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ABSTRACT KEYWORDS
Films of SnO, were prepared by the spray pyrolysis technique onto glass Tinoxide SnO,,;
substrate heated up to 500°C. Optical absorption measurements in the Optical dispersion
wavelength range 300-900 nm were studied and confirmed that annealing parameters;

films at 550°C for different annealing time has a significant effect on the
optical propertiesof thefilms. The optical constants confirmthat SnO, films
have anindirect band gap that decreased from 3.3 to 3.1eV asthe annealing
timeincreasesto 3hrs. The dispersion of the refractive index was analyzed
using the concept of a single oscillator. The values of the single oscillator
energy E_ were 6.6, 6.57, 6.48 and 6.18eV, while the dispersion energy E,
valueswere 94, 82, 77, and 70 for the asdeposited and the annealed filmsfor
1,2, and 3hrsrespectively. Theincreasein the density of localized statesE,
from595t0 667meV causesan expanding inthe Urbachtail and consequently

Optical energy gap;
Spray pyrolysis.

decreases the energy gap.

INTRODUCTION

Trangparent conducting oxide(TCO) thinfilmssuch
aszincoxide, indium oxide, tin oxide, and cadmium
oxide haveattracted consi derabl e attention because of
their low resistivity and high optica transmittance®2.
Dueto their unique optical and electrical properties,
their films are used for photovoltaic devices,
phototransistors, liquid crystal displays, optical heat-
ers, gassensors, solar cells, transparent el ectrodesand
other optoel ectronic devices®®l.

Amongthese TCOs, SnO, filmsareinexpensive,
chemicaly gablein acidic and basic solutions, thermdly
stablein oxidizing environmentsat high temperatures
and also mechanically strong, which areimportant at-
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tributes for the fabrication and operation of solar
cellg*1%, SnO, has atetragona structure, their prop-
erty isresulted fromits n-type semiconductor behavior,
similar totherutile structure with the wide band gap of
E,=3.6-4.0eVI*+,

Thinfilmsof SnO, can beproduced by varioustech-
niques, such aschemical vapor depositioni*314, canon-
ray evaporation*®, sol—gel coating*®, pulsed laser
deposition™, magnetron sputtering®8¥, el ectron beam
evaporation and spray pyrolysis®-24. Among these
techniquesthat usedto form SO, filmsspray pyrolysis
techniqueisthebest, it issmpleand inexpensive ex-
perimental arrangement, easeof adding variousdoping
materials, reproducibility, high growth rate and mass
production capability for uniform large areacoatings?.
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Inreviewing of literatures, it can be seen that the effect
of annedlingtimeontheoptical propertiesof SnO, films
should be studied more sufficiently. In this paper, we
report and discussthecharacterization of the SnO, films
prepared by spray pyrolysistechniqueand annealed to
550°C for 1, 2, and 3 hrs.

EXPERIMENTAL DETAILS

Tin oxide SnO, thin filmswere deposited by the
Spray pyrolysistechnique, using an aqueous sol ution of
0.1M SnCl,.5H,0 from Merck chemicals, thismate-
rial wasdissolved in de-ionized water and ethanol, a
few drops of HCl were added to make the solution
clearly formed thefinal spray solutionand atota vol-
umeof 50 ml wasused in each deposition. The spray-
ing processwas done by using alaboratory designed
glassatomizer, which hasan output nozzleabout 1 mm.
Thefilmsweredeposited on preheated glass substrates
at atemperature of 500°C, with the optimized condi-
tionsthat concernthefollowing parameters, spray time
was 7 Sec and the spray interval 3 min waskept con-
gtant to avoid excessive cooling, thecarrier gas(filtered
compressed air) was maintained at apressure of 10°
Nm-2, distance between nozzle and the substrate was
about 29cm, solutionflow rate’ 5 ml/min.

The sampleswereweighed before and after spray-
ing to determinethe mass of thefilmg?4. Knowing the
dimensionsof thesubstrates used, the thicknessescan
be determined using thefollowing equation®!:

Am
o IL )

Where Amisthedifference between themass after and
beforespraying, p isthedensity, | thewidthand L the
length. Opticd transmittance and absorbance werere-
corded inthe wavel ength range (300-900 nm) using
UV-VIS spectrophotometer (Shimadzu Company Ja
pan). Theeffect of annealing timeontheoptica prop-
ertieswasinvestigated.

d=

RESULTSAND DISCUSSION

The study of the optical absorption of theinvesti-
gated SnO, films, particularly the absorption edgehas
proved to be very useful for elucidation of the elec-

tronic structure of these materias. Theoptical absorp-
tion spectraof thetested filmsasafunction of anneal -
ingtimeareshownin Fgure 1. Theabsorption at higher
wavelengthsinthevisibleregionislow and at wave-
length 350-380 nm, an intense absorption can be seen.
Theseresultswerein agood agreement with that ob-
tained by Patil et a.[?). Moreover, it can be noticed
that the absorbancetendsto increase asthe annedling
timerisesfrom1to3hrs.
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Figure 1 : Absorbance of as deposited and annealed SnO,
filmsver suswavelength
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Figure2: Ina versusphoton ener gy for asdeposited and an-
nealed SnO, films

Thetail of theabsorption edgeisexponentid, indi-
cating thepresenceof |ocdized statesinthe energy band
gap. Theamount of tailing can be predicted to afirst
approximation by plotting the absorption edgedatain
termsof an equation origindly given by Urbachi?. The
absorption edge gives ameasure of the energy band
gap and the exponentia dependence of theabsorption
coefficient, intheexponentiad edgeregion Urbachrule
isexpressed ag?%:;
a=0 exp(h/E) 2
Whereq, isacongant, E  isthe Urbach energy, which
characterizesthedope of theexponentia edge. Figure
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TABLE 1: Theoptical parameters

13
Sample (eEG) (5\;) (5\3) €, nO M U3 Sor):#O o ey
Before annedling 94 660 330 1520 390 1520 0.326 2.20 612 595
(as deposited)
Annealing for 1 hr 82 657 328 1350 367 1250 0.289 1.85 509 625
Annealing for 2 hrs 77 648 324 1290 359 1190 0.283 174 580 645
Annedling for 3 hrs 70 618 310 1236 351 1136 0272 1.60 572 667

2 shows Urbach plotsof thefilms. Thevaueof E was
obtained fromtheinverse of thedopeof Ina vs. hd and
isgiveninTABLE 1. E , vaueschangeinversely with
theoptical band gap. The Urbach energy valuesof the
filmsincressewith theincreasng of annedlingtime. The
increaseof E, suggeststhat the atomic structural disor-
der of SnO, filmsincressesby increasingannedingtime,
Thisbehavior canresult fromincreasingthegrainsize.
Theszeof thegrainsvarieswith annealing temperature
andinfluencesthevauesof theoptical energy gap. Itis
well knownthat thesizeof crystallitesisindirect rela-
tionship with theincrease of thetemperature and the
annealing time, morethetemperatureishigh morethe
size of thegrainsisimportant and moretheannealing
timeisimportant morethegrainislarge. Such result
was a so confirmed by Hemissi et al.[*%. So, thisin-
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creaseleadsto aredistribution of statesfrom band to
tail and may be attributed to theimprovement of crys-
tallinity. Asaresult, both adecreaseinthe optical gap
and expanding of the Urbach tail havetaken place.
According to inter-band absorption theory, the
optica band of the SnO, filmscan becalculated using
Tauc’s relation®:;
(ahw) =A(hv-E )" ©)
wherea is the absorption coefficient, A a constant, h is
Planck’s constant, v the photon frequency, E ’ theopti-
ca band gap and nisan index which could takediffer-
ent val ues according to the electronic transition. For
alowed direct trangtionsthe coefficient nisequa to 1/
2andforindirect dlowedtransitionsn= 2. Thecurves
(ahv)¥2for thedirect alowed transition does not present
evidencelinearity, thisseemsto suggest that SnO, has
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Figure3: (ahv)*for SnO, film ver susphoton ener gy for theasdeposited and annealed films
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anindirect band gap.

Thevaue E, corresponding to theindirect band
gap transition was cal cul ated from the curve of (ahv)?
versushv, using the formula:

(ahv)? =A(hn—Eg) 4

The extrapolation of the linear part of the curve
(ahv)?totheenergy axisisshownin Figure 3. Theindi-
rect band-gap energy for theasdeposited filmisequal
to 3.3eV, whichisquite comparablewith thereported
values?63L3 |t can be seen that the energy band gap
of thefilmstendsto decreasewith increasnganneding
timeto 3 hrs. Thedecreasein the optical band gap with
increas ng annedling time can beattributed to adecrease
incrystallinity disorder of thefilms. Theoptical band
gap of SnO, filmsisobvioudy affected by the defects
andthecrygdlinity.

Wempleand Didomenico®*34 useasingle-oscilla-
tor description to definedispersion energy parameters
E,and E . Therefractiveindex dispersionplaysanim-
portant roleintheoptica communicationand designing
of theoptica devices. Therefore, itisasignificant fac-
tor. Therd ation between therefractiveindex n, and the
sngleoscillator strength bel ow theband gapisgiven by
theexpression:
n?=1+[E,E /EZME7] 5
Where E and E_aresingleoscillator constants, E is
the energy of theeffective dispersion oscillator, E, the
so-called dispersion energy, which measurestheinten-
sty of theinter band optical transitions. The oscillator
energy E_isanaverageof theoptical band gap, E_ "
can be obtained from theWemple-Didomenico model.
Thismodel describesthedie ectric responsefor trang-
tionsbelow the optica gap. Experimental verification
of EQ. (4) can be obtained by plotting (n°™1)™! ver-
sus(hv)?asillustratedin Figure4 whichyiddsastraight
linefor normal behavior havingthedope(E E)) *and
theintercept with thevertica axisequal toE /E . E_
and E, valuesweredetermined fromthesdlope, (E E )™
andintercept (E /E)) onthevertica axis. E_ vauesde-
creased asthe optical band gap decreases. According
to thesingle-oscillator model, the single oscillator pa-
rametersE_and E, arerelated to theimaginary part of
the complex diel ectric constant, the moments of the
imaginary part of theoptical spectrumM,,, andM,
momentscan bederived fromthefollowing rd ationg™!:

E2=M,/M, (6)
EZ=M3,/M, (7

Theva uesobtained for the dispersion parameters
E.,E, M, and M arelisted in TABLE 1. The ob-
tained M , and M _, moments have decreased within-
creasing annealing time. For the definition of the de-
pendence of therefractiveindex (n) onthelight wave-
length (1), the single-term Sellmeier relation can be
used®:
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Figure4: Variationin (n?-1)*asafunction of (hv)*for SnO,
films
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n?(A)-1=S)7?/1-(a/r)? (8
Where istheaverageoscillator positionand S is
theaverage oscillator strength. The parameters S, and
A, in Eq. (7) can be obtai ned experimentally by plot-
ting (n? — 1)* versus A2 as shown in Figure 5, the
sopeof theresulting straight linegives 1/S , and the
infinite-wavelengthintercept gives1/ S A > There-
sults show adecreasein the band gap which may be
attributed to the presence of unstructured defects, that
increase thedensity of localized statesand cause an
expanding in the Urbach tail and consequently de-
crease the energy gap.
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CONCLUSION

Tin Oxide SnQ, thinfilmshave been successfully
deposited onto aglass substrate by the spray pyrolysis
technique. Thetypeof optical trangtion responsblefor
optica absorptionwasindirect alowed trangtions. The
EgWD va uesobtained fromWemple-Didomenico model
arein agreement with those determined from the Tauc
model and found to be decreasing with theincreasing
of annedingtimeand havethevauesof 3.3,3.28, 3.24
and 3.1eV for theasdeposited, annealed filmsfor 1, 2
and 3 hrsrespectively. The optical dispersion param-
eterswere characterized and found to be obeying the
sngleoscillator modd. Thesingleoscillator parameters
weredetermined, the changein dispersonwasinvesti-
gated and itsvalue decreased from 6.6 t0 6.18eV with
increasngannedingtimeto 3hrs.
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