6 Febryary 2007 WD 2004/015753 PCT/ EP2003/ 008706 -1- LASER MACHI NI NG The
present invention relates to laser machining, particularly of bogissary 2007
containing at least a significant proportion of silicon. Silicon reacts
vigorously with all the halogens to formsilicon tetrahalides. Thus, 5
silicon reacts with fluorine, F2, chlorine, A2, bromne, Br2, and iodine,
12, to formWPEMAREBvely silicon fluoride, SiF4, sili ®SHERWPIBIBNE, Si Cl4,
silicon bromde, SiBr4, and silicon iodide, Sil4. The reaction with
fluorine takes place at roomtenperature but the other reactions require
heating to over 300 C. Si+FrSiF4 (gas) 10 Si + C1Z=SiCl4 (gas) It is also
known from US5266532A and US5322988A thaty-the presence of hal ocarbons
accel erates the ablation of silicon. An exanple of a hal ocarbon-silicon
reaction is Si + CF4= SiF4 (gas) + C ésolid 15 The reaction between

hal ocarbons and silicon is not spdat 61 € reaction occurs only at
energi es above the nelting threshold of silicon, and therefore is very

| ocal i zed and sui t JB¢ Bregeat invsydonselatss tjlasprapachiping, rartivelety ofibadiesgoplainingt | ons

such as wafer uQ6iaREmifkiRpropdifodtsfigme Patterning. It is an object of the
present invention to provide enhanced nmachining of silicon 20 conpared with

that of the prior &ifcon AGEOV 'raﬁlﬁﬂﬂ?amthéﬂogagsngﬁmgﬁic&h@umn&@.tmgz, there

is provided_a nethod of _machining a silicon body with a | aser beam

conpri si ng " Phestiqor geactst Wit flaeringi Fry chlotineg (e bropine &6, ewhirdiiadlett famnment in
at |east a machigidelyl Sifesh impsidef SiFNQiRed LGRePREY, slichnRGhiigSiblcmiaser beam
at the machining location of the silicon body in the liquid halide 25

. . . body
conpound envi r BHR9B AQdide; SidiniThe reptian iwifh) fiuprine) takss, placeral rooarn temperpigtertaat thet h t he

| aser beam i nohdp@eattiont febdive Hebting AfovePsb i Ng ['ocation of the silicon body
sufticiently to cause a

Si + F;=SiF, (gas)
10 Si + Cl=SiCl (gas)
It is also known from US5266532A and USS5322988A that the presence of

halocarbons accelerates the ablation of silicon. An example of a halocarbon-silicon

reaction is
Si + CF4= SiF; (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 patteming.

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 p'rovided 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



cheni cal reaction between the silicon body and the |liquid halide compound at
the 6. February 2007 WO 2004/ 015753 PCT/ EP2003/ 008706 - 2- nmachi gy v 20
l.ocation; and machining the silicon body at the machi ning Iocatlon MAY% ?%

| aser bean1thereby causing the chem cal reaction to take place at the
machi ni ng | ocation. Advantageously, the step of providing a liquid halide
conpound envWPEMHIEHTS3 conpri ses providing a |iquid hal ®CAEBA3/@AWsr onnent . 5
Conveniently, the step of directing the | aser beam conprises directing an W
wavel ength | aser beam Alternatively, the step of directing the | aser beam
conprises directing a green visible |light wavel ength | aser beam
Conveniently, the step of providing a liguid halide conpound environnment 10
conprises providing an environnental chanber for containing the liquid
hal i de conpound. Preferably, the step of providing a liquid halide conpound

envi ronnent  CQhAdkihiHE focatdnOtidthAtBinthe RS dilico bedyas iHlel idhidinb Mchithd vagROUNd.
Advant ageously, the steg of providing a refrigerated Iiquid halide conpound
Y

15 conpri ses desrtbean e %P“F‘B%FWEWQPP"Q‘H Blegq 3 the maghining lgeatign.hal i de
conpound bef ore, d‘g ring and after pmachinin Alternativel the step of
providing a |iqui ‘iﬂ&FtP austy, 1 BiFR OB PROTHIBR deligpid %%F?‘%@%PWPW% aer osol

nozzl e neans fce,hpxﬁegprmdmglghqm@hahdcg%@nmdnhﬂﬁ corrpound to at |east the
machi ni ng | ocation. 20 Conveniently, the step of providing a liquid halide

conmpound erb/i r onneRdnveri@p the ep of Aittctlhd the daskrcbeamadohPises Afttolinga @\a hal ogen
sel ected fromth of fluorine, chlorine, bromne and iodine.
Advant ageousl| Wav?ﬂ‘gﬂ’gfsg’pbeﬁlp machi ning the sili con body corrprl ses controlling

a tenperature of ilicpn bod Subst i all nt .t hermal danage
to the silicon 5‘}‘15388@ velY) %ﬁfpr8 feﬁ'b“gttﬁ%ﬁaﬁ‘ﬁlb & fing 8t on body.
( visible light wavelength laser beam.
Conveniently, the step of providing a liquid halide compound environment
10 comprises providing an environmental chamber for containing the liquid halide

compound.

Preferably, the step of providing a liquid halide compound environment comprises
providing a refrigerated liquid halide compound.

Advantageously, the step of providing a refrigerated liquid halide compound
15 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.

20 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
25  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



According to a second aspect of the invention, there is provided a | aser
machi ning apparatus conprising: a laser; neans for directing 36#%33@2{)' 2g§—yn
fromthe laser onto a 6 February 2007 WD 2004/ 015753 PCT/ EP2003 96°- 3-
machi ning | ocation; and nmeans for providing a controlled Iiquid halide
compound environnment around at |east the machining |ocation.
Advant ageousw@ 200¢/m&7s3eans for providing a controll ed | PGUERRIB037de conpound
environnment is arranged to provide a controlled |iquid hal ocarbon
environnment. 5 Conveniently, the means for providing a controlled Iiquid
hal i de conpound environnent conprises environnental chanber neans.
Preferably, the environnmental chanber neans conprises bath neans for a
refrigerated |iquid halide conpound. Cordreniently, the environmental chanber
means conprises an inlet port and an 10 outlet port for the liquid halide
conmpound, and . Pref e V] J [ ns
conprises a w"%ﬁ%@vﬁ% ;{gér%{sl%naraéﬁt“?{agﬁbk% I‘Pé‘g ‘chnsig ‘%’é‘%ﬁg{ﬁ%& n a?ggg‘fm@ﬁ | aser
beam i nt o t he cevisoment aniddt labtshevmchinieglosation. Advant ageousl y, the wi ndow is
anti-reflection coated. Preferably, the |aser machining apparatus further
conpri ses refri gerddvaningenesiysshe meang for puovidingla peptralledeliquidybalide eatndonnrii d hal i de

conpound to t . Lt R 85]?[@% g[plﬁq"- Haflva Ly, the
refrigerati ongm%as‘&{ts arlﬁggﬁé‘) or%é%tﬁ;'?ro |dnga a %?r%@?%?‘t#’e of the liquid
hal i de conppund befQk&renft’ iR IndRd ff dr&VidifR s o Rraf e means
for provi (rjri%r)\g a .c?ﬁt r%ﬁneg ﬁgq_ui d halérde %anpgﬂt%dgﬁdé [“i r%ﬁ%h%&pgg%” ses

aer osol nozz| enviwament tompriged anvieonineggalichasbie; yeansl hal i de conpound 20 at | east
to the machining |ocation. Conveniently, the laser enmts at ultraviolet

wavel engt hs. Al t direfsneblyefhe, envijenmegtab chambier snegns epmpsipesy/bath micans| fogha

wavél engt hs. %ﬂ%ﬁ&@h{q&dh&m&gﬁﬁdﬁachi ni ng apparatus further conprises
tenperature contfo neans for controlling a tenperature of a body to be

nmachi ned at the macdivalid@ly, RS alvirtitnental chamber means comprises an inlet port and an
10  outlet port for the liguid halide compound, and a gas vent.

Preferably, the environmental chamber means comprises a window transparent to

the laser beam for entry of the laser beam into the environmental chamber means,
Advantageously, the window is anti-reflection coated.

Preferably, the laser machining apparatus further comprises refrigeration means

15 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 liguid halide compound
environment comprises aerosol nozzle means for delivering the liquid halide compound

20 atleast 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,

25 arranged substantially to prevent thermal damage of the body by controlling thermal
loading of the body.



25 arranged substantially to prevent thermal danage of the body by
controlling thermal [oading of the body. 6 February 2007 -4 gabby
the |l aser : machi ning apparatus further conprises telecentric Iens neans for
directing the | aser beam wherein a flow of the refrigerated |iquid halide
conpound substantially fills a field of view of the telecentric |ens neans.
The invention will be nore clearly understood fromthe foll ow ng description
of* 5 sone enbodi nments thereof, given by way of exanple only with reference
to the acconpanying drawings in which: Fig. 1 is a perspective schematic
view of a |aser machining apparatus according to the invention; and Fig. 2
is a plan view of the apparatus of Fig. 1:410 In the figures, Ilke reference
nuneral s represent |ike parts. Referring to Figs. | and 2, a |laser machining
apparatus 1 conprises g staipnless steel enclosur 2 haV|ng a liquid inlet

3, a liquid outl etCopvenifptin ‘g‘aS“S\‘r'en"‘?ac MNiNgH2ARTFTARES Furthey SOBRTiSes tedecentis: keas

above the englasure, &%C{&Sﬁéer' beaH, QNMIH d ﬁoGPletl% ki gé’raf%a ]quI halide
anti-reflection coated w ndow 15 transparent to the |aser Beam't ow
access of a Wénmpouhdisudstaptaiy filks afieldlof view ofthetelepentnictléns mernk..
Alternatively, a laser emtting green visible I|ight may be used. In use,
the wafer Wis pl aitednientionevitine meter dedtlyandemtoodffrirmyehafatbwing destripabn de  (

conmpound or tetrafl yor.oet hane unped into the b h via the inlet 3.
Al ternati vel ysomesé'i'i'g ‘51?1‘?815 Tq\"' ?’dg’r’(ﬁ i e WY Gﬁﬂ“ nopXr P"“SuTeg‘?re’&cel f“qlﬂ’%l

hal ocar bon, p;cggﬂﬁd _ﬁa]drg@, @hrp@ﬁghguch as fluorine, chlorine, bromne or
i odi ne, may be used. e inllet 3 and the outlet 4 are in a refrigeration

circuit so that the i qu?d hggggér?éegﬂf‘ealﬁa}eﬂﬁh@ flasQ{ ma@ﬁ%%h@&g&?%

transition tenperature o I qui corrpoun

is‘at | east pmcdrdioiglty the invendions arnd t he | i qui d. The terrper ature of the
substrate Wto be machined and the tenperature of the 25 active fluid may
be controll ed before, digitigagplah dewer theeaphamfusgf Fig. drder to i nprove the

10 In the figures, like reference numerals represent like parts.

Referring to Figs. 1 and 2, a laser machining apparatus 1 comprises a stainless
steel enclosure 2 having a liquid inlet 3, a liquid outlet 4, and a gas vent 5. An optical
system 10 is mounted above the enclosure. An enclosed liquid bath is completed by an
anti-reflection coated window 15 transparent to the laser beam to allow access of a UV

15 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 or tetrafluoroethane is pumped into the bath via the inlet 3. Alternatively,
some other liquid halide compound, in particular a liquid halocarbon, producing a

20 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
25 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.



efficiency of machining and also to inprove the quality of machining. 6
February 2007 WD 2004/ 015753 PCT/ EP2003/ 008706 -5- The tenpera Sk 5555
‘ ; ; . . ! y
waf er substrate Win an anbient environnment may be varied in order to
permt greater thermal control during |aser machining by reducing therma

| oadi ng in tR& sy te and thus preventing thernmal damage to the
substrate. The mﬁ@%ﬁ% 6 is directed at the desired naclfiTHPIP3898766 on t he

wafer Wfor the 5 desired machining operation. Locally, at the machining
site, the |laser beamheats the silicon so that the innmedi ately surrounding
liquid is both heated above the gas transition tenperature, and the
tenperatures of both the silicon and the gas are sufficient for a reaction
to take place. In this situation nost of' the by-products are gases and are
vented away through the gas outlet 5. Those which are solid particles are

di spersed in the |TigUetiperaite af theawsferrsubstrate W &P as aibidntGRticoninem m@f s surface.
The advantage of .t.his s¥sten1is hg{ t he %%itenlﬁernit ,disﬁéi ution of the

liquid halid&2E8rPSHITE "B Lrealer Heral conol Aurng Jpser, maghinimge b trdpcings of ¢ he

substrate to Bemdrkabdingidhe substisteprd tHidpréveging Heintil @tagatddhdsibduaen machi ni ng.
For | aser machining of via structures, dice |lanes or scribe lanes in a

waf er substrate usThediabeal ¢ Rrifraadédeit tHealesdd dbcliiRy ¥ite on tHehaBE M dritie | ens and
i near XY notqrised table, the flow of refrigerant halide conpound can be
opt i sod S0 BETEG TR ARG o Pl at 1 oAERS gioe hedioet bram RS deint 1 | ¢

lens (for exasiitea sblfabtheBymedifelg Alrfoynddf 1falid WBoth KeBtedEBoé1thS igZeansiinl  f eat ur es
to be machined wthin e field of view can be chined very efficiently as

i
refrigerated FEIPFRRET Jﬁﬂ’efaé‘“ﬁr(g\si’g the il g ore G BT vi ew and
the[‘ XY stage eaaoniOtakdpled. TothbeitdBonmue df thdbpprodittslard @eds ah®sre Wediddi N t he

field of view are, maghj ned unifo i.e. they are of, simlar_ depth and
quality) due PEE% (g b, 2 oLt 51y ‘1%?(‘“81? arp é‘%“ﬁipé‘@a eﬁtlréﬂefsa‘g}né@erm{?nd Wi t hi n
the fieldigf wideinol Fdeposited aitd the Weferificeci at ed that the invention provides
for very efficient and high quality |laser machining. 25 The invention is

not limted to therhenthadiagesfthis deearis thackhdsiistefimpgrmiie disaibutich dfithe liquid
halide compound over a relatively large area of the surface of the substrate to be

machined, thus permitting efficient and uniform machining. For laser machining of via

structures, dice lanes or scribe lanes in a wafer substrate using a galvanometer based

15 scanner, telecentric lens and linear XY motorised table, the flow of refrigerant halide
compound can be optimised so as to fill completely the field of view of the telecentric

lens (for example this may typically be 50 mm x 50 mm in size). All features to be

machined within the field of view can be machined very efficiently as refrigerated halide

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

( 20 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.

25 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



construction and detail. For exanple, the liquid may conprise m xtures of
hal ocarbons and other |iquids. Al so, the environnental chanber

partly filled with a refrigerated bal ocarbon Iiquid and the rer?arl}%ﬁg}eafyzom
filled with a gas. Also not only W but 6 February 2007 WD 2004/015753
PCT/ EP2003/ 0%;37%%6 -6- instead green | asers can be used. Also there can be
more than ondY ?4é)l1§753t0 allow the insertion of other [RGQEPWHIGIBTGHases i nto
t he environnmental chanber. Although the invention has been described for
machining a silicon body, the invention has application at |east for

machi ni ng any body containing a significant 5 proportion of silicon. An
exanpl e of such a body is a multilayer Slructure whi ch may contain several

| ayers of sem conductor, netal, interlayer dielectric and ceramc
materials. The nmultilayer structure can be partially or totally machined in
t he envir onnditead gebnhiees canvlietuded hlsd theedtad Y¢ morerthanl @ diletyvavatloerthd h

sel ected for the .nos ef.fective chi ni ng_of e L ndividual materi al

| ayers. Bet vveé’l’feﬁt?ﬁ%?#ortﬂeﬁ%qub OFEPFEATR evat%mg@gmfnhg.ﬂ uid type can be
replaced with an alt.ernative fluid, .best suited to,nachin.ng.of he next

| ayer. Subsequent %hofl%lq’séﬂﬁ 'ﬁ%f@ﬁ‘fnng"’ﬁg}’e?nn&ef?@e‘ieﬁ%r??fh‘ﬁ@ﬁtaafdl%’ﬂa{’r?ﬁ’éré,’e t he
substrate is inverivelchs applicatidn atelgast f@dmadhiingl ayriedy Lentaiging o vighifitann al

t echni ques _such as spjn-rinse-dr ul tr ni.c ang..megasoni c cl.eaning. 15 6
Fobr uary 2607 Prrated B ficont S b of ot R HT A ARG BRCRa PR et BBh Dody and
a silicon waf ebntsnbsterat Ryeriv of Neemivondutivn ih@dl e tint@laygr @ielectit nd| @rané/el engt h

| aser beam wherein e chi ni ng conprj ses_.machi ni at |east ope of a via
structure and n%?teﬂi’lé'etrp%lﬁ’éu%avbn‘ml%g n tihee pa 30590"31.%' d'?aﬁl}’f‘gqsr‘fb tgen

env't ronment oOfenvirohinentdl dhdnitet, deithahfhdd Bigle aid laset wevalalgth selected for the most

effective machining of the individual material layers. Between machining of different

10  layers the fluid type can be replaced with an alternative fluid, best suited to machining of

the next layer.

Subsequent to laser machining in the environmental chamber, the substrate is
removed and, if required, is cleaned using conventional techniques such as spin-rinse-dry,

ultrasonic and megasonic cleaning.

15 ‘



conprising a mxture of hal ocarbons and other liquids in at |east a
machi ni ng | ocation of the one of a silicon body and a silicon

substrate; b. directing the | aser beam at the machining Iocatigﬁﬁéﬁu?%%ogae
of a silicon body and a silicon wafer subStrfate in the environment of the
liquid halide conmpound or a liquid conprising a m xture of hal ocarbons and
other liquids,,¢c. locally heating the liquid halide conmpound or the liquid
conprising a amsr e of bal ocarbons and ot her liquids with the | aser beam
in the wvicinity of the nmachining |ocation _of the one of a silicon body and
a silicon wafbr subdnethedeolmpehining one of a silican dedy andia silicar walicubgrtaoet ween
the one of a silicqy y. L] I t L

hal i de conpound orqgﬁgqﬂi%@?@°§%3¥r?%@ﬁéﬂ@ﬁﬁ¥§§§gﬁﬁ%ﬁkﬁéﬁ§%%rE@ﬁgﬁﬂﬁﬁ ot her
liquids at the nachhshirgng consgrisesimachiningatieasi o dfhevipstucnite andsd ldice tamepody
and a silicon wafer substrate at the mnmachining |location with the |aser

beam thereby causHﬁEﬂ%ﬂ@€§F§WﬂE&f reaction to take place at the machining
| ocation to formgaseous and solid particle by-products; and e. venting the
gaseous by- product sa.f r providing cmvenvinonment of atliguid jhalided compaund eorcarljpidhd or
the liquid conprising a mxt.ure of_ hal gcanrbons and t her i quids, and

i Sper aing the sol i d- by BPONE A Bpriie e Fganh 20t ohel diamids st iesin,
l'iquid conprising a m gidéhiningf 10eRidACAT e "bneadTla SHIBAH body Gt HSsilicén wafBEt hod
as claimed in claim1l, wherein the step of providing an environment of a
| i qui d hal i de conpound sebstte} i qui d conprising a mxture of hal ocarbons and
ot her liquids conprises providing an environnent of tetrafl uoroethane. 6

February 2007 -8 3. Adirettingdheinserlbeameatthemachiningdodation ofthewhe ofa silitdre st ep
of providing the

body and a silicon wafer substrate in the environment of the liquid halide
compound or a liquid comprising a mixture of halocarbons and other
liquids;

¢. locally heating the liquid halide compound or the liquid comprising a
mixture of halocarbons and other liquids with the laser beam in the
vicinity of the machining location of the one of a silicon body and a
silicon wafer substrate sufficiently to cause a chemical reaction between
the one of a silicon body and a silicon wafer substrate and the liquid
halide compound or the liquid comprising a mixture of halocarbons and
other liquids at the machining location;

d. machining the one of a silicon body and a silicon wafer substrate at the
machining location with the laser beam, thereby causing the chemical
reaction to take place at the machining location to form gaseous and
solid particle by-products; and

e. venting the gaseous by-products from the environment of the liquid
halide compound or the liquid comprising a mixture of halocarbons and
other liquids and dispersing the solid by-products in the liquid halide
compound or the liquid comprising a mixture of halocarbons and other
liquids.

2. A method as claimed in claim 1, wherein the step of providing an environment
of a liquid halide compound or a liquid comprising a mixture of halocarbons
and other liquids comprises providing an environment of tetrafluoroethane.



environment of a liquid halide conmpound or a liquid conprising a m xture of
hal ocar bons and other |iquids conprises providing an envi ronnergpébr&i}zgggf
for containing the |iquid halide conmpound og a liquid conprising a mxture
of hal ocarbons and other liquids. 4. A nmefHAdod as clained in clains | or 3,
wherein the step of providing the environnment of a liquid halide conpound
or a liquid conprising I Xt l.fl’.e f  hal ocarbons and other |jquids conprises
providing a refri geAaF’é&‘Og!aﬁ mgd (in glaime 4 grodiniheaein ghe stepi of cprayidiag| thejui d

conprising a m xtur nﬂx%ﬁio&fearll?cgﬂ'@ e TITH .

clainmed in claim4, gn\/\‘,i’i:lfé?rel n the te}ﬁﬁ{oa? %@B@.ﬁ’r&idﬁg“qﬁe ?oe rqsglg[gé%%g‘ge??qui d
hal i de conmpound or bdlecariedns iagd ptherliquidspenpricespoviding gn @nvirotimental Gfamber

hal ocar bons and other |iquids,c rises controli a, tenperature of the
refrigerated |iqui d%‘ié?ﬁ" "tﬁo‘hf)gg'gﬁ%lﬂdsetqq@”‘éﬁ or %%eomr?r&meop BEREeeti ng a

m xture of hal ocar bglig.saths Qhd'6ther lichliisdSs before, during and after machining.
6, A nethod as cl ai fr?nedcln zsany g?‘et]'}]@aps'recedi ng clainms, wherein the step of

B xturg of hi ocafobedodl duimedth daifl 1 6 LIRS 5B e AOEPEIRT ' ' "
nozzle nmeans for dai\iiroﬁmieﬂlgoﬂdleqbuid halide chmpoid of @ TRIEbnSYrisinge Mmivaiye df

conprising a mxture of hal ocarbons and other liquids to at |east the
machi ni ng | ocat i on. halocatbans end ethaxliquids cemprises paexjding atrefigeratsd dighidchabideri s,

wherein the step of Mol Vi . L QUi - |l i de conpound
or aliquid conpri sfor@&éh%r%?ﬁ%g?&h%‘%@%%ss ga%éél%@#egf %ﬁﬁc&fdbags %%ri ses
providing a hal ocar éer liquéddt ai ni ng a hal ogen sel ected fromthe group of
fluorine, chlorine, bromne and iodine. 8 A nethod as clainmed in any of
the preceding gl ai rmmemgdﬂ%h@iﬂlﬁ&Qﬁuhmbetepgff,faeimeie ettbd CON
body and a silicon wafer substrate conprises conttolling a tenperature of
the one of a sili coliquddhalide dompaindi arcthe weftigerated Jinmid comprisings & amixtuzd bf t o

prevent thermal danpge t.0 the,o of, a,silicon body ..and siljcon fer
Lot rat e by cont r bR dPdeTtieroLaHis pstite SOMPIBTE 3 Bmbershi ot e
refrigerated liquid halide compound or the refrigerated liquid comprising a

=3

mixture of halocarbons and other liquids before, during and after machining.

6. A method as claimed in any of the preceding claims, wherein the step of
providing the environment of a liquid halide compound or a liquid comprising
a mixture of halocarbons and other liquids comprises providing aerosol nozzle
means for delivering the liquid halide compound or the liquid comprising a

mixture of halocarbons and other liquids to at least the machining location.

7. A method as claimed in any of the preceding claims, wherein the step of
providing the environment of a liquid halide compound or a liquid comprising
a mixture of halocarbons and other liquids comprises providing a halocarbon
containing a halogen selected from the group of fluorine, chlorine, bromine

and 1odine.

8. A method as claimed in any of the preceding claims, wherein the step of
machining the one of a silicon body and a silicon wafer substrate comprises
controlling a temperature of the one of a silicon body and a silicon wafer
substrate substantially 1o prevent thermal damage to the one of a silicon body
and a silicon wafer substrate by controlling thermal loading of the one of a

silicon body and a silicon wafer substrate,



silicon body and a silicon wafer substrate. 6 February 2007 -9 9. A nethod
as claimed in any of the preceding clainms, wherein nmachining ongg.f 82007
silicon body and a silicon wafer substrate ¢onprises nmachining a qboday
containing a significant proportion of sili¢dn. 10. A nethod as clainmed in
claim9, wherein the step of machining a body containing a significant

proportion of silicon ¢ ri ses chi ni a | til ayer structure. 11. A
net hod as cl ai fed i mﬁ%@mﬁg@»@w g Rreseding slaims, wheminamachining ong e
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m xture of hal ocar : y@pﬁmg r liquids in at |least a nachining |ocation
of the one of a si Ib'lﬂ{cl%#la body ﬁ]gﬁd a silicon wafer substrate; neans arranged
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for directing | aser LQm _Jt.he.laser onto theg.machini,ng | ocatjon
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m xture of bal ocar b@nspriesinfatlising | d ﬁi»mﬂéyerw&%ur&hﬁvings&bmﬂﬁg]dfna}eﬁ%f
vicinity of the machining location of the one of a Silicon body ‘and a
silicon wafer substsemieondudton, pictahtintorlayer dislecttic and teparmnicanaterialsact i on bet ween
the one of a silicon body and a silicon wafer substrate and the liquid

hal i de conpound2.or AHaser imachihingo spparanisngranged forunachirfing1at deasy bmensf a afed ot her
| iquids at the machining | ocation and for chi%g t,he.one of, a silicon
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environment control means arranged for providing a controlled environment
of a liquid halide compound or a liquid comprising a mixture of halocarbons
and other liquids in at least a machining location of the one of a silicon body
and a silicon wafer substrate; means arranged for directing a laser beam from
the laser onto the machining location locally to heat the liquid halide
compound or the liquid comprising a mixture of halocarbons and other liquids
with the laser beam in the vicinity of the machining location of the one of a
silicon body and a silicon wafer substrate sufficiently to cause a chemical
reaction between the one of a silicon body and a silicon wafer substrate and
the liquid halide compound or the liquid comprising a mixture of halocarbons
and other liquids at the machining location and for machining the one of a
silicon body and a silicon wafer substrate at the machining location with the
laser beam, thereby forming gaseous and solid particle by-products such that
the solid by-products are dispersed in the liquid halide compound or the liquid
comprising a mixture of halocarbons and other liquids; and a gas vent
arranged to vent the gaseous by-products from the environment of the liquid
halide compound or the liquid comprising a mixture of halocarbons and other
liquids.

13. A laser machining apparatus as claimed in claim 12, wherein the environment
control means for providing the controlled environment of a liquid halide



conprising a mxture of hal ocarbons and other liquids; and a gas vent
arranged to vent the gaseous by-products fromthe environnent %Féb%&bﬁ(wd
hal i de conpound or the liquid conprising a nmixture of hal ocarbons and ot her
liquids. 13. A laser machi ni hg apparatus asilcl ai med in claim 12, wherein the
environment control means for providing the controlled environment of a
l'iquid halide 6 February 2007 -10 conpound or a |iquid conprising a m xture
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as claimed in clains 12 to 14, wherein the environnent control neans for
provi di ng the cont reompeundona liquideomprisinga mixtugeofchatoshibdns androhen liguids  a
liquid conprising a mxture of halocarbons and ather |iquids,conprises
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claim 15, wherein tdpgirothentr onment al chanber nmeans conprises bath neans for
a refrigerated liquid halide conpound. 17. A |aser nachining apparatus as
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ndow |

claim 18, wherein the w

16. A laser machining apparatus as claimed in claim 15, wherein the
environmental chamber means comprises bath means for a refrigerated liquid

halide compound.

17. A laser machining apparatus as claimed in claim 15 or 16, wherein the
environmental chamber means comprises an inlet port and an outlet port for

the liquid halide compound, and a gas vent.

18. A laser machining apparatus as claimed in any of claims 15 to 17, wherein the
environmental chamber means comprises a window transparent to the laser

beam for entry of the laser beam into the environmental chamber means.

19. A laser machining apparatus as claimed in claim 18, wherein the window is

anti-reflection coated.

20. A laser machining apparatus as claimed in claim 12 to 19, comprising
refrigeration means for providing a refrigerated liquid halide compound or a:
liquid comprising a mixtures of halocarbons and other liquids to the

environmental chamber means.

21. A laser machining apparatus as claimed in claim 20, wherein the refrigeration
means is arranged for controlling a temperature of the liquid halide compound
or the liquid comprising a mixture of halocarbons and other liquids before,
during and after machining.



anti-reflection coated. 20. A laser machi ning apparatus as clainmed in claim
12 to 19, conprising refrigeration neans for providing a refrigeaahgd 2007

|l i quid halide conmpound or a |iquid conpri s{ ng a m xtures of hal ocarbdns and
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and a silicon wafer substrate by controlling thermal loading of the one of a

silicon body and a silicon wafer substrate.

24. A laser machining apparatus as claimed in claim 20, further comprising
telecentric lens means for directing the laser beam, wherein a flow of the
refrigerated liquid halide compound substantially fills a field of view of the

telecentric lens means.





