LASER MACHI NI NG APPARATUS AND METHOD W TH A VACUUM
EXTRACTI NG SYSTEM AND AT LEAST A FI RST CONTAI NEMENT
WO20NES8GR CONTAI NI NG DEPCSI TI ON OF EM TTED HAZARIXB®)7/000874

MATERI AL This invention relates to | aser machi ni ng and
LASER MACHIRIGt ARFARATUS aNRMETHER (VG an JAETHt BXTHASATNGfSYSTEM AND AT
LEAST A 3RS GOVEAISRNEY &PIF JOR i GWYTRESEF PRRORTTNQOF EMITTED HAZARDOUS
MATERIALTT adi ti onal | y, dicing of wafers and ot her

sem conductors has been performed 5 with nechanical

di cig inepgon W@Kﬁﬁﬁn‘@é@%aﬁh@ﬁg NG PREHANAT texiagtion and
co?i[a?nrﬁmtof HESH scéﬂllss?& g?&éﬁf@ réfnge saw on a

can resu |n re uce relatively

| ar kerf is.f.or f Lo
o REEnel. HicPe St i PP RAE ks bk berformed
5 with Ghdeh@icAln@ick@r favar Iﬁha&ﬁ@ﬁta@@t Weth Nusity infek Bartialt $aevs are that
wafer, allowi ng an increase In a nunber of devic
megheaical ﬂfﬁS&&@Wa‘@e ther 8 €0ch Water rapagsilt iy ﬁequﬁe‘i tﬁf‘@&and a
H| A I f r
re%gélg éérge &@*H{llg ? Bn r e%: gaﬁl Ol'rj]ﬁt %‘iaasfngi gg?g?&tﬂﬁee tinthasdyield
andeals« &s reddica the (thid‘t obnhd kemfodresteees betwera dpatidelsuom the wafer,
arseni de has traditional been perforned hem C
allgwings am dncIeRsh iBripBY esofl %’avg%qs RAF VRl Hath P4 ﬁa%?%ce‘ff%% such a
10 re cgﬁhf g%@ﬂggt astant %gﬁlcluﬁrltve‘fl%f' ednt iBF Siatiktd iy wiitth the kerf is
reduced cost of owiership”dué to high throughput 15
largadin felaicnitplaisize. of ipavdamiges. t he use of lasers in micro
machi ni ng applications such as | aser dicing and | aser
Baaeld priodugtion lin ngafefs swhe asregatiiiml &rseride lhas haztitically been
ecause of em ssions created dyring.the mac ng . .
pe pae%ck%hemwlws?r YsHig dehBroEesseR aﬁf%&@&?@%r %653% significant
d@ e iRk Alifity G loif &Ro%gh through
e in Kb e Bty (SIS B4 o ETeiingy Gt Mieh throughput
15 andﬂehibniutyg, it is apparent that known tooling could not
be used safely on a production basis as in known | aser
maduweviet] the psy off laserfiin afidre nnaohmli@splﬂimtiomﬁ suehtasdasendicing

V\,here ge era particles rra osited d
frdeseT PSS o8 N OR soe TSRl By GE Pagtp RO BPL i emssions

créabedlr %I}h@hakﬁﬁgg drfccdgel i orate the aforesaid 25
él Iciency in the prior art. Accordlngtoaflrst

R)ﬁﬁltlst Fherk Havi B &pbfa Bsald rl@sek %11 YF fetkrfad, 3881 as gallium

I 'ning- appara us range ne a substrate
20  arsshidehwhidht may etz Bazdaloss mraaumalsatlunﬂmg lasgr masleining, it is apparent
machi n t h i Si
thaé)lqnp;a/glt B 3 l@ ﬁz,‘%? L%E.}g%dgq%gg gylnsall Bx%ductl Sh basis as in known laser

machining apparatus no attention has been directed to where generated particles may

be deposited during the machining operation.

It is an object of the present invention at least to ameliorate the aforesaid

25  deficiency in the prior art.

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

apparatus arranged to machine a substrate which emits a hazardous material during

laser machining, the apparatus comprising a vacuum extraction system, including a
housing surrounding a machining region, for extracting at least some of the emitted

30 hazardous material from a machining region of the apparatus and at least a first

containment zone within the housing encompassing the machining region arranged
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housi ng surroundi ng a machi ning region, for extracting
at | east sonme of the emtted 30 hazardous nateri al

wofwemesaosyachi ni ng regi on of the apparat us and Pati/HPeast000874

sabdtdrftially @8 RbAtalBPos#BA S inly Nindextfattel Qu§ttBd hazardous material to
enconpassi ng the machi ni ng tegi on

the frshepmddinimentgoneal |y to contain deposition of any
un-extracted emtted hazardous material to the first
contPadfarably, flenelasdPr ehavhatihgy , apfaeatisasfurthemcéomprisgs a second

apparatus further conprises ,a secaond contai nnent zone
GBS Zans et B R aE bt Pt GBI Eonso Hgnged to
cﬁg%glr %eg%gmr%gt eri al lEhnot degog%tarec%fuis %Hbtx%%mf@?téﬁ&@g in the first

cemfaingienheoerte. zone. Advant ageously, an anbi ent gas
pressure in the first containment zone in |ess than an

anmbiAeivhntggsouplye as anebiemt daberasaend the firsti sumesitmaingne in less
Conveniently, the | aser machi ni ng apparatus further
20, A AL 44 PERSSFe I (R FA9GH CPBIATYICAN PR i ng | aser

machj ned material fromthe machining region to a wash

st afoBKenienthingldg lasernarachinige cappampiy Rarsher dearaprises a transfer

ofFEARE 5 rdfsRikn FaolRRRLTAAY HERE! fom L baOithiroSef8%0 a wash
statigre arrarggedi toiwegh app @nmtteds hakardong niataie fimim the machined material,

fently, t I i ni t ' ..
WPl oY Wit RABRS CurfP e 8 0, G REERT of the laser machining
ap Ay dgaRUsdnéfert he | aser machining apparatus is

arranged at | east one of to dice and to nachine a via

in 1 GO c " .entdy | gse .
ek PRAE L RS EOBRRID. Y b B8 Chacine
senenormimotbuctader. Conveni ently, the | aser machining

apparatus is arranged to nmachi ne an arseni de.

Ac Cﬁﬁ%ﬁ?&)ﬁsl?, 96 (RBEmASHARE apparbhie id AYAIpeH ANleadtHREBF to dice
is provided a nethod of |aser machining a substrate

angiip apachifctasvia imdie seainondwaerevalsr. during | aser
machi ni ng, conprising the steps of: extracting at
| eaSenoretlyf theh laseminachidingazppadsus isratrenged tof manhiae a I11-V
hausin urroundi ng a machi ned region of the material;
Seglﬁuong}lgt\(/)?'di ng at least a first contai nnent zone

enc assi he machi.ned region within the hausin .

o ndCanBRieaH: e farCmRe e AP AaS S AT wAghine aiarsenide.
un-extracted emtted hazardous material in the first
confEHoEHBA o Aosreonpasncst gbthe inveRtione theyg is previded a method of

1a&? Mch Sy BsOMuAt Inih THERWh LIRS H%LHal H8RRe laser machining,
comprising the steps of: extracting at least some of the emitted hazardous material
from a housing surrounding a machined region of the material; and providing at least a
first containment zone encompassing the machined region within the housing and
substantially containing deposition of aliy un-extracted emitted hazardous material in

the first containment zone.

Preferably, the method further comprises providing a second containment zone
substantially surrounding the first containment zone and containing in the second
containment zone deposition of any un-extracted hazardous material not deposited in

the first containment zone.
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substantially surrounding the first contai nnent zone

and containing in the second contai nment zone
wodspumssizvon of any un-extracted hazardous mat @CTaiP200101000874

depogivh@dgddustyletht | idthoBO RirfeP "®Mprises providing an ambient gas

zone. Advant ageously, the nethod further conprises

pressive dififierentinl hebiveant thg £ustocamtainmentdidneeandrthe skcdndt eoméainment

the, first contai nt ,zone an he second cant ai nirent
50 5% SBRBEF pF B aBas i B8 e PR B ssto the
sédohd tostemhantpdt zone to the second contai nnment zone.
Conveniently, the nmethod further conprises providing a

tr apshelniEiBIIRS nRthdt fudef B5hpiigs! ORI haH§Er chamber and

material fromthe machining regionto a h station
transdernag Haseg-mehinedindtenih! Hena tbomschising regibn fto @arwashestation and

ek P <P ol midntel Gt R PaGumeRe g hout releas

of BRH2hidous HiateMal kd an Shekonntdh e Mhe RiséymatHiRingBipPRfAnsduring
arranged to machi ne a sem conductor wafer.

trapRfernt ageously, the nethod is arranged at | east one of
to dice and to nmachine a via in the sem conduct or
waf Epnvedientkyntherméthod islaerangediodnachirer a semgjeondustarpcfeme
a lll-V sem conductor. Conveniently, the nethod is
ar r Adgadageoustgcthie meethod Bramnpetbat [d4se onavErd dica amd kd machine a
nqw be descr.i bed, hy way of exanple, with reference to
viaje the SEBRPRAYSIAE YaFAwi ngs in which: Figure 1 is a
perspective view of a portion of a_laser_ machining
appaPavagienily cheaathod is armgagedioenaching a Rl-yuseaicondycigr.
cutaway drawing illustrating airflow through a
macEpnvenientlyy the orethdd ishaerahgesito macbitierdnragseapdear at us  of
Figure 1; Figure 3 is a schematic cross-section of a
| as€he imvehtior wijl apwabeadassrileeic by dvaygoft exatipde,i wiie rdference to the
Figure .4 is g perspective drawing of a portion of the
aqequipAnYyiRg AFasY! 1&;}8‘5?‘& us of Figure 1 showi ng prinary
and secondary contai npment. chanbers; and Figure 5 is a
per spekightgel & amergediveavigw ofiaoperipn @ lpserapachining apparatus

machi nj g, ! Hﬁ/egfioﬁ:-i gure 1 showing a transport
cont ai nnent anber for 'transporting a nachi ned waf er

from tlt‘}%utrgaf '}5 na' Q&a&%&t&rg&in%f ilﬁl@gatﬁpgo %{rﬁg&sthrough a machining

portion of the laser machining apparatus of Figure 1;

Figure 3 is a schematic cross-section of a laser machining apparatus

according to the invention;

Figure 4 is a perspective drawing of a portion of the laser machining
apparatus of Figure 1 showing primary and secondary containment

chambers; and

Figure 5 is a perspective drawing of a portion of the laser machining
apparatus of Figure 1 showing a transport containment chamber for
transporting a machined wafer from the machining portion of the apparatus

to a wash station.

In the Figures, like reference numerals denote like parts.
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to a wash station. In the Figures, like reference
nunmeral s denote |ike parts. A laser processing machi ne
WOf2007/38@9essi ng sem conductor waf ers may be ueed/EPac07/000874

di ci,ng or f r|II| ions. i '
or & %é ?eesrsﬁl %l}ug? #)rek ? s?%é setnle g? ?%%?ehg chatyotge used
foR&king MOfdRrdHlRes vﬁaﬂ €dridasnabs wnmbmcafr dra@mér hiawm"rals of the
by at 1east the material intended to be nachin

V@&@rﬁgquﬁ dasinachbing presessilamndeaabeniphion of hé‘?f hght by at least
tl? hr%%f%%alsﬁl? 84 't(y Be pxpa% oL &gsﬁlgﬁxo{oﬁgﬁ J)n o{(ﬁgmsat on K other

ion o gases an SOl e em’ s ons,

phatydissodidtivephegomendmthatpesbli hetmrfodﬁﬁtgﬁf olligasto andmohd particle
oper at or }glr whi ch may, react with materials in the
episiansewhichdRme e depagisgrfoghe amchiae|of d3aserD Ry an operator, or

WYY Bt Rith nﬁ%mfﬁ fiehBlodl ErFU ifofehProl Bfin ﬁgfeglpﬂﬁy f4ngerous

oper a or One s process I's [aser machini
coapbundntiat ey resent & threatde shel hadhérek qrdpseatorl aser. | n

this process gallium arseni de dissociates to form

haz @ngogish eprocsetiallastr Seadhining tof i gallivinrafanide Methes spswitched

to event arsenic enjssion fromthe nachin
la%cf iaﬁgr 1 g% Rrasess; %?é‘“i“ﬁ@é%emd’rﬁé{*gsﬁ?lﬁﬁs &{rra Jous elemental
at%@xfu@rf i99hdrOfold Qé’ée@sa]'y t6' gréb%ﬁf ardBRl 'eﬂhérbgolrc'ﬁ%ﬁleme]igachlmng or

accor |ng to the 1 nventi conpri ses a laser wwth a

citagrepon ofthy Igsat ma¢hiningsppamiusand a beam steering or
posi tioning system 11. The beam positioni ng system may

be RefpadivproRipues 1pa laseharachimiéngnsy’@ns Y8 taecordhigcto the invention

deli,vers _a beam 14 (see Figure 3) to a work surface
CQIBPrises 13 fasek MY Qﬁhsami E‘“éa’eﬁéﬂ?ﬁ‘né‘g?t sBOWR) andh AdbgaRe steering or

pé‘@ﬂ@r{m% %Mq ?‘ﬁé @%éelg sﬁotsl?iom 82%(?1?3' %y 8Ly \pa%ometer I’?r other

positioning o at a Ioc I on on e
scaahipp. syFtepi odlidly delivars hseheanp)déi (seo Higure s3)stoe m workl sm‘ﬁme 15.

n ngélg ng%eééaeg%dmgg%g %ﬁall?(ﬂ %l -Ud g?ém%]gfs ireqelijtgvde to the beam

msxlmmglpegm@n&g%f%e lhéaapatda §pec1ﬁe&%ah&a B tHeBWARH Typically, the
Whet her "usi ng a steerable and positionable | aser bBeam

begim positisning Sygiem ibdudesian Xvhigbledeqndmmen alsprigclpdogaser liquid
%ﬁg relégzlseles?f '?y 611%\%{1:13 Fsghl?e 221’02 cfg[gger%ngoap ggsh?xp (ﬂuélﬂ gc|> %Smachmmg

regiome of these particles and gases becone airborne and
can be carried to locations within the machi ne that

ar ewaRiRr dbink aAneRrdb1Oahd pSsifityableTaftd befdli R fixdddHE® béam 14,
illustrates a partial cross-section of a system

the desegmaathiting progeby geraslix résglisnin dhd v@rsyloslycsﬁ mﬂxmrucﬂes and
ni ficant

b o PRR G R Ao s AR oRfe P B8 P GRS i s become
AifHoPEL 88 cdil) e HEHIRIMI RehtisiRSwitlinahé machine that are some distance

from the machining region.

Figure 2 illustrates a partial cross-section of a system designed for a galvo-based
beam delivery system which provides a significant reduction in local emissions from
the machining region during a laser machining process. The system includes an air
flow input window 24 through which air enters from outside the machining region and
an air flow output 25 through which air is drawn out of the machining region to
remove particles, gases and debris from the machining region during the machining

process for safe disposal or recycling. This extraction system provides a first
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flow i nput wi ndow 24 through which air enters from
out side the machining region and an air flow output 25
wotdoosgésowhi ch air is drawn out of the machi nipog/EPREI7@00874

to renove particles,. gases. and, debris.fromthe .
rHRBHILAT g PEYPIPECRIPISHGR OF BarrEesHS T AGrin Bbe Enyigmmet gnd for
piﬂév%mé%ahewsitfoﬁcaﬁﬁazamoumﬁﬁe@aﬂiﬁaﬁé bObrAYhEITh bRY ARSde the
a firstnechanismfor preventing em Ssion of hazardous
imetediateaina¢loningeegoni r onnent and for preventing

deposition of hazardous material in the general

mac Refering ea Figuired 8lent He ai sev@di meehanisth fori prgvertipnaf. unwanted

Referring.to Figures 3 and 4, a second nechanj sm for
MERAS MEPHIQT INYRNER tUSE Ot R PIROENERFONE ?r{ﬁgwég secondary

cH3Ginf{enf 2Bhd B97 he gﬁﬁxﬂ}%rgn@d}ﬁalﬁﬁeﬁ ZhedBl 8 aSEARREEhYmediately

contal nnent zone 3 primary contal nment zone 36
arcsind thel waferi re@hiat edey iar sapachtadn drommfapr arkd. otthide the eprimary

IS Separated, froman grea outsjde the primary .
CRRAREIRAREREE b dovisyoat pEne S il oPEn o 0B fpereet g parrie
pidverts sRphifitRk @epositite oP atdtdrRil olfspieeiht Sprivhatfi dontaddthent zone 36

deposition of naterial outside the prinmary contai nment

immediagdy ianetndi theewpfear Guaed cnafingsf partials dapgsitionfionths primary

ol A . .
T AP Bl 8 38 M 6P LR R e 12
ohtabiviich 2 veaftol Sl tobedloxddldeso thét ths ptimabecdmaidm@dnsonieBdtmoves

the primary contaj nnment zone 36 nmpyes on the XY table |
on ShelH{3plved 2 it the otk PG rRg CPACRHTHRE- ée\pa%sgg%a@?,sﬂ&?tanhally

. . 3 : ' ; ; .
B AL o o B Alied Tt 3R BprrfcP 361 for loading o
wafaraf % intd the nhachitieg nregionnwithinr thgi primaviyt éomaihiment zone 36 and

prinmary contai nment ne 36 and unl oadi ng a machi ned
upjepding f@@?‘&?ﬁt"ﬁ%@rﬁ%ﬁ?ﬁ tﬁﬁ maghingig 1e8188- secondary

cont ai nment zone 37 surrounds the primary containnment

zon&hgeecgpdary cgniginment #epa 3 € swgowids e priiary eonternment zone 36

r |

SEHEAN gk S DGR AL 31 AR Rl AL e
ther sar- beahi bh, Al pagsagy i3ded stbutantighy t leetaopgrdaben atedstection, is

I T

cdlisiRkght 208 WAL HdednbeCApnad Withithe ARGz trcih thY secondary
sui tabl e novenent of the primary containment zone with

corfiainient zasieewaliRed &l by rsyitakle maygmenBof Hredprimanyi ¢autainent zone

L whi he walls 361 of the primary confinenent zone
ngﬂ%\erg%gtﬁ'{)lﬁ ed in the interests of clarity, a wafer

i Beleiitne 1 o g B £ i 8B ¥hichdbidteds 300 ol Bimary
c&ﬁﬂfehﬁﬁfr‘%&% JeUBSImiftld fl iheEEreWs ot cldifty, RENERE Rartilihg! sYstem is
the chamber walls

provided to pick the wafer 15 from this machining region to transport the wafer

through a confinement tunnel 40 aligned with the passage 372 in the chamber walls
371 and into a wash station. Sufficient hazardous material is removed from the wafer

in the wash station for the washed wafer to be safe to handle.

Air pressure, or ambient gas pressure where the ambient gas is not air, is
preferably held lower within the primary confinement zone 36 than in the secondary
confinement zone 37 to seek to prevent hazardous particles being carried outside of

the primary confinement zone 36. Any particles that do accidentally enter the
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371 and into a wash station. Sufficient hazardous
material is renoved fromthe wafer in the wash station
wofwe7/a8Re&sowashed wafer to be safe to handl e. APCT/EP2007/000874

ressure. . or anhien as_nr. [.€ [
sS85y i@ 28037 e BuR5 o gt B el ARef i ffbment one
3primary confinenent zone 36 than in the secondary
confi nenent zone 37 to seek to prevent hazardous

par trigl ehie DEMRGIORALS | RGaALS | HReAA] st Pihe "Ria¥hining region is
confi nenent zone 36. Any particles that do
sabstantigHy apreyerderd dry tehractioondfiray majotityi ofrepartiedate 37d gaseous

are.contai ned wi thi.n the secondary .confi negent, zon

oRliSicH S e hedliife BeioRa S PR fangbRor Rhd F8Rfiaement of
paRichiaflly NBarti€dlhRN emfssionb Sthathe! whfey ﬂéFE)Yleﬁ{ flinty and secondary
extraction of aqr;ggorlty of Eartl_cu_ at e and gaseous
certhiggieahzones onrhamebaindhiliasghowyirphiguesd-shown in

Figure 2, and confinenment of particularly particulate

em daso particolatchandrgdseemissign asrenmoved i fneam thea nuhchimognzianeyby the

cont.ai nnent zone t chanbers, 36, 37 as .sho i n
FRiPD DR E e ETERO 2o T B Sl e RaRBRtT corks s phmbers
361 M 4shBedERBED, NEMELtHORC cliidalts MKl U8RItk DY He@Mdous material
illustrated in Figure 2. The use of contai nment zones

opisideHhaisesondarysondainment raned e f¥ledtdopesifion quiside thesimmediate
A it o ' ' [ .
ol sl MRRE SolfRHidnf oqfit 58, WatkiV 3y Longed into
tHid enachimiity Aoy Ai Handigng oybeeno Operating indide a pransfer Yhamber 40.
cont ai hpent zone 36. Wafers are |oaded into this
Allge mashingng saters a8 remevsddn;anisvesss mannghand trapgferred fqja wash
sfbtérﬁ ansfer chanber 40. After machining, wafers are
renoved in a reverse manner and transferred to a wash
system._The inventi,pn Rotentially. reduce hi ne
doutr Bt BHERE e eRinglacsEinpE Ry FREC i amount of
maffiétiahesl tinfe kequirddher Keehithe nidthihebyafdr By @éveting build-up of
bui | d-up of hazardous material in the general machine
hagagdous mpgerial fntheigeberabiaaediing@@a.a machi ne for | aser
processi ng a sem conductor wafer or other substrate
wheTkerp das hedraddsyribedzaimdoline fertlaser areceasieg ersemicogductor wafer

duri ng the machinin roce where t he machi i
of 401D S P PGS PR Bl s B e the
mdéhinivg ROGSE Ahd WhBRZAE thachint he dvsgedheieRGactforponfine Bilssions
inthe vicinity of the machine, Thus the described

sq thattheyde prhprssens p hagrd tothevedhbanggf parsenmgbinsthe vicinity of the
?@ﬁ-g{i als conprises a | ocalised vacuum exhaust system
or the renoval of hazardous particles

Thus the described laser machining system for machining hazardous materials
comprises a localised vacuum exhaust system for the removal of hazardous particles
and gases, a primary containment zone 36 designed to restrict hazardous material
deposition to the area of the substrate being machined and a secondary containment
zone 37 further to prevent hazardous material from reaching parts of the machine
exposed to the atmosphere. A confinement passage 40 is provided to transport

machined wafers 15 to a wash station before subsequent handling.
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and gases, a primary contai nment zone 36 designed to
restrict hazardous material deposition to the area of

wotZoe7/@s8ét r at e bei ng machi ned and a secondary PCT/EP2007/000874

congﬁr&rﬁgt zone 37 further to prevent hazardous
romreaching parts of the machine exposed to

t he at nosphere, A confi nenent passage .40 i s provi ded

lt o t aiRSbmachining ARRATHMS éfrgn@s‘ oomachipg A %‘P&‘W% pvhich emits a
bef o, SHHREH fand I e og;ﬁ;;g

appar gtzags arrgﬁgéld to |ne ah@ubst g&g&\%ﬁl o em@{%%cum
a hazatradion smteenna&:ludmgl ahobising rsurraniding rag machming region for

appar at us, conpri si ng a yvacuum rac{i on syste
R lriing AR 0 e B R HeH By A P, myehining
extr agibnef fle d @%%Yusscﬁﬁ%t Rast ﬁﬁrs?%ﬂtﬁﬁﬂwﬁ%e%‘ﬂﬁn the housing

material from a machining region of the apparatus and
at | ensumpasfings tthe omachinimgn tregiom e amwangedn suh&taxhtmhlsu g contain

gﬂgg ﬁ(?s?tgqr?ﬁ %nggﬁl? Iﬁgl ng%{;&%} ?‘F%?}g d§H§, material to the first

un- exbataiaingst eoad. t ed hazardous material to the first

cont ai nnent zone. 2. A | aser nmchining apparatus as

2¢! ai e gasep rﬁalcﬁir{ﬁé appARIs 5 @ﬁuﬁ‘ecﬁ@ﬁ%‘i‘ﬁm‘:@mc@fn%ﬁﬁﬁﬁ a second
zone substantially Surrounding the first containnment

zone centaiamgatizong selbstaatuarilydgpogndm@ medirsmoptamment zone arranged
un-extract.ed, haz s _mmateri al osted

e of0 GO eRBR00 31 an 3h St Aerel Bur R A G al for dipgted in
as clin filetcdnmiimdht®nd. Or 2, wherein an anbi ent gas
pressure in the first containment zone in |ess than an
3anbi AnMas@Afadifng %Eﬁaﬂaﬁhs t %1&&9@%&%; iy &{}@ Wheféih G ambient
4. A laser machi g apparatus as claine n any o

t he paspresiung)incthaifirst, containment zooe less thynant analrierftegas pressure
chambeyr for tran ferrln Iaser machi ned material from

the M S?ﬁoﬁacpg fB’he“tt& %wash station arranged to

vvash em {ted hazardous naterial fromthe pachi ned

4mat eﬁa]anzer Cﬁﬂﬁm apRArAES &s elpimeddniaay of dis Rreneding ¢lgims, further
an e t

£ T anyBAMIE A st What BB For BARIAD 1A8P HEhiiSd tifhdd from
any the mivhipng cagivmy cwashnsatamrarageet toowvashcimyreenitted hazardous

sem copdu fer..6.. A laser hi.ni n S as

o1 & TR o nkdoningq sbnse iRl 180 b TR Piheeis Raeria
and foun@AtoR@ent of the la8ert MECchSANE GRPMIMES QiriMBfrfisfer/. A

| aser machi ni ng apparatus as clained in any of the

5.pr eCRUVRG GhRhifing apparatus as claimed in any of the preceding claims

arranged to machine a semiconductor wafer.

6. A laser machining apparatus as claimed in claim 5, arranged at least one of to

dice and to machine a via in the semiconductor wafer.

7. A laser machining apparatus as claimed in any of the preceding claims

arranged to machine a I1I-V semiconductor.

8. A laser machining apparatus as claimed in any of the preceding claims,

arranged to machine an arsenide.

9. A method of laser machining a substrate which emits a hazardous material

" during laser machining, comprising the steps of:
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arranged to machine a Il1-V sem conductor. 8. A |laser
machi ni ng apparatus as clained in any of the preceding

wocdad/ogsgsoar r anged to machi ne an arsenide. 9. ARCTEPROXI/000874

of |ase n st rate, whic haz u
mter o Qurroe s TSt 8 o Bl e R SR BER, From
of 1 a. ext maasihgguedurdirgsd maeiRediegidneofane Iria&e(ihal, and
hazardous material froma housi ng surroundi ng a

machi nesl pe@ifingQk 1dab€a ARt Rbhdinmend dokd er&bﬁiﬁa@dlﬁﬁt}@tmacmned
least a first containnent zone enconpassing t

machi ned regiPwrvifiiin the hohsing @uél Swgstantwlb'umtanmgaddp}bsmon of
cont ai ni n (0) of..an eXt ra
o doue Inp SROBILRY Hin T haBaS] FARRS 1T Thd 8 cpgrainment

A net hod asn&l aimed in claim9, conprising providing a
second contai nnent zone substantially surroundi ng the

181 1 St mRiHod! 3N BAImedGRLARD %ﬁiﬁi‘is[ﬂgﬁ%@bf&hﬂg‘g séﬁﬁxﬁ%ntamment

cont ai nment zone deposition of ext ract

haz aﬁmﬂlbﬁ@n@all}’a&’nmdmg plos fitse donttmnmmat zomesand contalmng in the
cont s cl ai ned | ai

or 16388 op: Bt s PRl of ani ot Sgtretedy BesBiPls materia
di ffﬁdﬁtﬁiﬁaba{edbﬁftmﬁl@t tdiaihmestizogent ai nment zone and

the second contai nnent zone to resist transfer of

1 hazapdauethod Rt RIdimkd ik eRih19 (fr' erS onﬁﬁfi&ﬁg gﬂ@ﬂ@h é%reraéx}jﬁent gas

t he second contai nnent zone. A et ho
i n apigsae differestigd between thar ﬁrsércmMpmcsn rgngprapdi tiengecond

a tr nd. t r.ans ser - machi d

mat ef g% ﬁ{nf: %Jr%%nﬁ Ee% L tﬁ’élsfﬁ 5 ﬁg%ag!ﬁ er?lll %?‘Bnthe first
and mﬁmmsntmnem&tseebrﬂmfaﬂﬁh@n&ah@r ial fromthe

machi ned material, w thout rel ease of the hazardous

1278t eAifAbthb® ad BlafR¥d frpﬁgﬁr o c19inst 9% I B hgﬁg&%{; h dproviding a

apparatus during tran 13. ‘A net’ho
any mnsﬁﬂrmh&mbgr aml tt@ysfearing hgedmachinedt iateriah from the machining

sem cond ctor 14. A, et hod Lained in c

SEPIHS avatSilon ard i 4 praed W-TEowLBaHal Hom the
V| a ﬂnﬁ]cHiﬁEﬂ Sxﬁﬂ@eﬁ@lnd%ﬁl@ﬁt V&%fe%e d5-thé ARIP@Rfis@Smaterial to an
claimed in any of clains to 14 arranged to machine a

HI - wweﬁn@éwonfdh@lasemreachmlngammas detiing wansférn any of
clainms 9 to 15, arranged to machi ne an arseni de.
13. A method as claimed in any of claims 9 to 12, arranged to machine a

semiconductor wafer.

14. A method as claimed in claim 13, arranged at least one of to dice and to

machine a via in the semiconductor wafer.

15. A method as claimed in any of claims 9 to 14 arranged to machine a III-V

semiconductor.

16. A method as claimed in any of claims 9 to 15, arranged to machine an arsenide.



