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ABSTRACT

Zinc Oxide (ZnO) thin films have been deposited onto glass substrates by
economical spray pyrolysisat different substrate temperatures and concen-
trations of Zinc acetate used as precursor under atmospheric pressure. The
filmswere characterized by XRD, optica transmittanceand SEM techniques.
All the films are polycrystalline with hexagonal wurtzite structure, with c-
axis growth (002) perpendicular to substrate surface. At the substrate tem-
perature of 400°C and sol ution concentrationof 0.2 M, ZnO thin films exhib-
ited highest crystallinity. The grain size, Zn — O bond length, dislocation
density and stressof the films changesfrom 72.26 nmto 105.33 nm., 1.9699
A°t01.9725A°, 1.863x 10 (nm)2t00.9032 x 10+ (nm)2and - 0.48798 Gpato
55.066 Gpa respectively. Morphological study showed surface microrods
are obtained at lower concentration (0.1M). Length and diameter of surface
microrodswere found in the range from 1um to 8 um and 0.1 pmto 0.9 um
respectively. Optical band gap was found to beintherange 2.92 €V to 3.24
eV. Theaveragetransmission of thefilmsisabout 85% inthevisibleregion.
© 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Zinc oxideisan n—type wide band gap (>3 eV)
semiconductiveoxide¥. Duetoitsconductivity and high
transmittance, ZnO filmshave been attracting growing
attentionintherecent years. It hasbeen recognized as
oneof the promising nanomaterialsin abroad range of
technologica gpplications? e.g. surfaceacousticwave
device¥, chemical sensorl®, photonic crysta™®, light
emitting diodes® and solar cdlt™. ZnOthinfilmshave
been used asozone gas sensors becausethey havehigh
sensitivity to many gases®. Inaddition, agreat deal of

attention has been focused on the study of low dimen-
siond nanostructuresof ZnO thinfilmg®. Variousmeth-
ods have been used to grow ZnO nanostructures, such
as nanorods'*®-12 microrods*®!, nanowires*4,
nanobel tg* and nanostard*®. Themethodsincludera-
dio frequency magnetron sputtering™”, chemica vapor
deposition!*¥, thermal vaporization*¥, hydrothermal
method®”, sol-gel method?Y, laser ablation!??, el ec-
trochemica deposition’? and ion beam assi sted depo-
sition'® and spray pyrolysis?!. Among these methods,
spray pyrolysisisauseful aternativeto thetraditiona
methodsfor obtaining thin filmsof pureZnO. Itisof
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particular interest because of itssmplicity, low cost and
eco-friendly nature. Many researchershave prepared
theZnOthinfilmshby spray pyrolysistechniquein aque-
ous and non agueous medium with and without addi-
tionof acohol®28, However very few researchershave
paid attentionto ‘obtain ZnO microrod thin films through
agueous, non agueous medium and thelr characteriza
tion. Here wereport the direct growth of zinc oxide
thinfilmson glasssubstrate by chemica spray pyrolysis
method. We have a so carried out structural, optical
and morphological study of thefilmswith theaim of
understanding physicd propertiesof obtained ZnOrods.

EXPERIMENTAL

ZnO thinfilmswere deposited by aloca ly made
spray pyrolysis deposition chamber on to glass sub-
strate (75 X 25 X 2 mmd) using zinc acetate as precur-
sor. The solution of zinc acetate was prepared inwater
+ methanol + acetic acid (25 cc + 65 cc + 10 cc),
Thefilmswere prepared by varying the deposition tem-
perature from 300°C to 450°C (0.1M, 0.2M, 0.3M
and 0.4 M) and concentration of zinc acetatefrom 0.1
M to 0.4M (at 300°C, 350°C, 400°C and 450°C) in
order to study the effect of substratetemperatureand
precursor concentration on propertiesof thefilms. Other
parameters such as spray rate (5cc min-1), nozzleto
substrate distance (33cm) and carrier air pressure (2
atm) werekept at their fixed value throughout deposi-
tion process. Glass substrates were ultrasonically
cleaned by deionized water, acetone and methanol be-
foretheexperiment.

Thestructura propertieswere studied by Philips
X- ray diffractometer PW — 1710 (A = 1.5405 A9
using Cu—K., radiationin the span of 20to 80°. Sur-
facemorphol ogy of thethinfilmwasstudied with JEOL
JSM- 6360 Scanning Electron Microscope (SEM).
Optical absorption study was carried out in thewave-
length range 300 nm — 1000 nm using spectrometer
Systronic model -119.

RESULT AND DISCUSSION

Sructural properties
XRD patternsof ZnOthinfilmsdeposited at differ-
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Figurel: XRD pattern of ZnO thin filmsdeposited at differ-
ent temperaturesat (a) 0.1 M (b) 0.2M (c) 0.3 M (d) 0.4M
concentration of zinc acetate.
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ent temperaturesand concentrationsareshownin Fg-
ure 1 (a-d) respectively. From XRD data, it isseen that
thefilmsexhibit hexagona (Wurtzite) crystal structure
with preferentia growth a ong the (002) plane. Thein-
tensity of the(002) diffractionishighest at the substrate
temperature of 400°C, indicating animprovement of
thefilm crystdlinity at thistemperature. When substrate
temperature 300°C many sputtered ionsform thetar-
get, which cannot obtain enough energy to adjust the
bound direction and length to the |l attice position™.

Upon increasing the substrate temperature, crys-
tallinity of the samplesincreased due possibility of ho-
mogeneous reactions. Theana ogousresultswerere-
ported for spray deposited ZnO films, deposited
through agueous medium®Y. Thiswasexplained based
on higher chemical purity of theZnOfilms, whichre-
sulted fromtherma decomposition. All thepesksinthe
diffraction pattern wereindexed onthebas sof aJCPDS
data card 05 - 6044

Thecrystdlitesizeof theZnOthinfilms prepared
at different temperaturesand concentration waseva u-
ated from thefull width at half maxima (FWHM) of
(002) peak using Scherrer’s formula,

0.942
b= Bcoso (1)
where), 6 and  are X-ray wavelength, Bragg dif-
fraction angleand FWHM respectively. Thegrainsize
obtainis73.26 nm, 92.23 nm, 92.26 nm and 105.33
nm for the films deposited at 300°C, 350°C, 400°C
and 450°C respectively. XRD studiesreved ed that op-
timized substrate temperature for the growth of ZnO
filmwith preferred (002) orientationis400°C.

The dislocation density 5 which represents the
amount of defectsinthefilm, wasdetermined fromthe
formula, 5 = 1/ D#%, Thelarger the D and smaller
FWHM va uesindicate better crystdlization of thefilm.
It was observed that thegrain Szeva uesincreaseswith
increas ng deposition temperature and decreaseswith
increasing concentration, which clearly revead sthede-
teriorationinthecrystalinity. Thesevauesaregivenin
the TABLE 1. Didocation density exhibit decreasing
trend with increasing deposition temperature and in-
creases as concentration increases, which leads de-
creasing of latticeimperfectionsas deposition tempera
tureincreasesand increase of | atticeimperfectionsas

TABLE 1: Position of (002) plane, FWHM, particlesize, dis
location density, a/cratio and Zn-O bond length at different
temperaturesand concentrations.

. Thick
TSRS FwHM 20 D(nm) ?:;())'2 (Nne;]si L(A®)
3000C 01968 3183 7326 1863 156 19699
3500C 01574 3447 9223 1175 204 19756
4000C 01574 3446 9226 1175 252 19655
4500C 01378 3440 10533 09032 116 19725
Concentration
0AM 01574 3445 9222 11758 125 19781
02M 01574 3446 9226 11747 252 19655
03M 01968 3449 7377 18375 304 19746
04M 01717 3450 8198 14879 415 19751

concentration increases.

L attice constantsaand c are calculated by using
well known analytical method. Zn— O bond length L
isgiven by formuld®,

a (1 Y
= ?+(E—u) c? (2)
Wheretheu parameter intheWurtzite structureis
givenby,

2
U= 4025
3c

3)

Zn- O bond length is given TABLE 1. It is ob-
served that bondlengthisminimum of itsva uea 400°C
and 0.2M concentration. Suchfilmbeingrdaivey stable
may have prospectivegpplicationsin purification of water
by photodl ectrolcatalysis.

Quantitativeinformation concerning the preferen-
tia crysta orientation can be obtained from thetexture
coefficient, TC defined as,

I (hkI)
TC(hkI) :%
HZ I ,(hkl)

Where TC (hkl) isthetexturecoefficient, I (hkl) is
the XRD intensity and nisnumber of diffraction pesks
considered, |, (hkl) istheintensity of the XRD refer-
ence of randomly oriented grains. If TC (002) ~1 for
al hkl planesconsidered, then thefilmsarewith ran-
domly oriented crystallite, whilevalues higher than 1
indicate theabundance of grainsinagiven (hkl) direc-

(4)
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tion. Thevalues0 < TC (hkl) < 1indicatesthelack of
grainsorientedinthat direction. ASTC (hkl) increase,
thepreferentia growth of thecrystalitesinthedirection
perpendicular to thehkl planeisthehigher. Thevaria-
tion of TC(002) of filmswith respect to temperature
and concentrationisshowninFigure2 and Figure 3. It
can be seenthat at 300°C deposition temperaturethere
isno orientation of grainsalong c—axis, as temperature
increases c-axisorientationincreases. TC (002) hasits
maximum valueat 400°C and thistrend isrepeated for
al concentrations.

.
4] N
N
",
IC ( 002)
3 Y
L]
2
o2
i 4
e TC(102)
TC( 10IT—X
04 ] n
TC{100)
280 300 320 340 360 380 400 420 440 48D
Temperature

Figure2: Texturecoefficient Of variousplanesat different
substratetemper atures
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Figure3: Texturecoefficient Of (002) planeat different solu-
tion concentration
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Toinvestigatethe effect of the substrate tempera-
tureonthestressintheZnO thinfilms, the stresswas
cdculatedusngformula

©)

Wherec, (5.206 A) is the c-axis lattice constant of
bulk ZnO and cisthec- axislattice constant calcul ated
fromthe XRD pattern. From data(TABLE 2.) wecon-
firmthat stressiscompressive ascompared tothevaue
of bulk ZnO. Thisresult indicatesthat the deposition
temperature strongly affectsthe stress of the ZnO thin
filmg®4,

Morphological studies

c=—453.6xc—%°

The surfacetopology of the synthesized ZnO rods
examined by the SEM isshownin Figure4. These SEM
images show that at 300°C and of 0.2 M concentration
of zinc acetate, no rodsare observed but at higher tem-
peratures 350°C to 450°C, we observed microrodsin
the plane of film surface, whichisagreed with XRD
results. Astemperatureincreases diameter of rod in-
creasesfromabout 0.1umto 0.9 um athoughfew thin-
ner rodsabout 0.1 umin diameter are seen and length
of therodincreasesfrom 1 umto 8 um. Astempera-
ture and concentration increases, rods becomesregu-
lar and amost perpendicular to thesubstrate, indicating
that ZnO microrods preferentidly grow dongthe (002)
direction. Similar studieswerereported by*, but we
could achievelonger microrodsobserved inthe present
case.

Optical properties

Opticd transmission spectraof ZnO Microrodsare
showninFigure5and Figure 6. Thefilmsareuniform
and trangparent. Thisisa so confirmed by thetransmit-
tance spectraof thefilms. Thedeveloped interference
pattern in the transmittance showsthat thefilmsare
specular to agreat extent. Theaverage transmittance
of thefilmsinthevisibleregionisabout 85 %thoseare
deposited at 400°C and 0.2 M concentration, whichis
agree with pervious work reported®!. Also we ob-
served that for higher concentration transmittance goes
ondecreasing (Figure®6.).

For thedirect transition, the optical band gap en-
ergy of ZnO thin film was determined by using the
equation,

— P plericly Science
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Figure4: Scanning Electron micrographsof ZnO thin films (a)300°C, 0.1M, (b) 350°C, 0.1M, (c) 400°C, 0.1M, (d) 450°C
0.1M (e) 400°C, 0.2M (f) 400°C, 0.3M and (g) 400°C, 0.4M
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centrations.
Stressin  Stressin  Stressin  Stressin
Gpa Gpa Gpa Gpa
Temperature . 51M  at02M at0.3M  at 0.4M
Conc. Conc. Conc. Conc.
300°C 55.066 4,469 26.801  1.0455
350°C 28.80 -0.48798 0.3485 1.3069
400°C 0.2613 0.4182 0.522 0.7841
450°C 2.2624 0.1394 -87.160 0.7841
400°C
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Figure5: Transmittance spectraof ZnO thin filmsat differ-
ent substrate Temper atures
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Figure6: Transmittance spectraof ZnO thin filmsat differ-
ent solution concentrations

(hv -E, )E 6)
hv
Wherehv isthe photon energy and Egistheoptica
band gap which could be cal culated from (athv)? verses
hv plot, which areshownin Figure 7 and Figure 8. By

o =Const.
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Figure7: Plot of (ahv)2vshvof ZnO thin filmsat different

substrate Temperatures
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Figure8: Plot of (ahv)?vishvof ZnO thin filmsat different
solution concentrations

extrapolating thelinear part of theplot to o. =0, optical
band gap wasestimated. From Figure 7, it isobserved
that asdeposition temperatureincreasesband gapin-
creases, it becomesmaximum (3.224 eV) at tempera
ture 400°C and for higher temperatureit isdightly de-
creases. Alsoitisindicated that from Figure 8, ascon-
centration increases optical band gap decreases con-
siderably dueto increasesin grain size compared to
vaiaionintemperature.

CONCLUSION

Zinc Oxide (ZnO) microrod thinfilmsof various
thicknesses have been obtai ned by varying deposition
temperatureand concentration of precursor. All thefilms
except deposited at 300°C showed ¢- axisgrowth per-
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pendicular to substrate surface. At asubstrate tempera-
ture 400°C and 0.2 M concentration, ZnO thin film
showed thehighest (002) peek. Thegrainszeincreases
(72.26 nmto 105.33 nm) astemperatureincreases. Zn
— O bond length is minimum at 400°C and 0.2M con-
centration. Didocation density thefilmschangesfrom
1.863 x 10 (nm)2t0 0.9032 x 10 (nm)-2. Morpho-
logical study showed surface microrods are obtained
at low concentration (0.1M). Length and diameter of
surfacemicrorodswerefoundintherangefrom 1um to
8umand 0.1 pm to 0.9 um respectively. Optical band
gap of ZnOthinfilmswasfoundto beintherange2.92
eV to3.24 eV. Thefilmsare compressive comparative
to bulk ZnO with averagetransmissionisof theorder
of 85%inthevishbleregion.
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