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ABSTRACT

In this investigation, FeS, thin films were synthesized by spray pyrolysis
technique on glass substrates. The filmswere annealed at 400 °C and 450°C
inair for aperiod of 1 hour. Theoptical characterizations of the as deposited
and annealed films were carried out using UV-VIS transmittance
spectroscopy in the wavel ength range 400-900 nm. The results show that in
the visible region the transmittance of the films decreases as the annealing
temperature increasesto 450°C. The reverse is the case with the reflectance
asit was observed to beincreased in the same region. Theresult also shows
that the absorption coefficient, extinction coefficient, real and imaginary
parts of dielectric constant are tending to increase with the increasing of
annealing temperature. Further analysis showsthat thefilmshave high optical
conductivity about 4.06-6.20 x 10*S*, Therefractiveindex wasfound to be
4.38-5.14. Theforegoing desirable propertiesmake the FeS, to beapromising
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material for the fabrication of solar cells and optoel ectronic devices.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Iron pyrite FeS, has been widely investigated due
toitspotential photovoltaic and photoel etrochemical
applications as aresult of its proper band gap (Eg ~
0.95eV) and large absorption coefficient (o >10°cm’™
for A <103nm)™*2. Inaddition, iron pyritewhich con-
sstsof nontoxicand widely availabled ements, isasuit-
ablesemiconductor materid for theenvironment. There-
fore, itisattracting moreattenti on because of itsprom-
ising potentialsfor applicationsas optod ectronic and
photovoltaic materia®9.

Formation of a particular phase depends on the
natureof thestarting materid, itscomposition, deposi-
tion method, and annealing temperatures. Many tech-

niques were used to produce pyrite films such as
sulfurization of el ectrodeposited*®*Y, metalorganic
chemical vapour deposition!*3, ion beam magnetron
sputtering™®, spray pyrolysis'¥, electrodeposi-
tion*>1 MOCV D!, solvothermal synthesis
method*®, magnetron sputtering™ and Plasmarasssted
sulfurization”, Each one of these methodshasitsown
benefitswhich can be used to obtain filmswith specific
characterizations.

Many researches have been devoted to study the
fabrication and characterization of FeS, thinfilms. Ina
review of literatures, it can be seen that the effect of
anneding parameterson thefilm characteristicsshould
be studied more sufficiently. In thisstudy, the optica
characteristics of FeS, films deposited by spray py-
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rolysistechnique on glass substratesarereported. The
optical constants of thefilmswere examined and the
effect of annealing temperature upon the optical prop-
ertiesof thefilmswasinvestigated.

EXPERIMENTAL DETAILS

Iron pyrite FeS, thin filmswere deposited by the
spray pyrolysistechnique®®, usingiron chloride FeCl,
(purity: 99.99%) from Sigma-Aldrich UK and thiourea
CS(NH,), (purity: 99.98%) from Merck Germany. The
molarity of the prepared solutionis0.1 M. The FeCl,
was dissolved inamixture of methanol and redistilled
water intheratio of 1:1, whilethethioureawasdis-
solved in deionized water. To enhancethe solubility of
FeCl,,, afew drops of HCI were also added. The pre-
pared solutionsof iron chloride and thioureawere ap-
propriately mixed to obtain an Fe:Sproportion of 1:2.
The solutions obtained were pul verized on glass sub-
strateswith compressed air that maintained at apres-
sureof 10°Nm2at aflow rateof 5ml/min and deposi-
tion time 5 sec followed by 2 minuteswait to avoid
excessvecooling. Thesubstratetemperaturewas main-
tained at 400 °C. Thedistancefromthe spray nozzleto
the heater waskept at approximately at 29 cm. Under
these deposit conditions, good filmsareobtained. They
areuniform and very adherent to the substrates.

The sampleswereweighed before and after spray-
ing to determinethe mass of thefilmg?. Knowing the
dimensionsof the substrates used, the thicknesses can
be determined using thefollowing equation®:

Am
" el @)

Where Amisthedifference between themass after and
beforespraying, p, isthedengty, | thewidthand L the
length. Where Amisthedifference between the mass
after and before spraying, p is the density, 1 the width
and L thelength. Opticd transmittance and absorbance
wererecorded in thewavel ength range (300-900 nm)
using UV-V IS spectrophotometer (Shimadzu Company
Japan). Theeffect of anneding temperaturesonthe op-
tica propertieswasinvestigated.

RESULTSAND DISCUSSIONS

The spectra dependence of transmittanceof theas

deposited FeS, filmsand thefilms after anneding to
400°C and 450 °C are shown in Figure 1. The results
indicatethat T increaseswiththeincreasing of theinci-
dent photonswavelength ., and decreaseswiththein-
creasing of annealing temperature. Also thefigurean-
nouncesthat the percentage of transmission of theas
deposited filmisapproximatey 45%inthevisiblere-
gion, decreased to 25% and 20% by increasing the
annealing temperature to 400 °C and 450 °C respec-
tively. This could be attributed to the effect of point
detectsand film discontinuitiesfrom sulfurationat higher
temperature. Morevacanciesshould be createdinthe
films annealed at 450°C because a lower energy of
vacancy formation was cal culated at thetemperature.
These point defectsforming donor or accepter states
in forbidden zones cause the reduction of band gap
width?4, Moreover, morefilm discontinuitiesor inho-
mogendties, suchaspinholes, pedingsandirregular film
morphology can beformed at 450°C. They tend to in-
creasethetrangparency or decreasethefilm absorbency.
Asareault, itis possibleto makethe optical absorption
edgemovetolow photonenergies. Thisisincloseagree
ment with the reports of Kassim et d'® and Meng et
a| [26] .
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Figurel: Transmittancever suswavelength for asdeposited

and annealed FeS, thin films

1000

Figure2 showsthat inthevisibleregion, thereflec-
tanceaverage valueof the asdeposited filmswas about
0.38%, whilethereflectancefor thefilmsafter annedled
t0 400 °C and 450°C increased with the increasing of
wavelength and have the average value of 0.45%. It
can be seenthat thereflectanceinthevisibleregionis
limited only by the surfacerefl ectance.

The optica properties of FeS, films by means of
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Figure?2: Reflectancever suswaveength for asdeposited and
annealed FeS, thin films

optical absorptioninthevisibleregion of (400-900)
nm havebeen investigated. The absorption coefficient
(r) could be calculated using the following relationf27:

2.303A

o= ——-
" @

Where (A) istheabsorption and (t) isthefilm thick-
ness. Figure 3 show the dependence of the absorption
coefficient (o) of the asdeposited and annealed FeS,
films. It can be seen that withincreasing anneding tem-
perature the absorption edge shiftsto ahigher wave-
length directioninthevisibleregion. Thisresult proves
that thefilmsaresengtivetovisblelight. Theblueshift
inthe absorption band edge has been claimed asacon-
sequence of exciton confinement with decrease par-
tidesize(theso-called quantum-sizeeffect) inFeS films.
Also, it might be dueto the change of theenergy gap of
thedisorder crystd inthefilms.

Therefractiveindex of thefilmsisanimportant pa-
rameter for the optoel ectronic devicedesign. In order
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Figure3: Absor ption coefficient ver suswavelength for FeS,
thin films
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to cd culatetheoptica congtant refractiveindex (n) and
the extinction coefficient (k) of thefilmsat different
wave engths, we can use thefollowing rel ationg?29:
n=[1+R/1-R] +[4R/(1-R)?—k?]¥2 ©)

K =oM4n 4
Where () is the absorption coefficient and A isthe
wavelength. Therefractiveindex of thefilmswascal-
culated by using Eq. (2) and thevariation of refractive
index with wave engthfor thefilmsisshowninFigure
4. After annealing to 400 °C and 450°C both films
showed similar behavior in refractive index spectra
whichisagradually increaseswithincreasing wave-
length. Thisincrease may be attributed to the higher
packing density and change in crystalline structure.
Many researchers have reported that annealing treat-
ment caused therefractiveindex toincreasedueto the
enhancement of crystallization. Refractiveindex values
of the samples have varied between (4.9-5.0) at long
wavdengths.
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Figure4: Refractiveindex ver suswavelength for asdepos-
ited and annealed FeS, thin film
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The calculated values of extinction coefficient k
versus ) for FeS, filmsareillustrated in Figure 5. It
could benoticed that k valuesincreaseswithincreasing
thewave ength and soincreased asthefilmsanneded
to 400 °C and 450°C.

Theobtained valuesof nand k wereused to calcu-
lateboth ¢, andimaginary €, parts of the dielectric con-
stant and they were obtai ned using the formulas™®:

& =Mk ©)
£,=2nk (6)
Wheree, determinesthe maximum energy that can be
storedinthematerid, ¢, dsoiscaled therelativeloss
factor and representsthe absorption of electrical en-
ergy by adielectric material that issubjected to an al-
ternating dectromagneticfield. Thevariation of bothred
g, andimaginary ¢, parts of the diel ectric constant for
FeS, films (beforeand after annealing) asafunction of
wavelengthisshowninFigures6 and 7. It can be no-
ticed that thevauesof thered part are higher thanthose
of theimaginary part. Thee, increaseforward asthe
wavel ength increases and display amaximum starting
around 520nm whi ch correspondsto thedirect energy
gap.Alsothee, vauesof thedielectricarefound to be
increasesafter annedling.

The skin depth could be cal culated using thefol-
lowing relation’®Y;

X =4/ 2rnk (7

Where is the wavelength of the incident photon, k is
theextinction coefficient. Figure 8 show thevariation of
skin depth asafunction of wavelengthfor dl films. Itis
clear fromthefigurethat the skin depth increase asthe
wavedength increase, thisbehavior could beseenin dl
samples, but the skin depth decreases asthe annealing
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temperature increasesto 450°C, which means that the
skindepthisatransmittancereated.

Theoptica conductivity was cal culated using the
relation®:
c=oanc/4a (8)
Where(c) isthevelocity of light.

Figure9 showsthevariation of optica conductivity
with thewavelength. It was observed that the optical
conductivity increaseswith theincreasing of annedling
temperature. Also, It can be noticed that the optical
conductivity for all filmsincreased inthe high photon
energiesregion and decreased inthelow photon en-
ergy region, thisdecreaseisdueto thelow absorbance
of thefilmsinthat region. Thissuggeststhat theincrease
inoptical conductivity isdueto e ectronsexcited by
photon energy. Theorigin of thisincreasingmay beat-
tributed to some changesin the structure dueto the
annealing and the charge ordering effect.

CONCLUSION

FeS, thin filmshave been successfully deposited
onto aglasssubstrate by the spray pyrolysi stechnique.
All sampleswereoptically characterized by usng UV-
VIStechniqueand theresultsweresystematically pre-
sented. It was found that the transmittance of the as
deposited filmsinthevisbledomanreaches45%while
it decreasesto 25% and 20% with increasing the an-
nealing temperature to 400 and 450°C respectively.
Resultsindicatethat theoptica parametersarestrongly
dependent on annedling, asthe annealing temperature
increases, the absorption coefficient, extinction coeffi-
cient, red andimaginary partsof dielectric condant were
calculated and they are tending to decrease with in-
creasing annealing temperature, on the other hand the
skin depth decreaseswithincreasing anneding tempera-
ture. Further resultsshow that thefilmshaveahighoptica
conductivity of about 4.06-6.20 x 10*S™. These present
observationscan hepimprovetheunderstanding of the
optical parametersof FeS, thinfilms.
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