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Abstract: Precursor solutions of tin tetrachloride monohydrate (0.1 M), n-n dimethyl thiourea (0.05 M, 0.1 M and 0.2 M)
were used to prepare Tin disulphide (SnS:) thin films had been deposited onto glass substrates at different molar
concentration at the substrate temperature 573 K using modified spray pyrolysis technique. At the molar concentration
ratio 1:2, the physical properties were studied for undoped and Indium doped tin disulphide thin films. Using hot probe
technique, the films are found to be n type electrical conduction. X ray diffraction analysis revealed single phase tin
disulphide thin film with higher intensity and belongs to hexagonal structure and the polycrystalline nature of a
preferential orientation along (002) plane. The crystallites sizes were determined using the Full Width at Half Maximum
values of Bragg peaks. SEM micrographs had shown that morphologies of the films changed with Indium doping. The
optical absorption and transmittance spectra have been recorded for as prepared films in the visible wavelength range in
nanometer. From the analysis of the absorption region data, direct and direct forbidden optical transition nature was

determined for the films in the above wavelength range. FTIR study had been carried out for the bond evaluation.
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1 Introduction

Metal chalcogenides were synthesized and
characterized in thin film form prepared via different
techniques have attracted extensive attention for the last
few decades due to their potential applications in different
fields. Tin chalcogenides belonging to the IV-VI group
semiconductors are found to be superior candidates for
optoelectronic and solar cell applications [1]. Different
forms and their respective properties of several binary
sulfides of tin were studied. Due to their electrical and
optical properties, these binary compounds have a high
potential use in optoelectronic devices and photoconductive
cells [2, 3]. Tin sulphide is forming a multiplicity of phases
such as SnS, SnSz, Sn2S3, Sn3Ss, etc. due to their varying
coordinating characteristics of tin and sulfur. Amongst
these semiconductors, tin disulphide (SnS2) has Cdl>-type
structure. Thin film of tin disulfide is composed of sheets of
tin atoms sandwiched among two close-packed sheets of
sulfur atoms [4] and has several properties like high optical
absorption co-efficient (>10* cm™) in the visible region [5],
n-type electrical conductivity [6, 7], wide optical band gap

[8], etc. These properties support the use of this material as
a window layer in thin film solar cells [9]. Ozin and co-
workers [10] reported that excellent gas sensors can be
fabricated for sensing NHj3;, H2S, or alcohols with
nanoporous SnSz.Thin films of SnS: were fabricated by
various techniques like close-spaced sublimation [11],
sulphurization of metallic precursors [12], atmospheric
pressure chemical vapor deposition [13], chemical vapor
transport  [14], chemical deposition [15],vacuum
evaporation [16,17], dip coating [18,19], solvo thermal
process [20], chemical spray pyrolysis [21,22] and each
method has its own characteristic advantages and
drawbacks in producing homogeneous and defect-free thin
film. Among them nebulized spray pyrolysis method is
principal to prepare tin disulphide thin film, which is a low
cost method that can be used to coat uniform deposition on
large surface area [23] with less solution wastage. Since
this new nebulized spray pyrolysis is method is capable of
producing mist-like sprayed particles of the precursor
solution, nano structured morphological surface with
distinct semiconductor properties were probable. In this
paper, it is intended to prepare and characterize undoped
and Indium doped tin disulfide thin films on amorphous
glass substrates using the precursor solutions of tin tetra
chloride penta hydrate and thiourea by nebulized spray
pyrolysis technique.

*Corresponding author E-mail: daniepappu@gmail.com

© 2023 NSP
Natural Sciences Publishing Cor.



14 %NSI’)

G. Anbazhagan et al.: Characterization of Indium Doped...

2 Experimental Details

Tin disulfide thin films were deposited onto
amorphous glass substrates with different precursor
concentrations of tin species by modified spray pyrolysis
technique using the nebulizer. The precursor solutions of
tin tetra chloride penta hydrate (SnCls.5H20) and thiourea
(CS (NH:)2) were prepared separately using a solvent
containing de-ionized water and isopropyl alcohol in 3:1
ratio, respectively. Two drops of concentrated hydrochloric
acid were added for complete dissolution. An equal volume
of Tin tetra chloride penta hydrate and thiourea solutions
were mixed together and sprayed onto the hot glass
substrates with an area of 75 x 25 mm? The deposition
parameters like the substrate temperature, carrier gas
pressure, volume of the solution, and nozzle to substrate
distance were fixed as 573 K, 0.7 Kg/cm?, 5 ml, and 2 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 crystal structure
of these films was examined by the X-ray diffraction
(XRD) pattern recorded using XPERT PRO diffractometer
using Cu Ka radiation (k = 1.5406 A). The scanning angle
20 was varied in the range of 10-60° in steps of 0.05°. The
surface morphology of the as-deposited SnS: thin films was
recorded with a magnification of about 20 k by Carlzeiss
(EV018) scanning electron microscope with a working
distance of around 10 mm and the chemical composition of
the films was recorded with the same instrument. The
absorption spectrum was recorded in the wavelength range
400-800 nm using Shimadzu-UV 1800 model double beam
spectrophotometer.

3 Results and Discussion

Structural Characterization

The color of the thin film prepared with
concentration ratio 1:0.5 and 1:1 were pale yellow with less
adhesion to the substrate. Thin films prepared with
concentration ratio 1:2 had good adherence and were
golden yellow in color. These films looked shiny with
multiple color due to internal multiple reflections and
golden yellow in color due to transmitted light. This
variation in the color may be due to light variation in the
temperature of the substrate which may be evident and
prominent at higher concentration.

Fig 1 (a) — | (c) showed the XRD profiles of the
nebulized spray pyrolytic SnS: thin films with various
precursor concentration ratios 1:0.5, 1:1 and 1:2. The XRD
pattern of the film at 1:0.5, (Fig.1 (a)), is obtained and has

no definite peaks which may be attributed the nucleation
kinetic process may not be exists. So, the concentration
ratio increased to equimolar, three mixed phases are
appeared ie. SnS; is observed (hexagonal) at 20 = 14.49°
with phase (002), 26.33 (SnS) with phase (021), and 31.58
(SnS) with phase (040),is shown in the fig 1(b) [JCPDS file
no. 39-0354]. Furthermore at the concentration ratio
increased to 1:2, monophase Bragg peak is appeared at
14.24° (SnSz) [24]. The preferential orientation growth of
SnS2 compound having hexagonal structure along (002)
plane at the precursor concentration ratio 1:2 [(Fig 1(c)]
diffracted with single prominent Bragg peak at 14.24°. The
observed peak position 20 is in good agreement with the
reported values of Thangaraju et al.

The interplanar spacing corresponding to this peak
is determined to be 5.85 A, which is lower than the
standard value 5.905 A which cannot be attributed to any
other phase of tin and sulphur. The value of Ilattice
parameter is determined to be 11.60 A due to this
hexagonal structure. It is found that the unit cell of this
structure in the present study is shrinked in ¢ direction
while comparing with the standard report of 11.80 A (file
no. 89-3198). The strain may be attributed to higher
molarity ratio of this compound and this ratio affects the
nucleation kinetics resulting in a change of critical nucleus
size and the rate of nucleation [25]. Authors [26] 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, size of the tin
disulphide crystallites was determined using Debye
Scherrer formula [27]. Fig. 2 shows the X-ray diffraction
spectra of the undoped and indium doped SnS: films at
molar ratio 1:2. The films exhibit the hexagonal structure
along (002) plane and the d-values are well consistent with
the standard data (JCPDS 89-3198). The lattice parameters
‘a’ and ‘c’ are in good agreement with the standard data.
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Fig. 1: (a) XRD patterns of SnS; thin film at ratio 1:0.5
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Fig.1 (b): XRD patterns of SnS; thin film at ratio 1:1.

The thickness of the films estimated from gravimetric
method. The size of crystallite is estimated by the
Scherrer’s formula.

D=kA/Bcosb

where K= 0.9 is the shape factor, A is the X-ray
wavelength of CuKa radiation, 0 is the Bragg’s angle and 3
is the full width half maximum of the peaks and is their
lattice strain and the value of dislocation density (J) is
calculated and tabulated in table 1.

It is clear that the Crystallite size of SnSz is decreases when
Indium doping, similar values of crystallite size of spray
pyrolytic  SnSz thin film is 60 nm [28] using same
precursor solutions SnCls. SH20 and thiourea.
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Fig.1 (¢): XRD patterns of SnS: thin film at ratio 1:2.

The reflected intensity of the most intense peak of the SnS:
film increases with the indium doping also found that above
ratio 1:2. Author had [29] reported the similar result of
indium doping SnSz thin film and is good agreement with
the present data.
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Fig.2: XRD patterns of (a) undoped (b) SnS2 :In (6 at %)
thin film at 1:2 molar ratio.

The micro structural parameters like crystallite size, strain
and dislocation density have been calculated and shown in
table 1.The strain and dislocation density increases with
crystallite size decreases with respect to the Indium doped
tin disulphide thin film.

The SEM with a magnification of 20 k of the
undoped and In-doped SnS> thin films at 573 K and
molarity ratio 1:2, are shown in figure 3 (a) and (b)
respectively. The formation of spherical shape grains with a
layer by layer texture for undoped and In-doped thin film
respectively. SEM images show the grain size ranges from
35.5-39.5 nm and 48.7-56.9 nm and nm for undoped and
doped films respectively. It is observed that the films doped
with Indium exhibit a change in the surface morphology,
increased grain size and homogeneous distribution of
grains. The grain size is measured by the average distance
between the visible grain boundaries. Each grain constitutes
aggregates of several crystallites [30].
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Table 1: Structural parameters of undoped and Indium doped thin films.

Precursor 2 theta d spacing values | lattice constant Crystall Strain x 1073 Dislocation No.of Thickness
concentration value (A°) (A°) ite size lines 2 m™ density x 10" crystallites
ratio (1:2) (degree) (nm) nm™ x 10" (nm)
observed JCPDS | observed JCPDS
Undoped SnS; 14.38 6.15 590 | 3.63 3.64 97.16 3.567 105.93 6.25 574
In-doped SnS; 14.24 6.21 592 | 3.68 3.60 59.14 5.860 285.91 23.25 431
(a) (b)
Fig. 3: SEM images of (a) undoping SnS: (b) SnS: : In (6 at%) thin films.
< 1.0
5
"5 0.8 -
The films had a thickness is measured by S 6.
gravimetric method. The optical transmittance of the films §
measured in the wavelength range 400-800 nm was used to ® 04
calculate the absorption coefficient a. The dependence of
absorption coefficient on photon energy is of important in 02+
studying energy band structure and the type of transition of

electrons.

The optical transmittance (T) of the film is
measured in the wavelength range 400-800 nm at room
temperature for undoped and doped films as shown in
figure 5. The spectra indicate a smooth increase and almost
saturate at 75 % transmittance for both undoped and In-
doped thin films. This smooth increase is due to high
crystalline nature of the prepared film. The transmittance
value of the doped films is found to be less than undoped
film over the entire range of wavelength. Author
Thangaraju et al. had reported the similar results at the
substrate temperature 573 K.

T T T
400 500 600

wavelength (nm)

Fig.4: Absorption spectrum of (a) undoping (b) Doping
SnS2 : In (6 at%) thin films

The relation between the absorption coefficient (o) and the

incident photon energy hv is given by
(ahv)?= A (hv - Eg) ----------- (1)

Where A is a constant and Eg is the band gap energy.
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Fig 5: Transmittance spectra of (a) undoping (b) Doping
SnSz:In (6 at %) thin films at 1:2

To study the optical properties of the materials, the
optical absorption spectra of the film is recorded in
wavelength range 400 nm — 800 nm from which the
absorption coefficient is calculated and plotted (Fig 4). It
varies from the value of 1.3 x 10* cm™! to 0.3 x10* cm™! for
doped thin film which is little higher than undoped thin
film. The optical absorption spectra of tin disulphide thin
film have been investigated for the evidence of either
allowed or forbidden direct transition in accordance with
the theory of Bardeen et al [31].

An analysis of eqn.l which relates the absorption
coefficient o, with the band gap Eg as provides the
information about the type of optical transition takes place
in semiconductor thin films. Both (ahv)?> versus photon
energy hv have been plotted in fig 6 (a). The plot yields a
straight line which indicates a good fit, extrapolation of the
straight line to (ahv)? gives the optical band gap values for
undoped and Indium doped thin film. The band gap energy
decreases from 2.76 eV for undoped SnS:> film to 2.68 eV,
in the case of direct forbidden optical band gap energy
values decreases from 2.2 eV for undoped SnS> film to 2.05
eV [fig 6 (b)] for SnSz: In thin film doped with indium
concentration 6%. This decreased band gap values good
agreement with the reported values by Thangaraju et al.

(ahv)? (A.U)

T T T T T T
14 16 18 2.0 22 24 26 28 3.0 3.2

photon energy (eV)

Fig.6 (a): (chv)? vshv of (a) undoping (b) Doping SnSz:In
(6 at %) thin films at ratio 1:2

When using the hot probe technique for the film under
present study the current flow was from the cold junction to
the hot junction. Hence the thin films prepared by spray
pyrolysis in the present study were an n-type
semiconductor. This ensures that the majority carrier of
current is electrons. The Fourier transform infrared
spectrum of the undpoed SnS; thin film at molar
concentration 1:2 was shown in Fig 7 (a). The presence of
bonding between Sn and S atoms is estimated from the
FTIR spectrum recorded using the as prepared samples.
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Fig.6 (b): (ahv)"® vshv of (a) undoping (b) Doping SnSz:In
(6 at %) thin films at ratio 1:2
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Fig.7(a): FTIR spectrum of undoped SnS: thin film at
molarity ratio 1:2.

It indicates a broad band at 3697 cm™ ! which corresponds
to the vibration mode of O—H group indicating the presence
of smallamount of water absorbed on the surface. The

presence of strong C-H stretching at 2345 em ! s
probably due to atmospheric moisture and CO2
respectively, in the SnS» lattice. The formation of vibration

band at 1824 cm ! attribute to the hydroxyl group, it is
good agreement with [32].
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Fig.7 (b): FTIR spectrum of In-doped SnS: thin film at
molarity ratio 1.

Indium doping FTIR spectrum of the SnS: thin

film indicate a broad band at 1992 c¢m ! which
corresponds to the wvibration mode of O—H group
indicating the presence of small amount of water
absorbed on the surface. The presence of strong C-H

stretching at 1821 em 1 s probably due to atmospheric

moisture and COz respectively, in the SnS; lattice [Fig 7
(b)]. The formation of vibration band at 1757 cm—1
attribute to the hydroxyl group.

4 Conclusions

Undoped and Indium doped SnS: thin films have
been prepared by modified spray pyrolysis technique at the
substrate temperature 573 K and molar concentration ratio
1:2. The XRD studies have shown that films formed at the
ratio 1:2 is well oriented along the (002) plane. The
crystallite size of Indium doped thin film was decreased
when compared with undoped films. The most significant
changes in structure are observed while doping in SEM
micrograph. The analysis of optical transmission spectra
reveals the existence of direct transition. The energy band
gap value of the doped films is less than the undoped films.
From our experiments, the physical properties of SnS. thin
film can be modified by indium doping. From the structural
and optical properties of tin disulphide thin films, which
exhibit the potential candidate for opto electronic as well as
thin film solar cell devices.
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