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ABSTRACT

SnO, thin films were synthesized by spray pyrolysis technique on glass
substrates preheated to 500°C. The films were annealed at 550°C in air for
periodsof 1, 2, and 3 hrs. The optical characterizations of the as deposited
and annealed filmswere carried out using UV-Vistransmittance spectros-
copy in the wavelength range 300-900 nm. The results show that in the
visible region the transmittance of the films increases as the annealing
time increasesto 3 hrs, while the reverse is the case with the reflectance.
The results also show that the absorption coefficient and the skin depth
were tending to decrease with increasing annealing time, on the other
hand the refractive index, extinction coefficient, real and imaginary parts
of dielectric constant decreases with increasing annealing time. In the
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visibleregiontherefractiveindex valueswere varied between 3.2-3.6.
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INTRODUCTION

Trangparent conductive oxidesfilmshavebeen ex-
tensively usedin avariety of applications because of
their specia optical and electrical propertiessuch as
wideband gaps, typically larger than 3 eV, and conse-
quently high optica transparency inthevisible spectra
region. Alsothesefilmshavelow resistivity (p <10
Qcm)*¥, Tindioxide SnO, isapromising material for
avariety of applications, and seemsto bethe most ap-
propriatematerid for different gpplicationsin optoe ec-
tronic devicessuch assolar cells, optical filters, high
gtability resistors, displaysand e ectrochromic devices,
covering layersfor fiber optical systems, photovoltaic
devices, and gas sensing“+9

Togrow SnO, films, severd chemica and physical
methods empl oyed for the production of devicequality
filmslikechemica vapor deposition”, thermd evapo-
ration™, sol—gel coating!*?, laser pulseevaporation*¥,
magnetron sputtering™, e ectron beam evaporationl*®
and spray pyrolysig*é*). Thesmplestway toform SnO,
filmsisthespray pyrolysistechnique, itissimpleand
inexpensveexperimental arrangement, easeof adding
variousdoping materials, reproducibility, high growth
rate and mass production capability for uniform large
areacoatings*®. In addition, thetin oxide prepared by
thespraying techniqueisaso physicaly and chemicaly
resistant against environmental effects and adheres
strongly to different substrates.

M any researches have been devoted to study the
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fabrication and characterization of SnO, thinfilms. Ina
review of literatures, it can be seen that the effect of
anneding durationtimeonthefilm characterigicsshould
be studied more sufficiently. In thisstudy, the optical
characteristics of SnO, filmsdeposited by spray py-
rolysistechnique on glass substrates are reported, and
theeffect of annedling time upon the optica constants
of thefilmswasinvestigated.

EXPERIMENTAL DETAILS

Tin oxide SnO, thin filmswere deposited by the
gpray 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 minwaskept con-
stant to avoid excessive cooling, the carrier gas (fil-
tered compressed air) was maintained at apressure of
10°Nm2, distance between nozzle and the substrate
was about 29cm, solution flow rate 5 ml/min.

The sampleswereweighed before and after spray-

ing to determinethemassof thefilmg*9. Knowing the
dimensionsof the substrates used, thethicknessescan
be determined using thefoll owing equation:

_ Am

- p. 1L (1)

m

Where Am isthe difference between the mass after
and beforespraying, p, isthedensity, | thewidthand L
thelength. Optical transmittance and absorbancewere
recorded in the wavel ength range (300-900 nm) using
UV-VIS spectrophotometer (Shimadzu Company Ja-
pan). Theeffect of annedingtimeon theoptica prop-
ertieswasinvestigated.

RESULTSAND DISCUSSIONS

The spectral dependence of transmittancefor the
asdeposited and annealed at 550°C films for different
annedingtimesareshowninFigure 1. Theresultsindi-
catethat transmittance of thefilmsincreaseswith the
increasing of theincident photonswavelength A, also it
can benoticedthat annedling timeimprovesthear trans-
parency. Thefigure showsthat the percentage of trans-
mission of theasdeposited filmisapproximately 60%
inthevisibleregion, increased to 63%, 65% and 67%
with increasing theannealing timeto 1, 2, and 3 hrs
respectively. Theseresultswerein closeagreement with
that obtained by Arturo et a?! and Chaitra et al??.
Such abehavior of transmission coefficient could be
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Figurel: Transmittancever suswavelength for asdeposited and annealed SnO, films
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Figure2: Reflectancever suswavelength for asdeposited and annealed SnO, films
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Figure 3: Absor ption coefficient ver suswavelength for SnO, films

explained by specific transformations of defect sub-
system duringannedling filmstolonger durationtime.

Figure2 showsthat inthevisibleregion, thereflec-
tanceaverageva ueof theasdeposited filmswereabout
0.32%, whilethereflectancefor thefilmsafter annedled
t0 550°C decreased with the increasing of wavelength
and annedingtime, and havetheaveragevadueof 0.27%
with increasing annealingtimeto 3 hrs. It can be seen
that thereflectancein thevisibleregionislimited only
by the surfacereflectance.

Theoptical properties of SnO, filmsby means of
optical absorptioninthevisibleregion of (300-900)
nm have been investigated. The absorption coefficient
(o) could be calculated using the following relation?3:

2.3034
7 2
Where (A) istheabsorption and (t) isthefilm thick-
ness. Figure 3 show the dependence of the absorption
coefficient (o)) of theasdeposited and annealed SnO,
films. It can be seen that with theincreasing of anned -
ing timethe absorption edge dlightly shiftsto ahigher
wavelength directioninthevisibleregion. Thisresult
provesthat thefilmsare sengitivetovisiblelight, anin-
tense absorption can be seeninthe wavelength range
350-380 nm, while at higher wavelengths in the visible
region the absorption coefficient islow. Theseresults
werein good agreement with that obtained by Patil et
al.[?4, Moreover, it can be noticed that the absorbance
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Figure4: Refractiveindex ver suswavelength for asdeposited and annealed SnO, films
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Figure5: Extension coefficient ver suswavelength for asdeposited and annealed SnO, films

tendstoincreaseastheannedingtimerisesfrom1to3
hrs.

Refractiveindex of thefilmsisanimportant param-
eter for optoe ectronic devicesdesign. In order to cal-
culatetheoptical constant refractiveindex (n) and the
extinction coefficient (k) of thefilmsat different wave-
lengths, we can usethefollowing relationg®24;
n=[1+R/1-R] +[4R / (1-R)?—k?]*2 ©)

K = oM4n 4
Where () isthe absorption coefficient and A isthe

wavelength. Therefractiveindex of thefilmswascal-
culated by usng Eq. (2) and thevariation of refractive

index withwave engthfor thefilmsisshowninFigure
4. All filmsshowed smilar behavior inrefractiveindex
spectra. Thereisalittle decreasein refractive index
vauesfor thefilmswithincreasngannedingtime. The
lowering of refractiveindex can be attributed to the
density and the surface roughness?’. Refractiveindex
values of the samples have varied between (3.2-3.6)
a longwaveengths. It canbenoticed that dl filmshave
asimilar k variation belonging to wavel ength of polar-
ized light, and asimilar tendency was observed accord-
ingtothecurvesof refractiveindex. Theextinction co-
efficient of amaterid isdirectly related toitsabsorption
characteristic. AsshowninFigure5, thek valuesare
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Figure7: Imaginary part of thedielectric constant for asdeposited and annealed SnO, films

very smd| a longwavd engthswheredl filmsarenearly
trangparent. Both refractiveindex and extinction coef-
ficient of thefilmsare decreasingwith increasing an-
nedingtime.

Theobtained valuesof nand k wereused to calcu-
late both e andimaginary &, partsof thedielectric con-
stant and they were obtained using theformulas®!:

& =n*-k? (5)

g = 2nk (6)

Wheree¢_determinesthe maximum energy that can be
storedinthematerial, ¢ dlsoiscalledtherel ativeloss
factor and representsthe absorption of electrical en-
ergy by adielectric material that issubjected to an al-
ternating electromagnetic field. Thevariation of both

rea ¢ andimaginary ¢, partsof thedielectric constant
for SnO, films (beforeand after annealing for different
times) asafunction of wavedength areshownin Figures
6and 7. It can be noticed that thevaues of theredl part
arehigher thanthose of theimaginary part. Thee, val-
uesdecreaseasthewavelengthincreases. Also both g,
and ¢, values of the diel ectric constant arefoundto be
decreased after annealing.

The skin depth could be cal culated using thefol -
lowing relation:
1 =1/ 2mK (7
Where is the wavelength of the incident photon, k is
theextinction coefficient. Figure 8 show thevariation of
skin depthasafunction of waveengthfor dl films. Itis
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Figure9: Optical conductivity ver suswavelength for asdeposited and annealed SnO, films

clear fromthefigurethat the skin depth increase asthe
wavedength increase, thisbehavior could beseenin dl
sampl es, a so the skin depth decreasesastheannealing
duration timeincreasesto 3 hrs, which meansthat the
skindepthisatransmittancerelated.

Theoptica conductivity was cal culated using the
rel ation®:
c=onc/4n (8)
Where(c) isthevelocity of light.

Figure9 showsthevariation of optica conductivity
with thewavelength. It was observed that the optical
conductivity decreaseswith theincreasing of anneding

time. Also, It can be noticed that the optical conductiv-
ity for al filmsincreased in the high photon energies
region and decreased in thelow photon energy region,
thisdecreaseisdueto thelow absorbance of thefilms
inthat region. Thissuggeststhat theincreasein optical
conductivity isdueto e ectrons excited by photon en-
ergy. Theorigin of thisincreasing may beattributed to
some changesin the structuredueto theanneding and
thechargeordering effect.

CONCLUSION

Thinfilmsof SnO, have been successfully depos-
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ited onto aglass substrate by the spray pyrolysistech-
nigue. All sampleswereoptically characterized by us-
ing UV-VIStechnique and theresultswere systemati-
caly presented. It wasfound that the transmittance of
theasdeposted filmsinthevisbledomain reaches60%
whileitincreasesto 67% by increasing theannealing
timeto 3 hrs. Resultsindicate that the optical param-
elersarestrongly dependent on anneding durationtime,
astheannealing timeincreases, the absorption coeffi-
cient and the skin depth weretending to decrease with
increasing anneding time, onthe other hand therefrac-
tiveindex, extinction coefficient, red andimaginary parts
of dielectric constant decreaseswith increasing annedl -
ingtime. These present observationscan helpimprove
the understanding of the optica parameters of SnO,
thinfilms.
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