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ABSTRACT

Metal Induced Crystallization Of Silicon Thin Films

by

Sandeep Kumar Raju Sangaraju

Dr. Biswajit Das, Examination Committee Chair
Professor of Electrical and Computer Engineering
University of Nevada, Las Vegas
Low temperature crystallization of thin film silicon is impartdor many industrial

applications including flat panel displays and silicon thin filmasaklls. Unfortunately
this remains a major challenge since crystallization tenyreraf silicon is above 1,000
degrees Celsius, thus limiting to substrates that can tolergke tbmperatures. The
inability to deposit crystalline thin films on glass substragethe reason why flat panel
display industry uses amorphous silicon for LCD active matrix displBhus the ability
to deposit crystallized thin film silicon at low temperaturel mave significant impact
on thin film silicon applications. It has been observed that certaialsnean lower the
crystallization temperature of silicon; however, investigatiorhis &rea has been rather
limited. This thesis investigates the effect of two diffeneretals, aluminum and silver,

on the dependence of crystallization temperature of silicorfitima and investigates the

properties of such materials.
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CHAPTER 1
INTRODUCTION

The crystallization of amorphous silicon (a-Si) is increasirgdyning interest for
polycrystalline silicon devices such as thin film transistolST@) and thin-film solar
cells [1, 2]. In relation to solar cell devices, the crysatlon of a-Si offers the
opportunity for using low temperature, and therefore low-cost substwatich is vitally
important for the reduction of the overall costs of solar cells. Most atteintie field of
crystallization has been given to solid phase crystalliza®RC) [3] and laser
crystallization (LC) [4]. But SPC suffers from long anneglitimes and rather high
temperature while laser crystallization remains an expensive andecoprpkess. Due to
these problems, metal-induced crystallization (MIC) has been igatsi as an
alternative crystallization process for thin-film device fedétion [5], although the
interaction of metal and a-Si has been studied for many yedumirAim-induced
crystallization is one of the most used techniques because itthieagollowing
advantages: simple processing, process temperature beld\&,68@ndard industrial
fabrication technique, short crystallization time, and also due ttath¢hat Al has a low
resistivity and a good adhesion to a-Si. In this work, Aluminum induceddatlization
and Silver induced crystallization of a-Si has been investigatec fowide range of
annealing temperature200°C -1000°C). The deposition of silicon on to the metals i
done by Electron beam deposition. The silicon of thickness 400nm is @epostb the
metal of thickness 100nm. After the deposition the thin films are #merealed to
different temperatures under nitrogen filled furnace. Due to angetim metal gets

induced into a-Si making it to crystallize. The crystall@atiprocess has been



investigated by two different techniques, namely X-ray diffosc(XRD), and Raman
spectroscopy. The silver induced crystallization is done in twordiffevays. One, is the
silicon layer deposition with 400nm thickness and the another one éss thickness of
250nm. We see difference in both types of experiments.
1.1 Organization of Thesis
This thesis is organized into five chapters. Chapter 1 gives tleluietion and brief
idea about the thesis. Chapter 2 concentrates mainly on the ElBean deposition of
silicon thin films and the equipment used for deposition. Chapter 3 egila process
of Metal induced crystallization. Chapter 4 explains the prindpland and how, X-Ray
diffraction and Raman spectroscopy is used to study crystadhizat materials. Chapter
5 describes the experimental procedure and discuss about the abrilied. Chapter 6

concludes the thesis and discuss about the future scope.



CHAPTER 2
THIN FILM DEPOSITION
2.1 Introduction

Thin films are thin material layers with thickness from saveanometers to a couple
of micrometers. Thin films are used in many different appbeati For example, metal
films can be used as metal gate electrodes. And oxide filmsbeaused as oxide
insulators, in semiconductor manufacturing. Oxide films can also éeé as optical
coatings or transparent conductive electronode in Photovoltaic applicatithre dlat
panel display industry.

Ferromagnetic thin films can be used in hard drive fabricatiorbi@a and nitride
thin films can be used for hard coatings and high temperatureargsisiatings in tools
and the aerosphere industry.

Thin film deposition can be divided into several categories: clamrapor
deposition (CVD), physical vapor deposition (PVD) and others such #sgplaolgel
process, and spin coatings. Among these techniques, CVD and PVD amoshe

frequently used techniques.

2.2 Theory of vapor deposition
PVD is a method of depositing thin films by the condensation of a iz&ploform of
the target material onto various surfaces. The deposition methods ohwol¥R/D are
mainly pure physical processes, such as high temperature vagaporaion or plasma
sputter bombardment. Although some of PVD processes, for instamti®eaaagnetron

sputtering, also involve chemical reactions. The CVD processesyswalve chemical



reactions among the precursors, which react or decompose resultegasiting a thin
film on to the substrates. Some CVD processes, for example PEG&Y be accelerated
by plasma.

CVD and PVD each have their respective advantages and disadvarithges
advantages of CVD processes include large area coatingsdfestiy and often no need
of vacuum conditions. The disadvantages of CVD often include a highioreac
temperatures, lower density films, toxic gas precursors, andr lagkesion to the
substrates compared with PVD. As a result, PVD techniques demand in more areas
these days. For example, in the semiconductor industry, the CVD ititapor
aluminum interconnection layers may not be able to satisfy the rikrfoa 32 nm
technology in the future. However, a PVD-based system would |&gly to meet this
need through improved film properties. In addition, PVD processes den of
environmentally cleaner when compared to CVD processes. Here, RYHoadn Thermal

evaporation is reviewed to provide the reader with the relevant background.

2.3 Methods of Evaporation
In PVD system, thermal evaporation and sputtering technology is pendawridely
used. Optics industries usually adapt Thermal Evaporation to produceptbéircts.
Thermal Evaporation method use high temperature to melt the ilsi@etpor state. The
atom or molecule of target is speed up by high temperature. Theleeules pass
through a vacuum space and condensation of a vaporized form takesrateshbstaces.
The vacuum is required to allow the molecules to evaporate fre¢heichamber, and

they subsequently condense on substrate surfaces. As the term 'IThedmated, the



thermal high temperature is the key role of this method. "Thelhghl Temperature” is
same for all evaporation technologies, only the techniques usedporateathe target
differs. Several techniques are used as the thermal high temperature means.

2.3.1 Resistive Heating

This method uses a big current passing through the resistoesibr will generate
high temperature and melt the target material. The tangétrial is usually attached on
the resistor. Traditionally the resistors are made by Tengé$¥V), Tantalum (Ta),
Molybdenum (Mo) which is with very high melting temperature. Thelting
temperature of target is much lower than resistors. When thentyass, only the target
gets melted or vaporized. And gets deposited on to the substrate surface.

The resistor can be made to different shapes depending on what arintauget you
want to evaporate and the uniformity of evaporation. The wire (films first to be
used as resistor and attached with target. In some coatingn@aaidl target material
requires, the boat or basket shaped resistor. Flash evaporation if®mused or more
different materials in one coating procedure. Since differenttangterial need different
melting temperature, the resistor does not attach the targee meélting temperature. It
is empty. Once the temperature reach the working condition, thed taill be attached to
the resistor and evaporated immediately. Then other materigst tar attached to the
resistor and evaporated. By this way, different materials couldnéeipulated and

evaporated to same substrate, and make a multilayer thin films.

This technique has couple of advantages. Its equipment is relatiple @nd cheap.
And the target (source material) could be made to different steggnding on the need.

There are many drawbacks for this method suclsia€e high temperature is generated



by resistor and conducted to target, the resistor materialrewtit with the target and
pollute the evaporation purity, thus harming the thin film quality. Peed of deposition
is very slow.

2.3.2 Electron Beam Evaporation

High speed electron beam is used to hit the target matieakinetic energy of the
beam is transferred to thermal energy and creates high ri@omgeon target material.
The electron beam is generated by an electron gun, which usé®tonic emission
of electrons produced by a tantalum cathode. Emitted electronscalerated towards
an anode with very high speed. The crucible in which the targetaedylacts as the
anode. A magnetic field is also applied to bend the electron tgjedthe electron beam
makes the target material to vaporize; this vapor is then condenséte substrates
forming a thin film. Fig. 2.1 shows the schematic diagram aftela beam evaporator.
When the electron beam from electron gun focused by magnetes ghdls onto the
source material, the kinetic energy of the beam is wam&dto thermal energy and
creates high temperature on source material. This in turn vaptnzesaterial and the

vaporized material condenses on the substrate forming a thin layer.
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Figure 2.1 Schematic of Electron Beam Evaporator.

After 1968, Hanks developed an Electron Beam with 270° bending. This progress

allowed the gun installed under the crucible. It hugely improved dhgett vapor

contaminating the cathode tip and can prevent cathode failure.



Via the control of the magnetic mechanism (term "magnetis’)ethe electrons can
be focalized and change its bombard position. It can obtain a mwdlzdéacheating on
the material to evaporate. It also allows controlling the eijoor rate, from low to very
high values. Most important of all, it can deposit the materialls high melting point
(W, Ta, C, dielectric oxide, etc.). Effective water cooling tacdsle can avoid

contamination problems, which will degasification undesired material in thercoate

Advantages:

e Using the water cooling to the crucible, the contamination duddactucible
material to the target vapor can be eliminated to the lowest level.

e Thin film purity is much higher than resistive heating.

e Dielectric Oxide target material could be deposited by this method.

e With different targets put in different crucibles which are itestiain a circle, we
can easily deposit different target film and make a multilayer deposition.

e With adequate adjustment of the electron bombard spot size, this médvesl a

to increase the uniformity of film thickness.

Disadvantage:

e Inappropriate control of electron beam or electron flow may decampo®nize
the target. It may result material absorption or accumulategjren and arc to
damage the quality of film surface.

e The electron beam gun needs large electric energy consumptiona \Mh15K

Volt power consumption, it usually need to sustain several hours. This



characteristic makes this type of method to consume more ettegyother

methods.

Electron Beam Gun Evaporation Technology got its predominance position in
Thermal Evaporation field since 1950's. With the progress of compate automatic
control skill, almost all multilayer optical thin films are deaby this method in this
modern era.

2.3.3 Laser Deposition

Using laser beam as a evaporation means. The laser can exdpertdrget source
by heat or photo dissociation. Without the electric charge accunlétie film will not
harm by electric effect. The laser beam is a focusggneeam, it do not disperse many
through long distance. The target source can locate far comparketons¢ans. This
made contamination reduced to lowest level. However, laser isgxpesquipment. The

high cost of coater makes this method not popular to industry producer.

2.4 Components and Operation

Sharon Vacuum Electron Beam deposition system (Fig. 2.2) is as@ddporation
and deposition on substrates. It's a 24"x24"x18” chamber with four pocketed&ttfon
beam gun. It has a PLC controlled automatic pumpdown, Dual shuttezen Sy
deposition controller, CT-8 cryo pump, Water cooled rotary substede.sthis e-beam
evaporation system dedicated for evaporating titanium (Ti), gald, (nickel (Ni),
silicon (Si), Aluminum (Al), Silver (Ag) and germanium (Gehfd. Other metals such as
platinum (Pt) and Chromium (Cr) may also be incorporated. Thismsysteryo-pumped

and attains a base pressure of less than 2e-7 Totrr.
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Figure 2.2 Sharon Vacuum Electron Beam deposition system.

E-beam evaporation uses an electron beam to heat source ofimaterucible.
Electrons are emitted from a heated filament and are aataleto a high velocity by
several kV. Electron current is typically small, around 100mA. Anag@ent, horseshoe
magnet bends and guides the e-beam in a circular path frorfatherft to the source.
The most common error is to have too much or too little materidhe crucible. The
crucible should be at least 1/3 full, but not more than 3/4 full. Ifetli® not enough
material, it is possible to burn a hole through the bottom of thebteuand supporting
copper hearth. If there is too much material it can escape th@mcrucible and
contaminate the system. Material can be added to the crucibéedsd. For the cleanest

10



deposition, the beam current should be adjusted to just melt a spotnmditie of the

material. If the power is too high, all the material will mahd then the crucible material
can diffuse into it. As power is increased and more matsriaklted, the deposition rate
increases, but also the amount of spitting of droplets of matecia@ases. You need to
look through the glass to see if this is happening, and then fiachpromise setting that

minimizes spitting, but still gives a reasonable deposition rate.
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CHAPTER 3
METAL INDUCED CRYSTALLIZATION
3.1 Introduction

Metal- induced crystallization (MIC) is a method by which gohaus silicon (a-Si),
can be turned into polycrystalline silicon at relatively low terapges. In MIC the metal
is deposited on to a substrate, and then deposit an amorphous Si filnhemtetal. The
structure is then annealed at temperatures between 200°C and 1000 °Causi$ the
a-Si films to be transformed into polycrystalline silicon. Polgtalline silicon thin films
are attracting more interest in electronic devices suchimagilim transistors, solar cells,

and sensors in the recent years.

3.2 Principle of Operation
The process of MIGtarts with the interaction between the metal and Si atoms. The

difference in the electro negativity between the metal and Siieon leads to
redistribution of the electric charge of the metal-Si bonds ckos#re metal atoms, and
this change the position of the electrons around the neighboring Si-Si Btwedslectron
pairs from electrons belonging to tweeighboring Si atoms transform to electrons
belonging to more than two neighboring Si atoms, i.e., the electr@aSiiare no longer
localized and they occupy delocalized orbital’'s. This changesligh@nce between the
Silicon atoms because the Si-Si bonds weaken. The metal phaserdspongsible for
loosening the covalent bonding in Silicon makes the amorphous phase urnBteble.
interface boundary between the metal and the a-Si layer is@@ie for a metal-Si

interaction leading to the process of a-Si crystallizabenause of amorphous Silicon

12



imperfections - vacancies, dislocations and dangling bonds. Duringathermal heat
treatment, the metal film idissolved into the semiconductor film where it diffuses and
precipitates.

The main difference between Aluminum Induced Crystallization YAd@d Silver
Induced Crystallization (SIC) is due to the different reactidrats®rs of Al and Ag with
Si. Ag and Al form a eutectic. A eutectic is the melting point ofigture of two or more
solids depends on the relative proportions of its ingredidsinitial step during the
annealing of the Al/a- Si interface is dissolution of a-Si In(Ag 3.1 a), followed by
diffusion of the Si solute through the metal (Fig 3.1 b). Due to wea§iesfi covalent
bonds of the a-Si, the diffusion of Si atoms into metal film tgkase. Because of the
continuous supply of Si atoms, the Si grains will continue to groweaethites until they
contact each other and form a continuous film. This results inilayersion. For Al, this
process can start immediately because of the solubility of Si in the itrataBait, for Ag
this solubility is negligible even at high temperatures. This explains WisyrAuch more
efficient in lowering the crystallization temperature thamesil(Ag). The metal film is
saturated with Si, the dissolved semiconductor becomes supeeshtarat the super
saturation can be relieved by crystallite growth. The mechambnorystallization
involves intermixing of Al and Si atoms (Fig 3.1 c) and the foromabf an alloy of high
metal concentration in the amorphous Crystalline interféhe Al layer with its crystal
structure induces in the newly formed Si phase, a structurabroomy with the
crystalline phase. As i@sult, polycrystalline Sgrains are formed. The Adtoms diffuse
along the grain boundaries and segregate between them and outsidpaly{Belayer.

The process of crystallization will stop when all of Al is regeal at the a-Si and poly-Si

13



interfaces. This process of Al known as the aluminum-induced layer exchange

process.
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Figure 3.1 Overview of MIC process using eutectic reacting metgl&\ ¢

3.3 Components and Operation
Lindberg/Blue M 1100°C box furnace is used for annealing of the saniplesto
heating of the samples on different temperatures in this fumakes the metal layer to

get induced into a-Si making it crystalline. This furnace featuae choice of

14



microprocessor-based single set point or programmable control instatioe. These
furnaces include unique insulation and heating element compositesitaiza outer
surface temperatures while maintaining uniform heat distributibhin the chamber.
Controlled heat-up rate eliminates thermal shock to materiatasltquick heat-up and
cool-down rates. The unique double wall construction minimizes extsudiace
temperatures for operator safety and energy efficiency. Ltangype "K" thermocouple
is used. This furnace has air vent and air inlet for inert dgasniain power on/off switch
is on control panel. Safety door switch to interrupt power to heating element whaa door
opened; protects heating element and minimizes exposure to enddigeprocessor-
based control with advanced self-tuning feature automaticallg best control
parameters for the thermal process. PID control (proportionalgraitederivative)
prevents overshoot. There is a simultaneous LED display of aetoiderature vs.
setpoint. It may be configured to display temperature in eitheor°@-. This furnace
works at 208/240V and 50/60Hz. The heat-up/cool-down graph for the fusiahewn

in figure 3.2. This graph shows the time taken by the furnace to heat up and to cool down.

15



HEAT-UP/COOL-DOWN
Model BF51894C—No load

Cregrees Centigrade
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39% holding power @ 1100°C

Chamber uniformity @1100°C £2'C over back two-thirds of heated chamber length.

Figure 3.2 Lindberg/Blue M 1100°C box furnace heat-up/cool-down graph.

The operation of the furnace is explained into two parts. Thepfars is resetting the
high temperature alarm setpoint and second part is resettingctilesétpoint. First, for
resetting the high temperature alarm, press and hold the SETHtN®n on the
controller for three seconds until the display shows “mode RE&Sss and release the
SET/ENT button to display “PrG 0”. Then press the UP/RESET buttshdw the lower

display value “1”. Press and release the SET/ENT button untiligfietemperature alarm
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setpoint value is displayed as “Al”. Select the alarm setgathtabove the target
temperature (temperature for sample to be annealed at). fPicks®old SET/ENT for

three seconds to exit this menu. The second step for resetting#hsdtpoint, press and
release the SET/ENT button until “mode” is displayed. At “modepldiy, press the
“UP” arrow button to make the lower display value to “LCL". Pressl release the
SET/ENT button once to enter the local mode. Use the “UP” and “DONUNons to

select the operating temperature. At this point the power autathaturns on and the
temperature is raised to the operating temperature. Afteethgetrature in the furnace
reaches the operating temperature and goes higher than thesaetpaoimt, the power of
the furnace automatically shutdowns and slowly the temperaturesidhemn the alarm
setpoint. By following these steps the samples are annealed fdroomeat different

temperatures. The annealed samples are then studied using difehemues explained

in the following chapter.
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CHAPTER 4
THIN FILM CHARACTERIZATION
4.1 Introduction
The thin film crystallization is characterized by two of thehniques. One is X-Ray
diffraction and other method used is Raman spectroscopy. This chapter explains

both the techniques and the principle behind these techniques.

4.2 X-Ray Diffraction

Solid matters can be categorized into amorphous and crystallinembrphous
materials the atoms are arranged in a random way. Formpéxa@lasses are amorphous
materials. In Crystalline materials, the atoms are ardhngea regular pattern, and there
are smallest elements that by repetition in three dimensiswiloe the crystal. This
smallest volume element is called a unit cell. About 95% o$dits are described as
crystalline. X-Ray diffraction (XRD) is one of the most pofuertechniques for
gualitative and quantitative analysis of crystalline compounds. Ttimigue provides
information that cannot be obtained by any other ways. The infanmatbtained
includes degree of crystallinity, types and nature of cryseliihases present, amount
of amorphous content & size and orientation of crystallites. principle of operation for
X-Ray diffraction technique and how it is used to characterizestiiel matters is
explained in the next section.

4.2.1 Principle of operation

An electron in an electromagnetic field will oscillate wthe same frequency as the

field. When an X-ray beam hits an atom, the electrons around thesgaonto oscillate
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with the same frequency as the incoming beam. In almost alltidmecwve will have
destructive interference. Destructive interference meansothbioing waves are out of
phase and there is no resultant energy leaving the solid sampkystals the atoms are
arranged in a regular pattern, and in a very few directionsvitehave constructive
interference. The waves will be in phase and there will be defihed X-ray beams
leaving the sample at various directions. Hence, a diffracted besy be described as a
beam composed of a large number of scattered rays mutually reinforcing dmer.anot
X-ray diffraction employs electromagnetic waves with a wavgth on the order of 1
angstrom. Since wave diffraction occurs when the dimensions dfiffin@cting object
are of the same order of magnitude as the wavelength of thdemcivave. X-ray
diffraction of semiconductor thin films is generally carried wut diffractometer. The
source of the X-rays is called an X-ray tube (Fig. 4.1). It ct&if a water-cooled
copper target onto which an accelerated electron beam is impinggide a vacuum
tube. Because of the Bremsstrahlung effect, X-rays areegeiniith wavelengths that are
characteristic of the copper element. Bremsstrahlung isrii@a German name for the
effect of generation of X-rays via electron deceleration throtggimieraction with the
Coulomb field of the nucleus. Through these inelastic interactiomayX-are emitted
which can have energies as high as the beam energy. Thays Are then filtered and
collimated into a beam through the use of a monochromator consistiready perfect
silicon crystals placed at specifically chosen angles to ipeafhection of the X-rays.
Diffracted waves from different atoms can interfere witkkheather and the resultant
intensity distribution is strongly modulated by this interactiorihdf atoms are arranged

in a periodic fashion, as in crystals, the diffracted wavesceiikist of sharp interference
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maxima (peaks) with the same symmetry as in the distribofi@ioms. Measuring the

diffraction pattern therefore allows us to deduce the distribution of atoms in aamater

Water cooled anode

Beryliium window

X-rays

it
i

e Vacuum
20-50 kY potentia i Flectron beam

LI
il | ——Cooling water jacket
il
it

Internal electric /

CONaCts

———(lass insulator

Figure 4.1 Schematic diagram of X-Ray tube used for X-Ray diffraction.
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The peaks in an X-ray diffraction pattern are directly rel&beithe atomic distances.
For a given set of lattice planes with an inter-plane distandbedcondition for a
diffraction (peak) to occur can be found using Bragg'’s law:

2dsinf =ni

Where@ is the incident anglel is the wavelength of the X-ray, amdis an integer

representing the order of the diffraction peak. This process is ssedvematically in Fig.

4.2.

Incident rays

Figure 4.2 Schematic of diffraction of x-rays by a crystal.

Diffraction effects are observed when electromagnetic radiatnpinges on periodic
structures with geometrical variations on the length scale ofwtneelength of the
radiation. The interatomic distances in crystals and moleculesirgnio 0.15-0.4 nm
which correspond in the electromagnetic spectrum with the wagtbleh X-rays having

photon energies between 3 and 8keV. Accordingly, phenomena like constrant
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destructive interference should become observable when crystafichemalecular
structures are exposed to x-rays.
The advantages of X-Ray diffraction are:

e Detailed Phase analysis of materials can be done. Phaseisati&iyspercent
crystallinity in polymers and ceramic materials, structetaracaterization and
analysis of catalysts and chemicals and deatailed soil and clay nainahadis.

e Quantitative analysis can be done like accurate phase quardifidatiRietveld
method, Crystallite size determination and Microstrain determination.

e Crystalline or Amorphous ratio determination can be obtainedfrpfde fitting
technique.

4.2.2 Equipment Used

X'Pert PRO Diffractometer is used to study the cryg@ilon of metal induced
silicon thin films. TheX-RAY sources present in this diffractometer are 3 kW Copper
tube and 2 kW Cobalt tube. Few optic components used are Focusing dled Peekix
optics, programmable slits, tunable diffracted beam monochromator.t@stesed are
Xe proportional counter and solid state X'cellerator. The softwesed for analysis are
Hi-Score search-match software, X'Pert Plus crystalfdgcaanalysis software with
Rietveld capability and ProFit line profile analysis softwditee picture below shows the
equipment used for characterization of samples by X-Ray diffract-Ray Diffraction
an analysis is performed with an automated diffractometérilze data analyzed with a
computerized least squares techniquel'Rert PROx-ray diffractometer, equipped with

a graphite monochrometer and a copper tube is used to collect thénisirdéita. The
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data is collected on a PC and analyzed using a computerizetd aed match procedure.

The laboratory is also equipped with the JCPDS database.

Figure 4.3 X'Pert PRO X-Ray Diffractometer
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4.3 Raman spectroscopy

4.3.1 Principle of Operation

When photons are incident upon a medium, they get scattered eitheralyast
(Rayleigh scattering) or inelastically (Raman scaitgri The scattering process without a
change of frequency is called Rayleigh scattering, and thieegsds described by Lord
Rayleigh and which accounts for the blue color of the skyRayleigh scattering, the
energy of the emitted photon is the same as the incident photon. @thénehand, in
Raman scattering, the energies of the scattered and incidewinghere different. A
change in the frequency of the light is called Raman sacagteRaman shifted photons of
light can be either of higher or lower energy, depending upon the vibabstate of the
molecule.The energy change is depicted in Fig. 4.4, where an incoming photon either
creates a phonon and is re-emitted at a lower energy (antisStaadtering) or
annihilates a phonon and is re-emitted at a higher energy (Ssokétering). The
inelastically scattered light can be collected, and infoonatibout the energy levels
within the medium can be deduced from the energy change in lteTiys process can
also be easily explained. Most of the molecules are initiallyhe ground state but
because of thermal agitation, some of the molecules will be ditedxstate. The
scattering process can be explained as the incoming phot@s this molecule to a
virtual (non-existent) excited state. But since the molecule caenwin in this virtual
level, it must immediately come back to a lower level withghession of a photon. If
the molecule falls into the same level as it started frtweretis no frequency shift in
emitted photon and this is called as Raleigh scatteringhelfmolecule falls into a

different level, the energy of the emitted photon must differ froat of incoming photo
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in order to conserve total energy, the emitted photon has a diffesgntehcy. This
process is called Raman scattering. The frequency caeasecgiving rise to Strokes
lines in the spectrum or increase giving anti-Stokes lines. dépends on whether the
molecule starts in the ground state or an excited statelaf@er the Raman shift, the
higher the excited state, and the less likely it is to be thermally poghuldtierefore, anti-

Stokes lines with small Raman shifts are likely to be observed.

""" sl e Viriual
A Stcte
A
Anti-Stolees
Sstr;:ukes Sostter
Enﬁrgy | Catter |
Tncident Inoident
Photon Photon
Y G L

Inifd ¥ Fnd  levels

(a) (h)

Figure 4.4 Schematic depiction of Raman scattering processes withohitaime

Spectroscopists and especially chemists, frequently use wave ntonbsgzasure
frequency. Wave number is expressed in units of reciprocal ceetsnét wave number
is defined asv x=V/, =1/1, wherec is the speed of light in cm/s antis the
wavelength in cm. The wave number gives the number of wavelenglightothat will

fit into one centimeter. A monochromatic light source, usually garaion laser, is used
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to excite the sample and a spectrometer 1PMT set is usedet thee scattered light.
Raman spectroscopy has become an important analytical andchetsedr It can be used
for applications as wide ranging as thin films, semiconductors, matauticals,
polymers and carbon nano-materials. Raman spectroscopy is adagtaring technique,
and can be explained as a process where a photon of light interdcts sample to
produce scattered radiation of different wavelengths. Raman cpemby is extremely
rich in information. This information may be useful for chemicalntdieation,
characterization of molecular structures and effects of bonding.

Advantages of Raman spectroscopy:

There are various spectroscopic techniques, such as infraredospepyr and
chromatography. These are used for chemical characterizativaretl spectroscopic
measurements can provide a wealth of information, but their setysisiviot so high and
substantial efforts may be needed to extract unambiguous inforrabton the particles.
In comparison, Raman Spectroscopy (RS) has the following advantages:

e RS is nondestructive and has rapid tool for structural charactenzat
crystalline, non-crystalline and amorphous materials.

e The sample preparation is much simpler for RS than compared to infrared.

e RS can provide higher sensitivity with comparable selectivity dremecal
speciation.

e RS is equally useful for any state of matter, such as swmjiddlor gas, and can
identify any type of organic, inorganic and biochemical specieslid, siquid
or gas form.

¢ Most organic and inorganic molecules are Raman active.
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4.3.2 Equipment Used

The Horiba Scientific product called Raman spectrometer LAbDRIR system is
used to study the crystallization of the samples. The LabRAMsYy4&RmM provides ultra
high spectroscopic resolution. It also provides unique wavelength rapgéility. Due
to these kinds of functionalities this system provides both gresbifley and high
performance. It is an integrated, simple to use, and high sgabdnch-top instrument
designed to undertake reproducible Raman measurements at high, noediuen low
spectral resolution. The high resolution mode is uniquely ideal foresbatid analysis
such as that for phase (crystalline/amorphous), or proteins, hydrodemeak bonding
forces and semiconductor stress measurements. Band analysioidehef 0.3 cni to
1 cmi* is particularly suited to the HR mode. It is suitable fomBa, fluorescence and
luminescence measurements. Multiple laser capability provideslangth from visible

to near IR. It has a unique adjustable angle notch filter technology.
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CHAPTER 5
EXPERIMENTAL PROCEDURES, RESULTS AND DISCUSSIONS
5.1 Deposition
In the present work, we prepared the structure of a-Si/megiplige and were

processed through a rapid thermal process. The substrates uted $tructure were of
thickness 330Microns and with a diameter of 2 inch. To study metiliced
crystallization of silicon thin films, we made few sampleshwiwo different metals
Aluminum and Silver. These samples were made by evaporatingndtals and
depositing onto the substrate. To make the samples, the metalAghlhave to be
deposited on to the substrate first and then on the top of metal sdieam layer is
deposited. Sharon vacuum Electron beam deposition system is used tun dllm
depositions. Deposition by this system takes place under very highnvautiu pressure
below 4e-6 Torr. Three different samples were made. Firsgsubstrate was deposited
by 100nm aluminum and then followed immediately by silicon layehiokhess 400nm
(a-Si/Al/Sapphire). Fig 5.1 shows the schematic diagram ofAd/Sapphire. Second,
Silver layer of thickness 100nm deposited on to substrate and followasdidon of
thickness 400nm (a-Si/Ag/Sapphire). Fig 5.2 shows the schematic rdiagfaa-
Si/Ag/Sapphire. Third, substrate deposited with silver of thickness 1@@whrsilicon
with 250nm (250nm a-Si/Ag/Sapphire). Fig 5.3 shows the schematic diagraZ&®nm

a-Si/Ag/Sapphire.
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Sapphire Substrate

Figure 5.1 shows the schematic diagram of a-Si/Al/Sapphire.

Silver 100nm

Sapphire Substrate

Figure 5.2 shows the schematic diagram of a-Si/Ag/Sapphire.

Silver 100nm

Sapphire Substrate

Figure 5.3 shows the schematic diagram of 250nm a-Si/Ag/Sapphire.

29



The data of deposition by E-beam evaporator for different sarapegiven in tables
below. All the experiments were done with spacer underneath the crucitléseasweep
was turned ON. The crucibles were filled with the targetensds first and then placed
inside the Evaporator. Let us discuss about a-Si/Al/Sapphire depositientafget
materials for this sample are Aluminum and silicon. So, one otringble was filled
with aluminum and other with silicon and placed in the evaporatore Rlatbstrate on
to the substrate holder. First, deposit the aluminum layer of thicki@¥sm by just
evaporating the target material. Then just rotate the alumfili@eh crucible position to
silicon filled crucible by using the control switch and depositail of 400nm on to the
aluminum layer. Similarly, the other samples a-Si/Ag/Sapptarel 250nm a-
Si/Ag/Sapphire can also be done. After the deposition by E-beaporator the samples
obtained are made into eight parts of each sample. These sgra#sts of samples were
annealed at different temperatures from 200°C -1000 °C. The annealing was done
Lindberg/Blue M 1100°C box furnace under nitrogen gas. All the samples lveatted
for one hour at different temperatures. One of each sample’seséegmere taken and
kept in the furnace and the temperature of the furnace is #at ttesired level and the
power is turned ON. After the temperature of the furnace reatteedesired level, the
samples are heated for an hour. After the heating is donearty@es are cooled at the
normal cooling rate of the furnace. The samples after annedaldiffeaient temperatures
are studied by XRD and Raman to see the crystallizationliobrsi Tables 1, 2 & 3

below shows the deposition parameters of the samples.
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Table 1 shows the deposition parameters for a-Si/Al/Sapphire.

Target | Crucible Pressure | Current| Voltage | Rate of Thickness| Time
Material | Used inside (mA) (KeV) | Deposition| (nm) (mins)
Evaporator (A°/Sec)
(torr)
Al | Intermetallic 1.4 52 | 7.17 0.22-0.64 100 5
x 107°
Si Molybdenum| 1.8 76 | 7.74 1.0-27 400 4%
x 107°
Table 2 shows the deposition parameters for a-Si/Ag/Sapphire.

Target | Crucible Pressure | Current| Voltage | Rate of Thickness| Time
Material | Used inside (mA) (KeV) | Deposition| (nm) (mins)
Evaporator (A°/Sec)

(torr)

Ag | Molybdenum| 3.2 18 | 7.51 222-2.71 100 06
X 107°

Si Molybdenum| 1.8 76 | 7.74 1.0-27 400| 45
X 107°
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Table 3 shows the deposition parameters for 250nm a-Si/Ag/Sapphire.

Target | Crucible Pressure | Current| Voltage | Rate of Thickness| Time
Material | Used inside (mA) (KeV) | Deposition| (nm) (mins)
Evaporator (A°/Sec)
(torr)
Ag | Molybdenum| 2.1 16 | 7.76 2.22 - 2.8( 100 05
x 1076
Si Molybdenum| 2.4 76 | 7.61 1.0-27 250 30
x 1076

X-Ray Diffraction:

The X-Ray diffraction is used to study the crystallizationh& silicon. The results
obtained from XRD are discussed below. Let us first discuss aboXiRibeplot of the a-
Si/Al/Sapphire which is not annealed. The Fig 5.4 shows us two hidis.pEaese peaks
are due to presence #f,0;. Al,0 is substrate. So, the peaks which we see are substrate
peaks. We are more interested at the peaks of crystallioensilThe standards followed
by XRD say that the silicon peaks appears at around 28 de§rease will not discuss

about the other peaks present in the XRD plots and mainly concentrate on the plots with 2

5.2 Results and Discussions

theta angle at the range of 21-30 degrees.
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Figure 5.4 X-Ray diffraction plot of Un-annealed a-Si/Al/Sapphire sample
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Figure 5.5 XRD plots of a-Si/Al/Sapphire sample annealed at differepetatores.

Figure 5.5 shows the XRD plots of a-Si/Al/Sapphire sample fardiit temperatures.
We can see from the graphs that at high temperature anneatgtes show the high
peaks when compared with the lower temperature annealed samples.cas see from

the Fig 5.5, the peak of silicon was not seed08fC. The crystalline silicon peak
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appears ab00°C. This implies that the crystallization was started at ardi00fC or
may be less.

Fig 5.6 shows the XRD plots for a-Si/Ag/Sapphire sample annealaifferent
temperatures. Due to different metal used in this sample when Eanwéh previous
sample, the crystallization temperature for silicon is dffier In Fig 5.6, the peak
resembling silicon only started #00°C . At 600°C we see a small peak which
resembles silicon peak. So the crystallization of silicon wiltter as metal used has a
crystallization temperature a00°C . This when compared to Al proves that Al has less

crystallization temperature(less th&0°C ).
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Figure 5.6 XRD plots of a-Si/Ag/Sapphire sample annealed at differepéetatures.
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Fig. 5.7 shows the XRD results of 250nm a-Si/Ag/Sapphire sample adnatl
different temperatures. We can see from the figure thatatiigation started a500°C
which is less when compared with a-Si/Ag/Sapphire. The graphglattemperatures
show almost the same peaks; this is because almost allithe gitesent on the sample

is crystallized. There is not much difference in the peaks dfehitemperature annealed

samples.
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Figure 5.7 XRD plots of 250nm a-Si/Ag/Sapphire sample annealed at different
temperatures.
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Raman:

The samples were also studied in Raman spectrometer. Taks ré&®@m both

methods were almost agreed with each other. The Fig 5.8 shows Rartta shift for

the a-Si/Al/Sapphire sample at different temperatures. As téneperatures were

increased the sharp peak for the silicon was increased. At low temperaéucannot see

any peaks that mean that there was no crystallized sili@sempr We can see from Fig

5.8, the peak for silicon started 30°C . So the crystallization of the a-Si/Al/Sapphire

started ab00°C .

Raman Intensity
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Figure 5.8 Raman plots for a-Si/Al/Sapphire sample annealed at different

temperatures.
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In Fig 5.9 we can see for a-Si/Ag/Sapphire sample the atligation started at
600°C. As the temperature increases the peak in the graph alsasedr This shows

that the more and more of silicon is being crystallized.

—200C
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110000 400C
100000, — 500
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80000 g
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Figure 5.9 Raman plots for a-Si/Ag/Sapphire sample annealed at different
temperatures.
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Figure 5.10 Raman plots for 250nm a-Si/Ag/Sapphire sample annealed andiffer
temperatures.
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Fig 5.10 shows the graph from Raman spectroscopy for 250nm a-Saf#diire
sample. These results are different from the previous sampiAgSapphire. The
thicknesses of silicon, deposited on these samples are differend-Fibhg/Sapphire
sample, thickness of deposited silicon is 400nm. The 250nm a-Si/Ag/Sapphipe
has silicon thickness of 250nm. Due to this variation of thickness wenchdifference
in crystallization temperature. Due to less thickness in 250nifAg/Sapphire sample,
the crystallization started little sooner than for a-SiSepphire sample. It just started to
crystallize at500°C whereas 250nm a-Si/Ag/Sapphire sample started to crystatlize
600°C. When comparing the Fig 5.8 and 5.10, both the samples started tdlizeysta
same temperature but the peak for a-Si/Al/Sapphire samplegherhthan 250nm a-
Si/Ag/Sapphire sample. So this proves that the Al is better whmpared with Ag to

reduce the crystallization temperature of silicon thin films.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION
6.1 Conclusion
High purity samples were obtained from the E-beam depositionnsystdNevada

Nanotechnology lab and these samples were annealed at diffengmeratures. The
annealed samples were then studied with two methods, X-ray ddfrashd Raman
spectroscopy. The results show that at low temperatures itensg crystallized. We
studied the crystallization of silicon with two different mst&ll, and Ag. They both
showed different crystallization temperatures. Al is betteerwbompared with Ag for
crystallization. Aluminum induced crystallization showed low terapge crystallization
at arounds00°C. But for silver induced crystallization, the silicon startedristallize at
600°C. Due to low temperature crystallization of thin film silicerirnportant for many
industrial applications such as flat panel displays and silicom sels. Metal induced
crystallization of a-Si leads to the formation of continuous pol§i#&s with good
crystallinity according to the XRD and Raman experiments. Dudow process
temperature and short crystallization time, low-cost substcatebe used for solar cells.
This reduces the overall cost of the solar cells. High puritstalline silicon thing films

were obtained.

6.2 Recommendations
This process and study can be done with different metals likarid Lead, to see,
whether crystallization temperature is lowered than the alumindoted crystallization.
Instead of metal layer, the nanoparticle deposition of metalslsanbe done and after

annealing, the crystallization temperature of silicon can be studied.
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