealing hasquioced effect
on the properties of the deposited film. The foiorabf TiO,/ZnO composite has considerably modified the optica
properties of the independent thin film.
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