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ABSTRACT

In this paper we report the effect of the specific surface of some substrates
on the morphol ogy and optical properties aswell as photocatal ytic activity
of titanium dioxide (TiO,) thin films prepared using sol-gel method. Used
substrates are: Si, textured silicon and nanowires silicon (SINWSs). The
surface morphology of the film was examined using Scanning Electron
Microscope (SEM). The optical properties of TiO, thin films were
characterized using UV-VIS, Raman spectroscopy and Ellipsometry. The
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results showed aremarkabl e effect of the specific surface of substrates on
the morphology and optical properties of TiO, thin films.
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INTRODUCTION

Titanium dioxide(TiO,) isalarge band gap semi-
conductor with many interesting physico-chemicd ap-
plicationsin severa fields. Thisdioxide has been ob-
tained in different geometric shape: nanoparticles*?,
nanowires®, nanotubes*® and thin filmg® which are
generaly so expensive. It isworth noting that the meth-
odsrequired for obtained thisdioxideishighly expen-
sve, especidlyif got in variouscomplicated geometric
shapes. Besides, thedevicesmadeby TiO,andsilicon
nanostructered (Silicon pyramidal and nanowires) ma:
teria havemany short coming limitationsin many fields
because of the use of costly technical processes. The

devel opment of cheaper technica growth of thisoxide
for optod ectronic applicationsisthen required and thus
smpleand inexpensive methods, such asthe chemical
etching technique ™, may be used.

During thelast decade, the deposition of TiO, thin
films on various substrates (Si, Si pyramid and
SINWSs.. ) has attracted more attention because of their
potentid applicationsin many fieldssuch as. thedesign
of nanometer-scale solar cellsand UV- photodiodes.
Hence, our study falswithin this scopebut with aspe-
cificfocusontheimpact of the substrates onthe sum of
the properties of TiO,. It is worth noting that
heterojunction isobtained with two simple and inex-
pensivetechniquesfor thestatic that itisused widdly
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indudridly.

Thiswork dedswiththe preparation of TiO, by sol
gel depositedon Si, Si pyramid and SINWsobtained
by chemical etching. Using thesetechnical processes,
variousstructures based on TiO,/substrates have been
tested. Here, effortshave been focused onthe effect of
the specific surfaceson TiO, growth mechanism. Also,
the photochemica activitiesof thesestructureshavebeen
carried out intermsof the surface shape.

EXPERIMENTAL METHODS

Fabrication of silicon nanostructures

A ptype S wafer was used asasubstratefor the
etching of silicon pyramidal and nanowires (SINWS).
Theslicon substrateswere ultrasonically cleaned suc-
cessively in ethanol, acetone and isopropanal, for 10
minuteseach. Thesubstrateswerethenimmersedina
(HCI/H,O/H.0,:1/5/1) solution where H,0, was
added to the mixture (HCI/H,O) heated at 100°C. Fi-
nally, diluted hydrofluoric acid (HF) wasused just be-
forerinsing the substrateswith ultrapurewater.

The etching mechanism of thesilicon nanostructed
(pyramid and nanowires) isdescribed infigure 1(aand
b). First of al, thetextureof siliconwith random pyra-
mids, areproduced by etchinginabasc solution. These
pyramidsare obtained after chemica etchingin NaOH
(1IM) solution heeted a 85°C for 2 minutes. The samples
wererinsed with ultrapurewater and dried with N, gas.

Secondly, the etching mechanism of the silicon
nanowiresisdescribedinfigure 1(b). Itisadouble step
mechanism, in which, as its name indicates, the
nanowires growth takesplacein two steps: thefirstis
performedina(5x10°M AgNO,/ HF (10%)) solution
for 3 minutes and the second in a (HF(10%)/
H,0,(0.6%)) solution for one hour. The obtained
samplessurfaces arefound to be wrapped with athick
slver (Ag) layer that originatesfromthesilver nitratein
theetching solution. Toremovecompletdy thisAglayer,
the as-prepared samplesweretreated inaconventiona
Ag etching solution consisting of (HNO,(65%)/H,0O)
for seconds and then rinsed with ultrapure water.

Deposition of TiO, thin film

The heterojunctionswere then fabricated by de-
posed 100 nmthick TiO, thinfilmson SNWs/Si pyra-
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Figurel: Silicon nanowir esgr owth mechanism

mid and p-Si array by Spin-Coating methodswith a
speed of 3000 rpm for 30s. A conventional sol-gel
method was applied to preparethe TiO,*™: 4.65 cm?
of isopropanol was added drop by dropin 1.6 cm?® of
titanium isopropoxide. The solution was left under
closed agitation under heating at 60°C for 10 min. Then
5.15 cm?® of acetic acid was poured stirred for 15min
under heating at 60 °C. Finally, 12 cm® of methanol
was added and the solution wasstirred for 2 htoyield
aclear and homogeneous solution, which served asthe
coating solution after cooling to roomtemperature. The
sol—gel technique offers a low temperature method for
synthesi zing materia §*2. The sol—gel process has dis-
tinct advantages over the other techniquesdueto ex-
cellent compositiond control, homogeneity onthemo-
lecular level duetothemixing of liquid precursors, and
lower crystalizationtemperature. Moreover, themicro-
structural properties, i.e. the pore size, pore volume
and surface areaof thefilm can betailored by the con-
trol of sol—gel processing variables. Sol—gel prepara-
tionsarethereforeided for exploratory sudiesfor large
number of material §1>%9.
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Characterizations

Inorder to determinethe effect of specific surface
of S substrateson TiO, thinfilm on morphologic and
optical properties a scanning electron microscope
(SEM) has been used to examinethe morphol ogy of
theTiO,/Si, TiIO,/Si pyramid and TiO,/SINWs. The
Optical reflectivity of the mentioned sampleswasre-
corded by meansof LAMBDA 950 UV/VigNIR spec-
trometer. On the other hand, the vibrations modes of
al sampleswereinvestigation by spectroscopy Raman.
During thisstudy, therefraction and extinction index of
TiO, thin films were determined by spectroscopy

Ellipsometry.

RESULTSAND DISCUSSIONS

Effect of the specific surface on TiO, thin films
mor phology

Figure 2 showsthe SEM imagesof 100 nm film of
TiO, deposed onvarioussubstrates. S, S-pyramidd and
SINWSsby sol-gd method. M oreover, thegrowth of this
oxideanditsincorporation on SINWssubstrateisthen
observed & thesurfaceaswell asinthebulk, figure2(c,
andc,). Inthesameline, theincorporation of TiO, in
such subgtrateisof the order of 100 nm asshown by the
arrow in figure 2-c, when compared with figure 2-a,.
Thisleadsto anincreaseof specific surfaceof TiO, on
SINWssubstrate and openstheway to possiblefuture
gpplicationsof theuseof TiO, prepared by sol gel method
as TCOinphotovoltaic solar cdlsand ason other opto-
electronic devices!®8, Furthermore, wehave so matter
what theshagpeof substrateis TiO, takesthe sameshape
of thesubstrate. Thisconfirmsthefact that TiO, hasa
good adhesvewith S subgtrates.

Spectroscopy UV-visible

The reflectance measurements of the prepared
sampleswererecorded by meansaUV/Vis/NIR spec-
trometer in 300-1200 nm in spectral domain. Figure3
(aand b) showsthereflectance spectrafor the bare p-
S wafer, theSi pyramid and SINWsbefore and after
deposition of TiO, thin film. It can be seen that the
SiINWSs has been dropped to approximately 2 % in
comparison to that of the bare p-Si and the Si-pyra-
mid. Thisremarkably low reflectanceisassigned to
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numerous advantages such as. the high roughnessand
the geometry of thesilicon wires, aswell asthe collec-
tivelight scattering interactionsamong SINWsarray,
whichtrap thelight and makeit travel many turnsover
distancesmuch longer than thearray thickness*¥. This
phenomenon regarding thel ower reflectivity of SNWs
remansafter thedeposition of 100nmthinfilmsof TiO,.
Thisresultisso encouraging sincesmpleand low cost
sol gel and etching techniques has been used to reach
30 performed deviceswithlow reflectivity phenomenon.
These propertiescan be used for many physical appli-
cationssuch assolar cdls, etc.

Raman spectr oscopy

Figure 4 showsthe Raman spectraintherange of
100-900 cm™ of TiO, filmsdeposed onvarioussilicon
substrates(silicon (a), silicon pyramid (b) and silicon
nanowires(c)) by sol ge method. The(a) and (b) spec-
tracorrespondingto TiO,/siliconand TiO,/Si pyramid
show symmetricvibrationmodes: A, +2B, +3E of
tetragond anatase phaseidentified at 140 (Eg), 197 (Eg),
395(B,), 433(B,), and 640 cm™ (E ). Theband po-
sitionsarein agreement with previousreportsfor ana
tase phase®®l. On the contrary, TiO,/SINWsexhibits
the presence of others peakslocated at 228,436, 619,
676 and 826 cm " which are assigned to the appear-
anceof no negligible TiO, rutile phase. This phenom-
enonisdueprobability to the perturbed surfaceaswell
as the oxygen presence in such substrate as seen by
SEM micrograph, figure 2-c,.

Spectroscopy ellipsometry investigation

Spectroscopi ¢ Ellipsometry measurementswere
performed at 300K for wavelengthsrangingfrom0.2
to 1.4 pm by means of a photometric Ellipsometry with
rotating polarizer. Varioustheoretica modelshavebeen
used to determinethe optical propertiesof TiO, thin
filmg?-23. [nour case, the experimental resultsare ad-
justed to theoretical onesusing Forouhi model which
describeswdl| thevariationsof therefractiveindex and
the extinction coefficient of TiO,deposited on S sub-
gratein thiswavel ength domain aswell asaround the
optical band gap E, value. Thissubstrateis chosen be-
causeit ddiverssmooth surfacein comparisonwith Si
pyramid and SINWsones. The Fourier model isused
for two setsof sample configurations, figure5 and the
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Figure2: SEM surfaceand crosssection imagesof (a,,a,) TiOZISip, (b,,b,) TiO,/Si-pyramid and (c,c,) and TiO,/SINWs
obtained by chemical etchingtechniqueand sol gel method

fitting parametersfound by thismode are summarized Inthesameline, figure 6 exhibitsthe experimental
intheTABLE 1. valuesof tan (¥) and cos (4) which were adjusted by
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the cd culated curvesfor both configurations Themode
consistsof the c-Si substrate with thickness of about
500 pm and can be treated as infinite and two-layers
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Figure3: Dependenceof thetotal r eflectivity of (a) S-pyramid
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Figure 4 : Raman spectra of the (a) TiOZISip, (b) TiIO/Si-

pyramid and (c) TiO,/SNWs

assigned aslayerl, layer 2, with respectivethicknesses
g ande,. Thelayer 1isSIO,, thisoxidelayer isdueto
oxidation of substrate, whilethelayer 2 isbest mod-
€led by the Forouhi and Bloomer dispersion law.

The samefiguredepictsagood agreement between
experimental and calculated curves of tan (%) and
cos(4) inthespectrd rangevaryingfrom0.2 umto 1.4
um. This agreement confirms the choice of Forouhi for-
malism asatheoretical mode for the study of optical
propertiesof TiO, thinfilmsby Ellipsometry!4.

Figure 7 showsthe changesof refractiveindex (n)
and extinction coefficient (k) of TiO, thinfilmsinthe
wavelengthrange0.2—1.4 um, derived from model fit-
ting from the experimentd spectroscopic Ellipsometry
dataisshowninfigure6 (aand b). Theca culated thick-
nessand porosity of TiO, thinlayersare about 97 nm

Layer 2:TiO»-Void

Layerl: SiO,

Figure5: Themultilayer model of theTiO, thinfilmon Si
Substrate prepar ed by sol-gel method

and 13% respectively achieved by adjusting thetheo-
retica vauestotheexperimenta results. Thisvauere-
garding the thickness matchesthe one given by SEM
crosssection view, figure 2-a,. Ontheother hand, when
thewavel ength val ueincreases, therefractiveindex in-
creasesuntil A take 780 nm, and then become nearly
constant with decreasing photon energy. The decrease
of light occursat A equal to 377 nm, close to the energy
gepvaue.

Photocatalytic degradation of methylene blue
(MB)byTiO,/S, TiO,/S pyramid and TiO,/SNWs

Among various applications and possible roles
which can be played by thisspecific surfaceof TiO, is
the use of thisoxide asacata ytic agent. Water pollu-
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TABLE 1: Accuratefitting parameter sof the For ouhi model to adjust thetheor etical parameter sto deter minetherefraction

index and extinction coefficient of TiO, thin films

Thickness Void E, P, Peak P, Peak
(nm) volume (eV) No B C E F G
fraction
Layer 2 97 20% 325 214 01118 8.2528 17.1930 0.0003 1.8272 0.8360
Layer 1 20 - - - - -
184 (a) —m— gxperimental 4.0 (@)
16 ; —e—FIT
" 3,54
1.4 -
1,24 _; 3.0
= 104 ;
= £ 25
034 g
054 £ 204
0.4 1
1,5
0,2
0.0 1,0
2 04 08 08 10 12 14 18 02 04 06 08 10 12 14 18

Wavelength (um)

® Experimental
() o AT
1,04
0,5+
e
0,0
0,5
1,04
T *: L] i 1 T - T * T

P r
0,2 0,4 0,6 0,8 1,0 1,2 14 1,6
Wavelength (um)

Figure6: Ellispometric measur ement (Scatter s) and modelling
(lines), in terms of (a) tany and (b) cosA, as a function of
wavelength, for TiO, annealed at 800°C in air for 1 h

tionduetotherelease of chemicalsfromindustrial sec-
tors (aliphatic and aromatic detergents, degreasing
agents, volatile organics, and chlorophenol s) has been
wasamajor concernin recent years. Although severa
semiconductors such as ZnO, Fe,O, and CdS have
been used, TiO, has beenthe photocatal yse of choice
duetoitsphotostability, non-toxicity, red-ox efficiency
and availability sincethe photocataytic activity of TiO,
isinfluenced by the crystal size, crystal structure, crys-
talinity, and surface hydroxylation. Herein, we present
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Extinction coefTicient (K)

0,54

0,04

0.2 04 0.6 08 1,0 1.2 14 1.6
Wavelength (um)
Figure7: Refractiveindex (a) and extinction coefficient (b)
asafunction of wavelength of Titaniumdioxide(TiO,) anatase
phase

recent advances we have made on this oxide depos-
ited by sol-gel technique on different substrates (Si-
bare, Si-Pyramidsand SINWs) using Methylene blue
(MB). The photodegradation of MB in an aqueous so-
|ution hasoccurred under ultraviolet lightirradiation for
1h. TheUV light was obtained usngalamp (Northen
Electronic. Wigan. Lancs), figure8. Itisnoted that during
thetest only onesideof 2x 2 cn? areaisdippedin 10
ml of agueous solution of MB (0.1 M). Also, inthe
sameexperiment, thedi stance between thesolution and
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Figure8: Experiment setup of photocatalytic activity
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Figure9: Variation of thedyeabsor ption spectrausing TiO,
thin filmsdeposited by sol-gel on varioussubstrateson the
photocatalytic activity

Lamp (U-V) was 20 cm from the top surface of the
solution. Figure9 showsasignificant decrease of the
photocatal ytic activity in terms of theincrease of the
specificsurface.

It isinteresting to notethat previous studies had
aready reported the photocatal ytic activities of various
TiO, powdersusing severa typesof commercial ana-
tase and few types of rutile, and concluded that the
anatase activity of the auto oxidationismuch higher
than that of rutile. Here, the mixture between thetwo
phases givesanoticeable photocataytic activity of TiO,
thinfilmsgrown by sol gel processon SINWswhich
may be dueto the effect of the specific surface. This
result seemsto bethemainideaprovided by the present
work.

CONCLUSION

TiO, thin films have been prepared by sol gel
method. Some physical investigations have been car-
ried out to reach themorphol ogy and optica properties
of such oxidefilms Theuseof thedepositionof TiO, on
varioussubgtrates (S, S pyramidad and SNWs) shows
theimportance of the specific surface parameterson
the photocataytic activity. Thisphenomenon could be
improved by an appropriate doping of TiO, thinfilm.
Further investigationsarein progressto usethesere-
sultsfor the preparation of other optoel ectronic devices.
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