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Abstract: Alaseris a device that emits light through a psesc of optical
amplification based on the stimulated emissionhaftpns. Pulsed operation of laser
refers to any laser not classified as continuougewso that the optical power appears in
pulses of some duration at some repetition ratés €hcompasses a wide range of
technologies addressing a number of different ratitws. Pulsed laser deposition is a
growth technique in which photonic energy is codpie the bulk starting material via
electronic processes. PLD has normally been dotie @ither solid state or excimer
lasers producing milli joule to joule pulse enesgrgth 10 kHz to 10 Hz repetition rates,
respectively. Solid state batteries using solidtetdyte have attractive advantages
compared to conventional liquid-electrolyte ba#srisuch as lead-acid batteries or
nickel-cadmium cells. PLD is a successful thin fildeposition method for the
preparation of epitaxial oxide films on differeningle crystalline substrates. The
advantage of PLD is the stoichiometric transfercomplex target materials to the
substrate, which can be maintained at a high testyer in a reactive atmosphere. Many
new devices may be formed using such high qualitgle crystalline oxide thin films.
This paper deals with the detailed technologicpkats of PLD, deposition of different
thin films using PLD and the advantages of thishodt

Keywords: Laser, Ablation, Pulsed laser deposition, Expertaleretup, Solid state
batteries, thin films and Advantages.
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INTRODUCTION

A laser is a device that emits light through a pescof optical amplification based on the stimaate
emission of photons. The term laser originated raacaonym for Light Amplification by Stimulated
Emission of Radiation. The emitted laser light istable for its high degree of spatial and
temporal coherence. Pulsed operation of lasergdéeany laser not classified as continuous wawe, s
that the optical power appears in pulses of somatidm at some repetition rate. This encompasses a
wide range of technologies addressing a humbeifigreint motivations. Some lasers are pulsed simply
because they cannot be run in continuous modethler cases the application requires the producifon
pulses having as large an energy as possible. Biaqaulse energy is equal to the average powéleatlv

by the repetition rate, this goal can sometimesdiesfied by lowering the rate of pulses so thateno
energy can be built up in between pulses. In labkation for example, a small volume of materiathat
surface of a work piece can be evaporated if li@ated in a very short time, whereas supplying the
energy gradually would allow for the heat to becabsd into the bulk of piece, never attaining a
sufficiently high temperature at a particular paint

Pulsed laser depositionPulsed laser deposition (PLD) is a growth techniquehich photonic energy
is coupled to the bulk starting material via elenic processes. The principle of PLD is showFim 1.

Fig. 1: Principle of pulsed laser deposition

An intense laser pulse passes through an opticadomr of a vacuum chamber and is focused onto a
solid or liquid surface, where it is partially absed. Above a certain power density, significanterial
removal occurs in the form of an ejected luminolisme. The threshold power density needed to
produce such a plume depends on the target mai&siatorphology and the laser pulse wavelength and
duration, but might be of the order of 10-500 MW <far ablation using ultraviolet (UV) excimer laser
pulses of 10 ns duration. Material from the plumehen allowed to recondense on a substrate, where
film growth occurs. The growth process may be seqmginted by a passive or reactive gas or ion source,
which may affect the ablation plume species inghs phase or the surface reaction, in which case on
talks of reactive PLD

PLD is a thin-film deposition method, which usesrstand intensive laser pulses to evaporate target
material. The ablated particles escape from thgetaand condense on the substrate. The deposition
process occurs in vacuum chamber to minimize théesing of the particles. In some cases, however,
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reactive gases are used to vary the stoichiomeftrth® deposit. PLD has offered an interesting
alternative for other physical vapor deposition [BVmethods, because of the low deposition
temperature. Most of the PVD methods require tHestsate temperature to be at least 300-400°C to
achieve a proper adhesion between the substratthamadating. In PLD, however, it is possible to ge
excellent adhesion, although the substrate is@hr@mperature. So, PLD gives an opportunity td coa
heat sensitive materials like polymers, as tvell

PLD has normally been done with either solid staitexcimer lasers producing milli joule to joulelgm
energies with 10 kHz to 10 Hz repetition ratespeesively. Pulse widths are in nanosecond rangetwhi
generally leads to poor quality films with rough npioology and large particle contamination. Such
pulses are long enough for heat to conduct awaw fimcal spot. If the pulse length is shorter than
electron-phonon relaxation time, the energy losthieat conduction should be minimiZe@he onset of
vapor and plasma injection or tearing of the tatgkes tens of picoseconds. This time is the ujmér

of pulse length in order to avoid plasma shieldituging the pulse. Material emission stops after few
hundreds of nanoseconds and within few microsectimésthe plasma plume has largely dissipated and
no longer reflects the incoming laser beam. Thithéslower limit for the time between the pulses in
order to ensure that the residual plasma doeseflett the next incoming laser pulse. It is meaguhat
ablation rates with 4 MHz picosecond range pulsesl180 times higher than with nanosecond range
pulses and also 10-30 times higher than with 1 fé#atosecond pulses. Ideally all energy impinging
upon the target should be used to generate vapplasma in an effective PLD process. By measuring
the spectrum of the plasma, one can define theenbof atomic species vs. large clusters that predu
black body radiation spectrum. These particles garerated from very dense plasma and molten
materiaf.

Ablation mechanism: When the laser radiation is absorbed by a solithear electromagnetic energy is
converted first into electronic excitation and thieto thermal, chemical, to cause evaporation, tidsia
and excitation. Evaporants form a plume consistihg mixture of energetic species including atoms,
molecules, electrons, ions, clusters, micron-sg@l particulates, and molten globules. Underdspi
PLD experimental conditions, the energy fluence i@w J/crifor 10° second pulses. This energy is
almost one order higher in magnitude of the ahtatiweshold of most materials. The peak power #ensi
under this condition exceeds ®1W/cnt. The electric field inside an absorbing medium emthis
condition can be estimated from the following rielat

E = (@b/ceon)™?

Where E is the electric fieldy the power density0 the dielectric constant in vacuum, n the refuacti
index of the medium and c the speed of light. Foragerial with n = 1.5 under a radiation power dtgns

of 5 x 10 W/cnt, the corresponding electric field inside the budches 5 x fov/cn?, high enough to
cause local dielectric breakdown. Therefore, thdétenosurface layer vaporizes to form dense plasma.
The early stage of plasma flow is hydrodynamic argdands iso-entropically into the vacuum like a
supersonic nozzle beam. It absorbs the remainirtippof the laser pulse to reach a higher tempeegat
Plasma temperature is of about’X0 During the rapid supersonic expansion, a shoaken's generated.

Its recoil pressure exerts a force strong enougippde the molten surface layer. The oscillatorgtion

of the ripples propagates along the surface amatasrupted by the liquid-solid interface at thegedf

the molten pool. The continuous propagation craalgamst the solid interface and expels liquid titsp
into vacuum. It is the major cause of “splashings. the reactive gas pressure increases, so does the
frequency of collisions among various species. Midtcollisions take place and promote condensation
among molecular and atomic species to form clustrging from dimers to submicron clusters. Their
density and distribution are sensitive to backgtbgas pressure and the distance from the targetcsur
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In general, the cluster concentration in the plumereases with background gas pressure and the
distance from the tardet

EXPERIMENTAL SETUP

Fiber laser: We have used a new type of mode-locked fiber lasachieve optimal laser parameters in
PLD. Maximum average power was 20W at 4 MHz. Thisuits in 5uJ pulse energy. The pulse length
was 15-20 ps when measured with a high speed @smipe in which gives 250 kW-300 kW peak
power. Pulse repetition rate could be varied fr&@@ RHz to 30 MHz but the maximum pulse energy was
kept at 5uJ while not exceeding the 20W average power. Tpasameters are commonly found to be
best for PLD but so far it has been difficult todi a compact and easy to use laser with such
characteristics. In order to reach threshold fleefor the materials studied, we focused the bedman
15-25 micron spot. This gave maximum fluences afuald J/crf at 5pJ which is more than adequate
for the materials studied. During the deposititre, laser beam must be scanned at high speed #ioeoss
target material. We used a standard galvo-scarutside vacuum chamber that could scan the beam up
to 2 m/s. The range was depended on the focalHesfgt plano-convex focusing lens. The smallest spo
size was reached at a 60 mm focal length restitimg20 mm scan length on the tafget

Vacuum chamber: The fiber laser was connected to the vacuum chathbeugh a window on the top.
The scanner head was attached as close as possitile window to allow maximum freedom for
optimal target and substrate geometry inside tlewa chamber. The target material was attached to a
linearly movable holder that allowed two dimensioseanning in one axis (z-axis) while target was
moving in the other (x-axis). During scanning tleaim was focused on the target and the incideneang|
to target was 45 degrees. This setup allowed geelithe target layer-by-layer from an area defibgd
scan length in the z-direction and the linear x-emoent of target holder. The Substrate holder wss al
set at a 45 degrees angle to the plume enabliagrlimovement through the plume that ensured maximal
homogeneity of the film.

Oxygen [ J

Inlet A

Viewport Viewport

Substrate
Heater and
Holder

Laser beam

s

. A Thermocouple
Laser  Electrical Feedthrough

port  Feedthrough
Fig. 2: Schematic diagram of the pulsed laser depitisn system

In case of transparent substrates and transparast & very simple and effective geometry for BieD
can be used. The transparent polymer or glassratdstin be positioned between the fiber lasemsran
and target material since the laser spot sizelatiaie position is very large compared to focusitiom
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at the target. Thus the fluence at substrate ishnugdow ablation threshold. The orientation of the
linearly moving target and substrate can be aglt @ngle relative to the laser light and its saagn
direction. Essentially this means that target natean be transferred layer by layer to the salbstin

one to one proportion. Thus roll-to-roll manufaatgris possible for the substrate and in some cases
similar rolls can be used for the target materadswell. Fig. 2 shows the Schematic diagram of the
pulsed laser deposition system

SOLID STATE THIN FILM LITHIUM BATTERIES

Solid state batteries using solid-electrolyte hatteactive advantages compared to conventionaidiqu
electrolyte batteries such as lead-acid batteriesc&el-cadmium cells. These advantages include e&
utilization, high reliability, thermal stability,esistance to shocks and vibrations, absence of self
discharge, extremely long active life, absence asgsjfble pollution due to liquid electrolyte, podsib
miniaturization and possible integration with migirauits. Rechargeable lithium batteries have rexbi
much attention in recent years. There is greatreastein the application of solid electrolytes fagh
performance secondary lithium batteries becaudegbf electrical, chemical and mechanical stabuity
many lithium compounds. These lithium batteries lsarfabricated by successive deposition of contacts
electrodes and an oxide electrolyte. This makes ileal for integration with microelectrontés

Negative electrodes:A number of materials have been used as the negaliectrode in lithium
batteries, such as lithium, carbon and graphitdjulin-aluminum, lithium-silicon, lithium-tin and
intercalation compounds, such agWD,, Li,M0O, and LiTiS,.

1) Lithium: Lithium has two unique properties which make ghty suitable as a negative electrode for
batteries. Firstly, it is the lightest metal in theriodic table. This is a most attractive propddy a
lightweight battery. The specific capacity of lithi metal is 3.86 Ah/g. Secondly, lithium has a high
electrochemical potential of —-3.045 V vs NHE, whieblds out the promise of a 3 V battery when
combined with a suitable positive electrode. Ineorid obtain a reasonable cycle life, a threeiefdld
excess of lithium is required. The difficulties asisited with the use of metallic lithium stem frdts
reactivity with the electrolyte and the changes daddrite formation that occur after repetitive rgjea
discharge cycling. After cycling the surface aréatbium increases with a corresponding increasthe
reactivity. This lowers the thermal stability obthystem.

2) Carbon materials: The major problem with lithium is the battery sgfbecause of the high reactivity
of lithium. Carbon materials can reversibly accaptl donate significant amounts of lithium without
significant swelling on prolonged cycling. Thererie dendrite formation. The usage of carbon and
graphite for the negative electrode does not atfegtmechanical and electrical properties. Theebatt
becomes safer and is used more efficiently. Thenata potential of a lithiated carbon material isse

to that of metallic lithium, thus an electrochenhipattery made with a lithiated carbon material wive
almost the same open-circuit voltage as one mattemetallic lithium. The specific capacity or engrg
of the lithium ion battery depends largely on tinget of carbon materials used, the lithium intertaia
efficiency and the irreversible capacity loss aigted with the first charge procéss

Positive electrodes:A variety of materials have been investigated fa positive electrode of lithium
batteries, such as intercalation solid compourmlapge inorganic cathodes and polymeric materibie

best positive electrodes for rechargeable battenieghose where there is little bonding and stinatt
modification of the active materials during the mjega and discharge reaction. The intercalation
compounds, such as Mp0OV/,0s, LIMNO,, LiVO,, LiCoO,, LiMn,O, and LiNiOG,, are among the most
useful positive electrode materials. In these camgs, a guest species such as lithium can be éasert
interstitially into the host lattice during dischar and subsequently extracted during recharge. Key
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requirements for these compounds for the positieet®de are: high free energy of reaction with
lithium, wide range of the amount of intercalatidittle or no structural change on reaction, highly
reversible reaction, rapid diffusion of lithium ®in solid, good electronic conductivity, no solitpiin
electrolyte, readily available or easily synthedif®m low cost reactants.

1) LiCoO.,: LiCo0O, gives a high capacity 155 mAh/g and cycle numbéisas a voltage of 4.1V vs.
lithium. It is used in most of the lithium battesia production in spite of its limited availabjliand cost.
LiCoO, has a layer structure, where lithium and transitoetal cations occupy alternate layers of
octahedral sites in a distorted cubic close-packeden-ion lattice. The layered metal oxide framewo
provides a two dimensional interstitial space, whidlows for easy removal of the lithium ions. The
dimensional changes on charge-discharge cyclingragdl. LiCoQ is the most widely used material for
commercial lithium batteries due to its excellel@ctochemical cycling stability. It is a result tfe
structural stability of the material, in which tlagered cation ordering is extremely well preseregdn
after a repeated process of insertion and extraafoLi* ions. Even though the technology is rather
expensive and the material is highly toxic, lithicobaltate is still the most widely used cathod¢enial

in lithium-ion batteries.

2) LiMn ,O4: LiMn,0O, has a lower capacity 120 mAh/g but a higher vata@ V than LiCo@ It offers

an advantage in terms of the availability of ndtwesources and cost. LiM@Q, has a spinel or tunnel
structure which possesses a three-dimensional sp@cedace sharing octahedral and tetrahedral
structures. This provides conducting pathways lierinsertion and extraction of lithium ions. Lib@y
powder used in lithium batteries is fabricated ahhtemperatures. However, most semiconductor
devices and micro electro-mechanical systems (MEBI®) fabricated at lower temperatures. If we
attempt to integrate microbatteries in pre-integptadlevices on substrates, the process temperature f
microbattery fabrication must be lower than ¥DOMany anode and electrolyte materials, which are
synthesized at low or ambient temperatures, hage biidied. However, candidate materials for cahod
films are almost always deposited at high tempeeadwe introduced during the post annealing process
These materials are not suitable for use as MEM®&psources.

3) LiNiO,: LiNiO;, has a higher capacity 200 mAh/g but a lower vetdd V than LiCo@ It has a
layer structure. The dimensional changes are sDafipite its high capacity and low cost, LiNi® not
widely used commercially because of the energy limg upon decomposition, the relatively low
temperature at which self heating ensues and tifieutty of preparing the material consistently in
guantity. It is well known that LIM@(M = Co, Ni) materials exhibit excellent electrechical features
as cathodes in lithium batteries owing to theirelag structure. Particularly LiNiOoffers some
significant advantages when compared to Licd&r instance, LiNi@is cheaper and exhibit a higher
specific capacity. However, LiNiwith the correct stoichiometry is very difficuli bbtain.

Solid electrolytes:lonic transport in solids is related to the atomiisorder in real crystals. The most
important defects are vacancies and interstitidharged defects have an effect on electronic
concentration and accordingly on electronic leakagaent. An ionically conducting material may
readily turn into an electronic conductor. The mimsportant driving forces for the motion of ionic
defects and electrons in solids are the migratioan electric field and the diffusion under thduefce

of a chemical potential gradient. Depending onrtiagority charge carriers, quite different drivirgydes
and fluxes apply for the ions and electrons indselectrolytes and electrodes. The majority casrae
transferred in an electric field whereas the miiyocharge carriers are moved by diffusion. Thedsoli
electrolyte therefore carries the mobile ions adicgy to Ohm'’s law and the electronic carriers adicay

to Fick's law. The electrodes carry the ions towatte interfaces with the electrolyte by diffusidime
mobility rather than concentration of electrons antes has to be small in electrolytes. Solid etdges

for battery applications require high ionic condvities and wide range of appropriate thermodynamic
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stability. Four major aspects should be taken iotmsideration for the design of suitable solid
electrolytes: (i) optimizing the lattice structuspatially and energetically to improve the numbed a
mobility of ionic defects, (ii) developing synthgsioutes which lead to materials of amorphous or
polycrystalline structure with high overall conduity, (iii) optimizing the stability range to prewt
chemical reactions with the electrodes, (iv) opting the electrolytic domain with negligible elamiic
conduction over the activity range employed. Idifficult to prepare all solid state batteries exce
possibly thin film batteries with good contacts vibetn the electrolyte and electrodes because of
differences in the thermal expansion coefficierftslitferent materials and because of undesiralile si
reactions at high temperatures. The electrolyteeigdly used in solid state thin film lithium baits is
lithium phosphorus oxynitride (LIPON). LIPON hasgaod lithium ion conductivity and excellent
stability in contact with metallic lithiumFig. 3shows the schematic representation of Li-ion bgtte

Magativa
Elscirods

Copper negative
current collacior

Aluminum positive
curment collector

ss O [Oxygen)

o Co (Cobalt)
o C (Carbon)
e LI (Lkion)

charge

LiCo0: + Cs 5— Li1-xCo0:z + LixCe
Discharge

Fig. 3: Schematic representation of Lithium-ion batery
DEPOSITION OF THIN FILMS USING PLD

PLD is a successful thin film deposition method ttee preparation of epitaxial oxide films on ditfat
single crystalline substrates. The advantage of P Ehe stoichiometric transfer of complex target
materials to the substrate, which can be maintaiiedhigh temperature in a reactive atmospherayMa
new devices may be formed using such high quaiitgle crystalline oxide thin films. Low noise high
temperature superconductor (HTS) rf-SQUIDs prepdirea YBaCu:O,., (YBCO), which are used in
the nondestructive evaluation of defects in ainplavheels, are just one example for these devides.
improvement of the fabrication yield of these SQUIID order to achieve reproducible low 1/f noise
performance is a big challergé’

Growth of LiCoO, thin films: LiCoO, is a typical and most commonly used cathode natéor
rechargeable Li-ion batteries due to its high capad36 mAh/g) and good cycling stability. Due in
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large parts to this high energy storage capacitypO,-based rechargeable batteries are now commonly
used in high-end consumer electronics such asgdapamd cell phones. There is also an increasing
interest in fabrication thin film cathodes for apption in all-solid-state microbatteries such as dn
chip applicationS. Thin films also received much attention from sfing the intrinsic electrochemical
properties of lithiated transition metal oxides dngge no polymer binder and electronically condgctin
carbonaceous powders exist in thin film cathdUekhin films of LiCoGQ have been synthesized by a
variety of techniques including RF sputtering defpms, low-pressure chemical-vapor deposition,
oxidation of Co films in molten carbonate salts @utsed laser deposition. In the fabrication of @G5

thin films, formation of the layered structure isokvn to be crucial for obtaining a good rechargéabf

the batteries. PLD is a successful technique ingtiosvth of materials containing volatile components
with complex stoichiometry. For this reason, itsll suited to the films of lithiated transitionaletal
oxides, where lithium loss due to volatilizationaigsnain concern in conventional evaporation methods
The electrochemical behavior of (0 0 3) highly tegd LiCoQ thin films grown by PLD have been
investigated’.

Growth of LiMn ,0, thin films: Lithiated transition-metal oxides (LTMOSs) such a€&0,, LiNiO, and
LiMn O, have received significant attention due to thailuistrial applications especially in rechargeable
lithium-ion batteries'®*® These materials are applied on the cathode shirewLi is, respectively
extracted and stored during the charge-dischargle of the battery. It has been reported that fiees
structure LiMnRQO, exhibits a specific capacity about 120 mAh/g, veheomposite sample electrodes
were used. LiMgO, crystallizes with a spinel structure and belormgghe Fd3m (¢) space groufd with
cubic lattice parameter a=8.239 A . The cubic ddiidn ,O, structure is described with the Mn and Li
cations on the 8d and 4a sites, respectively amaxlggen ions on the 32e sites. Half of the octedied
interstices are occupied by the Mn ions formingf@inework of edge-sharing Mr@ctahedra. Lithium
ions occupy tetrahedral sites, which share comraoads with four neighboring empty octahedral sites a
the 16c¢ position. Together tetrahedral sites forthrae-dimensional network of transport paths 1&c-8
16c through which lithium ions diffuse. PreparatmfLiMn,O, in thin-film form may have advantages
from a point of view of fundamental studies andiieé emerging field of microbatteries as well. Thin
films of LTMOs have been synthesized by a varidtieohniques including sputtering, spray deposition
reaction of metals and pulsed laser depositidn the fabrication of LiMgO, thin films, formation of
the spinel structure is known to be crucial foraiting a good recharge ability of the cells. Vasiou
aspects of LiMgO, thin films prepared by RF sputterfiig electron beam depositith pyrolytic
preparatiof’ and pulsed-laser depositfdi’ have been reported. Thin films of amorphous LiBiphave
been prepared onto substrates maintained at loweaerure with reactive electron beam evaporation
with RF magnetron sputteriffy

Fabrication of metal nanoparticle films: The term nanoparticle (NP) usually refers to cosddrphase
particles with size in the range of 1-100 nm. Ilcer@ years there has been much interest in the
fabrication and characterization of transition rhetad noble metal NPs due to their interestingaapti
catalytic, electronic and magnetic propefiieBor many of these potential applications the N€ad to

be deposited on solid substrate. PLD is relatigityple and flexible technique for thin film depomit

and nanofabrication. Both nanosecond (ns) and feutnd (fs) pulsed lasers can be used for the
ablation process. For NP growth with ns-PLD, thiemnuch evidence that the NP growth takes place by
surface diffusion of deposited material have pregdtt NPs on highly oriented pyrolithic graphitertsy
PLD *. By studying the morphology of NPs at differentiealent thickness they found that the NP size
varies with equivalent solid-density thickness. ifikar trend has been observed in the fabricatibn o
nano composite films of Cu and amorphous alufiniis observed that NPs are present in the alati
plume and can be collected on a solid substratestBgtying the ablation plume dynamics using fast
photography and optical emission spectroscopy, tteee found that the ablation plume has two very
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distinct components: a fast atomic plume movinggat km-s* followed by a NP plume expanding with
nearly 10 times smaller velocify

Diamond-like carbon thin films: The use of diamond thin films has the potentialrf@jor impact in
many industrial and scientific applications. Thasgude heat sinks for electronics, broadband aptic
sensors, windows, cutting tools, optical coatingser diodes, cold cathodes and field emissionalisp
The attractive properties of natural diamond inelyghysical hardness, high tensile yield strength,
chemical inertness, low coefficient of frictionghithermal conductivity and low electrical conduityi.
Unfortunately, these properties are not completedlized in the diamond thin films that are curkent
produced. For diamond film production, high-puritarbon can be ablated directly by lasers and
deposited as thin films at ambient temperafiirésowever, the lasers currently in use generalliveie
long pulses and generally explosive nature of |addation, in addition to the desired single atom o
single-ion carbon, liberates significant amountsaifbon clusters and macroscopic particles of carbo
These carbon particles interrupt the ordered dépnsif crystalline diamond, forming undesirablaigr
boundaries and rough surfaces that are difficuttdiish. In addition, PLD generated films that teéadbe
“amorphous” or nanocrystalline with no observabdeg range order, but still possessing physical
properties which are diamond-like in some approXioma This has given rise to the use of terms agch
amorphous diamond, diamond like carbon and recearity more appropriately tetrahedrally bonded
amorphous carbon to distinguish these materiata froe crystalline diamond. In addition, growthesat
for PLD with lasers running typically at a repeitirate of nearly 10 Hz have been prohibitivelynslo
until the recent advent of high-average-power, higpetition-rate lasets

Vanadium pentoxide thin films: Vanadium pentoxide (MDs) is quite interesting and has been widely
studied in recent years in view of its novel matiecharacteristics, which can be readily integraitad
many scientific and technological applicationsOy exhibits electrochromism, photochromism and has
high potential for the development of electrochromiévices, electronic information displays and colo
memory deviceS. Its ability to incorporate large amounts of lithi ions coupled with its peculiar
optical properties ranks vanadium oxides among st studied materials for electrochemical
applications and in particular, for applicatiorsivlid-state batteries and information displaygOdMilms

can also be integrated in other technological apptins where the typical functions of these films
include chemical sensing, catalysis, optical aedtetal switching’.

Recently, extensive and successful efforts haven heelertaken for thin film processing of various
vanadium oxides using PLD since it is an attractiveice for the preparation of stoichiometric aighh
quality metaloxide thin films for various applicat® The PLD grown vanadium oxide films have been
demonstrated to exhibit enhanced performance whempared with films obtained by other
conventional deposition techniques. However, dedaitvestigation on the fundamental understanding o
the growth behavior and surface quality of thesksqulilaser deposited vanadium oxide films has not
been made. Understanding the growth and morphabgimlution of pulsed-laser deposited vanadium
oxide films in relation to the growth conditions wa benefit our ability not only to explore the pide
technological applications of X0s films but also to further tune the growth condisoto obtain films
with desired characteristit’s

Nanocrystalline CgO, thin film electrode for Lithium-ion batteries: Nano-sized 3d transition metal
oxides have extensively been investigated for theiential application and hew mechanism in lithium
ion batteries as anode material§hese transition metal oxide electrode mateealsibited excellent
cycle reversibility and high specific capacity. $hinechanism involves the reversible formation and
decomposition of L0, accompanying the reduction and oxidation ofditéan metal nanoparticles in
the range 1-10 nm respectively. The electrocheiyiaddiven nano-size confinement of the metal
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particles is believed to enhance their electrochahmeaction activity. The new electrochemical tiesc
mechanism can be written as

MOy + 2y Li & y Li,O + xM

Where M is transition metal such as Co, Ni, Fe,e@u Among them, nano-sized £y demonstrated
excellent electrochemical property with a spedifipacity of nearly 1000 mAh/g, which is about nine
times the volumetric capacity of carBanit should be noted that the lithium insertion qass of the
Co0, involves the formation of LCo;0, and CoO, which is different from above transitiowetal
oxides with a typical cubic rock salt structurertRarmore, different electrochemical reaction pattes
dependent on the texture of the active material theddischarge rat®e Thin films fabrication and
characterization of these nano-sized transitiorahmtides should be paid attention for its appi@ain

all solid state microbatteries. For the fabricatiérC;0, thin film, there are many deposition techniques
currently in use but there is no report on the flim fabrication and electrochemical propertiesnaho-
sized CgO, prepared by PLB.

Lithium nickel oxide thin films: The layered form of lithium nickel oxide LiNiJs used as a battery
electrode while the cubic form of lithium nickel ide written as LixNi,O may have promising
electrochromic performance. LixNiO can have a wide optical range and more neutrir dhan
tungsten oxide as well as better stability. Furttae LiNi, O is anodically coloring so it has the
advantage of being complementary to cathodic temgskide. The main disadvantage of ,Nii O is
that it is difficult to deposit in the desired coogition and phase. The best results were obtaipdlb
which has not often been used to deposit electonaierfilm®.

FeSi Thin films: With all its remarkable properties, when used in #@gnetic devices, the industrial
iron has two major disadvantages: high electricaiduictivity and bad magnetization loops. To reduce
such losses and to improve the quality of eledtdeaices, soft iron must be used in alloys togethieh
other elements; the most important and common e$ehs silicon (Si). FeSi alloys maintain their
magnetic properties up to 33% Si content that sporeds to 50% atomic percentage. These types of
alloys are used mainly for the construction of &leal machinery, electrical transformers and invpo
equipment that works at the industrial AC frequenidyin films of such alloys are usually developed b
PLD",

ADVANTAGES OF PLD

There are several advantages of PLD system over d#position systems. When a multiple-component
target is heated on its way to vaporization, irdliial constituent element segregate in the solid s

of their different volatility. Elements with thedhiest vapour pressure will be vaporized firstdiettd by
the less volatile ones. In other words, the sounaterial does not melt and vaporize congruently and
thin film deposited under this condition does ndaimtain the target stoichiometry. In PLD, the short
thermal cycle induced by laser pulse provides glarsolution to this problem. The volume heated by
each pulse is characterized by the laser sponsigeplied by the penetration depth, L = 2tjt¥, where

D is the thermal diffusivity and the laser pulse duration. If L is less than thiekiiess of material
ablated per pulse, then the stoichiometry of thungl will be the same as the target, enabling theofis
the single souré& This criterion is satisfied by many materialsn8itaneous and sequential evaporation
using multiple sources can be easily done by dirgdhe laser beam with external mirrors. PLD has
some resemblance to magnetron sputtering. But én gtowth of oxide thin films by magnetron
sputtering, excessive oxygen causes resputterirgyesh insufficient oxygen results in high oxygen
deficiency. PLD does not have this short cominge fitgh plasma temperature of the ablation plume act
as an energy reservoir for activating the readtiaekground gas. This technique is an ideal to grom
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films of exotic materials when only a small quanig available. In addition to oxides, PLD has disen
effective in growing nitride films in nitrogen anewit”®, multilayered structures such as supercondu€tors
and ferroelectric memory devic&s PLD is also known for its fast turnaround timeentgrowing a thin
film of a new material starting from its powderrorThe ablation species have higher kinetic enapy

to a few KeV’'s and also potential energy in thenfasf high plasma temperature. In case of reactive
deposition, the kinetic energy is retarded by smlh to just a few electron volts, which is suf#ici to
enhance crystallinity. The high plasma temperabfitbe plume which enhances the reactivity of the.g
Pulsed laser deposition has been widely recograzed very promising, versatile and efficient method
for the deposition of metal oxide thin films. Inrpeular, it has been successfully employed for the
deposition of simple and complex metal oxide matenrvith desired composition, structure, physical a
chemical properties. When PLD is carried-out indbmosphere of a chemically reactive gas, the dfux
the laser ablated material interact with the gaseowes all along the transit from the target te th
substrate, as well as on the substrate surface.r@hdting deposited layers are found to have the
chemical composition considerably the same asdhtite starting material. Another chief advantage i
PLD films crystallize at relatively low depositisemperatures than the other physical vapour degabsit
films. In addition, PLD is environmentally friendfy

The technique of PLD was found to have significhehefits over other film deposition methods,
including: the capability for stoichiometric tramsfof material from target to substrate, i.e. tlkace
chemical composition of a complex material suchtYBE€O, can be reproduced in the deposited film,
relatively high deposition rates, typically ~1008mn, can be achieved at moderate laser fluenciés, w
film thickness controlled in real time by simplyiing the laser on and off, the fact that a lasersed as

an external energy source results in an extremeBncprocess without filaments. Thus deposition can
occur in both inert and reactive background gaseéstlae use of a carousel, housing a number ofttarge
materials, enables multilayer films to be depositethout the need to break vacuum when changing
between materiald

In addition to superconducting films, PLD of compleeramic oxides has also been shown to produce
high quality ferroelectric, magneto resistive aedant demonstration of colossal magnetoresistinity
films® of Lag g7 Ca 33 MNO, . The most interesting aspect of these develogsrisrhat it is now possible

to use PLD to combine two or more types of ceraoxicle in heterostructures, enabling novel device
applications. In the area of semiconducting filf*,D has been used to deposit a wide range of
materials, including SiGe and GaAs-based alloyd/l lcompounds and Group llI-Nitrides. Again, the
ability to tailor device properties by the growthheterostructures is interesting, as is the pdigilof
introducing dopants during growth through the useoatrolled pressures of reactive background'gas

CONCLUSIONS

Pulsed laser deposition is a thin-film depositioatmed, which uses short and intensive laser putses
evaporate target material. The ablated particleapesfrom the target and condense on the substitae.
deposition process occurs in vacuum chamber tommiei the scattering of the particles. In some gases
however, reactive gases are used to vary the shaietry of the deposit. Rechargeable lithium bater
have received much attention in recent years. Thergreat interest in the application of solid
electrolytes for high performance secondary lithibaiteries because of high electrical, chemical, an
mechanical stability of many lithium compounds. Pisla successful thin film deposition method fa th
preparation of epitaxial oxide films on differemgle crystalline substrates. The technique of Ri&>
found to have significant benefits over other fileposition methods, including: the capability for
stoichiometric transfer of material from target dobstrate, i.e. the exact chemical composition of a
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complex material such as YBCO, can be reproducetthendeposited film, relatively high deposition
rates.
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