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ABSTRACT

Thin films of antimony sulphide (55 were grown on soda-lime glass substrate using gbleition growth
technique. The deposition time was varied betvideto 5h and the other deposition variables weng kenstant.
The results show that the film thickness increasithl an increase in the deposition time, and atdim maximum
thickness at the deposition time of 4h. From thticapcharacterisation done using a UV-spectropmogter in the
wavelength range of 400 nm to 1250 nm, it was ofeskthat the optical constant; energy bandgap,nektin
coefficient, and the optical density varied witle ttheposition time. The extinction coefficient waghie range 0.01
to 0.27 while the optical density varied from 0t61.34. The optical energy bandgap was in the eaofg2.05 eV to
2.10 eV. These values strongly suggest the possdgleof the films for optoelectronic applicatiorspecially as
window layers in solar cell devices.
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INTRODUCTION

It has been established that thin films is the st to produce solar cells with increased efficieat reduced cost
due to reduced materials requirements amongst fareurable properties. However, there is needndeustand
the optoelectronic properties of a semiconductaensl to enhance the knowledge of its use in dewjgplications.
In most photonic devices, their operation dependgipally on the interaction of the photons witlyeor all of the
intrinsic/extrinsic properties of the constituerditerials of which the device is made of. This imaor indicator to
how effectively and efficiently these constituenatarials can usefully transmit (for window layer teréals) or
absorb (in the case of absorber materials) theoplsot However, it is pertinent to note that theedif/eness and
efficiency of these interactions can be seriouslsnpered by the presence of traps, recombinatiotersgrinterface
effects, grain boundaries, voids, and other relatefécts. Research done by Jones et al [1], anklldndis and
Durose [2], indicate that the optoelectronic prapsrof materials can be affected by the preseatésese defects
since the measurable optoelectronic parametershwilhffected. Antimony sulphide belongs to thelatgenides
group and it has been reported to exhibit the ohinmbic crystal structure [3], and a n-type eleetriconductivity
[4-5]. The constituent materials (Sb and S) arendbat and more environmentally acceptable comptoetie
Cadmium-related materials used in the fabricatibsoone advanced thin film solar cells. Antimonyutle can be
grown using low-cost and effective deposition tegha. Some research groups have deposited this fiifEbS;
for various applications using different techniqsegh as; thermal evaporation [6], spray pyrolygi8], Radio-
frequency sputtering [9] successive ionic layeroapgon and reaction-SILAR [10], electrodepositidi], and dip
method [12]. In the literature, antimony sulphidastbeen used in several device applications sucli)aarget
material for TV cameras [13-15], (ii) microwave dms [16], (iii) switching devices [17], (iv) de@iive coatings
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[18], and in various optoelectronic application®-0]. In this study, the optical properties of taetimony
trisuphide are investigated with a view to underdtand establish the suitability of the grown filfos applications
in various optoelectronic devices.

MATERIALSAND METHODS

The initial step was to clean the soda-lime glasses! as substrates. The substrates were thoyocighhed with
detergent and then degreased with acetone. Thdirmedglasses were then further subjected to arasdtic
cleaning to make the substrates completely dig-fiithe source materials used were antimony trictéo{SbC}),
sourced from Guangdong Guanghua Sci-Tech Co LtihaClsodium thiosulphate pentahydrate f86s.5H,0)
and acetone that was procured from BDH Chemical Utdl through local suppliers. The source materiélshad
impurity>99.0 %. A 2.0g of the SbQlas dissolved in a 10 ml of acetone in a beakside the beaker, a 125 ml
of NaS,0s;was also added and the solution was then made aplding distilled water. The system was left to sti
for 10 min to ensure complete mixing using a maigratrrer. The initial pH of the solution was 4.9he solution
was then distributed into 5 separate beakers addh glass slides were then immersed into eackebe€Bhe
substrates were held vertically through a synthetic foam and allowed for the respective deposition time.

Film deposition using chemical bath deposition esdhrough different process. It has been estadgighat film
deposition on a substrate occurs in two steps ofieation and particle growth. Nucleation and filmwth can be
due to an inter-play of other processes such amlstion cluster mechanism, simple hydroxide clustechanism,
complex ion-by-ion decomposition mechanism, andctiraplex-cluster decomposition mechanism. The sngi
process could diffuse to the substrate to initiateleation and the nucleated layers then grow lsgmuodion of ions
in the solution and or nucleation of new crystaisthe literature, some research groups notedtligatormation of
antimony sulphide in a thiosulphate bath is masghhydrolytic decomposition in an acidic media [4].

Film thickness is one of the most critical parametbat influence the behavior of thin films whesed in making
devices. For instance, it has been establishedhbdilm thickness of an absorber layer must leatar than b/ for

such thin film to yield high solar conversion eifiocy [21-22]. The film thickness was deduced gsthe
gravimetric method or double weight method as dised in the literature [4, 23], thus the formulgu@ion 1) was
used to calculate the film thickness. This relatisnbased on the fact that the film thickness isatdo the
perpendicular distance to the surface from a pomtthe boundary surface, through the film to tHe/fjlass
boundary and hence is related to the mass, ardheofleposited film, and the bulk density of the stitnent
materials used for the deposition thus;

t — rnl_mO

1)

pPS
In equation 1, t is the film thicknessgtis the mass of an empty glass substratg,isrthe mass of the film that
deposited on the glass substrate and covered an@&rang is the bulk density of the antimony sulphige=6.20
gm/cnt for ShSy).

The optical characterisation (absorbance and tréi@smoe spectroscopy) was done using a Unico —UR2PT
spectrophotometer at normal incident of light ia ttavelength range of 400 nm to 1200 nm.

RESULTSAND DISCUSSION

Fig.1 gives the variation of the absorbance offilmes with wavelength. The absorbance decreasedpbhwith
wavelength up to a critical wavelength (around 488 to 505 nm), and then become relatively constant
(wavelength regions > energy bandgap). The criticalelengths are the regions of strong absorpttocould be
observed in Fig. 5 that there is a steep bendlfosfdeposited between 1h to 3 h and 5h while ithedeposited at

4 h exhibited a different behavior. This could Ieilauted to the difference in the film thicknesig film thickness
was maximum at 4h). Similar behavior has been teddsy other research groups [23-24].
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Fig. 1: Plot of absorbance vswavelength

The variation of the transmittance with wavelenigtipresented in Fig. 2. The transmittances of ilhesfwere very
high and exhibited interference patterns. The erist of the interference patter is an indicatioat tthe film
thickness is uniform and of good surface homoggn&his behavior has been observed by other auf3pend in
other chalcogenides thin films (SnS) [25-26].
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Fig. 2: Plot of transmittance vswavelength

Fig. 3 gives the plots of(a'h I/)2 versushv . The plots show that the films exhibited the d@&Brbach tails”.

The Urbach tails is prominent for energies [ristead of the graph showir(@'h I/)2 = O for energies < £ Such

behaviour is commonly observed in polycrystallifentfilms independent of the deposition techniquéke
implication of the observed effect is that the lamavelength spectral response could be usefulliged in making
ShSs-based devices. This behavior has been reportttkititerature [27-29]. The energy bandgap wasutaled
using the relation given in the literature [26, 30-as;

a = B(lv-E)" ()
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In equation 2, B is an energy independent constgnis the energy bandgap and the exponent n = 0.8ifect
allowed transition and 1.5 for indirect allowedrnséion.

The energy band gap was deduced from the grap(hrbf/)z versushy (Fig. 3). Extrapolation of the intercepts

on the hv -axis gives the energy bandgap. In this study,ai$ wbserved that the plots are straight lines atitig
that the transition is direct and allowed with tredues of energy bandgap in the range 2.05 eV10 &V. In the
literature [35- 36], energy band gap values inrdrege 1.58 eV to 2.43 eV has been reported by atihors for
antimony sulphide thin films grown by the chemidalposition method and by the thermal evaporatiohrtigue.
The values of the energy bandgap obtained in tesemt study, indicate that the films will find udedpplications
in solar cell devices as window layers.
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Fig. 3: Plots of (G’h I/)2 versushv

It has been established that when light is incidemta thin film material, there is an interplay refflection,
transmission and absorption [30]. The absorptioeffecient a, gives information on the extinction coefficient k

and is related as [30-31];

al
k = = 3
? ®

In equation 3¢ is the optical absorption coefficiefitjs the wavelength, andis a constant.

Fig. 4 gives the variation of the extinction coeffnt with the wavelength. The evaluated extintiwoefficient, k
was in the range 0.01 to 0.27. From Fig. 4, it elaserved that the extinction coefficient decreagedually up to a
“critical wavelength (around 498 nm to 505 nm)” fdms grown between 1 h to 3 h and the film growrbh. The
decrease was less steep for films grown at a diépogime of 4 h. The decrease of extinction caéft with

wavelength has been reported by other authorseititdrature [22, 25].

Fig. 5 shows the variation of the optical den;@% , with the wavelength. The optical density is tethto the

film thickness and the optical absorption coeffitielhe optical density was calculated using thenfda contained
in the literature [37] as;

popt = O't (4)

In equation 4g retains its meaning and t is the film thickneslse Tesult show that the evaluated optical density
was in the range 0.01- 0.34. The films grown aeposition time of 1h exhibited higher values o tptical
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density as shown in Fig. 5. This was due to thédrigralues of the optical absorption coefficientts lower
deposition time.
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Fig. 4: Plot of extinction coefficient vs wavelength
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Fig. 5: Plot of optical density vswavelength
CONCLUSION

Thin films of antimony trisulphide ($8;) has been successfully grown using the solutia@wtyr technique. The
films were then characterized using optical spacimpy to investigate the optical properties. Taagmittances of
the films were > 50 %. The results show that thergyn bandgap of the films were in the range suitdbl

application as window layers in solar cell devicEse evaluated optical constants such as the ¢xtmcoefficient

and the optical density were observed to decreébdnereasing wavelength.
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