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Abstract

Zn0 thn films were deposited by Chemical Spray Pyrolysis techniqus. The
substrate temperature was muntained at 400°C for umform depostion of thin film
The pH of the solution and morality were controlled for uniform spray on to heated
glass substrate. The transparent wiiie colored thin films were onnealed in air
atmosphere at 450°C for the bettermeat oudation of ZaO material. As deposited an
annealed films were chamcterized using the XRD. The films have uniform
morphology with uniform gramns dutnbution throughout the substrate.  The
eleetrical properties were studied wing four probe method Plats of Log p vs
(1000/T) for various substrate temperature at constant 0 2M concentration show
that The dependence of log of electreal resistiviiy witl reciprocal of temperature 15
nonlinear due to the irregular prain boundaries and large spacing between them
(defect states). The other studies reveal that the ZnO thin films are more useful for
optoelestronic applications

Introduction

Zine oxide (Zn0) has been of consulerable nterest W the opucal and electrieal
industries, because of its electneal optical and acoustic chamctenstes - ZnO thin Glms
are of great mterest for applicatons like optoclectone devices such as lasers modulators
and optical switches and photovoltaic applications [1-4] Many techaiques lave been
employed to prepare Zn0 thn films sich as RE magnetron sputtering 5], sol-gel [6],
DMSO chemical bath 7] and spray pyralysis (8] The spray pyrolysis technigue 15

considered as a useful method for lary

area deposion dise W the low cost and simplicity
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acetate. The preparation of oxide thin films by spray pyrolysis [rom an aqueous solution

presents several ad over the above tech In the present work lughly
] transparent and conduetive Zinc oxide thn films were prepared by spray pyrolysis

technique at different substrate lemperatures using a precursor solution of Zine acetate,
The wide bandgap properties of semiconductors, such as Zine oxide are conducting,
trmnsparent in the visible region with a wide direct bandgap of 3.30 ¢V at room
temperature,

Experimental:

Zine oxide (ZnO) thin films wers deposited by spraying an aqueous solution of
2ine acetate 0.2M on a heated glass substrate. The substrte temperature was kept at
constant temperature within the range 648-748K with an aceuracy of +5K. Compressed
air was used as a camier gas and spray mate was mamtaimed at Smimin. The nozzle o

z substrate distance was kept 25cm apast. To enhance the corductivity deposited films
were annealed at 375K for 60 min. The films from acetate solution having miolarity
01,03 and 04 were also prepared at optmum substrate femperature without changing
aiher preparative parameters. The apparatus and deposiun detuls kave been already
reported. Characterization of ZnO thin films was cnmied ont using PHILIPS Nepert PRO
model X-Ray diffractometer. The electrical studies were carned out using fur-probe

@ techrique and using SHIMADHZU 166-A model

Result and discussion:
XRD analysis:

Fig | shows the X-Ray diflraction pattern of Zine oxide thin films prepared by
spray pyrolysis techmque at different substrate mperatire Using an aqueous solution
i having molarity 02M of zme acetate: All the peaks m this dilfraction patter indicates

poly.

rystalime nature, which corresponds - hexagonal wartize stiucture of ZnO flms

ath promuent diffiaction from crystil planes ke (002), (101), (100) and (102) at

: IO -
SIS, AL
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6481 These peaks are indexed on the basis of JCPDS data card 3\)@6”. The g

enentation was along (002) plane. The calculated values of lattice constant are found to

close that of JCPDS data reported for ZnO powder sample. The peak mtensity ratio (T /

1 ay) gives the measure of preferential osientations in the films The strongest peak
corresponds to (002) plane mdicating that most grans have c-axis perpendicular to the

surface. The peak intensity of (002) plane increase as the substrate lemperature ncreases,

Intonity (AL}

Electrical Resistivity:

The vanation of log of clectrical resistivity (log p) with reciprocal of temperature
(1000/T) of ZnO thin films for various substrale tempematures at a constant 02 M
concentration 1s shown i following figure In each case 1t was observed that the
dectrical waisuvity (p) decreases s tempeiature (T) imereases, wndicatng the
semiconducting nature of thin films. The decrease in electncal resistivity was due to the
mprovemen in crystallmity of thin flms, which would merease the charge carrier
mability. Similar results have been reported having the same behavior ol nancerystalline
materals prepared by diiferent methods [9-10). The spray deposited Zn0O) thin fils
possess higher electcal resistivity may be due 10 1s nanocrystalline miure of dhe films

Nisn et al 1] have repurted the some results for chemically prepared CdSe tin films

1CAS . ami7
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Followng figure shows the vanation of log of resistivity With concenlration, which gives
simlar results as discussed earlier.

‘The dependence of log of clecincal resistivity with reciprocal of lemperature is
nonlinear due 1o the imregular grain boundanes and large spacing between them (defect
states). The activation ency

was calenlated from the linear portion of the change n log
of electrical resistivity with the reciprocal of temperature using the refation
= p, exp (-Ea / 2kT)
‘Where the symbols have their usual meanngs

The activation energies for Zn0 thin films vary from 0,030 to 0.82 eV with the decrease
in molar concentration of the precursor sulution of Zine acetate. These energies represent

the average energies of carriers, which can move at the botlom or top of the weli-defined
band.

e p 12

w0 p 2

T e S S
ot

Plats of Log pvs (1000 1) [or vanons substrate

temperature at constant O 2M concentration.
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pyralysis techmque. The XRD patterns show a po

Coneulsion:
Zn0 thin films were deposited on heat

fie nature with Wurtzite

erystal structure. The elecinenl resistivity wa

camed out for a temperature range 315 —

545 K. The eleetrical resistivity decreases as the lemperature ncreases. 1Ushows n type

conductivity. The dependence of log” of électrical resstivity with recipocal of
temperature 15 nonlnear due 1o the trregular grain boundanes and large spacing betweea
them (defest statcs). The activation enenzy was caleulaled Fom the linear portion of the
change in log of clectrical esistvity with the reciprocal ol In,mpuamms which was

abtained for ZnO thin films for conduction varies from 04610 1 16 x 107 ¢V
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