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Abstract Thin films of SnS, were synthesized by spin
coating technique at room temperature using an aque-
ous solution of stannic chloride and thioacetamide as the
absorber layer in solar cells. The films were deposited at
different spin speeds and spin times, and their effect on the
properties of the thin films was studied. The spin speed was
varied from 1000 to 2000 rpm, and the spin time was from
60 to 120 s for each speed. The structure of the films was
found to be face-centered cubic with preferential orientation
along the (002) plane; there was no sign of other unwanted
phases. With increasing spin speeds and deposition times,
the crystallinity of the sample was improved for a certain
speed, after that, it deteriorated crystallinity. FTIR peaks
confirmed the presence of Sn—S bonds in all the prepared
films. Morphological results of the films were consisting of
small spherical grains in an aggregated form that is abated
by spin speed. EDAX revealed that the thin film was found
near stoichiometric and some excess amount of tin was pre-
sent in the sample. Atomic force microscopy showed the
presence of grains, hills, and valleys on the surfaces of thin
films. XPS results confirmed the presence of Sn and S in the
deposited films. The band gap values for the films deposited
at 1500 rpm for 90 s calculated from the absorbance spectra
increased from 2.9 to 3.5 eV with an increase in deposition
time attributed to a change in film thickness.
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1 Introduction

Environmentalists prefer to adopt domestic sustainable
energy sources for the future of renewable energy. Therefore,
much attention is required to prepare high-efficiency solar
cells from copious and innocuous materials at a low cost
[1-3]. In that line, tin disulfide (SnS,) could be considered
an appropriate contender for solar cell devices including
sensors, batteries, optoelectronics applications, biomedi-
cal science, and other multifunctional devices [4-8]. Tin
disulfide (SnS,) from binary chalcogenides compounds of
IV-VI groups has a useful band gap (2.2-2.4 eV) in the
visible range [9—12]. Two layers of sulfur atoms fold the
thin atomic Sn layer by covalent interactions and form the
hexagonal crystal arrangement [9]. As SnS, has a layered
type of structure and layers are piling up with one another
using van der Waals forces, it possesses a high absorption
coefficient and potential [10, 11]. Based on the mole concen-
tration of tin and sulfur, SnS, demonstrates both p-type and
n-type conduction [11]. Tin sulfide can be assembled with
multiple phases, such as SnS, SnS,, Sn,S;, and Sn;S, and
tin and sulfur have different bonding characteristics [12, 13].
Among all the phases, SnS, thin films are one of the most
stable phases of Sn—S from the application point of view.
A number of techniques such as atmospheric pressure
chemical vapor deposition (APCVD) [14, 15], plasma-
enhanced chemical vapor transport (PE-CVD) [16, 17],
successive ionic layer adsorption and reaction (SILAR)
[18], chemical bath deposition [19, 20], dip coating [2, 21],
vacuum evaporation [22], chemical spray pyrolysis [23, 24],
and spin coating [25-27] have been used for the preparation

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12666-023-02968-4&domain=pdf
http://orcid.org/0000-0002-7371-6865

2710

Trans Indian Inst Met (2023) 76(10):2709-2720

of SnS, thin films. In chemical vapor deposition (CVD),
the thin film is deposited on a substrate at an elevated tem-
perature by decomposing gases that contain the required
chemical components [14, 15]. It can be carried out at low
temperatures when the gases are transformed into a plasma
state named plasma-enhanced chemical vapor deposition
(PE-CVD) [14]. Atmospheric pressure chemical vapor dep-
osition (AP-CVD) methods have used the precursor under
vapor form and control the substrate temperature. This dif-
ferent CVD process generates film with uniform thickness
and controlled porosity and little waste. The drawback of
this method is the low deposition rate and high cost due to
maintaining vacuum systems [16, 17]. The SILAR method
comprises sequential reactions including the absorption and
reaction of ions (anions and cations from solutions) and the
rinsing process (deionized water) to prevent precipitation
at the substrate solution interface for the deposition of thin
films [18]. This complex method needs expensive autoclaves
and affects the growth mechanism of films. Moreover, high
pressure is produced at elevated temperatures during the
reaction. The chemical bath deposition (CBD) method regu-
lates the release of required metal cations and anions in an
aqueous solution by using a suitable complex agent. The
released cations and anions react to form compounds and
deposit film on the substrates which are immersed in the
solution [19, 20]. In dip coating methods, the wet liquid film
is deposited on the substrate by dipping the substrate for a
fixed time in a precursor solution and then pulling up the
substrate vertically at a constant speed. The volatile solvent
will be evaporated from the liquid by drying at room tem-
perature, resulting in a thin film of coating on the substrate
surface [2, 21]. Vacuum evaporation heats the solid mate-
rial to evaporate inside the high vacuum chamber to form
a thin film by adhering to the substrate [22]. On the other
hand, chemical spray pyrolysis employs the atomization of
chemical precursors into aerosol droplets that are sprayed on
a hot substrate throughout a gas medium [23, 24]. All these
techniques possess a few advantages and drawbacks as well
as hold a few integral parameters such as substrate structure,
operating temperature, vacuum condition, rate of deposition,
and source which should be controlled precisely to deposit
desired quality thin film. Compared to other methods, the
spin coating technique can produce uniform, well-adherent
thin film and is effective for large-area deposition. Being a
facile and time-convenient process, the spin coating tech-
nique does not need a high reaction temperature or any spe-
cial type of reactor and metal catalyst, making it accordant
with advanced technology [25, 26]. Moreover, the process is
compatible with flexible organic substrates and easy to scale
up [27]. However, the film thickness and other properties
depend on the nature of the solution like viscosity, surface
tension, drying rate, the concentration of the solution, and
the parameters selected for the spin process. Thereafter, two
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crucial parameters, the spin speed and the deposition time,
should be controlled and adjusted to improve the efficiency
of the thin films. Therefore, spinning is required to spread
the mixture over the substrate and continue to spin off the
fluid at the edges of the substrate to achieve the desired film
thickness. Therefore, the thin film’s desired thickness and
required properties cannot be obtained by excess spin speed
and rampant spin duration. As mentioned above, this tech-
nique has already been used for the preparation of SnS, thin
films [25-27]. In spite of such studies, an elaborative study
is required to elect the suitable spin rotation and deposition
time for the deposition of high-quality SnS, thin films with
less thickness for better absorption in solar cell application.
From our previous study, SnS, bulk powder was prepared
by using SnCl,-5H,0 and thioacetamide (C,H;sNS) as the
starting materials, and a solution of these two powders with
distilled water was prepared with optimized centration [28].
The usage of that solution precursor might be appropriate for
spin-deposited thin films. Therefore, this study has aimed at
equipping SnS, thin films prepared by varying spin speed
and deposition time to get adequate knowledge for better
film deposition with less thickness. Eventually, the films’
structural, morphological, and optical properties were inves-
tigated thoroughly to study the effect of spin speed and depo-
sition time on films.

2 Materials and Methods

To prepare SnS, thin film by spin coating technique, stan-
nic chloride pentahydrate (SnCl,.5H,0), thioacetamide
(C,HsNS) powders, and concentrated hydrochloric acid
(HCl1 35% pure A.R.) were used from Sigma-Aldrich pur-
chased. The solution was prepared by vigorously mixing
10 ml of 2.5 M stannic chloride pentahydrate with 48 ml
of deionized water in a 100-ml dry glass beaker for 20 min.
Then 2 ml of 2.5 M aqueous solutions of hydrochloric acid
was added under continuous stirring to dissipate SnCl,.5H,0
into water. After a while (~5 min), 0.3 g (4 mmol) of thio-
acetamide (C,Hs;NS) was added and the bath was stirred
for 5 h. The pH of the solution was controlled at 2 (acidic)
throughout the mixing of all chemicals. Finally, the solution
was kept aging for 12 h. The solution turned to light yellow
after aging and appeared as a dense type of solution at the
bottom of the beaker. The upper one-third of the watery light
solution was thrown out, and the dense yellow solution was
collected and again blended with distilled water. The aging-
decant-water add procedure was conducted three times to
remove the excess amount of HCL. Then the final homo-
geneous solution was taken to prepare film by spin coating
technique. The silica glass slide substrates were ultrasoni-
cally cleaned in ethanol and then dried in an oven for 1 h
at 40 °C. This pre-cleaned glass slide was placed on the
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substrate holder of the spin coating instrument, and 5 drops
(~5 ml) of prepared SnS, solution were dropped on the glass
slide using a pipette. Then the film was deposited by rotating
the glass slide at 1000, 1500, and 2000 rpm for three dif-
ferent deposition times (60, 90, and 120 s) by spin coating
instruments. The deposited films were annealed at 100 °C
for 1 h before carrying out different characterizations. The
experimental process is given schematically in Fig. 1.

The structural identification of the prepared SnS, films was
investigated by the Philips X-pert pro-X-ray diffraction system
with a filter for CuK  irradiation at A=1.5406 A. The thickness
of the SnS, thin films was measured using a reflectometry-
based thin-film measurement device (TF-166) at the experi-
mental Physics Division of the Atomic Energy Commission,
Dhaka (AECD). It is capable of measurement error < 1 nm
or+0.5% of the film thickness. This instrument is the most
cost-effective solution for measuring films from 20 nm to
50 pm in thickness. Spectroscopic reflectometry measure-
ment was involved in this technique. The thin-film surface
was illuminated normally or at a certain angle with a tungsten
halogen light. The film thicknesses were observed through
spectral reflectance curve fitting. The surface morphology and
topography of the film were thoroughly checked by the field-
emission scanning electron microscopy (FESEM, ULTRA 55,
Carl Zeiss AG) and atomic force microscope (AFM, Bruker,
Dimension Icon). X-ray photoelectron spectroscopy (XPS,
ULVAC-PHI 5000) with an Al K, X-ray source (1486.6 eV)
typically set at 3 kV, 24 W, and an angle of 45° was utilized
to study the chemical state of the films. Optical transmittance
and absorbance of the films were checked at room temperature
in the range of 300—1200 nm with a Cary 5000- UV-Vis-NIR
spectrophotometer. The thickness of the film was measured by
the Fizeau fringe method, based on the principle of multiple
beam interferometry.
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3 Results and Discussion
3.1 Growth Mechanism

A comprehensive analysis should be carried out to determine
the growth mechanism of SnS, formation. Based on our obser-
vation during the experiment and previous report [29], SnS,
formation has been influenced by the production of $>~ ions in
the different solvents. In this work, stannic ions initially form
a complex by interacting with HCI acid, whereas the thio-
acetamide decomposition generates H,S at room temperature
which further decomposes to produce S*~ ion. Here, HCI was
used to expedite the dissociation of thioacetamide to release
H,S gas [28, 30]. Finally, S2- jon reacts with the Sn** ion
and produces SnS,. Two drops of HCI controlled the pH of
the solution during the reaction. Later, excess HCI acid was
removed by washing the solution with distilled water.

From the above discussion, the film deposition may involve
the following chemical reaction wherein the conventional solu-
tion is produced and coats the substrate.

SnCl, - 5H,0 — Sn** +4CI~ + 5H,0

Sn** +4Cl™ + 2HCI - [SnClg]*” +H,

C,H,NS + 2H,0 — CH,COOH + H,S + NH,

[SnClg|*™ +H, + 2H,S — SnS, + 6HCI

Figure 2a shows the XRD pattern of SnS, films depos-
ited by different spin rotations keeping deposition time
constant at 90 s, and the XRD pattern of the films depos-
ited by varying deposition times at 1500 rpm is shown in
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Fig.1 Schematic illustrating the formation of SnS, thin films by spin coating
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Fig. 2b. From Fig. 2a, it is evident that a more intense peak
has appeared at the spin speed of 1500 rpm for a deposition
time of 90 s. According to the patterns, the peak with 100%
intensity appear at around 31.94° corresponding to reflec-
tion from the (002) crystallographic planes (JCPDS card
No. 23-0677) of hexagonal phases [25]. This sharp peak
confirms the good crystallinity of the tin disulfide thin films
which contain only the pure SnS, phase [28, 31]. The c value
of the lattice parameter of this 100% intensity peak is around
5.46 nm, and the value of the c/a ratio for other low intense
peaks of the film deposited for 60 and 120 s is 1.51 which is
also lower than the standard value of 1.61, JCPDS Card No.
23-0677 (a=b=3.648 A and c=5.899 A) [25]. It is seen
that the spin speed and deposition time have a great influ-
ence on the film formation process and the film’s crystallin-
ity. At 1000 rpm for 60 s, the thick porous, and tacky-free
film is seen to form, showing no intense peaks. When the
spin speed is increased, it increases the centrifugal force
which deposits thin, gluey, and quality thin films. However,
the longer duration of the high centrifugal force might oust
a large amount of solution from the substrate and deposit
less amount of solution, inhibiting the film’s crystallization
[25]. The average crystallite size is calculated only for the
film deposited at 1500 rpm for 90 s, because the single peak
ranging from 31.24° to 32.66° of two theta appears as the
most intense and obvious peak in the diffraction pattern.
The average crystallite size for 90 s has been figured out
around 12.82 nm with a small dislocation density around
0.0060 nm~2 using modified Debye Scherrer’s formula [32]
and uniform deformation model [32]. This large grain size
and small dislocation density demonstrate the better crystal-
lization of the film deposited at 1500 rpm for 90 s.

The slight variation in film thickness is observed with
the increase of spin speed (rpm) and spin time as shown in
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Fig. 3. Increased rpm increases the centrifugal force on the
solution as well as on the substrate which casts away surplus
solution and allows less solution for thin-film formation on
the substrate. As a result, the film thickness decreases [25]. It
is for this same reason that a long duration of deposition time
deposits less thick films. The deposition was carried out at
least three times for each spin speed and deposition time to
prove the reproducibility of the film with the same thickness.
Here, the variation in film thickness with the spin speed
and time is found insignificant. However, the film thickness
follows the inverse proportional law with spin speed and
spin time. Generally, a large variation of spin speed (rpm)
around a factor of ten changes the film thickness, and minor
speed variation results slight change in thickness. The film
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Fig. 3 Deposition time versus thickness of SnS, thin films at differ-
ent spin speeds
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Fig. 2 X-ray diffraction patterns of SnS, thin film with a 90-s deposition time for 1000, 1500, 2000 rpm deposition rate and b 60-s, 90-s, 120-s

deposition time for 1500 rpm deposition rate
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thickness also depends on the concentration of the mate-
rial dissolved in the solvent. Therefore, the film thickness
is assumed to be changed in a narrow range with these spin
speeds for a chosen concentration of SnS, solution.

Figure 4a shows the Fourier transform infrared (FTIR)
spectroscopy of the spin coating deposited SnS, thin films
for three deposition spin rotations of 1000, 1500, and
2000 rpm for a constant deposition time of 90 s. FTIR
spectra were also taken for three different deposition times
of 60, 90, and 120 s in the same deposition spin speed of
1500 rpm as shown in Fig. 4b. In both cases, broadband is
observed at 3429.6 cm™' in every spectrum which is the
vibration mode of O—H groups specifying the absorption of
water by the surface [33]. The spectra also show the strong
C—H stretching band at 2919.6 cm™! due to moisture and
CO, absorption in the SnS, films. The peak at 2378.6 cm™!
is assigned to the stretching vibration of Sn—S bonds which
illustrates the formation of SnS, films. Two bands are
observed at 1224.4 cm™! and 1627.4 cm™!, corresponding
to bond vibrations of C—O and C-H that probably come from
thioacetamide [33]. The broad band at 1082.4 cm™! indicates
the stretching vibration of the C—O—C bond. The Sn—S bond
vibrations are evident from the band at 489.6 cm™' [33].
FTIR analysis results strongly confirm the presence of bond-
ing between Sn and S atoms in the as-prepared samples and
also show consistency with XRD results.

The SEM micrograph surface image of the SnS, thin films
synthesized by the spin coating technique for different depo-
sition times and different spin speeds is shown in Fig. Sa—i.
The growth mechanism, shape, and size of particles are
clearly understood from the image. The image reveals that
the deposited thin film covers the complete surface of the
substrate. A compact and dense homogenous surface is
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observed in all the samples which contain a large number
of small grains in aggregated form. The film deposited for
60 s at three different spin speeds (Fig. Sa—c) shows an even
surface consisting of small spherical grain. The film depos-
ited for 90 s (Fig. 5d—f) demonstrates a rough surface stuffed
with a slightly abate grain size than that of the film deposited
for 60 s. The films that were deposited for 120 s (Fig. 5g—i)
at different spin speeds present a much rougher surface with
a lack of grain growth as crystallization decreases for high
spin speed and longer duration. The enhanced surface rough-
ness with increased spin speed is attributed to a decrease in
grain size, surface defect, and some sort of strain that arises
during growth. The observed decrease in grain size implies
the degradation in crystal quality which is also confirmed
by the XRD result. From the SEM image, the grain size is
measured by the distance between the visible grain bounda-
ries which is larger than the grain size measured from XRD
peaks. Because the XRD method calculates the crystalline
development, which directs to a smaller grain size [34].

Compositional analysis of the film deposited at 1500 rpm
for three different deposition times was carried out by using
the EDAX technique to study the stoichiometry of the film.
The EDAX spectrum of the SnS, thin film was recorded
in the binding energy region of 0.0-14 eV as shown in
Fig. 6a—c, and the variation of the Sn to S atomic ratio was
calculated from the figure. The chemical composition of the
deposited SnS, thin film was detected to be near-stoichiom-
etry ratio with slightly Sn-rich. The S content was noticed
to slightly decrease with the increase of the deposition time.
The S deficiency can be related to the slow dissociation of
thioacetamide in the solution [28].

Images of atomic force microscope from SnS, thin
films deposited at the spin speed of 1500 rpm for 90 s are
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Fig. 4 FTIR spectra of SnS, thin films for a 90-s deposition time with 1000, 1500, 2000 rpm deposition rate and b 60 s, 90 s, 120 s deposition

times with 1500 rpm deposition rate
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Fig. S SEM image of SnS, thin
films deposited at three different
deposition speeds (1000, 1500,
2000 rpm) for three different
deposition times (60 s, 90 s,

120 s)

illustrated in Fig. 7. The AFM profiles show high rough-
ness of the samples of about 85 mm. Many hills and valleys
have appeared throughout the observed region, indicating
the presence of well-segregated grains which is consistent
with the XRD result.

To elucidate the chemical state, valence band position,
and binding energy of the SnS, thin films, XPS was per-
formed in the range of 0-1250 eV with the films prepared
at 1500 rpm for 90 s, and the survey spectrum is shown in
Fig. 8a. The XPS survey reveals the presence of Sn, S, Cl,
C, N, and O elements indicating the successful formation of
the SnS, film. The peak detected at 285.03 eV is assumed to
be adventitious carbon C 1s which may have originated from
the surface contamination. The O 1s signal at 531.49 eV
may appear as a constituent of the glass substrate or could
have arisen from the metal oxide. The Cl 2p (199.39 eV)
and N 15 (401.07 eV) peaks might have resulted from the
ambient contamination and absorbed impurities from HCl
and thioacetamide.

Figure 8b shows the high-resolution XPS spectra of the
Sn 3d peaks of SnS, film deposited at 1500 rpm for three
different deposition times. The Sn 3d spectrum exhibits spin-
orbital double peaks of Sn 3d5/2 and Sn 3d3/2 indicating the
pure Sn. The binding energy (BE) peaks are observed for Sn
3d5/2 and Sn 3d3/2 at 487.38 and 495.78 eV, respectively,
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for the deposition time of 90 s. From the graph, it is clearly
seen that the binding energy of the Sn 3d orbitals shifts to
lower binding energies and becomes slightly broader with-
out a change of the spectral shape for the deposition time
of 60 s and 120 s. This binding energy shift might relate
to the oppressed chemical valence of Sn at the position of
sulfur vacancies which reveals the weak formation of SnS,
lattice. However, the spin—orbit splitting between the two
peaks remains at 8.40 eV for all the deposition times, which
confirms that Sn is in the Sn** state [35]. Besides, the spec-
tra of Sn 3p1, Sn 3p3, and Sn 3s are also found at 706.25 eV,
757.50 eV, and 888.75 eV, respectively, in the full survey of
the SnS, film (Fig. 8a).

The S 2p high-resolution region spectrum is shown in
Fig. 8c. The binding energy for S 2p 3/2 is noticed at around
161.78 eV due to S>~ ions for the film deposited at 1500 rpm
for three different deposition times. The low intense and
diffused S 2p3/2 peak is observed for the deposition time
of 60 s and 120 s which indicates a lower stoichiometry and
deficient formation of the SnS, phases in both cases. In the
case of the deposition time of 90 s, S 2p exhibits two dis-
tinct peaks with binding energies of 161.6 and 162.9 eV are
attributed to S 2p3/2 and S 2p1/2. These two peaks confirm
the metal-sulfur bonding which is caused by the spin—orbit
coupling of $?~ in SnS,. Besides, the deformation of S 2p1/2
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Fig. 6 EDAX spectrum of SnS, thin films deposited at 1500 rpm for three different deposition times (60 s, 90 s, 120 s)

indicates a smaller amount of S in the films [28]. The value
of the molar ratio Sn/S (1:1.52) calculated from the quantity
of Sn and S from the XPS peak area (Sn 3d and S 2p) for
the deposition time of 90 s indicates the Sn-rich SnS, film
formation. This result is consistent with the values reported
in the EDAX results [28, 35].

Figure 9a, b shows UV-VIS transmittance and absorb-
ance spectra of SnS, thin films deposited at a constant spin
speed of 1500 rpm for different deposition times in the
300-800 nm wavelength range. The transmittance of all the
deposited films decreases in visible and near-infrared ranges,

increasing with the deposition time from 60 to 120 s. Above
396 nm, a plateau has appeared with an increase in wave-
length though the value remains less than 40% transparent
for 90 and 120 s in mentioned wavelength range, while the
maximum transparency observed for the 60 s is around 50%
as shown in Fig. 9a. This decrease in the transmittance with
the deposition time shows the increase in absorbance for that
particular number of times.

Figure 9b shows that the optical absorptions of the films
are found to increase from 290 nm with increasing wave-
length, reach its edge, and then start to decrease with the
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Fig. 7 AFM images of the surface and profiles of SnS, thin film deposited at 1500 rpm for 90 s
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Fig. 8 a XPS survey of SnS, thin film deposited at 1500 rpm for 90 s
deposited at 1500 rpm for different deposition times

wavelength. This sharp decrease in the absorption at a cer-
tain wavelength implies the presence of an optical band gap
in the samples. In addition, the absorbance edge is noticed to
shift slightly towards a longer wavelength with the increase
of deposition time, indicating the variation in film thick-
ness. The optical band gap of SnS, thin film is calculated
from the absorbance spectra using Tauc’s formula [36]. The
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films are found to exhibit both direct and indirect bandgap,
and the values are listed in Table 1. Figure 10a, b demon-
strates that both direct and indirect bandgap are decreasing
with the deposition time for the film deposited at 1500 rpm.
Generally, the shortening of the energy band gap is linked
with large crystalline size and impurity concentration. Large
crystallites enclose a higher number of atoms and atomic
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Fig. 9 Variation of a transmittance and b absorbance of SnS, thin films deposited at 1500 rpm for different deposition times

orbital which escalates the bonding and antibonding effect.
As a result, the gap between the valence and conduction
band decreases. In addition, the reduction of the bandgap
is strongly dependent upon the impurity band developed by
the overlapped impurity states. Therefore, synthesis methods
and conditions should be taken care of to limit the contami-
nation in the deposited film.

The variation of band gap with different deposition times
at three spin speeds is presented in Fig. 11a—c. In the case
of 1000, the widening of the band gap with deposition time
might be associated with the accession of crystallinity in the
films as evident in the SEM image. In this case, the energy
level reduces with the decrease in grain size, creating a
larger gap between the valence and conduction bands. The

SEM image also shows that the film deposited at 2000 rpm
has irregular grain growth with deposition time which might
affect the band gap. Chaki et al. spin-coated SnS, thin films
at different deposition times of 2 s, 4 s, and 6 s and reported
an increasing trend in direct band gap value from 2.36 to
2.44 eV and indirect band gap value from 1.32 to 1.40 eV
[25, 37]. In this work, the band gap value is obtained more
than the band gap of bulk SnS,, as prepared SnS, is nano-
structured and exhibits weak crystallinity owing to more
strains and dislocation [38].

The effect of spin speed and deposition time on the
properties of our thin film has been compared with other
SnS, thin films deposited by spin coating with different
parameters which are presented in Table 1. Compared to

Table 1 A comparative study of SnS, thin films deposited by spin coating with this work

Deposition  Spin speed (rpm) Band gap, Eg (eV) Grain size (pm) Film thickness (nm) Transmittance (7%) References
time (s)
2 1000 Direct (2.44-2.36) 7110 EEE 25

1500 3910
6 2000 Indirect (1.40-1.32) 2480
30 1500 2.46+0.05 50-48 woHE 27
60 2500 30-28

3500 25-23
30 2000 2.54 0.6 300-600 ~60% 39

2.25 0.3

30 1500 2.24 ok ok 40
900 10,000 2.8 50 wEE 41
60 1000 Direct (3.85-3.65) 0.71-0.51 240.3-240.1 Less than 40% This work
90 1500 0.79-0.5 240.2-239.9
120 2000 Indirect (3.43-2.27) 0.91-1.0 239.8-239.6

* = no measure values
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Fig. 10 a Direct band gap and b indirect band gap of SnS, thin films deposited at 1500 rpm for different deposition times
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Fig. 11 Variation of direct band gap and indirect band gap with deposition time of SnS, thin films deposited at a 1000, b 1500, ¢ 2000 rpm

others research [25, 27, 39—41], our prepared films exhibit
a wider bandgap and higher reflectance which can be used
to operate at higher temperatures. Furthermore, decreased
and controlled film thicknesses have been obtained with the
same speed but longer deposition. However, it paves the way

@ Springer

for further optimization of deposition parameters, including
exploring other experimental parameters like growth tem-
perature and deposition time to build one film layer over
another. Table 1 also exhibits that the spin-coated SnS, thin
film deposited at 1500 rpm for 90 s is less transmissive and
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has a wide band gap. These properties may be useful for
preparing the solar collector’s mirror in solar cell applica-
tions (Fig. 11).

4 Conclusion

This work concluded that the spin speed and time influ-
enced the SnS, thin film having large grain and wide band
gap. Consequently, a comprehensive study of the structural
and optical properties of SnS, thin films was performed by
varying spin speed and deposition time. It was established
from the XRD pattern that the predominant growth plane
of the tin disulfide films was (002). The structural analysis
results indicated that spherically shaped particles of differ-
ent sizes were distributed randomly over the surface of the
films. The films deposited for higher spin speed and longer
deposition time had better crystallinity than those depos-
ited for shorter times. The best crystallinity of SnS, was
obtained at 1500 rpm for 90 s. FTIR spectra of SnS, films
proved the formation of Sn—S bonds for all the deposition
speeds and times. The 3D AFM analysis showed hills and
valleys features. The optical studies revealed that the trans-
mittance of all layers was lower than 40% in the visible
region, demonstrating that 1500 rpm was the optimum spin
speed at the point of optical properties in the SnS, thin film.
The achieved results are deliberated in detail which is very
important for many applications in the industry.
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