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Abstract

Tin sulfide (SnS) thin films have been deposited onto glass substrates using
Triphenylphosphine sulfide (PhsPS) as a sulfur precursor in a CVD reactor in a temperature
range of 250-400 °C. The influence of the sulphidisation temperature in the crystal structure,
surface morphology, chemical composition and optical properties has been investigated. X-ray
diffraction, energy dispersive analysis of X-rays, and Raman spectroscopy showed that pure
SnS thin films have been successfully obtained at 250 °C. All the deposited films were
polycrystalline and showed orthorhombic structure, with a preferential orientation according to
the direction <111>.

The optical measurements showed that the films deposited exhibited a direct allowed transition
and have a relatively high absorption coefficient. The presence of mixed tin sulfide phases
granted by the variation of the sulphidisation temperature has affected the optical properties of
the deposited films. The refractive index (n) and extinction coefficient (k), has low values
compared to conventional semiconductor materials. The grown films can be considered as a
good light absorbing material and a promising candidate for application in optoelectronic

devices.

Keywords: Thin films, SnS, Triphenylphosphine sulfide, Chemical vapor deposition, XRD,
Optical constants.

1. Introduction

Binary metal sulfide semiconductors such as ZnS [1], Ag.S [2], Sb2S3 [3] and others [4-6] have
attracted the attention of many investigators due to their advantageous structures and
nanostructures and their high chemical and thermal stability [7, 8]. Most of these semiconductor
sulfides exhibit a narrow band-gap, which makes them potential candidates for applications in
the field of solar cells [9] and as thin film electrodes [10]. Recently, these binary sulfides have
been used in other application areas such as gas sensors [11] and opto-electronic devices [12].
These metal sulfide thin films are usually obtained using both physical and chemical methods
such as sputtering [13], molecular beam epitaxy [14], laser ablation [15], spray pyrolysis [16],
electrochemical deposition [17], chemical bath deposition [18], vacuum evaporation [19],
thermal evaporation [20], and chemical vapor deposition [21]. Among all of these

methodologies, the chemical vapor deposition (CVD) allows obtaining a very good film



uniformity and excellent adhesion, as well as controlling the crystal structure and film
morphology by adjusting the working temperature and deposition rate. In fact, several types of
CVD have been introduced in the past years according to the precursors used and the deposition
conditions [22].

One of the metal sulfides that have attracted high interest in the past years is the tin sulfide
(SnxSy), since thin films of this sulfide have shown potential applications in various fields like
electric switching [23], photovoltaic conversion devices [24] lithium batteries [25] and gas
detector [26]. Besides, this is an interesting material due to its ecological and economical

fabrication as well as its abundancy [27,28].

This binary compound, that belong to 1V-VI type of semiconductor materials, can be present in
a variety of forms, including the grey SnS (1.3 eV) [29], the yellow SnS; (2.17 eV) [30], and
the brown Sn,Ss (0.95 eV) [31]. Among them, SnS with orthorhombic crystals has attracted a
considerable attention due to valuable characteristics. It has a high fundamental absorption
coefficient (larger than 10* cm™) [26] and a bandgap in the range of 1.3 - 1.4 eV [30], which
allows him to exhibit a high conversion efficiency, up to 25%, in photovoltaic devices, similar
to the one found for silicon films [32]. Previous works have shown that the SnS usually exhibits

a p-type conduction [33], with an electrical resistivity of 32.9 Q.cm [34].

Many sulfur precursors have been used for the synthesis of tin sulfide, including: SnClz, NazS
or (NH4)2S from aqueous solution [35] and more recently, the compounds containing a M-S
bond such as [(CF3CHS)4Sn] [25] and [M(E2CNR2).], (M= Metal, R=n-Bu, Et and E= S) [36].
Boudjouk et al. have also used Benzyl-substituted tin chalcogenides like [(BnsSn).S]

[(Bn2SnS)s] [37] and (PhsSn)2S [38] as a single-source precursors.

Despite the susceptibility of these precursor to produce thin films with high quality and
interesting properties, the main disadvantages with most of those procedures is the use or the
formation of products with high volatility and toxicity, like the elemental sulfur, H2S, SO, or
S03[38]. An approach to alleviate these disadvantages is to avoid these compounds and replace
them with stable and non-toxic precursors. One proposed precursor to replace those compounds
is the Triphenylphosphine sulfide (PhsPS). To the best of our knowledge, it is the first time that
this monodentate organophosphorus compound has been used to produce tin monosulfide (SnS)
thin films.

In the following, we investigate the deposition of tin sulfide thin films by chemical vapor
deposition (CVD) process using a new sulfur precursor, the Triphenylphosphine sulphide. We
checked the structural and morphological properties of the deposited films depending on the
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variation of sulphidisation temperature in the range of 250-400 °C. Optical constants such as
absorption coefficient, band gap energy, refractive index, extinction coefficient and dielectric
constants were computed in order to set the optical performance of the deposited films.

2. Experimental procedure

2.1 Substrate preparation

The substrates used for the deposition of the films were microscope slides of glass. The glass
slides with 1.2 mm thick were cut into pieces of 1.2 x 1 cm. The glass substrates were cleaned
in an ultrasonic bath containing trichloroethylene for 5 min and then rinsed in acetone, ethanol
and deionized water. Afterwards, the substrates were dried with a dry air at 99.99% of purity,
before being placed in the magnetron sputtering system.

2.2 Sputtering conditions

Layers of tin with 200 nm thickness were deposited by sputtering on the glass substrates using
a2” Sn target (99.99% pure), placed at 35 mm away from the substrate. The sputtering System
used is the DC magnetron sputtering system ATC Orion 8-HV from AJA International with a
power of 100 W located at the University Rovira i Virgili. The DC sputtering was operated at
3 mTorr of vacuum pressure and the deposition was performed with a 120 sccm flow of Argon
during 720 s.

2.3 Chemical vapor deposition of SnS

The substrates covered by tin were placed on a stoneware support inside a CVD system
Carbolite model HST 12/600. 100 mg of the triphenylphosphine sulfide (PhsP=S) were also
placed on the same support at a distance of 2 cm from the substrate. Triphenylphosphine sulfide
is a very stable molecule which was purchased from Fluka AG and used for the chemical vapor

process without further purification.

Since at room temperature both tin and PhsP=S precursor are in solid state and at 250 °C both
are in gaseous state, we have chosen to carry out the sulphidisation process at temperatures in
the range of 250 °C - 400 °C, during 90 min. Therefore, the process can be considered as a V-
V method (vapor-vapor). Argon, with a flow of 120 sccm, has been used as a carrier gas. Once
the process has been finished, the film has taken out the reactor and cleaned with nitrogen gas
in order to remove contamination from the surface. As illustrated in Figure 1, the CVVD process

is based on a series of events; the first one consist to the formation of the gas phase by
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transforming the solid precursors to a vapor product. After a gas phase reaction, the inert carrier
gas ensures the transport of the gaseous product to the substrate, where adsorption and
subsequent nucleation occurs, leading to the formation of the film. Finally, reaction by-products

diffuse out the reactor.

Generally, the CVD lead to a conformal coverage, better than in other techniques such as

physical vapor deposition [39].
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Figure 1. Schematic diagram of CVD deposition

2.4 Characterization techniques

The structural properties of the tin sulfide films were studied by X-ray diffraction technique
(XRD). The XRD measurements were performed at room temperature using a Philips (PW1729
system) diffractometer, with a X-ray source (CuKa) wavelength A = 0.15405 nm. The
morphological and compositional characterization of the tin sulfide films were carried out using
environmental scanning electron microscopy (ESEM). The environmental scanning electron
microscopy used was the ESEM Quanta 600 microscope from FEI company. Raman
spectroscopy measurement were recorded at room temperature using Jobin Yovan (T64000)
spectrometer. Backscattering geometry was used with excitation of argon laser at 488 nm. The
optical transmittance T(L) and reflectance R (1) were carried out at room temperature using a

VARIAN spectrophotometer over a large spectral range (250-2500 nm).
3. Results and Discussion

3.1 Structural studies



It is noteworthy to mention that, depending on the temperature, the tin monosulfide can
crystallize in two main crystal system: The orthorhombic system (a phase), stable at low
temperature, which is characterized by the GeS structure type [40] and the pseudo-tetragonal

system (P phase), stable at higher temperatures, beyond 800 °C [41].
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Figure 2. XRD patterns of SnS films on glass substrates at different sulfidisation temperature

Table 1. Comparison of calculated and standard lattice parameters values for the SnS films at
different sulphidisation temperatures.

T=250°C T =300°C T=400°C Bibliographic
data [40]
a(A) 11.015 11.5076 11.3329 10.9575
b (A) 3.971 3.9519 3.9366 3.9399
c(A) 4.15 4.2426 4.2420 4.2273

Figure 2 depicts the XRD patterns of SnS films synthesized at different sulphidisation
temperatures. All the layers show an intense peak located at 20 = 32°, with the preferential
orientation (111). A zoom of the set of diffractograms, show that other peaks were also observed
with comparatively lower intensities, which can be attributed to (101), (201), (011) and (103)
planes of SnS phase (inset in Figure 2). The evaluated lattice parameters are summarized in
Table 1, and the peaks positions are in good agreement with the JCPDS files (card nos. 04-015-
2205) of the orthorhombic SnS phase [40]. This structure with the Pnma space group
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characterized by two adjacent double layers stacked along ¢ axis, wherein each sulfur ion is
coordinated to three Sn?* ions as shown in the unit cell (Figure 3). According to these results,
the films deposited in the temperature range of 250-400 °C are composed mainly by the
orthorhombic Tin sulfide. Interestingly, some other diffraction peaks with very low intensity,
not associated to SnS, can be identified at =~ 33°, 34°, 35° and 39°. These peaks could be
assigned to Sn,Sz (COD 9011236 or COD 2310450), or even to SnS, (COD 7038082 show
peaks at 33.5 and 33.6 and COD 7038076 show peaks at 34° and 35°). Therefore, other minor

tin sulphide phases can be present in the samples.

Figure 3. The SnS unit cell scheme.

It can be also observed that, by increasing the sulphidisation temperature, the intensity of the
(111) reflection decreases and some of the other reflections are vanishing when growing the
film at 400 °C. Tin layers sulfidised at 250°C had the best crystallinity, since the diffraction
peak intensities are weakening when increasing the sulphidisation temperatures, which can be
related to the crystallite size growth or the thickness of the films. The decrease of the intensity
peaks and the disappearance of others in the spectra can also be attributed to the formation of
other tin sulfide phases richer in sulfur, such as Sn,Ss and SnS,. However, the very high
intensity peaks of SnS phase can mask any minor peak related to other phases, thereby, is very
difficult to index the SnS; and SnSs phases in the XRD pattern. Therefore, other analysis are

required to confirm the presence of these other tin sulphide phases.



In order to quantify the preferred orientation of crystallites, the texture coefficient TC (hkl) has

been calculated using the following relation [42].

I (hkl)
1, (hkl)
1< I_(kl)

n 4 1,(hkl)

TC(hkI) = (1)

where I (hkl) is the measured relative intensity of a plane (hkl), I, (hkl) is the standard intensity
of the plane (hkl) taken from the JCPDS data (card nos. 04-015-2205) [40], and n is the number
of diffraction peaks.

Table 2. Values of the the texture coefficient (TC) of (hkl) planes

Temperatures TC (111) TC (101) TC (201) TC (103)
(°C)
250 16.010 0.021 0.057 0.294
300 15.994 0.039 0.090 0.305
400 16.043 0.022 0.080 0.190

Four mainly diffraction peaks (111), (101), (201) and (103) were used to evaluate the preferred
orientation. The calculated texture coefficients TC (hkl) for the three thin films are gathered in
Table 2. From these results, it can be observed that all orientations except (111) show a texture
coefficient in the range 0< TC (hkl) <1 for different sulphidisation temperature, indicating a lack of
the grain orientation in those directions, while the very high TC (111) value confirmed the larger

abundance of crystallites to grew in (111) orientation. However, we find not a significant correlation

between TC (hkl) values and the sulphidisation temperature.

The quantitative XRD method has been used to estimate structural parameters such as crystallite
size, microstrain, lattice parameter and dislocation density, which are important parameters that

allows to estimate the technical application of the new semiconductor material.
Grain size has been estimated from the width of the peak, using Debye—Scherrer formula [43]:

p-_*_ ()
S cos(6)

where, D is the diameter of the crystallites, k is the Scherrer constant, A is the wavelength of

CuKg, B is the angular line width at half-maximum intensity in radians and 0 is the Bragg angle.

The microstrain (g) and dislocation density (6) have been estimated using the following standard
relations [44]:



“Tage
1
S=57 (4)

The crystallite sizes of the SnS films calculated for different sulphidisation temperatures are
summarized in Table 3. A decrease in the crystallite size from 1782.92 A to 826,9 A can be
observed when the sulphidisation temperature increases from 250 °C to 400 °C. While the
lattice strain and dislocation density are inversely proportional to the crystallite size and
accordingly, € and & have increased when the sulphidisation temperature has raised from 250
°C t0 400 °C (Table 3).

The decrease in grain size with increasing in sulphidisation temperature might be due to some
breaking in crystal causing the formation of smaller grains on the surface, which affects the
microstructure properties of the film. Similar kind of results has been reported by Devika [45],

which has explained it by the fragmentation of clusters of crystallites.

Table 3. Micro structural properties of SnS thin films

Temperatures  <D>moy (A)  <é>moy (m?) <e>moy

(°C)

250 1782,9186 4,80E+13 0,00079
300 1603,1187 4,31E+13 0,00079
400 826,9045 1,53E+14 0,00152

Indeed, this fact is widely related to some deterioration in the crystallinity of the film, causing
the occurrence of voids in the layers that was confirmed by the increase in microstrain values,
involving by the increase of the number of defects in the film. Moreover, the increase in
sulphidisation temperature leads to a higher thermal stress created into the films [46], which is
manifested by a maximum value of both & and &. This indicates that the increase in
sulphidisation temperature in our case, provoke an increase of the perturbation into the crystal,

leading to a greater lattice imperfection.

This explanation could be enhanced by a degradation in the film crystallinity that is evidenced
by the decrease in the intensity of the preferred orientation (111) peak when temperature raised



to 400 °C (Figure 2). Therefore, the distinctly smaller values of € and 6 found for the film

deposited at 250 °C are a good indication of the lower amount of defects into the film.
3.2 Morphological study

Figure 4 shows Scanning electron microscopy (SEM) micrographs of the tin seed and the SnS
layers deposited in the temperature range 250-400 °C. An overview to the different micrographs
reveals that the film morphology is significantly affected by the change of the sulphidisation
temperature. As shown, the film deposited at 250 °C has a flake-shaped morphology, with
irregularly oriented elements tightly bonded together, exhibiting nearly equal size. The SEM
micrographs of the films deposited at 300 and 400 °C show that the surfaces of these films seem
to be porous and exhibiting irregular round shaped grains with light regions forming a dense

network.
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Fig. 4. SEM images of Sn films deposited on glass substrate (a), and SnS films deposited at:
(b) 250 °C, (c) 300 °C, (d) 400 °C.

It is also worth noting that the growth tendency of the film allows to pass from flat to granular
surface as the sulphidisation temperature increase. This can be due to the fact that some grains
have changed its growing orientation when increasing temperature, which can be proved by the
decrease of (111) orientation peak in XRD analysis. Therefore, this granular morphology of the
films deposited at 300 and 400 °C accompanied by a porous aspect, increase the possibility of
forming voids and pinholes, which increase, therefore, the number of defaults inside the films.

This observation is in agreement with our microstructural results.

The thickness of the films deposited have been estimated using the cross section SEM image
and have found to be equal to 375.3, 408 and 413.8 nm at 250, 300 and 400 °C respectively.

3.3 Raman analysis

To detect and identify materials in trace amounts into the films, a Raman microscopy has been
used in the range of 50-550 cm™ at room temperature. Raman spectra recorded for the samples
deposited at 250, 300 and 400 °C are shown in Figure 5. The spectra recorded for the film
deposited at 250 °C include a prominent band located at 189 cm™, that can be assigned to SnS
phase, according to the predicted data of the orthorhombic tin monosulfide crystal [47]. Two
other less prominent SnS modes at 162 and 221 cm™ have been also observed; confirming that
the existing phase is the pure tin monosulfide [47]. Increasing temperature to 300 °C, a weaker
band different to those related to SnS phase appears at 214 cm™, suggesting the presence of a
minor SnS; phase [48]. This occurrence has been manifested in XRD pattern by a decrease in

the preferred orientation intensity.
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Fig. 5. Raman pattern for the SnS thin films deposited at 250, 300 and 400 °C.

When reaching 400 °C, new Raman phonon modes appear besides those present in the other
spectra: Shoulder bands located at 251 and 234 cm indicate the formation of a third new phase,

the Sn>Ss, at high temperature [49].

Note that the three samples showed that the prominent bands are those of SnS phase, which
indicates that SnS is the major phase present in spite of the appearance of other phases. This
fact is in accordance to XRD results where the (111) orientation is the preferred orientation
even at high temperatures. Hence, the decrease in the preferred orientation is accompanied with

new phase formation.

3.5 Optical properties

The optical transmittance (T%) and reflectance (R%) spectra of the three tin sulfide thin films
have been recorded in the wavelength range 500-2500 nm. Results are shown in Figures 6 and

7 respectively.
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Figure 6. Optical Transmission spectrum for SnS films deposited at 250, 300 and 400 °C.
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Figure 7. Optical Reflection spectrum for SnS films deposited at 250, 300 and 400 °C.

All the films deposited have practically the same average transmittance in the visible region.
However, in the Infrared region the films have dissimilar behaviors as a function of the
wavelength. When increasing the wavelength, the film deposited at 250 °C reach a maximum
of transmittance at A = 1500 nm, then returns to decrease slowly to =~ 40 %, while for the film
deposited at 300 °C, some interference has been shown in the IR region, reaching the maximum
of transmittance at A ~ 1900 nm. However with increasing the sulphidisation temperature to

400 °C, the maximum of transmittance has been achieved at a higher wavelength range. So, the
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peak position related to the maximum of transmittance shifts towards larger wavelength values
with the increase of sulphidisation temperature.

Analyzing the reflectance curve, samples deposited at different temperatures present similar
behavior, reaching a maximum of reflectance at 1000 nm. That is ~ 18% for the sample
deposited at lower temperature and in the range of 22-25 % for the as deposited at higher
temperatures. It is noticeable that the reflectance has been affected by the sulphidisation

temperature, it increase with increasing temperature from 250 °C to 400 °C.

Such behavior suggests that both transmittance and reflectance of the films could be affected

by the increase of the film thickness.

To assess the ability of these materials to absorb sunlight, absorption coefficient o has been
estimated from the transmittance and reflectance data using equation (5) [50], where T is

transmittance, R is reflectance, and d is the film thickness.

_1,,4=R° (5

d T

The values obtained for the absorption coefficient a in the wavelength range from 250 to 2500

nm are shown in figure 8.
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Figure 8. Optical absorption spectrum for SnS films deposited at 250 °C, 300 and 400 °C.

It is clearly observed that all specimens exhibit a high absorption coefficient in the order of 10°
cmL, stretching from visible to the near infra-red region which means that all of them behaves

14



as good absorbing materials, with high ability to convert sunlight. The higher value of a
corresponds to the film that exhibit the best crystallinity and pure SnS phase. The decrease of
absorbance illustrated in Figure 8 for samples deposited at higher temperatures could be related

to the presence of more defects inside the film.

The optical band gap has been determined according the theory of Tauc and Abeles [51], using

expression (6),
(ozhu):A(hu—Eg)n (6)

where v is the frequency of the incident photon, h is the Planck’ constant, o is the optical
absorption coefficient, n is equal to %, 2, 3/2 and 3 for the direct allowed, indirect allowed,
direct forbidden and indirect forbidden transitions, respectively. Since in tin sulfide can exist
different types of transition, the n value has been determined without any pre-supposing type
of transition. The best straight line has been obtained for n=1/2 for all the deposited films,

indicating that these materials exhibit a direct allowed transition.

The optical band gap energy has been estimated using the Tauc plot of (ahv)? versus the photon
energy (hv), through the extrapolation of the linear portion of the plot to the X base line.
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Figure 9. Tauc plot (ahv )? vs photon energy (hv) for SnS films deposited at 250-C, 300 °C
and 400 °C.

The intersection indicates that the values of the band gap energy decrease slightly with increase
in sulphidisation temperature. Thus, the film deposited at lower temperature has a band gap
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energy of 1.26 eV, and this values decrease to 1.22 eV at 300 °C, reaching 1.20 eV for the
higher sulphidisation temperature. This slight difference in the values can be related to the
experimental error, but at the same time, the samples are different from the point view of
structural properties, as well as, transmittance and reflectance behavior. Therefore, it may be

that the effect of more than one factor are responsible of those close Eg values.

It is remarquable that the Eg result has also a meaningful relation with the change of film
thickness. Another reason that can explain this decrease in energy band gap are the structural
changes suggested by the Raman results, which indicated the formation of other tin sulphide
phases as SnS; and Sn»Sz. These results can also be supported by the microstructural
observations, relating the decrease of Eg to the increase of the number of defects inside the
films. This type of behavior has been observed by other investigators and it has been explained

by the increase of the density-localized states in the band gap [52].

The optical band gap energy estimated is larger than that reported by Albers et al. [53] (1.07
eV) and Alpen et al. [48] (1.15 eV) for single-crystal samples, but corresponds well to the
reported data on single crystal [36] and polycrystalline films grown by other deposition
techniques. Tanusevski [54] obtained optical band gaps of 1.4 eV and 1.38 eV for amorphous
and crystalline SnS films grown by CBD technique and showed that the values do not change
by thermal treatment. Reddy et al. [55] reported a direct band gap of 1.37 eV for SnS films
grown by thermal co-evaporation. Otherwise, these differences in the optical constant is related
to the influence of different factors such as the thickness of the films, grain size, surface
roughness, mixed tin sulfide phases, presence of vacancies or defects, porosity of the films.

One possible approach to get some information about the smoothness of the surface is to
calculate the extinction coefficient using the relation [56]:

ol
K=— 7
47 ()

where o is the optical absorption coefficient and A is the wavelength. Figure 10 shows the
spectral variation of extinction coefficient k as a function of wavelength in the range of 500—
2500 nm.
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Figure 10. Variation of extinction coefficient (k) with wavelength for SnS thin films
deposited at 250 °C, 300 °C and 400 °C.

Figure 10 illustrates that all specimens exhibit the same curves trends, showing a significant
peak in the visible region related to the maximum values of k, then decreasing notably when
increasing the wavelength until they becomes almost constant for wavelengths higher than
1000 nm.

The higher value of k (0.64) has been obtained for the film deposited at 250 °C around 600 nm.
The change in k values with the variation of the sulphidisation temperature is marginal and it
can be attributed to the surface morphology changes. Thus, the lower k values of the film
deposited at 300 °C is an obvious consequence of the higher surface smoothness of the film and
is a key factor for his performance as an optical material. Subsequently the lower values of k at
A> 1000 nm suggests that the deposited films can be useful in photonic technology at higher
wavelengths.

The refractive index is a characteristic parameter of the semiconductor materials, related to the
local field within the material. The estimated refractive index n for the tin sulfide films grown
at different sulphidisation temperature, evaluated using expression (8) [57], were plotted in

Figure 11 as a function of wavelength in the range of 500-2500 nm.
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where R is the optical reflectance and K the extinction coefficient.
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Figure 11. Refractive index of SnS films deposited at 250-C, 300 °C and 400 °C.

Figure 11 shows that all samples exhibit a similar behavior: firstly, all curves rise rapidly
reaching a maximum at 1000 nm, then decreasing in the middle wavelength range and they
return to increase at higher wavelength values. The initial drastic increase of n for all the layers
indicates that the material underwent a swift change in the absorption [58]. The lowest value of
n is observed for the sample deposited at 250 °C this lower value is a significant indicator of
the porosity of this film, compared to those deposited at higher sulphidisation temperature,
which allows considering it as a suitable optical material for optoelectronics devices [59], as
well as a promising gas sensing material. However, all the deposited films reach the maximum
(nmax) around 1050 nm. In this wavelength region, it is obviously observed that n increase
monotonically with increasing the film thickness, supporting the interpretation of Mortezaali et
al. [60],that related this behavior to a worthy change in the structure as grain boundaries,
porosity and roughness. It is also presumably that this change in n is consistent with the
microstructure results, in fact the film that shows the lowest n value exhibit the best
crystallinity. Since the n is substantially linked with the Eq variation, it can be clearly noticed
that a larger band gap energy has a lower n values and conversely. In fact, this observation
indicates that the difference between these values and those reported in previous works [56, 58]
may be due to structural differences, or to the growth rate of the material, which leads mainly

to changes in the optical performance of the material.
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3.6 Dielectric characterizations

The research on the field of the optoelectronic material require the determination of the
dielectric constant, which is an important parameter directly related to the polarizability of any
material. The dielectric constant of the deposited films has been estimated from the relation
[61]:

e=¢+tig 9)

where, the real and imaginary constants have been calculate respectively using the following

expressions:
g =N -k’ (10)
g, =2nk (11)

The respective values obtained for theses parameters are shown in Figure 12. Both real and

imaginary parts have the same behavior as a function of the photon energy for the three layers

analyzed.
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Figure 12. Plot of photon energy dependence of real (a) and imaginary (b) dielectric parts of
the SnS thin films deposited at 250-C, 300 °C and 400 °C.

The real part of the dielectric constant reached the maximum value for a photon energy of 1.3
eV, and a minimum value in the range of 2-2.5 eV, which indicates that the material is slower
for low energy photons. However, the imaginary part of the dielectric constant increases with
increasing in the photon energy, which depends on the states of the films. The emergence of
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some peaks in both shapes of the real and imaginary dielectric spectra can be explained by the

interaction between the photons and electrons at the film surface.

Thereby, taking into consideration the dependence of the dielectric constant on n and k
parameters, it is possible to avow that both real and imaginary parts have been affected by the
same set of factors that affected n and k as the film thickness, grain boundaries, porosity,

dislocation density.

Table 4 summarizes the optical parameters obtained in the present work in comparison to those

given by other workers.

Table 4. Optical properties of SnS thin films prepared by different techniques.

o (cm™) Eq (eV) k n

1.510° 1.26 0.64 2.55 250 °C Present
10° 1.22 0.47 2.8 300 °C work
1.2 10° 1.20 0.56 2.9 400 °C

> 107 13-141 024-013 |272-324 |[62]

> 10° 13-132 006-012 |35-55 [63]

- 1.9 1.19 3.2 [56]

The experimental optical data of different tin sulphide thin films such as Eg, n, k, a, show that

the physical properties of the deposited films are directly linked to the structural considerations.

Conclusion

The present study has shown a low cost and effective way for successfully deposit SnS thin-
film by CVD process using Triphenylphosphine sulfide as a precursor. XRD, SEM, and Raman
analysis were used to study the effect of the sulphidisation temperature on crystallinity,
chemical composition and surface morphology of thin films. It has been found that the films
were polycrystalline in orthorhombic phase, and exhibit a (111) preferential orientation.
Microstructural parameters such as crystallite size, strain and dislocation density were estimated

as a function of the sulphidisation temperature. The Raman analysis indicate that the films
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deposited at 250 °C presented only the tin monosulfide phase, contrariwise to those deposited

at 300 and 400 °C, which contains others phases such as SnS; and SnSs.

Optical results show that the films deposited have a high absorption coefficient in the order of
10° cm in the visible region, and exhibit a direct allowed transition with a band gap ranging
from 1.20 to 1.26 eV, which allows this semiconductor to be useful for the fabrication of
photovoltaic and optoelectronic devices. The low-n and k values found are both important keys

for a good optical performance of the SnS films deposited.
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