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ABSTRACT

ZnO is amaterial having unique structural ,optical and electrical properties doping level, The c-axis lattice
parameter shifts towards higher values with increase of manganese content in the film.The first part of this
paper represents the synthesis of ZnO thin film by sol-gel technique and study of its structural properties by
XRD. The next part of this review presents the influence of Mn ,In doping on structural properties of ZnO by
XRD studies.XRD study shows that all film prepared in this work have wurtzite structure with | attice constants
a=bh=3.260A° c=5.214A°. The doped films are found to show (002) preferential growth at low. Indium
concentrations. An increase in Indium concentration causes a decrease in crystalline quality of films as
confirmed by XRD technique .The XRD spectra of Mn doped ZnO also show that all samples have hexagonal
wurtzite structures. The doping favours c-axis orientation along (002) planes upto 5% of Mn.
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1. INTRODUCTION

Athinfilmisalayerof materid rangingfromfractions
of nanometer to several micrometersin thickness.
Electectronic semiconductor devices and optical
coatings are the main applications benefitting from
thinfilmformationg 1]. Oneof themost wideband gap
semi-conductorsthat draw worldwide attention of
researchersis ZnO [2].The unintentional n-type
comparedwith hexagona wurtzite structure possesses
uniguepropertiessuchashigh eectrochemica sability,
resdivity control trangparency inthevisible rangewith
awide bandgap and hogh quantum yield. These
appealing propertiesare utilizedinawiderange of
gpplicationsincluding stimulated emissions with high
optical gainandloss.[3]. Thereare many reports in
literature describing the preparation of ZnO thin
filmsby variety of techniquesincluding PLD, RF
magnetron sputtering, chemical vapoour deposition

(CVD), spray pyrolysis[4,5]. Metal doped ZnO has
the potential to be multifunctional material with
coexisting optical ,semi-conducting and magnetic
properties.Theinterestin doping ZnOisto explore
the possibility of improving these characteristics.
Doping of metd into ZnO dlowsthecreation of sub-
energy levelsinthe bandgap to makeuseof itasUV
detectorsand light emitters. ZnO was doped with
Mn, In, Al,Ca, Fe etc. for electrical and optical
applications. In the present paper we present the
effect of Mn and Indoping onZnO thinfilm.

Theeffect of In concentration on the structural,
morphological e ectrica and optical propertieshave
also been studied. These films are found to show
preferentia growth at low Indium concentrations.An
increasein Indium concentrations causesadecrease
in crystaline quality of filmsasconfirmed by XRD
techniquewhich leadsto anintroduction of defectsin
Zn0.
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For low concentration Mn doping, thereductionin
bandgap has theoretically explained as the
consequence of exchangeinteraction between the
d-electronsof transition meta ion (Mn) and s and
p eectronsof thehost band. For higher concentration
(>3mol%) Mn doping ,the augmentationis dueto
large bandgap of Mn (4.2eV)[6]. Smilarly theeffect
of other metal onZnO have been studied and results
areobtained for their structural propertiesby XRD
technique.

2. BRIEF DESCRIPTION FOR SYNTHESIS
OF ZNO THIN FILM BY SOL-GEL
TECHNIQUE

2.1 Experimental Details

All thereagentsused in the present work for the
chemical synthesiswere of analytical grade. Zinc
acetate dehydrate (Zn(CH3CO0)2-2H20) wasfirst
dissolved in a2-methoxyethanol ((CH3)2CHOH)
with mono ethanolamine (MEA: H2NCH2CH20H)
which was used as a stabiliser. The molar ratio of
MEA tozinc acetatewaskept to 1.0 and concentration
of zinc acetatewas 0.80 mol/l. Theresultant solution
was stirred at 60°C for 1 h to yield a clear and
homogeneous sol ution ready for coating. The coating
was performed with freshly prepared solution. The
filmson ultrasonicaly cleaned quartz substrateswere
prepared using spin-coating unit which wasrotated
at 3000 rpm for 30 s. The films were preheated
(baked) at temperature 250°C for 5mininafurnace
to evaporatethe solvent and removeorganicresduas.
The spincoetingto preheating procedurewas repeated
tentimes. Thefilmswerethen post-heated (annedl ed)
inair at 400°C for three hour. The phases of ZnO
thinfilmwere determined by X-ray diffraction, usng
Pandytica Diffractometer type PW3710with CuKa
radiation (€=0.154 nm).
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3. RESULTSAND DISCUSSION
3.1 X-Ray Diffraction Analysis

The XRD pattern of ZnO thinfilm fabricated by
sol-gel method on quartz substrates is shown in
Figurel. All thepesksof theZnOthinfilmscorrespond
tothe peaksof standard ZnO (JCPDS S6-314). For
all the samples, (100), (101) and (002) diffraction
peaksareobserved inthe XRD pattern, showingthe
growth of ZnO crystalitesalong different directions.
Strong preferential growth isobserved along (002)
plane indicating that the films are oriented along
c-axis[7]. Thetypica hexagonal wurtzite structure
of thinfilmsisinferred from the XRD pattern. The
crystalitessizes(D) of thefilmsare estimated using
the Scherer formula[8] D = Ké&/acose, Where K
constant éiswavelength of X-Ray aisFWHM.
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Fig.1. XRD patternof ZnO Thin Film

3.2 Effect of Indium and Mn Doping on
Structural Property of ZnO by XRD:

The XRD pattern has been recorded in the 2e
range of 30-40, wherethe peak of hexagona wurtzite
typelndoped ZnO structureispresent. Thisindicated
that filmshave polycrystallinestructure (Fig. 1). The
XRD patternsal so showed ahigh preferential c-axis
oriented structure. Diffraction peak (002) had
considerable growth, but decreased when dopant
concentrationincreased. It wassmilar to other reports
(30and 40). Crystal quality of sampleswith lower
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dopant concentration was higher; weanalyzedthe A is greater than that of Zn? 0.74 A_.The lattice

structure of the samples basing on XRD.Figure 2

showstheir XRD patterns.
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Fig.2. Color online_ XRD peatterns of the Mn-doped ZnO

All thesamplesaresingle phaseintheZnOwurtzite
structure and the presence of Mn did not lead to the
formation of manganese-rel ated secondary phases.
This result was also confirmed by selected-area
eectron diffraction patternswhereno extradiffraction
pots _beyond those of the ZnO structure_ from
secondary phaseswerefound. Having paid attention
tothepogition of XRD peaks, weobserved their dight
shift toward smaler diffractionangles. Here, thedight
shiftin XRD peskscould beexplained asfollows: the
Mn concentration decreases along the depth of the
diffused samples, and decreasesfrom the surfaceto
the coreregion of onesinglenano rod, asmentioned
above. Theregionswithlow Mn concentrationswould
not cause a remarkabl e shift in XRD peaks. Only
regionswith high Mn concentrations cause thisshift.
Itisassigned to the substitution of Mn2+for Zn?*in
the ZnO lattice becausetheionicradiusof Mn2* 0.80

parametersaand ¢ obtained for the pureZnO sample
areabout 3.246 A and 5.212 A, respectively, while
thosefor the4.71 at. % Mndoped sample are about
3.253 A and 5.238 A, respectively. This small
differenceinlattice parameters proves one part of
Mn dopants|ocated at intestinal sites, which act as
extring ¢ defectsand contribute to the broadening of
the XRD peaks. The XRD linewidth of the4.71 at.
% Mn-doped sampleobtained isabout 18.7% greater
than that of the pureZnO sample.

4. CONCLUSION

Wehavegrown ZnO thinfilm on quartz substrate
by sol-gel technique with 0.8M .Zinc acetate by
solutions. Film hasbeen characterized using structura
measurement .The XRD analysisrevealed that all
samples have wurtzite hexagona structure .The
crystallitessizesas measured using XRD arefound
to betherange of 18-24 nm.

In doped ZnO samples are (002). The
preferentialy oriented although orientations become
lower asthe In concentration increased implying
that doping with In lead to an introduction of
defects inZnO Crydtals.
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