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ABSTRACT KEYWORDS
In this paper, we report the deposition of the pure ZnO and Co with 4% and Transparent conductive
8% concentration doped ZnO thin films on glass substrates by using the oxides;

chemical spray pyrolysis technique and subsequently the effect of Co on
the structural and optical properties of the deposited ZnO thin films were
characterized. X-ray diffraction (XRD) measurement showsthat all the de-
posited films have preferential orientation along the c-axis with a strong
(002) peak observed at 26 H” 34°. Scanning electron microscopy (SEM)
results show that the surface morphology of the films is strongly depends
on the concentration of Co. Spectrophotometry measurements reveal that
transmission values of the of 4% and 8% Co are higher than that for pure
Zn0O and the absorbance increases with increasing Co doping concentra-
tion, the optical energy band gap of the deposited pure ZnO thin films was
equal to 3.37 eV whileitwasfoundto be 3.12 and 3.108 eV for the doped ZnO
with Co. © 2015 Trade ScienceInc. - INDIA

Structural properties;
Optical properties.

INTRODUCTION

Recently there hasbeen aconsiderable attention
on thetransparent conducting oxideslikeZnO™*9, its
unique characteristics such aswideband gap whichis
about 3.37eV. The large exciton binding energy of
60meV, abundancein natural which makeit alow ma-
terid, low resigtivity, nontoxic, high optical gainat room
temperature, high chemica and mechanicd stability!®9
make aZnO thinfilm adistinctive candidateto usein
severd applicationssuch as, gassensing™?, light emit-
ting diodes’*Y, surface acoustic wave, transparent
electrodes®®, photovoltaic deviced™, Varistorg™®,
solar cellg®, and UV photodetectors™.

Severd deposition methods have been used to pre-
paring ZnO thinfilms; including € ectrochemica depo-
sition*8, atmospheric pressure chemical vapor deposi-
tioni*®, metal organic chemical vapor deposition
(MOCVD)@, atomic layer deposition?, pulsed laser
deposition (PLD)?3, sol-gd dip coating®, reactive RF
magnetron sputtering?!, DC sputtering evaporation2,
and spray pyrolysis?,

Inthiswork, wereport the deposition of the pure
ZnO and doped ZnO:Co with 4% and 8% concentra-
tionthinfilmson glass substratesby using thechemica
spray pyrolysistechnique, and subsequently the effect
of Co on the structural and optical properties of the
deposited ZnO thin filmswere characterized by vari-
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oustools. Thestructura and optical proprietiesof the
samplewere characterized by XRD, SEM and trans-
mission and absorption spectra.

EXPERIMENTAL WORK

The pure ZnO and Co doped ZnO thinfilmswere
synthesi zed on glass substrates by using the chemical
spray pyrolysistechnique. The precursor solution for
spray pyrolysiswas prepared by dissolving 0.1 M of
zinc acetate dehydrate (Zn (CH,Coo),.2H,0) supplied
from[Merck chemicds Germany] inthemixtureof re-
distilled water and afew dropsof Acetic acid to pre-
vent theformation of hydroxidesand cobalt chloride
(0.1 CoCl,, Sigma- Aldrich) asasource of dopant. The
concentration of Cowas used to be 4% and 8%. Prior
to thedeposition, the glass substrateswere cleaned with
acetoneandre- distilled water using an ultrasonic bath.
After many depositiontrids, wegot thefollowing pre-
parative conditionsincuding; thesubstratetemperature
waskept at 450 °C during the experimental work, gas
carier (10° pascal), spray rate (5ml/min), nozzleto sub-
strate distance (30 cm), and the spray timewas 7 Sec
lasted for two minutesto avoid excessive cooling. The
film thicknesswasmeasured by gravimetricmethod and
werefound to be approximately 300+ 30 nm.

Thecrystalinequality wasinvestigated by XRD
(PhilipsPW 1840) with CuK _ rediationhavingawave-
length of 1.541A over the diffraction angle (20 = 20°-
70°). Themorphology of thefilm surfacewasimaged
by SEM using scanning el ectron microscope model
SM-6460 LV, whilethe absorption and transmission
spectraof the samplewere measured using adouble
beam spectrophotometer (Shimdzu 1650 U- probe) in
thewavel ength range (380- 900 nm).

RESULTSAND DISCUSSION

Figure 1 depictsthe XRD diffraction patternsfor
the pure ZnO and Co with 4% and 8% concentration
doped ZnOthinfilms. Thefigureshowsthat al thefilms
arepolycrysdlinewith hexagond wurtzitestructurewith
astrong and dominating nature of the peak correspond-
ingto (002) reflection; whichindicatesthe preferential
C- axisorientation of crystalline. Theintensity of this
peak reduces asthe Co content increase.
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Figurel: X-ray diffraction patternsfor thepurezZnO and Co
with 4% and 8% concentration doped ZnO thin films

The (110) peak was also observed at 26 H”56°,
but this peak isof much lower intensity than the (002)
peak. Thefigure does not show any peaks correspond
to Co; thisresultisinagood agreement with theresults
reported by Benzarouk et al?! and Rao and Kumart®,

The crystallite size (D) of (002) peaks has been
cd culated from thefull width haf maximum (FWHM)
of the XRD spectrum using the Scherer formul &

0.940
Bcoso (1)

Where A isthe wavelength of XRD, 6 is the Bragg
angle and B is the FWHM and it was equal to
41.147nm, 33.149 nmand 35.625 nmfor the pureZnO
and Co with 4% and 8% concentration doped ZnO
thinfilms. It hasbeen found that thecrystallitesizede-
creasewith theincreasein Co concentration. TABLE
1 shows X-ray diffraction datasummary of threede-
posited thinfilms. Thisbehavior could berelated to the
difference between the ionic radius namely 0.074,
0.0745 nmfor Zn*? and Co*? respectively.

The SEM micrographsfor the pure ZnO and Co
with 4% and 8% concentration doped ZnO thin films
on glass substrates are shown in Figure 2; it can be
seenthat thesurface morphology of thefilmsisstrongly

D=

TABLE 1: X-ray diffraction data summary of pureZnO and
Cowith 4% and 8% concentration doped ZnO thinfilms.

FWHM Crystallite size
Reference 20 o
O o (nm)
Pure ZnO 34.200 0.200 41.147
Zn0OCo
(4%) 34.150 0.231 35.625
Zn0Co 34046  0.248 33.149

(8%)
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depends on the concentration of Co, while Figure 3
showsthe elemental analysis of the Co with 4% and
8% concentration doped ZnO thin filmson glass sub-
drates.

The optical transmission spectraof the pure ZnO

Figure2: SEM micrographsfor (a) thepureZnO, (b) Cowith
4% and (c) 8% concentration doped ZnO thin filmson glass
substrates
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Figure3: Thedemental analysisof the Cowith (a) 4% and
(b) 8% concentration doped ZnO thin filmson glass sub-
strates.

and Co with 4% and 8% concentration doped ZnO
thinfilmson glasssubstratesisshownin Figure4; the
figure showsthat thetransmittance of 4% and 8% Co
ishigher thanthat for pureZnO. Theincreasein trans-
mittance with cobalt content may be due to the de-
creasein scattering of photonsby crystal defectscre-
ated by doping. It iswell known that the free carrier
absorption by the photons may a so affect thevalue of
the optical transmittance®3Y,

Figure5 showsthe optical absorbance spectrafor
the pure ZnO and Co with 4% and 8% concentration
doped ZnO thin films. Themaximum absorptionfor all

Figure4: Theoptical transmission spectraof thepureZnO
and Cowith 4% and 8% concentration doped ZnO thin films
on glass substrates
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the deposited films occurs at 395nm and decay expo-
nentialy after 400 nm. Thefiguredso showsthat asthe
Co content increases, the absorption edge movesto
word longer wavel ength (red shift) and the absorbance
increaseswith increasing Co doping concentration. The
increasing in absorbance with Co doping may be due
to theincrease morphologica changesdueto Co con-
tent(2,

To determinethe optica energy band gap for the
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Figureb5: Theoptical absorbance spectrafor thepureZnO
and Cowith 4% and 8% concentration doped ZnO thin films.

threedeposited thin films, wehaveto use Tauc Modd ™
assuming adirect transition between vaenceand con-
duction bend fromthe expression:

aho=B(hv-E )"’ 2
WhereB isconstant, E, istheoptica band gep, aisthe
absorption coefficient and hv istheincident photon en-
ergy.

Figure 6 showsthe Tauc plot of (ahv)? versushv.
Band gap could be derived by extrapol ating thelinear
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Figure6: Band gap dereviation by Tauc M odd for thepure
ZnO and Cowith 4% and 8% concentration doped ZnO thin
films.

portion of thegraphsto the hv axis. Fromthe plot the
Eg wasdetermined to be 3.38¢eV for thepureZnO and
thisvaueisquitesmilar to thetheoretical ZnO E, and
also in agood agreement with the reported value by
Jandow et a®. whileitwasfoundtobe3.12 and 3.108
eV for thedoped ZnO with Co; theresults show that
Eg decreases asthe Co concentrationincreases. The
decreasein E_ result could beattributed to the decrease
intheorder of crystallanity.

CONCLUSION

Insummary, the effect of Co onthe structural and
optical propertiesof thedeposted ZnOthinfilmshave
been investigated. The structural characterizations
showed that the pure ZnO and Co with 4% and 8%
concentration doped ZnO thin filmshas preferential
orientation along the c-axiswith dominant (002) peak
observed at 20 H” 34°, SEM results show that the sur-
facemorphology of thefilmsisstrongly dependsonthe
concentration of Co. Spectrophotometry measurements
reved that transmission and absorption vaueincreases
withincreasing Co doping concentration, the optical
energy band gap of the deposited pureZnO thinfilms
wasequd 10 3.37 eV whileit wasfoundto be 3.12 and
3.108 eV for thedoped ZnO with Co. Thedecreasein
E, result could be attributed to the decreasein the or-
der of crystdlanity
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