WO 2004/ 015753 PCT/ EP2003/ 008706 -1 LASER MACHI NI NG
The present invention relates to |aser machi ning,
woaodasioasidsar | y of bodi es containing at |east aPCI/EP2003/008706
significant proportion of silicon. Silicon reacts
vigorously with all the halogens to formsilicon
tetrahalides. Thus, 5 silicon reacts with fluorine,
F2, chlorine, Cl2, bromne, Br2, and iodine, 12, to
form respectively silicon fluoride, SiF4, silicon
chloride, SiCl4, silicon bromde, SiBr4, and silicon
i odide, Sil4. The react ] | ne takes pl ace
at room tenperature butﬂ£§M'Wgcti ons require
heat i to over 300 C.. Si + F2=SiF4. (gas). .10 Si. +. ..
a z:s?%lezupfe@eagylvmﬂopgelaieg8) oAt izl bodicg containing
Us5322988A kAR brdpbRidAlo7ssidee of  hal ocar bons
accel erates the ablation of silicon. An exanple of a
hal ocagipesk fhéts Q%rouﬁﬁlaﬁittﬂ 2 tHeShaﬁlghﬂ's foridim SHiEon (&Qﬁe)hdés Thus,
C Ssol 1d) 15 The Teaction between "hal ocarbons and
-5 sm it@orearts with flslpum, alfve shloringhElr baminorBroswliiglizn|ly to form
h 0f,: Si |4
Ak a&{lﬁ g fsihrcgg &guo\l}léi%] Sttt fos(l:hﬁ%g cthE] n%ﬁ’dgsu‘f’ S%al o brrgrplr}l’e, SiBry, and
osiﬁeaﬁ fidej Bile dﬂhe reaztion msimhﬁluumg talepiplacatat fovtn Sdugleradde but the
er djcin as and sum a"ﬁ patterning. It is an
oBﬁ gicieachions §¢ u‘ﬁ? <2HAR 19 Q5L to provide enhanced
machi ning of silicon, 20 co ared with that of the
prior art. . Accordfhf ik @2Yst aspect of the
i nvention, there is prOV|ded a nethod of nachining a
10 silicon body wit h a lﬁgérst@a(”&as)corrprl sing the steps
of . prOV|d|ng hal i de conpound environnment in

at | ealitisenl smlsmw %@m SERRPOYI24¢ an éJSs?ﬁ?Z%?éA thetiyhe presence of
hﬁlg&ﬁ did Jcpﬁ Jaé§ Ghe qgﬁﬂ}f‘tof ts{i}ﬁzﬁ %g\e&a%lé Q8 & hAbcaMon-siticon

eSIICOH int I qul
reaction is
Si + CFs= SiF4 (gas) + C (solid)
15 The reaction between halocarbons and silicon is not spontaneous. The reaction

occurs only at energies above the melting threshold of silicon, and therefore is very
localized and suitable for one-step silicon micro-machining applications such as wafer

dicing, vias and surface patterning.

It is an object of the present invention to provide enhanced machining of silicon

20  compared with that of the prior art.

According to a first aspect of the invention, there is provided a method of
machining a silicon body with a laser beam, comprising the steps of: providing a liquid
halide compound environment in at least a machining location of the silicon body;
directing the laser beam at the machining location of the silicon body in the liquid halide

25  compound environment; locally heating the liquid halide compound with the laser beam
in the vicinity of the machining location of the silicon body sufficiently to cause a

chemical reaction between the silicon body and the liquid halide compound at the
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25 compound environment; locally heating the liquid
hal i de conpound with the |aser beam in the vicinity

wohod4vassachi ni ng | ocati on of the silicon bodyPCT/EP2003/008706

sufficiently to cause a chem cal reaction between the
silicon body and the |iquid halide conpound at the WO
2004/ 015753 PCT/ EP2003/ 008706 -2 nachining | ocati on;
and machining the silicon body at the nachining
location with the |aser bearpthereby causing the
chem cal reaction to take place at the machining

| ocation. Advantageously, the step of providin

a
Imaghining larativn; sxshpechiningile siicrnebrdy at dhgpmiehining Tocation with the
UsabaAeRoy b A2 RERCER RN, ERBRER} s B machining loction
conprii ' [ I th sgr _bea .

A tor AaPmEebial, 89 @ of proffNE FIRHY KRR sdRilg, spvironment
comprises @sovilding e lijuid halogarbenenvitosmbdte | i ght wavel engt h

| aser beam Conveniently, the step of providing a

|'i qui Cohednictiely,Cthepaepnof @instting e tiser BT 06Mp1isee Hirecting an UV
provi di an environnental chanber for containing the
IW@H@P&ﬂﬂgﬁF AMconpound. Preferably, the step of

providing a |liquid halide conpound environment

conpr Pligdatiygly\thgisig of dieschingthealassy bepmusomnmisey digecting a green
GO HRE wAEMARL dgeOMkaky. the step of providing a
refrigerated |Iiquid halide conmpound 15 conprises

contr | t t . - ef. k| t I i g .

hal i o esannly SRR Brgflaite 8 fifhd 1RO Epblrdt fhronment
Abinpriseat prowiding tane estimpmehtab reheindém dora cohtginirg hizd ilideid halide
conPougd envi ronment conprises providi ng aeroso
K8227'€"%eans for delivering the liquid halide compound

to at |.east the machini.ng location. 20 Conveniently, )
the sf ’é‘“‘ﬁerg‘fcly’rff’%% Pﬁa@v@&dm&%ﬁﬁa EOTRRARY RYronment comprises
PRV AN BT gerSOM R hia B8lidY Bipedd a hal ocar bon

contai ning a hal ogen selected fromthe group of

Advantageously, the step of providing a refrigerated liquid halide compound

comprises controlling a temperature of the refrigerated liquid halide compound before,

during and after machining.

Alternatively, the step of providing a liquid halide compound environment
comprises providing aerosol nozzle means for delivering the liquid halide compound to at

least the machining location.

Conveniently, the step of providing a liquid halide compound environment
comprises providing a halocarbon containing a halogen selected from the group of

fluorine, chlorine, bromine and iodine.

Advantageously, the step of machining the silicon body comprises controlling a
temperature of the silicon body substantially to prevent thermal damage to the silicon

body by controlling thermal loading of the silicon body.

According to a second aspect of the invention, there is provided a laser machining

apparatus comprising: a laser; means for directing a laser beam from the laser onto a
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fluorine, chlorine, brom ne and iodine.
Advant ageously, the step of machining the silicon body

woao@iis®ss controlling a tenperature of the sPCTE®Z03/008706

body substantially to prevent thermal damage to the
silicon 25 body by controlling thermal |oading of the
silicon body. According to a second aspect of the
invention, there is provided a | aser machi ni ng

apparatus conprising: a laserLg._nmeans for directing a

| aser beamfromthe |aser onto a WO 2004/ 015753

PCT/ EP2003/ 008706 -3 machi ning | ocation; and neans
froachpingy ilebatign; aancb miernd  ferd ploviglingd aheintrled digpuhaide compound

envi ronnent _around. at | east the _.nachining | ocation.

ARG giouns 2t 1o s mpcBining 1089801 i ng a cont r ol | ed

['iqui al i de conpound environpgent is ranged to

o o g Sig e s doPRSBEA ORI, OB epmpound

(R Gith & td AtsanfdiroPRige £ QntBN &Ml Balcatil dnPrbrithnt.
l'iquid halide conpound environment conprises

envi r uRREHicHtlyC MR RRanI TS Brovidif &' &blled Muid halide compound
envi ronnent al “chanber neans conprises bath neans for a
reavyrongRend cempises eirdronmichtdechembpomeans. Conveni ently, the

envi ronnent al chanber means conprises an inlet port

and aRrefg@blyytthetenpioorimengal ¢Hamby gueads aiipdeesc bathomemhs for a

. .vent .. .Preferably, the environnental chanber
ﬁ%%ﬁ%aggﬁ fsa%dgc%?%ﬁ§§7transparent to the |aser

beam for entr f the |aser be into the . .

ot 1 SRty s oAl Rty avids sateRsFs spyfelet port and an
Viuklekpbirt fBr theliquidafali@ciongduadahed gafVepterabl y, the

| aser machi ni ng apparatus further conprises

ref ri gedfarabNtheRARNSonnddatal Shianfie® Yichs Whndprised 4 WaRlod tBlsparent to
i quid_halide conpound to the environnmental chanber

rtb@laser beaty ferpntiy obtheilgser bagm ipterthe grvitgnmentahghamber reans.
arrangfd for controlling a tenperature of the |iquid

hal i dé&dvartpgaonelyibe windowdsanthegtigetipnaorted. nachi ni ng.
Preferably, the neans for providing a controlled

| i qui @réferblyethedagso maghining apparatus further comprises refrigeration means

for providing a refrigerated liquid halide compound to the environmental chamber means.

Advantageously, the refrigeration means is arranged for controlling a temperature

of the liquid halide compound before, during and after machining.

Preferably, the means for providing a controlled liquid halide compound
environment comprises aerosol nozzle means for delivering the liquid halide compound

at least to the machining location.
Conveniently, the laser emits at ultraviolet wavelengths.
Alternatively, the laser emits at green visible light wavelengths.

Preferably, the laser machining apparatus further comprises temperature control
means for controlling a temperature of a body to be machined at the machining location,
arranged substantially to prevent thermal damage of the body by controlling thermal
loading of the body.
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envi ronnent conprises aerosol nozzle nmeans for
delivering the liquid halide conpound 20 at least to

woOheo4rmagtsd ni ng | ocati on. Conveniently, the | aseCTaERrR103/008706

at ultraviolet wavel engths. Alternatively, the |aser
emts at green visible [ight wavel engths. Preferably
the | aser machining apparatus further conprises ’
tenperature control neans for controlling a
tenperature of a body to be-dechined at the machining
| ocation, 25 arranged substantially to prevent

thermal damage of the body by contraolling th

| oadi (ﬁglvcﬁient?be the dager w@é@aym@?@e g@ﬁ?@g‘%%g{%@?%m lens

-4 Copveni ent | e I, N i i

TS5 198 éﬂreftg}ge%ﬁg n ?e? cﬂe?réh gv hg%gghgﬂ (18% r&gﬁfgﬁgﬁg&? rhltglnﬁj halide

Laund egi¥tantibiey Hiiga feld ofviewfof thedeleesniricjensmeads| i qui d

hal'ide conpound substantially fills a field of view

of t hﬁllet ﬁllvlaﬁmtwéﬂwod o deedgsndaitecd frosrithe dellaxiing deseription of

nore clearly understood fromthe. fol i LI

sime smbegiEneaisy M‘??én given by, %Y | oe‘fg FV@I}P?%M)? %&fa&g ‘?}? bR the

g&%%g,g’,‘{;?h%mggi}n wafcgrence to the acconpanying

V{gafgfs E Ich: Elg: 1 is a perspective schematic

) P a paS§risnp fee SdleRRA¢ Hiew o @dastr ngachinir tu

i nvention; %ng 1I_él g? 2&:05 a plan vi evv\‘// of the ggapar ;t%?para i

@écokdigg tolthe in¥rehtrong med fi gures, |ike reference nunerals

r epr esent I!ke_partsn Referring to Figs. 1 and 2, a

| aser machFig 2ds apparviawed the appirpius 6E6EiZal st ai nl ess

steel enclosure 2 having a liquid inlet 3, aliquid

out | etln the fantks Ailgasfereant mBnerdlpn rappeseedike P8kt em 10 i s

mount ed above the enclosure. An enclosed |iquid bath

|t s compigitigdtd¥igan] and2j a laséd mectining eppareitls Wi QUBHSE stainless
ransparent_to .the_ ] aser am.t o, al .

50l SR TEE & LGREBgh S pund ayd % A E 33, Oont3. Ao optical

?g%}g%g@hlg grgJu}ﬁtedaabb@eSﬁE cféTbsukd. NAn @helesedlgaidbath id dogtpleted by an

anti-reflection coated window 15 transparent to the laser beam to allow access of a UV

laser beam to a silicon wafer W in the bath. Alternatively, a laser emitting green visible

light may be used.

In use, the wafer W is placed in the enclosure 2 and a refrigerated liquid halide
compound such as tetrafluoroethane is pumped into the bath via the inlet 3. Alternatively,
some other liquid halide compound, in particular a liquid halocarbon, producing a
halogen such as fluorine, chlorine, bromine or iodine, may be used. The inlet 3 and the
outlet 4 are in a refrigeration circuit so that the liquid temperature is maintained at or
below the gas transition temperature of the particular liquid halide compound. The bath
is at least partially filled with the liquid.

The temperature of the substrate W to be machined and the temperature of the
active fluid may be controlled before, during and after machining in order to improve the

efficiency of machining and also to improve the quality of machining.
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I'n use, the wafer Wis placed in the enclosure 2 and a
refrigerated liquid halide conpound such as

woebwafis3sr oet hane i s punped into the bath vi aPCngEP2003/008706

inlet 3. Alternatively, some other liquid halide
conmpound, in particular a liquid hal ocarbon, producing

a 20 hal ogen such as fluorine, chlorine, bromne or

i odine, may be used. The inlet 3 and the outlet 4 are

in arefrigeration circuit sgthat the |liquid

tenperature is nmaintained at or below the gas

transition tenperature of the particular |iquid halide
conpopmgiempetiatof thé svafer subsiste Paitt prlampient erdrpngiephmay be

the liquid. The tenpera f . .
waricdi ineerdeinte PRIt ﬁi}grr @?{1&6& ocgp&(?ﬁ%&#ﬂ%éfaéegilﬁ%c\g{nﬁ%:Bg reducing
FRYnd Godafatih e ©8sthd Adehusiibvengn@ihdrmadl demageo thesubgrate,

I'n order to inprove the efficiency of machining and

e
al so t PO t @il i birdPehilining sitd\ the wafer W for th
2004/ E%S 3 PCT? EP2603/ 608706 1r_ 5 Thé 1t%r‘?rlper at Srwa (e)rf oree
i i ﬁﬁﬂyn Bgats the

tbdredafhiningheparation. \idoallnrat st maehiniag \site.olFa#er

varied [n order t.o j . iti
L Tl
dipesitis] frdd theatehpbiatisespsfobaintihen silicdne anvhthecgarerge sefdicient for a
t he substrate. The UV, beam 6 {s | fect at t@g

deastionete tREPIRsH: nI@‘ this tsguag:ﬁn s %t?x% &ywq%gnr:t PFe.gases and are vented
465 BEgL B LAY flcPPeTRsE Which-0€ adlidypartilestane disparsvidrin g liquid
sltg,_gﬁgﬁlaggr beam heats the siﬂ%ﬁon SO tﬁg?ﬂthe 1
iandretinat whdepssited ontedbawafer giifagei s bot h heat ed above

the gas transition tenperature, and the tenperatur .
of boflhe niveantsigiof dris ayatem isethefailie aystes BTE diSHOYIGR OE%he liquid
reaction to .take pl LS., Sd td

(50 oAb L08R, Bkl sl e oot o b
GARhRNY @Bts Permitiing @ffidiént indueiferol indchiaingi Kirdasen machining of via

di spersed in the Iiqui 10 and_ar 2- d j

atrugurnedifiiaes of spitofinesi &30 cpdl bl € %g%‘{“g?ﬁt“ based
Al DB HSY € Th® Snbirt 8y dhétbrisddubblonthe filavh ef kéfrigérent halide

hal'i' dé conpound over a relatively |arge ?

suonfpeud afn bheptiuiset soesetorfyl pemplriglhibA é"&,dr gﬁﬁg& of e telecentric
er tin ffi.ci ent | Qr [INATIY o To

BRI i 15 R L SO SO o s 0

| AR@Snedithiveeteld obwtw atrebersictyned oy offinisndy ay refigseated halide

compound is present across the entire field of view and the XY stage does not need to be

moved. Also, all features within the field of view are machined uniformly (i.e. they are of
similar depth and quality) due to the even distribution of refrigerant halide compound

within the field of view.

Thus, it will be appreciated that the invention provides for very efficient and high

quality laser machining.

The invention is not limited to the embodiments described but may be varied in
construction and detail. For example, the liquid may comprise mixtures of halocarbons
and other liquids. Also, the environmental chamber may be partly filled with a

refrigerated halocarbon liquid and the remainder filled with a gas. Also not only UV, but
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15 scanner, telecentric lens and |inear XY notorised
table, the flow of refrigerant halide conpound can be

wopbimissel so as to fill conpletely the field BETARP2W3/008706

of the telecentric Ilens (for exanple this my

typically be 50 mMmm x 50 mmin size). Al features to

be nmachined within the field of view can be nachi ned

very efficiently as refrigerated halide conpound is
present across the entire fiebd of view and the XY

stage does not need to be 20 noved. Also, all features
wthin the field of view are nmachi ned uniformy %

inistepd gresndaserssan lpeausedep‘% Ro #ieee earabs Mgy thae opg Yol o allow the

di d
\%Sgﬁ’loﬂl f ﬂ{h &[‘C@"IK% Sveg givtv5 }%ﬁe&gl%r}n%kdl QFa 'aggPeci at ed
that ¢ 8‘115 N @tl'g‘g’eg}nBr %V%]q)%gn fdggcgﬁgc{r orelfngcl:lﬁx’u gta Qﬁ&m body, the

hi gh inrn I'nventton I's not
linvhti@d hb® applecatiob aglilemntfer dmslumngeahybboqunthmmgaa |sgunﬁcant

in constructlon and det exanpl t he u

PESPOEmT dlicom; %PLﬁXé%lple‘}f &Jrﬁélrf}b &3%"88 g2 %‘ﬁH‘aéﬂ?fh%?mg“ which may
d S hgr SBWichRMTRA Hhetd] ) aAieRS emelbﬁnﬁa&ﬂd Yeramic

fbﬂ#h'gmméﬂ ﬁ'm?e rlgefated halgzarbon P:qU|d and_th

meteriatsd T he ithulglyen shuciuigasgan Ales pariigtly offi Yoty Iﬂ%ﬁhﬂ\?\@) in the
2004/ 015753 [ EP & ¢
SO STTRNOHL RA TR, e f RE SER-95  mos
afffecrivet thachining ef theoimdiduat hmterial tryeds Bowwegmmhmmgoof different

bg)gfﬁetgé glé]%n %%ct: &l e Eﬁﬁc‘ﬁﬁm’l}pga alte “11% 1X%ﬂuxgb€%§? s%lﬁqg o ngalining of

'tﬂéfﬁe%la%r has application at |east for nmachining any

body containing a significant 5 proportion of

sili C%ﬁbseﬁ\?\gﬁ’%@"l@éeﬁ nRdchBiphinath Qi¥irbiméntaWhkiinbéy lie substrate is

structure may contain several |ayers of Lo

srembmdrmid;:ltf mq,ulrnda t1=a¢leanreda using egnventimal teelniques syl as spin-rinse-dry,
% n Joal cemnr mul tilayer structure can be

F}g iy ’élfla? g% 8P§I F chined in the environnental

chanber, with the fI UI d type and | aser wavel ength

selected for the most effective machi ni ng of the

i ndi vidual material |ayers. Between machi ni ng of

different 10 layers the fluid type can be repl aced

wth an alternative fluid, best suited to nmachining of
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the next |ayer. Subsequent to |aser machining in the
envi ronnental chanber, the substrate is renoved and,

woRowumasissed, is cl eaned using conventional teeONEG®3/008706

such as spin-rinse-dry, ultrasonic and megasonic
cl eaning. 15 WD 2004/ 015753 PCT/ EP2003/ 008706 - 7-
Clains 1. A nethod of machining a silicon body (W
with a | aser beam (6), conprising the steps of: a.
providing a liquid halide compound environment in at
| east a machining 5 location of the silicon body; b.
directing the |l aser beam at the machining | ocation of
iOremsi | i con body in the |Iliquid halide conpound
environnent; c. locally heating the |iquid halide '
qonpoundetibd bf ihehihiag e killeembodyn(Wheith wilgsenbaam @), domprising the
machi ni ng | ocation of the silicon body sufficiently to
causestgPs ey chenmical reaction between the silicon body
and the liquid halide conmpound t the machi ni .
| ocat Pon; PIaMdIng, a higeid hlidg coRBOWd SYYRANBET tq?aﬁ&a machining
nachininghkﬁﬁﬁkkg% idod bblg | aser beam thereby

e C

causing t em cal reaction to take place at the

machi gi ngg; écﬁﬁ?ttﬂeq ser Beant at the FRERAR g 3cafibRbfM silidon body in the
claiml, Wherern the step of providing a liquid halide
conpound Hauid halideeompoareniviesmentovi di ng a |i qui d

hal ocarbon environment. 3. A nethod as clained in )

cl ai me. 1 ycally hehimpeihn liduid delgte odmphiund cwitlhghe fasen hepe in the

beam conprises directing an UV wavel.engt .
2 A ot B o g mrdhinine Bagon of R BRARA) SHIEAB cause o
step of dikSstdlReactibebétasaf theeliton body and the liquid halide compound

at the machining location; and

d. machining the silicon body at the machining location with the laser beam
thereby causing the chemical reaction to take place at the machining

location.

2. A method as claimed in claim 1, wherein the step of providing a liquid halide

compound environment comprises providing a liquid halocarbon environment.

3. A method as claimed in claims 1 or 2, wherein the step of directing the laser beam

comprises directing an UV wavelength laser beam.

4. A method as claimed in claim 1 or 2, wherein the step of directing the laser beam

comprises directing a green visible light wavelength laser beam.

5. A method as claimed in any of the preceding claims, wherein the step of
providing a liquid halide compound environment comprises providing an

environmental chamber (2) for containing the liquid halide compound.

6. A method as claimed in any preceding claim, wherein the step of providing a
liquid halide compound environment comprises providing a refrigerated liquid

halide compound.
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20 conprises directing a green visible |ight
wavel ength | aser beam 5. A nethod as clained in any

wofhodhvesssecedi ng cl ai ms, wherein the step of PCT/EP2003/008706

providing a liquid halide conpound environnent

conprises providing an environnmental chanber (2) for
containing the liquid halide conpound. 6. A nethod as
claimed in any preceding claim wherein the step of
providing a 25 liquid halid&-conpound environnent
conprises providing a refrigerated liquid halide

conpound. WO 2004/015753_PCT/EPZOOS/OOS?Q? -8.7. A .. 4
fret hol raghed a$ glaimed irc plaininSs Whtest Bienstemal Bioxjsling a refrigerate
providi ng. a.refll t idels Q] ' RUBOthe refrigerated
Compr 1B Mo RS L pritcs JREOIIEL Enpam e

r ef r i gan@haille coingoninedl tedre,dinriog apbafted maeliiomg; duri ng

and after machining. 8 A nmethod as clained in any of

ghe paegetibdthsctiainie, invaey @i rthe peecstiop ddimss whetsin dhargtep of
a liquid halide compound envifonnent conprises iy

pr ovi Providinges digyid hafyls qomneung, Snyippnmeat ?E‘@Pﬁlﬁ?& Prpyiding aerosol
li qui g hal ﬂgga%s ¢ RPvachd Be Bluili 28Bde donEpoliBE t atilexdt the machining
| ocatiron. 9. A nmethod as clainmed in any of the

pr ecelbicatipnc| ai ns, wherein the step of providing a

l'i qui d halide conpound environment conprises provid'n%

8. 10Ahaletiodr ionlagoest i ann pfathp arensdingselpiss; arbersin rfi"e tep of

the group,.of fl.uotjne,..ch ' i i odi idi
10, AP o RdE  Sspelli o igimtn 2pha! ploviding o
cl ai NualoMdmssrE bohtdiling St Rilogeh seleatellifrinmghe poupidfittiorine, chlorine,
body conprises controlling a tenperature of the
siIicbﬂmﬂw%ﬁyi@ﬁﬁ§1antially to prevent thernmal danmage

to the silicon body by controlli 15 thermal, | aa

Llin in
59, 1 e snaadons STYed Ta AR, 4fathsr PRcediien PG phgr g JbE Seep of
(1) C%geﬁ oNBle i ' Ses( fliah adicnfetanite of the silicon
| aser eghﬁ%g%ﬂfﬁg%??ﬁgyfgggﬁ gﬁ%%hg]hgch[nini 651-
| ocat ibody substintisln® greyent thermal damage to the silicon body by controlling

thermal loading of the silicon body.

11. A laser machining apparatus (1) comprising: a laser; means (10) for directing a
laser beam (6) from the laser onto a machining location; and means (2) for
providing a controlled liquid halide compound environment around at least the

machining location.

12. A laser machining apparatus as claimed in claim 11, wherein the means for
providing a controlled liquid halide compound environment is arranged to provide

a controlled liquid halocarbon environment.

13. A laser machining apparatus as claimed in claims 11 or 12, wherein the means for
providing a controlled liquid halide compound environment comprises

environmental chamber means.

14. A laser machining apparatus as claimed in claim 13, wherein the environmental

chamber means comprises bath means for a refrigerated liquid balide compound.
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providing a controlled |liquid halide conpound
envi ronnent around at | east the nmachining | ocation.

waQowdi157431 aser nmachi ni ng appar at us as cl ai ned PCIVERR@B/0WS706

11, wherein the neans for providing a controlled

l'iquid halide conpound environnent is arranged to

provide a controlled liquid halocarbon environnent.

13. A laser machining apparatus as claimed in clains

11 or 12, wherein the neans f@r providing a

controlled liquid halide conpound environnent

conprises 25 environnental chanber neans. 14. A | aser,
nRchi Ai hgerappeliaings apsratisapsrethiined dh a¢lains3 13 \ielbi wherein the

for cOPUPRTGRAL TR BOFY SPAE Soiinh pof (o i af BReE port (4
2004/ ] aARul1/aE 30830 HaSAIG gas Yerik§5). A | aser

machi ni ng apparatus as clained in clains 13 or 14,

pher eiNatdd SnacBiiid SipaRMisads himeder aieaf slab@ il ts & varerein the

inlet port (3) and ‘an outlet port (4) f?r t he I|gU|d

hal i denvitomeniatichaarhér megasscopenises & Jindpgy (14) frgugpprent to the laser

machi pi n i ' ' 13nb s
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15, chanber neans

ﬁg;‘r‘p rei Sl?%}:r gpravc\f i %V\éé)g)%r s bk @ﬂ&gfﬂrllﬁ %?aéltntolhé BfclepSBE wilkRA s anti-

er beam e envi ronnent al
chanmbedfiebBanGatell/. A | aser machi ni ng apparatus as
claimed in claim16, wherein the windowis anti- .
nef | eqt iR sadistlg shBemlas esidednincanynofglasysi® e d3, comprising
claimed in any of cIainB,%S to 17, %%QErL ing 10 ound to the
refri eeifserpen meagssior proyp IB%iad‘ieﬁbgeﬁ? fyig plide gomp
'iqUi@mﬂghhﬂﬁF&QEH&ﬂﬁﬂwhﬁ.the envi ronment al chanber

19. A

means. aser machining systemas clained in

lgai Myl & rRTlaiHEd Rl 1¥EMAsrein the P @RaRE means
?lgf c&??ecg}ﬂﬁ%ﬁgh@ err%ler gtaur e ofc the liquid halide
conpotnarrirebdifer controllingg wmperature of theclinuid hgfide compound before,

during and after machining.

20. A laser machining apparatus as claimed in any of claims 11 to 19, wherein the
means for providing a controlled liquid halide compound environment comprises
aerosol nozzle means for delivering the liquid halide compound at least to the

machining location.

'21. A laser machining apparatus as claimed in any of claims 11 to 20, wherein the

laser emits at ultraviolet wavelengths.

22. A laser machining apparatus, as claimed in any of claims 11 to 20, wherein the

~ laser emits at green visible light wavelengths.

23. A laser machining system as claimed in any of claims 11 to 22 comprising
temperature control means for controlling a temperature of a body (W) to be
machined at the machining location, arranged substantially to prevent thermal

damage of the body by controlling thermal loading of the body.



15 20. A |l aser machi ning apparatus as clained in any

of clains 11 to 19, wherein the neans for providing a
woaoni4roesised | i qui d hal i de conmpound environment PCT/EP2003/008706

conpri ses aerosol nozzle means for delivering the

liquid halide conpound at | east to the nachining

| ocation. 21. A laser machi ning apparatus as clai ned

in any of clains 11 to 20, wherein the 20 laser emts

at ultraviol et wavel engths. 220-A | aser nmachi ni ng

apparatus, -as clainmed in any of clains 11 to 20,

wherein the laser emts at greep visible |ight
wéel elhg]taP@ mychining | sstem AnCHIRF g syt ah it 1§ % forther

in any 09{ ng | BB cehfrid lgngxﬁeeﬁﬁ Wdlﬁe'cﬁﬂg thEQ%PB@aW Irv‘fhereln a flow of
contro &% for controlling a tenperature of a body

(W t othb eefngGradetqmbbhhde compoundctubstantiplly ddlstd Held of view of the
arrange %@ntlally to prevent thermal damage of

t he bod 3 CSM PS5t ng thermal | oading of the body.

WD 2004/ 015753 PCT/EP2003/008706 -10 24. A laser

machi ni ng systemas clained in any of clains 18 or 19,
further conprising telecentric |ens neans for

directing the | aser beam wherein a flow of the
refrigerated Iiquid halide conpound substantially

fills a field of view of the telecentric |ens neans.



