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General introduction 

 Solar PV technology is one of the renewable technologies which have a potential to 

shape a clean, reliable, scalable and affordable electricity system for the future [1].  

 To achieve cost-effective thin film solar cells for large-scale production of solar 

energy, the absorbing semiconductor material used in the device needs to satisfy many 

requirements. First, the constituent elements should be inexpensive, non-toxic, and 

abundant. Second, to obtain high energy conversion efficiency, the material should have 

appropriate optical and electrical properties such as a suitable optical band gap, a high 

optical absorption coefficient, a high quantum yield for the excited carriers, a long carrier 

diffusion length, and a low recombination velocity [2]. Thin-film solar cells are 

commercially used in several technologies, including cadmium telluride (CdTe), copper 

indium gallium diselenide (CIGS), and amorphous thin-film silicon (a-Si). Amorphous Si 

(a-Si) PV modules are the primitive solar cells that are first to be manufactured 

industrially. Amorphous (a-Si) solar cells can be manufactured at a low processing 

temperature, thereby permitting the use of various low cost, polymer and other flexible 

substrates. These substrates require a smaller amount of energy for processing [3]. 

Therefore, a-Si amorphous solar cell is comparatively cheaper and widely available. The 

mainissue of a-Si solar cell is the poor and almost unstable efficiency. The cell efficiency 

automatically falls at PV module level. Currently, the efficiencies of commercial PV 

modules vary in the range of 4% - 8%. They can be easily operated at elevated 

temperatures, and are suitable for the changing climatic conditions where sun shines for 

few hours [4]. Thin-film CdTe solar cells are one of the most promising thin-film PV 

devices with a band gap of 1.45 eV it has an excellent match with the solar spectrum. Since 

these are direct band gap semiconductors with high absorption coefficient, very thin 

absorber layer are needed to absorb the photons. Theoretical efficiencies for these devices 

are about 26%. Laboratory efficiencies of 16.5% for thin-film CdTe solar cell has been 

demonstrated by NREL scientists [5]. Chalcopyrite based solar modules combine 

advantages of thin film technology with the efficiency and stability of conventional 

crystalline silicon cells. It is therefore believed that chalcopyrite based modules can take up 

a large part of the photovoltaic market growth once true mass production is started [6]. 

Chalcopyrites are compounds based on the use of elements from groups I, III and VI of the 

https://en.wikipedia.org/wiki/Cadmium_telluride_photovoltaics
https://en.wikipedia.org/wiki/Copper_indium_gallium_selenide_solar_cells
https://en.wikipedia.org/wiki/Copper_indium_gallium_selenide_solar_cells
https://en.wikipedia.org/wiki/Copper_indium_gallium_selenide_solar_cells
https://en.wikipedia.org/wiki/Amorphous_silicon
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periodic table and include copper indium diselenide (CuInSe
2
), copper gallium indium 

diselenide (CuGa
1-x

In
x
Se

2
) and copper indium disulphide (CuInS

2
). One refers to these 

cells as CI(G)S solar cells. As with amorphous silicon and cadmium telluride these 

materials have direct energy band gaps and high optical absorption coefficients for photons 

with energies greater than the energy band gap making it possible for a few microns of 

absorber layer material to absorb most of the incident light [7]. But there were material 

disadvantages in the toxicity of Cd and the rarity of indium and tellurium. Although 

tellurium is currently in low demand, up-scaled production of CdTe could potentially 

produce a price spike that would exclude CdTe from being an economic solar energy 

conversion material. 

 Searching for thin film materials for solar energy conversion and other related 

applications has been recently identified. Compared to other studies, using metal 

chalcogenides, as a class of materials, had shown somewhat superior performance [8]. 

Among the new materials that have attracted considerable attention in the binary is 

composed of tin sulfide due to its interesting physico-chemical properties, and which could 

also replace other material such as quaternary CuInGaSe2 in photovoltaics [9]. Tin sulfides 

are materials of technological importance, which are being explored as semiconductors, 

anode materials for Li ion batteries, photoconductors, photocatalysts and absorber layer 

materials in photovoltaic solar cell devices [10]. In the phase diagram of the SnïS binary 

system, there are three stoichiometric compounds known, with different tin to sulfur ratios: 

SnS, Sn2S3 and SnS2 that are the most interesting [11] materials according to technological 

standpoint. In addition, the tin sulfide SnS has many advantages for photovoltaic 

applications such as the gap that can approach the optimum for the conversion of solar 

energy (1.50 eV) [12], low cost, non-natural toxic and easily developed because these 

components are very abundant on earth. Moreover, SnS2 as an n-type semiconductor, has a 

layered hexagonal structure with a larger band gap varying (0.8ï2.88 eV), it is a good light 

absorber (absorption coefficient of 10
4
 cm

_1
) [13], it is known for its intriguing optical, 

electrical properties and potential applications. Several deposition techniques have been 

used to prepare tin sulfide thin films, including: chemical bath deposition method (CBD), 

thermal evaporation, RF sputtering, electrochemical deposition, hot wall method, novel 

hydrothermal method, successive ionic layer adsorption and reaction method (SILAR), 

pulseelectro-deposition method, spray pyrolysis, electron beam evaporation, plasma-

enhanced chemical vapor deposition (PECVD), and dip coating method. 
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 The purpose of the following work is to study of thin layers of tin sulfide (SnS) 

prepared by spray ultrasonic technique for technological applications .The ultrasonic spray 

method adopted in this work is an inexpensive technique, easy to implement and offers the 

possibility to deposit films on large areas and develop the various component layers of the 

solar cell. 

The work described in this thesis is presented in 5 chapters, as follows: 

 The first chapter will include general properties of semiconductors IV-VI especially 

on tin sulfide (crystallographic structure, optical and electrical properties ......) and their 

applications. Finally we give the different techniques for depositing tin sulfide. 

 In the second chapter, firstly we describe the ultrasonic spray pyrolysis technique to 

deposit tin sulfide thin film (SnS). After that, we will depict the various experimental 

techniques for characterization of our samples. 

 In the third chapter, we studied the influence of deposition time on the structural, 

optical and electrical properties of SnS thin film produced by ultrasonic spray.  

 The fourth chapter is dedicated to the effect of the solution flow rate on the sprayed 

SnS thin films properties. 

 In the last chapter, the effect of the substrate temperature on tin sulfide thin films 

deposited by ultrasonic spray method is offered. 

 Finally, we report general conclusion about the results obtained in this work.
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I.1.Introduction                

 We present in this chapter the general properties of semiconductors IV-VI and tin 

sulfide (crystallographic structure, optical and electrical properties ......). In addition, we 

give those technological applications of tin sulfide and various deposition techniques. 

I.2 .Semiconductor type IV-VI  

 Metal chalcogenide semiconductors are used as sensors, and polarizers as 

thermoelectric cooling materials [1]. 

I.2.1.Trends in Group IV  

The chemistry of silicon, germanium, tin and lead is very different from that 

carbon. While the latter properties are strictly those of a non-metal, the metallic character 

of its congeners increases when descending from the group: tin, especially lead, are clearly 

metal. All group elements, with the exception of lead, have at least one solid phase having 

the diamond structure. In the case of tin, diamond variety (gray tin) is metastable with 

respect to another form (white tin) in which each tin atom has six neighbors (octahedral 

environment strongly deformed). Lead has a compact cubic structure. 

Å The electronegativity decreases lead to silicon;  

Å The tendency to catenation decreases in the order C >> Si > >> Ge å Sn >>Pb parallel to 

the binding energy E-E; 

Å The coordination number is limited to 4 for carbon, but can exceed 4 other dogs because 

of the availability of d orbitals from silicon; 

Å In the oxidation state IV, all tetrahedral elements form compounds which can be resolved 

into enantiomers with all four substituents are different; 

Å The oxidation state II is more stable when down in the group. It is the most stable state 

for the lead; 

Å In the oxidation state II, the compounds possess a lone pair of electrons that can be 

stereochemically active (SnCl
-3
 is pyramidal) [1]. 

I.2.2. Trends in Group VI 

I.2.2.1. Chalcogen and metal chalcogenides 

I.2.2.1. a. Chalcogen 
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¶ History  

 In 1869, when Mendeleev proposed his table of chemical elements, the four first 

elements of the oxygen family were already known. The group of these elements 

represents the latest so-called "Chalcogen". 

 The term "Chalcogen" was proposed around 1930 by Warner Fisher, when he 

worked in the group of "Wilhelm Blitz" at the University of Hanover, to designate 

elements of the group16. This term derived from the ancient Greek ɢŬɚkɧɠ (khalkos) 

meaning "copper - brass (bronze)" followed by the Greek ɔŮɜɜɎɤ suffix (gene) or Latin 

generare (birth) was quickly accepted by the German chemists, including Heinrich Remy 

recommended its official use in 1938, with the agreement of members of the International 

Union Committee on Inorganic Chemistry (IUPAC later). Then it was internationally 

recognized that the elements: oxygen, sulfur, selenium and tellurium; which were called 

"Chalcogen" and their compounds "chalcogenides". 

Chalcogen family currently has six elements: oxygen (O), sulfur (S), the Selenium (Se), 

tellurium (Te), polonium (Po) and element 116 - ununhexium (Uuh) [2]. 

Å Place the family of elements "chalcogens" in the periodic table 

 Column 16 or VIA (chalcogen) of the periodic table, to the right of this group of 

four columns (Table.I.1), consists of three non-metal elements (O, S, Se), two-metals (Te, 

Po) and a metal (Uuh). 

 

Tab.I.1: Elements of the column 16 (VIA). 

 

 

 

 

 

 

 

 

 

 

 

 All elements of this family have six electrons in the valence shell (ns
2
 np

4
) or ns

2
 

(n-1) d
10

 np
4
 as shown in table.I.2  that is why they have a strong tendency to capture two 

 Column N° 

Period N° 13 14 15 16 

2 B  C  N  O 

3 Al  Si  P  S 

4 Ga  Ge  As  Se 

5 In  Sn  Sb  Te 

6 Tl  Pb  Bi Po 

7 Uut  Uu

q  

Uu

p 

Uuh 
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electrons or form two covalent bonds to acquire a saturated layer, in order to respect the 

octet rule [2] . 

Tab.I.2: Electronic Structures chalcogen elements. 

Element Symbol Electronic structure 

Oxygen O [He] 2s
2
 2p

4
 

Sulfur  S [Ne] 3s
2
 3p

4
 

Selenium Se [Ar] 3d
10

 4s
2
 4p

4
 

Tellurium  Te [Kr] 4d
10

 5s
2
 5p

4
 

Polonium Po [Xe] 4f
14

 5d
10

 6s
2
 6p

4
 

ununhexium Uuh [Rn] 5f
14

 6d
10

 7s
2
 7p

4
 

 

 The sulfide component represents 0.60% of the land mass but only 0.34% of the 

mass of the earth's crust. These are sulfides and sulfates (sixteenth place for classification 

abundance).The sulfur promotes the oxidation state + VI, selenium and tellurium the 

oxidation state + IV. 

I.2.2.1. b. Metal chalcogenides 

 The elements of column 6 formed with metals and nonmetals of binary and ternary 

compounds. While with the transition metals, S, Se and Te form non-stoichiometric 

compounds, glasses and sometimes alloys. Some of them are investigated for their optical, 

electrical and magnetic properties [2]. Today research into chalcogenide prepared by 

various techniques has resulted in many applications: infrared optics, optical fibers, 

thermal imaging, photovoltaic cells of the third generation, and materials for magnetic 

information storage. Chalcogenides are known for their following properties: 

¶ They are non-balanced and highly metastable substances. Exposure to light can 

cause their transformation to a state close to equilibrium. 

¶ They have orbits unbound (free pairs), which form the top of the valence band 

states. These orbits can be transferred to related orbits and vice versa.  

¶  "Free volume" of the chalcogen is relatively large, making the flexible structure. 

The largest photo-induced change of the optical properties was found for systems with 

the largest free volume. 

 Based on the foregoing, significant changes due to the exposure to light, in the 

structure and these properties are changes: structure, refractive index, photodecomposition, 

thickness, absorption coefficient and reactivity (solubility in chemical solvents). Some of 

these changes can be caused by densification, polymerization, the homogenization of films, 
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and the formation of defects (charged or neutral) and localized electronic states in the tails 

of bands conduction and valence, etc [2]. 

I.2.2.1. c. Metal sulfides 

 

 Metal sulfides are advanced materials with intriguing physical and chemical 

properties. They have received great attention and have been studied for decades. Naturally 

occurring metal sulfides also constitute an important source of metals. Some elements of 

the periodic table that do not exist in elemental form on earth are abundant in sulfide ores. 

Lead is one of these metals that can be rarely found in free elemental form but exists as a 

sulfide ore, galena (PbS), which is the major source of lead. Other metal sulfide mineral 

sources like pyrite (FeS2), sphalerite (ZnS), cinnabar (HgS), stibnite (Sb2S3) and chalcocite 

(Cu2S) are also present in nature. Apart from being major metal sources, metal sulfides 

alleviate many recent challenges especially in the field of energy as the requirement of cost 

effective, efficient and environmentally benign advanced energy storage and conversion 

devices, including solar cells, fuel cells, and lithium ion batteries is gaining importance. 

They are considered materials of great significance due to their exceptional optical, 

electronic and mechanical properties, and are widely used as solid lubricants, catalysts, 

sensors, in thermoelectric devices, solar cells, light emitting diodes, as lithium battery 

electrodes, photoconductors and shockwave resistant materials [3]. 

I.2.3. Some properties of the elementary constituents of IV-VI compounds 

The main properties of elements of group IV of the Periodic Table: Carbon (C), 

silicon (Si), germanium (Ge), Tin (Sn) and lead (Pb) are shown in the following table: 

Tab.I.3: Main properties of group IV elements. 

 

Physical properties C Si Ge Sn Pb 

Atomic number 6 14 32 50 82 

Atomic weight  

(g / mol) 

12.011 28.0855 72.59 118.710 207.2 

Density (g/cm
3
) 2.62 2.33 5.32 7.30 11.4 

Crystal structure Diamond Diamond Diamond Diamond - 

network constant 

(Å) 

3.56683 5.43095 5.64613 6.48920 - 

Melting 

temperature (°K) 

4100 1685 1210.4 505.06 600.6 

Boiling 

temperature (°K) 

4470 3540 3107 2876 2023 
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 The properties of the elements of group VI: Oxygen (O), Sulphur (S), selenium 

(Se), tellurium (Te) is shown in table.I.4. 

 
Tab.I.4: Main properties of the elements of Group VI. 

 
Physical properties O S Se Te 

Atomic number 8 16 34 52 

Atomic weight (g/ 

mol) 

15.9994 32.06 78.96 127.60 

Density (g/cm
3
) 1.429 2.62 2.33 5.32 

Crystal structure  rhomboedric hexagonal hexagonal 

network constant 

(Å) 

- - a = 4.355 -4.750 

c = 4.72 ï 4.949 

a = 4.4570 

c = 5.9290 

Melting 

temperature (°K) 

50.35 388.36 494 722.65 

Boiling 

temperature (°K) 

90.18 717.75 958 1261 

 All these elements of IV and VI groups can together form compounds: oxides 

(SiO2, SnO2), sulfides (SnS, GeS), selenide (SnSe, PbSe), telluride (PbTe, GeTe) and other 

compounds [4]. 

 Therefore, the IV-VI semiconductors are formed by the association of atoms from 

column IV with those in column VI of the periodic table of the chemical elements (The 

elements shown in both tables I.3 and I.4). 

 

I.2.4. Crystal structure of IV -VI elements 

 Crystallography MN compounds (poor Metals and Non-metals) some problems due 

to the polymorphism of these compounds. 

The new IV-VI semiconductor MX (M = Ge, Sn, Pb, X = S, Se, Te) are isoelectronic with 

the group V element and crystallizes under ambient conditions with three different 

structures, which are similar to those elements of the group V. the lighter compounds GhG 

GeSe, SnS and SnSe crystallize with the GHG standard structure (B16) which is bit like 

the black phosphorus structure [5]. The heavier compounds SnTe, PbS, PbSe and PbTe 

crystallize with the NaCl structure (B1) [6], a bit like the simple cubic phase high pressure 

black phosphorus [7]. GeTe crystallizes with the rhombohedral structure and is analogous 

to the binary gray arsenic, structure (A7) [4]. 
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I.3. Tin sulfide 

 Works on SnS dates back to the beginning of the twentieth century SnS was first 

reported by a German mineralogist Herzenberg in 1932 [8]. Since then, reports are 

available on the various structural, optical and electronic properties of the material. 

 Binary compounds based on Sn-S system have a high potential use in 

optoelectronic devices. Tin sulfide form a variety of phases, such as SnS, SnS2, Sn2S3, 

Sn3S4, etc. due to polyvalent coordination features tin and sulfur. From a technological 

standpoint, tin mono-sulfide (SnS) disulfide tin (SnS2) and the compound of Sn2S3 are 

among the most interesting materials [9]. And especially the two forms: SnS2 and SnS are 

the most important technological point of view [10].  

 

I.3.2. Physical properties of tin sulfide 

I .3.2.1.The macroscopic appearance of tin sulfide 
 

 Most researchers have found that the color of tin sulfide thin films attributed to 

their appeared phases and the temperature [10-13]. Lee A. Burton et al found three phases 

of SnS, with dark gray SnS, black needles of Sn2S3, and yellow flakes of SnS2 (See 

figure.I.1) [14].  

 
SnS                       SnS2                                  Sn2S3 

 

Fig.I.1: Macroscopic appearance of tin sulfide [14] . 

 

I.3.2.2. Growth Kinetics 

The thickness of the tin sulfide film varies depending on several deposition 

parameters, such as the temperature, the deposition time, molarity of solution and flow 

rate. Figure.I.2 shows the variation of the thickness of SnS films deposited by a chemical 

technique (CBD) depending on the deposition temperature. The kinetics of growth film on 

function deposition temperature is generally in three stages: incubation or nucleation, 

growth nucleons or films, stunting movies and a fourth stage corresponding to the reducing 

the thickness [11]. 
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                                           Fig.I.2: Variation of film thickness with substrate temperature [11] .  

I.3.2.3. Structural properties 

I.3.2.3. a. Crystal Structure 

There are mainly three types of crystal structure for SnS [15]: 

ü The orthorhombic structure. 

ü Zinc blende structure. 

ü The NaCl structure. 

Most films of SnS generally has orthorhombic structure (which theoretically has the 

following lattice parameters: a = 0.398 nm, b = 0.433 nm, c = 1.118 nm reference 

database code. 01-075-0925).Only literatures reported preparing the zinc blende 

structure or NaCl films SnS [15].  

   (a (b 

Fig.I.3: The unit cell of the a) orthorhombic structure [15]  and b) zinc blende of SnS [16].    

 

From this figure we see that the ZB structure is more compact and hard than that of 

the orthorhombic, indeed the GOLD structure is formed by sheets which are connected by 

Vander Waals forces (weak forces) [17]. 

Table.I.5 shows the basic parameters at 300 K of tin sulfide. 

 

Sn 
S 
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Tab.I.5: Basic Parameters at 300 K [18] . 

Crystal structure Orthorhombic  

 

Debye temperature 
 

270 K 

Density 
 

5.08 g/cm
3
 

Linear thermal expansion coefficient 
 

Ŭ = 2.8*10
-7
 K

-1
 

Heat capacity 
 

CP = 45 J mol
-1
 K

-1
 

 

Lattice constants a= 4.33 Å, b = 11.18 Å et c = 3.98 Å 

 

Tin disulfide (SnS2) is a semiconductor layer to CdI2 type structure [19], or PbI2 

with a primitive cell Hexagonal (a = 0.3648 nm, c = 0.5899 nm) [20, 13]. It is composed of 

tin atoms sheets sandwiched between two sheets clamped sulfur atoms [19].  

 

 

Fig.I.4: CdI2-type crystal structure of SnS2, (a) trigonal unit cell, (b) and layered structure (dark 

spheres represent S and light spheres represent Sn) [3] . 

It can also be in the trigonal structure [7], but in very rare cases. 

 

 Sn2S3 naturally occurs as a mineral named ottemanite. It exists in four polymorphs, 

Ŭ, ɓ, ɔ, and ŭ- Sn2S3, as shown in the phase diagram in figure.I.5 [21].Sn-NMR studies 

reveal that it is the only mixed valence compound in the Sn-S system, consisting of a 

mixture of Sn(II) and Sn(IV) ions[22]. It usually forms needle shaped crystals and exhibits 

an orthorhombic structure in space group Pnma with a = 8.878 Å, b = 3.751 Å and c = 

14.020 Å [23, 24]. The structure consists of Sn (IV) ions that occupy chain-center positions 

with octahedral symmetry, thus forming infinite double strings of SnS6 octahedra parallel 

to the c-axis. Sn (II) atoms are attached laterally, occupying chain-end positions possessing 

trigonal pyramidal symmetry [25]. 
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Fig.I.5: Orthorhombic crystal structure of Sn2S3, (a) unit cell, and (b) chain structure. (Black 

spheres represent S, dark grey spheres represent Sn (IV) and light spheres represent Sn (II)) [3] . 

 

 The crystal structure and physical properties of tin sulfide thin films are sensitive to 

the method and the deposition conditions.  

 The XRD diffraction spectra recorded in films prepared by spray pyrolysis with 

various substrate temperature and solution flow rate shown in following figure. 
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 a b 

   c 
                                                                                                

 

Fig.I.6:X-ray diffraction patterns of SnxSy thin films prepared by :a) various solution rates, 

b)various substrate temperatures TS=320°C,370 °C, 420 °C and 470 °C [26] ,c) substrate 

temperatures TS=300°C,350 °C, 400 °C, 450 °C and 500 °C [11] . 

 

 Figure.I.6 shows the XRD patterns of the deposited SnxSy films with different spray 

rates and various substrate temperatures. The XRD patterns of thin films prepared with 

spray rates of 2 and 5 mL/min display an amorphous structure and thin films prepared by 

solution rates of 10 and 15 mL/min display a polycrystalline structure corresponding to 

SnS2 and SnO2 phases [26]. The XRD patterns of films prepared with various substrate 

temperatures indicates that Ts = 370°C is the best substrate temperature for the highest 

structural order. Increasing the substrate temperature higher than 370 °C would lead to the 

scope of sulfur from the lattice and, finally, the formation of an amorphous structure. As 

can be seen, the temperature range of 320ï370 °C corresponds to the highest domination of 

the SnS2 phase. When Ts increases to 420 °C, the peak corresponding to SnS2 disappears 

[26]. But in the last spectra when TS was in the range 300 °C to 400 °C, all the films were 
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uniform, free of pinholes and crack. Their films had predominant SnS phase, crystallized in 

herzenbergate orthorhombic structure [11]. 

 In the table.I.6 we have summarized the structure, grain size and preferred 

orientation reported in the literature for tin sulfide deposited by different deposition 

techniques. From this table note that the hexagonal structure of tin sulfide is the most 

stable and the most observed when compared by orthorhombic structure but the zinc 

blende rarely observed. Many studies have confirmed the influence of factors on the crystal 

structure of tin sulfide films deposited by spray pyrolysis technique. Among which we 

mention: the substrate temperature, deposition time, the nature and concentrations of 

source solutions, pH, and the type of substrate and flow rate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Chapter I Physical properties of tin sulfide and deposition techniques 

 

  

17 

Tab.I.6: Structure, preferred grain size and orientation of thin films of SnS prepared by different 

techniques 

 

Technique Parameters studied Structure D(nm) (hkl) Phase Ref 

 

 

Chemical 

bath 

deposition 

CBD 

 

Deposition time 

 

Orthorombic 23 nm  (1 1 0)  SnS 

 

[27] 

The ammonia content 

in the reaction bath 

 Hexagonal 25-40 

nm 

  (001) SnS2 [28] 

Copper doped 

concentrations y= 

[Cu]/[Sn] 

zinc blend (ZB) 43- 53 

nm 

 (111) SnS [29] 

co-

evaporation 

Substrate temperature: 

80ï325°C 

 

hexagonal+ 

orthorhombic 

    

       / 

 

(001)+(130)+ 

(111) 

SnS2+ 

Sn2S3+   

SnS 

[30] 

plasma-

enhanced 

chemical 

vapor 

deposition 

(PECVD) 

Different substrates: 

- Soda-lime glass 

- Silicon slices 

- FTO coated glass 

 

Hexagonal 

-25.8 

nm. 

-21.6 

nm. 

-16.2 

nm. 

 

(001) 

SnS2 [31] 

 

 

 

 

 

 

 
spray 

pyrolysis 

Substrate temperature: 

348 K- 423 K 

- hexagonal 

+orthorhombic 

 

-35nm 

-53 nm 

-71 nm 

(002) 

(104) 

(100) 

SnS2+ 

Sn2S3 

 

 

 

[32] 

 

Substrate temperature: 

  300ï350°C 

Orthorhombic -200ï

250 nm 

(111) SnS [33] 

Substrate temperature: 

320ï488 °C  

 

Orthorhombic + 

hexagonal 

 

-14.6 

nm 

 (111),(001), 

(002),(211), 

(110) 

SnS+ 

SnS2+ 

Sn2S3+ 

SnO2 

[34] 

Substrate temperature: 

300°C-500°C 

 

Orthorhombic+ 

hexagonal 

 

-10nm (111)  SnS+ 

Sn2S3 

 SnS2 

 

[11] 

Dip coating  150ï300 °C Hexagonal 14 nm  (001) SnS2 [10] 

Dip 

technique 

Temperature  

200°C-360°C 

hexagonal+ 

orthorhombic 

 

 1 µm. (001)+(040) SnS2+ 

SnS 

 

[13] 
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 M.Calixto-Rodriguez [34], et al prepared films SnS by the spray pyrolysis 

technique on glass substrates at temperature between 320ï488 °C. The films deposited at 

Ts between 320 and 455 ÁC show one peak located at 2ɗ=31.54Á which corresponds to the 

preferential orientation (111) of the SnS phase with orthorhombic structure. While thin 

films deposited at Ts between 376 and 396 °C show better recrystallization for the SnS 

phase and two small peaks corresponds SnS2 and Sn2S3.However, when Ts is increased up 

to 488°C the peak corresponding to the SnS2 disappears, and the material is almost 

completely converted to SnO2. It is to explain the emergence of SnO2 by considering the 

carrier gas employed, as the oxygen from air oxidize the tin of the solution prior to react 

with sulfur, due to the higher energies involved in the process [34]. On the other hand, the 

presence of the phase SnO2 at high temperature is due to the vaporization of sulfur since it 

is known as a very volatile element that is why the oxygen replaces. This has been 

confirmed by several authors [35-37]. 

 According to our literature review, the hexagonal structure of SnS2 phase can be 

stable only to smaller crystallite sizes [1, 10], however the structure of orthorhombic which 

corresponding SnS and Sn2S3phase is observed for larger sizes [33]. (See table .I.7) 

 Furthermore the nature of the precursor source of tin (Sn) can be decisive for the 

film structure. Table.I.7 relates to the nature of the source of Sn solution and the types of 

crystal structures obtained for tin sulfide films deposited by spray pyrolysis.  

 

Tab. I.7: Influence of source nature and substrate temperature on the crystal structure of tin 

sulfide. 

 

     Source of Sn T (°C) Structure Ref 

 

 

 

     SnCl2.2H2O 

300-500°C 

 

 

200°C -300 °C 

300ï375 °C 

 

300ï350 °C 

350°C 

 

27 °C 

Orthorhombic +  

hexagonal 

 

Orthorhombic 

Orthorhombic      

 

Orthorhombic   

Hexagonal +  

Orthorhombic 

Hexagonal 

[11] 

 

  

[38] 

[39] 

 

[33] 

[1] 

 

[40] 

  

 

    SnCl4.5H2O 

280 °C 

70   °C 

250-500 °C 

150ï300 °C 

180 °C 

60 °C -180°C  

350°C 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

[41] 

[42] 

[31] 

[10] 

[43] 

[44] 

[1] 
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 Thorough the table can be note that the hexagonal structure is observed when using 

SnCl4.5H2O but when using SnCl2.2H2O the hexagonal and orthorhombic structure are 

appeared.  

 

I.3.2.4. Optical properties 

 The study of the optical properties of tin sulfide layer is very important for the 

reason that of its use as an absorber layer in solar cells.Transmittance, the absorbance, 

reflectance and studies of photoluminescence. 

I.3.2.4. a. Transmittance  

 The tin sulfide films have low optical transparency which allows using them as 

layers absorbent in photovoltaic cells. In general, the transmittance is a function of the 

deposition parameters such as thickness, the gap, and the crystal structure of the film. In 

figure.I.7 we reported typical spectra transmittance of SnS film deposited by CBD 

technique. The films have a little transmittance in the visible region of the solar spectrum 

400 to 800 nm and they characterized by absence of the interference fringes in their 

transmittance spectra. This indicates that the tin sulfide films have rough surfaces [27].  

 

Fig.I.7: Optical absorption spectra of SnS thin films deposited by CBD with different deposition 

time [27] . 

 Tin sulfide SnS is a potential candidate for the thin film solar cells, because the 

theoretical photovoltaic conversion efficiency of tin sulfide SnS solar cells can reach 25%. 

[45] Which allows the use as absorbent in photovoltaic cells [17]. In addition, there are 
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many advantages of tin sulfide SnS for photovoltaic applications such as the gap (1.30 eV), 

which can approach the optimum for the conversion of solar energy (1.50 eV) [15]. 

Transitions are direct with high absorption coefficients, which allow the use in thin layers 

and as an absorber in solar devices [17]. The large absorption coefficient (> 10
4
 cm

-1
). 

Refractive index 3.5. 

 The gap Eg values of SnS determined by research results of various researchers by 

variety of methods are given in the table.I.8. 

 

Tab.I.8: The optical band gap of SnS material by different techniques 

Technique Cathodic 

electrodeposition 

Spray CBD Thermal 

evaporation 

Pulsed 

electrodeposition 

co-

evaporation 

Eg (eV) 1.15 [46] 1.30-140 

[38] 

1.75 - 

1.15 [15] 

2.15 ï 2.30 

[45] 

1.46 ï 2 [47] 1.75 [30] 

 

 Tin disulfide SnS2 is very interesting properties related to optical absorption in the 

visible region [48]. It has a large absorption coefficient in the visible region (> 10
4
 cm

-1
) 

[49], and a band gap that varies in the range 0.8-2.88 eV [41], and a strong performance for 

the photoconductivity. These properties indicate that this is a good material for solar cells 

as an absorber or a window material and also for applications optoelectronic devices. 

 Figure.I.8 shows the transmittance spectra of SnS2 thin films prepared by spray 

pyrolysis technique at different substrate temperatures.  

 
 

Fig.I.8: Transmittance spectra for SnS2 thin film prepared at a 373 K b 398 K and c 423 K [32]  . 
 



Chapter I Physical properties of tin sulfide and deposition techniques 

 

  

21 

  The optical band gap Eg values of SnS2 and Sn2S3 deposited by various methods is 

tabulated in the table.I.9. 

 

Tab. I.9: The optical band gap of SnS2 and Sn2S3 material by different techniques. 

Technique SILAR  Dip  

coating 

Spray pyrolysis PECVD CBD Co-

evaporation 

Eg (eV) 2.6 eV 

[12] 

 

3.25 eV 

[10] 

2.80 - 2.65 eV      [32] 

2.87 eV                 [13] 

1.99-2.38 eV         [34] 

2 eV                      [50] 

 

2.68-2.95 eV 

[31] 

3.3 -3.7 eV   

[28] 

2.12-2.03 eV[51] 

2.1-2.3 eV 

[30] 

 

I.3.2.5. Electrical properties 

 Tin sulfide (SnS) attracted much attention in recent years also for these electrical 

properties. Full study was interested in the study of electrical properties of this material in 

order to optimize. 

 The electrical resistivity of SnS films (for orthorhombic structure and without 

annealing) in the dark is normally in the range of 10
5
 to 10

6
 ɋcm. And the electrical 

resistivity of SnS films zinc blend (without annealing) in the dark is measured what is 

around 1.7 × 10
7
 ɋcm [1]. It is normally accepted that too high electrical resistivity is not 

beneficial for the application in solar cells. But there are methods developed thin films that 

have proven they can prepare films of SnS with a resistivity in the dark as low as studying 

the theory, as the deposition technique to study chemical bath by Gao Chao, Honglie Shen 

and Sun Lei who proved that the resistivity of SnS in the dark can be as low as 10
2
-10

3
 

ɋcm. And this can be particularly useful for the preparation of the solar cells at low cost 

using SnS as light absorption layer. In addition, the SnS has both p and n type conduction 

[24].The following table.I.10 includes electrical properties of tin sulfide and that following 

method of preparation: 

Tab.I.10: Electrical properties of SnS material. 

Growth 

technique 

Type Carrier 

density 

(cm
-3

) 

Mobility 

(cm
2
V

-1
S

-1
) 

Resistivity 

(Ýcm) 

Activation 

energy (eV) 

Ref. 

CBD P - 8.99 × 10
5
 2.53 × 10

5
 0.527 [52] 

Electron-beam 

evaporation 

- 10
17

 1.2 51 - [53] 

Spray P 1.6 × 10
15

 130 37 ï 25 0.46 [35] 

 

 Compared with the SnS, the SnS2 has the opportunity to represent both p-type and 

n-type conduction [41]. But under certain conditions it represents an electrical conductivity 
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of n-type, with magnitude, and on preparation technique. These two characteristics make 

this compound suitable for the role of a window material in the structure of heterojunction. 

From different searches the value of the electrical resistivity was evaluated as shown in 

table.I.11: 

Tab.I.11: Electrical resistivity of the material SnS2. 

Method Substrate temperature Resistivity (Ýcm) Ref 

 

Spray pyrolysis 348-423 k 1.48-0.55 [32] 

[54] 
340 -380ºC 10

5
ï10

7
 

SILAR  350ï470 K 10
3
 [12] 

Close-spaced vacuum sublimation (CSS) 473-723 K. 10
4
 - 10

7
 [55] 

 

 For the activation energy Ea of this material studies we prove that varies from 0.25 

to 1.52 eV [49]. Sn2S3 has also been reported as an intrinsic n-type material [50] with 

activation energy of about 0.15 eV [56]. The value of the electrical conductivity was 

evaluated as shown in table.I.12:  

Tab. I.12: Electrical Properties for the Sn2S3. 

Method Conductivity (ɋ cm
ī1

) Carrier concentration (cm
-3

) 

spray pyrolysis 4.35 -10
-3 

~67 

9.4 -10
14  

[50] 

~10
15  

     [35] 

plasma-enhanced chemical 

vapour deposition (PECVD) 

2.5x10
-5 

[56] - 

 

I.4.System Sn-S 

 The appearance of the gaseous phase for high sulfide concentration makes difficult 

the explanation of the phase equilibrium in the system Sn-S. The T-x projection of the p-T-

x phase diagram of Sn-S is shown in figure. I.9. In the system Sn-S was revealed two 

compounds: SnS and SnS2, which melt congruently. During the study of elasticity of SnS 

vapor, it was established that the melting point of SnS in a neutral atmosphere is 1153 ÷ 5 

K, and the boiling point at normal air pressure is 1503 K. The maximum melting point 

(1154 ± 2 K) for SnS was found for sulphur pressure 3.34 × 10
3
 Pa, and for SnS2 (1143 K) 

for sulphur pressure of 4 × 10
6
 Pa. 

In the temperature interval 858 ÷ 875 K for SnS one observes an effect that corresponds to 
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the polymorphous transformation. The studies of the phase transformations of the SnS 

crystals in the temperature range 295 ÷ 1000 K by XRD and neutron diffraction , have 

shown that these crystals exhibit a structural transitions from low temperature Ŭ-phase 

(B16 spatial group Pbnm) to high temperature ɓ-phase with type II lattice (B33, spatial 

group Cmcm). The transition ŬŸɓ is a second order transition of the displacement type. 

The transition is produced by the continuous shift of the Sn and S atoms along the axis 

[100]. The transition is related to the soft modes on the boundary of the brillouin zone of 

the ɓ-phase. SnS2, known as ñplated goldò, are golden-yellow platelets or scaly crystals 

shiny and very soft. As reported in, the dependence of the dissociation pressure of SnS2 on 

the temperature is expressed by the equation [57]:  

                                   Lg p (Torr) = [(4736+200)/T] + 6.88 ± 0.15                                 (I.1) 

 SnS2 is stable at room temperature in air, does not dissolve in water, decomposes in 

the royal water with the formation of tin chloride and release of sulphur, and, also, 

dissolves in sulphur solutions of the alkali metals and ammonium sulphate. By heating in 

air, SnS2 completely transforms into SnO2. Several researchers supposed the formation of 

Sn2S3 and Sn3S4 by peritectical reaction [57].  

 

Fig.I.9: The phase diagram of the system Sn-S [57] . 
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I.5. Enthalpies of formation  

Enthalpies of formation are key to understanding the relative stabilities of a 

multiphasic system as they indicate which conformation the system would preferentially 

adopt. Indeed, simple thermodynamic arguments have been shown to play a fundamental 

role in the design, optimization, and performance of solar cell devices due to, issues 

associated with phase mixing and separation across interfaces [58]. 

We define the enthalpies according to the reaction: 

 

                                                x Sn(s) + yS(s) Ÿ SnxSy                                                    (I.2) 

 

 The enthalpies of formation for tin sulfide shown in table .I.13. 

 

Tab.I.13: Enthalpies of formation for tin sulfide [58]  

 

 
 

 

I.6. Applications of tin sulfide thin films 

 In recent years, much attention has been focused on tin sulfide (SnS) because of its 

potential use in the fabrication of various applications such as holographic recording 

systems, solar collectors and solar photovoltaic cells since its constituent elements are 

inexpensive, environmentally-friendly and easily available in nature whereas SnS2 having a 

wide energy band gap is more suitable for photoconductive and photoelectrochemical cells 

and can be used as window layers, n-p heterojunction of n-SnS2/p-SnS quantum well 

structures and the substrate for deposition of organic layers. 

 

I.6.1. Photovoltaic applications 

SnS came into limelight as a candidate mainly for the development of solar cell 

devices due to its narrow band gap and high absorption. In this direction, variety 

photovoltaic devices have been realized by using p-SnS films as absorber layer and other 

n-type materials as window layers. 
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Noguchi et al. prepared SnS films-based photovoltaic (PV) devices with the configuration 

of n-CdS/p-SnS on indium doped tin oxide (ITO) substrate with Ag as Ohmic contacts. 

All the layers were developed using thermal evaporation method, and the schematic 

diagram of the device is shown in figure.I.10 [59]. Under dark, the as-deposited devices 

exhibit a high diode quality factor of 3.5 and saturation current density of   2.83 x 10
-4
A 

cm
-2
.  

 
 

         Fig.I.10: Schematic diagram of SnS based solar cell. 

 

 Miyawaki et al. developed ZnS/SnS solar cell devices by depositing ZnS films on 

0.6 mm thick p-type SnS thin films using photochemical and electrochemical deposition 

methods, respectively [60]. The as-deposited device showed good rectifying behavior and 

under 100 mW cm
-2
 light these structures exhibited Isc and Voc as 0.95 mA cm

- 2
 and 135 

mV, respectively. 

 Masaya Ichimura et al have fabricated ZnO/SnS heterostructures. Figure.I.11 shows 

the structure of the cell fabricated. SnS was deposited first on the ITO substrate, and then 

ZnO was deposited. Indium electrode was fabricated by vacuum evaporation [61]. 

 

Fig.I.11: Solar cell structure [61] . 
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 Sanchez-Juarez et al. have fabricated SnS2/SnS heterojunction thin film diodes by 

plasma-enhanced chemical vapor deposition (PECVD) .Using SnS2 as a window material 

and SnS as absorber material [62] (Figure.I.12). 

 

     Fig.I.12: Schematic diagram of the structure for the fabricated diodes [62] . 

 

 

I.6.2.Other Applications 

 Tin sulfide has also received good attention in different fields including 

photoelectrochemical cells, lithium-ion batteries, infra-red detectors, etc.  

 SnS2 is an attractive material as an alternative of carbon anode for Li ion batteries. 

As anode materials of rechargeable Li-ion batteries, SnS2 exhibited good electrochemical 

properties, which revealed a higher reversible capacity about 502 m Ahg
_1

 and stable 

cyclic retention at 50th cycle [63]. 

 

I .7. Thin film deposition techniques 

 Generally any thin film deposition follows the sequential steps: a source material is 

converted into the vapor form (atomic/molecular/ionic species) from the condensed phase 

(solid or liquid), which is transported to the substrate and then it is allowed to condense on 

the substrate surface to form the solid film [64]. Depending on how the 

atoms/molecules/ions/clusters of species are created for the condensation process, the 

deposition techniques are broadly classified into two categories: physical methods and 

chemical methods. The methods summarized in figure.I.13. 
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Fig.I.13: Presentation of the main deposition methods of thin films. 

 SnS thin films have been prepared by using various chemical and physical methods 

such as pulse electrodeposition , spray pyrolysis,  rf sputtering, vacuum evaporation, 

chemical vapour deposition,chemical bath deposition (CBD), cathodic electrodeposition  

electrochemical deposition, thermal evaporation, hydrothermal method, solvothermal 

method, SILAR method, electrodeposition method dip techniques, and physical vapour 

deposition (PVD). 

 

I .7.1. Physical vapor deposition 

 The PVD processes include mainly resistive heating, flash evaporation, electron 

beam heating, laser heating, arc evaporation, sputtering, etc. In the realization of a layer 

can be distinguished the following three steps: 

¶ The creation of or the species to be deposited, in the form of atoms, molecules or 

clusters (groups of atoms or molecules). 

¶ Transport of these species vapor from the source to the substrate. 

¶ Deposit on the substrate and growth layer. 

Physical 

processes (PVD) 

Chemical 

processes (CVD) 

Empty middle 

pushed 

-Vacuum 

evaporation 

-Laser 

Ablation 

 

In plasma 

environment 

- Sputtering 

 

In the middle of 

reactive gas: 

-CVD 

-Laser CVD 

(LACVD)     
Plasma CVD 

(PECVD) 

 

In liquid 
medium: 

-Sol Gel 

-Spray 

-Electrode-
position 

 

General methodes for depositing a thin layer  



Chapter I Physical properties of tin sulfide and deposition techniques 

 

  

28 

 The methods, which were used for the deposition of SnS films, are briefly 

described below.                                                          

I .7.1.1.Sputtering                                                                                                      

 Sputtering is one of the most versatile techniques used for the deposition of thin 

film when device quality films are required. Sputtering process produces films with better 

controlled composition, provides films with greater adhesion and homogeneity and permits 

better control of film thickness. The sputtering process involves the creation of gas plasma 

usually an inert gas such as argon by applying voltage between a cathode and anode. The 

target holder is used as cathode and the anode is the substrate holder. Source material is 

subjected to intense bombardment by ions. By momentum transfer, particles are ejected 

from the surface of the cathode and they diffuse away from it, depositing a thin film onto a 

substrate. Sputtering is normally performed at a pressure of 10
-2
 ï10

-3
 Torr.  

 Usually there are two modes of powering the sputtering system; DC and RF 

biasing. In DC sputtering system a direct voltage is applied between the cathode and the 

anode. This method is restricted for conducting materials only. RF sputtering is suitable for 

both conducting and non-conducting materials; a high frequency generator (13.56 MHz) is 

connected between the electrodes of the system. Magnetron sputtering is a process in 

which the sputtering source uses magnetic field at the sputtering target surface.  

 Magnetron sputtering is particularly useful when high deposition rates and low 

substrate temperatures are required [64]. 

 

Fig.I.14:  Schematics of the sputtering process [65] . 

 SnS films have been obtained on glass substrates using RF-sputtering by others 

studies [66, 67]. 
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I .7.1.2.Molecular Beam Epitaxy (MBE) 

 The BME is a technique which makes it possible to create single-crystal deposits. 

This technique was developed for the semiconductors growth (Si, GaAs, CdTe, ZnSe...) 

because it makes it possible to carry out homo-epitaxies (material A on support A) with 

low temperature (400-600°C for Si). Thus one eliminates diffusion problems of the doping 

agents for example. Moreover, low temperatures of epitaxy imply to work with slow 

speeds (qq. A°/s) in order to leave time to the atoms sometimes happen at surface to 

migrate by diffusion of surface towards crystallographic sites. In order to obtain pure films, 

taking account into these slow speeds, thus it is necessary to work with very thorough 

vacuums, called UHV (Ultra High-Vacuum). The principle of the deposits is very simple: 

it is enough to evaporate the material which one wants to deposit by heating it by effect 

joule or by electronic bombardment (gun with electrons). Moreover, under UHV, the mean 

free path traversed by an atom is very large what implies that flows of evaporated atoms 

are directional, atoms moving in straight line without any shock before settling on the 

substrate. For this reason one speak about molecular or atomic jets. This technique also 

makes it possible to make hereto- epitaxies (deposit of B on a different support A), taking 

account into the low temperatures of epitaxy which eliminates the mechanism from inter-

diffusion of A and B [68]. Epitaxial grown SnS films have been obtained by MBE 

technique by several studies [69]. 

 

 

Fig.I.15:  Schematic diagram of the molecular beam epitaxy apparatus [70] .  
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I.7.1.3. Thermal evaporation 

 Thermal evaporation techniques (resistive-, electron beam-, and flash- evaporation 

are the simplest techniques as compared to all other physical vapor deposition (PVD) 

techniques. This technique basically involves on the transformation of source material into 

vapor, transport of this vapor onto the substrate surface and finally condensation of the 

vapor on the substrate to form the thin film.     

                                                                                                        

 I.7.1.3. a. Thermal evaporation by resistive heating 

 Thermal evaporation is the most widely used technique for the preparation of thin 

films of metals, alloys, and also many compounds, as it is very simple and convenient. 

Here the only requirement is to have a vacuum environment in which sufficient amount of 

heat is given to the evaporants to attain the vapor pressure necessary for the evaporation. 

The evaporated material is allowed to condense on a substrate kept at a suitable 

temperature. When evaporation is made in vacuum, the evaporation temperature will be 

considerably lowered and the formation of the oxides and incorporation of impurities in the 

growing layer will be reduced. Evaporation is normally done at a pressure of 10
-5

 Torr. At 

this pressure a straight line path for most of the emitted vapor atoms is ensured for a 

substrate to source distance of nearly 10 to 50 cm. The characteristics and quality of the 

deposited film will depend on the substrate temperature, rate of deposition, ambient 

pressure, etc. and the uniformity of the film depends on the geometry of the evaporation 

source and its distance from the source.  The deposition by thermal evaporation is simple, 

convenient and is widely use [64]. High quality SnS films have been obtained by resistive 

evaporation [59, 71, 72]. 

 

Fig I.16: Schematic of Thermal evaporation by resistive heating. 
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I.7.1.3. b. Electron-Beam (e-Beam) Evaporation 

 In electron beam evaporation (EBE) a stream of electrons is accelerated through 

fields of typically 5ï10kV and focused onto the surface of the material for evaporation.  

The electrons lose their energy very rapidly upon striking the surface and the material 

melts at the surface and evaporates. That is, the surface is directly heated by impinging 

electrons, in contrast to conventional heating modes.  Direct heating allows the evaporation 

of materials from water-cooled crucibles. Such water-cooled crucibles are necessary for 

evaporating reactive and in particular reactive refractory materials to avoid almost 

completely the reactions with crucible walls. This allows the preparation of high purity 

films because crucible materials or their reaction products are practically excluded from 

evaporation. Electron beam guns can be classified into thermionic and plasma electron 

categories.  In the former type the electrons are generated thermionically from heated 

refractory metal filaments, rods or disks. In the latter type, the electron beams are extracted 

from plasma confined in a small space [64]. 

 

 

 

 

Fig I.17: Schematic diagram of e-Beam evaporation [73]  

 

I.7.2.Chemical Vapor Deposition (CVD)                                                                    

 A deposition technique, in which chemical components react on the surface of the 

substrate to form a solid film, is called chemical deposition technique [74]. 

 



Chapter I Physical properties of tin sulfide and deposition techniques 

 

  

32 

I .7.2.1.Plasma enhanced CVD (PECV)                                                                    

 Plasma-enhanced chemical vapor deposition (PECVD) is a process used to deposit 

thin films from a gas state (vapor) to a solid state on a substrate. Chemical reactions are 

involved in the process, which occur after creation of plasma of the reacting gases. The 

plasma is generally created by RF (AC) frequency or DC discharge between two 

electrodes, the space between which is filled with the reacting gases. Good quality SnS and 

SnS2 films have been achieved by PECVD [75, 76]. 

 

Fig.I .18: A schematic of the modified PECVD system [76] . 

I.7.2.2.Atmospheric Pressure CVD (APCVD)                                                     

 Is one of the modifications of the conventional CVD process. In the PACVD 

system, electric power is supplied to the reactor to generate the plasma. The power is 

supplied by an induction coil from outside of the chamber, or directly by diode glow-

discharge electrodes. Usually the working pressure is in the range of 10 to 100 Pa. In the 

plasma, the degree of ionization is typically only 10
-4
, so the gas in the reactor consists 

mostly of neutrals. Ions and electrons travel through the neutrals and get energy from the 

electric field in the plasma. The average electron energy is 2 to 8 eV, which corresponds to 

electron temperatures of 23,000 to 92,800 K. In contrast, the heavy, much more immobile, 

ions cannot effectively get enough coupling energy from the electric field. The ions in the 

plasma show slightly higher energy than the neutral gas molecules at room temperature. 

Typically the temperature of the ions in plasma is around 500 K. A APCVD system is 

schematically presented in figure.I.19. Good quality SnS films were obtained using 

APCVD technique [77- 81].  
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Fig.I.19: Schematic diagram of APCVD system [82] . 

 

I .7.2.3.Chemical Bath Deposition (CBD)                                                                            

 The chemical bath deposition (CBD) refers to deposit films on a solid substrate by 

a reaction produced in an aqueous solution. The chemical bath deposition can occur in two 

ways according to the deposition mechanism: by homogeneous nucleation in solution or on 

a substrate hétéronucléation. In heterogeneous nucleation, the particles, or even individual 

ions can adsorb on the substrate. The energy required forming an interface between the 

particles and the solid substrate is often less than that required for homogeneous 

nucleation. Heterogeneous nucleation is therefore preferred to homogeneous nucleation 

energy [83]. SnS films have been prepared by chemical bath deposition [17, 84, 85].  

 

     Fig.I .20: Experimental device used for the preparation of thin layers by CBD [28] . 

I .7.2.4. Electrochemical deposition (ECD) 

 Electrodeposition, also known as electrochemical deposition or electro 

crystallization, it is one of the most useful techniques for preparing thin films on the 

surface of conducting substrate. 
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Besides advantages such as low temperature, the electrodeposition is the simplest of the 

chemical methods, and it has many advantages like [86]: 

ü Toxic gaseous precursors need not to be used (unlike gas phase methods). 

ü  Deposition on complex shapes is possible. 

ü Structurally and compositionally modulated alloys and compounds can be 

deposited which are not possible with other deposition techniques. 

ü  In most of the cases the deposition can be carried out at room temperature 

enabling to form the semiconductor junctions without interdiffusion. 

ü The deposition process can be controlled more accurately and easily.  

 

 

Fig.I.21: General schematic diagram for electrodeposition process [87] .  

I.7.2.5.Spray pyrolysis    

 The spray pyrolysis technique involves the spraying the solution, which contains 

the solvable salts of the constituent elements of the desired compound, onto a heated 

substrate. The sprayed droplet upon reaching the surface of hot-substrate undergoes 

pyrolytic decomposition and forms a single crystallite or a cluster of crystallites of the 

product. The volatile by products and the excess solvents escape in the vapor phase. Here, 

the heated substrate provides the thermal energy necessary for the decomposition and 

subsequent recombination of the constituent species. This is followed by sintering and 

recrystallization of the clusters of crystallites giving rise to continuous film. A spray 

system (Figure.I.22) consists of a spray head connected to two channels and substrate 

heater cum controller. The purified compressed air/nitrogen and solution are fed to the 

spray nozzle from opposite sides and are then sprayed onto hot-substrates kept at below the 

spray nozzle. The substrate temperature is controlled using a temperature controller. 



Chapter I Physical properties of tin sulfide and deposition techniques 

 

  

35 

 SnS films have been obtained using spray pyrolysis technique by many researchers 

[11, 88, 89]. 

 

Fig.I.22: Sketch diagram of spray pyrolysis system [90] . 

 

 The choice of this technique was motivated under many advantages: 

¶ Large choice of precursors is possible, the compound must be soluble in a solvent, 

and the solution may be atomized. 

¶ Ability to deposit a wide range of materials. 

¶ Simple method of providing the precursor by means of a spray. 

¶ High growth rate for mass transport of the precursor can be very high. 

¶ Environment controllable reaction just under atmospheric pressure gas. 

¶ Easy realization of such reactors. 

One of major problems of this technique is the control of the evaporation of the generated 

spray. In fact, too fast or too slow evaporation causes a reaction of unwanted precursors 

affecting the properties of the deposit. In other words, if the drops reach the hot substrate 

before a complete evaporation, spray pyrolysis reaction takes place of the expected Spray 

CVD mechanism. According to the area where evaporation occurs, four different processes 

can take place, figure.I.23 illustrates the different possible configurations. These processes 

depend on the deposition temperature and diffusion of the precursors in this gradient. 


