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ABSTRACT

The material Platinum Di selenide is a member of the 2D group 10 noble Transition
Metal Dichalcogenide family (TMDC's). TMDC's are a group of materials with
formula MX2 where M a transition metal lies between two planes of X a chalcogen
atom. Ptseptransists from bulk exhibiting semi metallic character to monolayer 00
exhibiting semi-conductor character with a band gap of 1.2 eV. (,(b
In this report we are studying the thickness dependent properties in PtSe films
using Pulsed laser deposition Technique.During PLD, many experim tal parameters
can be altered, which creates a strong influence on film propertie Q"é}laser parameters
such as wavelength, pulse duration etc. can be altered. Th&preparation conditions,
including target-to-substrate distance, substrate Te@gure, background gas and
pressure, may be varied, which impacts the thin@%s growth. X-ray diffraction(XRD)
is used for the characterization and Veriﬁ of thin film.PtSe, has received a lot of
attention in the recent years becausqﬁ 'its interesting physical properties for both
fundamental research and poteﬂ}% application in nanoelectronics, optoelectronics,
spintronics etc. &Q

Keywords: pulselasengpos1t10n Platiniumdiselenide, X-raydiffractionandscanning-

electron mlcro& y
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CHAPTER 1 INTRODUCTION

In this dissertation we briefly study about the synthesis and characterization of low thickness
PtSe, Film and its deposition techniques using pulse laser deposition that is atechnique of pulse
vapor deposition PVD. The advantages of pulse laser deposition
areintimatedinaccordancewithphasesofPtSe,.A brief discussion about the material used 000

deposition is also done. (fb
&
1.1 Overview Q

xS

Whiledemandingmorereliabilitywithreducedcosttheaspectsofelec‘%@%devicesconstantly

decreasing in size and because of the crystalline stru'cﬁg%, distinctive properties,weak
interlayer Van der waals interaction, varying Qﬁposition, band alignment and
bandalignmentinorganiclayeredsolidsappearedas&@ashedresearchﬁeld.Tokeeplayerstogether

permitting TMDC have distinctive electrofn@optical and chemical properties thestructure of
material maintained by van der wa&ﬁhn:eraction. Layered metal dichalcogenideelectronic

properties rely on crystall»@polytype and precisely depend on d-electron that

givethesematerial (likeser&:(%ductors, metal) uniqueelectronics Behaviour.

O

Since past centurye)mﬁf)C’s are being studied, when in 2004 the synthesis of graphene bringon
the cleared s for 2 dimensional research. The intrinsic graphene came up as zero
gapserqjgfqductors,alongwithhighelectronmobilityatroomtemperaturewithresistivity/monolaye

r@ this defined resistivity substance is the lowest at room temperature.However, In spite of
all the emerged properties of graphene the need to explore more 2Dmaterials is created by the
lack of band gap. To precisely ensure the reproducible and reliableutilization for some material
on electronic devices the growth of  high standard LMDg is

latelyadefiningfactor. A fterreadingdifferentstandardmethodssuchaschemicalvapordeposition,

mechanical exfoliation, laser thinning, liquid exfoliation, chemical bath depositionand



molecular beam epitaxy for synthesis and generating high quality of thin films it is
beingobservedthatPVDhas more potential to be studied in detail and that proper picking
ofparameters in this might conclude in generation of high quality thin film because in
othermethods we were facing different issues and restraints such asunrestraint geometry,
size,increasedroughness,expensiveanddangerousprecursors.Inthe process ofPLD highreaction
rate can be achieved by kinetics that allows to produce good quality thin film, also inprocess of
PLD the growthrate can the only limited through repetition rate ofb’\ﬁﬁer

,&‘Z}*

thatpermitscontrolofthicknessbyregulatingthenumberofpulses. Alsooneofthemost NQ



common comparisonof PVD with CVD and Molecular beam Epitaxy is that PVD process

isway cheaper than these and non-dangerous.

1.2 Thin Film

Thinfilm is a fine layerofmaterialthat ranges fromfractionsofnanometers
tosomemicrometer inthickness.The underlying properties of the substrate influence the
properties of the thin film, which can differ greatly depending on the thickness of the ﬁh@
the deposition techniques used.Inmany. ¥cation-
controlledsynthesisofthinfilmisafundamentalstep. Theadvancement 1 Qﬁn film
depositiontechniqueinthecourseof20thcenturyhaspermitaoutspreadrangeoftechnologicaldevelop
ment in areas likeSemiconductor Devices, Integrated passive de%vg}, LEDOptical coatings,
Forenergy production(suchas solar cellthin film)and storagi(‘,b&%)eriesthin film).Further these
films may broadly be classified in three subdivisions@er their thickness as -Ultra-thin[50-
100]A°,Thin[100-1000]A°,Comparativelythickone@'%terthan1000]A°.
Although,thethicknesslimitofthisisarbitrary.i@)ofthinﬁlmscanbedeﬁnedasmultilayers. Thin
films dependency is on thickness for, p@%rtles and behavior. Thicknesshas a important role in
thin film. Being A%ltal parameter, thickness influence the
electrical optlcalstructura]%&on,propemesofmetalsgreatly Duplicablecharacteristicsareacqui
red by the choice of &gular thickness and great combination of deposition parametersfor a
specific mater'iaQ,l\QQ

T \ére some exceptional properties about these thin films that is the thin films can
edi @gﬁshed on the basis of their Structure, Chemical Properties etc.
And despite this fact that there are numerous orders of magnitude fewer atoms obtainable
infilms. General testing and investigation of thin films can be accomplished with equipment
andinstrument that are diverse in character. Some allocation in these are given below:
Size may differ from the portable desktop interferometer to the 504 extensiveacceleratorand

beamline ofa Rutherfordbackscattering (RBS)facility.



e Cost ranges from that of test instrumentsneeded to estimate electrical resistance of
films to the approximate $1 million pricebadgeof a commercial SIMS spectrometer.

e Operating Environmentdiffersfromtheencirclinginthemeasurementoffilmthicknessto10
Ytorrvacuumneededfortheestimationoffilmsurfacecomposition.

e At one extremeismixed bag of electron microscopes andAtanother extreme is manually
done scotch-tape film peel test for adhesionand surfaceanalytical equipment where
operation, data assembly, proper analysis, and display areessentially cc@%er

controlled. y(b

ThishasfoundeverywherethataﬁlmmayhaveseVeralimpurities,imperfections’@ocations,grain

boundaries and other various defects and also could be interrupted&‘f&le')ssensome of these
issues proper control on the situation and conditions of depo@&n is tobe maintained.Thin
films are bit ordinary now-a-days and can be sought&%’\r less almost everywhere.these

films are applied to enhance the surface of a materi%

O

@)
1.3.Thin Film Deposition 311)9 Growth

The thin film depositionprocess i@&%es producing and depositing thin film coatings onto
asubstratematerial. These Qﬁ@h s could be made of several materials, from metals to
oxidesto compounds. é”the thin film growth and nucleation, there are three important
processes. The ﬁ@@nvolves the synthesis of the deposition material, namely the substrate and
the target I&Q&ll, followed by transfer from the target to the substrate using a deposition
techré') ; and finally, the growth of the target on the substrate to produce the required thin
)

The atoms from the target infringe on the substrate, where they can either reflect instantly
from the substrate or condense on the substrate surface, evaporating back into the gas phase
after a certain residence period. Numerous factors influence this process, including activation
energy, target-substrate binding energy, adhesion coefficient, and so on. During this process,

the atoms lose energy and might not immediately react with the substrate. They will



havesome mobility over the surface before condensation and these mobile atoms are referred
to as adatoms which is a portmanteau for absorbed atoms. The energy lost during
condensation of the atom on the surface can either be by chemical reaction with the substrate
atoms, the collision of the diffusing surface atoms, finding a preferential nucleation site or
collision of the absorbed surface species. If the surface mobility is low and the atom to atom
interaction is strong, each atom can serve as nucleation site for growth but when the adatom—
surface interaction is feeble, the surface mobility of the condensing adatom will be h nd
results in condensation at preferential nucleation sites where there is stronger @i.ng either
due to an increase in the coordination number or a change in elem@l or electronic
chemistry. The condensing atoms react and bond with the atoms on @u?face to form atom
»
to atom chemical bonds. The chemical bond formed can be of a&ﬁgf these following bonding
types: electrostatic attraction (van der Waals forces) due %ﬁ;e polarization of atoms, metallic
(homopolar) bonding where the atoms share orbitglectron or electrostatic (coulombic
heteropolar) where the ions are formed due to é&ron loss or gain. The atom is said to have
undergone chemisorptions if the resulting&ding from the reaction between the condensed
9
atom and the surface atom is Vg@gétrong. These adatoms transform into nuclei by a
conglomeration of numerou @@t%‘ns and result in the continuous thin film. Due to the nature
of the deposition, the reéhing nuclei formed at the initial stage are often thermodynamically
unstable and migh&tsorbs with time depending on the deposition parameters used. After a
while, the cl ed nuclei reach a critical safe size and become thermodynamically stable and
the nuglétion challenge is said to have been overcome. This process involving the transition
/@n@hermodynamically unstable condition to a thermodynamically stable condition where a
stable, critical-sized nucleus formed is termed to the nucleation stage. As the deposition
process continues, the stable critical nuclei grow in number as well as in size until a saturated
nucleation density is attained. The nucleation density and the average nucleus quantity

depends on number of deposition parameters such as the temperature of the substrate,

working pressure, adhesion properties, binding energy between the target and the substrate,



energy of the impinging species, the activation energies of adsorption, desorption, thermal
diffusion, the rate of impingement, topography, and chemical nature of the substrate. A
nucleus can grow in two modes named parallel and perpendicular depending on the
configuration of the substrate and target, and the two scenarios can be experienced in a single
deposition. Parallel growth occurs on the substrate by surface diffusion of the adsorbed atoms
while perpendicular growth is because of direct impingement of the incident material.
However, the rate of parallel growth sometimes called lateral growth is much higher t@%
perpendicular growth and the grown nuclei are called islands. In the coalescenc@&v(g, small
islands start coalescing with each other on the surface of the substrate to \@;e the substrate
surface area and replace it with a thin film coating. This resulted in, t\&é%o?mation of a bigger
island and the process is called agglomeration. Increasing the s%‘)&?e mobility of the adatoms
enhances the agglomeration process and growth dens@ the nucleation site, i.e., by
increasing the temperature at the surface of the subst@ In some reactions, the formation of
new nuclei can also take the areas newly expesed because of coalescence. Bigger islands
grow together, leaving channels and holes@he uncovered substrate between the islands and
9

leading to discontinuous film for@? on the surface of the substrate creating a porous
defect on the surface. Furt th of the larger islands causes continuous agglomeration
and filling of the create&%bannels and holes.
Intheproductionof@&opto-electronicsthethinﬁlmdepositionhasansigniﬁcant
manufactur;&@'plikeinsolidstate,medicalequipmentandproducts,microscopy&microanalysiss
ample '@’S,includingconsumerelectronics,semiconductorlasers,ﬁbrelasers, optical  filters,

@151@ optics, compound semiconductors , medical implants and LED displays



1.4Material Used for Deposition

Deposition Technique. PtSe, is a distinctive Transition Metal DiChalcogenide (TMDC)
material with a wide range of unique optical features.Its fascinating physical features and
potential practical uses,has attracted PtSe, lot of attention. It is a semiconductor with
bandgaps of 1.2 eV and 0.21 eV in monolayer and bilayer forms. It becomes semi metallic
when the thickness reaches Moreover, it has greater carrier mobility than anyotherTMD

is a great material for next level-generation sensors, optoelectronics, and (bgafast
photonicdevices, according to the researchers. g)cf

And PtSe,is tempting due to its amendable electronic propertii ;)d?pending on its
thickness.For instance, monolayer PtSe, has an indirect bandga%é‘arounde eV, which
decreases asnumber of layers increases. Hence, it enab,lisngective control of bandgap
through a changeof the layer thickness. Furthermore,@a% can also be added for widening
of its electricalproperties.EVena@ialstrainsthesemiconductingnatureof 1T-

PtSe,monolayersremainsunaffected. QO

1.4.1 Crystal Structure ofPtSéggJ%q
4)

There are two common st ral phases for monolayer TMDCs, which are characterized by
either octahedral tri%al?@prismatic (2H or Dsp) or (1T or Dsg). Unlike group-6 TMDCs,
group-10 TMDC@Qd to form d2sp3 hybridization due to group-10 metal atoms holding rich
d-electronséﬂﬁss d orbitals are involved. As a result, group-10 TMDCs lead to the
genef@(bof the thermodynamically favored 1T-phase. PtSe, has a thermodynamically
f&ed 1T-phase structure and the atoms stack in the AA arrangement. Many techniques
have been employed to characterize the atomic structure of monolayer PtSe,, such as
highresolution scanning transmission electron microscope (HR-STEM), scanning tunneling
microscope (STM), low energy electron diffraction (LEED), and density functional theory

(DFT) calculation which clearly shows that each Pt atom is in a tilted octahedral site and

surrounded by six Se atoms, which is consistent with the octahedral structure of 1T phase.



A )
1.4.2 Properties of PtSe, Y
Q

TherearecertainpropertiesthatdeﬁnedPtS62inadifferentwayofar&ﬂandgaptenabilityand phase

transition properties. QQ

e BAND GAP TUNEABLITY: the @Q structure of 2D TMDCs could be tunedby

Q

doping, defect engineering, strain, “and external electric field. Other than this
"

theinherent thickness-depen%é& band gap of PtSe2 could also be tuned byapplying

external parameters. Q@

e PHASE T ITION: Because of the highly strong covalent bond and
X

weakint ’%erinteraction,thestructureonD materials  majorly depends on
V%’@(temalcriteria(pressure,strain,irradiation,annealing).Phasetransitioncanbeind
@Q@édbyintroducingionicintercalation,highpressure,strain,thermaltreatment,and
Q external electrical and magnetic field. Since 1T-PtSe2 is a very stable structure, itis
hard to expect a continuous phase transition unless inducing additional
electronbeamirradiationandannealingtreatment. 1 TphasePtSe2cantransformintonon-

layered 2D PtSe2 ultrathin film.



1.5 Silicon Substrate

An n-type Silicon (100) is used as a substrate in this study. A Si substrate or silicon wafer is
athinslashofcrystallinesilicon.Silicon wafers have wonderful electrical and mechanical
properties and for the same reason they are the most extensively used wafers in industries.
Itprovides versatility to the surface properties. In experiments pertaining to imaging, nano-
technology and micro- fabrication applications polished silicon have shown tobb’@%
excellentsubstrate. Since the background signal is low of the highly polished surfa@(,béi is an
idealspecimen substrate for small particles in imaging applications. These@@s in addition
alsoprovide excellent conductivity for SEM, FIB, STM applicatioqs){d)tﬁe project we have
usedsilicon as the substrate for studying the magnetic propertiees)(g%thin films of Ni-Mn-Al.
Siliconis a semi - conductor with high stability and due to ité%otential scalability, coefficient
ofthermal expansion and cost it proves to be excellen@e substrate.Silicon is suitable for its
use as a substrate because it has relatively low due to use of wellestablished processing
techniques. It has a high efficiency a& thermal stability upto 1100°c.Due to its

')
hardness,large wafers can be handled&gfé?y without any damage.

1.6 DEPOSITION TEC UES

A deposition techniqué s an important aspect in the development of novel thin film
materials.The ap ions of thin films depends on their stability and the morphology. The
morpholog&’&e thin films highly depends on deposition techniques. Thin films can be
depo%@ y the physical and chemical techniques. Deposition techniques must be considered
catefully based on the application because not all deposition procedures provide the same
microstructure, surface morphology, electrical, biocompatibility, optical, corrosion, and
hardness properties. There are various other types of deposition techniques, but as the focus in
this study is on thin film deposition for forming layers less than one micron, the two most
common thin film deposition techniques will be discussed. Physical vapour deposition (PVD)

and chemical vapour deposition (CVD) are two of the most significant types of deposition



process:
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Figure 1.2 Deposition Technique

&
1.6. 1CHEMICAL VAPOUR DEPOSITION
Q

Chemical Vapor Deposition(CVD) is a dep@on process/technique where a solid material is
deposited from vapor by some chemicaéf&?tion occurring on or in vicinity of normally heated
N
substrate surface . It is example%%vapor-solid reaction. It is a thermodynamically a very
complex process which Q%lves chemical reactions under specific parameters such as
pressure, temperaturqggction rates, and the transmission of momentum, mass, and energy.
CVD @Q is quite useful
inproduci{nﬁ%ﬁtingsforbroadvarietyapplicationsplusmedicaldevices,automotive components
an s@gn wafers. Advantage of CVD methods involvepotentiality to use these processes on a
broad variety of substrates, also the ability to coat detailed or highly complex topographies.

The Thin films formed through CVD also maintain their bonds precisely in a high-stress

environments.



Fewdisadvantagesinvolve sizelimitations,which dependson the size of thevacuum chamber, as
well as that almost all methods typically need high value temperature,drive the chemical
reactions. It can be tough to mask the surface of the coating.
SomematerialspreparedbyCVD are Polysilicon, Silicon dioxide, Silicon nitride, Metals and
Graphene. There are different types of CVD methods:

e Atmospheric Pressure CVD 0

e Ultravacuum CVD &(b'b’

e Atomic Layer Deposition CVD QNJQ

e Plasma enhanced CVD ’

Q7
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1.6.2Physical Vapor Deposition(PVD)

Quartz boat

I&cal vapor deposition includes a variety of vacuum deposition methods that can be used to
produce thin films and coatings. Physical vapor deposition is a process in which the material
goes from a condensed phase to a vapor phase and then back to a thin film condensed
phase.Coatingsproducedinthistypearelonglastingandofferresistanttoscratchingand ~ corrosion.
PVD could be used to put in a broad variety of coating materials like, ceramics,metals, alloys

and other inorganic compounds. feasible substrates include glass, metals



andplastics.PVDisveryuseful in the manufacturing of devices spaning from solar cells
toeyeglasses to semiconductors.

Theprocessissomewhatkindofchemicalvapourdeposition(CVD)omittingtherawmaterials/precurs
ors (the material that going to be deposited starts out in solid form) where inCVD, the
precursors are introduced to the chamber of reaction in form of gaseous state.PVD process
showcase a versatile coating technology that is appropriate for almost unlimited combination

of coating the substances and the substrate materials b’

Vacuum Chamber

Iflf{ Y Substrate

e ee
Partlc.les. . Power
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S Plasma
® o 0 o
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Source \.: e E—
- Vacuum
\ Target System

Q Figure 1.4 Schematic Diagram of PVD



Every PVD process can be attributed to three basic steps.
e First is, creation of vapor-phase species. This requires evaporation, sputtering, or ion
bombardment of materials that are to be deposited from a solid state to a vapour phase.
e And there's the transfer from the source to the substrate. Molecular flow conditions and
thermal scattering processes will move the ejected atoms or molecules from the target.
There will also be considerable number of collisions in the vapour phase during travel

to the substrate if the partial pressure of the metal vapour or gas species in the@ur

,&‘Z}‘

state is high enough for some of these species to be ionised. NQ’
_ @)
Film grows on the surface. Q
e By a number of techniques, the transferred atom or molecule v@gin nucleate
around substrate and grow. 6&%
The major forms of PVD are: 'Q’\

Electron beam evaporator: Electron Beam Evaporation is a form of Physical Vapor
Deposition in which the target material is bombardet with highly charged electron beam from a
charged tungsten filament to evaporate anven it to a gaseous state for deposition on the
material to be coated. It takes place in ageuum chamber, where the atoms or molecules in a
vapor phase then precipitate and c a thin film coating on the substrate Electron Beam
Evaporation is used for optica ‘%ﬁlm ranging from laser optics, solar panels, eye glasses and

architectural glass to give && the desired conductive, reflective and transmissive qualities.
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Figure 1.5 Schematic of Electron Beam Evaporator



Thermal evaporator:In this technique the material is melted and the vapour pressure is raised
to a desirable range using an electric resistance heater in this approach. This is done athigh
vacuum to allow the vapour to reach the substrate without interacting with or scattering against
other gas-phase atoms in the chamber, as well as to reduce the incorporation of impurities from
the vacuum chamber's residual gas. Deposition rates for evaporated materials are generally

very high, which minimizes incorporation of impurities into the film and can result in a very

fine grain microstructure. b,o
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Figure 1 @:ﬁatic of Thermal Evaporator
Molecular beam ep;&l@ (MBE): One of the most frequent procedures for placing single
crystals. This den@% a high or ultra-high vacuum. The slow deposition rate (usually less than
1000 nm pe& ur), which permits the films to develop epitaxially, is the most critical aspect of
MBE w streams of an element can be directed at the substrate in this method, allowing
material to deposit one atomic layer at a time. The major advantage of MBE comes from its
controllable deposition rate at the atomic or molecular scale. This can be achieved due to the

2

use of effusion cells that enable the generation of “molecular beam,” where the generated
vapors have low interparticle collisions before they reach the substrate surface. This means the

evaporated atoms escape from the orifice of the cells through effusion and have a long mean

free path. They neither interact with each other nor with the gases in the vacuum chamber.



MBE is an advanced form of thermal evaporation technique with highly controllable
deposition thickness (and thus with the drawback of slow deposition rate) due to the use of

effusion cells and high vacuum.
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Figure 1.7 Schematic of MBE 'Q\

Sputtering: It is a process where atoms are rele@ rom a solid target material due to
bombardment of the target by energetic particl ch as ions and atoms. The atoms released
from the target can then be deposited as th'i)n film on substrates and is commonly referred as
PVD by sputtering. Plasma (usually:oégl%)ble gas like argon) is used to knock material from a
"target" one atom at a time&ﬁse the procedure does not include evaporation, the target
must be kept at a low tel@%rature, making this one of the most adaptable deposition processes.
It's best for com&@&s or combinations where various components evaporate at different
rates. The cq@e of sputtering steps is more or less conformal. It's also used a lot in optical
media. quick technique that also allows for fine thickness control. Sputtering only takes

%hen the kinetic energy of the bombarding particles is extremely high, much higher than
normal thermal energies in the “Fourth state of nature” plasma environment. This can allow a

much more pure and precise thin film deposition on the atomic level than can be achieved by

melting a source material with conventional thermal energies.
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Pulsed laser deposition (PLD): This is a thin film deposi@x process in which a high-power
pulsed laser beam is focused inside a vacuum cham g strike a material target and deposit
the material. When the laser pulse is absorbed @%e target, energy is converted to electronic
excitation and then into thermal, cher%icg)l and mechanical energy. This results in rapid
evaporation or ablation of the targ@&ich produces a luminous plasma plume. The plume
contains many energetic Sp@n luding atoms, molecules, electrons, ions, particulates and
molten globules. The pll@%’which contains the ablated target material will rapidly expand into
the surrounding v, m and then condenses into a thin-layer film on the substrate. This

procedure is;@d either under ultra-high vacuum or in the presence of a background gas.

o
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Figure 1.9 Schematic Diagram of PLD QN)Q
PVD coatings deposited for numerous reasons. Some of the main ones are; .

e Highly Improved hardness and wear resistance %N
&y
e Reduced friction e
>
e Improved oxidation resistance <>
The usage of this type of coatings are aime@% improvisation of efficiency through

improvedperformance along with longer life_of component. They might also permit coated

"
componentsto drive in environments t]@}c‘?he uncoated component will not other way are able

>
to carry out. @%
S

1.7JADVANTAGESO OF THE PHYSICAL VAPOUR

X
DEPOSITI@?PROCESS
(&
. @/laterialscouldbedepositedwithimprovisedpropertiesincomparisonwiththesubstrate
@)

material



e Almosteverysort ofinorganic materialcould beused

Theprocess is highly environmental friendly as compared to

processeslikeelectroplating.

1.8DISADVANTAGESOFTHEPHYSICALVAPOURDEPOSITIONPROCE

SS

0 Ithasahne0fs1ghttechmquemeansthatltlsverydlfﬁculttocoatunderthecutsandsa bkmd

of surface attributes 69’

¢ High capital cost ;

q

’ Fewprocessesdriveatveryhighvacuumsandtemperaturesrequixoﬁ;gskilledoperators
o Processesin needof largeamounts of heatneeds approp&gécoohng systems

o Therateofcoatingdepositiongenerallybitslow. QQ

CHAPTER2 PULSED éﬁ%ER DEPOSITION

The Pulse laser deposition comes un@qphyswal vapor deposition method. In this type
ofmethod, the laser beam of @}ower pulsed focuses on the target that is in the
vacuumchamber and the tar@\%terial is further vaporized by a laser beam in the pattern of a
PlasmaPlumeanddepositedoverthesubstratelikeathinfilm. Thisprocesscouldbeperformedinthe
environment of &‘ vacuum or in the environment with background gases like
oxygen.Ox%ég generally used for the process oxide deposition to wholly oxygenate the
depos@(%n film at the time of pulsed laser deposition (PLD) process.

\@e the equipment required to perform the deposition in this way is roughly alike

otherdepositionmethods(likesputtering),thephysicalinteractioninthemiddleofthelaserbeam



and the target material and the creation of the thin film is way too much complex. When
thelaserpulseisabsorbedbythetarget,itsenergyisfirstconvertedtoelectronexcitationandthentherm
ally,chemicallyandmechanically,resultingin vaporization, ablation,
plasmaformationandexfoliationofthetargetmaterial. Theparticlesseparated from the
Targetsurface are spread out in a vacuum environment as a plume. These highly energetic
particlesinvolve atoms, molecules, ions, electrons, and molten globules that would be
deposited on thesubstrate. 600
ThepropermechanismofthePLDprocessiscomplex,involvingtheprocessoftargetma[@é{ba(blation
by laser irradiation, the formation of plasma pl@e alongwith

energeticions,electrons,atoms,molecules,andthecharge- s d L

A\
freeparticlesandthisprocessofthecrystalline growth on the substra%%

A
S
2.1 PLD EQUIPMENTS Q

There are many parts which make up a compl@%LD system each has its own specific
purpose. First, an appropriate laser for the@red application must be selected. The second
: %ﬂ o :
aspect of the system is the vacuum sgstem, which includes a processing chamber, vacuum
pumps and pressure sensors. '}K&%%system can provide an appropriate vacuum environment
for the deposition. Finall g’ substrate holder and an appropriate substrate heater constitute

the third subsystem. Det’s discuss this in brief:
. Laselgs)sed laser can easily achieve the energies needed for a material to convert
X

itifdoplasma.thinfilmgrowthcanbedoneatvariouswavelengthsbutwhenconsideringalaserf
QeorPLDmostthinﬁlmgrowthisdonebetween200nmand400nm laser wavelengths. The base
of this purpose for using these wavelengths is becausethe majority of the materials used

for PLD have major absorption in these ranges.



Deposition Chamber: This vacuum subsystem has a multi-port vacuum

chamber,twovacuumpumpsandpressuresensors. Themainchamberhassixportsforthetarget
and substrate stages, power supply, laser beam delivery, connecting sensors,
andevacuatingofthechamber.Highvacuumtobe achieved using a turbo-molecularpump,
with which pressure below 10-9 Torr can be attained with room temperature.Operation
of the turbo-molecular pump also requires a mechanical pump, with whichpressur&

thechamber canbe reducedto 10-3Torr. b,o

s>

Substrate Holder and heater: The substrate system contam substrate

holderand a substrate heater. The film substrate is held by a fastene@t is made from
twoplates stickly attached with four screws to the plate cé@eﬂeqd to the shaft. To
monitorsubstrate temperature, a thermocouple is inserte ‘i@to the fastener. Two halogen
lampsat the back of the plates work for the hé‘fg\lrce to adjust the temperature of
thesubstrate at the time of the deposition pr@ess. The temperature can be maintained
bythe heater and the temperature@@‘ne substrate up to 1000 °C. This entire
systemfixedon a linear shaft mak@%go,the distance between the target stage and substrate

holder adjustable. Aé\

Substrate holder

Subsirate

High intensity laser beam

Gas
admission
Target
holder
4 Lens
e

Deposited thin film

Laser Control

f Target . Panel
. Deposition chamber
Mechanism to rotate the target

Figure 2.1 Pulse laser deposition schematic diagram



2.2PRINCIPLE OF PULSED LASER DEPOSITION

The Pulsed Laser Deposition Technique includes of four main parts:
e Laserabsorption atthe targetmaterial surface, itsablation, andplasma formation.
e Plasma dynamic.
e Depositionof thematerial separatedfrom thetarget on thesubstrate.

e Nucleation and growth of the thin film on the substrate surface.

>
2.2.1 Laser Beam-Target Interaction (b‘bo
To minimize the amount of energy lost due to carrier during absorption, short la Ises with
a wavelength strongly absorbed by the material are recommended. To Qid overlapping
between the laser beam and the plume, the beam was irradiated on%\ﬁiét;rget at an incident
angle of 45 degree. The absorbed energy causes the electrops‘i\'@le material to oscillate. The
fluence (time integral of laser intensity over the puls@on) of the laser determines how
much energy per unit area is absorbed by the tar@; material. During film deposition, the
average beam fluence is similar to heat ;@@d to the target material above its melting
temperature and initiates evaporation. "@ﬁcollision cascade among the atoms in the target
material, oscillation of the elect%@ electron excitation, and electron-lattice (ions) energy
transfer are the underlyin \c%es behind evaporation of the target material upon laser beam
absorption. When the e@gy delivered to a single atom by the laser beam exceeds its binding
energy, the atom & gjected from the material's surface. The ejection of the atom is followed by
a snapping d and bright-coloured plasma (plume) of the emitted particles.

Q‘b

Z@Q{‘he Dynamics of Ablation of Materials and Plume Formation
Laser ablation has been analyzed using different models, namely mechanical, photochemical,
thermal, photo physical and the defect model. Ablation was treated as the major mechanism in
these models. The ablation process begins with the stimulation of a single or multiple phonons

in the target material. The instantaneous conversion of excitation energy into heat changes the

optical characteristics of the material as the temperature rises. Thermal ablation occurs when



the temperature of the target material's surface is raised without melting it. Depending on the
target material and laser wavelength, the ablation threshold varies between 0.1 and 1 J/em®.
When the ablation threshold of the target material is reached, ionization causes plasma (plume)
formation instantaneously. The plume, which has a stoichiometry similar to that of the target

material, is collected on a substrate placed close to the target.

2.2.3 The Evaporation of the Ablated Materials onto the Substrate 00

To a large extent, the thin film's quality is determined by how the ablated species ,{@porates

onto the substrate. Different laser characteristics, such as laser energy, pl}@ etition rate,

"

on the substrate can be influenced by these laser properties. Wher@ average intensity of the

and number of pulses, could have an impact on this. The energy of the gj%ctg:d species arriving

laser beam exceeds the material's ionization threshold, a’@a plume density can form. It
should be noted that at very high plume densities, da@ to the substrate may occur. Three
phases are involved in the interaction processes@veen the incident plume flow and the
substrate. These include, 'Q
.,
(1) The sputtering of atoms by energ@%eident plume from the surface of the substrate.
(i) The creation of a collisior@n between the incident plume and the sputtered atoms.
The collision region s%r% as a particle condensation source that initiates the final step.

(iii) Film growth. X,
o
224 Th& cleation and Growth of a Thin Film on the Surface of the

O
o
On the substrate surface, there is a transition from the plasma (plume) phase to the crystalline
(solid) phase during the nucleation and growth stage of the film. The laser intensity, pulse
repetition rate, density and degree of ionization of the ablated material, substrate temperature,
and physicochemical features of the substrate all play a role in crystalline thin film nucleation

and growth. The substrate temperature (Ts) and the supersaturation (S) that occurs between the



plasma and solid phases of the material during crystallization are the two key thermodynamic

factors involved in the growth mechanism. These two parameters are related by equation:
S = kgTsIn(R/R,)
where kg is the Boltzmann constant, R is the rate of deposition and R, is the equilibrium
deposition value at temperature T. The equation illustrates that supersaturation is proportional
to the temperature of the substrate. Large nuclei describe a low amount of supersaturati@
resulting in the formation of distributed patches (islands) of films on the substrate's(bmace.
The interstep distance between the islands grows as the supersaturation decr%@s, and the
growing surface becomes smooth.The island density rises as the number of cldsters impinging
)

on the substrate surface rises, and the nucleus of the islands redu%é'e% the atomic level as
supersaturation rises. The islands arise as a result of .tl}i%alescence process as the
supersaturation value rises (at high substrate tempe@f&which is liquid-like for some
cases). To initiate nucleation, a high rate of supe@turation is necessary. At a later stage,
however, a low supersaturation rate is requ@@permit the formation of a single crystal film.
Generally, there are three modes of thCquﬂm growth, namely island or the Volmer— Weber
mode, layer-by-layer or the Frank%ﬁ;l\ der Merwe mode and layer plus island or the Stranski—
Krastanov mode. Island or_t ﬁmer—Weber mode: When the cohesion between the atoms of
the target material is la@r than the adhesion between the target atoms and the substrate, an
island growth occ@also known as the Volmer—Weber mode. As a result, the adatoms (atoms
deposited %&gsubstrate's surface) are more closely bonded to each other than to the
substesg(?esulting in cluster formation. This mode of growth is characterized by three-
dintensional (3D) islands.

Layer-by-layer or the Frank—van der Merwe mode: When the adhesion between the adatoms
and the substrate is greater than the cohesion between the adatoms, layer-by-layer growth

occurs. The adatoms create smooth monolayers on the substrate's surface in this manner of

growth, resulting in 2D growth. Layer plus island or the Stranski—Krastanov mode: layer plus



the island growth mode occurs when islands are formed after the formation of one or two

monolayers on the surface of the substrate.

2.3 ADVANTAGESANDDISADVANTAGESOFPLD

DISADVANTAGES

ADVANTAGES
The stoichiometric transferability of materials from Target to the sub{f@te, the

precisechemical composition of a complex material such as YBCO,@@ reproduced

in thedeposited film. A S
‘ \,

Depos1t10nratelsrelatlvelyhlgh(usually100angstromspeﬂghte) Also,thethicknessofthe
depos1tedth1nﬁ1mcanbecontrolleds1multane0us@%edeposmonprocess only by

turning the laser on and off. OQ

)

Thefactthat a laser is used as an X;’ernal energy source results in a very cleanprocess

. Y
without heat filaments. é\

>
R

PLDisusedl@ﬂdustriallyasofnowandmostapplicationsarelimitedtotheresearchenvironm

<

entonl)@‘ree main reasonsfor this being:

,{,\

plasma plume created is in the forward direction as a consequence of the

Q nonuniformthicknessoftheparticlesaccumulatedonthesubstrateandthecomposition

maychangeandextendalongitofthecreatedthinfilmandawayfromthecentreofaccumulation.
The resulting film area is small.

Theplasmaplumethuscreatedhave melt globules with an average diameter of 10um.
These particles along with substrate deteriorate the quality of thin film.

Theprocessesthatoccurinplasmaproducedbythelaserisnotcompletelyunderstood. Whichre



sultsindepositionofnewmaterialgenerallyincorporates

enhancement of coating parameters.

aperiod

of

experimental



CHAPTER 3

SYNTHESISANDOPTIMIZATIONOFTHINFIL
M

Hereinthischapterwearegoingtodiscussabouttheparametersused,experimentalprocedure and

annealing of sample. 600
,{fb‘
>

3.1 Experimental Procedure Q
In this experiment PtSe, material thin film was produced by se laser deposition

techniquesthat comes under physical vapor deposition using thf,‘{,@bstrate silicon, we have

consideredcertainparameters andproceeded to performexperi@gccordingly.
So,herecertainparameters are mentioned like the laser‘@i'oxlvas krypton fluoride (krF)excimer
laser (lambda Physikcompex Pro 201) was used toproduce laser pulses of 10ns atwavelength
of 248nm and energy of 0.2 joule/pulse, arda,df spot size was 0.04cm” and thefluence of laser
ablation  was  1.0250J/m’. -T\@%')energy provided to laser was 350
megajoule,heretoinformistha@seofrangingfrequencydepositionratewouldvaryandenergy
will tell the kinetic enﬁg(%of ablated material, also it will tell the about the confined
plumeand area covered by it.

Nowmovingwschamber, Whenlaserfellthebasepressure/vacuumtakenwas 5x10torr and
then Wiwass plowcontroller/organ cylinder we connected the chamber through pipe and
@@b is in a middlevalve, we open it slowly and gradually after which pumping was done,
thereafter using turborotatorypump we make vacuum inside the chamber, this turbo rotatory
pump backed byrotatory pump where backing of vacuum was done by rotatory and main
vacuum making wascompleted by turbo pump. This was done because turbo is a high-speed
pump, if it was useddirectly the molecules of air would collide and bend its blade. So in initial

phase we make thel0 torrvacuumfromrotatoryandthenweswitchtoturboandmake10

6
torrorderofvacuum.



Now,that the energy is fixed, vacuum is generated setup is almost done, the laser beamfocused
at an angle of 45° onto the target vaporize an area of about 0.01lmm2 creating plasmaplume
that was emitted from the target. The evaporated target particle subsequently condenseson a
substrate positioned opposite to the target. The target holder rotates such that subsequentlaser
pulses hit the target at different positions, preventing crater formation resulting from thesevere
local heating and melting of the target material. the laser was made to fall on target thgv@s
loaded in chamber and in front of that approximately diagonally the substrate becausq@have
to fix the substrate at a position that when ablation would happen from laser o@éetmaterial
that should go directly to substrate to the maximum value, plume coverage has to betowards
substrate just so deposition take place more on substrat%\)}‘féer than chamber,
heresubstratetarget distance is 4cm 46

Moving forward, as the deposition started we had 11’11'[1@)%’[116 shutter in front of substrateso
that first few shots would not directly fall onto sul@@(e, in the first go pre ablation takesplace
to some shots then we fix the shots from@g that controls laser (that has few thingsthat
provide facility to set frequency, ener&ﬁﬂﬁd no of shots, rotator control to know howmuch
need is there to rotate the target%%eposn the shots all over rather than one place or atone
angle). Let’s suppose no gxe ablation 200 shots were given once its done shutter will
beremoved and nowQQr the need 1000 shots were given or more will continue to ablate
thematerial and déposition will remain happening.

Bynow t(hbl(,\hick film will be deposited that would represent bulk like properties
whos&pertieswill match the properties of the target material.

Now, we started deposition so in first run the temperature that we fixed initially for
substratewas100°c,diditsXRD,putthepressure5militorrinchamber,gasweusedwasargonandwas
put in small amount/volume and slowly but PtSe2 did not grow as per phase but we didnot get
the film as per requirement, then we started to increase temperature, again we failed toget the
film precisely after checking its XRD, so many impurities were there, we furtherslowly

increased the temperature till 500°c so at this temperature, impurities were less andPtSe, was



deposited properlyand with good orientation, from startingwe did not put thetemperature at
500°c because we did not want selenium to get evaporated from it and therepumping also takes
place continuouslybut it maintains itself at certain range so because of allthis particular flow
will remain maintained in chamber that will tell about its pressure that
is5militorrandit’slikefromonesideyouareevacuatingthechamberandfromanothersideyou are
inserting gas with controlled and certain flow so this maintains the particular pressureinthe
chamber. 600
Nowwetookoutthesubstrate that is silicon (1,0,0) n type and to get two dimeq@p‘?ﬁlmwe
reduced no. of shots and got them deposited. And post annealing at 500° mins wegot
tuned crystalline and physical properties. So overall a s h’ thin film was

successfullyobtained



3.2 DEPOSITION PARAMETERS

Parameters Values
Target Platinum diselenide (PtSe,)
Substrate Si (110) (N-type)
Substrate Thickness 0.7 mm
X
Substrate-Target Distance 4 cm

60

Temperature

Varying (100°C - 550°C)

&U
o>

PN

Base Pressure 5%x107 Torr V
Ao
Background Gas Argon . m
&Y
Laser Krypton ﬂuoride‘g@ .
.A
Wavelength 248 nm Q,Q‘
Frequency S5Hz 0
Pulse Energy <j@]oule per Pulse
Laser fluence 1.025 J/em®

Rl

Laser Shots

%

D

Varying (10,000 — 50 shots)

o>
Table 3.1 Deposition Pariﬁters used for PtSe, Thin Film

XN
3.2 ANNEA @(Q_v OF SAMPLE

Annealing&i}ys a vital role to fabricate the thinfilm and to modify its structural properties,

s
&

stress

liberation

and to

control

theroughnessofsurfaceofsample.Basically,annealingaltersthemicrostructure andphases of the

material. In this study, the sample was annealed in vacuum for 2 min at500 degrees Celsius as

the control of temperature couldn’t be in direct control with thesubstrate, the measured

temperature is a lower limit to ensure the growth of thin filmwas not influenced. Afterwards,

the heater was switched off, and the sample underinvestigation was allowed to cool.



3.3POSTEFFECTSOFANNEALING

Theeffectof postannealing onthinfilm
e Crystalline property of the films were found to increase after annealing.
e The optical band gap of thin film increases due to the reduction of crystal defect

¢ Annealingeffectimproves thefilm qualitywith reducedroughness.



CHAPTER 4
CHARACTERISATIONTECHNIQUE

Samples were collected from the PLD system and stored in a dry air cabinet and

characteristicwere later carried out. These main techniques of structural, morphological,

composition andoptical measurements are discussed down. This chapter mainly tells about @

principles anddesignof the X-Ray Diffraction (XRD)and X-Ray Reflectivity(XRR). (bb
&

4.1X-RAY DIFFRACTION ANDITSPRINCIPLE ; Q

q

XRDPrinciple.Whenacrystal with an interplanar spacing d %ﬁ;}étal lattice constant)
isirradiatedbyX-raybeamwithacomparablewavelength A, ‘@@ X-ray diffraction, or
theconstructiveinterferencebetweenelasticallyscattereg@'o’
raybeamscanbeobservedatspecificangles 2 0 whet@%ragg’s Law issatisfied. nA = 2d sin 6.
X-ray diffraction is a powerful non,QQestructive characterization technique for
characterizingcrystalline materials. I.t %ifgs"information on crystal structure, observing phase
composition,determine crystalliteég%, detect defects in samples, characterisation of polymers
and manymore. XRD pe{&re produced by constructive interference of a monochromatic
beam @) ofX-
X
raysscatteredats Q&anglesfromeachsetoﬂatticeplanesinasample.Thepeakintensities
determine;dbﬁs"ﬁ atomic positions within the lattice planes. Consequently, theXRD pattern is
the ﬁ@%)rint of periodic atomic arrangements in a given material.
PowderX-RayDiffraction(P-
XRD)isonesuchcharacterizationtoolthatofferstheadvantageofsimultaneouscharacterizingofbotht
heprecursorandendproductswithadetailedqualitative presentation of their micro-structural

behaviours.

XRDusuallyworkintheprincipleofBragg’sLaw



4.1.1 BRAGG’S LAW

Bragg’s law state When the X-ray is incident onto a crystal surface, its angle of incidence,
0,will reflect with the same angle of scattering, 6. And, when the path difference, d is equal to
awholenumber,n,ofwavelength,constructiveinterferencewilloccur.Itisbestwaytodeterminin%i%
structure of a material by passing it through X-rays. X-rays change their pathwhen {,hby strike
an atom of the material. QNJQ

Bragg’slawgivestherelationbetweenwavelengthandangleofdiffraction.

')
The relation is 2dsinf = nA, where n is the no of lines %\
&y
d is spacing between lines . 6
A is wavelength of the X-ray QQ

Oisthediffractionangle.

i ; BRAGG'S LAW ¢
\ nA = 2dsin0

Figure 4.1 Schematic of XRD



4.1.2 CONSTRUCTIVEANDDESTRUCTIVEINTERFERENCE,
When the two rays are in precise phase, they combine and form a amplified ray, this is known
as Constructive Interference. While, if two rays are out of phase, this results in the cancellingof
the rays and is known as destructive Interference.
X-Ray detector notes the value of the rays at each 20 angle and we obtain the
diffractiondirection of the lattice. This helps in the generation of the graphs and with the h
of peakswe can determine the structure and properties of the sample material. 6,0
,&‘Z}‘
>
4.2 XRAY REFLECTIVITY Q

xS

X-ray reflectivity (XRR) is technique which is now is wadely used tool for the

x
characterization of thin-film and multilayered structures. -Itd& used to determine thickness,
density and roughness for single and multilayer s@?,on semiconductor wafers, XRR
analysis can be performed on both crystalline ar@%orphous materials. At grazing angle of
incidences, when X-rays applied to mater@oat surface, total reflection occur at or below a
critical angle, O¢c. This angle is excce@%l?/ small and is referred to as the critical angle. The

\S
angle varies depending upon th ?;tronic density of the material. The higher incident X-ray
angle relative to critical gn(ge, deeper the X-rays transmit into the material. With a material
whose surface is ide@l@ﬂa‘[, the reflectivity suddenly decreases at angles above the critical
angle in propo @ to 6-4.

If the me%;{(}f surface is rough, it causes a more drastic decrease in reflectivity. If such a

m @',Qserving as a substrate, is evenly overlaid with another material having a different

electronic density, then reflected X-rays from the interface between the substrate and the thin

film as well as from the free surface of the thin film will either constructively or destructively
interfere with each other—resulting in an interference induced oscillation pattern. To first
approximation, the intensity scattered by a sample is proportional to the square of modulus of

the Fourier transform of the electron density. Thus, the electron density profile can be deduced

from the measured intensity pattern, and subsequently the vertical properties (layer



thicknesses) as well as the lateral properties (roughness and correlation properties of interfaces
or lateral layer structure) characterizing multilayers can be determined. Specifically, film
thickness can be determined from the periodicity of the oscillation and information on the

surface and interface from the angular dependency of the oscillation pattern's amplitude.

CHAPTER SRESULTANDDISCUSSION >
O

The depositions of Ptse2 thin films on silicon substrate was completei(@y the
varyingTemperaturesbetween100°- g)cl

550°Cinsidethechamberanddifferentlasershotsweremadetofall upon. The te'gzhniques of XRD
and XRR was used to characterize the thin film of PtSe,/Si throug.g\)}v'hich we analysed the
structure of crystal and purity of phase under Varyingtempenamkee)and laser shots and by XRR
we can estimate the thickness of the sample. It was ob@gby XRD pattern that the sample
synthesized till 300°C was notshowing any diffraction peaks. Where with the increase in
temperature up to 500°Cdiffraction peaks btained. few samples were taken at 500°C
with different numbers oflaser shots %iﬁ{’to them.When the temperature was increased to
550°C, diffraction peaks were ohﬁ%%zi but selenium starts to get evaporated. Therefore, for

the rest of the samples thgt(g;perature was kept at 500°C. The no. of laser shots was varied.

Table 1 shows the Ptsegmples obtained at different temperature and laser shots.

o



Table of Sample at varving Temperature and Laser shots

Sample Pressure Temperature Distance Laser Shots

10 5mT 200° C 4 cm 5000

20 10 mT 100° C 4 cm 10,000

30 10 mT 300° C 4 cm 10,000

40 10 mT 400° C 4 cm 10,000 6010

50 10 mT 400° C 4 cm 10,000 ,cb‘

X
60 10 mT 500° C 4 cm 10,0
A e
70 10 mT 550°C 4cm - X000
>
e
80 10 mT 500° C 4 cm 46" 100
’\Y
90 10 mT 500° C }\65;\ 980
——
100 10 mT 500° C O\v4 cm 500
/\O
110 10 mT 500°CN/ 4cm 1000
120 20 mT ‘ \geb C 4 cm 1000
A
130 50 mTQ\Q 7| 500° C 4 cm 1000
140 50T 500° C 4 cm 300
&
150-1520 ¢ 7.2 mT 500° C 4 cm 600
X

16 9-045‘29 72mT 500° C 4 cm 500
0@7‘9-17 20 72 mT 500° C 4om 150

180 72mT 500° C 4 cm 50

190 7.2mT 500° C 4 cm 20

200 7.2mT 500° C 4 cm 10

The graph below shows the XRD pattern of the prepared samples of thin deposition at 500°C

with different laser shots is shown in the graph.
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Figure 5.1 Graph shows the XRD peak of Sample@) 90, (b) 16-10, (c) 16-20, (d) 18 0

O

The XRD graph peaks for Sample 9 9, S@le 16 6 and Sample 18 6 shows the proper

diffraction peak. The Sample 16-19 gn&%'be were the same sample but are kept in different
position while deposition in orde%% check whether there will be any change in the XRD
pattern if the position is g{(gged No particular changes were observed. Thus, it came into

view that with the de&mge in number of laser shots at 500°C more thin anduniform film was
obtained. '&60

The &? pattern of the prepared sample in the fig
d@gowsthestrongcharacteristicpeaks.Themain(OO I)characteristicpeakofPtSe2isdetectedapp
roximately at 17.6° degrees 20 and the other peaks were at 20 = 33.29°, 40.11°,
54.10°belonging to the (011), (111) and (102) planes of PtSe2. The Characteristic peak of
Siliconsubstrate was detected at 20 = 69.35° in the plane (400). With the decrease in the
number oflaser shots the impurity peaks disappears and a uniform thin film was obtained over

asubstrate. The physical nature of 2D materials, PtSe2, is determined by the layered



crystalstructure.
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Figure 5.2 shows the graph of sampbé with different pulse shots

This PtSe2 is determined by the layered cryst;% @Qcture. The XRD pattern identifies thePtSe2

film crystal lattice with unit cell parame%rg) etermined to be a = 3.728A and ¢ = 5.06A. The

main (001) characteristic peak is @g%ted approximately at 17.35°degrees 20. In theinset

section an enlarged diffra%

otherpeakswithdiminish@ensityasaconsequence0fthe1ayeredstructureanddominant (001)

sector (in the range 20-80°) is presented, showingthe

orientation—impléi@ a high crystalline quality and c-axis growth of the filmplane.

@Q&@
Q



X-RAY REFLECTIVITY
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Figure 5.3 shows the XRR graph of samplle (a) 16-29@ (@ 99
The graph between reflectivity and grazing angle of inciﬁ@ﬁe is plotted. The Figure above
represents the graph of two samples 16-20 and 96. Qsample 16-20 has a thickness of
around 8nm and the graph 96 has a thicknesw@round 60 nm. The Y axis of XRR curve is
shown in the logarithmic scale of ncgrg?ized intensity of (I/l,). Interference occurs
between the X rays reflected fror%\gé surface of the film and the interface between the

film and the substrate. Th@@%ﬂivity profile shows the oscillations caused by this Xray

interference. The oscilé%on depend on Film thickness as thicker the film shorter the

period of oscillat&o)@).\J
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CONCLUSION

The aim of this thesis was the deposition of thin film PtSe2 on a silicon substrate that
wasbrought out by varying temperatures and laser shots and eventually by doing its annealing
thecrystallinity,shape, and size ofthe sample were carriedout.

We carried out the uniform thin film by Characterization through XRD and
XRR.Sooverall,high-quality,well-crystalline, thin film of PtSe2, through a pulse lae;
deposition technique under varyingtemperatureand number of laser shots was su%é?ully
synthesized. It was seen throughXRD that at 500°C when the laser shots were d%%sed a fine
and precise thin Q film
Wasdepositedwithnoimpurities.ThesamplewasheatedonlytillS00°Cas§!41@r:;umpresentinPtS62
getsevaporatediﬂleatedmore;thereforethetemperaturewasincr.e%@lowlyandinvariousruns.Thu
s,ourstudyprovidesanewtechniqueandmethodinexpandin milyoftransition-
metaldichalcogenides(TMDs).Thestructuralcharacté@tionoftheobtained PtSe2 confirms the
composition and crystalline quality. The ob@@ results allowfurtherwaysfor improvement of
the preparation procedure to facilitateCJ @qnanostructuresynthesis approach towards the 2D
PtSe2 applications. We have e ﬁl;}ned the wholesomereview based, experimental and

theoretical research evolutio@D layered PtSe2, coveringthe improvement, challenges, and

prospects in future 2]?\Jn@erial.
o
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FUTURE SCOPE

Layered PtSe2 possesses a multitude of advantages such as long-term air stability,low-
temperaturesynthesismethodsalongwithunprecedentedphotonic,physicalandchemical

properties, making it one of the most promising 2D materials for adoption byindustries. Lately,
this two dimensional (2D) platinum diselenide (PtSe2) has attracted theattention&@?e
research community due to its novel physical, chemical and electronicpropeﬂies-@onyD

group-10 nobleTMDCs materials, platinum diselenide (PtSe2) cameout as a@gé materials in

photodetectors and for developing high speed electronics.Recently, %@%tﬁ their outstanding
properties including widely tunable band gap, high carriermobi%%\nd phase control ability,
PtSe2 has become highly engrossing in the 2D materialsre}éé}tc , much effort has focused on
exploiting it for applications in a range of ﬁelds,pQ&cularly in ultrafast and nonlinear
photonics 2D PtSe; has evolved greatly in m areassuch as photocatalytic, pressure gas
sensors, electronic, and optoelectronic devices. One of theimportant applications of 2D PtSe2
materials is the field effect transistor E"l?s). As asaturable absorber, PtSe, has been used in
the cavities of a range of lase@ding fibre,solid-state and waveguide lasers. 2D PtSe2 has
been theoretically predi&gd to be a promisingcandidate to fabricate high performance
electronic and opto®tronic devices.There are still outstanding challenges and much research
work v@ need to be done in the future
e | | |
beforemaKmgfulluseofthislayeredmaterial. ManyPtSe,synthesismethodscanbecarriedoutatlow

t@%%ture but with relatively low efficiency and crystallinity. It can further be used

toobtaininghigh quality thin film with large size singlecrystalline films.
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