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different temperatures 250, 350 and 450 °C. Structural properties of the
films were determined using X-ray diffraction (XRD) and field emission
scanning electron microscopy (FESEM). The X-ray diffraction results
showed that all the prepared films were polycrystalline, orthorhombic
in structure, and a preferred orientation (301),(602) and (111) . The
crystallinity of the thin film (SnS) increases with the increase in the
temperature (substrate). The electrical properties showed all thin films
p-type and D.C conductivity measurements showed that the conductivity
increased with increasing temperatures and I-V characteristics were also
studied under dark.
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INTRODUCTION

Thin film technology has been instrumental
in providing a clear recognizing of several of the
things that make up the world and crystalline
structure of the thin films, as well as knowledge
of the nature of electronic transitions and their
efficiency in the field of application, thanks in
part to this technology. Therefore,it has become
necessary nowadays to provide materials that
have high absorbency. This is because of its
importance in the manufacture of solar cells ,
gas sensors, LEDs, as well as photo electronic and
piezoelectric gadgets. one of these materials is
tin sulfide. Tin sulfide is a good absorbent layer
for solar cells [1]. It is a good energy source,
economically, is available in the ground, is non-
toxic and has a high optical absorption coefficient

* Corresponding Author Email: usulkadhom7@gmail.com

(>10* cm?') and high hole mobility (90 cm? V-1s?)
and quantum vyield for the exited carrier and
low recombination velocity.lt has the ionization
energy of 4.7 eV, work function of 4.2 eV and an
electron affinity of 3.59 eV .The selection of ohmic
contact for SnS films is easy because of its lower
work function [2,3]. It has a layer structure similar
to that of compounds like tin selenide (SnSe),
germanium sulfide (GeS), and germanium selenide
(GeSe).Because of their layered architectures and
strong anisotropic vibrational characteristics,
SnS materials display notable changes in their
physical characteristics when measured along
their crystallographic axes [4]. It exhibits both
type and n-type conductivity depending on the
tin and sulfur concentration and with temperature
treatment [5]. SnS has a consistent low-symmetric,
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double-layered orthorhombic crystal structure
with lattice parameters of a = 0.4329, b = 1.1192,
and ¢ =0.3984 nm. Due to the configuration of the
structural lattice with cations and anions, these
layer-structured materials are appealing for use in
a variety of device applications [6]. SnS the easiest
material system compared to other compound
semiconductors, such as Cu (In,Ga) (S,Se), (CIGS)
containing rare metals (In and Ga) or Cu,ZnSn
(S,Se), (CZTS) [7], Several ways to manufacture thin
films such as chemical spray pyrolysis ,sol-gel, bath
deposition , electrochemical deposition, atomic
layer deposition, etc. [8]. Each method has several
advantages and disadvantages, In this research,
was used chemical spray pyrolysis technique (CSP).
One of the main problems faced while depositing
SnS thin films is the formation of multiple phase
SnS such as Sn.S./SnS /Sn.S, films [9].But this
method is characterized by being inexpensive ,
economical, swift, simple preparation, it is used
with oxides to obtain high adhesion and large
areas of films. In addition, does not need a
vacuum system [10] . It is defined as the process of
thermal decomposition of the compound “forming
a precipitate” of residual materials and stable on
a hot substrate by the deposition of a solution of
salts of the materials to be prepared after that
the films begin to grow with the continuation of
the sedimentation process [11]. SnS as one of the
IV-VI group compound semiconductors with an
orthorhombic structure, is a strong alternative
worth developing as a photovoltaic absorber

owing to its suitable band gap (1.2-1.6 eV) that
lies between Silicon and germanium that enable
SnS thin films to be used as absorber layer in the
fabrication of photovoltaic devices [12].

MATERIALS AND METHODS

The spray solutions were prepared from a
substance Stannous chloride (SnCl,-2H,0) (with a
weight of 22.6.g), and from thiourea (CS(NH,),)
(with a weight of 7.6 g ) Standard (0.1) M. The
substances were dissolved in (100 ml of distilled
water). The required weights were calculated
using a sensitive balance The (Mettler) type has a
maximum capacity of 0.16 kg. After completing the
dissolution process and obtaining the appropriate
solution, the solution is left for some time and
then filtered well with filter paper until we obtain
a clear, homogeneous solution free of plankton
and ready for spraying.

Then The spraying process takes place at
temperatures(250,350 and 450)°C on glass panels
with dimensions of (2.54-2.54) cm. The deposition
process by chemical spray technique is shown in
Fig. 1. The distance from the nozzle to the base
is (25) cm and the diameter of the nozzle is ( 0.2)
mm. . It contains a cylindrical tank with a capacity
of (150)ml, open from the top with a radius of
(1.5)cm and a height of (10) cm. This tank is used
to put the solution to be sprayed. The air pressure
inside the glass room was adjusted to obtain a
fine atomizer in order to avoid the rapid decrease
in substrate temperature which will cause the

1- Spryer Nozzle

2- Iron Stand

3- Electric Heater
4- Thermocouple
5- potential Divider
6- Timer

7- A bottle of nitrogen gas.

Fig. 1. Diagram of Chemical Spray Pyrolysis
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glass substrate to be broken. In this work, the air
pressure was kept at (105 N/m?) to get uniform
films. After that, the plates are lifted from the
surface of the heater, and thus a thin, cohesive
film is obtained, free of stains, with a smooth
surface, and with high adhesion strength with
the glass. The films are homogeneous and do not
contain dark and light areas. So the solution is
sprayed with compressed air for a period of (4s),
then followed by a pause for (1)min to ensure that
the required base temperature is reached, then
another spray is followed for (4s). During cooling,
no stress occurred during the sedimentation
process, ensuring a homogeneous, spot-free
thin film with high adhesion to the base. The SnS
film with thickness (200) nm and measured by
by ellipsometry (Nano Cal 2000) in the University
of Tehran.

SnS film forms according to the following
reaction [13]:

SnCl, + (NH,)CS+2H,0 - SnS +2NH,Cl +CO,

Chemical techniques for the preparation of thin
films consist of several simple devices as shown in
Fig. 1.

RESULTS AND DISCUSSION
Structural properties of SnS
X-Ray Diffraction Analysis (XRD)
XRD patterns of the SnS films deposited on

glass substrate at different temperatures (250,350
and 450) °C are shown in Fig. 2. The XRD peaks
have been discovered at 26=31.7° and 26=38.5".
According to card number 26-0575 from the
International Center of Diffraction Data (ICDD).
The strongest peak is at 26=31.7°, which is known
as the preferred plane (301). We can be noticed
that all the patterns exhibit diffraction peaks
around (26=31°, 16.2°,21.4 °,26.7°, and 44.7 °)
referred to (111), (301), (311),(411), and (602)
favourite directions respectively as shown in Table
1. The positions of the peaks and the presence
of more than one diffraction peak lead to the
conclusion that the films are polycrystalline with
an orthorhombic crystalline structure when the
temperature of the substrate rises, the mobility
of the atoms on the surface rises, allowing them
to rearrange their locations to occupy more
stable places. For all films, the crystallite size was
calculated from (FWHM) ( B) of the preferred
orientation diffraction peak by using the Debye-
Sherrer s equation [14,15] .These results are in
agreement with previous research [16][17].

Field Scanning Electron Microscopy Analysis
(FESEM)

The morphology of a surface in which SnS films
grow at different temperatures is analyzed with
FESEM and the samples are shown in Fig. 3. The
surface has the same shapes of grains with grain
boundaries. With increasing the temperature

1200

& SnS

301

1000

800 ~

600

Intensity (A.U.)

400

200

T
40

e T3
s T2
e
N
o
o
— s
= [=]
L= oL
L] L
—_ — _L
o~
§ 8
- L
oA .
T T L
50 60 70 80
2theta (degree)

Fig. 2. X-ray diffraction (XRD) pattern of SnS thin film at 250,350 and 450 °C
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Table 1. Experimental XRD data for SnS films at 250,350 and450 °C.

Substrate 20 26 dhii dhki
Temperature (hkl) (Deg.) (Deg.) Exp Std. Fz/r\i:j')vl D (nm) Av?r:z:f)e b
TS (°C) Std Exp (nm) (nm)

(110) 22.667 22.731 3.9197 3.90887 0.933 8.8
(111) 26.732 26.587 3.33215 3.35 1.331 6.2
(301) 31.781 31.666 2.81338 2.82335 0.816 10.2
(311) 39.019 39.096 2.30656 2.3022 0.856 9.9
(411) 44.409 44.792 2.03829 2.02175 1.603 5.4 15.675

250 (212) 51.166 50.719 1.78385 1.79853 2.15 4.1 '
(170) 60.164 60.623 1.53678 1.52626 0.169 57
(222) 65.957 65.919 1.41515 1.41588 0.406 23.8
(110) 22.909 22.731 3.87879 3.90887 0.871 9.4
(111) 26.827 26.587 3.32054 3.35 0.577 14.4
(400) 31.066 31.666 2.8765 2.82335 0.548 15.3
(301) 31.903 31.987 2.80284 2.79575 0.827 10.1
(311) 38.527 39.096 2.33484 2.3022 0.23 37.9
(411) 44.845 44.792 2.0195 2.02175 0.393 22.3
(212) 50.676 50.719 1.79995 1.79853 0.274 33

350 23.88
(061) 52.508 52.591 1.74137 1.73882 0.326 27.9
(222) 65.094 65.504 1.43181 1.42384 0.249 39.1
(230) 73.363 73.335 1.28949 1.28991 0.345 294
(001) 22.909 22.731 3.87879 3.90887 0.3424 24
(130) 26.827 26.587 3.32054 3.35 0.3625 22.8
(111) 31.066 31.666 2.8765 2.82335 0.6244 13.3
(301) 16.2288 16.239 5.45731 5.454 1.0754 7.7

450 (311) 21.4677 21.499 4.13591 4.13 0.5237 16.3
(411) 26.7295 26.587 3.33247 3.35 0.4028 21.7
(121) 31.7086 31.666 2.81962 2.82335 0.2618 347 27.35
(1712) 38.5899 39.096 2.33119 2.3022 0.3424 28.2
(602) 44.7496 44.792 2.02357 2.02175 0.1424 70.7
(190) 51.085 51.177 1.78649 1.7835 0.3084 341

there is a change in the grain boundaries as well
as the grain size. When the films are deposited
at setting up substrate temperature of (250) °C it
can be seen that the particles are elongated and
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randomly the surface appears rougher. From the
SEM images, the average size of the grains is (34.7,
26.6 and 25.3) nm at (250,350 and 450)°C. At (450)
OC the crystallites are packed densely and grown
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with various sizes in different directions and it is
seen that it has pinhole-free, smoother, and more
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D2 = 45.69 nm

SEM MAG: 350 kx WD: 4.93 mm |
Det: SE SEM HV: 15.0kV | 100 nm
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Fig. 3. FESEM images of the SnS thin films at 250,350 and 450 °C

Table 2. Hall parameters for SnS thin films.

homogeneous film surface than films sprayed
at lower temperatures. The granular surface

Substrate Temperature Ru P (0 oc)rT pRT UH
°C (em3/C) (1/cm?) (q.cm)! (q.cm) (em?/V.s)
250 3.348E+7 2.447E+11 1.640E-5 6.097E+4 4,184 E +2
350 2.514E+7 1.236E+12 6.174E-5 1.620E+4 3.117E+2
450 5.705E+6 1.036E+11 6.489-5 1.541E+4 3.909E+3
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structure vanished at higher temperatures (350°C
and 450°C), and the films became thicker and
more compact. The decrease in surface defects
and holes and the appearance of grain borders
clearly indicates an improvement in the crystalline
structure of the film and means an improvement
in the properties of the film. These results are in

J Nanostruct 12(4): 859-869, Autumn 2022

agreement with previous research [10,16].

The Electrical Properties of SnS thin films
Hall Effect Measurements

All of the produced films had p-type
conductivity, according to Hall Effect tests (RH)
is determined by the magnitude of an incident
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Table 3. D.C. conductivity parameters for SnS thin films.

Substrate Temperature °C Eai( eV) Temp. Range (K) Ea2(eV) Temp. Range (K)
250 0.3850 (383-303) 0.0921 (383-473)
350 0.6329 (383-303) 0.1373 (383-473)
450 0.5358 (383-303) 0.4875 (383-473)

magnetic field on a film that is placed vertically in
front of it. The key parameters derived from Hall
Effect measurements, which provide positive RH
values, are shown in Table 2. Concentration (nH),
Hall mobility (u,), conductivity (o), and resistivity
(p) are all types of charge carriers . The mobility
increased in the sample at (350)°C, despite the
fact that the carrier concentration and resistivity
dropped. Furthermore, when the sample was
heated to 450°C, the carrier concentration and
resistivity rose, whereas mobility dropped. The
existence of disorder, high density of state, and
structural flaws in the film might explain the
high resistivity of the as-deposited samples [18],
for example. The carrier concentration dropped
when the sample was at (450)°C. Furthermore,
due of the enhanced mobility, the resistance was
reduced and the conductivity rose . These results
are in agreement with previous research [18,19].

D.C conductivity

The value of electrical conductivity was
calculated as a function of the temperature of SnS
thin films deposited on glass and is displayed in
Table 3. It can be noted that there is an increase
in the conductivity values with the increase in the
substrate temperature, Where the carriers need
high activation energy Ea to transport them from
V.Bto C.Band vice versa. Itis suitable to determine
in the intrinsic range the activation energies and in
the extrinsic range the main energy gap. By Plot
logarithm of the conductivity (Ln o) as a function
of 1000/T, by taking the slope of straight lines of
(-AE/k;). Table 3. shows increased charge carrier
concentration when the temperature reached
450°C to be less than that of the film deposited at
250°C. the conductivity increased with increasing
the temperatures and decreased the conductivity
increased with 1000/T. It can be noted that there
is an increase in the conductivity values with the
increase in the substrate temperature, Where the
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carriers need high activation energy Ea to transport
them from V.B to C.B and vice versa. It is suitable
to determine in the intrinsic range the activation
energies and in the extrinsic range the main
energy gap. By Plot logarithm of the conductivity
(Ln o) as a function of 1000/T, by taking the slope
of straight lines of (-AE/k,). From Fig. 4., it is
discovered that there is two-stage of conductivity.
The first activation energy (Ea,) at a lower
temperature range (308-383) K, the conduction
mechanism is due to the carrier excited into the
extended states beyond the mobility edge and the
second activation energy (Ea,) occurs at a higher
temperature range (383-473) K, the conduction
mechanism is due to carrier excited into localized
states at the edge of the band.These results are in
agreement with previous research [19,20].

Current-Voltage Characteristic of
SnSHeterojunction
Fig. 5 shows the current-voltage(l-V)

characteristics of SnS heterojunctions in the dark
state of the heterojunction manufactured with
different base temperatures (250,350, and 450)
in the cases of forward and reverse bias. . As we
note that the results showed a wave-like behavior
in @ symmetrical manner, in the forward and
reverse directions. Fitting has also been done, it
was represented by a straight line, which means
that the relationship between current and voltage
was linear according to the results announced
in. Thus, the concentration of the majority and
minority carriers is greater than the square of the
eigenvector concentration (np< n?) In order to
reach the state of equilibrium, a current is created
at low voltages called the re-arcending current,
and at higher voltages, there is no clear change in
the current with the bias voltage and this region
is called (Diffusion Region) or (the arcing) and it is
also called the series resistance.

In the reverse bias region, the bias voltage
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increases the width of the depletion region,
which leads to a decrease in the concentration
of the majority and minority carriers so that
their product is less than the square of the
auto carrier concentration (np> n?) In order to
reach the state of equilibrium, a current called
(Generation Current) At low voltages also, but
at higher voltages, the region is called (Diffusion
Region). Under dark condition, the current-voltage
(I-V) characteristics are important parameter to
identify the importance of the various components
under reverse and forward bias as well as other
important parameters. The |-V characteristic for
hetrojuctions at forward bias voltage for different
tempertures.These results are in agreement with
previous research [11,21].

CONCLUSION

Spray pyrolysis is a good technique in the
preparation of thin films The (XRD) measurements
of SnS thin films show that the structures are
polycrystalline orthorhombic type. It can be
concluded that all the films show a high intense
diffraction peak (301) of thin films. Als the
increase in the average crystallite size with an
increase in substrate temperature. SEM images
show that the average grain size decrease with
increases in the substrate temperature this shows
an improvement in the structural properties of the
prepared films. The Hall measurements showed
that the SnS thin films had p-type conductivity and
the Hall coefficient (R,) increased with increasing
substrate temperature. The D.C conductivity
measurements showed that the conductivity
inccreased with increasing the temperatures
because of increased charge carrier concentration
and decreased the conductivity with increased
with 1000/T. In addition, they have two activation
energies. The SnS structure showed the junction
behavior as a Schottky diode.
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