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. ABLATION Field of the Invention The present invention relates to 405
of forg%ﬁ 0 hin filmon a substrate by |laser ablation of a target, e.g.
the tec %e Znown as Pul sed Laser Deposition (' PLD' PCEHHE 08Nt ion is
particularly suited to the formation of a dianond filmbut is not so
limted and has applications in the formation of filnms of any material and

ohat oni ca.and semieengulion S RGNS BY CASERABLA TR I Vonti on 10

Various techniques of enploying PLD in the production of high quality thin
films hdveldeithe Investioyat ed for several years. PLD involves directing a
pul sed | aser onto a target nmaterial placed in a chanber, typically a
vacuum chanber. The energy of the |aser causes the ablation and

evapor ati on Fhenptesentlindertiont relatesr foaee nedthblieoft firfhg | D RINATIRY UK. 5 15 The

pl unme congi st.s ,of yre of atons, ions, nolecules and particles or -

i f
cl ust er $Y %a‘ﬁsﬁléﬁgap ?’f@m%ft%&?fgﬁhee-& ihecieshpigvenawras iRulsedikbeer The

ener =Y ale) W bl : ' L.y . egfroma.few eV to the
orde%yoPg pﬁﬁﬁ%ﬁegg’ﬂgﬁ) 'evr%gn%@cﬁnﬁa?ﬁ%é Pat éﬁlé@qghgledfqrg%qogno fa

pr opagatiagmong filmbut jsl poteso fimitedidnat kas apphivdtionsiia the pogndtReh bNfilhaygfs on

t he substrate al_g_ﬁl al?éhin fﬂ%m 2 %s formed. The attractiveness of PLD for
the prodl¥tMEIET a7 IRy be ysedwelor exRspalee ineauPsrsRRJusior Himpigsowtis has

associ apRsbedsenttisnics Bhd GUBBRIEA: SiBBrofigs AL i on of high qual ity thin

films. The presence of particulates within the plune degrades the quality
of the resultant thin film Various nethods of reducing 25 particul ates

Wi thin BBekBFMINd 3thein \ng particul ates being deposited on the
substrate hgve been deve %’gﬁ I nternational patent publication W99/13127

describes a nethod evaporation of a target in a vacuum chanber by |aser
pul 9s. the yanis RiMfues of employing PLD in the production of high quality thin
films have been investigated for several years.

PLD involves directing a pulsed laser onto a target material placed in a
chamber, typically a vacuum chamber. The energy of the laser causes the
ablation and evaporation of material from the surface of the targét into a plume.

15 The plume consists of a mixture of atoms, ions, molecules and pariicles or -
clusters. As material is ablated, the plume expands into the chamber. The energy
of evaporants within the plume typically range from a few eV to the order of
hundreds of eV. By placing a substrate in the direction of propagation of the
plume, the ablated material is deposited in layers on the substrate and a thin film

20 s formed.

The aitractiveness of PLD for the production of thin films s well

documented, however the process has associated drawbacks that can prevent the

‘formation of high quality thin films. The presence of particulates within the plume

degrades the -quality of the resultant thin film. ' Various methods of redu'cing

25 particulates within the plume and of reducing particulaies being deposited on the
substrate have been developed.

International patent publication W099/13127 describes a method of
evaporation of a target in a vacuum chamber by laser pulses, the laser being



A 7 MAR 2005 WD 02/2497? PCT/ A11(3]J01179 focussed to an opti rrujn? rm/ﬁ?sngjy
in order to elimnate particulates fromthe plunme. The optinmal inteéensi

"is defi ' ernms of |aser pulse duration and the characteristics of the
target‘&ég@#ﬂgi. The | aser pulse repetition rate is prgﬁgﬁﬁﬁﬂkﬁﬂa so as to

produce a continuous flow of evaporated naterial at the substrate. The

pul se repetition rate is typically in the range of kilohertz to hundreds

f h , Al ' f bl.y_pi f.ent d.
The T or mintsreBio g eyt e VL ol e GRENRRS faryBF wiame."
descri be®heThptinal Nintdrisiywas dufifiel! i eephsSpR RREr SRAsdoadedoaananqHs
carbon. The Tilmwas_deposited on a silicon substrate with a deposition
rate of chpEciegiedics 107 viie daraty maiedalof Jhet ilesgratmudse Agpgiitien c taieerisi ng -
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particul arly diamgpnd-1ike carbon films, using a short pulse |aser (100 15
pi cosecoRdRdisas| & snegaherizscapd fulse aduradien iis smeferably gpicesatend pFume

e . STHse= _ f _. _
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whi ch a ful %?d | aser is_used to,ablate naterial a

shi el d i $hedilrp RS dePrRsKerk 0B g sllicon; subsiate wWilh; a sleposition Jak of BAdS.t ard
substpat BRANGE ALty Is used to curve the ions wthin the plune
of at%Pat@gg%tag},i al tddmﬁirufgglst%é substrate, while neutral particles
continue to pass by the substrate. This method avoids |arge neutral

particles bei %%go | EIEE’ bstr i at 411,772
descri bes a n@?% 0§6+§%2%a at ?’gnﬁ*& ﬁ‘ia\’(?engar géf%@%g{ﬁzz?br%% %ﬂ %‘f a
thin filappédrs at Joatred ok Applied Fhysieedsd, (N @ @5 Kpian 8bdeht page 42@2.
propagation direction of the plume of ablated material. The deposition
chanber includes a | ow background pressure of inert or reactive gas to

facilitate Iniernational patent publication WO00/22184 describes a method of PLD of
| thin films, particularly diamond-iike carbon films, using a short pulse laser (100
15 picoseconds or less). The use of such a laser is said to generate a plume
composed of single atom ions with no clusters. The use of a high average power -
femiosecond laser results in deposition rates of up io 25um/hr.

United States patent 5,858,478 describes a method of PLD of thin fiims in
which a puised laser is used to ablate material from a target surface. A shield is
20 placed in the direct line of sight of the target and the substraie and a magnetic field ¢
is used to curve the ions within the plume of ablated maierial iowards the
substrate, while neutral pariicies continue to pass by the substrate. This method
avoids large neutral particleé\\being deposited on the substrate.
-
United States patent 5,411,772 describes a method of laser ablation of a
25 target for the formation of a thin film. The substrate is positioned generally paralle)
to the propagation direction of the plume of ablated material. The deposition
chamber includes a low background pressure of inett or reactive gas to facilitaie
lateral diffusion (relative 1o the propagation direction) of the plume. Large, heavy
particles do not have significant lateral diffusion and are unlikely to be deposited
30 on the substrate.



| ateral diffusion (relative to the propagation direction) of the plune.
Large, heavy particles do not have significant lateral diffusioh BrdAR05
"unlikely to be deposited 30 on the substrate. 7 MAR 2005 WO 02/ 24972

PCT/ AUOWOOR2ZG21t is therefore an object of the inventipaTA®oi/prioyi de an

I nproved nethod of producing a high quality thin film by selection of
desired evaporant energies. The thin Bilns produced are preferably
substantially free of particulates. Summary of the Invention In a first
aspect, the i hvisrthereiors aniohisct @f Hee ventibndegurevidenan impiluvedsinkthanh of a

substrate, t.hod in ing. lLase | atj ng.a target surface tq_create
o ume. SrodBd B o clAfivihiniim, Y Seslpi et NedBtad Frsidbst ' ¢ ne
target swiihdmns podudiePard MBicably RabsiehShNABeid? pafcukitgpagat i on direction
of the plune such that 10 evaporants within the plune are deposited on the
substrate; wherein a | aser beamis focussed a finite distance before the
target seumimary of tAs [hemiiy t 1 on the m ni mum cross-section of the beam
resul ting fromrgal 5 Pocusm ng within the plume, thereby inparting

i ncreased energy to the evaporants wthin the plunme. 15 Advant ageously,
the | aser abl gfi IS8 : -l t | ve
embodiment -t e Mg GePBeh s Evehtioh Biohdesh ER otticbberll £kHF finfin, ; 0.
i s ef f ecaedibbiraiz, the siethed incliediagn The present invention is in part based
on the observation that evaporants having a w de range of energies are not
al ways suitable for thin filmdeposition. It 20 is known that for the

pur pose of obleseniblatihge thegémﬂfaldertd&:réateb@mﬁnémf@va?dmbk%diﬁd m it

i s necessary to deposit on the substrate only evaporants within the ‘
rel evant a&ﬁéﬁ@ﬁ%@“‘f”&@%ﬁﬁ%ﬂ"&hﬁ@f%bﬁuﬁ@%saﬂ% carbon filns, the

rel evant energy range of the evaporants is of the order of 100 eV to 200
eV. Particles or. evaporants with | ower energies will produce mainly sp

bonds wi t h sopesitipngibe gubsirgletindhe prepagatigpaiastion\af the plunesushdhgt es on

‘the %heévé}fd"rgnga\?éithin the plume are deposited on the substrate; :

wherein a iaser beam is focussed a finite distance before the target surface
so as to position the minimum cross-section of the beam resuliing from said
focussing within the plume, thereby imparting increased energy to the evaporanis
within the plume.

15 Advantageously, the laser ablation is effected by the laser beam. In an
alternative embodiment, the laser beam is a second laser beam and said laser
ablation is effected by a first laser beam.

The present invention is in part based on the observation that evaporants

having a wide range of energies are not always suitable for thin film deposition. 1t

20 is known that for the purpose of obtaining the desired kinds of bonds in the
deposited film, it is necessary to deposit on the substrate only evaporants within

the relevant energy range. For example for sp® bonds in carbon films, the relevant
energy range of the evaporanis is of the order of 100 eV 1o 200 eV. Particles or
evaporants with lower energies will produce; mainly sp” bonds with some sp®

25 bonds. Particles or evaporants with higher energies on the other hand may
destroy existing bonds in the film and produce mixture of sp® énd sp® bonds. The
ranges of kinetic energies of evaporants depends on the iaser flux on the target,

the laser wavelength, and the target material. In order io obtain evaporants with an



destroy existing bonds in the filmand produce mixture of spa and EPRAR 2905
_bonds. The ranges of kinetic energies of evaporants depends on the |aser
flux on the target, the laser wavel ength, and the target material. In
order WO @%i2n evaporants with an 7 MAR 2005 WO 02/ 24¥CTAPOIFAY 01 /01179
energy range of -50eV to 1 DDeV in the gase of a graphite target, and 510nm
wavel ength | aser, the preferred | aser ¥lux on the target surface is in the

range of 5x108.109 Wcn2 However, adjustnment of these paraneters:al one
does notenaigy 4888 PlySPe¥diec d0PaY Belier 6ase Hige FaPbiterigrasd, amdp&iOhotes. 5

This iny ' I I | ng:the.d nteraction of
aser Ao, (38ar A5 Droleffil 8oL ARKOR R ot itfadkss Pl RgR° o
evapor args 0di10Ri W/cinfeHpiwever,t hajustraesufdfi theest phrampetors talohbedbiy enot
absorption of the |aser energy wthin_ the plune. The density of evaporants
in that Hecgeewily Preducesthe desiad rangg|of @BREgIes of pariclesritical density n,
depends on the | aser wavel ength % (gm and can be 10 quantified by the
formula n=1.1 x1021&2 . The energy absorption by the evaporants only
becorks si gnifitdnenineralsparess gnem thexknewlsdge thel vpgng the intemalionTbk

+Shock BV RdiEER B a0 T HbRsa 16, R e YRR lreerBhEuRRE,
ef fi ci entheiphiné tivht isaaficiesinersemi efidwivesbstiptidrhef s RisepeheyydwiAl on
nmust be great er than the tine for 15 electron thermal conductivity (about

I ns). AlBasiwngavEhe depsity of evaparants inpthataegipnist orilegelng enticsd densfiyr ant s

_within the a,critic ' ' hn t
oL R, GBRSAE T b B, FENTAL MPeRGR, 3570 "8 b B o1
of efer Guanfiidyby Ahé SofmBad=-am €1 0N htrheferRAg) Bb6rpifon' 1Sy tHetevdriraftd | M
of |aser pulse (S) before the target surface, advan1t ageoysly at the tine
when t henhabecomesxsigriicant whenntbei laser duxiiaearel iWemiupatmone, Jiek wi t h
the las ?ﬁpl?(e&W‘aQéF Lﬁé%?{l ih the region of critical density will produce a "shock wave*
that expands in the solid angle of 4. To obtain the most efficient input of laser
energy at that point, the laser pulse duration must be greater than the iime for

15 electron thermal conductivity (about 1ns).

A shock wave is produced in the plume when the density of evaporants
within the plume reaches a critical density (as herein defined) at a predetermined_
distance (in cm):

d=1.38x10°(g/A)*At

20 where: € is the particle of energy in eV
A is the atomic weight of pariicle

At is the rising time of laser puise (s)

before the target surface, advantageously at the iime when the laser flux reaches
a maximum during the pulse duration, and with the laser beam preferably

25 focussed within the region of crifical density, such that collisional absomtion takes
place.

The plume of evaporants advantageously includes a region of critical
density (as herein defined) and the laser beam is preferably focussed within the



25 focussed within the region of critical density, such that col ] i db&R 200
absarption takes place. The plune of evaporants advantageously includes a
"region of critical density (as herein defined) and the | aser beamis

pr ef er abby24wmerssed within the 7 MAR 20' 0, WO 02/ 24972 mEIABMIGAL179
region of critical density, such that a shockwave is produced in the plune.
The «critical density depends on the wavel ength of the laser and is
preferably above 4x102' evaporants/cnB. Evaporants within the plune that
have pr oregimrt ef criiegiodehgitye suebi that af steadkiviave ! is derodirdad iim the pieset arHg ned
time are éﬁgflerated by .the shockwaye towards the substrate while

evapor alnrt’ pﬁfﬁ“?( ﬁl?PﬁPqﬁ%ﬂ "’f?é’\?@n%tof AR Jaspita e peeigraiy akayeon of
hockvay R S VppdtahRferf, S EVEDBIGHS! Wik fe° phhE et Shafe Niobiaten  on

shockwave towar e energy neede
of thin béyorsl ther regionof eriicabdensithin &redetemined iheomd adueléiddiee sy be

formed. JO To this end the present inyention provides rocess of fornmn
Lo P 1 T8 Spckiale onniAR, Suadite Mg vaRoBns wisin B Pemehathave | 0
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subst r atjgrmd@e M ni mum cross-section of the beam preferably includes

~._Substantially the whole of the focal region of the beam The beamis
)focussed by a lens and the focal region of the beamis defined as the

(0L " hoerd € bl RS DRl il tibnIoPBbE ErBB AL Bt HIE by' 02

poi nt of the.lens. d-point of t ocal "region Is e front
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energy to deposit on the substrate. The substrate is positioned so that evaporants

15 having energy levels outside a predetermined range to do not dépos'rt on the
subsirate.

The minimum cross-section of the beam preferably includes substaniially
the whole of the focal region of the beam. The beam is focussed by a lens and the
focal region of the beam is defined as the region of the laser beam immediately

20 before and afier the optical focal point of the lens. The mid-point of the 'focal
- region is displaced in front of the target surface. The distance depends on the
target material and the laser flux but is generally in the range of 1um to 10mm.

Preferably, the cross-section of the laser beam on the target is greaier than

the minimum cross-section of the laser beam. The use of a shorter focal length

25 lens enables a more powerful filux to be achieved in the focal region and thus

increases the energy absorbed in the densest region of the plume. Preferably the
focal iength is less than 35cm. |

it will be appreciated that the ablated evaporants have a range of velocities
within the plume. In a preferred embodiment, a predetermined component of
30 velocity is imparied to the evaporants such that slower moving evaporants within



25 lens enables a nore powerful flux to be achieved in the focal ﬂegi&MRaHH
thus increases the energy absorbed in the densest region of the plune.
"Preferably the focal length is less than 35cm It will be appreciated that
t he ablve®ezi29vaporants have -a range of velocities w thr@OI/ARE/pIGNe. In a
preferred enbodi nent, a predeterm ned conponent of 30 velocity is inparted
to the evaporants such that sl ower nnvﬁng evaporants within WO 02 2.4972
PCT/ AU01/ 01179 the plume are caused, by the predeterm ned conponent of

vel oci t ythe pluthefarectausednby the prdsiegained sompasent ehveladitate deflecticed from

bei d it . the, t wed N ' d he t t

et % o VR el ST 5B5 ae DBy ool 5880 e BBehdE, 016k o

t han 5008uest/=@ NThith JeldBity iopehdsOon 4Ae QAR vingiahial Biaf Br ggherally Nébove :
predet erm ned conponent of velocity is mRarted by novenent of the target,
e.g. hi gRORYrewminoad Bere Prefesahlyrgreaies theardfli0rewnin, apddnaydie yp the

pr edet.er g onent of velocity is substantially tangential to the
targe§ Sg@@ggge%?%l n a second aspect, the invention provides a nethod of

depositing a thin film on a substrate, the method including: |aser
ablating at t create | ume of evaporantsg, having.a.range of

vel ocities w’aé%??fawe em@',e%ggqrgﬂla?(ﬂgcqrﬁp n a’o&igﬁ?‘?&ﬁy dFr émﬂagﬁfgm@p from
the targebemsht 3 ahelarddC ¢sgi AhashasE roldGam 6t a vihatitd iﬁr@é@“%oﬁé’f ore
the target surface so as to position the mnimmcross-section of the beam
resul ti ngreferablys #hel predeissningd opmppnentrel yeloeiy ist sihedantiallyptangentgal to

. _increase he evaporants within the plune; positioning the
) subst rat@eﬁﬁa%“ﬁ% agation direction of the plunme; an 20 inparting a

pr edet er mi ned conponent of velocity to the evaporants; wherein the
substyrate is ,positioned at r.edet.erm ned, di stance, fromthe t e .
surr i such IReecaiF Seia oS et B of ddskiag o offchim
caused, &y atsipsRardehe MBtRed irchisragent of velocity, to deflect fromthe

laser ablating a target to create a plume of evaporants, having a range of
velocities within the plume, extending in a propagation direction away from the
target surface;

15 focussing a laser beam at a finite distance before the target surface so as io

position the minimum cross-section of the beam resulting from said focussing

* within the plume, thereby impariing increased energy to the evaporants within the
) plume;

positioning the substrate in the propagation direction of the plume; and
20 imparting a predetermined component of velocity to the evaporants;

wherein the substrate is positioned at a predetermined distance from the
target surface such that the slower moving evaporants within the plume are
caused, by the predetermined component of velocity, to deflect from the
propagation direction and are prevenied from being deposited on the substrate.

25 Advantageously, the laser ablation is effected by the laser beam. In an
alternative embodiment, the laser beam is a second laser beam and said laser
ablation is effected by a first laser beam.



propagation direction and are prevented from bei ng deposited on tde? MAR 20
substrate. 25 Advantageously, the laser ablation is effected by the | aser
"beam In an alternative enbodi nent, the |laser beamis a second | aser beam

and saiwb bpmef, ablation is effected by a first |aser hgamiudydyps 20[ WO
02/ 24972 PCTJAU01/ 01179 Typical filmthicknesses produced using the nethods

of the invention range fromatomc |eyel thickness (ultrathin filnms) up to
films the thickness of which is linited by the rate of deposition and the

deposi tion tiTypical i thitkhesseneekductdasinv it indthddisof 18 SnvertRineshd
depositing a thin film on a substrate, the nethod including: laser
abl at i ndremiaieaue ievel dhiskoess (irathin dime) updpaiiims, theathicipessrafmyhichr is

vel oci t iies:i: M d hi - ' ' r gation direction away from
t he tarigﬁ?éﬁswﬂa@e%@Eg?rggls%‘ﬂlgﬁéﬁ@ﬁhgg&?@?ﬁgﬁéﬁﬁ% t he propagation direction
of the plune; an 10 inparting a predeterm ned conponent of velocity to the
-evapor ant s; rei.ns the suhstrate..is posi,tioned.at, a, predet.ernm ned di stance
fromthe t a}j@% %ﬂjr Pﬁ%%asﬂlen'nt"ﬁgt'o? PZO\EP%% mgdRed, gf E?Hﬂﬂﬁﬁgtast PN ¢ he
pl unes argn agme’ﬂkﬁ%wﬁ@mgﬂ ned conponent of velocity, to deflect
fromthe propagation direction and are prevented from being deposited on

the substrate. 15 In a further aspect, the invention provides a substrate

having a thi faddrl dBiafispasiagst ®hcrebte b | 8 ElapBiafy 18854t €d on

the substrate in‘apcmanceﬁw {% a m[tﬂlég@agfp%ctﬁ%?ﬁ%ﬁgﬁivﬁ@gﬁtng@gg of

Pr ef er atyejocities within e plumef exieading imai propagealion slilextiontavayg freattag wit h

~._adi armg%f%%l;‘?f +]é] a yet further aspect, the invention provides a thin film
)for dep % fa 20 substrate in accordance with one of the method

aspects of the invention. Preferably, the filmis a dianond film The

I nvention al so provides a ratus,.(as defined . n the acconpanyin cl ai nrs)
for perform Hasﬁﬁgl%‘?ﬁoﬂ%ﬁ a@%ﬁﬂ“&&ﬂ@&@%“foﬁ %e@mmﬁfﬁ% r?T'PrBPi ap
Description of the Draw ngs

10 imparting a predetermined component of velocity o the evaporants;

wherein the substrate is positioned at a predetermined distance from the
target surface such that the slower moving evaporants within the plume are
caused, by the predetermined component of velocity, to deflect from the
propagation direction and are prevented from being deposiied on the substrate.

, 15 ~In a further aspect, the invention provides a substrate having a thin film

,) deposited on it, the thin film having been deposited on the substrate in accordance
with a method aSpect of the invention. Preferably, in this aspect of the invention,
the substrate is coated with a diamond film. |

In & yet further aspect, the invention provides a thin film for deposition on a
20 substrate in accordance with one of the method aspects of the invention.
Preferably, the film is a diamond film. :

The invention also provides apparatus (as defined in the accompanying
claims) for performing the method of each aspect of the invention.

Brief Description of the Drawings

25 The invention will now be described by way of example only with reference



25 The invention will now be described by way of exanple only w th7 MAR 2005
reference i 7 MAR 200 WO 02./24972 PCTI AU01/ 01179 o the acconpanyi ng

‘drawings in which: . Figure 1 is a diagrammatic view of the PLD arrangenent

-

accor diwig oige1an enbodi nent of the invention; Fioure 2 PSI/AROEMIZY ged

di agrammatic view of the focal region and | aser plune of Figure 1; Figure
3illustrates the velocity filtering of evaporants ablated fromthe target
surface using a rotating target surface; and Figure 4 is a Raman spectrum
of a t hi ip thel agcoppanying deawiags mewisbhod of an  enbodi ment of the

I nvention. 10 Description of Preferred Enbodi nents Referring to Figure 1, a
| aser 10 generates a pul sed beam 12 which is guided by optics (not shown)
and focussed. Bigureersisla diagrarrsnaiid visw of the PbDdayangement actousing o an
target 16. . In.this odi ment of the invention, the laser 10 is a 10kHz,
20ns, Coﬁﬂmoa\%%@ﬁﬁgé@feﬁ@%), the pul se energy is 2ml per pulse, and the
15 wavel ength of the |aser beamis 51 Oonm Target 16 and substrate 20 are

contained wthin chanber 22, prgferabl a vacu ch?qra%zr. The v&guum i's

preferably of PG 2is8p gtlarpgdsdingramplatiseyiew, o BRIoFuerd oRset

di anord | giepdrd hke filnms, the target 16 is nade of graphite.
Advan agél(r%iﬁgsll Y, pﬁgé?’arget 16 i.s cylindrical (Figure 3) and rotates about

its 20 longitudinal axis, which extends nornmal to the axis of incident

57, 55T el Sl HRA e e O B

f or mat i ogyrfacEhesihg serotdiiraMatgetauriasepand 16 may additionally or
alternatively be scanned in the plane perpendicular to the axis of the
| aser beamto avoid crater formation. 25 The incident beam nay be directed

onto the tar geguid4aé afRamagispetuin’ef a thin fish obiaified asihg thé methotisies ed
enbodi nent, the target 16 is 40mmin dianeter
embodiment of the invention. :

10 Description of Preferred Embodiments

Referring 1o Figure 1, a laser 10 generaies a pulsed beam 12 which is
guided by optics (n-ot shown) and focussed by lens 14 at a small but finite distance
in front of a target 16. In this embodiment of the invention, the laser 10 is a 10kHz,
20ns, Copper Vapour Laser (CVL), the pulse energy is 2mJ per pulse, and the

15 wavelength of the laser beam is 510nm. Target 16 and subsirate 20 are contained
within chamber 22, preferably a vacuum chamber. The vacuum is preferably of
the order of 10 Torr or betier. For the production of diamond or diamond-fike
films, the target 16 is made of graphite.

Advantageously, the target 16 is cylindrical (Figure 3) and rotates about its
20 longitudinal axis, which exiends normal to the axis of incident laser beam 12.
Rotation of the target 16 avoids successive laser pulses siriking the same spot on
the target surface 17 (eliminating crater formation). The laser beam 12 or target
16 may additionally or aliematively be scanned in ihe piane perpendicular to the
aXis of the laser beam to avoid créter formation.

25 The incident beam may be directed onto the target 16 at an angle to the
target surface 17. In a preferred embodiment, the target 16 is 40mm in diameter
and rotates about its axis at 10%rev/min. it will be appreciated that target 16 may



and rotates about its axis at 104rev/miry. It will be appreciatedyt MR 2003
target 16 may 1 7 MAR 2005 WO 02/ 24972 PCT/ AUDI /01179 be of any of a nunber
"suitabl e shapes (suitable shapes including, for exanple, generally

r ect angu @pqospherical, or cylindrical shapes) and naypbg/A@M@dr@r Scanned
i n any conventional manner of the kind that woul d be appreciated by those
of ordinary skill in the art. 5 Interdtion of the |aser beam 12 with the
surface 17 of the target i6 gives rise to a |aser plune 18 (Figure 2) of
abl at ed beabEahl of v ingfntiraatablee shasuw (slitabin dhbsesl eansdihg d foeRampist r at e
20. Region 19 shown in Figure 1 shows the directjion of propagation of

pl ume 1@ensialivdseiangulant sphesicalrher sylindrica shapepl angomash Pentwgvesbsirt i oned
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sonme enbodi nents of the invention however, heating is not required. This
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energy of the laser pulses is preferably dabove a predeterm ned threshol d.
It has

This invention is partly based on the observation that in order to produce a
.15 high quality thin film, in particular a diamond thin film, a good quality plume is
required. After absorption by the solid surface of a farget a plasma-plume is
formed which consists of a mixture of energetic species such as atoms, molecules,
electrons, ions, clusiers, and micron-sized solid particulates. The presence of
significant amounts of micron-sized particulates is usually a disadvantage for the
20 best outcome of this process. A good qualily plume is therefore one which
contains relatively few micron-sized particulates and in which the atoms and ions
possess an energy level appropriate to the film being formed. For example, it has
been suggested that in order to obtain the sp® carbon-carbon bonds of a diamond
structure, the ablated atoms and ions should possess an energy of the order of

25 100eV to 200eV and preferably in the range 70-200eV.

In order 1o achieve evaporation and ablation of the target material, the flux
energy of the laser pulses is preferably above a predetermined threshold. It has
been demonsirated that the threshold flux energy for graphiie evaporation is
30MW/cm? (Danilov et al, Sov. J. Quantum Eleciron. 18 (12) Dec. 1988 at page

30 1610). In the case where the target material is graphite, a pulse energy flux that is
too low results in the creation of graphite structures or other non-diamond carbon



been denonstrated that the threshold flux energy for graphite evabdr ddARZ00
is 30MNcn2 (Danilov et al, Sov. J. Quantum El ectron. 18 (12) Dec. 1988 at

"page 30 1610). In the case where the target material is graphite, a pul se

energy woox2ohnt is too lowresults in the creation of PQI/aphi/g1e7strruct ures
or other non-dianond carbon 7 MAR 2D0 WO 02/ 24972 PCT/ AU01/01179 10 fil ns,
while a pulse energy flux that is too Ml gh results in contaninating
particles of materials being ejected fromthe surface of the target and
deposi t efiimsn while a pulsstenergy flox that is heo bighstesalie irhedntgmiretigedatizidy gh
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preferably 10 in the range of fpmto 110nm nost preferably about 0.46nmm
in front of the ta t urface. The, di st ance d is. dependent, on the | aser
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circular or elTiptical. As a result, t l'aser beam I reater .
ni ni numstrigse. Jée distanceahis depengeot en fties kasen Anx andiaten pararpters. "
concentration, at the target surface. 20 Target material is evaporated and
abl ated by the | aser pul ses, however the energy of the abl ated evaporants
wi thin the plRlagingtthel focas point elifihe dessit14y imifginttof thealthget tdefdoer ARt i on

o the BavBagegieaces e el RSgiod B of £ S&ar Within 1S laser plume 18, O
The focal region 24 of the beam 12 is defined as the region of the laser beam 12
15 immediately before and after the optical focal point of the 1ené 14, where the cross-
section of the beam is approximately equal to the diameter of the beam at the
optical focal point. The cross-section of the beam 12 is typically generally circular
or elliptical. As a result, the laser beam is of greater than minimum cross-section,
and therefore less than maximum energy concentration, at the target surface.
20 Target material is evaporated and ablated by the laser pulses, however the energy
of the ablated evaporants within the plume itself is not sufficienily high to enable ‘-

the formation of a diamond film.

Positioning the focal region 24 of the beam 14 in front of the target surface

17 provides additioné! energy to the evaporants so that a diamond film can be

25 formed. In this case, the focal region 24 increases the plasma temperature of the
laser plume 18 and the evaporants within the plure become more energetic, as
discussed further below. That is, the evaporants within the laser plume 18 have

an initial energy provided by the laser pulses siriking the target surface 17. This
energy is then increased by the interaction of the laser plume 18 with the focal

30 region 24 of the lens 14.

}



17 provides additional energy to the evaporants so that a di anond %i MEARCEING
be forned. In this case, the focal region 24 increases the plasnma
'tenperature of the Ilaser plume 18 and the evaporants within the plune
becomewwmomemergetic, as discussed further bel ow Th&RCIAPNE9evapor ants
within the | aser plunme 18 have an initial energy provided by the |aser

pul ses striking the target surface 17. i s energy is then increased by
the interaction of the laser plume 18 with the focal 30 region 24 .of the

lens 14. 1 7 m&hmb@a)iumqizblmdmaml ihena joa 15gion in W“t'ﬂFh the dengibupke of

abl at ed t ol Y, ants
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densi t y derssnb}eis tisithatbad e d@rliﬁtyt of e‘xfap@‘vamlerthatt is wﬁanentstoqaéﬁnmemwe)
permt effective absorptlon of the | aser energy within the plune. The

criti cal akrenpiian of ine lasgeeasrawwithinetheapkimera JORSHHiCR! dengibmn, Gerendsm
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The energy; abse? e qn d‘ﬁé biforpd A RAFImeRT | e keTiOaRGensTyO6i Svasstantdgn t he
| aser flux is near 101WcnR2, or nore. The input of |aser energy in the

regi on o xct0? evapomdcmfl The lengrgydabsorption @My tbawapmms arly decomespl asnma
wave, that ex the splid an 41, is centralised at the
opti cal sf%‘ﬁf:g%dydﬁ ﬂ?h@ﬁ%ﬁ% 'ﬁf’%p@:%{{ 2at t'Hé'%centre of the shock

wave, i.e. at the focus of the laser and in the regi on of critical density,
_absorb the energy of the |aser and me. nor ner.get | ter nergetic
)evaporants th ?{m}é ¢falasen ensyay ﬁ% Fegien © 8?1 rala %[B’c@’a'grpé‘?%% ? t he
frontnls h éﬁﬁsi ﬂ-@% hareSot g | €ss
ener %%t [ gﬁBglérQ{av%l %ﬁﬁﬁ*"%ﬁ? ﬂ%lo@%/g{g%% t he r?oca Dlgﬁ)jcj)?n@@havgt

ener gy Icﬂiht%nsed b the apticabfdoat peihtlof lehe 1dac Evaporants ahdhas tmenltre\/\a‘vmeand
Tho or (K W8P LPsabiin dpah e ES90 308 et 14 B BEnadt o
1014vat tAKdBeh the chetgy tdf%b%bér Rindf B&éSfle more energetlc. Faster, energetlc
evaporants that have passed beyond the focal point are acée!erated by the front
15 end of the shock wave, away from the target surface. Slower, less energetic
particies that have not reached the focal point have their energy increased but are
affected by the back end of the shock wave and are pushed back towards the
target surface.

) The flux of the laser beam at the critical point is preferably from
20 10"watt/em® and may be up to 10Mwat/om®. In a particularly preferred
embodiment of the invention, the flux of the laster beam is of the order of

10" Wati/om?.

By focussing the laser beam in the critical density region of the plume, a
shock wave is produced which effectively acts as a velocity filter. Particles that
25 have an energy sufficient to have reached or passed the region of critical density
have their energy increased and are accelerated towards the substrate, while low
energy, slower evaporants are pushed back towards' the target surface. For the
production of diamond film, the velocity of the evaporants striking the substrate is
preferably between 3x10%cm/s to 9x10%cm/s. A particularly preferred velocity is

30 5x10%cm/s.



enbodi nent of the invention, the flux of the laster beamis of thie JoMi& 24(F
1011 Watt/cnR. By focussing the |laser beamin the critical density region
“of the plune, a shock wave is produced which effectively acts as a

vel oci WOPY9&r . Particles that 25 have an energy suffiREEATWYIFave
reached or passed the region of critic density have their energy

I ncreased and are accel erated towards the substrate, while | ow energy,

sl ower evaporants are pushed back towar the target syrface. For :the
producti on of INgPRBnSHaNIPIG R?t?%é’%@m Pg%?iﬁ qTRRO 8'!?[5%%\% %Sﬁ Ui 'ﬂg{i’lene
substratg 4 . I k]’fﬁ O a8l 68 LS - sibitPER tihe U
preferre%rgéetl %@ﬁ% q?owgg%???s@ R(é th%r%jzi/ 24972 1s PCT/ AUO /%9%%9 I n
one exanguifacef 17 maschexHi joom Thetfbtussing tatisnbhbad ehiecablesgihf oliGem aride
target surface 17 .5x109W cnR2 and. t he, radjus of .t he spot..on,the target
surface t _m/é%pqnh\sﬂe%e;‘ew region W@ﬁ?s%i@"l il f{lgstﬂggjetguﬁgg% Lﬁh&ﬁ?’?ﬁw 15¢cm
and . sheofird- 8pidirafts ihthe rGMn bR BlREI GinsRy ApaBNuk! OFTbidiSorbtdah’ eid ace.
The density of ‘the evaporants 1n the region"of critical density was

4x102' eviapdasertfatonss negr 10dW/ag®r flux was near 1 -tk~/crn2. The length
(L) of the focal region can be calculated as follows: L= 0.4142.0/D 10
where: f is the focal length of the lens; 0 is the divergence of the beam
and D is the Thealspigih (L)fof the fdmed regiontdan beecalcultled as foliwwsa short focal

| ength | ens, preferably I ess than 35cm enables the optinmal |aser beam

flux for the evaporation of graphite to be obtai ned and, when conpared to
| onger focal |ength |enses,-provi dep. aisée/Dnore powerful density in

where: f is the focal length of the lens;
10 6 is the divergence of the beam; and
D is the diameter of the beam in the iens.

The use of a short focal length iené, preferably less than 35cm, enables the
optimal laser beam flux for the evaporation of graphite to be obifained and, when
compared o longer focal length lenses, provides a much more powerful density in

15 the focal region 24 of the lens 14 to boost the effectiveness of the energeiic input

into the laser plume 18.

The deposition of evaporants on the substrate 20 is illustrated in Figure 3.
As described above, laser beam 12 is focussed a short distance in front of the |
target surface 17. The target 16 is a graphite cylinder rotaied on its longitudinal

20 axis.

The interaction of the laser beam 12 with the target surface 17 resulis in the

formation of a plume 18 of evaporants which propagates towards substrate 20.
Without the influence of any shields or exiernal forces, a range of evaporants is
deposited on the substrate 20, although optionally, shields and external forces can

25 be employed in other embodiments of the invention. It has been noied that the
slower moving i.e. low energy evaporants are the heavier, larger particulates that

are not desired in the production of high quality thin films, while the single atoms

and lons are relatively fast moving.



15 the focal region 24 of the lens 14 to boost the effectivenessiof MAR 2005
energetic input into the |aser plune 18. The deposition of evaporants on
"the substrate 20 is illustrated in Figure 3. As described above, |aser
beam 1wa ®/2weussed a short distance in front of the Parga&wlguryace 17.
The target 16 is a graphite cylinder rotated on its longitudinal axis. The
interaction of the laser beam 12 with!3he target surface 17 results in the
formation of a plunme 18 of evaporants which propagat es towards substrate
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| aser pyl s K h : t € fac 7 i gl nati ng
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i e evapdO&evaninTHEhis spped eh totafioryrisaiis iry parfticlashisavidiy atvedogityrdfilesethars
_ preferahly substanti.all angential ,to the targ surface 17. In, gne
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104r ev/ @rhet [ srofdd ! "”_rﬁ@fret' ; Vel city
of Iessmtrggn-ﬁi(!ﬁrl04cB sggiétﬁgﬁ%r?%%ﬁgé‘g@?’ rom Fﬁééfgs st r%tgteé? e
r ot at i oB8POmyéaih, @nd mey beatiet40,80ewfminabl y greater than 2000 rev/mn,
nore preferably greater than 5000revim n, and may be up to 40, 000rev/ mn.

It will be appreciated that the speed of rotation of the target 16 can be
It will be apprec_:ialed that the speed of rotation of the target 16 can be

adjusted to correspond to the distance of the subsirate from the target surface.
15 For example, if the substrate is closer to the target then the rotational speed
should be increased. '

As illustrated in Figure 3, the component of Velocity has a greater efiect on
siow moving particles than on fast moving atoms and ions. The direction of
propagation of fast evaporants is indicated by the irace 28, i.e. the direction of

20 these evaporants is substantially unafiected by the tangential component' of
velocity. The trace 28 of the slower evaporants clearly shows the effect of the
tangential component of velocity. These slower moving parficles are deflected
from their propagation direction and are directed away from the substrate 20. A
shield 30 may optionally be placed to one side of the substrate 20 to assist in

25 preventing unwanted evaporants being deflecied onto the substrate 20.

Persons of ordinary skill in the art'will appreciate that because the number
of evaporants propagating in the direction of the subsirate is reduced, the rate of
evaporants being deposited on the substrate is also reduced. A preferred rate of
deposition is in the range of 0.5 to 25A/min, more preferably 2 to 10A/min and in

30 one embodiment, the raie of deposition is 5A/min. This slow rate of deposition
relative to conveniional rates (e.g. 0.8 to 6 A /s) is believed to further assist in the



adjusted to correspond to the distance of the substrate fromthe {t ar &R 2005
surface. 15 For exanple, if the substrate is closer to the target then the
"rotational speed should be increased. As illustrated in Figure 3, the
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on fast noving atons and ions. The di & tion of propagation of fast
evaporants is indi cated by the trace 2 I.e. the direction of 20 these
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obt a% The fil mappeared to be substantially free or al nost free of both
onded particles and contami nant particulates. Thin filnms produced by
the appl i cant have been exam ned by Ranman m crospectroscopy to confirmthe
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Raman spectruLgm aﬁsgﬁ@@ﬁ?é@ﬁ@s:é b gﬂ?r‘ﬁa &ﬂ{c‘;ﬂv\ﬁ%ﬁrﬁimr{]gb tinés %gpth -
the Raman intensity measured for diamond (using a 785nm wavelength), the
Raman spectrum is a very efiective means of detecti‘ng the presence of graphité .
on thin films. For the spectrum reported here the substrates were quartz and

15 Si(100) wafers.

The sp® vibrational modes were found o extend over a broad range cenired
near 1100 cm™, while the sp? sites exhibited vibrational frequencies above 1600
. ) cm’'. For the spectrum in Figure 4 no graphitisation of carbon was indicated. The
characteristic strong Raman peak centred at 1333 cm™ of single gem diamond
20 crystal was not observed, one reason for this being that the diamonds on the film
that were to be observed were nanometer-sized. A second reason why the
previously meniioned characteristic peak was not observed was that the thickness

of the film was at leasi five limes less than that of the microprobe.

Alomic force microscopy (AFM) was also used to observe the surface

25 morphology of the same sample. It was observed that the silicon substrate was
covered by a small-grained, poly-crystaliine continuous film. The highest
crystalline feature found on the surface of sample was 70nm in height. An
average surface roughnesé of 15nm was obtained for the films with 200nm
thickness. AFM was also used to examine the electrical conductivity of the film.



10 4. Because the Raman intensity of graphite is nore than 50 ti mais7l MA&ZW
than the Raman intensity neasured for dianmond (using a 785nm wavel engt h),

"the Raman spectrumis a very effective means of detecting the presence of
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above, ggm@{d@@e@%ﬁ&a@ﬁé he i nvention has been described as being

conducted in

While the embodiment of the invention described above utilised a

cylindrical, hompgenous graphite target that was rotated on its longitudinal axis,

15 other shapes and materials of targets may be employed by the method of the

invention in order to produce a thin film having the desired composition. For

example, the target may be a rectangular slab made entirely of one material or a

composite of materials. A composite target may have layers of graphite, copper,

~and nickel for example, or in the case of a cylindrical target, the target may be
20 segmented into the different materials.

Where the target is made up of multiple materials, the laser bearh may be
scanned across the respective surfaces of each material producing a plume of
evaporants from each material in the process. Equally, the laser beam may be
held stationary while the target is scanned.

25 Those skilied in the art will also appreciate that while the above description
of the invention has been directed to the use of a single laser, the method of
invention could also be performed using iwo or more lasers or one laser split into
mutiiple beam components. Where two laser beams are used, one laser beam
could be used io ablate material from the target surface while the second laser

30 beam could be focussed within the plume and used to energise the evaporants



vacuum the nmethod of the invention may al so be conducted in a nit q@
_atmosphere for the production of nitride films or in the presencL of Q?me
variety of one 10 or a conbination of two or nore ambient or introduced
gases. WP %R12al so be appreciated that other substratBCHAVBHHIS nay be
used, including plastics, glass, quargtz, and steel, for exanple. Wile the
enbodlnent of the invention described above utlllsed a cylindrical,

honogeno tar get rotated on its |ongitudinal 15 other
shapes amh&lﬁgmé@ %Sﬁrégﬁéb% " be enpl oyed by the nmethod of the
invention in order to produce a thin filmhaving the desired conposition.
For exanpl e, e.target _may be ect anqul ar sl ab nade entirely of one
material or al\dt”i}!ﬂjl%%sﬁ%f%’ F}Isrﬂ'-g‘?ia[ﬂogb ﬂﬂ%?b{ﬁiwg@ntaaP@WOWB?nﬁgtv@fgaﬁlers
of graphist 8sed CRRR eact?Bf! s J4& tf)éﬁm§ 4 i ed &

O oy i ey T eI e TRe S rheren
materi a e o2 i e oiu e mesi ates ,usede onager
beam e scanned, acr.o he res tive surfaces ,of e erial

ot odus: JRONCRTERRS, g ik Iitar FRORT 6ath HRARATAY HenSoIRElas! eut the

Equal | %re%?@cii@@cﬁm?@ﬁ@htﬂftﬁ@tar?@ﬂ d stationary while the target is
scanned. Those skilled in the art will also appreciate that while the above
description of the invention has been directed to the use of a single
aser, Lhe ok gl B8 uhdSRdd e ibafidte BRICAIT YRl GhidCr °

| asers or one | aser Into eam conpon ere aser
beans arwamfm&homeﬂemslertda@knaltemﬂtidebeouﬂmhﬁomsabfaﬂm oAt enorel of rp@ t he

b une. arODLEG EAufes HriBhRd o SR PemAR S0 erBrwsitEsofd of these |
PCT/ A0 1difidrer? céﬁlbméﬂ?jn@ dohsumtélvanaﬁs ARSRELIDE dsPERs tﬁéltmbahsn' aser beams

coul d al so be enpl oyed when a pol yconponent target is used, wth each of
the | aser beans being directed onto respective nateri al surfaces. In the
enbodi ments where nmultiple | aser beans are used on a



0t conponent target, the laser flux of each beam may be sel ect ed FO?S@@? v
the respective conponents of the target. It will be understood that the"
i nvention disclosed and defined in this specification extends to al
alternative conbi nations of two or £ of the individual features
mentioned or evident fromthe text or drawngs. Al of these 10 different
conbi nations constitute various alternative aspects of the invention.
:1004153245v2. doc 17 CLAI Ms: Anended] A nmethod of depositing a thin filmon
a substchipgmsthe nethod i ncluding: |aser ablating a target surface to
create a plune of evaporants extending in a propagation direction away from
the target surface, the plume including a region of critical density (as
her ei n. 9 def i pefanddd]SA trhothotidoft depasithet aahim filn lohea Bubstrgtd, ithe rdethet | on of
the plume such that ° evaporants within the plume are deposited on the
subst r aineludingiei n a | aser beamis focussed a finite distance before the
target surface 10 so as to position the m ninmum cross-section of the beam
resulting fromsaid focussing within the region of critical density.
t her eby i npdes¢nablating calesgetenstagy fotseaire plupe chavapoiants AXERding ithe, and

cl ai 1 12 Pt Jrer A AN il rdb of g IR AT AERRA 1 2 o

by sai thfl @filch! &Ry (As HeteBrddimedhe met hod according to claim1l or 2,

wherein evaporants. wthin the plume that have propagated beyond the region
of critical density in a predetermned tinme are accel erated by the

shockwave t qus¥itinihd the sRBstaban the bropaRjetibardiricionids the pluree guohihahat
) have not propagated beyond the region of critical 20 density in the

pr edet egvapesantsiwithinthe glives areydepositpdiorethensstidl® t owards the target
surface. 4. [Anended] The nethod according to any preceding claim wherein
t he

wherein a laser beam is focussed a finite distance before the target surface

10 so as to position the minimum cross-section of the beam resulting from said
focussing within the region of critical densitv. thereby imparting increased energy

to the evaporants within the plume, and thereby producing a shockwave in the

plume.

2. The method according to claim 1, wherein said laser ablation of said target

15 surface is effected by said laser beam.

_,) 3. [Amended] The method according to claim 1 or 2, wherein evaporants
within the plume that have propagated beyond the region of critical density in a
predetermined time are accelerated by the shockwave towards the substrate while
evaporants within the plume that have not propagated beyond the region of critical

20 density in the predetermined time are accelerated by the shockwave towards the

target surface.

4. [Amended] The method according to any preceding claim, wherein the
minimum cross-section of the laser beam includes substantially the whole of the

focal region of the laser beam.

25 5. [Amended] The method according to claim 1, wherein said laser beam is a

second laser beam and said laser ablation is effected by a first laser beam.

AMENDED SHEET
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O RPhum cr oss- section of the |aser beamincludes substantially tip w f
the focal region of the |aser beam 25 5. [Anended] The net hodhagc 2@%
to claim1, wherein said |aser beamis a second | aser beam and said | aser
ablation is effected by a first |aserqdpeam AMENDED SHEE't' | PEAI AU A/ 004
: 52245V2t | o 18 6. [ Arended] The nethod according to any preceding claim
further including inparting a predeterm ned conponent of velocity to the
evaporants such that slower noving evaporants within the plune are caused,
by the @onpo[rntndéd] Tied awthyd accordifg tecany poecadieg plabpaathasrinduding i on
and are prevented from bein deposijted on the, sybstrate. Ane d] e
met hod HBRHRONY ﬁrsdeiem%f QPH{ ﬂge"e&‘?té ef%ﬁﬁ? n%vc?p%&’f‘t@‘o;ngﬂ& 3?5{1
vel oci ty syl @Pgﬁh'egvg’ﬁv%rgﬁi‘s_emﬂﬁeﬂfe toiené aagetausded, [ ByeRe esimgdeernitebhod

l )

according to ereint target is a cylindrical target and
novenenvelotity,hie defiapttfromthevrepagajiors dicectioroandi e pevented fromepeingiri cal

target. 9. [Anended] Th thod according to any one of clains 6 to 8,

wher @i ndﬁﬂ%ineg‘rg%ﬁlelewhg'@ggconponent of velocity is substantially
tangential to the target surface. 10. [ Anended] A nethod of depositing a
thin filmon a substrate, the netho 5 including: |aser ablating.a target
surface’to ch¥aerdedlyfhedneihod agrordingdo Ham \gherlegh e@g’e@%tpﬁgﬂqcts

wi thin &L Mpafed bY rAGRGAEMOS tHEageton away from the

t ar get éﬁ@Pgl@g@fo‘?&y ng'apPaserpbeam at a fi ni?g di stance before the
target surface so as to 20 position the m ninmum cross-section of the beam

resul tigg 11 oAkl 9RKS RieMod ddsbRihd AP LishR. 78 Wil tHPAEra0is Rer eased
)Yenergy to th& evaporants within the pfune; _ ]
cylindrical target and movement of the target involves high speed rotation of the

10 cylindrical target.

9. [Amended] The method according to any one of claims 6 to 8, wherein the
predetermined component of velocity is substantially tangential fo the target

surface.

10. [Amended] A method of depositing a thin film on a substrate, the method
‘15 including:

laser ablating a target surface to create a plume of evaporants, having a
,-) range of velocities within the plume, extending in a propagation direction away

from the target surface;

focussing a laser beam at a finite distance before the target surface so as to
20 position the minimum cross-section of the beam resulting from said focussing

within the plume, thereby imparting increased energy to the evaporants within the

plume;
positioning the substrate in the propagation direction of the plume; and
imparting a predetermined component of velocity to the evaporants;

25 wherein the substrate is positioned at a predetermined distance from the

AMENDED SHEET
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PoBEEI i oni ng the substrate in the propagation direction of the plume; and
|rrpart| ng a predeterm ned conponent of velocity to the evaporants] 72%!%\? s
wherein the substrate is positioned at a predeterm ned distance fromthe
AMENDED. SHEET | PE / AU : Di 6041. 53245v@ doc 19 target surface such that the
sl ower novi ng evaporants within the pl%rre are caused, by the conponent of
velocity, to deflect fromthe propagation direction and are prevented from
bei ng deposited on the substrate. 11. [ Anended] The nethod according to

cl ai m l@argeheuefiasesauch Ithste thalsiawen moviag @wp‘dm:ﬁitsl witledhf ¢hd glurbg Seéd

| ase) Learn., 12. [Anmended] The nefhod accor to claim10 or 11, wherein
the pl uﬁﬁ‘@%hﬁf@% cmw%ﬁ %ve@mmtege g&h pfryth@aefoa@%tm dEactioBANGnd t he

| aser S5k ritical density. 13.
[Amandegi ]I Lezlerr}géﬁfé‘g acc '%%gsﬁ%@‘c’ aim B%\A'}%er ein a shockwave is 10
produced in the plune. 14. [ Anended] The nethod according to cI ai m 12 or

13, wheqgi n FARRGAN Tho WiAE ARBARHTE SR 162URRLRNAFIA the

regl on O nsit rmne e are acce era Yy t he

shocl§vvawbsadWsﬁH&»éW&:ﬁéemén lasevaparants within the pl urre t hat
have not propagated beyond the region of critical 15 density in the
predeterm ned tine are accel erated by the shockwave towards the target

sur f ace1215. [AmeRdefdThd haetRidnadedrarey t @iitn010!@H M, 1thevélﬁrtﬁég)l§ﬁiél | aser

beamis a second | aser beam and said | aser ablation is effected by _a first
| aser biBgludesea 'Fﬂl?éh@éd?"tlwledﬁ*@%'%&e?aé@&fial defined)aaRd dhe lasercbaamsigo to

15, mef‘)%‘;'gs‘fég"ﬁ'ﬁ‘e‘ﬁ%q?ﬁe net%rﬂ%aygé ty is inparted by novenent of the

')tar et according to claim 16, wherein the target
is a cylindrical target and novenent of the target involves high speed

rotatiofg of [Ilifenddd) TAL ' HdthddPb88drding to claim 12, wherein a shockwave is

10 produced in the plume.

14. [Amended] The method according to claim 12 or 13, wherein evaporants
within the plume that have propagated beyond the region of critical density in a
predetermined time are accelerated by the shockwave towards the substrate while
evaporants within the plume that have not propagated beyond the region of critical

15 density in the predetermined time are accelerated by the shockwave towards the
target surface.

) _ 16. [Amended] The method according to claim 10, wherein said laser beam is a

second laser beam and said laser ablation is effected by a first laser beam.

16. [Amended] The method according to any one of claims 10 to 15, wherein
20 the component of velocity is imparted by movement of the target.

17. [Amended] The method according to claim 16, wherein the target is a
cylindrical target and movement of the target involves high speed rotation of the

cylindrical target.

18. [Amended] The method according to claim 16 or 17, wherein the

25 component of velocity is substantially tangential to the target surface.

AMENDED SHEET
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PO FE T Amended] The net hod according to claim16 or 17, wherein the 3151 .
conponent of velocity is substantially tangential to the target surf: (?eﬁMR
AVE VDE SHEE | P 1AU 'pro04'532454.doc 20 19. [Anended] A nethod of
depositing a thin filmon a substrate Othe met hod including: |aser
ablating a target to create a plune of evaporants, having a range of
velocities within the plunme, extending in a propagation direction away from
the target surface; positioning the substrate in the propagation direction
of the pdBunejAmeddedpArmietterdaopdepesitngrianthin dibmpamansulsirabe | thei mgthad t he
evaporar,lt? (gs the evaporants are ablated fromthe target; wherein the
subst r at®YdNYGosi ti oned at a predeternined distance fromthe 10 target
surface such that the slower noving evaporants within the plune are caused,
by the predeterm ned conponent of velocity, to deflect framthe
propagat i on HRSEE@blatingaa darged t‘br%%ﬁt%@'ﬁ%ﬁﬁ’é’?ﬁ@%@%o@ﬂ'@@ FHanggeof
substra d e ) ) ' ' e by
aser anriopliss WATRRECbIMeTXBRAR (h Bribacdlich, BiraBiorP Sudy O B
i ncl Bdi tegget swefprcmy of critical 15 density (as herein defined) wherein the
| aser beamflux in the region of critical density in the plume is adjusted
to obtain effective energy absorption by the evaporants so that the
evapor ant s apbsitioniag fthé substrateriatigy ptapadtionidireation lbé thesplosie; aing;, t he
substrate belng positioned so that evaporants having energy |evels outside
a predeterm ned range do not deposit on the substrate. 20 21. [Amended] A

. nmethod accor ihpering = pAidetédninel eobiporient of aekicithaenthesevapocarsts e the t he
Yregion of critical density in the plume. 22. [New A nethod according to
cl ai m 2@vaporants Qﬂ@@t&@ﬁ?dﬁ@ﬂéﬂﬁﬁg@ti s produced in the plune. 23.
[ Arended] A substrate having a thin filmdeposited thereon according to

wherein the substrate is positioned at a predetermined distance from the

10 target surface such that the slower moving evaporants within the plume are

caused, by the predetermined component of velocity, to deflect from the
propagation direction and are prevented from being deposited on the substrate.

20. [Amended] A method of forming thin films on a substrate by laser ablation

of a target to form a deposition plume of evaporants including a region of critical

15 density (as herein defined) wherein the laser beam flux in the region of critical
density in the 'plume is adjusted to obtain effective energy absorption by the

<_) evaporahts so that the evaporants attain sufficient energy to deposit on the
substrate; the substrate being positioned so that evaporants having energy levels

outside a predetermined range do not deposit on the substrate.

20 21. [Amended] A method according to claim 20, wherein the laser beam is

focussed in the region of critical density in the plume.

22. [New] A method according to claim 20 or 21, wherein a shockwave is

produced in the plume.

23. [Amended] A substrate having a thin fiim deposited thereon according to

25 the method defined in any preceding claim.

AMENDED SHEEY
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o he method defined in any preceding claim 4 '~r191 MEDP)) 21 24. 7 MAR 2l
[Arrended] A substrate according to claim23 wherein the thin filmis a
dianond film 25. [Amended] A dianond film produced by the nmethod accordi ng
to any one o clainms | to 22. 30 SHEEI{ | PEA/ AU

24. [Amended] A substrate according to claim 23 wherein the thin film is a

diamond film.

25.  [Amended] A diamond film produced by the method according to any one of

claims 1 to 22.
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