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ABSTRACT

In this study, the effect of film thickness ondptcal properties of antimony sulphide (S thin films grown on
soda-lime glass substrate using the solution graetihnique is reported. The film thickness wasedaby altering

the deposition time. The deposition time was beiwHe to 5h and the other deposition variables wkept

constant. The results show that the film thicknesseased with an increase in the deposition tiarg] attained a
maximum thickness at the deposition time of 4hdewteased thereafter. The film thickness was obthin the
range of 35 nm to 98 nm. The optical propertieshef films were investigated using a UV-spectropmater to
determine the transmittance and absorbance versu&hlength in the range of 400 nm to 1250 nm. Asiglfyom

the optical characterisation reveals that the ogticonstant; energy bandgap, extinction coefficianid the optical
density varied with the film thickness. The optaaérgy bandgap was direct and in the range of 2¥0%0 2.10 eV.
The extinction coefficient was in the range 000L27 while the optical density was between &0134.
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INTRODUCTION

In recent years, nanotechnology has dominated alenesy field of the electronic, optoelectronic, dizal and
manufacturing industries. In the photonic industrgnotechnology has been widely utilized in quantiots solar
cells. A proper understanding of the optoelectroptioperties of semiconductor materials for photodévice
applications is a fundamental step to effectivéisation of such materials for increased efficienthis is simply
because of the fact that the operation of theseceg\ware generally governed by the interactiongift(photons)
with certain properties or excitations of the miatlerthat make up those devices in question. lremegears,
considerable attention has been drawn to the iigat&ins of antimony sulphide for applications lire telectronics,
optoelectronic, photonic and in other device agions. Antimony sulphide is a member of the chgdcodes
group and is widely known to exhibit the orthorhambrystal structure [1], and a n-type electricahductivity [2-
3]. ShS;is earth-abundant because the constituent maté8hland S) are abundant in nature. Sb and S are m
environmentally acceptable compared to the Cadmrelated materials used in the fabrication of somheaaced
thin film solar cells such as cadmium telluride drhslevices. One peculiar advantage of antimonyhglgpthin
films include the possibility of using low-cost aaffective deposition technique to grow the filrrsthe literature,
several research groups have grown thin films ofSSkor various applications using different methodsich
includes; spray pyrolysis [4-5], thermal evaponat{6-7], Radio-frequency sputtering [8] successimeic layer
adsorption and reaction-SILAR [9-10], electrodeposi[11], dip method [12], and by solvothermal tesi [13].
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Different research groups have used antimony sdépim several device applications. These includeget material
for TV cameras [14-16], microwave devices [17],teWing devices [18], decorative coatings [19], amdarious

optoelectronic applications [20-21]. In the preserntstigation, we report on the influence of fithickness on the
optical properties of antimony sulphide thin filméth a view to establish the optimised conditiorecessary to
obtain SkS;layers suitable for use in photonic devices.

MATERIALS AND METHODS

Substrate cleaning is a critical and fundamengg 8t thin film deposition. The soda-lime glassesdias substrates
were thoroughly cleaned with detergent and therredespd with acetone. Further, the sodalime glasses then
subjected to an ultrasonic cleaning to make thetsates completely dirt-free. Details of the suditstrand source
preparation, and the deposition method have bgwnrtex previously [22].

The method utilised by Ubale et al [23] and by othesearch groups [1] was employed to calculatefithe
thickness using the gravimetric method or doublegime method. A Unico —UV-2102PC spectrophotometer
operated at normal incident of light in the wavefdnrange of 400 nm to 1250 nm was used for thécalpt
spectroscopy (absorbance and transmittance vs araythl measurements).

RESULTS AND DISCUSSION

Fig. 1 gives the variation of the film thicknessttwideposition time. Film thickness is one of thedamental
parameters that govern the behavior of some thin fievices. In solar cell devices, the film thickeeof the
absorber layer is amongst the principal parametes determine the solar conversion efficiencyhattthe film

thickness must be of certain magnitude in ordesupport the contact voltage. As indicated in Figthk film

thickness increased up to the deposition time ¢f and changed otherwise. Increase in film thickrohss to
increasing deposition time could be attributedriorerease in the mobility of ad-atoms due to tiregkr deposition
time. This could consequently increase the crystédrain size or other related effects, leadingridncreased film
thickness. In the literature, different authors énaeported on variation of film thickness with difént/similar
deposition parameters for antimony sulphide or oteéated chalcogenides [24-29]. It could be pdssthat the
decrease in the film thickness at the longer de¢iposiime was caused by a fragmentation of cryistallor to other

related phenomena.
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Fig. 1: Variation of film thickness with depositiontime.

Fig. 2 gives the variation of the absorbance of fimes with wavelength at the different film thickas. The
analysis indicate that the absorbance decreaseplgiath wavelength up to a critical wavelengtigiand 498 nm
to 505 nm), and then become relatively constanvéength regions > energy bandgap) as indicatédgn2. The
absorbance spectra for film thicknesses betweemr5to 55 nm is relatively similar, exhibiting a fdifent
behaviour at the highest film thickness (86 nm).
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Fig. 2: Plot of absorbance vs wavelength at differg film thickness.

The variation of the absorbance of theSglthin films with wavelength at different depositioariables has been
reported by other authors [30]. Fig. 3 gives thgation of the transmittance with wavelength. Aswn on Fig. 3,
the films were more uniform for thicknesse85 nm because of the clear interference pattednibieed by the plots
at those thicknesses. However, at the highestribgsk (86 nm) the interference pattern was relgtilesds vivid.
Existence of interference pattern in the transmi#s of SES;thin films has been reported by other authors [2]L-3
independent of the deposition techniques.
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Fig. 3: Plot of transmittance vs wavelength at difrent film thickness.

Information extracted from the transmittance vs @amgth plots was used to generate the plots of

(ah I/)2 versushv as shown on Fig. 4. From the plots (Fig. 4), thieneo kinks/shoulders for regions of energy

< Ky or for regions >  which points to the fact that a direct energycgap is expected and also that other phases
of antimony sulphide is not present. It is on thiemise that the energy bandgap was calculated tiserelation
[33-35] given in equation (2) as;

a = B(v-E)) (2)
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In equation 2, B is an energy independent cons@nis the energy bandgap and the index n = 0.5 ifect
allowed transition and 1.5 for indirect allowedrts#ion [34].

It is generally understood that the energy bandagapbe obtained from the graph (aﬂhl/)2 versushv by the

linear extrapolation of the intercepts on tHel -axis. This gives the energy bandgap in the r&nh@g eV to 2.10
eV. The close values was due to the proximity effttm thicknesses. The values of the energy bapadpained in
this study is within the range reported by othehats [1, 23, 30] in the literature.
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Fig. 4: Plots of (O’h I/)2 versushv at different film thickness.

Fig. 5 gives the plots of the extinction coeffidievith the wavelength. The extinction coefficientdirectly related
to optical absorption coefficient and the wavelésgif the region under study for that particulaterial. Generally
when light is incident on a thin film material, theis an interplay of reflection, transmission aatusorption.
According to the literature [34], the absorptioreffizient o, gives information on the extinction coefficientand is

related as;

al
k = =—=— 3

wherea is the optical absorption coefficieitjs the wavelength, andis a constant.

The results show that the extinction coefficientyds in the range 0.01 to 0.27, exhibiting a léssscurve for the
films with the highest thickness (86 nm). Howeves plots all show a similar trend of a decreasé Veitver photon
energies (higher wavelengths). Similar behavious haen reported by other authors in the literaf@6:37],
independent of the deposition techniques.

It has been established that the optical densitglated to the film thickness and the optical apson coefficient
[38]. Fig. 6 gives the variation of the optical din Popt with the wavelength under investigation. Theicgit

density was calculated using the formula [38], gies;
popt = at (4)

whereq is the optical absorption coefficient and t is then thickness. The evaluated optical density washe
range 0.01- 0.34. The optical densities wereiveligt close to each other for film thicknesse$0 nm. However,
higher values of the optical densities were obthiatelower photon energies (longer wavelengthsjHerfilms with
higher thickness (86 nm) at the region of energiesergy bandgap.
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Fig. 5: Plot of extinction coefficient vs wavelendt at different film thickness.
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Fig. 6: Plot of optical density vs wavelength atitferent film thickness.

In the literature, variation of the optical degsitith similar/different deposition variables haseb reported for
antimony sulphide thin films grown by same or difiet deposition methods. Ubale et al [23], obsersiedlar
trend of decreasing optical densities with waveterag different film thickness for $8;thin films grown by the
chemical bath deposition technique.

CONCLUSION

Antimony sulphide (St5;) thin films were successfully grown using the sioln growth technique and optical
spectroscopy was used for the characterisation. rékelts show that the optical constants (energydbgap,
extinction coefficient, optical density) is withihe range reported by other authors. The evalugtédal constants
(extinction coefficient and the optical density)r@@bserved to decrease with increasing wavelenbite the trend
observed for the variation of the transmittance aosbrbance with wavelength is in line with currg@etature. The
values of the energy bandgap of the films werehanreinge suitable for application as window layersolar cell
devices and in other optoelectronic applications.
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