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Abstract Thin films of tin disulphide on glass substrates
were prepared by spray pyrolysis technique using precursor
solutions of SnCl,-2H,0O and n-n dimethyl thiourea at
different substrate temperatures varied in the range
348-423 K. Using the hot probe technique the type of
conductivity is found to be n type. X ray diffraction anal-
ysis revealed the polycrystalline nature with increasing
crystallinity with respect to substrate temperature. The
preferential orientation growth of SnS, compound having
hexagonal structure along (002) plane increased with the
substrate temperature. The size of the tin disulphide crys-
tallites with nano dimension were determined using the
Full Width Half Maximum values of the Bragg peaks and
found to increase with the substrate temperature. The sur-
face morphology had been observed on the surface of these
films using scanning electron microscope. The optical
absorption and transmittance spectra have been recorded
for these films in the wavelength range 400-800 nm.
Thickness of these films was found using surface rough-
ness profilometer. The absorption coefficient (o) was
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determined for all the films. Direct band gap values were
found to exist in all the films deposited at different sub-
strate temperatures. The value of room temperature resis-
tivity in dark decreased from 5.95 x 10* Q cm for the
amorphous film deposited at low temperature (348 K) to
222 x 10> Q cm for the polycrystalline film deposited
at high temperature (423 K) whereas the resistivity values
in light decreased from 1.48 x 10’ to 0.55 x 10° Q cm
respectively, which is determined using the four probe
method. Activation energy of these thin films was deter-
mined by Arrhenius plot.

1 Introduction

Metal chalcogenides thin films have been extensively
studied due to their potential application in electronic,
optical and superconducting devices [1, 2]. Tin chalco-
genide belonging to IV-VI compound semiconductors has
been attracting considerable interest in the field of photo-
voltaic energy conversion [3-7]. Among these semicon-
ductors Tin disulphide (SnS,) is a member of a class of
compounds having the CdI, structure [8]. It has a layered
structure and it can exist in a number of different poly-
types [9, 10]. Synthesis of single crystal SnS, by chemical
vapor transport method at low temperature using SnCl, as a
transport agent [11].The results of the photo-conductivity
effects [12—14], Raman spectra [15], electrical switching
and conducting mechanism [16], high pressure measure-
ment [17], XPS [18] and optical properties [8, 9, 19] of
bulk SnS, have been reported by many workers. Only few
papers have been reported in the formation of SnS, in thin
film form [18, 20-27]. It has many important properties
like n-type electrical conductivity [20, 21, 24, 25], high
optical absorption coefficient (>10* cm™" in the visible
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region [21], optical direct band gap values of 2.44-2.6 eV
[21, 24, 25]. These properties suggest that the compound to
be a promising material in the development of thin film
solar cells [21]. Several binary sulphides of tin such as SnS
(orthorhombic), SnS, (hexagonal), Sn,S; (rthombic), and
Sn3S, (tetrahedral), among them SnS is a semiconducting
material and exhibits both the n-type and p-type conduction
depending on the concentration of tin [5]. The results of
direct optical band gap and photoconductivity properties
support the use of this material as a solar absorber in thin
film solar cell and near-infrared detector [28, 29]. Ristov
et al. [5] suggests that SnS, thin film can be used as a n-p
heterojunction of n-SnS,/p-SnS.

Thin films of SnS, were fabricated by various tech-
niques like successive ionic layer adsorption and reaction
[25], Atmospheric pressure chemical vapor deposition [26],
chemical deposition [3, 7], vacuum evaporation [27, 30],
chemical vapour transport [31], dip coating [23, 32],
chemical spray pyrolysis [20, 21] and solvothermal process
[33]. Each method has its own characteristics merits and
demerits in producing homogeneous and defect free thin
film nano materials and new preparation methods are being
evolved to produce controlled size and shape of desired
morphology [34]. Among them, spray pyrolysis method is
principal to prepare tin disulphide thin film, which is low
cost that can be used to deposit uniform coatings on large
surface area [35]. Previous authors had reported the optical
properties on nano SnS, thin films annealed in the tem-
perature range 423-573 K [23] and the optical transmission
measurements on SnS, single crystals were carried out in
the lower temperature range 13-300 K [36] by other than
spray pyrolysis method. In the present study, it is intended
to prepare and characterize SnS, thin film on the glass
substrate at the lower thermal energy range (348—423 K)
by spray pyrolysis method using the precursor solutions of
SnCl,-2H,0 and thiourea.

2 Experimental details

A glass made double nozzle sprayer was designed and
fabricated in our laboratory to prepare thin film samples by
spray pyrolysis method. It is a coaxial assembly of two
corning glass tubes, in which the diameters of inner and
outer tubes are 6 and 14 mm, respectively. Both the tubes
were tapered at one end with a tapering angle of 30° to
form the spray nozzle. The glass substrates are well
cleaned and kept inside the furnace. The furnace was
resistively heated with kanthal wire and the temperature
was controlled by a dimmer stat. A chromel-alumel ther-
mocouple based temperature controller is used to monitor
and measure the temperature of the substrates. The inner
tube of the spray nozzle was connected to the air
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compressor and the outer tube to the solution reservoir. The
carrier gas pressure was monitored by valve flow meter.
The solution flow rate was determined with the help of a
graduated burette as the reservoir.

The precursor solutions of SnCl,-2H,O and thiourea
were dissolved separately in a solution containing
de-ionised water and isopropyl alcohol in proper ratio. The
molarities of tin and thiourea solutions were 0.04 and
0.08 M, respectively. A few drops of concentrated hydro-
chloric acid were added for complete dissolution. Equal
volume of these two solutions were mixed together and
sprayed on to the hot glass substrates with area of
75 x 25 mm®. The precursor solutions were sprayed at
different substrate temperature (348, 373, 398 and 423 K)
and their films were prepared. The other deposition
parameters like solution flow rate, carrier gas pressure and
nozzle to substrate distance were kept as 3 ml/min, 0.7 kg/
cm? and 24 cm respectively. After deposition of these
films, it was allowed to cool to room temperature, cleaned
with distilled water, dried and then stored in a dessicator.
The colour of the deposited thin films is golden-yellow and
adheres to the substrate.

The crystal structural study of these films were exam-
ined by the XPERT PRO diffractometer using Cu K,
radiation (4 = 1.5406 A). The scanning angle 20 was
varied in the range of 10°-80° in steps of 0.05°. The
thickness of the sample was determined using Mitutoyo- SJ
301 surface roughness profilometer. The absorption coef-
ficient (o) of these thin films were determined in the
wavelength range 400—-800 nm using Shimadzu—UYV 410S
model double beam spectrophotometer by recording the
absorption spectrum in the above wavelength range. The
spectral data was used to determine the type of optical
transition and the band gap present in the sample. The dark
and photo-resistivities of the samples were measured using
the four-probe technique with Keithly 2000 electrometer.
The variation of electrical resistivity with temperature was
studied from ambient temperature to 423 K. The variation
of DC electrical resistivity with respect to temperature was
analyzed using Arrhenius plot and the activation energy of
the SnS, thin films were found out. The type of conduc-
tivity of these semiconductor thin films was determined
using the hot probe technique.

3 Results and discussion

Figure 1la—d showed the XRD diffraction profiles of the
Spray pyrolysised SnS, thin films with various substrate
temperatures of 348, 373, 398 and 423 K, respectively.
From Fig. la, the obtained film has no definite peaks,
which may be attributed to lower thermal energy. At the
substrate temperatures of 373 and 423 K, the mixed phases
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Fig. 1 XRD pattern of SnS, thin film prepared at a 348 K b 373 K
¢ 398 K and d 423 K

(SnS,, Sn,S3) are observed with broad Bragg peak value of
SnS, is 14.94° (Fig. 1b) and 14.60° (Fig. 1d) respectively.
Panda et al. [23] had been observed the broad peak value of
14.88° for SnS, thin film deposited by dip coating tech-
nique. At 398 K, the increase of crystallanity with the
preferential orientation growth of SnS, compound having
hexagonal structure along (002) plane (Fig. Ic) diffracted
with single prominent Bragg peak at the 20 position 14.45°.
The interplanar spacing corresponding to this peak is

Table 1 The size of the crystallites of SnS, thin film with respect to
temperature

Substrate temperature (K) Crystallite size (A)

373 35
398 53
423 71

determined to be 6.12 A which is higher than the standard
value (5.90 A) which cannot be attributed to any other
phase of tin and sulphur. The value of lattice parameter c is
determined to be 12.24 A due to this hexagonal structure. It
is found that the unit cell of this structure in the present
study is elongated in c direction while comparing with the
standard report of 11.80 A [37]. The elongated strain may
be attributed to lower thermal energy deposition of this
compound with relatively lower concentration solutions of
SnCl, precursor. Previous authors [24, 38] had observed
strain in their SnS, thin films prepared by SILAR and
plasma—enhanced chemical vapor deposition methods
respectively.

From the Full Width at Half Maximum (FWHM) value
of the peak obtained, the size of the tin disulphide crys-
tallites was determined and tabulated in Table 1 using
Debye—Scherrer formula [39].

The increase of substrate temperature, the crystallite size
increased from 35 A for the film grown at 373 K to 71 A
for the film grown at 423 K. This can be understood with
the help of availability of thermal energy at different
substrate temperatures. Amalraj et al. [20] also had repor-
ted the crystallite size of spray pyrolysised SnS, thin film is
63.9 A at the substrate temperature of 513 K using the
precursor solutions SnCl, and thiourea. Thangaraju and
kaliannan [21] reported the size of the crystallite of spray
pyrolysised SnS, thin film on the glass substrate and FTO
coated glass substrate at the substrate temperature of 548 K
is 115 and 324 A respectively, using the same precursor
solutions of present study. The reported crystallite size
value is agreed closely [20] with the present data.

The surface morphology of the thin films deposited at
different substrate temperatures were studied and analyzed
by photographing the scanning electron microscope images
of the above samples respectively as shown in Fig. 2.
These SEM pictures were recorded with a same magnifi-
cation of 5 k for comparison. It is seen from Fig. 2a, ran-
dom shaped grains with an average size of 1.2 um were
formed at the substrate temperature of 348 K. As the
substrate temperature increases to 423 K, the surface
morphology of the films was found to become sandy
structured nature with nanometer sized particles, which is
clearly observed from Fig. 2d.

The observed grain size values from SEM images are
much larger than the crystallite sizes measured from XRD
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Fig. 2 SEM image of the
magnification 5 k of SnS, thin
film at a 348 K b 373 K

¢ 398 K and d 423 K

peaks. This is due to the fact that in SEM images, the grain
size is measured by the distance between the visible grain
boundaries. Each grain constitutes aggregates of several
crystallites [40]. In XRD, the diffraction of X-ray takes
place inside the tiny crystallites and hence the measured
size is always in the nm range, which is very much less
than the grain size measured from SEM image studies.

To study the optical properties of the materials, the
optical absorption spectra of this spray pyrolysised SnS,
thin film is recorded in the wavelength range 400—-800 nm.
Hence the optical transmittance (T) with respect to wave-
length (4) of spray pyrolysised SnS, thin film at different
substrate temperature is calculated and plotted as shown in
Fig. 3.

It was observed that there was a considerable increase in
transmittance with increasing of substrate temperature,
which may be due to increase in crystalline nature as the
substrate temperature increases. This result is attributed by
XRD analysis. From the absorbance spectrum the variation
of the absorption coefficient o with respect to wavelength is
calculated and plotted as shown in Fig. 4. It shows that the
value of absorption coefficient o decreases exponentially as
the wavelength increases from 400 to 800 nm.

In the high photon energy region, the energy depen-
dence of the absorption coefficient « > 10* cm™' suggests
the occurrence of direct optical transition, which is inves-
tigated by the relation [41].

(ahv)"= k(hv — E,,) (1)

Where k is the proportionality constant, E, is the optical
band gap and n = 2 for a direct allowed transition. The
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Fig. 3 Transmittance spectra for SnS, thin film prepared at a 373 K
b 398 K and ¢ 423 K

band gap estimation of tin disulphide thin film achieved by
plotting («hv)? as a function of (hv) as shown in Fig. 5.

The plot yields a straight line which indicates a good fit,
extrapolation of the straight line to (xhv)?> = 0 gives the
optical direct band gap values for different substrate tem-
peratures and is tabulated in Table 2.

The increase of substrate temperature, the direct allowed
band gap values decreased from 2.80 to 2.65 eV. A similar
behavior of decreasing of direct forbidden band gap values
with increasing of temperature range 13-300 K was
reported by Mandalidis et al. [36] on SnS, single crystals.
Optical band gap measurements on SnS, single crystal
[8,9, 12, 17, 19] and thin film [3, 7, 21, 25, 30] have been
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Fig. 4 Absorption coefficient (a) spectra for SnS, thin film prepared
ata 373 K b 398 K and ¢ 423 K
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Fig. 5 («hv)? vs (hv) plot for SnS, thin film prepared at different
substrate temperature

Table 2 Band gap values of SnS, films with respect to substrate
temperature

Substrate temperature (K) Band gap (eV)

373 2.80
398 2.75
423 2.65

reported by previous workers. The direct allowed band gap
values have been reported by [21] (2.44 eV) and [25]
(2.6 eV). In the present study, even though the above such

Table 3 Electrical resistivity values of SnS, films with respect to
different substrate temperature

Substrate Electrical resistivity Electrical resistivity
temperature in dark (x 10° Q cm) in light (x 10° Q cm)
X

348 5.95 1.48

373 4.45 1.12

398 3.28 0.81

423 222 0.55

band gap in the ultraviolet region could not be observed due
to glass substrate, a higher band gap of 2.80 eV at the
substrate temperature 373 K with direct transition obtained
here can be attributed to the nano crystallite formation of
SnS,, which is evident from XRD spectrum. The type of
conductivity of SnS, thin film prepared in the present study
show n- type electrical conductivity, which agrees well with
the reported literatures [20, 21, 24, 25]. The DC room
temperature electrical resistivity of SnS, thin film is deter-
mined using four probe technique at the different substrate
temperature and their values are tabulated in Table 3.

This shows the photo conducting nature of the n-type
SnS, thin film, which could be used as a light sensitive
material. The variation of resistivity of the as prepared film
with respect to temperature was determined. A decrease in
the resistivity is found as the temperature of the sample is
increased which predicts the n-type semiconductor nature
of the SnS, thin film deposited in the present study.
Sankapal et al. [25] had observed the dark resistivity of
SnS, thin film is in the order of 10°> Q-cm. The reported
value is the same range as the present value, but agreed
closely [21] with the present data.

The activation energy of SnS, thin film can be calcu-
lated by the formula

p = poexp(—Ea/KT) (2)

where p,, is a pre-exponential factor and E, is the activation
energy. Both of which are determined by the best fit of the
experimental data to Eq. (2). The Arrhenius plot is drawn
with this experimental data as shown in Fig. 6, which it can
be predicted that the variation of resistivity of this SnS,
film is being assisted by a single activation process with
an activation energy is tabulated in Table 4, which are
determined by the best fit of the experimental data to
Eq. (2). The Arrhineus plot is drawn as shown in Fig. 6a—d
for various substrate temperatures.

Sankapal [25] also had reported the activation energy of
SnS; film is 0.37 eV at ambient temperature. Amalraj et al.
[20] had reported a similar single step activation process
with activation energy of 0.25 eV at the substrate tem-
perature 458 K for the SnS, thin film prepared by the same
method using SnCl;-5H,O as one of the precursors.
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Table 4 Activation energy of SnS, film with respect to different

substrate temperature

Substrate temperature (K)

Activation energy (eV)

348 1.12
373 0.12
398 0.47
423 0.12

Kawano et al. [27] had observed a two- step process of
activation for their vacuum deposited amorphous SnS, thin
film. They found activation energy of 0.26 eV below
242 K and 0.47 eV above 242 K with pre-exponential
values of 0.041 x 10> and 4.34 x 1072 Q cm respec-
tively. Lokhande [7] also had observed a two-step activa-
tion process with activation energies of 0.43 and 1.52 eV in
two different temperature regions for his amorphous SnS,
films. Such differences in activation energies may be due to
varying preparation parameters and the presence of dif-
ferent defect states during the growth of SnS, thin films.

4 Conclusions

Golden yellow coloured thin films of SnS, crystallite with
nano dimensions had been deposited on to glass substrate
by spray pyrolysis using the precursor solutions of
SnCl,-2H,0 and n—n dimethyl- thiourea at relatively lower
substrate temperatures. Polycrystalline nature of the film
with hexagonal structure grown with high preferential
orientation of (002) miller plane at 398 K with strain is
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identified. The film is found to exhibit n-type electrical
conduction. The spray pyrolysised thin film shows direct
allowed optical transition nature with a higher band gap
values. A thermal activation process with an activation
energy values are determined with respect to the substrate
temperature and the room temperature resistivity values are
determined in dark and light respectively and found to have
photo conducting nature, which suggest that this SnS, thin
film could be a potential candidate for opto- electronic as
well as thin film solar cell devices.
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