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Chapter

Binary Semiconductors Thin Films
Characterization for Solar Cells
Applications
Kenza Kamli and Zakaria Hadef

Abstract

The increasing development of technologies based on the thin films, imposed a
high quality of these films. The crucial importance for all applications of thin films
is related to the stability of their physical and morphological properties. Therefore,
to optimize the performances of the thin films it is recommended to study carefully
all their parameters in order to enhance the elaborated films. With this intention,
various characterizations methods were developed and carried out to study the
different qualities of thin films. In this chapter, we take an interest to the study of
the characteristics of some binary semiconductors thin films elaborated by ultra-
sonic spray pyrolysis, and which are destined for solar cells applications. Several
used characterizations techniques to the determination of the thin films properties
will be given; namely: X-rays diffraction (XRD), Scanning Electron Microscopy
(SEM), EDS (Energy Dispersive Spectroscopy), Hall effect and spectrophotometry
will be discussed in detail.

Keywords: Thin films, ultrasonic spray, X-rays diffraction, SEM, EDS,
spectrophotometry, Hall effect, Binary semiconductors

1. Introduction

The materials have different properties, which are described by their structure,
morphology and chemical composition. The determination of these properties and
the study of the different characteristics of the given materials in order to their
development is very necessary to achieve the requirements of the new technologies.
Therefore, materials characterization is a fundamental process in the field of
materials science.

While many characterization techniques have been practiced for centuries,
such as basic optical microscopy, but new techniques and methodologies are
constantly emerging. Detection ranges of the wide variety of instrumental analytical
techniques can be summarized versus the probe sizes/resolution as shown in
Figure 1.

This chapter is devoted to describe certain important characterization tech-
niques used in general to study and develop the different characteristics of certain
binary semiconductors thin films, which are used in solar cells, to get layers with
high performances.
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2. X-ray diffraction technique

The use of X-ray methods in the field of materials analysis is now entering its
eighth decade. X-ray diffraction techniques are a very useful characterization tool to
study, non-destructively, the crystallographic structure, chemical composition and
physical properties of materials and thin films. It can also be used to measure
various structural properties of these crystalline phases such as strain, grain size,
phase composition, and defect structure.

2.1 X-rays creation

The processes of X-rays creation are based on the energy loss of the energetic
electrons. Figure 2a shows the process of elastic and inelastic scattering where the
deflection, or more specifically the acceleration during the deflection would always
produce radiation.

Two routes including energy transfer between the incident electron and the
electrons of the atom, exists. Both of these processes involve a primary ionization
where a core electron is ejected from the atom. The ejected electron falls with an
excess energy, which can be disposed as an X-ray or Auger electron [1]. The
characteristic X-ray carries the full energy difference of the two electron states as
shown in Figure 2b. Furthermore, an X-ray for a diffraction experiment is charac-
terized by its wavelength, λ, but the energy, E, is typically more useful.

For XRD analysis, it is always required to use a coherent beam of monochro-
matic X-rays with a known wavelength [2]. That is why a right selection of metal
anode and energy (i.e., a known wavelength) of accelerated electrons is very
necessary.

2.2 Principle of measurements of X-rays diffraction

A crystal lattice consists of a regular arrangement of atoms, with layers of high
atomic density existing throughout the crystal structure. Knowledge of how atoms
are arranged into crystal structures and microstructures is the foundation on which
we build our understanding of the synthesis, structure and properties of materials [1].

Figure 1.
Schematic of detection ranges versus probe sizes/resolution.
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Planes of high atomic density means planes of high electron density. W.L. Bragg
derived a simple equation treating diffraction as reflection from planes in the
lattice.

nλ ¼ 2dhkl sinθ (1)

where n is an integer, dhkl is the distance inter reticular separating the plans
defined by the indices from Miller (h, k, l), θ the angle of incidence and thus of
reflexion compared to these plans and finally λ is the wavelength of photons X.

In fact, dhkl does not represent the inter-reticular distance only, but it is defined
too:

• the vector drawn from the origin of the unit cell to intersect the
crystallographic plane (hkl) at a 90° angle, called also the vector magnitude;

• and, it is a geometric function of the size and shape of the unit cell.

Bragg’s Law express and interpret the interaction of X-rays with sample, which
creates secondary “diffracted” beams generated in the form of cones of X-rays.
These beams are related to interplanar spacings in the crystalline powder according
to the Bragg’s mathematical relation.

Consequently, a family of planes produces a diffraction peak only at a specific
angle 2θ. Diffraction experiments are generally made at a fixed wavelength (as we
have mentioned above), thus a measure of the diffraction angles will allow the
associated d-spacings to be calculated.

Figure 3 show the Bragg X-ray diffraction condition.
X-ray diffraction peaks are produced by constructive interference of monochro-

matic beam scattered from each set of lattice planes at specific angles. X-ray dif-
fraction from crystalline solids occurs as a result of the interaction of X-rays with
the electron charge distribution in the crystal lattice. The ordered nature of the
electron charge distribution, which is distributed around atomic nuclei and is
regularly arranged with translational periodicity, means that superposition of the
scattered X-ray amplitudes will give rise to regions of constructive and destructive
interference producing a diffraction pattern.

Bragg’s equation tells us about the position of the diffraction peaks (in terms of θ),
but tells us nothing about the intensity. The intensities of the diffraction peaks are
determined by the arrangement of atoms in the entire crystal. These intensities can

Figure 2.
Interaction processes between a high-energy electron and an atom.

3

Binary Semiconductors Thin Films Characterization for Solar Cells Applications
DOI: http://dx.doi.org/10.5772/intechopen.100513



be explained by the variation of the square of the structure factor according to the
following equation [4]:

IhklαǀFhklǀ
2=Fhkl ¼

X

M

j¼1

N jf j exp 2πi hx j þ ky j þ lz j

� �h i

(2)

This factor, Fhkl, represent the sums of resulting scattering from all of the atoms
in the unit cell to form a diffraction peak from the (hkl) planes of atoms.

Nj is the fraction of every equivalent position that is occupied by atom j.
The three factors: xj, yj and zj, which are the fractional coordinates, represents

the atoms position in the atomic planes, and gives the first information about the
amplitude of scattered light.

The other information of the amplitude of scattered light is given by the scat-
tering factor fj, which quantifies the efficiency of X-ray scattering at any angle by
the group of electrons in each atom.

2.3 Sample preparation and diffractometer

Sample preparation is usually the most critical factor influencing the quality of the
analytical data. Preferably, the sample should exhibit a plane or flattened surface.

All conventional X-ray spectrometers comprise three basic parts: the primary
source unit, the spectrometer itself and the measuring electronics. The acquisitions
are generally carried out using a goniometer θ-2θ and by using a linear detector.

The diffraction pattern is collected by varying the incidence angle of the incoming
X-ray beam by θ and the scattering angle by 2θ while measuring the scattered
intensity I(2θ) as a function of the latter. Wide number of powder samples have been
measured by using these tools, but it is also applied to the investigation of thin films.

Nowadays, CCD detector or scintillation are used in the novel generation of
X-ray Diffractometer detector to record the angles and intensities of the diffracted
beams with high resolution.

2.4 X-ray diffraction applications

X-ray Diffraction is considered as one of the most useful characterization tech-
niques, because it is capable of providing general purpose qualitative and quantita-
tive information on the presence of phases in an unknown mixture. This technique
uses X-ray (or neutron) diffraction on powder or microcrystalline samples, where
ideally every possible crystalline orientation is represented equally.

Figure 3.
Bragg X-ray diffraction condition [3].
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Figure 4 shows the information we can get from an idealized diffraction pattern.
A diffraction pattern contains a good deal of information of which three

parameters are of special interest:

• The position of the diffraction maxima;

• The peak intensities;

• The intensity distribution as a function of diffraction angle.

The three pieces of information can be used in particular to identify and quan-
tify the contents of the sample, as well as to calculate the material’s crystallite size
and distribution, crystallinity, stress and strain.

The most traditional use of XRD can be summarized as shown below.

The diffraction pattern is like a fingerprint of the crystal structure. It is a
powerful and rapid technique for identification of an unknown material.

Figure 4.
Information content of an idealized diffraction pattern [5].
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2.4.1 Phases identification

Among these applications, the identification of unknown crystals in a sample
seems to be the most important. The idea is to match the positions and the intensi-
ties of the peaks in the observed diffraction pattern to a known pattern of peaks
from a standard sample or from a calculation.

A single crystal specimen in a diffractometer would produce only one family of
peaks in the diffraction pattern as given in Figure 5. According to this figure, we
can resume the most common cases of diffraction peaks identification used in
reality.

From Figure 5, we can distinguish three cases:

• The first case for Figure 5a shows at 2θ = 20.6°, that Bragg’s law fulfilled for the
(100) planes, producing a diffraction peak;

• The second for Figure 5b, the (110) planes would diffract at 2θ = 29.3°;
however, they are not properly aligned to produce a diffraction peak
(the perpendicular to those planes does not bisect the incident and diffracted
beams). Only background is observed;

• And the last one for Figure 5c, demonstrate that the (200) planes are parallel
to the (100) planes. Therefore, they also diffract for this crystal. Since d200 is
½ d100, they appear at 2θ = 42°.

Nevertheless, a polycrystalline sample should contain thousands of crystallites as
given in Figure 5d. Therefore, all possible diffraction peaks should be observed. For
every set of planes, there will be a small percentage of crystallites that are properly
oriented to diffract (the plane perpendicular bisects the incident and diffracted
beams).

Figure 5.
Information content of an idealized diffraction pattern [5].
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In addition, the position and the form of the peaks could give us some important
information about the lattice stresses.

As shown in Figure 6, it can be clearly noticed the difference between the
stressed and none stressed peaks. Cause, in the case of a uniform strain we note a
peak move with no shape changes, contrary to the non-uniform strain which
produce with the peak displacement a peak broadens.

2.4.2 Grain size

The determination of the crystallite size is based on the calculation of the width
with middle height of peak (Full Width at Half Maximum FWHM) expressed in
radian, according as mentioned before, to the well-known Sherrer formula
(Figure 7).

The identification of this parameter is as follow:
An increase in the width of the diffraction causes a decrease in the crystallite

size. Destructive interference of the all diffracted beams will result a sharp peak.
Complete destructive interference beside the Bragg angle is produced from taking
diffraction of large number of planes. Thereby, broadened peak can be observed
when the crystallites are of very small sizes in which there are not enough planes to
produce complete destructive interference.

Figure 6.
Strain effect on the diffraction peak [6].

Figure 7.
Determination of the FWHM [6].
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3. Scanning electron microscopy

Since its first commercialization, Scanning Electron Microscope (SEM) shows a
remarkable progress. This technique is now well known and used in many labora-
tories. A SEM can be utilized for high magnification imaging of almost all materials.

3.1 Principle

The SEM instrument is very suitable for different kinds of investigations. It is
possible to investigate for example the fiber in wood and paper, metal fracture
surfaces, production defects in rubber and plastic ect. [7]. Therefore, to be able to
interpret the different images and information’s collected by using SEM it is
essential to understand the principal of function of this tool.

The principle of operation is as follows:

• In a vacuum enclosure, an electron beam focused sweeps the surface of the
sample. According to the physicochemical nature of surface, secondary
electrons, retrodiffused or Auger electrons are emitted, certain electrons are
transmitted and others still dennent place has cathode-luminescence and
x-rays as shown in Figure 8.

• According to the type of detector used, the retro diffused electrons provide an
image topographic (contrast function of the relief) or an image of composition
(contrast function atomic number).

For the observation of the PZT, a light metallization is necessary so to evacuate
the loads.

3.2 Description of the microscope

A knowledgeable SEM operator should have a basic of contents, which can
simplify at this point:

• A source (electron gun) of the electron beam which is accelerated down the
column;

• A series of lenses (condenser and objective) which act to control the diameter
of the beam as well as to focus the beam on the specimen;

Figure 8.
Principe of electron beam/specimen interactions.
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• A series of apertures (micron-scale holes in metal film) which the beam passes
through and which affect properties of that beam;

• Controls for specimen position (x, y, z-height) and orientation (tilt, rotation);

• An area of beam/specimen interaction that generates several types of signals
that can be detected and processed to produce an image or spectra;

• System of pumping: 3 ionic pumps (vacuum of the column), a diffusion pump
equipped with a vane pump (vacuum of the room) and a vane pump for
hopper (Figure 9).

3.3 SEM applications

The different applications of this technique can be summarized as follow:

Figure 9.
Scheme of scanning electron microscope [8].
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4. Energy dispersive spectroscopy EDS

Energy dispersive X-ray spectroscopy (EDS, EDX or EDXRF) is an analytical
technique used for the elemental analysis or chemical characterization of a sample
(Figure 10).

4.1 Principle

The operating principle of EDS is based on the interaction between electromag-
netic radiation and matter; the X-rays emitted by the matter in response will be
collected and analyzed. This analysis is due to the fact that each element has its own
specific atomic structure; this latter allows the characteristic X-rays of the element
atomic structure to be identified uniquely from each other (Figure 11) [9].

Figure 10.
Energy dispersive spectroscopy (EDS).

Figure 11.
X-ray source region, with path of X-rays to the spectrometer.
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High energy beam of charged particles is focused into the sample being studied
in order to stimulate the emission of characteristic X-rays from the specimen.
Furthermore, an Energy Dispersive Spectrometer, EDS, is used in order to measure
the number and energy of the X-rays emitted from a specimen. As the energy of the
X-rays are characteristic of the difference in energy between the two shells, and of
the atomic structure of the element from which they were emitted, this allows the
elemental composition of the specimen to be measured [9].

4.2 EDS applications

The Energy-dispersive spectrometer is especially useful for qualitative analysis
because a complete spectrum can be obtained very quickly, but is also used for the
Quantitative analysis. This method permit to find what elements are present and
their quantities in an ‘unknown’ specimen by identifying the lines in the X-ray
spectrum using tables of energies or wavelengths (Figure 12) [10].

Six types of major artifacts may possibly be generated during the detecting
process:

• Peak Broadening;

• Peak distortion;

• Silicon x-ray escape peaks;

• Sum peaks;

• Silicon and gold absorption edges;

• Silicon internal fluorescence peak.

5. Spectrophotometry

The spectrophotometer has well been called the workhorse of the modern labo-
ratory. In particular, ultraviolet and visible spectrophotometry is the method of
choice in most laboratories concerned with the identification and measurement of
organic and inorganic compounds in a wide range of products and processes.

Figure 12.
EDX spectrum of (K,Na)NbO3.
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5.1 Principle

Spectrophotometry is commonly divided in two spectroscopic analyses:

• IR spectroscopy (Infrared spectroscopy), deals with the infrared region of the
electromagnetic spectrum, that is light with a longer wavelength and lower
frequency than visible light. It covers a range of techniques, mostly based on
absorption spectroscopy. As with all spectroscopic techniques, it can be used to
identify and study chemicals. The infrared spectrum of a sample is recorded by
passing a beam of infrared light through the sample. When the frequency of
the IR is the same as the vibrational frequency of a bond, absorption occurs.

• Ultraviolet–visible spectroscopy or ultraviolet–visible spectrophotometry
(UV–Vis or UV/Vis) refers to absorption spectroscopy or reflectance
spectroscopy in the ultraviolet–visible spectral region. This means it uses light
in the visible and adjacent (near-UV and near-infrared (NIR)) ranges
(Figure 13).

5.2 Description of the spectrophotometer

The instrument used in ultraviolet–visible spectroscopy is called a UV/Vis
spectrophotometer (Figure 14).

Figure 13.
Principle of operation UV–VIS spectrophotometer [11].
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The minimum requirements of an instrument to study absorption spectra
(a spectrophotometer) can be listed as below:

1.Radiation source with appropriate wavelengths.

2.Means of isolating light of a single wavelength and getting it to the sample
compartment - monochromator and optical geometry.

3.Means of introducing the test sample into the light beam - sample handling.

4.Means of detecting and measuring the light intensity.

5.3 Spectrophotometer applications

Samples characterization by using UV/Vis spectrophotometry works by
comparing the intensity light called reference (which represent the intensity of light
before it passes through a sample), with the measured intensity of light passing
through the sample. The ratio is called the transmittance (or absorbance), and is
usually expressed as a percentage. Therefore by using a spectrometer we can measure
Transmittance/Absorbance, and extract from it the following optical properties:

• Transmition/Absorption;

• Energy gap;

• Activation energy;

• Disorder;

• Refraction index.

6. Hall Effect

Hall Effect is a process in which a transverse electric field is developed in a solid
material when the material carrying an electric current is placed in a magnetic field
that is perpendicular to the current. Hall Effect was discovered by Edwin Herbert
Hall in 1879.

Hall effect is used to determine if a substance is a semiconductor or an insulator.
The nature of the charge carriers, resistivity and carrier’s mobility can be measured.

6.1 Principle and theory of Hall effect

The principle of Hall Effect states that when a current-carrying conductor or a
semiconductor is introduced to a perpendicular magnetic field, a voltage can be

Figure 14.
Schematic drawing of spectrophotometer basic construction [12].
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measured at the right angle to the current path. This effect of obtaining a measur-
able voltage is known as the Hall Effect (Figure 15).

When a conductive plate is connected to a circuit with a battery, then a current
starts flowing. The charge carriers will follow a linear path from one end of the plate
to the other end. The motion of charge carriers results in the production of magnetic
fields. When a magnet is placed near the plate, the magnetic field of the charge
carriers is distorted. This upsets the straight flow of the charge carriers. The force
which upsets the direction of flow of charge carriers is known as Lorentz force.

Due to the distortion in the magnetic field of the charge carriers, the nega-
tively charged electrons will be deflected to one side of the plate and positively
charged holes to the other side. A potential difference, known as the Hall
voltage will be generated between both sides of the plate which can be
measured using a meter.

The Hall voltage represented as VH is given by the formula:

VH ¼ IBð Þ= qndð Þ (3)

Here,
I: is the current flowing through the sensor;
B: is the magnetic Field Strength;
q: is the charge;
n: is the number of charge carriers per unit volume;
d: is the thickness of the sensor.

6.2 Hall coefficient

The Hall Coefficient RH is mathematically expressed as.

RH ¼ Ey= JBð Þ (4)

where: J is the current density of the carrier electron, Ey is the induced electric
field and B is the magnetic strength. The hall coefficient is positive if the number of
positive charges is more than the negative charges. Similarly, it is negative when
electrons are more than holes.

7. Binary semiconductors layers’ characterization

7.1 Tin monosulfide SnS

Tin monosulfide, SnS, seems to be one of the most important and the most
studied binary semiconductor compounds [14]. Indeed, it can be used in many

Figure 15.
Hall measurement HMS set up of CuO grown onto glass substrate [13].
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technological devices [15]. It is specifically used in solar cells [15], as an absorber
[16]. Stannous sulfide (SnS), is a very important candidate in photovoltaic applica-
tion due to his high characteristics such as: direct band gap with an almost optimum
value varying in the range 1.3–1.7 eV [17], high absorption coefficient (≈105 cm�1)
[18] and the orthorhombic structure [15]. In addition, it has an orthorhombic
structure [15].

By using a chemical ultrasonic spray deposition method (CUS) [13, 19–21], we
have elaborated two samples of SnS thin films on glass substrates. Solution of
(0.07 M) molarity was prepared by mixing tin chloride SnCl2 and thiourea (SC
(NH2)2) as sources of Sn and S respectively. The precursors were dissolved in
methanol. The experimental details are given in Table 1.

X-ray diffraction patterns of deposited SnS thin films at different deposition
time are shown in Figure 16.

The films were found to be polycrystalline with a relatively strong (120) peak. In
addition, the other weak peaks contained in the diffraction pattern indicates that
the prepared SnS films have the orthorhombic crystal structure according to the
PDF Card No. 033–1375. Other additional peaks appearing at 28.73°, 32,72° and

Figure 16.
XRD patterns of SnS layers deposited at different deposition time [21].

Deposition time (min.) Volume (ml) Substrate temperature (°C) Nozzle–substrate
distance (cm)

25 80 350 4.5

30

Table 1.
Experimental conditions used for the preparation of SnS thin films.
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49,78° can be attributed to the SnS2 phase (PDF Card No. 031–1399) which was
found to accompany the preparation of SnS [22].

The grain sizes and internal strains of the prepared films were calculated from
the XRD data using the standard Debye–Scherer formula, and are summarized in
Table 2.

The grain size calculated from the XRD diffraction spectrum varied from
16.54 nm to 19.07 nm when the deposition time was increased from 25 min. to
30 min. Similar values of the grain size have been found by other investigators
[23, 24]. These sizes values indicate the nanocrystalline nature of the films.

Films morphology and chemical composition was carried out using scanning
electron microscopy (SEM) and EDX technique. The typical SEM image of SnS thin
film deposited during 30 min. is shown in Figure 16. The film is homogeneous,
devoid of cracks and has a near stoichiometric ratio (Sn/S = 1.1). This smooth aspect
of the obtained film (which is consistent with the XRD) can be related to the
viscosity and the surface tension of methanol. Indeed, when using methanol as
solvent, the droplets are more easily spread on the substrate surface [21]. Further-
more, we notice, the presence of Al, Cl, Si and O elements which are not expected to
be in films and may originate from the glass substrates (Figure 17).

The optical band gap is calculated using the relation

αhνð Þ2 ¼ A hν� Eg

� �

(5)

where A is a constant, Eg is the optical band gap, ν is the frequency of the
incident photon and h is the Planck’s constant. The plots of (αhν)2 versus the photon
energy hν for direct transition for the film deposited during 30 min. is shown in
Figure 18. The band gap energy of this film is determined using the intercept of the
tangent to the plot with the abscissa axis.

The obtained optical band gap values of the two SnS thin films are summarized
in Table 3. We notice that the optical band gap of the prepared films decreases
when the deposition time increases. This decrease of the Eg can be due the grain size
increase [25].

Deposition time (min.) D (nm) Internal strain (ε�10�3)

25 16,54 2,09

30 19,07 1,82

Table 2.
Grain sizes and internal strain of SnS films.

Figure 17.
SEM images and EDX spectrum of SnS film prepared during 30 min [21].
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In Table 3 we report the electrical properties of the as-deposited SnS thin films.
Stannous sulfide is generally known to be a p type semiconductor [26]. Ionized

tin vacancies leads to create the acceptor levels [27].
The atomic ratio obtained from the EDX analysis, conduction type and resistiv-

ity are indicated in Table 3. We note that SnS films have an p-type conductivity,
with quasi-stoichiometric composition. Since the conductivity type of the SnS films
are essentially controlled by the excess in Sn concentration in the compound [21]. In
this case, the Sn atoms act as donor and lead to the n-type conduction. But due to
the quasi-stoichiometric nature of our films, they exhibit a p-type conductivity.
Furthermore, we note that the resistivity of the films decreases when the deposition
time increases. This variation can be attribute to the grain size increase as indicated
in Table 2. These results are consistent with the literature [18].

7.2 Tin disulfide SnS2

Tin disulfide (SnS2) was considered as one of very interesting tin sulfides semi-
conductors. SnS2 has been known for its potential applications in solar cells as well
as electrical switchings [28]. This material belongs to IV–VI group of semiconductor
compound with hexagonal crystal structure (a = 0.3648 nm, c = 0.5899 nm) [29]. It
has a wide band gap energy (2.88 eV) [30], and n-type electrical conductivity with
magnitude depending on the preparation methods.

SnS2 thin films were deposited onto ordinary glass substrates using the same
method CUS as for SnS. The precursors used as sources of tin (Sn) and sulfur (S)
are: (SnCl4: 2H2O) and (SC(NH2)2) respectively. Two different molarities of SnCl4
(MSn) were diluted with a fixed molarity (0.1 mol/l) of thiourea (MS) in methanol,

(a)

(b)

Figure 18.
(A) Plot of (αhv)2 vs. hν of SnS film. Inset: representation of the absorption coefficient α as a function of the
wavelength. (B) Optical band gap of SnS films [21].

Deposition time (min.) Sn / S (at.%) Conduction type Restivity (Ω.cm)

25 46.53 / 53.47 p-type 120

30 53.10 / 46.90 p-type 8.06

Table 3.
Electrical conductivity of of SnS films A and B and their deposition time.
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in order to study their effect on SnS2 properties. These experimental conditions are
summarized in Table 4.

Figure 19 shows the X-ray diffraction patterns of the elaborated films. From the
obtained spectra it can be noticed, that the films are polycrystalline with a preferred
orientation along the (001) direction and fit well with hexagonal SnS2 structure
according to the ASTM card number 23–0677. This indicates the presence of the
pure hexagonal β-SnS2 phase [31]. In addition, it can be noticed that, the main peak
intensity increases with increasing MSn molarity.

Structural properties of the two samples are given in Table 5.
It can be noticed that the grain size decreases when the molarity increases,

contrary to the strain. This comportment is due to the fact that grains growth is

Reagents molarity (mol/l) Volume
(ml)

Substrate
temperature (°C)

Deposition
time (min)

SnCl4: 2H2O Thiourea

0.06 0.1 30 350 10

0.07

Table 4.
Experimental conditions used for tin disulfide thin films elaborations.

Figure 19.
XRD patterns of SnS2 thin films deposited at different molarities [19].

Sample molarity
(mol/l)

Cristallite size
(nm)

Strain
(*10�3) %

Lattice
parameters

(Å)

Lattice parameters (Å)
according to JCPDS card

number 23–0677

0.06 16.98 2,049 a = 3.613

c = 5.889

Hexagonal structure

a = 3.648

c = 5.899
0.07 12.35 2,825 a = 3.603

c = 5.873

Table 5.
Structural parameters of dominate phase of the prepared films.
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controlled by the strain in film network. Because the presence of internal strain in
the film network cause a minimization in the grain growth driving forces, which
prevent the grain size enlargement during the film formation and vice-versa.

Morphological study of typical SnS2 thin film (Msn = 0.07 mol/l), shows that the
surface topography is dense and rough with an arbitrary distribution of the bubbles
(Figure 20).

On the other hand, the measurement of films resistivity revealed that this latter
decreases from 0.46x10

3 Ω.cm when the molarity increases and reaches its
minimum value of 0.18 x10

3 Ω.cm for MSn = 0.07 mol/l.
According to the obtained results, for the two studied materials, with the differ-

ent analysis techniques we can conclude that the good quality of the deposited films
and the low fabrication cost of the used method can lead to solar cells whose cost-
quality ratio is better than the solar cells which are fabricated by the other standard
process.
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Figure 20.
SEM image of as-synthesized SnS2 thin films [19].
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