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The effects of the temperature and agitation time of the complexing agent on
the structural, morphological, compositional, and optical properties of SnS
films deposited by chemical bath deposition (CBD) have been studied. The
properties of the thin films were studied by X-ray diffraction (XRD) analysis,
X-ray fluorescence spectroscopy, atomic force microscopy, and ultraviolet–
visible–near infrared (UV–Vis–NIR) spectroscopy. The XRD results confirmed
formation of polycrystalline films with orthorhombic phase. The best thin film
was formed when using an agitation time of the complexing agent of 16 min,
resulting in a maximum crystallite size of 8.26 nm, lattice parameters close to
reported values (a = 4.30 Å, b = 10.55 Å, and c = 3.89 Å), and a calculated
bandgap of around 1.65 eV. Investigation of the trend with deposition tem-
perature indicated that values between 40�C and 45�C during CBD were
better. Variation of the deposition temperature resulted in crystallite sizes
ranging from 5 nm to 25 nm and bandgap values from 1.62 eV to 1.66 eV.

Key words: SnS thin films, agitation time, complexing agent,
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INTRODUCTION

In recent decades, researchers have devoted
efforts to the search for environmentally friendly
semiconductor materials that are nontoxic, inex-
pensive, and Earth abundant, amongst which cop-
per zinc tin sulfide (CZTS) has been studied as an
alternative. Nevertheless, several elements make
these materials difficult to develop due to the
multiple phases that can form, including Cu2–xS,
ZnS, CuS, Cu2SnS3, and Sn2S3.1–3

Metal sulfide (chalcogenide) semiconductors have
been studied for use in various applications such as
absorbent and windows layers, sensors, and opto-
electronic devices. Among the most widely studied
in recent years are ZnS, Sb2S3, CuS, SnS, PbS, and
CdS, deposited by using different physical and
chemical methods. Thin films of less complicated
materials, such as SnS, have exhibited suit-
able properties that allow their categorization as
promising light-absorbing materials for use in opto-
electronic devices such as solar cells,4 near-infrared
photodetectors,5 semiconductor sensors,6 and
others. SnS films can grow with cubic or orthorhom-
bic structure,7–9 with energy bandgap values
between 1.14 eV and 1.8 eV7,8,10 and absorption
coefficients of � 104 cm�1.11 SnS films have also(Received October 2, 2020; accepted February 10, 2021;
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been deposited by using different techniques such as
thermal evaporation,12 electrodeposition,13 spin
coating,14 sputtering,15 chemical bath deposi-
tion,7,9,11 and spray pyrolysis,16 among others.
Solars cells with maximum conversion efficiency of
4.36% and 1.28% have been reported for the
orthorhombic17 and cubic18 structure, respectively.

Several materials for use in solar cells such as
silicon (Si), CdTe, and CIGS have been studied for
years, having the widest presence on the market
and efficiency of about 27.6%, 22.1%, and 22.6%,
respectively.19–22 However, these materials are
scarce and have high cost, as well as containing
toxic elements. The low efficiency of solar cells based
on SnS thin films may be due to recombination of
photogenerated charge carriers, grain boundaries,
and high series resistance.23 Various studies have
been carried out on these films to address these
defects, including studies on the effects of heat
treatment to decrease recombination due to grain
growth.24 In addition, other studies have analyzed
the influence of the sulfurization time on SnS thin
films,25 the effect of temperature on the thickness,9

the deposition time,10 the effect of the solution pH,26

and the effect of the concentration of the complexing
agent and its variants.27–30

Triethanolamine (TEA) has been used as a com-
plexing agent during the production of SnS thin
films. A study on the TEA concentration reported its
effects on the energy bandgap and optical proper-
ties.31,32 Also, other investigations have been con-
ducted on the effects of the amount of TEA on the
morphology and phase of SnS thin films.33

However, the effects of the agitation time of the
complexing agent with the tin precursor during
chemical bath deposition have not been studied. The
aim of the complexation is to trap metal ions in the
chemical bath then gradually release them. This
process is very important because these compounds
are highly insoluble and thus precipitate quickly. In
the work presented herein, we investigated the
effects of its parameters on the SnS thin films,
including their structural, morphological, composi-
tional, and optical characteristics, as well as the
effects of the deposition temperature on the best
agitation time for the complexing agent.

EXPERIMENTAL PROCEDURES

SnS Thin-Film Deposition

SnS thin films were deposited by chemical bath
deposition (CBD) using SnCl2Æ5H2O and Na2S2O3

(Meyer brand) as Sn and S sources, respectively. To
prepare the chemical bath, 1 g SnCl2 in 5 ml
acetone, 12 ml triethanolamine at 3.7 M, 70 ml
deionized water, 8 ml Na2S2O3 at 0.5 M, and 5 ml
NH4OH at 8 M were used.

A deposition time of 5 h at 35�C and pH � 11 was
used throughout the process for the thin-film prepa-
rations. The substrates were washed with alkaline
soap and deionized water, then air-dried.

Subsequently, the substrates were placed vertically
in the chemical bath solution. Deposition was only
carried out on the side of the substrate near the
vessel wall. After deposition had completed, the SnS
thin films were washed with deionized water then
air-dried at room temperature.

SnS Thin-Film Characterization

For XRD measurements, a RIGAKU X-ray
diffractometer ULTIMA IV with Cu-Ka radiation
(1.5418 Å) and Ni filter was used. The measurement
mode was parallel beam (0.5�), 2h, with a scanning
speed of 5�/min. The diffraction patterns obtained
were analyzed using PDXL software. The morphol-
ogy of the SnS thin films was analyzed by atomic
force microscopy (AFM, XE7 Park Systems) in
noncontact mode. These images were also used to
determine the roughness of the films. For optical
transmittance measurements, a Shimadzu UV–Vis–
NIR UV 3600 spectrometer was used in the wave-
length range from 1650 nm to 250 nm. The compo-
sition of the SnS thin films was measured by X-ray
fluorescence (XRF) spectroscopy (Supermini 200;
Rigaku).

RESULTS

This section presents the results regarding the
agitation of the complexing agent and the deposi-
tion temperature in the chemical bath, including
characterization of the structural, compositional,
morphological, and optical properties. All the
results were analyzed and compared with the
obtained better SnS thin films.

Agitation Time of Complexing Agent

The first parameter studied was the agitation
time of the complexing agent (TEA) during the
preparation according to the method described in
Sect. ‘‘SnS Thin-Film Deposition’’. Agitation times
from 1 min to 20 min were adopted to study their
effect on the properties of the (optimized) SnS thin
films. Figure 1 shows the X-ray diffraction patterns

Fig. 1. X-ray diffractograms of SnS thin films obtained using
complexing agent agitation times of (a) 1 min, (b) 4 min, (c) 8 min,
(d) 10 min, (e) 16 min, and (f) 20 min.
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of the samples obtained using different TEA agita-
tion times. It is observed that, for all films, the
diffraction peaks matched Joint Committee on
Powder Diffraction Standards (JCPDS) card no.
39-0354, corresponding to SnS with orthorhombic
structure. The formation of a small amount of
binary compound was observed for the thin films
obtained using agitation times of 1 min and 20 min
(Fig. 1a, f); this is because the deposition on the
substrate was poor. On the other hand, the diffrac-
togram for the SnS thin film obtained using an
agitation time of 4 min (Fig. 1b) showed peaks
corresponding to (1 1 0), (1 2 0), (1 0 1), and (1 4 1)
planes. Figure 1c shows the SnS thin film obtained
using an agitation time of 8 min, revealing the
appearance of a peak corresponding to (1 3 1) plane.
More well-defined peaks with low intensities were
also observed, which can be attributed to the greater
thickness of the thin film.8

The XRD pattern of the SnS thin film obtained
using an agitation time of 10 min (Fig. 1d) shows
the appearance of a peak located at 2h = 42.51�,
corresponding to (2 1 0) plane. Figure 1e shows the
results for the sample obtained using an agitation
time of 16 min, revealing more well-defined peaks
located at 2h values of 26.42� and 30.76�, which
correspond to (1 2 0) and (1 0 1) planes, respectively.
Additionally, the appearance of another peak cor-
responding to (1 1 1) plane located at Bragg angle of
31.66� may possibly be due to the higher crys-
tallinity of the thin film.

A simplified reaction mechanism for the growth of
the SnS films is given below. Na2S2O3 is a reducing
agent by nature.9

2S2O2�
3 þ Hþ ! HSO3 þ S2�

Sn TEAð Þ½ �2þþS2� ! SnS þ TEA

It is known that Sn2+ ions form bonds with the
complexing agent (TEA) ligand to form [Sn(TEA)]2+

first during the deposition, preventing unwanted
precipitation. The complex breaks to form bonds
with S2� ions, while the SnS compound forms in a
subsequent stage.10

Table I presents the crystallite size, microstrain,
dislocation density, and lattice parameters calcu-
lated for the samples obtained using different
agitation times. The crystallite size and microstrain
were calculated from the XRD results using the
Williamson–Hall method according to the equation

b hklð ÞCosh ¼ kk
D

þ 4e sin h; ð1Þ

where k is the shape factor (usually taken to be 0.9),
k is the X-ray wavelength (1.5418 Å for Cu Ka

radiation), b is the angular line-width at half-
maximum intensity, and h is the Bragg angle in
degrees. From a linear fit of bcos h versus 4sin h, it
is possible to calculate the strain values (e) and
crystallite size (D) from the slope and intercept,
respectively. The dislocation density (d) can be
obtained from the crystallite size data calculated
from the X-ray diffraction pattern, according to the
equation34,35:

d ¼ 1

D2
: ð2Þ

The dislocation density provides direct information
on the defects in the crystal structure. The disloca-
tion density is defined as the length of the disloca-
tion lines per unit volume of crystal, with higher
values indicating lower crystallinity of the film. It is
clearly seen that the dislocation density decreased
for larger crystallite size values.

The smallest crystallite sizes were obtained when
using the times of 1 min and 20 min, due to the poor
uniformity of the deposition; the films obtained
using times of 4 min, 8 min, and 10 min showed
values close to � 6.7 nm. The highest value (about
8.26 nm) was found when using 16 min. The
microstrain and dislocation density are related to
lattice imperfections; high values for these param-
eters are associated with more imperfections. The
results presented in Table I show that, if the
crystallite size increases, both the microstrain and
density dislocation decrease due to the relationship
between the dislocation density and crystallite size.
Therefore, the thin film with the least imperfections
was found when using the agitation time of 16 min.

Table I. Crystallite size, microstrain, and lattice parameter values of SnS thin films obtained with
complexing agent agitation times from 1 min to 20 min

Agitation
Time of Sample
(min)

Crystallite
Size (nm) Microstrain

Dislocation
Density

Lattice Parameter (Å)

(cm21) a b c

1 0.81 0.071 1.52 9 1014 4.43 10.66 3.80
4 6.74 0.003 2.20 9 1012 4.19 11.02 3.94
8 6.68 0.003 2.24 9 1012 4.25 10.81 3.98
10 6.62 0.002 2.28 9 1012 4.26 10.96 3.94
16 8.26 0.001 1.47 9 1012 4.30 10.55 3.89
20 1.75 0.006 3.27 9 1013 4.29 11.34 3.98
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The lattice parameters for all the samples were
evaluated based on the experimental XRD results:

1

d2
¼ h2

a2
þ k2

b2
þ l2

c2
: ð3Þ

The lattice parameter values reported in the JCPDS
card are a = 4.33 Å, b = 11.19 Å, and c = 3.98 Å for
the orthorhombic structure. The agitation times
yielding values closest to these lay between 8 and
16 min.

The texture coefficient TC(hkl) was calculated to
provide information on the plane orientation. The
TC was calculated using the equation

TC hklð Þ ¼
I hklð Þ

�
I0 hklð Þ

1=n

� �P I hklð Þ
�
I0 hklð Þ

; ð4Þ

where I0(hkl) is the standard intensity from the
JCPDS card, I(hkl) is the intensity observed for the
hkl plane, and n is the number of diffraction peaks.
If the coefficient has a value of unity, the crystallite
presents random orientation, whereas if TC > 1, a
larger number of crystallites are oriented along the
hkl direction.12,36 Figure 2 shows the variation of
the texture coefficient for the (1 2 0) and (1 0 1)
planes. Note that, at the extremes, preferential
orientation of the films is not observed as they were
not uniform. However, when using agitation times
of 4 min to 16 min, a larger amount of crystallites in
the (1 2 0) plane were observed, with higher values
when using 10 and 16 min. On the other hand, the
(1 0 1) plane did not show a clear trend with the
complexing agent agitation time.

Figure 3 shows the composition (at.%) of the SnS
thin films, revealing that the values closest to
stoichiometry were obtained when using times of
4 min, 10 min, and 16 min, with the latter yielding
the closest of all, albeit with excess Sn. This
figures also shows the compositional dispersion of
the thin films. Note that the thin films obtained
using agitation times of 1 min, 8 min, and 20 min
showed the values furthest from the stoichiometric
composition. The thin film obtained after 1 min was
the least favorable, due to the lack of uniformity in

this deposit. When using 20 min, the composition
was lost, which can attributed to the low thickness
of the film.

Figure 4 shows AFM images of the SnS thin films
obtained using different agitation times for the
complexing agent. All the images reveal that the
grain shape was spherical. The films obtained using
1 min, 8 min, 10 min, and 16 min (Fig. 4a, c–e)
showed some surface cracks, whereas the films
obtained using times between 4 min and 16 min
(Fig. 4b–e) exhibited agglomerations and a more
compact surface. However, the film obtained using
20 min (Fig. 4f) was observed to be granulated
without agglomeration.

The grain size and roughness of all the SnS thin
films are presented in Table II. The root-mean-
square (rms) roughness parameter can be used to
describe the surface roughness, providing a mea-
sure of the standard deviation of the surface height
profile from its average.37 The rms values obtained
for the SnS thin films lay between 30.2 nm and
152.5 nm; the lowest value may be due to a thinner
layer, since this thin film did not have uniform
deposition. For SnS thin films with greater thick-
ness, the grains form alloys or agglomerations
between them. The SnS thin film with the largest
grain size (288.58 nm) was obtained when using
16 min (Table I), and the crystallite size for this SnS
thin film was 8.26 nm, indicating that � 35 crystal-
lites form a grain. A small increase in the grain size
of the SnS thin films was observed with increasing
agitation time, except at the extremes, where the
films did not show good uniformity and deposition.

It was also observed that, if the grain size
increased, the surface roughness of the thin film
was higher. Such a trend has also been reported by
other authors.32,38 Nevertheless, this trend was not
followed by the film obtained using 16 min, which
may be because of how the grains agglomerated on
its surface.

Figure 5a shows the transmittance spectra of the
SnS thin films, revealing that the absorption wave-
length of the samples obtained using agitation times
of 1 min and 20 min was � 600 nm, while the
values for the other thin films ranged from 700 nm

Fig. 2. Variation of texture coefficient of SnS thin films with
complexing agent agitation time.

Fig. 3. Composition (at.%) versus complexing agent agitation time
for the SnS thin films.
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to 750 nm. The optical absorption coefficient (a) of
the thin films at different wavelengths was calcu-
lated from the transmittance.39 The energy bandgap
(Eg) of the SnS thin films (Fig. 5b, inset) were
determined from the absorption bandgap funda-
mentals using the equation40

ahvð Þ1=n¼ A hv� Eg

� �
; ð5Þ

where A is a constant, Eg is the energy gap, and hv
is the photon energy. In Eq. 5, n depends on the
nature of the transition, being 1/2 and 3/2 for
allowed direct and forbidden direct transitions,
respectively, but 2 and 3 for allowed indirect and
forbidden indirect transitions, respectively. The
energy bandgap value was estimated by

Fig. 4. Two-dimensional (2D) and three-dimensional (3D) AFM results for SnS thin films obtained using different agitation times of the
complexing agent: (a) 1 min, (b) 4 min, (c) 8 min, (d) 10 min, (e) 16 min, and (f) 20 min.

Table II. Grain size and roughness values of SnS thin films obtained using complexing agent agitation times
from 1 min to 20 min

Agitation Time of Sample (min) Grain Size (nm) Roughness (rms, nm)

1 196.86 45.6
4 210.46 68.5
8 244.06 152.5
10 232.28 103.7
16 288.58 127.9
20 191.34 30.2
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extrapolating a straight line to the photon energy
axis and assuming that a = 0 in Eq. 5.

Figure 5b shows the energy bandgap values cal-
culated for the thin films obtained using different
agitation times of the complexing agent. The values
of 1.7 eV, 1.72 eV, and 1.65 eV calculated for the
films obtained using agitation times of 4 min, 8 min,
and 16 min lie within those reported for orthorhom-
bic SnS thin films.10 Besides, the thin films with
higher bandgap values can be attributed to nonuni-
form deposits on the substrate. The thin film
obtained using an agitation time of 10 min showed
an energy bandgap value of 1.81 eV at the reported
limit, possibly due to the low crystallite size
observed in the XRD results, which results in the
large energy bandgap.41

The energy gap values for the thin films cover a
wide energy range. According to literature, the Eg

value depends on the degree crystallinity, the
crystallite size, and the stoichiometry of the thin
film.

Therefore, low crystallinity results in a higher Eg

value. Therefore, a low stoichiometric ratio (Sn/S
value) will result in a larger crystallite size, which
induces a lower Eg value.41

Deposition Temperature

Figure 6 shows the XRD results for the SnS thin
films deposited at temperatures in the range from
35�C to 50�C. We also studied deposits formed at

room temperature and 30�C, but no material formed
on the surface. However, the film deposited at 35�C
(Fig. 6a) presented well-defined higher-intensity
peaks corresponding to the orthorhombic structure.
Figure 6b and c show that the films deposited at
40�C and 45�C presented the same diffraction
peaks, while for the film deposited at 45�C, the
peaks were located at Bragg angles of 26.56� and
30.78� corresponding to (1 2 0) and (1 0 1) planes,
respectively, in JCPDS card 39-0354 for the
orthorhombic structure, with greater intensity,
despite the lower uniformity of these deposits.

Figure 6d shows the film deposited at 50�C, with
decreased peak intensity, which can be attributed to
the degraded uniformity resulting from the fast
precipitation of material in the chemical bath. In
summary, these results reveal that the crystallinity
of the films increased with increasing deposition
temperature from 35�C to 45�C.

Table III presents the crystallite size, micros-
train, dislocation density, and lattice parameters of
the films deposited at different temperatures from
35� to 50�C. The film deposited at 40�C showed the
largest crystallite size with a value of 24.82 nm, but
the crystallite size decreased to 5.28 nm as the
temperature was increased from 45�C to 50�C. On
the other hand, the microstrain and dislocation
density of the thin films deposited at temperatures
in the range from 35�C to 45�C showed low values,
with the best film deposited at 40�C showing values
of 0.006 and 1.62 9 1011 cm�1, respectively. How-
ever, the thin film deposited at 50�C showed a high
value, which may be due to lattice deformation.

The lattice parameters of the SnS thin films
deposited at temperatures between 35�C and 45�C
remained close to those reported in JCPDS card 39-
0354, while the thin film deposited at 50�C showed
the highest values because the deposit was not
uniform. The thin film deposited at 40�C showed the
values closest to the reported values, with
a = 4.22 Å, b = 11.11 Å, and c = 4.02 Å.

Figure 7 shows the variation of the texture coef-
ficient TC(khl) of the (1 2 0), (1 0 1), and (1 1 1) planes
of the thin films deposited at different

(a)

(b)

Fig. 5. Optical analysis of SnS thin films obtained using different
agitation times from 1 min to 20 min: (a) optical transmittance and (b)
energy bandgap. Inset shows calculated bandgap.

Fig. 6. XRD patterns of SnS thin films deposited at (a) 35�C, (b)
40�C, (c) 45�C, and (d) 50�C.
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temperatures. Greater (1 2 0) orientation was
observed for the thin films deposited at 35�C at
40�C, albeit similar to the values for the films
deposited at the other temperatures. Likewise, a
relation with the crystallite size can be seen: the
large the crystallite size, the greater the preferen-
tial orientation of the SnS thin films.

The texture coefficients for the (1 0 1) and (1 1 1)
planes showed a decreasing trend as the preferen-
tial orientation increased in the (1 2 0) plane.
Therefore, with increasing temperature, preferen-
tial orientation along the (1 2 0) plane occurred for
the SnS thin films, but with little variation after
40�C.

Figure 8 shows the composition (at.%) of the SnS
thin films deposited at different temperatures. Note
that the temperature of the film deposited at 35�C
was the closest to stoichiometric. Furthermore, note
that increasing the deposition temperature
increased the tin content but decreased the sulfur
content of the thin films, possibly because of a
release of Sn2+ ions from the complexing agent,
resulting in the deposition of a thin film with higher
Sn content. Heat treatment is therefore necessary to
achieve recrystallization of such SnS thin films.

Figure 9 shows AFM images of the SnS thin films
deposited at different temperatures from 35�C to
50�C. Figure 9a shows a compact surface, with
agglomerations, some cracks, and a grain size of
288.58 nm, the highest value among these films. It

is observed that the film deposited at 40�C (Fig. 9b)
was not very compact, exhibiting some agglomera-
tions, cracks, deep holes, and a grain size of
278.56 nm. Figure 9c shows that the film deposited
at 45�C had deep zones in the nether part with a
grain size of about 215.94 nm, while the grain shape
was spherical and the surface was cracked with
agglomerations, lacking uniformity. Note that the
film deposited at 50�C showed the smallest grain
size with a value of 204.62 nm (Fig. 9d).

Table IV presents the grain size and roughness
results for the SnS thin films deposited at different
temperatures. A tendency is observed between the
grain size and temperature: as one decreases, so
does the other. The films deposited at temperatures
from 35�C to 50�C showed rms values from
108.19 nm to 127.92 nm. The lowest rms value of
108.19 nm was obtained for the film deposited at
40�C due to the cracks in the surface morphology,
and the grain size was 278.76 nm.

Figure 10a shows the transmittance spectra of
the SnS thin films. Note that the films deposited at
35�C showed higher transmittance and absorption
at lower wavelengths, while those deposited at 45�C
and 50�C exhibited similar behavior. The film
deposited at 40�C showed low transmittance and
absorption at higher wavelengths. The optical
absorption coefficient at different wavelengths was
calculated using the optical transmittance. The
inset in Fig. 10b shows the energy bandgap (Eg)
calculated at different temperatures using Eq. 5.

Table III. Crystallite size, microstrain, and lattices parameter values for SnS thin films deposited at
different temperatures

Deposition
Temperature (�C) Crystallite Size

Microstrain
Dislocation Density

Lattice Parameter (Å)

(nm) (cm21) a b c

35 8.26 0.001 1.47 9 1012 4.30 10.55 3.89
40 24.82 0.006 1.62 9 1011 4.22 11.11 4.02
45 11.56 0.001 7.48 9 1011 4.22 10.91 4.01
50 5.28 0.01 3.59 9 1012 4.14 11.45 4.05

Fig. 7. Texture coefficient for SnS thin films deposited at different
temperatures.

Fig. 8. Composition (at.%) of SnS thin films deposited at different
temperatures.
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All the films showed energy bandgaps within the
values reported in literature (Fig. 10b), with a
minimum of 1.62 eV for the film deposited at 40�C.
The temperature did not greatly affect the energy
bandgap of the SnS thin films because the values
were very similar, ranging from 1.62 eV to 1.66 eV.
As discussed above, the optical properties may vary
because of the combined effects of several factors
including crystallite size, degree of crystallinity,
defects, and growth kinetics.42 Note that, if the
crystallite size increases (as indicated by a narrower
X-ray peak), the bandgap decreases.

CONCLUSIONS

The effect of the agitation time of the complexing
agent with the metallic precursor Sn (SnCl2Æ2H2O)
on the chemical bath deposition of SnS thin films
has been studied. The results reveal that the
triethanolamine (TEA) ligand bonds to form a
complex with Sn2+ in the form [Sn(TEA)]2+ first
during the deposition, thereby preventing precipi-
tation. According to the characterization of their
structural, morphological, and optical properties,
the best film was obtained when agitating for

16 min. Further study of the effect of the deposition
temperature at these conditions revealed that the
best film was obtained at 40�C.

XRD analysis of the effect of the agitation time of
the complexing agent (TEA) on the SnS thin films
obtained by chemical bath deposition revealed the
formation of polycrystalline films with orthorhombic
structure. Study of their structure revealed that,
with increasing crystallite size, the lattice imper-
fections decreased. The texture coefficient results
indicated that, as the agitation time was prolonged
from 4 min to 16 min, the amount of crystallites
oriented in the (1 2 0) plane also increased, reaching
the highest values for the films obtained using
10 min and 16 min. The optical study revealed that,
when the crystallite size of the thin films decreased,
the energy bandgap increased in the range from
1.65 eV to 2.18 eV. The composition was not stoi-
chiometric, but the values were similar to those
reported in literature. AFM imaging showed that
the thin films had spherical grains. Increasing the
agitation time to 16 min increased the grain size by
about 288 nm. Higher roughness values of 152 nm
and 128 nm were measured for the thin films

Fig. 9. 2D and 3D AFM results for SnS thin films deposited at different temperatures: (a) 35�C, (b) 40�C, (c) 45�C, and (d) 50�C.

Table IV. Grain size and roughness values of SnS thin films deposited at different temperatures

Deposition Temperature (�C) Grain Size (nm) Roughness (rms, nm)

35 288.58 127.92
40 278.76 108.19
45 215.94 126.81
50 204.62 115.74
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obtained with agitation times of 8 nm and 16 min,
respectively. In this work, the best SnS thin film
was deposited by CBD with an agitation time of
16 min, according to the XRD results, exhibiting
better crystallinity, crystallite size of 8.26 nm, and
lattice parameters of a = 4.30 Å, b = 10.55 Å, and
c = 3.89 Å. The optical properties showed a bandgap
of 1.65 eV, close to reported values.

In the study of the deposition temperature, the
crystallite size decreased to 5.28 nm as the temper-
ature was increased from 45�C to 50�C. The film
deposited at 40�C showed the largest crystallite size
with a value of 24.82 nm. Texture coefficient calcu-
lations showed that, at 40�C and 45�C, the amount
of crystallites oriented in the (1 2 0) plane was
higher while the (1 1 1) and (1 0 1) planes decreased.
The energy bandgap did not show changes, lying in
the range from 1.62 eV to 1.66 eV for all the
temperatures. Compositional analysis revealed that
the deposited thin films had higher Sn content when
the temperature was increased. AFM revealed thin
films with spherical grains. It was observed that
increasing the deposition temperature decreased
the grain size of 288 nm to 205 nm. The lowest
roughness of 108 nm was obtained at 40�C. The thin
films deposited at 40�C showed better crystallite
size, lattice parameters, and roughness, texture
coefficient, energy bandgap (1.62 eV), and grain size
of 278 nm. In further study, recrystallization of

such SnS thin films by thermal annealing will be
investigated.
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