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ABSTRACT

Tin antimony sulfide thin films have been deposited on glass substrate at room temperature
by thermal evaporation method. The doping was done by two source method with the purpose to
investigate its consequences on structural, electrical and optical properties of Sn-doped Sb;83 thin
films, XRD studies revealed that both the as deposited and annealed films exist in Sn2Sb;Ss phase.
The accurate information about composition and concentration depth of the as-deposited and
annealed SnySb:Ss films were recorded by Rutherford backscattering spectroscopy (RBS)
technique. Photoconductivity response of these films was also fine and enhanced with the
increasing concentration of tin sulfide. High transmittance was found below 750 nm which
decreased with annealing temperature. The band gap calculated by ellipsometry technique was in
the range 1.68-2.31 eV. Thickness of the film was observed as 240 nm and the films possess n-

type conductivity.






3.5.2  Proton Induced X-Ray Emission (PIXE) .........ooeveernirirrncrssmisncnimcsvineinessinen 23

3.53  X-Ray Diffraction (XRD) ....ooceccciimmenemimeenemmmssimmrisnsmmmsnmssins 26
3.5.4  Spectroscopic EIlipsometery (SE)......covuevanimieriicnniiemennsnmsiiens 28
3.5.5  Scanning Electron MiCTOSCOPY «cvrreriiriinecisionmirmmssimmesenssssnanmssssissesessonssssissases 33
3.5.6  Hall MEaSUTEIMENL..c..cvmrireriirermsnseimeecsaasrmnnessssasimnnsssssnssmeressssnssmsssnssssssarsssnssens 35
3.6 RETEIEMCES. ... . it s et rasa s bbb s bt s sae s s s s b e e s st s R Easpa R0 37
CHAPTERA...... 39
4 Result and Discussions 39
4.1 SHUCHUFAL ANLYSIS: ..vvvvviesererctirrreraresrssesesarrssessensaessssasnnstssessensstsbesassessstsssasemnosnetocnssnssross 39
4.2 SUrface MOTPROLOBY ...cccormrrmrinicrrrrermiares st etenn s recseress st e saesnssasseonsaassssssssasatns 42
42.1  SEM (Scanning Electron MICrOSCOPE)......commecntiiimmmnmnssiosinnnisirmmmmoserssamsnorses 42
43 Elemental ANALYSIS .....ccovrrereieirmneremeninsmecnstsonmsenssiamesmeseasseommsmsasssssnsssessasssenssssnssessssssn 44
43.1 RBS (Rutherford backscattering SPectroSCOPY) .oocvvuermiirerissesscormssermsennisessssansesns 44
432  Proton Induced X-ray Emission (PIXE)......ccoeeiuimrimmmaiionmsmnsinsiinmnnns 45
4.4 OPtical ANALYSIS. . .vuvireie it iernerm e isaees st sre et ssrsas e bbb s n bbb sm s bbb 45
44,1  REfIeCLANCE ....ocvvrrmreireitere vt esssten s sesan e e reanse e s s s b e st srgsrnabes st shmensnnasns 50
442  Extinction COTICIENE, ....cccrvemrrvcinmciinremciniirsssssr o issesonsssonssssassesens 50
443  REfTACHVE INAEX 1ov.eeeeeeieenicreniirse et ere e snnnssssnsntsessts e e sesessassessesassssssrassssnsasess 51
4.5 EIectrical ANALYSIS .....ccvrrmrariiiinirrsccrinmernsssnesestessnseressseasssnamnnsnssssnssesstossssasssnosae seesans 52
4.6 CONCIUSIONS. ..ttt seerecernsrcareesrersscren e rasssnsassnssaensstensss sra e recnssstsnsrseatsnarasssatessbnsssesas 54

xii



List of figures

Figure 1. 1: Structure of different compounds..........coeueereisevnnrrnniin s 3
Figure 1. 2: Structure of Til SULTIAE......ccvcceirrivirrrreerircrennverrsressrvenrnsereres senesssssesevaesesssassvasssssssssves 5
Figure 3. 1: Two Source sublimation technique schematic diagram. .........ccoovresinneccnnoneecnnes 21
Figure 3. 2: Experimental set up of close spaced sublimation Chamber...............cccovorrneiirnrcnnes 22
Figure 3. 3: Schematic of RBS iNSIIUMENt .....ooveeeiiiiincemiinnnnmmmnrecnessenneesssnsesissonssonns 24
Figure 3. 4: A SUDH-2 Pelletron Tandem Accelerator at NCP, Islamabad...........cc.ooeeiciiennnnne 25
Figure 3. 5: Schematic diagram of PTXE ....c..cccconmunmrmrericiiimmmsisconnsisnnesessaossrencorsssrsssecnsaes 26
Figure 3. 6: Bragg’s diffraction ..o ssssscnmsnssssnsnssesosssmsnsaes 27
Figure 3. 7: (XRD) X-ray diffraction Machine .......ccccvrmrerecraivirnrersrenssessenmsussensssssssstsnsenssnssasss 28
Figure 3. 8: Schematic diagram of spectroscopic ellipsometry technique........cccomrnineeeccrrnnn 30
Figure 3. 9; Spectroscopic ellipsometry system at ITUL.....ccccommierciiicnnimmmmneermecns 31
Figure 3. 10: Schematic diagram Of SEM........cccooiiccmmmenminminesssescnmsmenmome 34
Figure 3. 11: Hall schematic diagram ........c.cociuinmermmiinmnnernieninmmermisssessessnsssnssesssssssescesssssseses 36
Figure 4. 2: 3-D pattern of XRD ... ... i sstsssesessnnss s ssseersassesescsassssss 41
Figure 4. 3: SEM image of S1 (tin antimony sulfide).........cccomvennnnmimincnsineon. 42

Figure 4. 4; SEM images of S2 (tin antimony sulfide).......cccoruerencarcrmrerennnmnsmimrereeesnoiniescens 42
Figure 4. 5: SEM image S3(tin antimony sulfide}........cccoiumsciminncnnnecesnmmnicnnoscnnne 43

Figure 4. 6: SEM images of 54 & S5 (tin antimony Sulfide)..........eovevviveernincerncrecnernsnericcnnss 43

Figure 4. 7: Rutherford backscattering spectra of all samples.......c.cccviiniiececcisecnnnrnneccnssn 44
Figure 4. 8: Absorption coefficient of prepared thin films by Elipsometry.......o.oceevveccrenenrrernaens 46
Figure 4. 9: Plotting band gap of prepared thin film for SL.......vnnininennsercrecnnsnreeinenns 47

xiii



Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.

10: Plotting band gap of prepared thin film for S2........ cessnsencnners 48

11: Plotting band gap of prepared thin film for 3. 48
12: Plotting band gap of prepared thin film for S4.......c.ccconcicnnmiinerinninen. 49
13: Plotting band gap of prepared thin film for S5.......evvcnssccsnnirisnsrsininncine. 49

14: Reflectance of tin antimony sulfide by ellipsometry......coeecinrinisinsaseserisnseenns 50
15 : Extinction coefficient for SnaSbaSs......ccorviricinrinnnsnnnnen. rarieneetstsans 51
16: Refractive index graphs..........cuvmmrnmmiinisaenn. S 51
17: Graph for I-V .......... hetreasaenssre et sssasessas R r it iR e SRR DR RO 53

Xiv



List of tables

Table 1. 1: Some physical properties 0f Tin ..........ccocernnmaeraensnrerinsens ceerteerrerrrersrvansrssesaess &

Table 1. 2 : Physical properties of ADIMONY......couerrmniniincssssstininimsmneissasisresssesrsssmssssas ererees

Table 4. 1: Structural data obtained from XRD measurement........c.oeeeeriurenee v dl

Table 4. 2: RBS Thickness and elemental composition by PIXE............c...ccne .45
Table 4. 3; Thickness of thin films by EIlPSOMEITY........cooveeesiicnnnerenreninieinannerneresseresesecnserernns 46

Table 4. 4 : Table for Hall MEasUTEIMENT ........cccoverrivamseeisressssnsisessmsemmssseresessestssasssoseneroeesisssssans 32

Xv



CHAPTER 1

1 INTRODUCTION

1.1 Imtroduction

This project has been accomplished with an aim to study the physical properties of Tin Antimony
sulfide films deposited by two source method. The concentration of tin has been varied and effect
of post annealing temperature is studied in detail. These changed properties of thin films have been
investigated by concentration depth profiles determined by Rutherford backscattering
spectroscopy (RBS) technique. This method has been used to determine the composition, film
thickness, stoichiomnetry and concentration depth profiles in semiconductors and metal thin films.
Various applications of the Rutherford backscattering spectroscopy have been discussed.
Extensive discussion based upon electronic interaction where scientists involved in this
phenomenon can exchange and discuss ideas, information and new scientific concepts. Several
other structural and optical properties of the prepared nano-crystalline Tin Antimony Sulfide thin

films have also been studied.

1.2 Thin Film Technology

Thin films have very thin layer with a particular high surface-to-volume ratio. These are the layers
of materials varying from fractions of a nanometer to more than a few microns in thickness. Films
are considered as thin, if we can create the surface properties with the purpose of distinctly
different propertics from the bulk, In thin films, the forces which are acting on the surface atoms
are completely diffcrent from those of the bulk. The reliability of thin films is subjected to the
quality of its adhcsion with the substrate, any residual or intrinsic stresses after the deposition, or
the occurrence of surface defects or impurities. A film that peels off when the device is subjected
to thermal or mechanical stresses can results in device failure. This adhesion depends primarily on
the cleanliness of the substrate surface. A very smooth or rough substrate roughness also affects

thin film adhesion.
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There are always some intrinsic stresses while manufacturing the thin films, regardless of the
deposition process. These stresses can either be compressive or tensile and can extend to adhesion
tribulations, cracking and corrosion. Therefore, optimum deposition conditions are critical to
minimize intrinsic stresses in the films [1]. Microelectronics is still one of the important fields in
which thin film technology is being used. However, there are other rising and expanding
applications in arcas like magnetic and optical devices, shielding and nano-materials coatings [2].
Previously thin films have been engaged in making electronic devices and optical coatings etc.
Now this substantial technology is being developed in the twenty-first century for the development
of a new material such as nano-materials. The processing of thin films is also an energy saver

process for the production of the devices [3].
1.2.1 Importance of Thin Films

Thin-film technologies are also being developed as a means of substantially reducing the cost
of solar cells. Some applications require properties which occupy different features at the surface
than those of the bulk, for example the operation of ICs depends on the electrical charges and the
interface between dissimilar materials with diverse electronic properties. The desired properties of
a composite material can be attained by producing it as bulk material and then coating a thin film
on its surface. In the fabrication of lasers, geometrical and structural requirements are obtained by
sandwiching diffcrent semiconductors in the form of films. Thin films also provide suitable

coatings to enhance the effectiveness and extend the lifetime of the high temperature materials.

There are other various appliances where the exclusivity of thin films is important for the observed
performance. Exarnples include: giant-magneto resistance films, thin film superconductors, super-
lattice films and hetero structure lasers, etc [4, 5]. Micro-electromechanical systems (MEMS) are
devised to operate as sensors and actuators [6]. Thin film deposition systems are merely accessible
technique for coating of lenses and mirrors, also optical integrated circuits and micro-mechanical

device manufacturing needs this particular technology for their implementation [7].

1.3 Introduction to Materials

SbaSs is member of V-V1 layered semniconductor family. In last decades a lot of work have been
done for the physical and chemical properties of chalcogenides films due to their wider range of

applications in optoelectronic devices. In the range of available chalcogenides, pure and doped
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1.3.2 Tin (Sn)

Tin (Sn) is a element with atomic number 50 and electronic configuration given by [Kr] 4d'° 552
5p®. Pure Sn has silvery lustrous grey color and is slightly soft and flexible. It is a metal with
unbelievably high electrical and thermal conductivity. Tin becomes a superconductor below

3.72K, Also Tin was the first superconductors to be studied.

In oxygen solution Tin acts as a catalyst and helps quicken chemical reaction. This metal rejects
erosion from purified, soft tap and sea water, but could defect by alkalis, acids, and by salt of acids.
Sn have the greatest number of stable isotopes which is 10 (ten) along with 18 additional unstable

isotopes are known.

Table 1. 1: Some physical properties of Tin

Electro-negativity 1.96
Melting point 231.9°C
Density 726 g:cm™
current resistivity 16.78 nQ2'm
Structure of crystal Tetragonal
Atomic radius 1247.8pm
Boiling point 2602°C
Hardness Mohs 1.5

1.3.3 Antimony (Sh)

Antimony (Sb} is a chemical element having atomic number 51 and electronic configuration is
[Kr] 4d'° 552 5p*, Pure Sb has silvery lustrous grey color. Antimony in its pure form is a brittle,
silvery white, fusible, crystalline solid that indicates poor electrical and heat conductivity
properties and evaporates at low temperatures. Antimony and some of its alloys are unusual in that
they expand on cooling. The metalloid, antimony corresponds a metal in its visual aspect and

physical properties, but does not chemically react as a metal.
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the obtained activation energies are evidence of stabilization of the Fermi level near the middle of

the band gap.[29]

1.6 Thesis Motivation and Objective

The motivation regarding to my work is totally based on experimental work related to the
compositional, structural and optical characteristics of SbS thin films with different Sn
concentration. A number of researchers carried out enormous research work on SbS to examine
the effects Sn of doping on different properties (structural, optical and electrical) by means of

various synthesis and characterization techniques.

The core purpose of this research work is to study compositional, structural and optical properties
in SbS thin films enriched with Sn. Tin creates acceptors levels which can be used in the optical
processing. Cu have 0.68e¢V energy band gap range but use in variety of optical
telecommunications [24]. Here we have motive that up to which extent Sulphur concentration
affects crystal lattice, optical properties and crystalline quality of host material. Due to
compositional and crystal changes whether we observe amorphous or semi crystalline character.
Finally by process of subsequent post annealing after the deposition of films, how much we recover
lattice damages/disorder in order to improve surface, structure and crystalline quality of the
deposited thin films. For this reason my concentration throughout this dissertation is obviously on
investigation of compositional, optical and structural properties of Sulphur or tin enriched

SnSbS;.« thin films.
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CHAPTER 2

2 LITERATURE SURVEY

In 2004, K.Petkov et.al. [1-4]Doped and perfectly thin film of sulfosalts are thought as well as
very significant towards the employ conversion of solar energy and thermo-electrical cooling
engineering’s along with other photo conductive practical application. Sulfosalts have many
important aspects that can be applied in many solid-state appliances. The extended technological
concern in sulfosalts thin film are use in photovoltaic applications and thermos electric energy
conversion.

In 2011, Kanzari et.al.[7-9] conducts with data-based investigation for checking annealing effect
on sulfosalts on the structural, morphological and optical dimensions of SnSb4S; thin films,
developed using thermal vacuum vaporization method. The structural analysis reveals by XRD
that the films are non-crystalline at low temperatures and shows crystalline behavior at higher
temperatures. When we raised the temperature we observed the decrease in transmittance maxima
of the films in the visible region and the absorption sharpness’s changed to lower photo-energies.
He found that SnSbqS7 have direct optical transition in films, it diminishes or reduce with heating
or annealing treatment. Absorption coefficients are calculated more than 10* ¢cm™. It can be
finalized that SnSb4S; films could be used in many technological applications like thin film solar
cells. We believe that the atmosphere nature effects much value of the transition temperature.
These determinations prove that the SnSbyS; film may be used in lot of applications like

optoelectronics. [9].

In 2013, Nisar Ali et.al.[10-11] prepared Antimony tin Sulfide thin films by thermal evaporation
method having 2.65 ¢V direct band gap which was reduce to be 1.65 eV when annealed in the
presence of air at 300 °C. The reduction of band gap is due to growth in particle size on heating.
The photoconductive properties increase with heating or annealing with high temperature and
changes towards a more favorable band gap with high annealing. During his work, they introduce
a low cost material thin films, produced by thermal evaporation technique for solar cell practical
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application. Photoconductivity response indicate the crystalline nature of the films after annealing
at 150°C, which was assigned to the polycrystalline type of the film. They calculated optical band
gap for 150 °C annealed for 2 samples almost 1.6 eV. The transmittance for those films which are
annealed at 150°C was promoted along visible range but almost in the visible range of light every
photon was completely captivated. When they increase tin content of the samples resistivity was
felt to diminish also with raising of the annealing temperature also with high the tin content.
Overall literature prescnted the n-type behavior at low annealing temperatures. And all these
properties are demonstrating that the new less price or cost technique to make device based on

Antimony Tin Sulfide films for photovoltaic applications and solar cells.

In 2013, N Ali et.al [12] reported about Sn-doped Sb2S® films have been obtained with 1, 2 and
3wt.% of Sn concentration, by vacuum thermal evaporation technique. The refractive indices of
the films have been calculated, and found increasing with the increasing Sn content. The analysis
of absorption coefficient of the deposited thin films reveals the presence of direct optical
transitions. The band gap energy for such optical transition was found to be decreasing with the
increase in Sn content. Some further work is needed to improve the quality of the films meanwhile
results of these thin films recommending for use as new ground materials for photovoltaic

applications.

In 2013, A.Saeed et.al [13] Tin antimony sulfide (SnSbz84) thin films were produced by thermal
evaporation in vacuum on glass substrate in argon gas environment at 150°C. SEM is used for
calculating average grain size which was 87.71 nm, while the crystallite size is 11.8 nm recorded
by XRD. The transmittance of the thin film was so small for the range of wavelength 200-700 nm
and the absorption coefficient was almost near about 4x10° cm™. SnSb2Ss thin films having band
gap of 2.4 eV with polycrystalline structure. These optical and structural dimensions are very
encouraging because of producing absorbing coating for solar cell. Tin antimony sulfide thin films
having absorption coefficient higher than 10° cm™ which make it a good absorber of light for solar

cell. The samples shows n-type conductivity having band gap 2.4 eV.

In 2013 Peiwei Hu et.al [14] synthesized conductive composite powders with Sb-SnO:
nanoparticles surfaced on kaolinite particles having resistivity of 9.9Q cm. The surface of kaolinite
particles consists of SnOz x H>Q and the substitute of Sn** by Sb** or Sb** ions reduced resistivity.

The surface of kaolinite was well coated with a dense, continuous and uniform Sb—-SnQ; layer. His
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technique give more environmentally caring way to the normal output of various working
composites from minerals, The attempt has been effectively achieved for the discovery of new
absorbing layer for solar cells which may substitute the costly materials. These films were
produced by thermal evaporator on clean glass slabs. The photoconductivity reaction was
maximum for the annealed thin films in the NIR and visible spectrum while for as deposited film
was not shown good response for this parameter. The transmittance of the annealed films decrease
which is sipna! for making it as absorber layer, The optical energy band gap and thickness of the
thin films was calculated by technique called Ellipsometry. Almost 10°cm™! or greater absorption
coefficient was recorded. The film thickness was almost 145nm. The band energy gap was found
1.6 eV of the annealed film which is a reserve bandgap used in solar fuel cells. He observed n-type

conductivity of SnzSb2Ss was also from this study.

In 2014 Junyuan Xu et.al [15] study about the morphological properties of the combinations of
Tin and Tin-Antimony thin films using x-ray diffraction method and 119 Sn and 121 Sb
M€ossbauer spectrographic analysis. The pure Antimony begin to discharge with the
establishment of an non-crystallized phase formed in Antimony environments corresponding to
those already existing in NaSb. Additionally goes on by the establishment of surrounding
conditions similar to that of NasSb.when charging starts, the reversible response takes place with
high percentage. The charged anode have significant amount of sodium, which can describe the
deficiency of recrystallization of antimony into crystaltine form. The response of Tin Antimony
with Na3Sb gives a well manner crystal phase at higher temperatures (65°C and 95 °C) while
amorphous products form at room temperature. The reaction starts electrochemically,
amorphization of solid-state reaction occurring at room temperature is regulated by the
instantaneous formation of sodium coordinated tin and antimony environments, as supervised by
the decrease or increase of the 119 Sn (121 Sb) M€ossbauer shifting of isomer. The lack of full
sodiation of tin surroundings is proposed by a 119 Sn shifting of isomer lower than those evaluated
for tin thin films or NaisSna chemical compound. Furthermore, the comparatively large 119 Sn
quadruple classifying values confirm the establishment of nano sized fields with a wider spreading
of coordination than in NaSn model chemical compounds. The 119 Sn and 121 Sb shifting of
isomer values further endure the absence of full sodiation of SnSb throughout charging, in

agreement with the reversible content obtained throughout the electrochemical calculations.
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CHAPTER 3

3 EXPERIMENTAL SETUP AND WORK

3.1 Thin Film Deposition
Thin film deposition involve four main stages
i.Creating vapor phase.
ii. Taking atoms or molecules from the objective material to the surface of the targeted area.
iii.  Deposition of atoms or molecules on the glass substrate.
iv.  Rearranging of atoms of the deposited glass to attain preferred properties.
We work in four stages:

1% stage contains all the methods which are essential for the creation of the vapor phase from the
condensed state. Some typical methods are the thermal evaporation, e-beam evaporation,

sputtering etc.

2™ stage the atoms in the form of vapors are transported from the target material and adsorbed on
to the substrate. Some techniques such as electron cyclotron resonance plasma helped growth and
activated reactive evaporation are used to control the motion of the evaporated species before they

deposit onto the substrate.

3™ stage, the evaporated atoms are deposited on the substrate. Epitaxial growth of the films is a
major area of thin film technology which is concerned to give an exclusive control on the

composition, structure and defect free growth of the film,

4" stage, the rearranging of the atoms or reconfiguring the surface morphology of the film takes
place to give the preferred properties for the product. Formation of a thin film begins via nucleation

and growth processes {1]. Step-by-step growth operation can be showed as under:
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The vapors on hitting the glass surface lose some portion of velocity and are accumulate onto the
glass surface. Initially accumulated atoms being not in thermal equilibrium with the substrate
keeps on changing their position over the substrate surface. The adsorbed atoms interact between
themselves, forming bigger nuclei. These appearing nuclei are thermodynamically unstable and
have a tendency to desorb. If the deposition factors are controlled in an optimum style such that
other adsorbed species strikes nuclei prior to getting desorbed, it begins to grow in size. After
attaining a confident critical size, the nuclei become thermodynamically stable and this step is
called the nucleation stage. The highest nucleation density is achieved when number of critical
nuclei grow in reasonable dimension until a saturation point reached. The size of nuclei and the
nucleation density depend upon a number of components such that energy of activation of the
adsorbed element, substrate temperature, and the magnitude of impingement and
chemical/physical nature of the substrate. Nuclei can grow on the substrate in two ways: either by
diffusion of the adsorbed species parallel to the surface of substrate by or vertical to it by direct

collision of the incoming species. The grown-up and mature nuclei are called islands.

In the next level, these formed islands start coalescing with each other to decrease the substrate
surface area in the progression of film formation. At this stage the formation of bigger islands is
enhanced by increasing the substrate temperature thus increasing the surface mobility of the

adsorbed species and agglomeration is assumed to happen. [2-3].

3.2 Thin Film Deposition Techniques

In most of the Jiterature, generally the establishment of thin films is classified into two main

classes
Deposition by physical process
Deposition by Chemical vapor Process

In chemical vapor deposition process, the film composition varies from that of the target
material whereas, in deposition by physical vapor process the deposited material have the similar
composition just like source material. In general, physical deposition methods are very common
either regarding the material to be deposited or to the particular substrate. There are lot of

techniques that use the both processes. A list of different techniques is given below.
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3.2.1 Chemical Vapor Deposition

Here, a precursor in fluid form goes through a chemical change at the substrate surface, parting a
solid layer. The fluid tends to surround the solid film, deposition occurs on the surface, with a very
minute consideration to direction. Thin films deposited by CVD techniques tend to be conformal,
rather than directional. CVD normally uses a gas precursor, generally a hydride or halide of the
material to be fabricated. In MOCVD, metal-organic gas is used. Some of the commonly used

CVD techniques are:
a) Plasma enhanced (PE) CVD
b) Plasma polymerization
¢} Deposition by Chemical vapor method

d} Chemical solution deposit method

3.2.2 Deposition of Physical Vapor Process

Deposition by Physical vapor process utilizes mechanical ways to fabricate a thin film of target
material. The target material is positioned in an energetic and high vacuum chamber so that vapors
of material can run away the surface. The whole deposition process is done in a vacuum
environment, to allow the particles to travel without any restriction. In this way, the vapors follow

a straight path and the deposited films are directional.

PVD has three fundamental steps to deposit a thin film. First solid target material is sublimated to
vapors; Secondly, atoms in vapor state passes through the vacuum to the substrate surface. Lastly,
target material is deposited onto the glass surface to develop an optical thin film. Some of the
commonly used PVD techniques are:

a) Sputtering

b) Deposition by Pulsed Laser

¢) Molecular Beam Epitaxy

d) Thermal Evaporation

The technique which I have used to deposit the films is close spaced sublimation technique. It is

one of the types of thermal evaporation technique so we concentrate on this particular technique.
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3.2.3 Close spaced sublimation (CSS)

Sublimation by Close spaced is a case of thermal vaporization. It is an old PVD technique
commonly used for coating technology in decorations and wear resistance applications [12]. In
this technique the target material is placed in a boat of resistive element such as tungsten,
molybdenum and tantalum etc. A very high direct current is allowed to pass in these boats with
very low voltage. The melting point of resistive boats is very higher than the objective materials,
therefore the material is vaporized and deposited on the substrate surface by producing joule
heating effect. The target material and substrate are closely spaced usually just a few mm apart.
The target material can be of any shape according to requirement.CSS is widely used in the
manufacturing of microelectronics and in the research labs making the most efficient II-VI

compound semiconductor solar cells.

This project consists of two phases: In the first phase we have prepared the thin films by physical
mixing and then its micro or nano-films were developed on a glass thin film by utilizing two source
sublimation method. In the second phase these annealed and as-deposited samples were
characterized with by using different diagnostic tools. For compositicnal analysis Rutherford
backscattering spectroscopy (RBS) has been employed. X-Ray diffraction (XRD) were utilized for

the structural analysis whereas for optical analysis spectroscopic ellipsometer was used.

3.3 Two Source Sublimation Technique

Thin films of antimony sulfide with tin doped have developed on glass micro sized slab at room
temperature by thermal evaporation technique. Thermal evaporator is use for doping during two
source sublimation technique to look into its effects on structural, electrical and optical properties

of Sn-doped Sb2Ss thin films.
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Figure 3. 5: Schematic diagram of PIXE

3.5.2.1 The Benefits of PIXE:

i.  Matrix composition, detector efficiency, and peak overlap all are the important
factors for absolute trace sensitivity for given trace element.

ii.  Material investigations can be done for any material from normally uranium to
sodium in a single spectrum on our arrangement. The materials are bombarded with
protons, and x-rays that are produced by the interaction between the sample atoms
and protons.

ili. ~ When we starts the experiment apply a high vacuum environment in detector. The
presence of air might be reduce the functioning of detector. Meanwhile, with the

addition of Helium we reduce this effect.

3.5.3 X-Ray Diffraction (XRD)

XRD is normally used to examine the material structure of thin solid films and bulk including
lattice constants, orientation of crystals, and preferred orientation of poly-crystals, surface and

inner defects, grain size, strain, stress etc. It is a nondestructive technique and do not require
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destructive method and no vacuum is required. No need of standards or reference because
ellipsometry is an absolute method. It provides twice more information (both amplitude and phase
ratio) than reflectometry (only intensity). In addition, as ellipsometer does not deals with the
intensity but with polarization state so it is less sensitive to fluctuations in light intensity. For thin
film characterization hence it is the best non-destructive technique. Both imaginary and real part
of the complex refractive index dielectric function can be obtained. The film thickness can be

calculated with great accuracy.

3.5.4.1 Ellipsometer Measurements
Through the surface of sample, ellipsometry find the transmittance or reflectance change in
polarization state of light. Basically, ellipsometry concern only to extent of polarization state of
light beam. Nevertheless, polarization state of a beam of light modifies by optical system are
usually measure by the ellipsometery. Optical system is simply the sample, for thin film analysis.

The calculated values are delta (A) and psi (). All these values are associated to the ratio of R,

and R, (Fresnel coefficients of reflection) for s and p polarized light.

Ellipsometery is very reproducible and highly accurate because it calculates the ratio of two values.
This ratio also contain phase information and is complex number that’s why the measurement very

perceptive.

3.5.4.2 Parameters Determined by Ellipsometer
To characterize both bulk materials and thin films ellipsometry is usually used. Thin film optical
constants and thickness are most common measurements. It is also the major technique for finding
optical parameters in IR, Visible and UV wavelength ranges. Ellipsometry is very sensible and
compromising technique in many material properties. Various parameters such as reflection,
transmission, absorption, optical constants, doping concentration, thin film thickness and

crystallinity etc. can also be mcasured by ellipsometry.

The schematic diagram for ellipsometry is shown Figure 3.6. We use the light which is
monochromatic, collimated, and then linearly polarized. Upon transient by the compensator

{generally a quarter-wave plate), circularly polarized is obtained and then specimen surface is
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The Kubelka-Munk equation at any wavelength is

(l—r)2

F(r)= T (3.4)
Where reflectance r and F(r) is so called Kubelka-munk function.
Tauc plot relation is given below;

(@ho)" = A(E;= h0) oo, (3.5)

Where “a” is coefficient of absorption, “h” is planks constant and its value is “6.62 x 10> m? kg
/57, “v” is the frequency of incident radiation. “Eg “ is the band gap energy and “A” is a constant.

“n “is constant and its value depends upon the type of band gap.

The energy of incident radiation is determined by this relation;

a, Direct Band Gap

According to electronic band structure of solids, band gap can be defined as the difference of
energy between valance and conduction band. So minimum and maximum energy of conduction
and valance band respectively lies on the same vertical energy axis in direct bandgap. In such
situation, an electron lying in the conduction band can fall freely into a hole in the valance band.
Either by itself or by the action of the external electric field without changing its momentum. For

the direct band gap the value of “n” in the tauc plot relation is “1/2” so equation (3.5) becomes,

(av) = A(E,—hv) oo (3.7)

b. Indirect Band Gap

This type of band gap has minimum energy of conduction band and maximum energy of valance
band lies on different vertical energy axis. Its means a conduction band electron cannot fall into a

valance band hole without changing its momentum.

For Indirect band gap the value of “n” in the tauc plot relation is “2” so equation (3.5) becomes,
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()" = A(E, =Bv) oo 3.7

The refrective index “n” of thin films is clculated by by the following relation :

e IV 22‘4‘2)("2)]) ........................................ (3.8)

“s” is the substrate’s refractive index and “N” is the no of oscillations.

“N” is obtained by following relation:

N=1+s2+ 45(%) ......................................... (3.9)

“Twm” and “Tr” 1s the transmission maxima and minima respectively.

Thickness of film can be obtained by using this formula:

— 1 rAmiM
T 4n [AM_JL,,.,]
Thickness of the film (d) is equal to, (Am) maximum value of the wavelength, “A.” is minimum

value of the wavelength and “n” is the refractive index of thin film.

The dielectric constant, band gap energy (Eg), film thickness and of the deposited films were
measured by an ellipsometer (J.A. Woolam M-200VI). At an incidence angle of 70° the

experimental delta (A) and psi (‘¥) spectra were recorded.

3.5.5 Scanning Electron Microscopy

SEM is the powerful tool for the characterization of nanomaterials. Scanning electron microscopy
is a tool for observing the surface morphology, crystallography and orientation of grains of the
material. This technique is used to study thin films surfaces and sensing layers. The scanning
electron microscopy (SEM) is used at micro level scale and it is a versatile tool for the study of
surface of the material. Secondary electron images of organic and inorganic materials were
obtained by SEM with nanoscale. SEM also provides the high resolution of the material up to nm
scale and magnified the image up to 50000X. In SEM we apply electron beam instead of the light.
The principle on which SEM works depends on the momentum transfer. When we shoot high

energy electrons to the target samples then we examine the emitted electrons or photons and
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CHAPTER 4

4 Result and Discussions

In this chapter, the obtained experimental data regarding the physical properties of SnSbS
will be discussed. The discussion are mainly focused on four physical properties; (i) structural
analysis ii) elemental analysis 1ii) optical analysis and iv) electrical analysis. The experimental
data relating to these important physical properties were obtained by using XRD, SEM, RBS,
Ellipsometry, PIXE and Hall measurement techniques. The results are discussed in detail to get a

comprehensive analysis of the properties of target material in thin film form.

4,1 Structural Analysis:

The crystal structure, phase and composition of the deposited thin films of tin antimony sulfide
by two source method thermal evaporation system were characterized by x-ray diffractometer with
reference wavelength Cu Ko, (A=1.5405A) radiation. The x-ray diffraction pattern for prepared thin
films are shown in figure 4.1. The sharp peaks in this figure supports the polycrystalline behavior
of these films. The preferential orientation of crystal planes in these thin films are (101), (104}
corresponding to SnSbS and Sb respectively. There are also small peaks appeared in the XRD
pattern of (003),(110),(021) corresponding to Sn and SbSn and shown in figure. 4.2. Qualitatively
XRD patterns show that the compositions of SnSbS thin films are almost same as that of initial
material. The diffraction angle 26 slightly shifted towards higher angle with the addition of tin
concentration in the Sh2Ss. This is because of the fact that the thickness decreases when higher tin
concentration in the film. The inter-planar distances d are calculated by using Bragg’s formula
which summarized in the Table 4.1. it is clear from the table that inter-planer distance “d”

decreases as Tin concentration increases in Tin Antimony Sulfide films.

X-ray diffraction pattern peak angle wise are shown in figure 4.1 and elemental wise peaks are
shown in figure 4.2. The pattern shows that tin doped antimony thin films are mainly orthorhombic
structure(x-pert JCPD) card # 00-035-1496) and also doping of sulfur does not change the crystal

structure.
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The deviation of dislocation density and strain with increasing Tin sulfide density indicates that
minimum values of dislocation density and strain are observed at sample 2, while maximum is
recorded at sample 5. The higher value of the dislocation density and strain obtained at sample 5
reveals the poor crystalline effect of Tin Antimony Sulfide films. While from S1 to S5 grain size
increases and dislocation density decreases form S1 to S5. Small crystallites can fuse together to
make larger crystallites, resulting in micro cracks and surface roughness. Annealing is well-known

in reducing the stress of film as well as decreases the d-spacing.

4.2 Surface Morphology

4.2.1 SEM (Scanning Electron Microscope)
Scanning electron microscope (SEM) is best technique for surface morphology. The SEM images

of the samples are shown in figure 4.3 to figure 4.6.

SEEY X168, 390 1 s

Figure 4. 3: SEM image of S1 (tin antimony sulfide)

1Sk Xlg. OO0 [

Figure 4. 4: SEM images of S2 (tin antimony sulfide)
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4.3 Elemental Analysis

4.3.1 RBS (Rutherford backscattering spectroscopy)

RBS technique used to determine the composition and thickness of the film like surface analysis
technique. The basic principle is contained in the kinematics for binary collisions. A beam of
known particles (ions) with mass M is given the energy Eo and directed onto the sample containing
the particles M that are to be investigated. RBS has been performed at data analysis lab National
Centre for Physics (NCP). The parameters used for RBS was

¢ He™" ion beam

¢ Beam energy= 2.0 Mev

¢ Beam diameter=2mm

» Beam current = 100 nAmp/cm™
o Back scattering angle =170°

e Detection with silicon detector

The gathered RBS spectra were then fitted by the code RUMP to locate the comparative
concentrations of a mixture of elements in the films at Figure.4.7.
Energy (Mev)
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R . . . . . a2

— 54
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channels

Figure 4. 7: Rutherford backscattering spectra of all samples

Page | 44









Band gap:

Band gap of the samples are calculated by ellipsometry which is shown in figure 4.9 to figure 4.13
which ranges 1.68 to 2.31 eV. And also thickness calculated by Ellipsometry given in Table 4.6.

The formula used for the band gap measurements was given below in equation (4.5).

ahv = Ay —~Eg)N/2 e

Here A is a constant, hv = photon energy, Eg = optical band energy gap, and N depends on the
nature of the transition (N = 1 for direct band gap and N =4 for indirect band gap transition).

While hv (¢V) = 1240/nm.

0.25
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band gap =2.26 eV
0.20
e.r-\
E 015
NU
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Figure 4. 9: Plotting band gap of prepared thin film for S1
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Figure 4. 10: Plotting band gap of prepared thin film for S2
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Figure 4. 11: Plotting band gap of prepared thin film for S3
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44.1 Reflectance

The optical properties were analyzed from 350 nm to 850 nm wavelength by using ellipsometer at
room temperature. Reflectance measurements were carried out by ellipsometry technique. The
measurements were carried out on prepared thin films with varying tin sulfide concentrations. The
relationship between the transmittance (T), absorption {A) and reflectance (R) has been given by

equation (4.6).

Reflectance (R)

T hd ¥ L}

T L) L] L] L] ¥ T L]
350 408 460 &S00 &S8O &00 850 0D &0 BOD BED

Wavelength(})

Figure 4, 14; Reflectance of tin antimony sulfide by ellipsometry

4.4.2 Extinction coefficient.

Extinction coefficient was measured by the equation given below equation (4.5).

Where ‘K’ is the extinction coefficient, ‘o’ is the absorption coefficient and ‘A’ is the wavelength
Extinction coefficient ‘K’ was plotted against the wavelength and a marginal increase was
observed in extinction coefficient with respect to increase in SnS concentration. The higher value
recorded was for S5 concentration. However, value of ‘K’ increased with increase in thickness of

thin film and these results were matched with absorption coefficient results.
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charge carriers coming from the tin ions. In Sb2S; sites tin ions are placed and decrease the grain
potential barrier. The increase of mobility having lower value for samples S2 and S3 as compared
to other samples, due to the increasing rate of scattering for charge carriers along with the
formation of secondary levels as confirmed by the x-ray diffraction technique. In [-V measurement
the evaluated electrical parameters support that Tin Antimony Sulfide thin films prepared by two
source method demonstrate better electrical conductivity due to better crystalline quality also

increase concentration of SnS. I-V plot are given in Figure 4.18.

3.5 — S —
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= ] —v— 54
- 154 ' —e— S5
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Figure 4. 17: Graph for I-V

As shown in plot that S5 is most conductive sample then other because of high concentration of
tin. High value of resistance is recorded in S1 because of high concentration Sb2Ss.
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4.6 Conclusion:

Tin antimony sulfide was deposited on glass surface by two source evaporation vacuum thermal
technique and then annealed in argon (Ar) gas environment at 150°C. The minimum crystallite
size is calculated by x-ray diffraction pattern is 17.8 nm, while the average grain size measured
from XRD calculations is 85.5 nm. Although the average grain size calculated from SEM images
is 76.15 nm. We see the homogenous structure of thin films by SEM images and grains are
uniformly distributed on thin films. The physical structure of Tin antimony sulfide on films thin
films is polycrystalline nature mostly orthorhombic. The absorption coefficient of the thin film is
very less make it good for multi-junctions solar cell. The material have direct band gap of 1.68 eV
observed by ellipsometry and shows n-type conductivity. The refractive index is .9 to 1.4. All these

structural and optical properties are very favorable for the multi-layer of solar cell.
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