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ABSTRACT

Tin oxide thin films of different molarities were successfully deposited by
spray pyrolysis technique on preheated glass substrates at atemperature of
500°C. the Effect of molarity concentration on film properties was investi-
gated. All deposited filmswere characterized by various techniques such as
X-ray diffraction for structural characterizations, weight difference density
method for thickness measurement, the two probe conductivity measure-
mentsfor electrical characterization. The X- ray diffraction (XRD) patterns
showed that the film of 0.1 M tin chloride pentahydrate has amorphous
structure. With increasing the molarity concentration of the filmsto 0.3 M
and 0.5 M the patterns showed a polycrystalline structure with preferential
orientation along (110) direction. Results showed that the resistivity in-
creasesremarkably asthe molarity increases. The variation of electrical con-
ductivity as a function of temperature increases with increasing tempera-
ture, and tend to decrease with increasing the molarity concentration to 0.5
M. The activation energiesincreased with increasing the molarity concen-
tration. Hall measurements showed that al films are n-type. The charge
carrier concentration, Hall mobility, drift velocity, and mean free path de-
creases with increasing molarity concentration.
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INTRODUCTION

Trangparent conducting oxide(TCO) thinfilmshave
attracted cond derableatention from scientific and tech-
nologica point of view dueto their unique propertiesof
high electrica conductivity and high optica transmit-
tance™?. They are used for photovoltaic devices,
phototransistors, liquid crystal displays, optical heat-
ers, gassensors, solar cells, transparent el ectrodesand
other optoel ectronic devices®®.

Amongthese TCOs, SnO, filmsareinexpensive,
chemicaly sablein acidic and basic solutions, thermdly

stablein oxidizing environmentsat high temperatures
and also mechanically strong, which areimportant at-
tributes for the fabrication and operation of solar
cd1g°9, Their property isresulted fromitsn-type semi-
conductor behavior and wide band gap Eg=3.64.0
eV[11,12] .

Thinfilmsof SnO, can beproduced by varioustech-
niques, such aschemical vapor deposition**4, beam
evaporation® and spray pyrolysis?-?. Among these
techniquesthat usedto form SnO, filmsspray pyrolysis
techniqueisthebest, it issmpleand inexpensive ex-
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perimenta arrangement, easeof adding variousdoping
materials, reproducibility, high growth rate and mass
production capability for uniform large areacoaings®.
Theam of thiswork istoinvestigate the effect of solu-

tionmolarity effect ondectrica propertiesof SnO, films
produced by spray pyrolysistechnique.

EXPERIMENTAL DETAILS
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Figurel: X-ray diffraction pattern of SnO, filmswith different molarity
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Thinfilmsof tin oxide SnO, with different molari-
tieshave been prepared by spray pyrolysistechnique.
The spray pyrolysis was done by using alaboratory
designed glass atomi zer, which has an output nozzle
about 1 mm. Thefilmsweredeposited on preheated
glasssubstratesat atemperature of 500°C, The depo-
stionwascarried out for different molar concentration
of the solution varied from 0.1M to 0.5M of tin (IV)
Chloride Pentahydrate SnCl,.5H,0 from Fluka Ger-
many, thismaterial was dissolved in deionized water
and ethanol, few drops of HCI were added to speed
up thedissolving, formed thefina spray solutionand a
total volumeof 50 ml was usedineach deposition. With
the optimized conditionsthat concernthefollowing pa-
rameters, spray timewas 10 Sec lasted by two minutes
to avoid excessive cooling and thespray interva (3min)
waskept congtant. Thecarrier gas(filtered compressed
ar) wasmaintained at apressure of 10°Nm, distance
between nozzle and the substrate was about 28 cm+1
cm, solution flow rate 5 ml/min. The samples were
weighted before and after spraying to determinethe
mass of thefilmg?4, Knowing the dimensionsof the
used substrates, the thicknesses can be determined by
thefollowing equation®!.

Am
oL @)

Where Amisthedifference between themass after and
before spraying, p is the density, I the width and L the
length. Thicknessof thefilmswasfoundto bearound
300 nm. XRD patternsfor SnO, filmswerecarried out
using aPhillips X—ray diffractometer system which
recordstheintensity asafunction of Braggangle. The
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source of radiation was CuK  with wavelength . =
1.5405 A, the current was 20 mA and the voltage was
30kV. Thescanning angle 20 wasvariedin therange
of (20-60) degree with speed of 2 cm.min™.

RESULTSAND DISCUSSION

Structureproperties

X-Ray diffraction (XRD) analysis has been per-
formed onto certain thecrystd structureand thecrysta
orientation. The XRD spectraof SnO, thinfilmswith
variousmolar concentrations (0.1,0.3and 0.5) M re-
corded in 20 angle in the range of 20-60 are depicted
inFigure 1. It can be seenthat thefilm obtained with a
concentration of 0.1M tin chloride pentahydrate has
amorphousstructure. By increasingthemol aritiesof the
filmsto 0.3M and 0.5M onemay observeastrong dif-
fraction Peak for [ 110] direction, whichischaracteris-
ticfor thetetragonal structure of the SnO, thinfilms.
Also, the[101] direction yieldsthe second most im-
portant diffraction peak. This[101] peak isshownin
thefigureswhich reved the polycrystdlinestructure of
thesefilms. Mean crystdlite
sizewascdculaed for the[ 110] diffraction pesk usng

Debye-Scherrer formula:
D ki
"~ Bcos@ (2)

Comparison between observed and standard d-
vauesfor 0.1M and 0.5M SnO, thinfilmsarelistedin
TABLE 1.

Electrical properties
Thevariation of resistivity of SnO, thinfilmsasa

TABLE 1. Givestheinterplaner distanced, I/l j, a,and D for 0.3M and 0.5M samplesin comparison with thestandard values

asinASTM card
Solvent Volume 20 de  (I/10) (hki) 'E)Vggt'e'\g Dx10* N><1_014 §><1013 Sx10%
of Sn0, (degree)  (A) exp. (Sn0,) (nm) (m?)  (Linesm?)
26.423 3.370 100 110 2.75 3.617294 10563 7642.4 95.82714
2% 33.895 2.642 42 101 1.0875 224724  440.57 198.01 15.42492
50.792 1.796 36 211 0.314 26.21634  277.49 145.43 13.22209
54.897 1.67 8 220 0.1917 61.15883 21.857 26.735  5.667783
26.404  3.372 100 110 0.4618 21.38889 510.98 21858  16.20630
5% 33.7016  2.657 89 101 0.400 31.42857 161.06 101.23 11.0293
515359 17719 65 211 0.374 3291442 14022 92305  10.53140
54514  1.6819 12 220 0.275 5498669 30.074 33.073 6.303981
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function of temperatureintherangeof (303-473) °K at
different solution molarityisshowninFgure2. It’s clear
fromthefigurethat theresistivity showsthe negative
temperature coefficient of resistancefor al deposited
films Also, theresdivity increasesmarkedly asthemolar
concentration of filmsincreases.

Thevariation of eectrica conductivity asafunction
of temperature for SnO, films at different molarity
concentrationisshownin Figure3. It’s clear from this
figurethat the conductivity for all deposited filmsin-
creaseswith increasing of thetemperature.

Also, it can be seen that the conductivity decreases
withtheincreasing of molarity concentration of thefilms.

0.25

Thisdecreasein the conductivity can beunderstood on
thebasisof thefact that the conductivity generally de-
creaseswhen the carrier concentration of the heavily
doped semiconductor increases?!. For examplewhich
isattributed to the strong scattering or absorption of
photons by theincreased number of carrier concentra-
tion resulted from the defects created in the lattice?”.
In thisstudy, when the solvent volumeincreases, the
spray flux density decreases, which makethe growth
rate slow and thereby, the carrier concentration in-
Creases.

Inorder to sudy theconductivity mechanisms; itis
convenient to plot logarithm of theconductivity (Inc) as
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Figure2: Variation of resistivity versustemper aturesfor SnO, filmswith different molarity
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Figure4: Lno versus1000/T for SnO, filmswith different molarity

TABLE 2: Carriesconcentration, Hall mobility, Vv,

Ea, and Ea, for SnO, filmswith different molarity.

Solventsvolume og %10 ) %107 x10°  vgx10 Nx10%° Ea Ea
(M) SN0,  (@om)y? Rw<lomiC (oem) (Vg (Vg (Uemy TYPEOcon oy o)
0.1 4.05 57.4 2466 53 556 236 ntype 00043 0.095

03 293 8.49 34 249 261 735 ntype 0032 0.103

05 2,02 1.45 4.9 059 0619 428 ntype 00336 0.121

afunction of 1000/T for SnO, filmsfor different mo-
larities, asshowninFigure4. Itisclear fromthisfigure
that there aretwo trangport mechanisms, givingriseto
two activation energiesE_ and E . The conduction
mechanismof theactivation energy (E_) a thehigher
temperaturesrange (403-503)°K is due to carriers ex-
citation into the extended states beyond the mobility
edge and at the lower range of temperatures (303-
373)°K, the conduction mechanism is due to carriers
excitationintolocdized state at the edge of the band.

Hall measurementsof SnO, thin films

Hall mobility, carrier type and concentration were
measured from Hall coefficient (R ) dataand D.C con-
ductivity. The completedataof u,, N, o, p, V, Ea,
and Ea, withdifferent molaritiesaretabulated in TABLE
(2). Theresultsindicatethat the materialsunder study
are n-type semiconductor possibly dueto the donor
formation by O, vacancies, theseresults correspond to
the published literatures. From thetabl e, it can be seen
that the carrier mobility decreaseswithincreasing of
thecarrier concentrationwhichisduetoincreaseinthe
solvent volume. Theinterpretation of thisdecreaseis
attributed to theincreasein thel ocaized state near band

edge, and alsoincreasein carrier concentration,which
leadsto decreasein ..

CONCLUSIONS

From the obtained results, we can conclude the
following. Thestructurd study of thefilms showed that
an amorphous statemay exist inthemateria asinthe
filmswith molarity 0.1M. Withincreasingthemolarity
t00.3M and 0.5M apolycrystalinestructurewith pre-
ferred orientation along [ 110] directionwith strong dif-
fraction Peak has been observed. Thevariation of re-
sigtivity of thefilmswith different molaritiesasafunc-
tion of temperature showed the negative temperature
coefficient of resistance. Theresistivity increasesre-
markably asthemolarity increases. Thevariaion of dec-
trical conductivity asafunction of temperatureincreases
withincreasingtemperature, and tend to decrease with
theincreasing of molarity concentrationto 0.5M. The
resultsindicatethat thematerid sunder study aren-type
semiconductor possibly dueto the donor formation by
O, vacancies. Thecarrier mobility decreaseswithin-
creasing of the carrier concentration whichisdueto
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