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abl ation of a target, e.”ﬂm i que known as Pul sed Laser 5 Deposition
("PLD"). woai2mrention i I M‘Wm ly suited to the forn®CToxUonfo1E9di anond
filmbut is not so limted a,r;%s.as pplications in the formation of filns
of The present invention rela 8S to a methhod of form ng a thin filmon a
Field of the Invention any material and may be used, for exanple, in

super conductor film QEB@%‘HQN:QJ’SEH!N Y4 ASERSABLATHAN t or

el ectroni cs. Background of the Invention 10 Various techniques of

enpl oyi ng Ezgi anbéRflenRt i on of high quality thin filnms have been

. investigate Podr}‘t?gvg?aﬁﬂyears. 15 20 25 PLD involves directing a pul sed
| aser onto a target material placed in a chanber, typically a vacuum

chanber. The en y S e i VAaRAL.ak:i f
material from tﬁégsagsghg?%\#aﬁﬁé fég#lg%gt th§ % Sﬁ%}hgﬁuﬁf&&ﬂggp‘?ﬂﬁ@ T([chr)ﬁg? rgt% of
a mxture ghbstratethy lages ablamioacefl ®ta@et] ggr tHectethniguecknsire as .Puisedriiaeer al
is abl ated, the plune expands into the, chanber. The_energé_'eof evapor ant s

wi thin the Dap@sitiony biPLR').y Thedaventian is maricuary suifed diodthe dermatian efisa of
V. By Dl ac el . . . . _

The abl ot oo FifRBLE & fiot & litfRefl AtEhas BoBlicRitRIAhe toRatd 6t e

filmis foampdmalérialaand anayvbeegsed)f fdPLExample, him gupdroondactoof filtrhigrowth ns

is welt docunmented, however the proc sst haF fssoci at ed drawbacks that can
prevent t hBrcHSSAE RAPIGRICAagE %E‘S‘PP'E@”Q BT B'eCHPHES: The presence of

particulates within the plunme degrades the quality of the r i
film Various methods of reducing particulates within the p @ "mﬂ@" ME
reduci ng pBackereurdofibelgvertieRi t ed on the substrate have Deen dev ed

| nternational patent publication W99/13127 describes a nethod &% -
evaporation of a target in a vacuum chanber by | aser pul ses, the user being

V\P 02/ 2972 2 PCYprious techniguesef esmipying &40 fhmﬁrqducéﬁa@qumqga?yrthidm_
Cerms of 1 520 hge BeSR NeMRRE B EReral Pa cr 1511 o5 of ihb target

material. The | aser pulse repetition rate is predeterm ned so as to produce

Fepetition rat e i IBNER RGBSR JBher Rito, ndldtt ey mldtedih ¥
][regahe_r tz; cRasbey| Spickyaki vacduin Pereiebab! YT criregpst e (el asse8dihelhe
ormation of a thin filmby evaporation of a graphite target is described.
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85, No. 8 (éS ggri |, 19_99%}11? Ea%'eq4222. I nt er nati onal patent publication
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si ngl e at oplumesthei ablated matesiabiss depositagsin lafers on de aukstsaje anola thin film

f ent osecond {Oaser results in deposition rates of up to 25(err), mhr. United
St at es%at@n MEedss 478 describes a method of PLD of thin filns in which a
pul sed | aser is used to ablate nmaterial froma target surface. A shield is
20 placed in the direct Jine of si f the target. and .tphe substrate d a
magnetic field ﬁEeuégaa‘E‘WeEE?%O‘ng'%oﬁ%' \AF?hPFPCﬁ@OBl Gfrenw Sy igq well
material t ! i i i Pes by
t he subst rg}[ﬂgﬂlﬁ’%m{tﬁn@mﬁf g‘s/ég?%dsﬁzglbg?ag%r%&a? ;ef@ggvﬁégﬁggﬁ%g ng ggggm ted
on the subfermation airhigle gustityttbin filmseni he preserceroiiparticulates withintthedlome

| aser abl atj on of ' 2b.tar far i on,of hi il The.
subst rate. FEomse fhsaBiNnEP She yB3ubalft Ik Ty povahoul.bikess o eblfiog o
the pl use phritilabe dithii eid Plumér Apddsinesiuting parieiris baiag Wipdsied O the
background pressure of inert or reactive gas to facilitate |ateral

di ffusi on ghbstsate\havedesnedeyedprasht i on direction) of the plune. Large,
heavy particles do not have significant lateral diffusion and are unlikely

to be deposited 30 on the substrate. = WD 02/2-4972 3 PCTI AU0O1/01179
International patent publication WQ099/13127 describes a method of

evaporation of a target in a vacuum chamber by laser pulses, the laser being



It is therefore an object of the invention to provide an inproved nethod of
producing a high quality thin film by selection of desired evaporant

ener gi es.wohenadten fil ns produced are preferably substant ipelrlAUOEFI Of
particulates. . Sunmary of the Invention 5 In a first aspect, the invention
provi des a met hod of depositing a thin fid mon a substrate, the nethod

I ncluding: laser ablating a target surface to create a plunme of evaporants
ext endi ng ifocusseddpaayaoptimuni intartsityrin andar torajiminate pmlgelateajrcbmdhe plunte.
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to position t m ni num cr oss-section of the beamresulting fromsaid
f ocussi ng preteterminedose @s, iot predubg & apatinuaus flow ol avegoted glyateaat At the
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evapor ant s feNesegoadwi The fermpatioss okadhin s By evaporatiamob asﬁlﬂpbﬂlﬁ éar’g@t i8 hi n

desi 1 oq ki ecipedio THE b HHENRe Bl of o 414 SPEBoRted dhPSHAR edbon, o

the substrgtr M waeVdepusitat onatdilicont Sebstrite with asfspositiohaads of BAVs, exmpl e
for sp3 bonds in carbon filns e rel evant energy range of the evaporants

th
is of tHe mﬁeme@iyfie@oépatt@um eV. Particles or evaporants with | ower
energies will produce mainly sp2 bonds with some sp3 25 bonds. Particles or
evaporants w th higher energies on the other hand may destroy existing

Eonds in the filAmpaper mongadingriBkirky dhe Jpeenias op fFlSﬁdb’M heﬁac&m@ésalofh
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desired range of énergies of particles. 5 This invéntion also arose from

the knold e@gmaenandamn legs)-helhentuseasf istghod lpsgieis saifl o igeneratehaapivmeyet
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pl ume. Thef@l?\t@sécbnﬁfla@taé@ul@ihsdépbsiﬂwrat@bm‘p te2sahimd the critical
density) This critical density n, depends on the | aser wavel ength (err),

(err,m and can be 10 quantified by the fornula n=1.1 x102'/,2. The energy
absor ption by ”&ﬁufémwbatmlsyaémmséhs& ) rﬁaﬂfocmepmftﬁ thﬁ‘ﬁﬁlfq§ Irpi

is near 10" Wcne, or nore. The input of laser energy in the region
critical davhicha palbed fassdie &#sad te abiatevimaterial fram aﬂpegaisurface he’\ shieldiis

point, 1o sl inifip Sl fhd OF5iBAR e g daiGel Bha ¢ Hinstiate 3 PG Sls fird

el ectron therygd ¢onslired i thist jonsainithin thesplumd Dhosiaialv endteridlr fstvaad the t he

pl unme when the densi teé of evaporants within the plume reaches a critical
densi ty (asuheiraies Wil prutyal Harkiclps costinuerita dassi y tiec subsiratenyhisgpethogl 1

06(sl A" ~28lo [?tﬁl%lféﬁeutral'p%rﬁags Bafnfg'd“ap%sﬂéd%ﬂ%%ubgtr&% Als the atomc

wei ght of par

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 inert or reactive gas to facilitate
lateral diffusion (relative to 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.



(err)t is the rising tinme of |aser pulse (s) before the target surface)
advant ageously at the tinme when the |aser flux reaches a maxi num during the
pul se durwbioense7and with the |aser beam preferably 25 fockegadiomtin the
region of critical density, such that collisional absorption takes place.
The plune of evaporants advantageously il udes a region of critical
density (as herein defined) and the | aser beamis preferably focussed
within the  WOItO8/tBetedG2 &n Wo&lﬂ@lhe)invmtioagﬁooprwfdecah timpedvedienmeithgd ofuch

t hat a shock e |s roduc The r|t| densi ty depengs on
the wavel oREpIRCaRS BHEOR SLBRS hi 18" sHisBerioh SLiRtiehS psTanl AsBER of e,
, EVapOfantStHIhthiIh§ ptr&%cs&oug@ ;srléeérabg bREMIRYR HR &wi@hlaﬁ% region of
critical density in a predetermned tine are” accelerated by ' 5 the
shockwave towards the substrate while evaporants within the plume that have
. hot propag n of critical density in the predeterm ned
i SuflmeRy B ey adod

tine are a ockwave towards the target surface. The
energy needed for the formation of thin filns varies according to the

t t t I i
nvent i on provi JEETrStiplct ThiinRiiel iTBiides s R bt debqlfy 2RI on. .,
abl ati on ofa subsiragstthe endthodircladingsi ti on pl ume wherein the | aser beam fl ux

in the region of highest density in the plume is adjusted to obtain
effective energy absorption by the evaporants so that evaporants attain

sufficient ener gasdr@blmesa targst mhn«vawttscrreat@a plumesoftsiaparants exprihg fned
so that evaporants 15 having energy |levels outside a predeterm ned range to

do not depd@spropagationediseetian away fmﬁbthﬁtﬁfgﬁhﬁ%fla@@sa@@ctl on of the beam
preferably includes substantially the whole of the focal region of the
beam The beamis focussed by a tens and the focal region of the beamis
defi ned as t he peogitioning therrsibstrate invlbeRrppagalicn dirgction eltherplumeduehttbat t he

t I f I
o spl acifh” ERepBAE whyt 88 e erd Brbied Bhdbe Rlpkfiie! Geoenas on the
t ar get naterlal and the laser flux but is generally in the range of 1
to 10 Pr ef. t h h b
Larger 1o oreat MNEFRAE B RPATHSIPcroed & A0k Sisthrts KERFa.F Wualeirithe use
of a shortep é@qal pbﬁﬂeﬁ RhéSmirfifin® REsL8edticPof tABVBEAH! rdsultingt frolf said
achieved in the focal region and thus increases the energy absorbed in the

densest regj@QuSSlﬂg withinptherlume; therely ipparings ipsegasedrriaigy 4o thes svaperantscm

It wll that the abl ated evaporants have a range of
vel ocities W’Lﬁ'ﬁ aII‘I&' lunme. In a preferred enbodi nent, a predeterm ned

conponent of 30 velocity is inparted to the evaporants such t hat sl ower

novi ng apor ant,s, Wi_f hin 02/ 2.t .6 9 | une

caused, by the ﬁdé@@IageﬁI"ﬁIé{V\%%i%%eII %{Ig%qn \Iselétg@g%# %§ JI?I e 8r BG?WOmEI? i
propagat i orltdiigivbi SrabafnEHLe tHy RicenRAM 9@ St (RRPLdrdl 40 §418 laser
substrate. This velocity depends on the target material but is generally

above 2000@blatiends eﬂﬁéﬁﬁﬁ)é%ﬁ'ﬁ‘éf'%ﬁ%ﬁth%ﬂn@r eater than 5000rev/nin, and may be
up to 5 40,000rev/nmn. Preferably, the predeterm ned conponent of vel oci ty
is inmparted by noverment of the target, e. gh speed rotation of a

cylindrical tardée.preseat fventiomls i) paﬂé)qﬁieéid@m dhenahsanediepdhahevaporants

nepect, "t ndabHiEa ks Patd, br8RSIesere bt aiald sEfeniR 1oL A it Bebfis g e
subst radee, i¢ eowet ted foncthedpinpose asieobiaiing ithe desiesd)kindsoot beats ia theune
of evaporants, having a range of velocitjies within theopl unme, extending in

a propagat .d@pogqtqd;@{m,oﬁ is, Ngeessannte (fleposit on the substrate only evaporants within
the relevant energy range. For example for sp® bonds in carbon films, the relevant

energy range of the evaporants is of the order of 100 eV {0 200 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® and sp? bonds. The
ranges of kinetic energies of evaporants depends on the laser flux on the target,
the laser wavelength, and the target material. In order to obtain evaporants with an



target surface; 15 focussing a |laser beamat a finite distance before the
target surface so as to position the m nimum cross-section of the beam
resul ti ngwbrnemwai d focussing within the plune, thereby i RparAUmg11i7TNCcr eased
energy to the evaporants within the plunme; positioning the substrate in the
propagation direction of the plume; and 20 inparting a predeterni ned
conponent of velocity to the evaporants; wherein the substrate is

posi ti oned emergy pargetadr 50eMé dodi GReMde theotaseof tanggephiteutdrget, and 15 1t0mamn
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Advant ageously, the l|aser ablation’is effected by the |aser beam In an
al t er nat i vareeabsatilyrpraducettisel desiredueage iof eaergievatipardicles. beam and sai d

| aser ablation is effected by a first |aser beam WO 02/ 2972 7

PCT/ AU01/ 01179 Typical filmthicknesses produced using the nethods of the
i nventi dh range Thisinvention alseasse fronkiheskngwibdge thatnddririgrihe inferactidn lofrs
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ablating a target to create a plume of evaporants, having a range o
vel oci ti es the phimet hEhgdansity ok evapidragts in thabt regiegss icaliedithe critical dewsjtyt r om

the t t f X i.tioni th bstrate in_t t di ti
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pl ume are emiysbecompestdignificantewheni thedasenfioxdsineat 108Wrdn? ,ort moske | Fed

fromthe propagation directiopn and, are prevented from being deposited on
Lhe subst | 4 GIaser Gnergyt RaNe J8gic of GHEA MeBRtY WYl ProAHGReS Bhasi 8eval o
havi ng a thyj | i.t ed: WL, Al i i j m 0Sd on
t he substr gilt’é;t Ié*r‘fj ag?co% ?B@%c@ﬁpﬁglg or];e‘pﬁoyaaétgéﬁ fﬂoe]b ﬁ}wﬁggﬁnvent'ﬁéﬁ. of ltaggr

Pr ef er abl y,enie??)t at shatspsint, the laber pulsentumationtrmasisbbsjreates than ahettfe Viot h a
dianond film 1In a yet further, aa)ect, tye invention provides a thin film
for depbsi elestrasthermal conauctivine (4B d@8-dance with one of the method

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

i nvention also provides apparatus (as, defined in the acconpanying clains)
for performng thehaek waveois Berdcadpiactheoplume: whepethe dansity pkevaporants

of " oxanpl o iy W PR EReE 0 ErfipaBEEMYy s Herein o) BER HefRyttinel

draw ngs i nlisthned (inkET). AUO1/ 01179
d=1.38x10%(e/A)"At

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

At is the rising time of laser pulse (s)

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

25 focussed within the region of critical density, such that collisional absorption 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



Figure 1 is a diagrammatic view of the PLD arrangenment according to an
enbodi nent of the invention; Figure 2 is an enlarged di agrammtic vi ew of

t he focalwoagize9r2and | aser 5 plume of Figure 1; Figure 3 PCOTEINA1ES t he
velocity filtering of evaporants ablated fromthe target surface using a
rotating target surface; and Figure 4 is @ Raman spectrumof a thin film
obt ai ned using the nmethod of an enbodi nent of the invention. 10 Description
of Pref er r edgienbafdcritioal sieReﬂ}e,rstiQi‘gthai $|sbaclewave is pmeﬂoingtheepm Bhe

14 ot "o sravieq ety dedth dFtndlelardineflr B hher AR fieRpY ool

. embodi ment o?1h%vtaPm%l?ﬁ$/eﬁw3 tfa/dzob?sﬁtslﬁnthm élhé%lﬁﬁ'\e 3Ras . ha@@pP
Laser (CVL), the se ener ul se, and the 15 wavel eng t

the | aser tb@unndﬁ 6 Tregian crbegtmal ﬂenél’m l@@@t&@ﬁ@moedﬁ@@m@mwraﬁedhby}

order of5 1018 ShafhiRye s tHESEBSRRNwRIK Byt Wit fk TR aRL AV o
films, the roh Eﬁ?ﬁag?a@ed oA tied régléﬁfbffcﬁncﬁchmit?ﬁwm@bvbdétém'\lhéﬂ ke aﬁa i's

cyli ndri cal and rotates about its 20 longitudinal axis, which

ext ends noraeaeletraiedrw the shegkwavei twards ﬁseetarg@taﬁ:ﬁrme Rbeenergy seedad for
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target 16 Heyn&dlditionally or alternatively be scanned in the plane
perpendi cular to the axis of the laser beamto avoid crater formation. 25
The incident beam may be directed onto the target 16 at an angle to the

target gurface ¥b thigemd Heeprisentinvahtch ded 8procusgadf fdfming tHATs on
di aneter and rotates about its axis at 104rev/imn. It wll be appreciated

t hat L Ftrgeta sabsiegie W\bsotz@@@;t@ngomﬁm@@dmmga sgpwtl@rhphaneaivmrmthe
ot amact A et A 308 1885 TAUNEAs Rl P AR 1 BRI obtai

scanned i n gffegtive energy ab@cbrpﬁam mrthefe\xdperdmtsttot thatt evapd)nénlt@ attaipr suffieieatl by

t hose of ordi narty skill in th [ nt %ﬁactlon of . the | aser beam 12
with the s@nesgktor Rﬁs"‘t%th%$‘§¥§ttrai%- 3#19@1 frate ispositionsg spihakevaporentsur e

205, SR, PRSI T g

propagatlorsubfstraiet.lrre 18 towards substrate 20. The substrate 20 is
conveniently positioned 95nm away fromthe target 16. A basis for selecting
this 10 distance will be di scussed bel ow. Typical target to substrate

di stances are i Mhehminiange avbssséetiovre ofitherbeans prefe2iymincliddess shbstaatialy20

o i oSl Pl s € e e LR M
heating is aeén réﬁ&b‘r'r‘ djeﬁ'te B&am 'E{Hﬁmeua 18 fﬁ.&hmbﬁé%é}%é&?ﬁ uﬁxpgé;d.%@w on

that in or er to uce a n fil In partic
di anond2( hibefénel amd eaf@odbecmzﬂcai Jogal (painti ef theglensed ThAfm -paint @f ghediocaly
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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 greater than

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

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

increases the energy absorbed in the densest region of the plume. Preferably the
focal length 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 imparted to the evaporants such that slower moving evaporants within



el ectrons, ions, clusters, and mcron-sized solid particulates. The
presence of significant anounts of mcron-sized particulates is usually a
di sadvant wga2f20972t he 20 best outcone of this process. A gaad/aumiont? pl une
is therefore one which contains relati ve% few m cron-sized particul ates
and in which the atons and ions possess energy |l evel appropriate to the
filmbeing forned. For exanple, it has been suggested that in order to
obt ai n t he tbeplurne awe caased,bybthedsredtteamitiathroompsnenicafuretocityhto defledtdrbm
atons and ipns shoul ossess an_enerqgy of the order ,of 25.100eV to 2Q0eV
2nd or of er 4By PrapaRHoR aAEcHRS ZABRVAS! ProYeT  BORL G LoRRRIS: (5h TR
abl ation of r } i i
- referably SoSTaIG RS AN Sopohds Sl Mo, MRENm Al bul 38 Horial RooRe,
t he t hr esh@0D0réwmimnandymorer prafarsiily greatap dinan i56600rey/minvvarchgyDhei Upo et
_al, Sov._J. %sﬁt um El ectron. 18 (12) Dec. 1988 at page 30 1610). In the
case Wne?e%% r&?’d@'f" material is graphite, a pulse energy flux that is too
low results in the creation of graphite structures or other non-di anond
carbon WD 02/2972 10 PCT/ AU01101179 fjlns, while pyl se ener flyx, that
is too high resﬁ?g"?gerﬁwycgg\earﬂrﬁéﬂleﬁ@'rl%;r {GOPRANESY ﬂgt\éﬁﬂf’%ﬁ& ‘Bef'ﬂéa@?acpléd
fromthe s t t i 1 , in
substrate ‘gﬁ{)ﬁ%ﬁggfngfggge t;[éf Nﬁ@ﬂ'@%%ﬁ%ﬁ%ﬁ%ﬁ grfﬁm(gs@a?r}ag%odpﬁrﬁeﬁts
of this inyweferablywthe prededetraingdtcamepandndofivslepityphisubstariiallp dasgeritisdner gy
flux on thet tgr@;& erface is preferably in the range of 5x108-109W cn?.
e darugt 8d

Figure 2 il ¢R: production of a good quality plunme using a pul sed
| aser 10, with | ow pul se energy and nanosecond pul se duration. The |aser

fl t the t t f 17 obt ai ned_usi | 1 d f. i.ng th
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di stance d § a%ﬁﬁ%ﬁ%%mﬁé fHethéd H@ﬁ,diﬁq!ge of 1 (err)ymto 10nm nost

- 4bnm

pr ef erabl y about In front of The target surface. The distance d is
dependent on the laser flux and other parameters. Placing the focal point

of the lens 14 i r : { f @% e I he
focal region 24 I%?ért%géwg%r‘% W?%ﬁogﬁ?g%lés@gm&léfm .éq%é?‘? gﬂgélgrrggggrﬁk 24
of the beameldiiies dathimdhk gplumbe extamding ot at proplagation lukactid® sy froedithe el y
before and after the optical focal point of the |ens 14) where the cross
section of WRFEEUSNHALSS approximately equal to the dianeter of the beam at
the optical focal point. The cross-section of the beam 12 is typically
gener al lh%l circular or elliptical. As a, resul er beamis of greater

a. t, he |
o o K rm or dosusiing pder e sbadnip distaate bfre M larant Bitace,so 85 o

concentrat i Qi g { f Q0 n.rr?é i j e%??@ nd
abl ated by ' g'ﬁaé@%%‘hﬁég@, cr?g\?/evero?ﬁgf g:%{ar%g)% 0 ﬂ%ﬁ%g*ﬁ?e e\?gg%%g?] S
wi t hi n t he withinghé phane, therely ipartingiircreaged iegbrgyotocthabsvaponants avithin ithey  of
a dianond film Positioning the focal region 24 of the beam 14 in front of

t he target Fg’ﬂl’?"ieace 17 provides additional energy to the evaporants so that
a dianond filmcan be 25 fornmed. In this case, the focal region 24

increases the plaspn tenperature of the |aser.plune 18 t he evaporants
W thi n the. pl unPRUCEIG IR Shtvaes in e praBaghud di8eion i the PRBRF e That
is, the evaporants within the |aser plune 18 have an initial energy
provided by the laser pulses strjking the target surface 17. This energy is
Phen i nédeased HYPERING AperdRiBIBineacomRONeit of Velogie o6 #¥aROaESY ocal 30
region 24 of the lens 14.
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 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.



WO 02/2972 11 PCT/ AU01/ 01179 Wthin the plune of ablated material there is
a region in which the density of the evaporants is a "critical density". In
t hi s speowbhigaalig7en the expression "“critical density" is deCrnradias7hhe
density of evaporants that is sufficient to permt effective absorption of
the laser energy within the plunme. The critical density, n, depends S on
the | aser wavel ength) (err) (err,m, and can be quantified by reference to
the fornul a n=1Typitalfilng ¢hickiesses produgeiisingdhe endihddswithe inventiontrangd

LR L] RENRRIGNC TG AT TR T R
(10 W, - gy inBatd BPHEpediiodaRa 18 BbGdsition iR, eai on of cri tical

density wi produce a wave ect or plasma wave, that expands
in the solid angle of 4(err), and is centralised at the optical focal point

of lens 14. Evaporant €,.C.E : i : . S
" of the laser an iaﬁl{]@egé%%(%?’ow%o'ﬁ RIérﬁtlléi‘lI 85&%§%$%§’§%f0¢%ﬁ?%@%tﬁgtﬁ®ﬂw
the | ases amda belsstratethieemetivoddiatiuding-ast er, energetic evaporants that have

passed beyond the focal point are accelerated by the front 15 end of the
shock wave, away fromthe target surface. Slower, |ess energetic particles

that have not rea@heblatity howedetndi drealtal pllimei 6f SRIcRints) Paeidges range af e

affected by the back end of the shock wave and are pushed back towards the
target sur velasitiephwithinutherplume, pxieadingeimpaproppgation wirestiopaway from the

preferablytélr Eqaﬁg é@ watt/cn2 and nmay be up to 101l4watt/cnR2. In a
particul arl g% 2¢%d embodi nent of the invention, the flux of the laster

beamis of the order of 10" Watt/cnR. By focussing the |aser beamin the

crtectvely act SORERRHLPeSE5uBly Fine hulpRiatioCiforpr A bifut Wi, o
sufficient to have reached or passed the region of critical density have

encr oy, 161 over | SDRAGIAGHA BregHloBRBRAORHINaPL ALTICOR) b WRrRPoct buce. For

t he production of dianond film the velocity of the evaporants striking the

substrate is preferaply between 3x106¢m s to 9x106¢pls. A rticularl
preferred vel gciV‘er?r?E’ é\? §'>{ti§jéaq€rhssﬂos't'%d09t/ Q@f?gﬁg’«ﬂfw%%ﬁlm#@m ®ne

exanpl e of té\hg;gt%qgrx ] g\@/\?cﬁ’fthhf‘gﬁeeém\%? rfﬁé‘&in?t%\ﬁagﬁéﬁfs wi:mmgﬁ?t BrriePafst

surface 17 cn? and the radius o spot on t rget
surface 17 camsed, tbyldhacpredeterninedssomponent af4 vielatity, fitocalefleehdtdmothel5cm

and the m d-point. of .the focal region 0. 46mm from.t he targe ur f ace.
The dens ¢ PrepegRticRtaEpn A areriterrien T HaTI0 dErtiedion Bedinstiale
4x1021levaporants/cnB8 and the | aser flux was near 1011WcnR. The length (L)
of the focal region,cgn be calcylated as follows: L= 0, 414f{2.6/D wherg: f
'S the Focal | oneh Nherashaitsthe nienfin evlEs & suhgtsats henBora R i o
is the di ara%;%&n oh# thS fHih ffilin HaQingBen d&SosiRd ¢ the Silifaté m:aécdrea.géeh

|l ens, preferably less than 35cm enables the optimal |aser beamflux for

t he evapor avithoa méthgdagspiect of thehinventian.n&tretenablywinethis aspect of the invention,

the substrate is coated with a diamond film.

In a 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



conpared to | onger focal |ength | enses, provides a nuch nore powerful
density in 15 the focal region 24 of the lens 14 to boost the effectiveness
of the engpgekig2i nput into the laser plune 18. The deposipCToxUMD1179
evaporants on the substrate 20 is illustrated in Figure 3. As described
above, |aser beam 12 is focussed a short &istance in front of the target
surface 17. The target 16 is a graphite cylinder rotated on its

| ongi t udi nad tHtDaecompanyirg idnawingstin euhicd: t he | aser beam 12 with the target
surface 17 results in the formation of a plunme 18 of evaporants which
propagates towards substrate 20. Wthout the influence of any shields or

_ external forcesFigurean@e aodiagreammatio tiew of dhe dRILD extranyententsadeatrdiay €o 24h

al t hough optionally, shields and external forces can 25 be enployed in
other enbodmkasdimept of e iNMeRlIAN on. 1t has been noted that the siower

., hoving i.e. |ow energy evaporants are the heavier, larger particulates that
are not desired in the production of high quality thin filnms, while the
singl e atons anfiguas2 48 @n @narg%ld}agram%ﬁ/mﬁyv of the fooaloregi and laser
PCT/ AUO Olizﬁ I?ﬁgﬂﬁ%tLon to the velocity filtering nethod descri bed
above, f BYHRP J’of restricting the type of evaporants being
deposited on the substrate 20, is to rotate the target 16 especially at

hi gh speed on i Qr, | angi,t udi pal is of . the target., .Thi.s rqtation not
ont'y avor ds sucEirpastiPS e valRly fiteding of fladrRbR Atjatd fforh 6 harde
target surfgppcd (shR) 4 Fotaghy target slfdcd; @hdat i on), but inparts a significant
conponent of velocity to the evaporants. The conponent of velocity of the
abl ated particles is preferably substantially tangential to the target

surface 17. In mrgrﬁo@% ﬁamarpgopég@mnﬁ BV & Windiim dﬂliﬁinbattﬁir@ﬂ@' Téﬂ%dof_%{n the

target is 104re Thi s spee rotation results in particles having a

vel oci ty ofenladimentof the ineantians bei ng defl ected away fromthe substrate.
The rotational speed of the target is preferably greater than 2000 rev/mn,
nore preferably greater than 5000rev/mn, and nay be up to 40, OOOrev/ m n.
It will1lbe Deseriptiori of PréferrechEmbyoditheritsr ot ati on of the target 16 can be
adjusted to correspond to the distance of the substrate fromthe target
surface. 15 For exanple, if the substrate is closer to the target then the
rotational spee@efénvingdidFigurer aaddserA30i génevatest adpulsedritmane 12 which is

conponent of velocity has a greater, effect, on slow novin articles than on
fast novi nguiteshiy Qﬁécﬁ &K@.Shgﬁ@?éﬂpé@f%%dcﬂy Ieps J4aka 6??%51%”F %{gl[te gistanteant s

s 1 ndi cal GliBit b 1drbBE 626 tis Bmbodfinghi GTthe MvhitioRieNBSEr RYRPRABRHS, | S
substantially unaffected by the tangential conponent of velocity. e trace
28 of the <20oeeCoppapdfapuus Lasear(CYLyhivespulbe arfdrgytis @md Iper tpaltsgs raridathe

Cherr ol pdiarelesiotof thel (68" ber™ds 1N c FrigRb A e sstials 20 B0 Fapelryl
shiel d 30 waihiPRhhAibRY 22, ifeftirasiyh Vacif cHaiftber The velebbhT Bt Sreférabl of

assist in 25 preventi ng unwant ed” evaporants being defl ected onto the"
substrate 20e ordersehd05fTar @ retiers Kiron thenprasiictien aofi diamepgracdiamenddiiee

because the f ating in the direction of the
substrate ?'gﬂg’re‘ggé%@etﬁmg)?@@%ff&rggﬁgtgr ants being deposited on the
substrate is also reduced. A preferred rate of deposition is in the range
of 0.5 to 25A/m ref ] ] N3 I t,
the rate of depg&\@ﬂga:g%lo@sgmﬁﬁa E?lréﬁ"ﬁ;'é?%%%ﬂg?g@gu@e%&‘&?@ﬁ%%?&éﬁg to
fﬁnventzmn%ng‘u@tﬂml (e8xig]- which btePdé rictimal Jobiblei axigdoft incident ligserabsarmt 12,
e

Rotation of the target 16 avoids successive laser pulses striking the same spot on

the target surface 17 (eliminating crater formation). The laser beam 12 or target

16 may additionally or alternatively be scanned in the plane perpendicular to the

axis of the laser beam 1o avoid crater 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



WO 02/2.t972 14 PCT/ AU01/ 01179 formati on of even, snooth |ayers of material
on the substrate. The rate of deposition may be increased by increasing the
pul se repgoigirzrate. Using the nethod of the preferred edcrodiommotrs a
substantially pure dianond (i.e. sp3 bonded carbon) thin filmon a silicon
substrate has been readily 5 obtained. THe film appeared to be
substantially free or alnmpst free of both sp2 bonded particles and

cont am nantpepaf by Wfad emmber suifablevshapes (swthbly shapesimdlugdingt fdrammpl@n
exam ned by Raman m crospectroscopy to confirmthe chem cal nature of

deposi t ed faeneEallys recipagiiabr SeRaTigabt P cylingiinal shaReskanth Raye Oer MAVED he
f th fil f
.0 ese figORnbd 'ﬁan wbﬁyéér%%’ﬁ?g mihrfbr cﬁeﬁﬁhﬁﬁ\ga F\)’?(?][fl Bé“ag)B?éélé(teﬁ by,

graphlte s noret rger t han ensi t neasure

di anond (ushose ef Gfimanywkilehahgar}, the Raman spectrumis a very effective
means of detecting the presence of graphite on thin filns. For the spectrum
reported here the substrates were quartz and 15 Si (100) wafers. The sp3

vi brati onal rmdeﬁtemrtbnf outhe laseckéamd Dvwith thebsurister 8Noe the target 166gived 100
cml, while the sp2 sites exhibited vibrational frequencies above 1600

cm'. For trise t@p@@sqsrﬁlumeﬁ%&lﬂswe Rb of phlated m%tﬁrlehWbmhc&rpséaatﬁéstowards
I ndi cat ed. a}%elscﬁgﬁ%{e%' bﬁté%uﬁéerféqua”ﬁB Rse ko St Sh f#ug@rg tﬁ{a"‘;%eu %

si ngl e gem-diafon tal” Was hol obse ved one reason
that the digieetids otrprbbagéﬁdrrrot paimeeiSetonarie sﬁbstrateeQO\NeTh?e substrate 20 is

t d. A d why th |
Char act o | SOPYEEANY RASTIADEOBTUNAHEAON I targa! 16, kPRSI 10T SIRRING 1N v
| fi f
at |easj,fi ﬁﬁ);@w b@s(ﬁsédl‘%@gtﬂb?éon :{fﬁ@sur Bsst iﬁg%ﬁn&@% G inthe

mcroscopy was al so used to obs ace mor phol ogy o
sane sanpl eange ohadewlremtiveatresat20che §he|subatratetm rrELyeopmally bemmek:i by a

Il - d, I tal | t fil | |
Featur e fomsaistn e Aeiesnob el SapeatethBvots At Al iei b Subakele) oI some
surface 1 oughiesimepts SPINE INAENRIN RovAebr! RéatiifisiHdt FBquitdd] 200“”‘ thi ckness.

AFM was al so used to exam ne the |Z(il'ectrl cal conductivity of the film WO
02/2.1972 15 PCT/ AUO1/ 01179 Accordl ng to the AFM i nages of the electrical

current, the fiiiRigfieh g%%qq%ﬁ&ﬁé BBNRREN Mistih Gider fo PdducB?

appr eci at ed by those o inthe art t escr
i's not tbnfhlgieahuahtytttmﬁﬂmdmtpwlmmar di dismnoahdt ﬂn‘mn flﬂm] asgdmd qublity plame is

| t he duct th th i by |
SDPLt an raautash e ARGS abgbiniPa Jas HetGoid St ol 1axgel'a' PRaMauETS,
described 35pN&d whith E&1died @anﬁ&iu@fof@ﬁ@rgéiweéﬁéc%s é\ibh Q@%@Lesﬁalbeerasas

bei ng conducted in a vacuum the nethod the i nvention may al'so
conduct ed ielecirans; rl@lg%nClaStﬁb%pa@d anmmn-sﬁedpsqimpart@nlates ni the @éesenqesobr

i ont " or SRl Ra G mbtoRRRed bt icdatR g by B AspitiEhyBle 1Ot the

substrag® MiserdlatemBeByf figis Usredess.NCAUGbOW quUadBl iphime dbath@refaterdne which

steel, for exanple. \Wile the enbodi nent of the invention described above

utilised a coptaing relatively fewoyisronrsizgdpartiewatas: ad in which\tie atgms ad dons t s

by Che et RSTCaTS PRERERaL ive? AARRDBNEd B HiPuting o FRTFor PRmEG, RIRGY

desired comeesi sugyestdebthat in order to obtain the sp® carbon-carbon bonds of a dlamond

hod

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 to achieve evaporation and ablation of the target material, the flux
energy of the laser pulses is preferably above a predetermined threshold. It has
been demonstrated that the threshold flux energy for graphite evaporation is
30MW/cm? (Danilov et al, Sov. J. Quantum Electron. 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 resulits in the creation of graphite structures or other non-diamond carbon



exanple, the target may be a rectangul ar slab nmade entirely of one material
or a conposite of materials. A conposite target may have |ayers of

graphi t e, woappes72 and nickel for exanple, or in the case ®CTAWNOINEri cal
target, the target nmay be 20 segnented into the different materials. Were
the target is made up of nultiple materi d0s, the | aser beam may be scanned
across the respective surfaces of each material producing a plunme of

evapor ant s fiimswhilke b pmseaenangyuﬂuxtthat isrmc;eh;gh ré&@sultsl ihycontdamainating particles why

be held stat whi | the t d il t
Wil also %%%Bg{sabs"{gh%e S (e, Suie08 dg o e, bRt Fhet ﬁ' po§ilesh drb e as
_ been direciy gss&at *b?lh'%ﬁe%hbétréﬂenﬂélﬁ?'ci’a?ﬁé ged 'bg maﬁ*é%rgvs pm rf@lﬁaﬂieésgg:g

al so be per orrre usi ng two or nore asers or | aser
beam conporeremsbodinents pivthis ameantbeawbem theutarget mmerﬁaisergrmta dbelpllse

dt bl at t t et f | e t I 30
" boam coul d BEPBIECRIAI ARSI rETHRY I8 8 B D PR/ 8B Epor ant s
WO 02/2.1972 i6 wit h| n the plune as descrl bed above. PCT/ AU01/ 01179
Multiple | wh . t ot
Used, i th each R isbiafess e BrosbicHgn it 600 AT PLETR oL ileed ai
surfaces. 'elé‘ﬁé R %ﬁP@VﬂEGI}saser aﬁH'ddrﬁs%ﬁbgéégm Ay tléﬁeT‘h‘éengQPﬂGx At

pol yconponent t ar get eac selected to suilt
t he respectthe targetrporiace $7 wast tbmah‘@dgmmg lensi 4 land docussings theoldsehbeamht2

Wl ernat i vat S@Samfen&&sf%wgd«i it arinkdpioe] Ritagt 1y TheBistanise s pibrorably
Tent i onagl G yRY iR of 1)3F71bIOmAX indl pRSBIAIIBbOA! b.48Mm RSForkbrdh fergRRL

combi na t ut arl ous a ative aspects of the invention.

0212- @72 Xuriacél Whe distahob@lis eiependant an thes lasdr thiix dpg otharipagametdrsn fil m
on a substrate, the nethod including: |laser ablating a target surface to
create a plune of evaporants extending in a propagation direction away from

the target surf §acing thestdcabpioirg ofhthes Uénss riatt in ifront hof tmleotagat isarface 17
direction of the plune such th are deposited

t th
on the SubACVANEORALPYiRPGRS IFciocBLEgD réﬂi@“%elf%n italh theriaSpE ALENGdBy. o
the target ﬂérfo%aﬁ 124 %t RO azt.ﬁ%lerﬁp ’%é%%;@g@nsﬁbqas@bé% feam

resulting fromsai ocuss ng WI I mparting I ncreased
energy 1% timenediately befose aﬂdwitehthe mbtmabfcmwpomt oftre lens Hddmdnewthb apsse

I 1, wh d .l bl at f f ff db
Card | aber SBEUR O ITREE(R APPACLBIRUAH Satal dp i daBioter SLHSy BEAM, Ab 118 Lire

i ncl udes a ggighORcAl péiht. tTﬁé'créE%ﬂ%dtbbn(@fSthB%éﬁnﬁHQ% 'tﬂﬁééuyag%érbﬂy bﬁ&ﬁér

beamis focussed wthin region of critical density The net
accordi ng toy edlipdical. 3Aswh@saltnth@ lsBeickeamdsiof greaten dem mrnlmwr prcmesectlon

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 sufficiently 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 additional energy 10 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 plume 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 striking 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.



5. The method according to claim3 or 4, wherein evaporants within the

pl ume that have propagated beyond the region of critical density in a

pr edet er nipad/u9me 20 are accel erated by the shockwave t owarmdsuotloe179
substrate while evaporants within the plune that have not propagated beyond
the region of critical density in the prédeterm’ ned time are accel erated by
t he shockwave towards the target surface. 6. The nethod according to any
precedi ng cl ai mWithisrtbeplume o%ia;biatedmmteﬁgb@@rea tsna eegiondn whiaky theedansity of

i ncl ud tantiall.y.the, wh f .the f I ion. of . the 25 |. .
v 021 2.1 013 £yepeRit i A EINEeLashel r I ER shEBiEtel s Brelesaidh bRl
sai d | aser dqegifyl B defieecislineadanisityesiravandramts dnatas Sufftidritttb Perink «Hdcaivs ed
by a first |aser beam 8. The nethdd according to any preceding claim

further inabseplipn abie lasgr anprgyawitbinniheciumypdherdritisal density, 1y depenge
 caubed. by THESIBRBoNEYREBRYE (4B, andERH Rl e iRe g Fenuia

di ti 2fyn; & ' it i

et hod accardr TG el o o ORI biihdRABRL 188 ol Her Ay S ebodhs 15
velocity i &4 xn@g} peapdmantsioraieThe ehetgyeabsorption byGhéGvapbrants thbdbecomesli ng
to claim9, wherein the target, is. a cyli I, C target and novenent of the
target invol'9d Cq‘ntdfhes’bg@gag%rtfgﬁ @mﬁ 1%%@%*&1@&"&? target. 11. The

met hod according to any one of clains 8 to 10, wherein the predeterm ned

conponent of velocity is substantially tangential to the target surface. 15
12. A net hod of H'@pﬂ%?@iﬁg'aﬁeﬁ ENRTIY F'i/nt% regionyet FHlical densityawilgproduce a

i ncl udi fg: » ' f f ,
navi ng 7 aRgeck@er SR 4. AERAR ik, MeF kdaRiOR Mol diud or BRI

directi on asmiralisednat ke toptical fosal poine of flensiq4i nBvapdraaly abtcahitra of ithe t €
di stance before the target surface so as to 20 position, the_ m ni num

cross- sect iSHPCKTwaYR Radl thes fpgusHgf thedaser and 3@ (58 regian ohichtiealcdpnsitye,

t hereby i ' | t n kRN "y
posi ti )c/)n: %Sﬁéggﬁ%s%ﬁeg@g%? gﬁ?ﬁég%rr %ﬁ%ga |ﬁ33ﬁ c?%c Iﬁ%ﬁgeg{i' tﬁéeggf’ 5%51:58%%
i nparti ng awvapesdaits thainkave papsett beyoid Wied docdl ypdint drecactetarateanby thé $ront

wherein_ th bstrate i it t det er ni ned di st f th
O 0212140270 6F ke R0 Bl AWAY (e i GOl BUFRGHhaSIDRE o PBRPSTET g
evapor ant s CP’HrﬁﬁéQ thdthale it réé@hﬁ#ﬁ?ﬁ:ca%oﬁw’ﬂﬁa@ 'i.‘ﬂi&f‘éﬁédrg?finc‘!r%beéﬂ 0t akd

deflect fromthe propagation direction and are prevente rom bel ng
deposi t ed aifected byldberback end.ofthe shmdkowawe candiarey pushed diack t2yvandis: tee n
said | aser ,ablatiqn of said target 5 surface is effected by said | aser
beam 14. fﬂ@eiéf’ﬁﬁﬁe'accordi ng to claim12 or 13, wherein the plune

I ncl udes a region of critical density (as herein defined) and the second

I b is f dw.thin th ' f itjcgl d ity. 15. Th
ot hod acoor i ng N Toraith 18 1R GaRTa. ah b ayhoals PRl ireErabiie fom

20 10"watt/cm® and may be up to 10%“watt/cm® In a particularly preferred

embodiment of the invention, the flux of the laster beam is of the order of
10" Watt/cm?.

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%m/s to 9x10%m/s. A particularly preferred velocity is

30 5x10%°cm/s.



10 plume. 16. The nethod according to claim 14 or 15, wherein evaporants
within the plunme that have propagated beyond the region of critical density
in a predsosemgted tinme are accel erated by the shockwave PEEaUH3/01178
substrate while evaporants within the plune that have not propagated beyond
the region of critical 15 density in the1%redeterm' ned time are accel erated
by the shockwave towards the target surface. 17. The nmethod according to

cl ai m 12, wher eifh o8gi exarpler othenoperatios f dhis pabedirpenintae daseri tux at the

abl ation i f b | T I be : 0 rding. tq. any
one of cl a? eﬁ%%‘%?ﬁ%éi%ﬂt é’@ c%&&%r{?a@g éﬁh@cgpgf:&g‘ ﬁiﬁ;%}@gh by
nmovenent okytfage HveEs 4.6)A0EHe Tk fovdissigdeds Na Hael & fedanigkyth ohebemnaidie
target is a cylindrical target and novenent of the target involves high

speed r ot ath®migpoimof dhe for regipn wasy@-A6nmr fromm theriaraelasurtace: ol g dessity ai m

 the tar got L habSRrR YN Ba8h o difal Hendn¥ES AT  vablARGERI da ' ©
deposi t i ngte tdeenfliix Wasarear 10ibATemt.e, the 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 fromthe target

surface; 5 posi tfhenemngtht(D§ ofthesfotal rkgidh ¢drebecarulaed @8 fdilswst i on of the
pl une; and inparting a predeterm ned conponent of velocity to the

evaporants; wherein the substrate is positioned at a predeterm ned di stance
fromthe target surface such that the gliawerg/povi ng evaporants within the
pl umre are caused, by the predeterm ned conponent of velocity, to deflect
fromthe 10 propagation direction and are prevented from bei ng deposited on

t he substrate. %‘er?b’ met h??smeféeél%ﬂgtht&itﬁ?fléﬁém on a substrate by | aser
“to f |

abl ation of a targe orm a deposiYion pluime’wherein the | aser beam fl ux

in the yeegi on of hi ghest @GBS]héﬂiviergéﬁD% of theean;athdust ed to obtain
effective energy absorption by the evaporants so that the evaporants attain
sufficient energy to depod is tha dizmeetes of ihabeamndn thelensubst r at e bei ng
positioned so that evaporants having energy |evels outside a predeterm ned
range do not deposit on the substrate. 23. A nethod according to claim 22,
wher ei n t he | asdhesenefi & shod fiecat dength ders, meglesablyless thansiScimranabjes thet he

Phe et hod SPUTHLIHSRE past Shg taf e aVanralil oF SBapite td ik epiaiBd Al dhel’ o
cl ai m 24 weehfiared ke IonteR foddl Nerdgth denbcaprelidéd BN muéh midréipvwill U%Qity in

produced by the nethod according to any one of clains 1 to 23.
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a substrat %tbriﬁé\’aﬁée?%iunﬁgrﬁa material; laser means directed onto the
target materral, 10 Faser ablate material fromthe target and create a

plune of ablated material; 5 substrate nmeans, placed in the propagation
direction of theypl K, of fporants 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 rotated on its longitudinal
20 axis.

The interaction of the laser beam 12 with the target surface 17 results in the
formation of a plume 18 of evaporants which propagates towards substrate 20.
Without the influence of any shields or external forces, a range of evaporants is
deposited on the substrate 20, although optionally, shields and exiernal forces can
25 be employed in other embodiments of the invention. It has been noted 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 ions are relatively fast moving.
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25 preventing unwanted evaporants being deflected 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 substrate 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 rate of deposition is 5A/min. This slow rate of deposition
relative to conventional rates (e.g. 0.8 to 6 A /s) is believed to further assist in the
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5 obtalned The fllm appeared to be substantlally free or almost free of both sp?

bonded particles and contaminant particulates.

Thin films produced by the applicant have been examined by Raman
microspectroscopy to confirm the chemical nature of deposited films as a form of
synthetic diamond. The Raman spectrum of one of these films is shown in Figure

10 4.

Because the Raman intensity of graphite is more than 50 times larger than
the Raman intensity measured for diamond (using a 785nm wavelength), the
Raman spectrum is a very effective means of detecting the presence of graphite
on thin films. For the spectrum reported here the substrates were quartz and

15 Si(100) waiers.

The sp® vibrational modes were found to extend over a broad range centred
near 1100 cm™, while the sp? sites exhibited vibrational frequencies above 1600
m™. 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 mentioned characteristic peak was not observed was that the thickness

of the film was at least five times less than that of the microprobe.

Atomic 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-crystalline continuous film. The highest
crystalline feature found on the surface of sample was 70nm in height. An
average surface roughness of 15nm was obtained for the films with 200nm
thickness. AFM was also used to examine the electrical conductivity of the film.
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applications in the productlon of other high quality thin films by laser ablation and
deposition techniques. For example, while, in the embodiment described above,
the method aspect of the invention has been described as being conducted in a
vacuum, the method of the invention may also be conducted in a nitrogen
atmosphere for the production of nitride films or in the presence of a variety of one
10 or a combination of two or more ambient or introduced gases. It will also be
appreciated that other substrate materials may be used, including plastics, glass,

quariz, and steel, for example.

While the embodiment of the invention described above utilised a
cylindrical, homogenous 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 beam 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 skilled 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 two or more lasers or one laser split into
multiple beam components. Where two laser beams are used, one laser beam
could be used to ablate material from the target surface while the second laser

30 beam could be focussed within the plume and used to energise the evaporants
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: surfaces. In the embodiments where multiple laser beams are used on a
5 polycomponent target, the laser flux of each beam may be selected to suit the
respective components of the target.

It will be understood that the invention disclosed and defined in this
specification extends to all alternative combinations of two or more of the
individual features mentioned or evident from the text or drawings. All of these

10 different combinations constitute various alternative aspects of the invention.
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a propagation direction away from the target surface;

5 positioning the substrate in the propagation direction of the plume such that
evaporants within the plume are deposited on the substrate

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

10  within the plume.

2, The method according to claim 1, wherein said laser ablation of said target
surface is effected by said laser beam.

3. The method according to claim 1 or 2, wherein the plume includes a region
of critical density (as herein defined) and the laser beam is focussed within the
15 region of critical density.

4, The method according to claim 3, wherein a shockwave is produced in the
plume.
5. The method according to claim 3 or 4, wherein evaporants within the plume

that have propagated beyond the region of critical density in a predetermined time
20 are accelerated by the shockwave towards the substrate while evaporants within

the plume that have not propagated beyond the region of critical density in the

predetermined time are accelerated by the shockwave towards the target surface.

6. 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
25 laser beam.
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substrate.

9. The method according to claim 8, wherein the predetermined component of
velocity is imparted by movement of the target.

10 10. The method according to claim 9, wherein the target is a cylindrical target
and movement of the target involves high speed rotation of the cylindrical target.

11. The method according to any one of claims 8 to 10, wherein the
predetermined component of velocity is substantially tangential to the target

surface.
15 12. A method of depositing a thin film on a substrate, the method 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
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5 ‘surface is effected by said laser beam.

14. The method according to claim 12 or 13, wherein the plume includes a
region of critical density (as herein defined) and the second laser beam is
focussed within the region of critical density.

15.  The method according to claim 14, wherein a shockwave is produced in the
10 plume.

16. The method according to claim 14 or 15, 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.

17. The method according to claim 12, whersin said laser beam is a second
laser beam and said laser ablation is effected by a first laser beam.

18. The method according to any one of claims 12 to 17, wherein the
20 component of velocity is imparted by movement of the target.

19.  The method according to claim 18, wherein the target is a cylindrical target
and movement of the target involves high speed rotation of the cylindrical target.

20. The method according to claim 18 or 19, wherein the component of velocity
is substantially tangential to the target surface.
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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

10 propagation direction and are prevented from being deposited on the substrate.

22. A method of forming thin films on a substrate by laser ablation of a target to
form a deposition plume wherein the laser beam flux in the region of highest
density in the plume is adjusted to obtain effective energy absorption by the
evaporants so that the evaporants attain sufficient energy to deposit on the

15 substrate; the substrate being positioned so that evaporants having energy levels
outside a predetermined range do not deposit on the substrate.

23. A method according to claim 22, wherein the laser beam is focussed in the
region of highest density in the plume.

24. A substrate having a thin film deposited thereon according to the method
20 defined in any preceding claim.

25. A substrate according to claim 24 wherein the thin film is a diamond film.

26. A diamond film produced by the method according to any one of claims 1 to
23.
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5 substrate means, placed inthe propagation direction of the plume such that

a thin film is deposited on the substrate.

28. Apparatus according to claim 27, further including means for focussing a
laser beam within the plume.

29. Apparatus according to claim 27 or 28, further including means for
10 imparting a component of velocity to the evaporants.

30. Apparatus according to claim 29, wherein the means for imparting the
component of velocity includes means for rotating the target.
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