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To grow SnS films, the spray pyrolysis deposition (SPD) process is applied. The films
were deposited at various substrate temperatures (ST) of 400, 450, and 500 degrees
Celsius for two hours. Through XRD analysis, the impact of St on the structure was
investigated. Peak (113) crystallite sizes were 13.16, 21.48, and 38.87 nm, respectively, at
base temperatures of (400, 450, and 500) °C. The effect of ST on the structure was
examined using XRD analysis. A predominat Peak at (113) plane. The crystallite sizes at
base temperatures of (400, 450, and 500) °C were 13.16, 21.48, and 38.87 nm,
respectively.
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1. Introduction

In the 1970s and 1980s, SnS attracted attention because of its possible use as an optical
storage medium. However, recent studies have examined its potential as a solar cell or
photovoltaic system due to its inexpensive cost, high absorption coefficient, and low toxicity [1].
SnS is a p-type semiconductor with an optical bandgap that ranges from 1.2 to 1.5 eV [2-3]. Many
applications, including photovoltaic devices [4-5], gas sensors [6-7], transistors [7], and
intercalation battery systems [8], benefit from the convenience of this chemical. SnS can be
deposited using a variety of methods, including spray pyrolysis [17], sol-gel [15], RF-magnetron
sputtering [13], SILAR [9], PLD [10], electrodeposition [11], EBE [12], and CBD [14]. Spray
pyrolysis deposition has created SnS nanostructures [18-20]. Spray pyrolysis deposition is a well-
known, straightforward, and low-temperature deposition technique capable of being utilized over
large areas with little effort [21]. The characterization of films by SPD can be controlled by several
parameters, namely base temperature [22]. The present work deals with the St and their impact on
the properties of the SnS films by SPD.

2. Experimental

SnS films were grown using the SPD method. Tin sulfide was prepared using a
combination of 0.1 M of SnCl,.5H,0 and 0.1 M of SC (NH,), resolved in deionized water. This
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solution is produced at 400, 450, and 500 °C on a glass base. The base-to-spout distance of 28 c¢m,
the spraying rate of 4 mL/min, the spraying period of 10, followed by a 1.5-minute break to
prevent base cooling, and the transporter gas of N2 were determined to be the ideal values. The
results obtained from the gravimetric approach are 300 + 30 nm. With a double-beam
spectrophotometer ((Shimatzu Japan)), the transmittance is measured. While AFM (AA3000 SPM)
was used to get surface topography, XRD (SHIMADZU XRD-6000) was used to locate the film
structure.

3. Results and discussion

Fig. 1 illustrates XRD spectra of deposited films. The film possesses multiple peaks
allocated to the (113), (200), (105), (115), (212), and (106) planes, which give it its polycrystalline
structure of orthorhombic SnS phases (according to ICDD card number (79-2193) [18]. Table 1
shows the crystallite sizes of the prepared film with base temperatures (T,).

Sherrer's formula [23, 25] is used to calculate the average crystalline size (D):

D= K 1
"~ Bcosh )

where A = (0.154nm), k = 0.9, 0 is Bragg’s angle. Film grown with 400°C has D equal to 13.166
nm of the peak (113). When increasing the base temperature from (450-500°C) the crystallite size
increases to (13.16-38.873nm), and microstrain value decreases from 0.0263 to 0.089 (Line*m™).
The increase in D values contributes to small crystallites merging to form larger crystallites. All
the results agree with the references [19].

The lattice strain (&) can be achieved by using the relation [26-28]:

0
- CZS @)

(9) can be obtained by using the relation [29-31]:

5=> 3

Figures 2 (a, b, ¢, and d) represent § , D, € and the & of SnS thin films at different Sr.

Intensity (a.u.)

20 [

Fig. 1. XRD styles of grown films.
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Fig. 2. (a) FWHM, (b) D, (c) ¢, and (d) 6 of intended films.
Table 1. Structural parameters of grown films.
3 ()
Samples hkl 20 FWHM D . 2. . - £
O(I; I(’lan)e © © (Emz) (Line*m™) | (Line. m?) a(A)
x107?2 x10" Standard | Calculated
400 (113) 26.64 0.62 13.166 26.32 5.77 4.162 4.164
450 (113) 26.64 0.38 21.482 16.15 2.17 4.162 4.160
500 (113) 26.64 0.21 38.873 8.97 6.61 4.162 4.160

AFM photographs with different base temperatures of 400, 450, and 500 °C are shown in

Figures 3, 4, and 5. The films' average roughness (Ra) dropped from 4.39 nm to 1.57 nm when ST
increased from 450 °C to 500 °C. The inactivation of the tin separation process on the surface
could cause this. Films developed at 450 °C had Ra of 4.39 nm and an average diameter of 70 nm,
while Ra at 400 °C (3.07 nm) had an average diameter Dav of 60 nm. In addition, the vacancy part
over the surface decreased and St increased from 450 to 500 °C (Table 2). As a result, compared to
films developed at 400 °C and 450 °C, the film roughness at 500 °C base was softer. When St
increases, Table 2's Dav, RMS, and Ra values demonstrate the formation of a high number of
smaller-sized crystallites. This effect might be explained by using ST to produce a larger density
of nucleation centers [20].
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Fig. 3. AFM Images at base temperatures of 400 °C.
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Fig. 4. AFM Images of Srat 450 °C.
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Fig. 5. AFM images of Srat 500 °C.

Table 2. Surface morphology of SnS films at 400, 450 and 500°C base temperatures.

Samples D, R, RMS
°C nm nm nm
400 60 3.07 3.55
450 70 4.39 5.14
500 80 1.57 3.1.83

Experimental measurements are usually made in terms of percentage transmittance (T),
which is defined as [33-35]:

I
T% =—% ©))
I
where [ is the light intensity after it passes through the sample and Io is the initial light intensity.

(T) spectra in UV-visible regions for (400, 450, and500°C) have been illustrated in Fig. 6. T was
increased via the increase in T,. A maximum T of 80% was found at T, of 400°C [36-38]. The rise
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in T is related to crystallinity enhancement when increased Sr. The energy bandgap E; was
located via equation 4 [39-41]:

(ahv)" = B(hv — E,) 4

where B is constant, n = 2 for direct transition. Fig. 7. Shows that the optical bandgap increases
with decreasing St from 3.23e¢V for the film annealed at 400°C. While at 450°C to 500°C, E,
decreased from 3.1 eV to 3.06 eV [42-44].

The absorption coefficient (o) of SnS is gained via equation 5 [44-46]:
a =23034/d 5)

where d and A represent film thickness and absorbance, respectively. Figure (8) displays o versus
wavelength. o is decreased with increasing of A and St. Values of o are (>10* cm™) [47-49],
suggesting the existence of direct transition. The results display that the absorption coefficient is

increased from (2x10%-3.75x10%cm™) with an increase in Sy. This result agrees with reference [52,
53].
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Fig. 6. Transmittance of SnS thin films at diff erent S.
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Fig. 7. Direct transition of the intended films.
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4. Conclusion

Using CPD, SnS thin films were produced with good base adhesion at three different base
temperatures (400, 450, and 500 °C). Film polycrystallinity is seen in XRD patterns, where the
(113) direction has a strong peak. The size of the crystallites ranged from 13 to 38 nm, and the
intensity peak of the films increased as the base temperature rose. The average particle size, as
determined by AFM images, ranged from 60 to 80 nm as ST grew. At 500 °C ST, the absorption
coefficient was 3.75X10* cm™. As ST climbed, the optical bandgap fell and demonstrated a
minimum of 3.06 ¢V for the 500 °C base. Ultimately, the findings indicated that St might enhance
the SnS nanostructured films regarding crystallite size.
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