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ABSTRACT

During thiswork, pure and doped SnO, thin films with different concentra-
tion of Co (3 and 7)% wt. have been prepared by chemical spray pyrolysis
method on glass substrates preheated to 500°C. The structure of these films
has been examined using X-Ray diffraction analysis and the results show
that the pure films were amorphous and converted to polycrystalline after
doping with Co with strong crystalline orientation (110) and it is affected
dightly with increasing of Co content. The electrical properties of these
filmswere studied with different concentration of Co. Thed.c. conductivity
for all deposited films was decreased with increasing Co contents while the
resistivity increased. Also, it wasfound that thereistow region of activation
energy and the electrical activation energies increase with increasing the
concentration of Co. Hall measurements showed that all thefilmsare n-type
and carrier concentration decreases with the increasing of Co concentra-
tion. Furthermore, we observe that the mobility increases with increasing of
Co content while drift velocity isincreased.
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INTRODUCTION

Tin oxideisone of the semiconductorsthat have
been widely investigated over the past three decades.
Itisemployedinawiderangeof gpplications, including
solid state gas sensors, liquid crystal displays, photo-
voltaic cdls, trangparent conducting e ectrodes, infra-
red reflectors, plasmadisplay panels (PDPs) etc.*2.
Tinoxide SnO, filmsaretechnol ogically important ma-
terial §°1. It has been prepared using different prepara-
tion technique such as spraying pyrolsis, CVD tech-
niqueand vacuum deposition. Inaddition, SnO, isuse-
ful asahard film materid for goplicationsrequiring high

refractiveand reflective properties. SnO, filmsarelow
cost, chemically and environmental ly more stabl ethan
other TCOssuchasZnO, and Sn-doped In,O, (ITO).
SnO, isamateria of wideranging application Itisused
inUV light emitting diodes (LEDSs), transparent con-
ducting e ectrodes of laser diodes (LDs), photovoltaic
devices, optical waveguides, gassensors, etc>8. Also,
It isinterested astransparent conductor, because the
n-type SnO, thinfilmswhich does not result in corro-
sonwhenitisbrought into contact with the el ectrolyte
(SnQ,) atetragond rutile structurewith lattice param-
etersa=b=4.737 A and ¢ =3.826 Al®. SnO, hasa
direct band gap semiconductor (Eg=3.37eV) at room
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temperaturewith high exactionbinding energy (60 meV).
It hastransmissioninthevisiblerange, and SnQO, thin
filmscantakeplaceof ITO and ZnO because of their
electrica and optica propertiesand itsexcd lent stabil-
ity which hasbeen mentioned widely***!. SnO, layers
also can be used asthetop layer of asolar cell with
multilayers, sincethetop layer of amultilayer usualy
absorbs photonswith high energiesin the solar spec-
trum SnO, films are highly conductive materia with
negative charged conductivity. It resistivity found to
decreaseragpidly through annedinginvacuumor air dso
by suitabledoping with different opant. Also thisdopant
material could be used to convert the conductivity to
positivetypd*?.

EXPERIMENTAL

Thinfilmsof tin oxide SnO, have been prepared
by chemica pyrolyssmethod. Thespray pyrolysiswas
done by using alaboratory designed glass atomizer,
which has an output nozzle about 1 mm. Thefilms
weredeposited on preheated glass substratesat atem-
perature of 500°C, the starting solution was achieved
by an aqueous solutions of 0.1M tin(1V) Chloride
Pentahydrate provided from BDH chemicas England
and 0.1M of Cobalt Chloride Hexahydrate from

400

150

0
B ‘r
= 1% 7 \
£ "EE
- ¥
- e Pl
£ 150 ';,a":w‘h"‘-‘.a
A Wiy Ty
| F, 5l
100
P g L YT
s it o N%ﬁ

4] 25 20 R

Sigma-Aldrich USA used asadoping agent with a
concentration of 3% and 7%, these materialswere
dissolved in demonized water and ethanol, few drops
of HCl were added to speed up the dissolving, formed
thefinal spray solution and atotal volume of 50 ml
was used in each deposition. With the optimized con-
ditionsthat concern thefollowing parameters, spray
timewas 8 sec lasted by two minutesto avoid exces-
sive cooling and the spray interval (3min) was kept
constant. Thecarrier gas(filtered compressed air) was
maintained at a pressure of 105 Nm2, distance be-
tween nozzle and substrate was about 30 cm+1 cm,
solution flow rate 5 ml/min. Thicknessof thesample
was measured using the weighting method and was
found to be around 500nm.

RESULTSAND DISCUSSION

The XRD spectraof pureof SnO2thinfilmsand
doped with different Co concentrations (3% and 7%)
recorded in 20 angle in the range of 20-60 are shown
inFigure 1. It can be seen that the purefilm obtained
has amorphous structure. With increasing of Co con-
tent onemay observeaweak diffraction pesk for [110]
direction, whichischaracteristic of thetetragond struc-
ture of the SnO, thinfilms,
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Figurel: X-ray diffraction pattern of SnO,filmswith different Co content
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Thevariation of resistivity of Co doped SnO, thin
filmsasafunction of temperaturein therange of (298-
400) K at different doping of CoisshowninFigure 2.
Itisclear from thisfigurethat theresistivity showsthe
negativetemperature coefficient of resistancefor al de-
posited films. Also, theresistivity decreases markedly
asthe concentration of Co increases. Theincrease of
theresistivity with the Co concentrationindicatesade-
crease of the number of freechargecarriers.

When Co atomsareimplanted into the host SnO,
lattice, they either occupy interstitia sitesor they sub-
stitute Sn atoms. In the latter case the Sn atoms can
easly moveto interstitial sitessincetheformationen-
ergy for Sninterstitia issmall™4, The Snissubsti-
tuted either by Co2+ or by Co3+. Ishasto be noted
that the probability for substituting Co2+ishigher since
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theion radius of Sn4+ (0.83 A) is similar to that of
Co2+ (0.79) A for lower spin and 0.89 A for the high
Spin state) rather than that of Co3+ whichisconsider-
ably smaller™. Perfectly stoichiometric SnO, isanin-
sulator ¥ inwhich four Snvaencedectronsaretrans-
ferredto the oxygen Figure 3(a). Inreal SnO, adight
oxygen deficiency providesfreechargecarriersorigi-
nating from two shallow donor levelsdueto the oxygen
vacanciesFigure 3(b). Dopingwith Coinsertsionsinto
the host | atticewith alower valence compared to Sn.
Thisreducesthe number of potentid binding e ectrons
to neighboring oxygen atoms Figure 3(c,d). Thehigh
electronegativity of the oxygen causesafree-electron
captureinto thelocalized acceptor states. Therefore,
the conductivity decreasesasafunction of the Co con-
centration whichisobserved inthe experiment.
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Thisdecreasein conductivity can be understood
onthebasisof thefact that the conductivity generally
decreaseswhen the carrier concentration of the heavily
doped semiconductor increases*”. In order to study
themechanismsof conductivity, itisconvenient to plot
logarithm of theconductivity (Inc) as a function of 1000/
T. Figure 4 showstherelation between of Inc versus
1000/T for SnO, thinfilms doped with different con-
centration of Cointherange (393-473) K. Itisclear
fromthisfigurethat thevauesof conductivity increases
with theincreasing of temperature, such asthegeneral
characterigticsof thesemiconductor withincressingtem-
peraturelead to anincreasein the number of electron-
holespairsresulting onincreased conductivity. Thelin-
ear proportiondity inthecurveisreaedto theincrease
inthenumber of ionized carriersfromthe valence band
to the conduction band asthe substrateis heated. Al o,
itisseen that the conductivity decreaseswith increasing
of Co concentration. Furthermore, itisclear fromthis
figurethat thereare two trangport mechanisms, giving
risetotwo activation energies Ea and Ea,. Thecon-
duction mechanism of theactivationenergy (Ea,) a the
higher temperaturesrange (403-503)K isdueto car-
rier excitation into the extended states beyond the mo-
bility edgeand a thelower range of temperatures (293-
393)K, the conduction mechanismisdueto carrier ex-
citation intolocaized state at the edge of the band™.

In order to study the conductivity mechanisms, it
isconvenient to plot logarithm of the conductivity (Inc)
asafunction of 1000/T for all films. The activation

energy of the samples can be determined from the
slopes as shown in Figure 4. The eva uation of the
conductivity datayieldsthe activation energiesof the
donor levels, which are given by an Arrhenius pl ot.
For all doping concentrationstwo activation energies
canbederived aslistedinTABLE 1. Inall samplesa
very low donor level may beattributed to interstitial
Sni*3l. The roughly constant intermediate (Ea,) and
increasing high values (Ea ) can be assigned to oxy-
gendonors¥, Theincrease of the high energieswith
the Co doping concentration resultsfrom aconsider-
able coulomb attraction between the el ectron and the
ionized impuritieswhich increase with thedonor con-
centration®!, TABLE 1 showsthe effect of Co con-
tent on both activation energies Ea and Ea, for SnO,
thinfilms. Itisclear that the activation energiesin-
crease with theincreasing of the Co concentration.
This may be dueto changesin thelocalized states,
structure, and composition of filmsaswell asto the
re-arrangement of atomswhich yieldsfewer defects.
Thevalueof theactivation energy has been estimated
inour work is agreed with the resul tf24,
Inthismeasurement, theHall Effect will beusedto
study some of the physicsof chargetransportinthin
film samples. Hall mobility, carrier typeand concentra-
tionweremeasured fromHall coefficient (R ) dataand
d.cconductivity. Thecompletedataof pi,, no, p for the
undoped and doped filmswith doping concentration of
Co(3and7) % wt aretabulated iInTABLE 1. There-
sultsindicatethat the materialsunder study aren-type
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TABLE 1: Theelectrical propertiesof Codoped SnO, thin films

-5 4 7 11 2 3
spe U0 pd0) g0 WD MRS W90 caen e
pure 4.82 2.07 1.4 4.46 6.76 15 0.103 0.34
3% 2.88 3.46 2.8 42.85 6.91 154 0.113 0.36
7% 1.92 5.21 4 1.56 7.68 1.71 0.115 0.39
semiconductor possibly dueto the donor formation by
O, vacancies, theseresults correspond to the published REFERENCES

literatures??, From thetable, it can be seen that the
carrier mobility increaseswith decreasing the carrier
concentration whichisduetoincreaseinthe (Co) con-
tent. Theinterpretation of thisincreaseisattributed to
the decreasein thelocalized state near band edge, and
also decreasein carrier concentration, thenleadstoin-
creaseiny,, FromtheHall mobility measurements, we
cancaculatethedrift velocity (v,), using equation (c =

N . , , .
%) whereN isthecarrier concentration,qisthedec-

tron charge, Eistheéectricfied. Itisfound that drift
velocity isincreased with theincreasing of Co concen-
tration and theresult isdueto increasein theval ue of
mobility and decreasesin the carrier concentration. In
summary, Co implantation leads to ahomogeneous
dopant distribution without formation of clusters. The
Co doping causes acompensation of charge carriers
by localized holes. Theresulting decrease of the con-
ductivity is reflected in the decrease of the ordered
moment, which supportsthe model inwhichthe mag-
netic exchangeismediated by delocaized charge car-
riers. Theresultsinthisreport have been agreed with
theresult obtained by Awadaet al'4.

CONCLUSION

Inthisreport, theinfluence of doping with cobalt
wasstudied for tin oxidethinfilmsgrown by chemical
spray pyrolysistechniquewith different doping concen-
trations of Co (3 and 7) % wt on glasssubstrate. The
eectricd propertieswhichindudeconductivity and Hall
measurementswereinvestigated for thesefilms. The
filmshavehighresigtivity, high resstanceand highmo-
bility withincreasing of Co content. We demonstrated
experimentally that the selectivity of theresistancere-
sponseisimproved for thetin oxide propertiesby high
amountsof the Co.
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