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ABSTRACT

The deposited ZnO films were grown on glass substrates using the Successive lonic Layer Adsorption and
Reaction. The morphology of the deposited ZnO isthat of flower-like bud. The optical propertieswere characterized
using UV/V1S spectroscopy, the optical band gap decreases with increasing reaction time, and these films have
band gap values of 3.19eV, 3.22¢eV, 3.24¢eV and 3.25eV. The crystal structure of the films were also characterized
using the X-Ray Diffraction spectroscopy, Prominent among them are the peaks at 26 values of around 32.5°, 35.9°
and 38.5° corresponding to the diffraction lines produced by (100), (002) and (103) planesrespectively.
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INTRODUCTION

Zinc oxideisan inorganic compound and hasthe
molecular formular ZnO. It appears asawhitish pow-
der innature, nearly insolublein water. The powder has
being widely used asan additivein the manufacturing of
numerous material ssuch as; plagtics, ceramics, glass,
cement, rubber (e.g., car tyres), lubricants, paints, oint-
ments, adhesives, sed ants, pigments, foods (source of
Znnutrient), batteries, ferrites, fireretardants, etc. ZnO
ispresent in the Earth’s crust as a mineral known as
zincite. However, most ZnO used commercidly ispro-
duced syntheticallyYl.

Zinc oxide as acompound is often called [1-VI
semiconductor because zinc and oxygen belong to the
second and sixth groups of the periodic tabl e, respec-

tively. It has numerous favorable propertiessuch as;
strong room temperature lumi nescence, good transpar-
ency, wideband gap, high electron mohility, etc. These
properties have already been used in emerging appli-
cationsastransparent electrodesinliquid crystal dis-
playsandin energy-saving or heat-protecting windows,
photovoltaic and dectronic applicationsof ZnO asthin-
filmtransistor and light-emittert™.

The semiconductor isanimportant materia dueto
itsdirect energy gap (3.4 €V) andlarge excitation bind-
ing energy (60 MeV) at room temperaturewhich have
madeit to haveavariety of usesin gpplicationssuch as
high transmittance conductive oxide coatingsfor solar
cdlg3, UV photodetectort®, laser diode, gas sensort,
bulk acoustic waveresonator®, light emitting diode”,
€tc.
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Several methods have already been used in the
deposition of ZnOthinfilms, including molecular beam
epitaxy (MBE)™®, sol-gdl®, spray pyrolysisi¥, cathodic
el ectrodeposition™, sputtering™, pul sed laser depo-
sition (PLD)™?, and other solution methods. Many of
thesetechniquesareexpensveand requirehigh vacuum
and controlled formation condition*4. Very limited
works have been reported on the preparation of ZnO
using chemical bath deposition technique.

Solar energy conversion hasthe potentia to satisfy
thedectricity and eventhetota energy consumption of
theworld. Indeed, one hour of solar irradiation on earth
isequivaent to thetotal world energy consumptionin
oneyear (about 130 petawatt hour). Photovoltaic (PV)
or thedirect conversion of sunlight into electricityisa
promising technology which canbeeesily ingtadled with-
out affecting neither thelandscape nor the natura envi-
ronment if directly integrated into building. Solar en-
ergy conversonisahighly attractive processfor clean
and renewablepower for thefuture. Excitonic solar cells
(SCs), including organic and dye-sensitized solar cells
(DSSC), appear to have more significant value as a
low cost aternativeto conventional inorganic photo-
voltaic (PV) devices. The synthesisand gpplication of
nanostructuresin solar cellshaveattracted much atten-
tion. Metd oxidenanowire(NW) arrayswith large sur-
faceareaand short diffusionlength for minority carriers
represent anew class of photod ectrode materia sthat
hold great promisefor photoel ectrochemical (PEC)
hydrogen generation applications. Up to now, various
metal oxide nanostructuressuchasTiO,, ZnO, Fe,0,,
ZrO,, Nb,O,, AlLO,, and CeO, have been success-
fully employed as photoel ectrodes in Solar cellg9.
Among the above-mentioned metal oxide
nanostructures, thestudy of ZnOisof particular inter-
est duetothefact that itisoneof thebest candidatesas
photoel ectrode used in Solar celI$%.

EXPERIMENTAL DETAILS

ZnO thinfilmswere prepared by Successivelonic
Layer Adsorption and Reaction (SILAR) method,
based on dternateimmersion of substratein Zn?* source
and H,O, solutions, both kept at room temperature
(300K). The Zn?* sourceisasolution of zinc nitrate
which was made alkaline by the addition of aqueous
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ammoniasolution. TheH,O, solution wasformed by
addition of distilled water to hydrogen peroxideat the
volumeratio of 10:2 respectively. The cleaned-dried
glasssubgtratewasimmersedintheakdinezincnitrate
ol ution so asto get zinc complex adsorbed onthe sub-
strate. After immersion of the substratein H,O, solu-
tion, thereaction occurred on theglasssurfaceto form
Zn0O. Theprocessisrepesated for 50 oscillationsin other
toincreasetheoverdl film thicknessof ZnO. Thedip-
ping period of substratein zinc bathisknown as“Ad-
sorptiontime” and that of the solution of H,O, iscalled
“reaction time”. For ZnO to have different level of prop-
erties, thereaction timing was varied from 30sto 60s
with aninterval of 10s, the adsorption timewaskept
constant i.e. 30s. Substrateswererinsed in distilled
water, driedinair and kept in air tight container after
annealing at atemperature of 623K toremovethehy-
drogen phasg*fl,

Processin theformation of znofilm

Themechaniamof ZnOfilmformationbytheSILAR
method can beenlightened asfollows Thefirg precursor,
andkaineZn(NO,), of pH ~12.0 adjusted by additiona
ammonia, givecomplex ionsthat can beasfollows9:
Zn(NO,),+2NH,OH —  Zn(OH),+2N,NO,
Zn(OH),+NH,0H —  (NH)ZnO, +H,0+H*

When theglasssubstrate wasimmersed in the solution,
the zinc complex ions get adsorbed on the substrate
dueto attractive forces between ionsin the solution
and that on the surface of the substrate. Theseforces
maly be cohesive or Van-der Waalsor chemical attrac-
tive™" 8. Theglass substrateisthenimmersedinH,0,
solution to convert thezinc complex into zinc oxide by
the reaction which can be represented ag*"*@l
(NH,)ZnO, +H*ZnO +NH,OH.

RESULTSAND DISCUSSION

Morphological studies

Figure 1 showsthe SEM images of thefilmsde-
posited at 40sand 50s asin (&) and (b) respectively,
themorphol ogy of the deposited ZnO filmsisflower-
like, theflower becomes more devel oped with petals
asthereactiontimeincreases.

Ener gy disper sive spectr oscopy analysis
Energy dispersive X-ray spectroscopy (EDS or
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Figurel: SEM imagesof the SIL AR deposit at reaction timing of (a) 40sand (b) 50s.

EDX) isanandytical techniqueused for theelemental
analysisor chemical characterization of asample. The
EDSresult in Figure 2 isfor the samplewith the depo-
sition timeof 150 min. The EDS of the ZnO sample
was done by the SEM (JEOL-JSM 5800) machine.
The EDSresultsreved that therequired phasehasboth
Zinc (Zn) and Oxygen (O) presentinthesample. Again
the graph showsthe presence of Mg, Si and Ca, prob-
ably from theglass substrate used for the deposition of
ZnOthinfilms,

Optical properties

Figure 3ashowsthetransmittance of thedeposited
ZnOfilmsfor different reactiontime, itsshowsthat the
filmshavelow tranmsmittance at reaction timing be-

tween 40sto 60s and aaverage transmittancefor the
reactiontiming of 30s, and aso observedistheincrease

inthetransmittance asthe wavel enght increase from
200nm (UV region) to near infrared(1100nm), iehigher
trangmittanceat Visbleand near infrared than ultravoilet
region.

Figure 3b shows the energy band gap of the de-
posited ZnOfilmsfor different reactiontime. Fromthe
theory of optical absorption, therelation between the
absorption coefficient (o) and photon energy (hv) for
direct dllowedtranstionis
ahv = (hv-Eg)1/2 Q)

Thisequation (1) givesthe band gap (Eg). When
straight portion of (ahv) isextrapolated tothepoint .=
0, theintercept in the x-axis givesthe band gap (EQ).
From the Figure 3b the band gap of ZnO films was
found to be3.19eV, 3.22eV, 3.24 eV and 3.25¢V for
the reaction timing of 60s, 50s, 40s and 30s respec-

Spectrum 1
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Figure2: Energy Digper sive Spectr oscopy EDSfor reaction timing of 50s.
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Figure 3a: transmittance of deposited film for different
reaction time.
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tively, thesedl lieinthe range of ZnO standard band
gap. Thepropertiesof high band gap va uesexhibited
by thesefilmstogether with higher transmittancein the
visibleregion suggest that thesefilmscould beemployed
aswindow layer in solar cdll architecturewhich agrees
asreportedin literature?,

Theband gap of ZnO isfound to increasewith a
decreaseinfilmthickness; thetheory behindthisiscaled
quantum sizeeffect. Inthinfilmsthepartideszeof crys-
talitesisof theorder of filmthicknessand proportiona
to thickness of filmg?!, The band gap decreased to
3.19%V asthereaction timeincreased to 60s, whichis
common phenomenonin chemica deposition!,

Sructural sudies

The crystal structure and orientation of the ZnO
thinfilmwereinvestigated by X-ray diffraction (XRD).
The X-ray diffraction spectrumfor thecrystalineZnO
thinfilmisshowninFigure4. Thediffraction peaksof
each samplewerequiteconsistent with bulk ZnO, which
could beindexed asthe hexagonal wurtzite structure
ZnO and diffraction data were in agreement with

JCPDS(36-1451) of ZnO. Thesharp diffraction peaks
indicated thegood crystainity of theprepared crystas
and lack of any other peaksthan ZnO. The XRD pat-
terndisplayed in Figure 4 show severa peaks. Promi-
nent among them arethe peaksat 20 valuesof around
32.5° 35.9°and 38.5° corresponding to thediffraction
lines produced by (100), (002) and (103) planesre-
spectively. A close examination of Figure4 showsthat
theintensity of the peaksincreased with increasein
depositiontime. Thismeansthat better crystallization
of ZnOfilmtakesplaceat higher reactiontime.
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Figure4: The XRD structureof deposited ZnO filmsat
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