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ABSTRACT

SnO, films with different thicknesses (250, 300, 330 and 350 nm) were synthesized by spray pyrolysistechnique.
The substrates were heated to 500°C. Characteristics and optical constant of the films have been studied. Optical
absorption studies in the wavelength range 300-900 nm in order to calculate the optical constants such as
refractive index, extinction coefficient, real and imaginary parts of dielectric constant. Resultsillustrate that both
refractive index and extinction coefficient of the films are increasing with increasing film thickness, on the other
hand, the values of real and imaginary parts of the dielectric are found to be decreased with increasing film
thickness. The skin depth isfound to be decreases as the film thickness increased to 350nm, so the skin depth is

atransmittance related.

INTRODUCTION

Transparent conductive oxides (TCOs) filmsare
usedinavariety of goplicationsbecauseof their specid
optical and dectrica propertiessuch aswideband gaps,
typically larger than 3 eV, and consequently high opti-
cd trangparency inthevisiblespectra region. Alsothese
filmshavelow resistivity (p < 10* Qcm)4, Among
them, tin dioxide SnO, seemsto be the most gppropri-
atematerid for different applicationsduetoitsoptical
and electrical properties. SnO, ischemicaly inert, me-
chanically hard and heet-resistant. In addition, they ex-
hibit low e ectrical restivity and high optica transmit-
tance. Furthermore, tin dioxidefilmsaremorestable
than other TCOsfilmssuch aszinc oxide (ZnO)5-7,
Moreover, they havealower materia cost.

Different techniquesare used to preparetin diox-
idefilmssuch aschemical vapor deposition®9, canon-
ray evaporation’”, sol—gel coating™, laser pulse
evaporation'23 magnetron sputtering4%, electron
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beam evaporation(*%” and spray pyrolysi §819. Among
these methods, the spraying techniqueisasimple, eco-
nomic and commonly used method anditiswell suited
for the preparation of tin dioxidethin filmsbecause of
itssmpleand inexpensive experimenta arrangement,
ease of adding variousdoping materials, reproducibil-
ity, high growth rate and mass production capability for
uniformlargeareacoatings®l. Inaddition, thetinoxide
prepared by the spraying techniqueisal so physicaly
and chemically resistant against environmental effects
and adheres strongly to different substrates.
Thegrowth of SnO, thin filmson semiconductor
substrate has attracted so much attention because of
theinterest in both fundamenta physica propertiesand
potential applicationsin promising devices®??, asa
good exampleAlfonso et al.1** has grown SnO, thin
filmson S substrates. Inthisstudy, the optical charac-
terigticsof SnO, filmsdeposited by spray pyrolysistech-
nique on glass substrates are reported. It isintended
the determination of optimum conditionsthat leadsto
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the manufacturing of well crystallize, conductiveand
transparent tin oxidethinfilms. Theoptica constantsof
thefilmswereexamined in associaionwiththeincrease
infilmthickness.

EXPERIMENTAL PROCEDURE

Thinfilmsof tin oxidehavebeen prepared by chemi-
cal pyrolysis technique. The starting solution was
achieved by an agueous solution of 0.1M SnCl,.5H,0
from Merck Chemicals, thismaterid wasdissolvedin
de-ionized water and ethanol, afew dropsof HCl were
added to makethe sol ution clear, formedthefina spray
solution and atotal volume of 50 ml wasusedin each
deposition. Thespraying processwasdoneby usinga
laboratory designed glass atomizer, which hasan out-
put nozzle about 1 mm. Thefilmswere deposited on
preheated glass substrates at atemperature of 500°C,
with the optimized conditionsthat concernthefollow-
ing parameters, spray time was 7 Sec and the spray
interval 3 minwaskept constant to avoid excessive
cooling, thecarrier gas (filtered compressed air) was
maintained at apressure of 10°Nm?, distance between
thenozzleand substratewas about 29cm, solutionflow
rate 5 ml/min. Optical transmittance and absorbance
wererecorded in the wavel ength range (300-900 nm)
using UV-V IS spectrophotometer (Shimadzu Company
Japan). In order to exploretheinfluenceof film thick-
ness on the parameters under investigation, thefilms
prepared with different thicknessin therange of 250,
300, 330 and 350 nm.

RESULTSAND DISCUSSIONS

Theoptical properties of SnO, filmsby means of
optical absorptioninthe UV-Visregion of (300-900)
nm have been investigated. Figure 1 showsthe optical
absorbance spectrafor all SnO, films. The position of
the absorbance spectrais observed to shift towards
the higher wavelength sidewith theincrease of films
thickness. Thisindicatesthat the band gap of ZnO ma-
teria decreaseswith increasing thethickness. In our
earlier study we showed that theva ue of theband gap
(Eg) isenhanced from 3.7t0 3.5 eV by increasingthe
film thicknessfrom 250 to 350 nm. Similar results of
enhancement of the SnO, band gap wereaso pointed
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Figure1: Absorptanceof different thicknessesof SnO, thin

filmsver suswavelength.
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Refractiveindex of thefilmisanimportant param-
eter for optoel ectronic devices design such asoptical
filters, solar cells, high stability resistors, displaysde-
vices. Inorder to cal cul ate theoptical constant refrac-
tiveindex (n) and the extinction coefficient (k) of the
filmsat different wavelengths, we can usethefollowing
relationg®=;
n=[1+R/1-R] +[4R/(1-R)>—k?]*2 )

K =oM4n 2
Where (o) isthe absorption coefficient and A isthe
wavelength. Therefractiveindex of thefilmswascal-
culated by usng Eq. (1) and thevariation of refractive
index with wave engthfor thefilmsisshowninFigure
2.All filmsshowed smilar behavior inrefractiveindex
spectra. Thereisalittle decreasein refractive index
vauesfor thefilmswithincreasing thickness. Refrac-
tiveindex values of the samplesvary between (2.1~
2.4) at longwave engths. Thelowering of refractivein-
dex can be attributed to the density and the surface
roughness. It canbencticed that dl filmshaveasmilar
k variation belonging to wavel ength of polarized light,
and asimilar tendency was observed according to the
curvesof refractiveindex. Theextinction coefficient of
amaterid isdirectly related toitsabsorption charac-
teristic. Asshown in Figure 3, the k values are very
amdl a longwavdengthswhered| filmsarenearly trans-
parent. Both refractiveindex and extinction coefficient
of thefilmsare decreasing with increasing filmthick-
nesses. The average refractive index and extinction
coefficient values of thefilmsat 500 nmaregivenin
TABLE 1.
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Figure2: Refractiveindex versuswavelength for SnO, thin

films.
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Figure3: Extension coefficient versuswavelength for SnO,

thin films.

1000

TABLE 1: Averagerefractiveindex and extinction coefficient
valuesfor all filmsat 500 nm.

Thickness nm n at A= 500 nm k at A= 500 nm
250 2.32 0.065
300 251 0.072
330 2.62 0.078
350 2.65 0.087

Thered e andimaginary ¢, partsof thedielectric
constant were obtained using theformulaas®:

& =n*—k? €)
€2=2nk 4
Thevaidioninthered (e,) andimaginary (e,) parts
of thedielectric congtant for all SnO, filmsareshownin
Figures(4) and (5). Thevauesof thered part arehigher
than those of theimaginary part. Thevaluesof real and

imaginary parts of the dielectric are found to be de-
creased withincreasing film thickness.
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Figure 4 : Real part of the dielectric constant versus

wavelength for SnO, films.
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Figure5: Imaginary part of thedielectric constant ver sus
wavelength for SnO, films.

The skin depth could be cal culated using thefol -
lowing relation’™3;
% =A/ 2nk (5)
Where isthewave ength of theincident photon, kis
the extinction coefficient. Figure (6) Showsthevaria-
tion of skin depth asafunction of wavelength for al
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Figure6: Skin depth versuswavelength for SnO, films.
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films. Itisclear fromthefigurethat the skin depthin-
crease asthewavel engthincrease, thisbehavior could
beseeninall samples, but the skin depth decreasesas
thefilmthicknessincreasesto 350nm, which meansthat
theskin depthisatransmittancerel ated.

CONCLUSION

Theopticd propertiesof ShO, filmsgrownonglass
substrates have beeninvestigated. Resultsindicatethat
the optical parameters are strongly dependent on the
film thickness. Asthe SnQO, film thicknessincreases,
theenergy gap of the SnO, film decreases, but both the
refractiveindex and the extinction coefficient increases.
Thered andimaginary partsof dielectric constant were
cdculated andthey aretendingtoincreasewithincressing
film thickness, on the other hand the skin depth de-
creases asthefilm thicknessincreases. These present
observations can helpimprovetheunderstanding of the
optical parametersof SO, thinfilms.
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