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WD 2004/ 105995 PCT/ EP2004/ 005738 Focusi ng an opti cal

beamto two foci The present invention relates to an
wappanetns and nmet hod for focusing an optical POEEP2000005738

two foci. The invention has particular application in,

but is not limted to, |aser machining and nore

particul zﬁozusmgsan dipticaldbeam tontwo doci 5

Laser machining using two focal points froma single

| aser saou n chin ta
<ot SR Bt e o B RAE AP e Mol B i i optical
bdadf & tw €601 CEhdl frivagtich Hamparfiadasapptiostionnisgbueds ast lihked to,
FORCE Institute. (Denmark). A |laser A heamis focused
lapgy machmiag #d AL P&“é‘é‘llﬁr}YdP lassr dicing afistlicon Wadkial | engt h
that is longer than a focal |ength of remaining
por kasehmaehiningaisingfavo fogalipoinis fromot siggledpser squree itskngven for

oA AR o T VRS SRR e s

soliv@l usige b stubfosus gas dmml&cthhm FOR CH Trstige lQDeﬁmdrk) A laser
quality but is |limted by a short Ilfe%lme and hig
bedgLis foruseAdy) aleas hang 3 GFpbRk %ﬂﬂlw withes facglil easihythﬁtolﬁ longer
b
thﬁfé%:l I’fﬁ&? be\é‘@f S&ftrﬁfnﬁin[ﬁ? P cLnown f% \(l)ggﬁg iﬂuﬁle%)g{éQSQESr (Says}legtl S are
dlE(ﬂbdeelmt forc exsample,aWQ@ h)é/()ls%(r abdedﬂ‘S <6a.‘n’7|5d196bﬁ)rsmminmdg thick

B B B o ok SRy TSRS e s bt i

hltnﬁ@& sy a sREE BESn UHdl High S&:RBMNR JerR. MIdKE Qﬁﬁﬁrﬁﬁﬁ? éa?gcli{%arly for

not be obtal ned across a square area o
s1h¢omwdw dicinghthe| main dremfbask phthisteshmqueseis itlai shet kmmgdtpm focus
on.the uaI focrgetech

teiihatshor e Sohti o b er B8 Pt Be SRBAGH ifSssl lprkpiece

bélﬁ?Snéiﬂﬁﬁdn@ﬁn@raogaldﬁloﬁld%rcﬁlﬂﬁoﬂ BiMg6niyeRdfigtd @fnslation table,
ween the two foci required 20 for sem conductor

begapserdugingispapninera orideoybeam eppweyldnod e obtpined agFise p square
ady

o PRSP LS S R ef e

cifnt tdublrfpcas (ﬂedﬂhfqﬁleriﬁﬂtsbmicoﬁ&ﬁw&f gafet ediciagpMweasver, the dual
Limted scanni na@of two beans with foci side-by-sid

foshs lengugpgs lgmenf@w AANSETARES SPARATION BEQKSFE the [ et required
e e a

e b Rp SR IRy, 5P VRATR iathes s, pensh e i

admgtagmu_s rmefnufacﬁfrmgemtl ntainteadnge eostByretchdimedibassparating a single

single is beamis divide o fragnments of beam

fogp, fask e ch DA SR i ol e eA T Pigpuckpepponent. Limited

sc%ﬁﬁﬁgrﬁfstvﬂf Bedhd vﬁﬁlaﬂﬁarssheocgf-gl&@bnwwm%& @ruﬂsd/vafsmsed
have"to be specially manufactured. Mreover, by t

Howevis, i dBdenss seme pmbbdlmntss ERQ 7067 disclopesi genaraticn 05 nmltlple

di scl osed d gable f
fosPCeeinS sEFRcE i b g oL BBl el B binomgans the

sﬂge [€béatn NOdidide8 i Urnithtsiathmcamiifagniliveregdhéd &ipdtSuch
foci on a same optical axis one above another in a
IMNPTR pylﬁt ecgments are not standard optical components and would have to be

specially manufactured. Moreover, by this means a Gaussian profile is no longer
maintained and the disclosed device is only suitable for laser processing a thick work-
piece of few mm thickness. There is no disclosure of beam scanning with different

foci on a same optical axis one above another in a workpiece.
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Silicon wafer dicing is at present an indi spensable
w@emare®9s N t he manufacture of sem conductor |PCEEPADEMST3S

circuits. During nanufacture silicon i nt egrat ed

\c/:vIa; %'}ﬁ Lo wgfer d&gﬁ%@ a@fq% g?i?a%?er @ﬁ&%s it ﬁ{@rﬁ‘anufacture of
se(ihxecmmdtoedlgegkatedwdchadd)uﬂri[g/\m‘anmfactui‘w sﬂmphumagnamd mfcults or

such abrasj.ve dicij 5 does.not neet  t uire
CHIPS R BAY GRATCIER A G SRl SoDGEb et b AEELpERG of chips
us?ﬁ?%)ldﬁfm&ﬁtéd 288 dh AL %%V&e %eddﬂi)'h&&ldihuﬁﬂ §u‘éH -abrasive dlcmg

'ems of saw dicing include: 1. | ack of constant
datis gioh gnegti diei tequidernertts ob Itbml@mme@nductoz indhistrin foo greatem@ceusacy,

st k rﬁ%ﬂ%"rﬁné%ﬁwir{cpi'@‘%@E@ﬁfa@wﬁemﬁ% e i
. . X 6.
Cnabi 11y to chiachOhesmsans it ARl e sh PR weasn
above- nentloned robl ens can be overco?e W t h pulsed
| aser di#ing. wRY sue t%hlghearg%vmpé@ap il i?é’e%s abl e

to conpete vvlth saw bl ade dicing in terns of 15
street whdth aehippingPhdieguality, laser dicing is not
conpetitive in terns of dicing speed for wafer

subst rat4s t hi mkeranidabstreappndaackafosmytidrod digs; and
therefore laser dicing is currently used to dice only
thin waf&rs w tsuitabilitycfsneas thh wafas; dndan 100 m
Figure 1 shows graphically dicing speeds for

mechani cgl  sawindbitity@. cupbdkr thin s@dighd Ra®urgi Ci ng,

plot 12, as a function of wafer thickness. The graph

shoyge taﬂ@Je-xﬁEntY@feg prbBle s NGRS b foveRoAROWRh 10 Hsd® 1ds8:S @lcing.

dicing s unable to conpete wth saw bl ade dicing in
Hdivevargalttopele daseiT thisingxis ableetb \cosipotw witly savy-bizdeaticiog in terms of
unsati.sf act or.y.

sty S et A inefite0: Setiine ihif BowRive R @R Hitiging speed
fo‘ii 'v@a.'féf%ub&fht@sxﬁlﬁﬂgr thlaﬁ‘%?é]rogéin?dtélg 100 ok &ldahereRr€ laser Hl’f!ﬁlg is

di ci ng speed at wafer i cknesSes of greater than
cuitelhds ukal toadicercnlgalsiadvaf@’s with a thickmessbyfdeds thén l@féum Flgure 1
present |nvent| on at | east . to almsll rate thf af qr.esai d
a la'fwﬁ

shoas; exrrbially iging spredp fargpechanical sapdiginggpleb rlaser dicing,
pl3® PECs aofunﬁtm(ﬁm Bf GERP thitihesd ting rgraﬂiaesrh%ws $hitla® \Wa#&dhRkness of

aser I ni ng apparatus conprising plate polarising
atiowan09plm f laser diemgsisfrabkploi ¢dmpege avith save-bhdatdicing in dicing
pol ari sed | aser

STBRR oS | GSEEmEbE A SHOOBL et Sl P AN TR an
whRRASH T AL Qi IHeCAPpNGatIBGNS fa9¢r WARY IdHiRY To extend

laser dicing to thicker wafers, the dicing speed at wafer thicknesses of greater than

100 um has to be increased.

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

deficiencies in the prior art.

According to a first aspect of the present invention there is provided a laser
machining apparatus comprising plate polarising beam splitter means for splitting an
incident polarised laser beam to form a first laser beam and a second laser beam;

optical beam modification means comprising arcuate reflecting means for providing
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2 WD 2004/ 105995 PCT/ EP2004/ 005738 the first |aser
beamwith a different divergence or convergence from
wo bait/1a§99% he second | aser beam focusi ng neaneCT/BP2004/005738
focusing the first |aser beamat a first focus
¢ . ‘ , . .
U ARt bt Yifkh GBI Biecile & oBhyBEnct AT 0o BEBekond
laSerc beanmn fodusingptrieend fax ifequsimgcthet fiest laser| bewst adbne fokt focus
the first focus. 5 and e secand focus is. nat at a
sitstafial PR otbieRl S5 of 4 el <3 dn dp4 Srsoe dhe second
188 8m(A 4)sedoPd AN tHE optit@l Axkis, Such Aeeit IBRABAd Sfthe &R focus
the second | aser beam (25) across a workpiece (45) to

andhthhisaeondHiecusois et atce focalineint efthe deduyingtmeansy andagadvanometer

refl [ j 0 1.kLQr.,
wiofy (2,090 s ERINE B TR RET RafiOTHE Syl b ponodlossrcboeme 29
aq8%aNofkpizos (45 ts alackihatHeavorkpiebyy sel ecting a radius

of curvature of the arcuate reflecting neans.

AdVARY RHRRUE41Y, thé afbuste ERRRE AR cdnk}Risks 4 SbnvleR @Migroand
the second focus is between mllinetres and tenths of

ASablEODURBNEO bltweerd IR AESBEud R hE OGRS sgg WUSiectable

mc
furgﬁer conprises | aser beam generating means
by ealentiagiarrgdind ef ¢urvatdenf thearevatd edlectiigsmaahsant ageousl y,
the plate polarising beamsplitter neans conprises a
pol Advamideouslglepealidant bedwesn ther fisulfscudndridatieysecond focus is
reflecting the first ?ean1mﬁth a first polarisation
byRFHMEHMCHAYR %gﬁéﬁ PUgrPRs-t ransmitting the second
beamw th a second polarisation conponent. )
ConGenveairntly, the,dasendnashiting pparpae 8l CORPEPES] faser beam

g nlépa%ﬁng%éaﬂg ot %ﬁ%’ét’%{h?g ciige%t %@F&Y%em ly, the first

asercpeamis y CO nat éd and the second

| aser, beam i divergent after dification by the .

opt AP ol | BRI 45 es Dears, GppSHy et iEomprises a
polagdatieRtdependint $8@r lfas QibskAAANy fefRUiSeehe first beam with a first

Advant ageously, the |aser machini ng apparatus further

pelarisation eemppagnd land sehstantiglly sanssitingftbe seponil gamieth a second

. Kpi ' respect to the first |aser beam and the
p gﬂ§@8§§§m-a%£% beam Conveniently, where the first

e B B L SO TRE! O A BLSH ol .
£ or Comyenierilh, Meoist Ger R s SnamiALs cofiTmied apd the Second
128 AL aivefgehﬁaﬂéi\ b BEGH0A 3};&% opftidaPitafPhb&ificafet] Meds.

a scanni ng lI'ens assocli ated the 30 gal vanoneter
ME3PR ferably, the incident polarised laser beam is pulsed.

Advantageously, the laser machining apparatus further comprises translation
table means for moving the workpiece with respect to the first laser beam and the

second laser beam.

Conveniently, where the first laser beam and the second laser beam interfere to
form interference fringes, the apparatus further comprises imaging means and
associated control means for using an image of the interference fringes to align the
first and second foci on an optical axis of a scanning lens associated with the

galvanometer means.
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3 WD 2004/ 105995 PCT/ EP2004/ 005738 Preferably, the

| aser nmachi ni ng apparatus further conprises scanning
wa@eoatieyys control neans for controlling at | eastT/BP®00605738

i ncident | aser beam power, pulse repetition rate and

gal o o . L .

or Lo anay e Jean TBLARr SFp ANl PPN Ranfling statcgy
centpohrmacans fonrdongollingnatr leasts ogm of aigsident Gsere bomn f goweat pulse

| east one qf jnproving nmachini peed, . j nproyin .
repfiRppicnd %4&53?#% ABBPE SPeeiAuERE 3}?&#1#333%? %Wgrtkﬁleef-

t he chi ned ,wor kpj ece. Advant ageously, .the | aser .

rracﬁg{?ﬂ%eﬁ%r @FE SqT Mp¢fuping cﬂﬂ%f“‘iag’ésf\'/”d@ﬁf iCABIPREE gas assist

p I r . o] 0
e O ) A pL N MUY ShelD ol Hhig yal of
mpehoniog debrys andsaupharcieg sifengtieofithe opcléned Workpictebr i s
produced during 10 | aser machining and al so
f acAtvansgieoasly,eholasér mdchiteing apatatenfutther sudiprisee €6ating means

surface subsequent .to |laser nmachining. Preferably, |
for paplyinges Pf?é%ﬁﬁwﬁisa@rl%ﬂaqoav% Q ﬁw.mr@efs of $ex Pgkpicce prior to
BlnifEERR ino; I :
P RF B Qing A e WiR R o s f08Hdefdurine
laspraahaabining apg atsat fasilitatingrremoya doff dabridi foamghe mdrkpsiece sififace
dvant alﬂeousl y an effective focal depth of the

\t\)af ers.. A
SYOSAUPNLIR JANeT WatlHRINg e Conveniently, the | aser
machi pi a ratus (i.s, arranged to reduce_a dicin
kerﬂepefaﬁ)g%égg ﬂﬁswcmé%lgmﬁg EPAFIRP FORPTAHSERtE rem%?wé@ns for
. . g ¢ |
re}’i@fvﬁroftﬁ@%éﬂlﬁﬁ%d%gé@ﬁb&@é&&ﬂd M4 fi&g&ﬂg{g&g;g oca

dept h of aser amils | ncrease or increased

. . . .t . . . d. .
P L A AT e R
wafpparatus is arranged for scribing wafers to renove

mat erial. According to a second aspect of the

| NVEDantigeodsheieffétive Ball@sptidof M6 WisbNBbanPRRABAged. f or
focusing an incident polarised optical beam the

ap
Pl e TR b D Bl gD\ aRL O R ket
thergby dicmasing iamsaximpm wehbeapefidicaper wafsecond opti cal

beam optical beam nodification nmeans conpri sing

ar dbatveniently, antdffegtiveemashihiog focaddesth g thidasadeamnds increased

optical, beamwith a different, divergence or

fog gweﬁf‘g*e%eect fFatnigiemacyinipg of vips apd inpieased thigughputand
focusi nfg means_for focusing the first optical beam at
a fAdaniageeusty, dhe laseropachining apparatys is peargedifor seribimg wafers

tor{@rﬁ@\?edﬂﬁtgriglor focusing the second optical beamat a
secon OCuUS on the

According to a second aspect of the invention, there is provided a focusing
apparatus for focusing an incident polarised optical beam, the apparatus comprising
optical plate polarising beam splitter means for splitting the incident optical beam to
form a first optical beam and a second optical beam; optical beam modification means
comprising arcuate reflecting means for providing the second optical beam with a
different divergence or convergence from that of the first optical beam; and focusing
means for focusing the first optical beam at a first focus on an optical axis of the

focusing means and for focusing the second optical beam at a second focus on the
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4 WO 2004/ 105995 PCT/ EP2004/ 005738 optical axis, such
that at |east one of the first focus and the second
wo ommua03935s not at a focal point of the focusi NECTEP2US4/005738
Conveniently, the arcuate reflecting nmeans conprises a
o@%}’ &8s MRulch Qhat at TESE 625F the ffrFtefoplll@&xﬁl ﬁﬁglsgéddﬁl' f38uP Rt at a
plitter nmeans conprises a polarisation ependant
fdcalymnintfafithesfolossingimieahd. y refl ecting the first optical
beamw th a first polarisati on conponent and
s ub&bmvenientlly ytht asnswirefléctigg nlvansemopribed plcomadx Higrm
wth a second pol arisation conponent. According to a
t hi PRf@SHI9CtheOplateNgolasig bea splifé Beirks EmPHiseed Polarisation
met hod of |aser ~ machi ning a workpiece conprising the
depeagant olayers for; substaptighy i fﬁgFQi@ﬂt theolfizsti eptiral heam with a first
PUEAINER b Shd Sty DRI B SRERUIPE Mgy
seabnd pelatisation cempomaht. aser beam to provi de the second
| aser beam wth a different divergence or convergence
f r oAvddrdihg @b atthied hdpesitof tBs RiveR@HtHesd Rprovded atnfethod of laser
reflecting neans; providing focusing nmeans; using the
mpglipise fgWakRisse cemprisingdhe Bieps pf spliftingean ipsientapolarised laser
e e : . .
bl B iphf & sl DR Bhd Tl Tastt pleifusifE H l0 pATRANR beam
splietj amodifyting apEastctht sacdnd, lassy beahatpratidt els secofdd dasef beam
tge first focus and the second, focus is _not at a focal .
WHB i ndifigrent ivergrags ion gonvizasise fxom thali ofgthg dirstakissrebem using
. e f 5 I -t he s
o TR QR e hhC el by BRI RRMT ok e OCAMy means to
forus theifastdasePibed aabifiyst fohis ametnhapdicaloaris 06the facusingtrheams and
ste f scanning, the first ser beam 20 and the
todE bl SRR TasBanFaRt Pk ebmb Figh B iraprical figs suck thatat feast
of2bY BROMBE SculBRAShe sEQRMSBERNs! dot dt REFRACHSHE of the focusing
reflecting nmeans conprises a convex mrror.
mpgrest endiisipg gahenomeisr aeanp|to seamthet finst laser bram ahdigler second

b ' ' | ar ' d d I
PG B R F Wt ede PR e R Be ™ aser beam wi t 1
first I satj t d bst ant j al |
B S

arth@6dcDad 1Ry KARPRRGR the WokbRtaRbivg Fﬁlb%dfﬁétmﬁeans. ,
conprises a further step of noving the workpiece with

r es@&%ﬁ{lﬁﬁ?i’,qﬁe %ﬂchét% réf?eggfx% Ty &'M’prkg?a SHERRGniAs er

beam w ansl at1 on nmeans. vant ageousl vy,

th t hed gomri ses further ste f aligning . the .

(1 Pty BROREP R o tptofoeRRF ks Bed el g =
pdl@ikatias depsendim daydr fdt subgarglly amﬁwn% the fa6t la8sRMea ShitlDa first

i magi ng means and associ ated control means for using |
palgrisatigy €omponent and substantially transmitting the second laser beam with a

second polarisation component.

Preferably, the method comprises a further step of moving the workpiece with

respect to the first laser beam and the second laser beam with translation table means.

Advantageously, the method comprises a further step of aligning the first and
second foci on an optical axis of a scanning lens associated with the galvanometer

means using imaging means and associated control means for using an image of
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5 WO 2004/ 105995 PCT/ EP2004/ 005738 interference
fringes fornmed by interference of the first |aser beam
wan4tibmosecond | aser beam Preferably, the nmethBaP2004/005738

conprises a further step of controlling at | east one
in®rferd 2 FARENS FHRTRS bc)bﬁﬁe?fepé?%@ bf té)@ lﬂr§t3a§e? BEh tahﬁ the'LShd laser

and gal vanonet er scanni ng spee 5 during machi ning of
beamwor kpi ece. Preferably, the nethod conprises a

further step of providing gas assist neans for at

| eaBiefepatsty,othe i mgthod icomprisesh fiirthgr step ad, contipllingi A1deast one of

.repmoval of machinin debri s and enhanci ng strength of
ineidgnty Gser {a@&ﬂ ROVRi LSS, TeRphitan; @&‘ea{a@gyl,vavmetﬁéﬁmmg speed

dEHIRAGERng of ¥ioRGfiekt ep Of applying a protective 10
sacrificig coatP% to a surface of the workpiece

pri che&@ol&,atﬁg "mdtRG St Pses BT ﬁ(’tﬁéramﬁy 0{ hﬁﬁ/l&fﬁé Iﬁ?g assiﬁt means
conprises ’a fturther step of Trenoving e sacriTicla
for cartleasy onebfempproving andchidng rpedd] mmpohvirdd vandvad edushchining

he nethod js arra for diging silicon wafers.
d"&%‘ﬁ\?ﬁ&f"&fﬂ@?ﬁ Sge%ﬁtggg én%mxé&?%meceﬂ rst focus and

the second focus is 15 between m|linmetres and tenths

of Manggsoushythe maslasiemprisgs @i fyrthercsich ef pripinglpeprotective

safc%ifiatall éo%ﬁﬂg 134 Surpict 9)? ﬂlef&&kﬁiei:eZpri(?ﬁ{) Ea%glalplld&l{?%g
selecting radius of curvature o e arcuate
| acF R, 8 Bren RRFRER e sBad ribing e Stfircia
cdﬁtiﬁ% Qumedient ftdlaser tabBinaip, ageously, a dicing kerf is
sufticiently reduced to I ncrease a nmaxi num nunber of

di eRdPREageBESy, thRRBRIEMdnsed ?d?%ic}]ﬁ 506or waftfy anged

for high aspect ratio mcro-via dr ing In silicon
waf n t | S .8 .
sorS BiventHPCh RN, Soreaff PG s 2 M ocel focus is
bavaéar milkmeweshmigenths af fowornsh aspect of the invention,

there is provided a nmethod of focusing an incident

pol advanegeorly,cal dibrars betwdehi thendrst hfdcad @8 Sdcond focus is

splitting the incident polarised optical beamto form
selgctabledhy sejpctingp rasiuselavey ajurs of Hiecrenst electneameanssi ng

a plate polarising beamsplitter; nodifying at |east

t heCowenwatlnpt fosal depdnad therlasegbeam is sufficient for high aspect ratio

micromachining.
Advantageously, a dicing kerf is sufficiently reduced to increase a maximum

number of dies per wafer.

Conveniently, the method is arranged for high aspect ratio micro-via drilling in

silicon wafers.

Advantageously, the method is arranged for scribing wafers for removal of

material from the wafer.

According to a fourth aspect of the invention, there is provided a method of
focusing an incident polarised optical beam, comprising the steps of: splitting the
incident polarised optical beam to form a first optical beam and a second optical beam

using a plate polarising beam splitter; modifying at least the second optical beam for
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WO 2004/ 105995 PCT/ EP2004/ 005738 providing the second
optical beamwth a different divergence or
weonnaogence from that of the first optical beerEP®VHES738
arcuate reflecting neans; providing focusing neans;
N , 0 . £
ROt LR ORUE by SRS R Uiert e o Bhvegeenoe from
thah ef fthke disstnoptiveh bsam nubing afcoata sreflbainge memns; qurovidalg focusing

beam af a second 5 focus on the optjcal i S suc at
gy Bt ySTng e POusE PSS s et SitisaCBn e & Bishioeus on
arl ﬁptf&ﬁt ax3§ oftht ¥6ctsinR @hddins Bhd {0 BcilsABE5édd8d BBAES beam at a second

Advant ageously, the arcuate reflecting neans conprises

fogus om thexopticalr axis suchrthteat dagstonetafdhe fiegd fofus ypdithe saggnd focus
. the_ incide [ C rises using a
136‘8?2{% tg)g%ip%mg)g})}gn%g%{%%%%@or subst antgi ally

t i tti { fi t tji.cal b i th 10 fir.st
TR I L SPASEb PR PRkl
e SRRl SRR ST P eI LTt e

pegsris%ﬁeﬁraéﬁﬁl%it@ﬁg URGEASAA thllin B AERRSGRG bear it

raw ngs i Figure 1 s a gra I ni ng
fisppeldrisasion wafn@ondritiand setsssantiolly sedlectihgathe seéanidrapticdlsbeamdwith
Iasaﬁli gi Ci nig of the prior art; Figure 2 is a schematic
a §FCNT RYAUFAIRBEPRRP Y nponent s for generating two foci
froma, single gptical beam according to the present
i nvEhs inypRtion wguf B0 be deseTidedh ey P og?m% With geferengs to the

[ -he . :gal structure of Figure 2; 20

acépglh%@ﬁﬁg ?Ifsa“gﬁ]%clﬂgsryé??c drawi ng of optical el ements of

an rat us c [ ] S t § s

I nv elgful%olﬁl,slél feor g%%% [ rﬁlégtsﬂege ovgt glgfaeF t}§§krn5 gieﬁo?g%%%%de dicing
arfd 1986 dicZng offthgpriesarh(a) to 5(c) are vertical
cross-sections of a dicing | ane machined in a wafer

i || pighfedd isDschefiafib Aeaviihp JF ©pticall ©6Mpbndns fot@eRéERH two foci
i nvention; Figure 6 is a di agram show ng scanni ng
frainragsingle Aptidah beamy acoerding tostha present imvenisnyi ci ng | ane
useful in the present invention; and Figure 7 is a

di aBjigam 3 howisohpnatecdriabinggefda beay splittereafuthe apdielustricture of
the present invention. In the Figures, |like reference
Fﬁgﬂf?e%gm s denote like parts. 7 WD 2004/ 105995

PCT/ EP2004/ 005738, An app%rat us ﬁ%{:orditng to a firs

: . t .
as pléigpredt isprrehematicArawmerof orte slementifraReppai@fus according to

an aspect of the present invention, incorporating the optical structure of Figure 2;

Figures 5(a) to 5(c) are vertical cross-sections of a dicing lane machined in a

wafer illustrating a dicing strategy useful in the present invention;

Figure 6 is a diagram showing scanning directions in sequential scans of a

dicing lane useful in the present invention; and

Figure 7 is a diagram showing a scribing-dicing procedure useful in the present

invention.

In the Figures, like reference numerals denote like parts.
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froma single incident optical beamis illustrated in
Figure 2. Alinearly, circularly or elliptically

w@odoano»edd and col limated | aser beam 21 i s i nCPCERP2084/005738
an inclined angle on a first surface 221 of a

| i A o .

20 B abhiiR ELRARERT: TP HEE o e g BORK) PBI  o
frath 4 singledheléatt opticarbeamds dlusfrated in Higuoe2 OAdmeaIﬂ}’}ez_lrcularly or
e R A T b AT B PRk b on
ﬁt?s‘;l]le shefo X1 818 Folakidmh g6e rHéaﬁlas%ﬁEtme@nAg%o&’ﬁ ebariattiyure 3,

I rst surface 2 has an anti-refl ection coati ng,
whete anteitipticatly ppladsestlasardiegy 210s sncadent pears angle of incidence 6 on

d.surfa
g dsGars ol DB o5 B R ap 18T E Rl bR Cal g ficced
ﬁfssé 15t lveahezd bad fotandniited etdondt laskrf beagi 25 aPasferaBlgMtis first

Ileﬁf pol arised light is transmtted to formthe
surfagp Al heewn aecwiigetiaswatipp et sown, fo fgdupe grergy loss at the first

sdfﬂagg r ﬁl‘? g%ong h%efg%é] ?\%ﬁfq{ Qk!gssra‘é{?g :bz)(le sa@&? cBa{tﬁ'@f@ff t&%hat s-

@@hﬁfdl 15t iorefleciad ite foristhe seflectddefimt Ialsﬂg)eagﬂﬂh wihile p-polarised
gure 2, the second | aser peam 25, whi
hshtahgmsml%d B dhe W@%ﬁtﬁf coRelatel hermp iy 13l e gnderstood
tHaP He gmsgﬂ Gpﬁ%q ngtﬁltfpdrdhﬁrreﬁ%té’ﬂ B&n?s Gvﬁlj bé’?ev‘é@sed if a p-
curvature o , I's specul ar refl ected back
tytpla rpolayisatidmcoahagns B$13|dl ReferriPagedn to BlguEfr Yethe sscemdridser beam
aser. beam The(gehsrorg2 out ut fro c.onbi. nattl
%n whigh b%gmlsglartF Fuplglh i R OB P 27 34 ok Sonvex
@bl IPRRK a kARSI of &@@dﬁe%@ R 2ndé Sfectiafll e6mitedangk @sotdh the
di vergence. These two beams may interfere to form

b¢am eplitereA2 easf i digergentSiacord ilaser theamniidgreferss oubmhnTem the

AR WAPLISc D BEFABE RS aud B LR e

bétd BE 1ISORitR Hiffezait! anprb o divas@hcd Rlids wo bSan&?d Ay interfere to
collimted, while the second | aser heam 25 has a

qum/@tcg@ﬁ@@e drigges. §fnce in the embodyment ghown g Kigprg 3, thgdncident
lagerabngﬁeél %fcolll §ikd %E@%f?e%t H}St thidr %% %e(ivhp&xgi@azr%ﬂgdéfém of

econd Taser eam fFom th fate
cSlliatedelase? beame2 1, rig ialte m‘ollﬁhkhsd amlhlleatﬁeysenm‘fdmtsd:rybdam 25 has a
scanning lens 26. The first |laser beam 24 and second
divargenceoangin o660 arvéhefocused by the tel ecentric and/ or
f-Theta scanning lens 26 to a first focus 27 and a

SECH nd}D@ ;éﬁldzl?istflgﬁﬁﬁl% drb€laker bR J1l rst  focus 27 is

cl oser ens 26 than the second focus 28. A
di stance between the first and second foci 27, 28 is
a f lihe firsoinser beae24 antl sesonsdt laserrbeam Aseenmergentfrom ghsrmlaig beam

st B2 B0 kel RSty bl 3 ATERUBELIEE 2 T B e

bélnh f2ar i sdcdfd Usser /%,eﬁfhsmafeefdaﬁse@ b tharkdiéden®icr ﬁ&i/@lof-a"heta
fewtenths of microns is found to be suitable fo

sfapningxlang R6 to di fitsh foove A7canddu sewndviasus 38, mﬁnq@w@lw The first
fo%us 27 is closer to the lens 26 than the second focus 28. A distance between the first

and second foci 27, 28 is a function of the radius of curvature R of the convex mirror
23. Therefore, the distance between the foci can be changed by substituting a different
mirror of different radius. A distance of a few millimetres to a few tenths of microns

is found to be suitable for, for example, dicing semiconductor wafers. Although the
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WO 2004/ 105995 PCT/ EP2004/ 005738 first focus is
illustrated on a first surface of the workpi ece and

wo bw4aesvend focus between the first focus andp@mnEP2004/005738
opposed second surface of the workpiece this is not

fifdt Vf@é/u% R 1ﬂ’lﬁ§f-a%cf od zf@i‘iﬁ%f%e g?@ltﬂa' Wohdh eééoéncﬁﬁfér@csm focus
the first focus may be at a st ance romt frrst
b@lmeerads fitst fonue apfl mr@pbsefdstecamrtl swrfare nof thasmrklbxeea“rﬁnsi & not

ed .at

b3t p e e hAERL S RachAa Hor exapkofith B8¢ fobng aePe at a

disQEEEsfridil the Biest aﬁrﬁdaelff&&a;fﬂ&%@t arflf seb &R 1a6t Dearhts $Ollimated
size coon,,, of the first focus 27 can be witten as

theptimt fepm-wall bi)fOW#‘&fideatf the foqah @obrt fof dhe veanhingalens. éPigetwise,
n@ﬁm}ﬁ%u£§ﬂ§ ggnh% (ﬁLé %ﬂh@bg an1splltter dependent

on po arlsalon scrl it wll be

apparent .t hat ot l[itter, not

nec §B%ﬁ%wmpsﬁﬁ&ﬁrst&ﬂ§us?3| R PENIR 85e. 5.

hal f-silvered mrror, may be used, although possibly
W th | oweaif f{i)ci ency. Simlarly, although the use of
a cBrrex mADoY has been described for changi ng 15
the divergence of the second beam any optica

COnMpRRNY is the effebivdfataldehgt ot Igi8l26. conponent's, for
exanpl e | enses or concave mrrors, which change the

di v t f. .
e RUBSIRS, Beqm SOREGBORERCL: BOREER AR AR v
beb%pmeﬁmdhattebﬂkﬂ foeriab difeamnakpm@r ansﬁﬁﬁcmiﬁlyt Qe;ﬁbndent on
focusing lens or systemy may be used. Fig
PRasiation, &g & F§F1V3r6$tW‘€8Fa rg%bems%ralmbgh eessmlw@&h lower
effifleply on for silicon wafer dicing using the focusing
apparatus of the first aspect of the invention,

al tﬁﬂﬁﬁﬁguéltho\ggil tl?éot?seweé’o%%&? gmlrgraﬁas blggn der:]%/cg’lg?é ?cg)n' cllgnging

equa cing or machining

thefdn&egene@ pflthetsetondobeadi, BBy optidab tdbrdponetof Rbibhation of optical
substrate or wafer. A laser source 41 generates a

C%%R%‘E%FS’I fos exampplg lenses omgonicays myrensewhishshangeota divergence or
cdIIBEIREO %%eﬁénagg AR o the %Eérﬁ%ﬁﬁ{?{}dwﬁﬂ 'résg)g%mhe other

one ~e thi's invention aser
ersergers ﬂ»leg(mhami r@turabethdgemp aloap arsamgipath tb adoeudingdedSor\dfstem,
a repetition rate of 50100 kHz and a pulse width in
m?Y]E E?ﬁge of a few tens of nanoseconds. The |aser
beam 21 emtted fromthe | aser source 41 is linearly
" pol Hignzetdenictaan eperall optea) speem fpmmeaifasifasereablafiondign silicon

o BEE L e ORI Dt B BRAFEgh fnsn
it ivfill reecqurideestoodTthat timsiaventoanis 24ually shitabld fod dicihg drheachining
other types of semiconductor, or other material, workpiece, substrate or wafer. A laser
source 41 generates a pulsed laser beam 21. Typically the laser produces nanosecond,
picosecond or femtosecond pulses. In one embodiment of this invention, the laser
beam suitably has an average power ranging from 7 to 15 W, a repetition rate of
50~100 kHz and a pulse width in the range of a few tens of nanoseconds. The laser
beam 21 emitted from the laser source 41 is linearly polarized. A waveplate may be
placed before the dual focusing optical arrangement in order to convert the laser beam

polarisation to elliptical or circular if required. The laser beam 21 is directed into the
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9 WO 2004/ 105995 PCT/ EP2004/ 005738 beam splitting

optics 22, 23, illustrated in Figure 2, by a first
w@b@agoswsror 42 inclined to the |aser beam 28¢T/EPmN4/005738

that the | aser beam 21 is incident on the plate beam

bl § lftt% ofifes 3b, ) 1ﬁﬁ%la?edcﬂl Fl te&pg £idst tpE estﬁm%P 92 inclined

second aser beans 24, en from
t05tb¢ lasercyeap? 1, 26¢h thBt ﬂmetlztsedbcfaﬁreﬁ b it inciidemtrayethe @imé beam splitter
ch ot her i dent on a second inclined plane
raP&“g Qf\}\}ilﬁléf}?cP flects the first and second Iaser
beans 24, 25 onto a pair_of gal vanoneter mrrors 44.
Thel g apd rFseRndelaser heams 244 25 gmeereest fresm tb%bﬁwspytter 22, 23,

i
AR joky e SEATERIO 182 Bl PY i poind ln
mirared3 lvddcts rdlects2theofitso aad waéerd KSersbdasisadd,i 25 Iqmo a pair of

|t d. | 10, b
s CAmClaG TERG Ho Th B ERaReIEt SR 24 afh P EoARaALy upstream
off thd Q@inﬁm Tlegs Y&ts Prd@?dé hlgﬁ-spé‘e@rbeﬁfﬁ%hrﬁ ng 8f of tl%' ﬁfsPQﬁH second

metal or non nmet a The wafer 45 1's noun
laghir beanys 24 adfeontnc walse 46 |snbpta¢mallmnm@} tditheé ﬁgst tahé st@ndraser

bea t th ' [
beifRL T it 4 2, By eRtbly ks dBaiet b 738y may
bealfér XARIpRY 8 siliR6ie! tiethCorHoAMEk!. The WHIACES is«':}ﬁ&!intedlén a dicing
machi ni ng system The plane mrrors 42, 43 may

tapg anthigeei ring 48t Raringaljcing thedassr bpang cuts thesygh rtlefrrwnfes vdfile the
. t Eith bot h of
dl@ﬁg%‘“ Gk SR i EER.  aceording to the | ¢
t tivel | b
b e Rt i %, Bty ety Bitoyidh o ompacilRtr
méo‘inmﬁg SR EtheQhlar nieoré 42 ﬂ@»'rﬁ‘%} B arbdn3e® ifGth&nwidl ch

the wafer 45 is 20 sup orted uring a machini ng
acperdingds regwirementgtifen apnlecamm ef the 5n\tegtlom diilenpebpthiof them

m%}? ?elo %éﬁedltségc} sﬂvﬁﬁ caol%ﬁ git?%%%p?g 10%[ %Zterrgf aanﬁétéonal mirrors
mékehé aidd y the rﬁaoehﬂngaéyswneu\s Rbuitde scanni ng I ens. A CCD
canera 47 is located on an axis of the first and

secrRAvdfassy isheiMtedon APX YARREEM sthgOMB bh QR wafer 45 is
splitter 22, 23, optically downstream of the second

supperted duzigrd machinig, prakdss land dypahich alnel y/afeef4l596 ttranslated dvith

artl rapsm tt.i.n The ures
reffed g3 Kok GBSl et 27 P iR o B on 7Y Bicing
ofafdreaale6ined by a ield&an®w oPthe sédnnindlefis.i mege is used to
align the first and second foci so that they both fall

on A Lo Ofhdre ab lsapsbae@fmmexﬁ ORI 6t Ane%cc?f@ 1asE1 Bbarh 94, 25
the two [ aser beans and foci are aligned t

empgant donathes begfm tshlitteryZd, & pticablyadawrngtredne QfCﬂW esgcond plane
mifiek S3rPEh ot Bt e ReaD e T e captures
thd th&ge of the fringes formed by interference between first and second laser beams
24, 25. This image is used to align the first and second foci so that they both fall on
the optical axis of the scanning lens 26. That is, the two laser beams and foci are
aligned to the optical axis of the system by rotating the convex mirror and by viewing,
with the CCD camera, light passing through the partially reflecting mirror 43. This
light transmitted by the partially reflective mirror 43 forms a fringe pattern caused by

interference of the first and second laser beams. When the beams are aligned a ring
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light transmtted by the partially reflective mrror
43 fornms a fringe pattern caused by interference of
wo be4fio3988 and second | aser beans. \Wen t he beR@EEP2084/005738
aligned a ring 10 WO 2004/ 105995 PCT/ EP2004/ 005738
pa‘.?&htﬁ{ SoiREndi@ rkﬁf‘c@ésrié %&Hﬁ&ldeﬁmd Wheh QY 485 EaNg. %@ﬂlgtngg an
pbeans are m sa ular fringe pattern
irrgguba fdege pMtesalis g:rmdecetd Mlsaligamemnoif theltwoefeul x'esultsnna draSth
reduction in ablation speed. During the

rastic
re‘g’lcfi?%{j‘a&l%l?é‘sggee‘fhe first focus 27 is located on a top
surface of th 5 vvaf%!5 swée t he second focus 28
" s Dusiagthe) dicis BROCEHeBITR! BFUNAT &5 I0aEq N togngriace of the
wa‘féro@e vxth‘?le andedonisis facs l&fatetdhﬁsﬂ@?ﬁer b\.gﬁ of A} ﬁtherla and
. A cutting strategy for wa Icing i s use
clo‘ﬁc) t(m:hmttmle sarfave gifi theuwafenas shpwadn Higiire 2ccept abl e

quality, the |l aser beans 24, 25 scan a wafer along a
di o egtih@steatégyr for malfdrididing EyskesTakchiivgh gk editing speed and

sui t abl e scanni eed s froma few 10 hundr ed
acGHRY ?ecqwl% ﬁwsmfa?ﬂo dE‘ﬁn?i &ean anwafen aang g rdigipg lane for
muthib | ARt 5@%@ shéed. d&p@&{asré g&nﬁ%n@u ed r %fa fturgha few

scanni ng speed, a small quantity of ~si |con teria
hundred manisecetd & rfewm thoukiand mynisemeArs exampla ofathe rcuftihg strategy is

BT FIE Guhbs Siseanyng b B aRgUa PR Con Bacchal i
rerﬁid)\fé'drlgoﬂlaﬁ@icﬁé la,néf 91 iQrwstkl 5Z0rmg £0MYBW ENARLI 16ng the

waf er 52 | aye | ayer, 53, 54 55 as shown in 15
dldﬂngglgmgélgy(s }/logmdn f(lg\)re 5K_®t Bm fggthepreq:uttmg zlepe theedicing lane 51,

oGP R B e e SIS CH 5 Helhgun

Fi ﬁwlzﬁh@ 8k).tha n dielenof peRardSsdatniabttel RQdiréd amMobben a
ormula: L/ V machining = nL / V scanning + (n - 1T
throjgdr eut] thes ugingemspahniog sped WieiH Masini@gEPTed Vv, opms, Of the
represents a delay tine of the scanning 20 mrror at

dicing praeess s eieined amihaforeyiae. Therefore, to achieve a
maxi mum machi ning speed, T nust be reduced to a

m ni rum The scanrﬂ/ng,acgj,ieotb/wgmg,g +gaet)ycle is
arranged in such a way that an end point of a previous

| ©.40.Sq. LA f
T B 0T R SRR Lo 18 i
mlﬁbmekndefCé‘iclﬁﬁcaﬂnlﬁi'g elytlg. Tienefofi) to adhidveen masietunb @aohining
24, 25 scan fromA to B.in a_first cycl e 61, 25 the
spgeds dr mBEbRs reced 3 dninimpmmIBe seanRing, difectionopigeachgysle is
arrg@eldaiﬂcgugﬁ aQWay 3¢ g.gcega ol of S gloﬁg‘ gcatnﬂﬁlgnéé"@eefs Pltarting

es are optims y “experi nt to a
point gfiestext oyt A sipvapeeFigurnitwiere dusnd Bgeptesatteg'y) dpposed

eng\éa gfeardi01ng|1£]n% éOano tln\e/ ?aser beams tﬁ pfS sclzln rfrsotrn A to% ina Erst cycle 61,

the laser beams 24, 25 scan from B to A in a second cycle 62, and so on. The scanning

speed and the number of cycles are optimised by experiment to achieve a highest
machining speed.

Another cutting strategy for wafer dicing involves two steps. First, the laser
beams 24, 25 scan a dicing lane once at low speed v, to cut through a bulk of a

wafer. A suitable scanning speed is in the range from a few mm/sec to a few tens

mm/sec depending on thickness of the wafer. At this speed, molten or vaporized
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beans 24, 25 scan a dicing | ane once at | ow speed
v10,,5 eed to cut through a bulk of a 30 wafer. A

wae otatdoes scanni ng speed is in the range from BCT/EP2004/005738
mm sec to a few tens mMi sec dependi ng on thickness of

md i PR sxobe s BHER p o Fd B b Bing el farge

quaaipbeineltyn br vaposized mateeiahia etridemdited irtshle the giooge.| Bnehtain a
A | arge uag,tity of L.ten or vaporjzed materi al 'hs

clept cilctlgns Hisidichng) 1385, 8 15FDBAM SHASCSE i FYes aere the pafer

usiﬂ% ?l[r\kgdiEﬁE s%fegg QedoRBEd irf 16 pkedsils pae%papﬁc ¥RS sdaRhing speed and
cycle h

S acCross e wafer uSing the dicing strategy
thed membérbefdcyictest hastpagein bu opipaised eypéxpefitnent traachiens a highest

speed and t.he number_ of cycles st .agai n_Dbe, . .
mas e ey B Rt Sl BanfRadpofi is determined
bylill?&féillebvﬂfg &uegsh. In this cutting strategy, the overall

machi ni ng speed is determned by the follow ng

equation. L / vpaghining;,L / ylewspeed, 4,mL / V

scanning + nT A??g'ﬁ’fﬁ’dﬁ t he TREENT | ﬁ“’f’f’ﬁ%%een

descri bed principally as applied to dicing of 10 _ .

s edilthongty theoinvopifesy bas hegp deparibed insincipally @6 pplied to dicing of

appl i [ FQr . 3 cal i h ase
sefRBHERY Bfus, BE BTN s R Bpnic MR 18 SRiplel3CHocal
de}f.‘itimCdSiOﬂRChjsdfri béaum nSiyrbe axtended Hier highemspectnratioymixzomsehining.

for high aspect ration mcrqo-via drilling in, for .

Similarkp|the inyentienmaydedised farhigh airerhptian ﬁglicff’ai"?cﬂ%{““fﬂwlé" for
of:1; foci of the invention allows a reduced

exﬁ&f\ﬂ %ltlﬁd}i‘géf?&fo be used between die. This neans that

an.i ncteas rher, O [ .

ai Ve LTRSS sl e g e, f86 oG BRIRRAGH eyl feduced
widti'kebf 10 Beluayd Béteacdiei This aransthht 4n invrekded mmiter bhdis may be

If a wafer or workpiece to be machi ned incl udes
acepmmpdaigden a gven sERWRIevi ces, 20 such as

integrated-circuit chip packages, multi-nmodule or

hi Jhedewgitiop may alsedrnbsed foeisedbing 1pweielsctrig c@nptag (low-K)

xposure to a high power |aser beam may cause danage
mgigial : ! ;

g “f'ayers of the multilayer workpi ece, since these

| ayers be ver hin. Far a e st andar d. .
o dEh Skt WY R YIRS s e B e ais

suéh 8¢ anEahAd-PLER*hG gacqzhg&g bulti-nidale & Righaleh¥ithaerdonnect
thi ckness of 30 m 'IT danage would occur to a 25

cinquit thohralyea diategxpaburedo tayhigh ipowykr frsoebeamysay ¢ausgrdagage to

B SEBR a5 SRk 8 e P RS hT EsFpoe,

a b@nd#d Gh&dl cdbhipoent Qayer St?fpieiill}bfhds hytHidk@essa 8L 15 apaasstandard
24, 25 at high speed to formscribed
organic dielectric layer typically has a thickness of 30 um. If damage would occur to a

multilayer wafer diced by a high power laser beam, a process of scribing-dicing is
employed to eliminate damage to layers on top of the multilayer wafer. Prior to
dicing, the wafer is scribed by the laser beams 24, 25 at high speed to form scribed
lines 71 both sides of a dicing lane 72, as depicted in Figure 6. The scribing
machining speed is higher than that used for dicing. At such high machining speed,

thin layers on top of the silicon wafer are singulated without causing any damage to
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lines 71 both sides of a dicing |lane 72, as depicted
in Figure 6. The scribing machining speed is higher
wo baa/1odeet used for dicing. At such high rmachi PETIBP2004/005738
speed, 30 thin layers on top of the silicon wafer are

| QL. ah Sl it GaysLy egRqt { ini
thej s SACHetlp cifits 38 B 4chDeg AbofioITE Ségessﬁ% ?\\éghgirﬁraammg
pogtions efthe adicde saféribedeaib these thin sigbae layesepar at e t he

remaining portions of the silicon wafer beneath these

t hiitnhas Webadeudaghat gas oit aihassistdanhdrdmpeovies alicigg spezd, adduces
assist further inproves dicing speed, reduce I.S..
debricpnd frharass dif streg eﬁg&aﬁ.suﬂl ghne %f@egpnagF GrieF ‘bﬁﬁb €, helium
r #t: or feffocalsn B4Y, appi¥d & th face theref
of %h%ggrgﬂ%%cg%gr bogn orcahalno ar SE% gagb, aepmaifeédsu{ Scei heere ore

furtleekr éncreases dicimgtsheadedndrdicing qualiter i ncreases dici ng
speed and dicing quality. The workpi ece may be coated
Wi tTihe awprkpicee tinxe teacsdtdd ovith acpratectige baérifical coating before
machining to protect the surface fromdebris produced
maghiningg 'reRIAteRt te Syrace gy idebs rodsd fﬁgl%glas ning. The
RERALRA bRter AGERIIR & FRIR¥ER! refovaUEH such
sm%gﬂ§g§$?§£é§§$ﬂggg t he in%entién&%as been dégcpybed e
debidd.ng a beam splitter wwth a single incident beam it
w || be apparent that the sane advantage nay be
achilgwagh s ingertionphasrirkn dysovibed neiaganbkant splire witheasingle
~with different divergence or convergence ffe tivgl¥
iniderit heaal villthe rparnt &@bﬂ}? Bmey by aRBEH M ffiyed using a
plﬁrgﬁt'fydgp tind?eﬂ;.eﬁ’dé@@ M8 Qir €6&ms WithY dRFRGH CaiNBrofnd Wk Bdnb¥rgence
0 ocCl . I's 1nvention nay provide at | ast sone of
effetitvehydiodintiegesthe fiatl depth eftheepmbectd beahsincident 8ma workpiece
ability to cut thick substrates that are difficult to
byd’lﬁ?d‘lcﬁ}g&)@}’}rat% ﬂg%oﬁl'si ngle 20 focus. A focal depth of
the focused spot limts a nmaxi numthickness a | aser
beam w th a single focus can cut through. Introducing
an additional focus is equivalent to stretching the
f odaiis inegttlonohay providedihlesstrrgmeadithe adnantagys thahaiecaymgepted
icing depth. 25 2. Increase the ablation rate It is
Jind t hat hi gher ablation efficiency can be obtained

if a focus is focuysed deeply inside the bul k of .the .
et in e B IS B et AR Sy oS b siete
V"heﬁo gl as;er beamis focussed deeply into the bul k of

a thick wafer,

A focal depth of the focused spot limits a maximum thickness a laser beam

be

with a single focus can cut through. Introducing an additional focus is
equivalent to stretching the focal depth of the machining spot, thereby
increasing dicing depth.

2. Increase the ablation rate
It is found that higher ablation efficiency can be obtained if a focus is focused
deeply inside the bulk of the wafer rather than on the top surface of it.
However, when a laser beam is focussed deeply into the bulk of a thick wafer,

the laser energy incident on the top surface may be not sufficient to overcome

an ablation threshold to begin ablation. Ablation with two foci allows one laser
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the | aser energy incident on the top surface may be
not sufficient to overcone 30 an ablation threshold to

whegitnoas ati on. Ablation with two foci all owsPONEP2004/005738

| aser 13 WD 2004/ 105995 PCT/ EP2004/ 005738 beamto be
f oc bemd todieefoleysed nieeplly lingto lohd kulb bf theavafexf whilevthie lother iefocused
other is foc sed op s e?@f t he wafer

t haP? tahE)PaE}F e %Fo\g g 05 ab 2oy Progess, 6ah e started

di f WltﬁHuttdifﬁchﬁytllﬁ' tﬁls"\@%’ tHe®1A3h F4tk ‘i’é"m%?btaﬁ‘ed She high ablation
i ncreased. The” hi gh "ati on rate of two foci can

be fate Ofdhe @wmfamn@@ bcy farther mghlwriamltpshxgh dymamics of the

pl unes_ produced Sen blatl a ny
st ugF“&fgbV Lﬁ\ﬁdab%'ch%% 1Ej(snglaglj’I% #1%ni ¥ gah §hsoon gl gtug%%
gengyigdn€hthby I-ﬁgﬁhoﬁlé’éiieéarbdiﬂ plablﬁ@ geﬁ&ﬁtx&i ayandl laséteablatlon
carbon fil mlgrovvth

3 By Hliamandsiiks cobubfilm ARG Ma. Res WoEnSuBRCHeL §17, 13.6.1-
stu d f

o 308 RSSUALP Y AEKRSER,. A Bk
Mor ngmekpwﬂﬂabmlgbsfebusalab&ttalbmmn rmqschmsseene plmm:c Moreover
cont ent of the lunes by at |east_ fiv

wi t Hualpjaser gbl ago% tegTases plscontent phthe ?anymteleasn%e times
Con%?xﬁgﬁﬁé? g‘hg{ thg!@f a QiBEI%efBG\?s Mlatbhgracdi Th@l’:@ﬂse@!\éﬁ@@ of the

and ensity of 1onic content in the | urres
i s preatncewf eharatditioral phmaqudm highier densie of zomec wm@t in the
in apother wor ds

o SIS G i BRI & Gngtiged B e SHPedg: b H1heraerds

t he Bl ICRMALE aPh hikPePlate. Fosm | WRahdehclall ma;on iplelicted
be a few tines higher than that of conventiona

si nghat teoahdatiopantet ofdoublerfopal-pointiablafion veill the fe&'b‘l“&?ﬁ @Bher

o o PRSP kg o

t hi 40 @ftealibyBiERtoradf Ofewt ﬂnﬁesmaftn dosalsie- ﬂ)m@mm ablation. The
3. Reduce debris. 20 Laser ablation i nmbi ned

ef f dastoralependsromghickesss ppdmateaial Qfihe &@%ﬁ‘é nd Jgser power.

initiation of ablation, nelting dom nates the process,
genér at i ikgpdned debnis. mat erial enitted froma nachini ng

spot and re-deposited. Thermal energy fromthe |aser
beaabdrcatiatins st @rparbiedr effet of thenmead hineliing apgdoionisytiem At

a predeter d.tenperature is reached, an ionisatio

pr oé’é@%ﬂ%m‘}] nahlation, HBelsRe fieminatss e opigEess, \gfBfating molten
dté’rk 11 it ﬂfﬁﬁﬁj’a Rfackinfhg8on | 288 I‘éldé?b:ﬁfeﬂ ahermal energy

pro uce SO t | ess debrls is generated. Dual -1|aser

abl dtdnorthd $asembeam iinereasas |t¢mp¢1@tmqwa1t th¢ maelrinivgngloe When a
therefare a eaner .fi.ni

I bl at
ogf %ﬁé@r@lrieﬁn@mfaéur? dgd afFacyB‘Sﬁi n#h é%r}l%attloni&oizesss dé)gu{lates the
t 0 LBRitEH aprobdsd MEBhedNehaterial is ionised, no big macular clusters are

produced, so that less debris is generated. Dual-laser ablation is more
ionisation-dominated than single laser ablation, therefore a cleaner finish is
obtained with double-focal-point ablation. In addition to the dual plumes and
higher density of the ions present in the plumes, the kinetic energy of the ions
is increased by a factor of six in dual-laser ablation process, according to

Witanachchi’s experiment. Higher kinetic energy leads to faster ejection of
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hi gher density of the ions present in the plunes, the
kinetic energy of the ions 30 is increased by a factor

wmbtoogilosopn dual -1 aser abl ati on process, accor dPCEP04/005738

W tanachchi's experinment. Hi gher kinetic energy | eads

por B350 FBE YsgRactiniod Spd WK K 3ER01 i less depostion of
whi débrisn turn results in |l ess deposition of debris.
4. Reduce chipping /cracking. Chipping and cracking
t ake, pl aRedwdeaohigpih@&edckligam i s used for ablation of
5 brittle materials, such as sem conductor and sone
tragh rﬁgnéndT&taelEih%l'tﬁ(e pledd PBEAE 134k besAGK e K&t ablation of
caused mai nly by shock waves generated during |aser
abl hriftlsn matesials” sueler #paiserhisandustpre pide spmeStrarsparent materials.

dou -foc [ | at L.on i r .

onc ol B BRlcRinga, G malrly B9 ook ayavgs aspated flurine
W t hasér dtgdton duectal tha@iah heathigadffeon Sicecdoudit-focal-point ablation
chi ppi ng/ cracki ng can be expe?t, ed with double- 10 .

f ocH MREs 1pnisghenrdpynated thap meltingdominated; compared,with single-
obt a . . : ‘ I C

t he Bt A RA AL 2efca TR BREAKIOUE, & Skl P EShie
Thef@hbpainbablatghrer aspect ratio of a machi ned channel

or aperture can be obtained with doubl e-focal -point

abl gt i onHiglosspestaaidd ean bdebtaiddd machi ni ng of m cro-vias
in sem conductor wafers.. 6. Reduced kerf width. At

t he AzapRvoGSlye MenBbhéd) O8oubiebeiMistirétze PIRAESAH d¥pth of the
doubl e-focal -point ablation are found to be smaller

t hamachioing lpseo apetetihdrgfoss mbigher aspedtrptin of a maphiaed elpannel or

rTrgly St 65 LEHRNGY gvé&g‘igugﬁgfo\%l JinEIRE, dbr HhliRple, the

waf gfachi@ingl cTgnicRSViadBIRhi¢shdudtor Aafetd.ty to cut any
contours. Unlike mechanical dicing tools, l|aser tools
havg t he Ragyaaikassyiatn, bei ng able to dice any

contours, and are not limted to straight [ine cuts.

8. GNP Afhe2ysfén %'e%ﬁlgisﬁg‘f Ri8iis O hﬁ(celaeﬁf'cfbubieaﬁ)%l-point
machining using two foCal points froma single |laser
sounbletiors akenfoundf tor baramhileri than tthise kproducat | byc simgleefosalipoint

ol elotee rlogl B ks are gener gted (oM 31 AE Suay be

accommodated on a given semiconductor wafer, giving cost benefits.

7. Ability to cut any contours.

Unlike mechanical dicing tools, laser tools have the advantage of being able to

dice any contours, and are not limited to straight line cuts.
8. Scanning

As discussed previously herein, laser machining using two focal points from a
single laser source is known for machining thick metallic sheets in which two
focal points are generated from a single laser source using a dual-focus lens.
The dual-focus lens improves machining throughput and quality but is limited
by a short lifetime and high cost of the lens. More importantly, particularly for

silicon wafer processing, the main drawback of this technique is that the
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The dual -focus | ens inproves machi ni ng throughput and

quality but is limted by a short lifetinme and high
w@omi/1af998 he | ens. Mre inportantly, particul apdyEPDN4/005738

30 silicon wafer processing, the main drawback of this

t eC RRbWH QuaiStok i fensdiare ot Véﬁ%cgg%/ sl)ocﬁgtgl%e laser beam cannot be

PCT/ EP2004/ 005738 known dual focus |enses are not

tel ewm:d i@ dagh repeed hacrosaser “blelam:qcarhwotg beachérednsilg a

at h| S ed across a morkp i ned using..
FontBsieT whfor P Tl O SieFeb 0P PR G < Fehtion
S peﬁﬂbldl Detdhsé dufing stapinindna uhg&he bed@ §S¢i8 BvélHd Indf be obtained
scanni ng a uni form beam focus woul d not be obtained 5
acr 9@9SSaa§querﬁears% o4 Tigld rof eyigw o3t thiedgnsofThimdmpeses. a serious
Thi m
o O BERRC et of e AR AR thed: e 38r Snledfductor
di ciwager dﬂhng(Mefepvéﬂ;l ¢heddiadl fécs Uensl des ndbpoviiet a pricrohdgnge
a mcron-r aration between the two foci
r eqamaéaaw@ﬁgg% (G A acoreaiaed Orieptendpptgr wafer processing.
NOT R@¥E8ver,t IR InQ¥RRn HQS hﬁ%&ﬁ &4 AfthgP BY %@fm%gﬁa&fard optical
usi ng standard optical 10 components withouf a
nec esisponentsfwitheowt & aaccasmt)an mpefaciiringxpecial optabormepdnents.
Therefore, in summary, this invention provides a
Thereforeiin vemorary, alsie invehtiai pronidss b ghhique of sér htnivhaisiag two

froma single |aser beamto, |nprov abl ati on speed. by
fock grsraied ﬁ@%?lég e lassh Do tq iepueve AHlatianPesA b serreaﬁg@ more
I 0 r
a2 TGS 068 mftRom e Bf reEO PHaRaticR 7 (o QA g diuater. The
advantagesofithainweintibn include adhigh ablation gite drd amalmkairtom&eﬂmough
t.han i adi.ly a |e ed a a conventi o

| | aser.
higHSF AaTEr (Gros SeAD Ao AT 2o FhUseh HsgE Ahigon process.
Adﬁltioﬂhl%hﬂﬁgé%flnﬂtiﬂ@ Fé'llﬁﬁnatfo%q}f‘éhip%[hgofedﬁ@t%d §f debris, reduction
reduction ke dt h, an-ability to dice any
of kexfiwadth,. an?ﬂtann@bllrty emhuc@ anx:amtdm; Thie thvgsation efinrlecused as a direct

epl acenent of conventl saw di ci n roces
reRIRAmR P chonpryoRo S RaRE RS, e il BT Beand ogssses
re?dif dhdHaa@pb PCT/ EP2004/ 005738 CLAIMS 1. A | aser

machi ni ng apparatus conprising plate polarising beam

splitter means (22) for splitting an incident

pol ari sed | aser beam (21) to forma first |aser beam

(24) and a second | aser beam (25); optical beam

nodi fication nmeans 5 conprising arcuate reflecting

means for providing the first |aser beamw th a

o~
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di fferent divergence or convergence fromthat of the
second | aser beam focusing neans (26) for focusing

WO b@4fi0393t | aser beam at a first focus (27) ONPEIVEP2004/005738

optical axis of the focusing neans and for focusing
? ond | aser beamat a second focus (28) on the
optical” axis, such that at |east one of the first

of PRI RANE ARERENS shbHTak DIE ol Rt A B heans

for (mammsﬁgttmg enf llnl‘:ﬁibnﬂ pslgtisclelager (b%én)n @yl té Herns acired laser
| aser beam (25) across a workpi ece Zb to machi ne the
wor lbgared@4) end a seeandk lasercbram @)aaptmab gam Jyodifigatignymeans
| n [

% bt afiElcYeRelis ALANILEproRfide Bl R8Meam with a
appaif&tretﬁ divexgentered convargaicasfrdmothal of vthersecondalaser beam,;

di stance bet th i.rst focus and the nd f

L Bt mAES )08 el s fraInsse borgh ALe PEL AgAlS (£ on an
the ?fl&ﬂ akf Jf%lflé ﬁféﬁélﬁ@ %A snd for f&ubﬁé@lﬁe §R6Md Hs&i%beam at a
appafatus as clained in any of claims 1 to 3, wherein

a desmndrfoeushi@8her mhet hptlcfal axis, suok that ah tbastr@eseﬁctbn dirst focus
f ocus bet tres

i ot 3SR Tl 5 alFiohion peap pEPS T e dOePng mpapss and

any g@fvahbifetef Medi (39) fr 8édhingftHé Fil lase£BeuR (23) BAd tRSREond
beam generati ng neans (41) for generating the_ incident

pol daseskem €5 peiosssmvpIkpjece §45)40 mashine thecwprkpisge-
apparatus as clainmed in any preceding claim wherein
the A 2&seplmdchipog appaiahg ztsealmmqﬂ in tcéimmbamdheredihe aeenate

polfgeﬁlfsau on dqlfl)en ant |la £223) for
sub§? ParMSPs EFPREE? AGOR I]?1|rrr°t beam (24) with a
L e e Do SR B L S  dsnc

pol %fe{\z?e%h éﬁ’é‘ﬁfs@ FRVVEA the secdhd 1%§€§1s @&E&hﬂb'ﬁ? BREAAAN ¥idius
as he 30

"farmed 1 n any preceding claim wherein
[ ncmdlemtvanmd: aof the actubtegefledtiegmeass.subst anti al | y
collimated. 17 WO 2004/ 105995 PCT/ EP2004/ 005738 8. A

| aseq 14¥8€ Riabhidthgagparaalisuss elainsddainmaty oficlaimys prtecddvhegein a

claim wherein the first |aser beam s substanti al |
col IdiSiencebepren e fueiBes ASbF SRR foels S‘v wﬂﬁmetres

aft%ﬁd@%ﬁﬁiéﬁﬁ‘i‘d&x@ by the optical beam nodification

nmeans A'l'aser machi ning apparatus as clained in

agy é‘f 1R&S ed' {iﬁnl%% ?g;g&éat)@ &{ abﬁlnetdhﬁ an? of ﬁx%'pqu%{ilr@célﬁﬁfssﬁﬁjther

comprlsmg laser beam generating means (41) for generating the incident

polarised laser beam (21).

6. A laser machining apparatus as claimed in any preceding claim, wherein the
plate polarising beam splitter means comprises a polarisation dependant layer
(223) for substantially reflecting the first beam (24) with a first polarisation
component and substantially transmitting the second beam (25) with a second

polarisation component.

7. A laser machining apparatus as claimed in any preceding claim, wherein the

incident polarised laser beam is substantially collimated.
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10. A laser machining apparatus as clainmed in any
preceding claim wherein the |aser nachining

wappanees further conprises translation tabl ePCEEP®04/005738

(46) for noving the workpiece (45) with respect to
t§1e A ldsat mlaé!ﬁﬁfng%ﬁﬂi‘aﬁﬁda)s c@eﬁfi‘leat"ﬁany$ FRBGin %ﬁﬁﬁm F@ln the

(25). 10 11. A l'aSer machi ning tus as clalne
any Tt lapes bease eﬂlsnbst@ltédlmcolhmhted mnd tlhesa‘conétlaseasimam is

b f f
o R A o A A

C Ses | a nd associ ted contr ol

S 3G my IR InP A ot Sfend s AL Precr BhE v, Mpeiein the
to iwlidedfpblagsdd 1asek badil ispaead foci (27, 28) on an
optical axis of a scanning lens 15 (26) associ ated

W A fah& ﬂﬁéﬁ{ﬁﬂg @Ebﬁ'ﬁtuﬁ@@'@ﬁnm%1 }L ??e%é &H%émé él(Wlerem the

apparatus as clained in any of ece
vvheﬂaéﬁmmlahlmninawmﬁmshﬁurthcrgccmmraseatraﬁslﬁum fable means (46) for

ri ses scann contrpol .means for
con o¥1E thy %?r g%ﬁ%n‘@ﬁg%lespﬁcéitﬁ éﬁ"? ﬁF%i@Fr %8% (@Hand the
pul S&on&@d%@ﬁlbdahp(flsg ate and gal vanoneter scanni ng speed
during machining of a 20 workpiece. 13. A | aser

nﬁcta; M5B rPRRRIR UpAsus A1 dBithedNirA Y %ffetﬁgd;}rg&dgﬁg e [Bims,

further conprising gas assist neans for af Teas
of  prey itirey finsd daseni begms prc dhe seqmpddusan@eamma{ferefto form

machi ni.ng debri s and . enhancin ngt h. of .th
G Rigee 4 58 apparai TySher CRumiset HBesips Mearn &)
as ghdPhd¥BHated c@ﬂt&‘olﬁﬁ@&@%ﬁ&uﬂ‘é & Mage lUfttHeefnter?e? @hg& to
coat i ng neans for ap g 2%78[ rotective sacrificia

deci @27,

Coatllllgiyﬂle(ﬁl’ﬁ‘i‘l@ld $AGORN oncankeptizekbaxs iofra scenning lens
a surface of the

l asgﬁpg%g)le %’gnm gle%‘ﬁggf %‘%’%ﬁ%}%g Y i ng | aser nmachini ng

} |l|tat|n r enoyal f debri Lromteg
a8 M iniich At GB R o ghy obg ingg claims,
18 WELré B0 Hel R3QORablinE PP A RORIBS: ¢ mprlﬁs é}%ﬁﬁlﬁg strategy

machi ni ng apparatus as clained in clal
c ongaritesil m}anbﬁzruqogtrolémwaleastgmn@fﬁmdm avenbeant pbWer pulse

protective sac coatin subse nt. to |
mctr i 8 A el BpormieE, cFimie Shskia dtant dnesfie oof 2

| n WBM(pIiHcecedl ng claim wherein the 5 |aser machining

apparatus is arranged for dicing silicon wafers.

13. A laser machining apparatus as claimed in any preceding claim, further
comprising gas assist means for at least one of improving machining speed,
improving removal of machining debris and enhancing strength of the

machined workpiece.

14. A laser machining apparatus as claimed in any preceding claim, further
comprising coating means for applying a protective sacrificial coating to the
surface of the workpiece prior to laser machining for protecting a surface of
the workpiece from debris produced during laser machining and also
facilitating removal of debris from the workpiece surface subsequent to laser

machining.
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17. A laser machining apparatus, as clained in any of
the preceding clains, wherein an effective focal

waleithobs t he | aser beamis increased. 18. A | BGEEP2004/005738

machi ni ng apparatus as clainmed in claim16, arranged

tps e [+ | I Rgr ' :
il e sttty QR ¢ Clltpd5h Tyl 14, S Cecprising
mac koatingg rapeea amems &g chaivakbdfi the aprptesfive heacrificial coating
pr ecegli ng cl aiﬁms, c;(\{her ein the effective machining

f 0c dPOSGARNNL I RSETHRAGIURE pheam i s i ncreased for

i ncreased aspect ratio m crqomacghi ning of vias _ and .

i He e lasgigmactining ppratus gs clrimgd & any pracading cliimamhersin the
as ' [ Aaj ranged

For et Mathibitedhfardl, KRR SLRE e i Rpats Y "

f Si ocuSi 2 ingi y .
b A BERABY Sppfil 6 Shlle P h oBF GHClHk RS hins,
pl atwhepedh a efediye Heaindegh of therlaseebewn {sARrehsed.

splitting the incident optical beamto forma first

O. 1A #dseb aRdhin _ a;ﬂﬁﬁht@s a$ ekane Q{JEla@r_ﬂ' 16?%éé’c5)d reduce a
opti cal beam nodi fication nmeans conprising arcuate

r ef dicing kegt width thegeby)ingrgpsing »yiagingiym nH@bews ©b difs det weker.
beamw th a 20 different divergence or convergence

f 1% ddsat mudchinieg fppaatuppas chaimése amanpnaf theopngséding claims,

mean 26), f .ocusi ng. t fifs i cal .beam (24) a
o Pheteh e ectisi iagiing 6 kit e St wRE s Gfiibach for
Neafferéided dspect rats il BmabEning ©PRFs af@ idctdkedPRRoRghdR)
at a second focus (28) on the optical axis, such that

| e . i C . .
0 pCRr BRAER PR Th RENR B nl 1T, BECHRCAAE Yims
An appuagedtfosscabing wifesdo iremevteanateddl, wherein the first
focus (27) and the second focus (28) are on a common
opit. iACfulcusing apprratid €orffocusiigng ineidest. po2aisedoprgyd deah 31), the
as clainmed in claim?21, erein the arcuate reflectjng
meaABPARIIS CORPRISINEseRiical pigif BRlaRifipg dieam splifer means (22)" for
200 3 .
cl o REGRE e MeMdGar PRI, 5t o MlarBRRf b g, and o
pol aedosd noptizahrbesml (23)eroptresd nbeafr? Ahodibipgiions @xans comprising

20 SR R SPEIR | oLk ) uh Lo AT Vi

pol ﬁffféﬁ{ticﬁ%rgé‘ffém%ﬁ% &%esﬁ@ﬁﬁﬂdttdfgthk ¥irkt" oAl bddni%nd
a

the second optical beam (25) wt secon

pol &dusiagireans d@pfosrfocusi tha firet opsitabbednadd) at a first focus
MRCRIAT D928 OMRELPLES S (EPLoc TSP W eah 9nd 16: 2588 %he second

optical beam (25) at a second focus (28) on the optical axis, such that at least

one of the first focus and the second focus is not at a focal point of the

focusing means.

22. An apparatus as claimed in claim 21, wherein the first focus (27) and the

second focus (28) are on a common optical axis of the focusing means.

23. An apparatus as claimed in claim 21, wherein the arcuate reflecting means

(23) comprises a convex mirror.
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a. splitting an incident polarised | aser beam (21) to
forma first |laser beam (24) and a second | aser beam

w@ 20108909 a plate polarising beam splitter PCREP2020005738

b. nodifying at |east the second | aser beam (25) to
4R AR ERRed AT A P L2 G Her U Bate polariing
| as bearbasplitt€r2diansSCRY camnprises @ padrisadon gpeneantslag&3(223) for
Cc. pr.oyidi focusin ans (26); d. ing th .

¢ o SUMA Al refgcs e ot e aptear bbarh 247 "B i sk polagisagon
fir gbmpdment 284 Substahlial®P 1A rARINLGAE s@bhd opficdl MBam (25) with a
focusi ng means and for® focusing the second | aser beam
at accond pakirisgmscop@®ne™dn t he optical axis, such that
at least one of the first focus and the second focus

i 25. Aomethbd af faserahachiming & wakkpiéee (Adresnprisingetha stepf64): ;

and e. using gal vanoneter means (44) to scan the first

| aser degphitdng ahhidcidett pelatised lassebeahefdn)aor foem & HRst laser
wor kpi ece to pmchine the, workpiec (45). 26. A nethod
as cl ai megRm &2 3adA %911%%&6@%@55%19% feate pplagisigg beam
al i gni ngq lﬂ%r(?irst and second foci on an optical axis
of a scanni ng e)hs (26) associated with the

gal va ans [ ' ] s (4
02, van BT reld e LSR8 PSR (9Pl 0o
i nt er f er éReecbdaii niths differerddibyrgemieasrfcenedrgenceffrdn éhat of the
first |aser bea (Z{Afz)%and the second | aser &gsnm (25).

27. A nefiitdesgsbeamy( 2t ysipg argHgie sefleching means(%g); 26,
conprising a further step of <controlling at |east one
of i ncd-dermviding ércupiag masBneid); pul se repetition rate

and gal vanoneter scanning speed during nmachining of a
wor kpi dec @sing CheNfca8ing/MeHS 36 fRUF/ tEP o480 IEa8 (248 at A first

t hod | g ned i f.clai 25.t10 27 i .
the. ar cultews e e eh aghialdisco S Todsisrmedts AR fakesine
mrror. gf sefoittlad@heam £lodc0BiEl frus(28)®n thk dpii®al ARist Such
28, wherein the step of splitting the incident |aser

beam conprt selsasising @f shepitishiocusnandothe gegnaddaens is agegt a focal
(223) 5 for bhst anti al Jecting the first |aser
beam (24}”%9@&15%??“%“@nb%%%?lfgga%don conponent and
substantially transmtting t second, | r. beam (25
wth & SODEIEANSBPRRIL AU (PBrBomanhe TEst lastF Bati st the
second laser beam across the workpiece to machine the workpiece

(45).

26. A method as claimed in claim 25, comprising a further step of aligning the
first and second foci on an optical axis of a scanning lens (26) associated with
the galvanometer means (44) using imaging means (47) and associated control
means for using an image of interference fringes formed by interference of the

first laser beam (24) and the second laser beam (25).

27. A method as claimed in any of claims 25 or 26, comprising a further step of
controlling at least one of incident laser beam power, pulse repetition rate and

galvanometer scanning speed during machining of a workpiece.
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30. A nethod as clainmed in any of clains 25 to 29,
conprising a further step of noving the workpiece

W@ 4@)/10d9pH respect to the first |aser beam (24pCEHEE200HE05738

10 second | aser beam (25) with translation table neans
(2%6% method 2s TBEHS (? éfaélmg 2'5 QO Q’?ywﬁg gﬁl Ak Fear xreﬁectmg
0, conprising a further step gas as

rrearrteaﬁx)@%ltoxhpxam acmevezxfmlrran OVI ng rrachl n| ng speed
i mproving renoval of machining debris and enhanci ng
s29. ahgiethodfastdmedas hiny ofl clainikP$ &€ 28, wherdid. thé steptdfaglitting
as clained in any of clajns 25 to 31 conpri si %a
f ur theeipcidepdplagar ealapﬂoyrm’é%uﬁj%ﬁé)@!%r\fétl%émepﬂ%n dpyer (223)
coa t r

o an Gy S RERO the 851 PR B 2l A oofrt pBaRtaion
corrpompd)magt and lsubshantiakly granshithirgrthei segond Iaseprmne €29)veith a
sacri flPré a%ﬂcagat n sub equent to laser machining. 20

PR

34. SK° goncqo 1n any of claims 25 to 33,
arranged for |C|ng SI|I fer 35. A . nethod as
it Anathod 25,6Jaimed gh anyet SBing 310 3%@*@%@ # ifurthen step of

bet }‘iﬁ)@ the fhB ew&kf)%]&? F Uit ?e%g;ncg‘%‘ tltlﬁh rs? qgs‘f%p BedRqY9) arkqsthe

(28 etvveen tres t ent m crons.
36. sédondidsebeasm @Samithdransiataomytablie metaas )25 to 35,
wherein a di stance between the first focus and the

sHcangefhod us cldmsélieahpbl elalys 38ke80, dugnpisirgda ferthek step of
curvature of the arcuate refI ecting_neans, (23). 37.
met REXYIdiBe @paianaY means| far Ak loast erp 8B Imprnwing washlﬂweaspeed

dep h r | t
ot rip @ik Sk OOF of RETHR Jobh) Fhlobyientind! SRABEPOA i
PCThEEﬁﬁ@dlMﬂﬁﬂaﬁ 38. A nethod as clainmed in claim

34, wherein a dicing kerf is sufficiently reduced to

132C Ae@metiod aSRXdifednimunPef cRimdd2eso PES comyirBing & Burthr step of
nmet hod as clainmed in any of clainms 25 to 38, arranged

f or ap glmgasmfeetctlveawaﬁcm epatingita agrineg pffthe varkpipegprior to
vvaf %@rm?chf‘rgn A nethod as clainmed in any of clainms 25
arrang ®d for scribi ng wafers for renoval of

r f.r o he wafer. 41. A nethg f ocusing an
g B TiEa "B s P peRRliRee ol s e
st epfot&tive sacrificial coating subsequent to laser machining.

34. A method as claimed in any of claims 25 to 33, arranged for dicing silicon

wafers.

35. A method as claimed in any of claims 25 to 34, wherein a distance between
the first focus (27) and the second focus (28) is between millimetres and tenths

of microns.

36. A method as claimed in any of claims 25 to 35, wherein a distance between
the first focus and the second focus is selectable by selecting a radius of

curvature of the arcuate reflecting means (23).

37. A method as claimed in claims 25 to 36, wherein a focal depth of the laser

beam is sufficient for high aspect ratio micromachining.
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a. splitting the incident polarised optical beamto
forma first optical 10 beam (24) and a second

wo@piokaedooheam (25) using a plate polarising bBEIEP2004/005738

splitter (22); b. nodifying at |east the second

%Cﬁbt}ﬁgﬁ %E'gfafr?éd fno(,rlal A yieRn b Ql?cm%ﬁ&? fbdsu‘?ﬂéil:xﬁﬁjorr%duced

beam w t erent vér ence or nver gence

t hato imtreqeea fiaxBhum ptlmbai oﬂa@rpeuwiaﬁeg arcuate

reflecting neans (23); 15 c. providing focusing neans
(36N mathddds clasmed it fiy dfodaimisXF toe3BN arrarget dorikigh spect ratio
first opti aI beam at a first focus (27) on an

opt fHg-A% fulling 1 sikicen ¥atethg neans and to focus the
second | aser beam at a second focus (28) on the

of¥: Acmethadias claiwrd dmany af clabesS toA afanged fqr scgibing wafers

foc%égﬂﬁv&l%?n?‘a?&&ngro oﬁ‘lﬁ}'a not at a focal point of

oCcusi ng neans "nmethod as clainmed in

o S5 e Rl Vsl hER R RE s g e

cl akigps 464 or 42, wherein the step of splitting the
i ncident optical beam conprises using a pol arisation

dependantyfki@yerind Qﬁmde’)ﬂ'@ p%%ﬁ’ﬁ&@ "(‘)Ph@xill Beahd 819800t tal Rest tpfical

first optlcal beam (25 irst polarisation
conmponenbeamd24)bsd anselcamd ppﬁl@ﬂ |beami @é) tusimgse piatel polarising
opti cal beam th a second pol arisation
conponenfk; I(’lztte) (ﬂ)

b. modifying at least the second optical beam (25) for providing the
second optical beam with a different divergence or convergence from

that of the first optical beam using arcuate reflecting means (23);
c. providing focusing means (26); and

d. using the focusing means to focus the first optical beam at a first focus
(27) on an optical axis of the focusing means and to focus the second
laser beam at a second focus (28) on the optical axis such that at least
one of the first focus and the second focus is not at a focal point of the

focusing means.

42. A method as claimed in claim 41, wherein the arcuate reflecting means (23)

comprises a convex mirror.

43. A method as claimed in claims 41 or 42, wherein the step of splitting the
incident optical beam comprises using a polarisation dependant layer for
substantially transmitting the first optical beam (25) with a first polarisation
component and substantially reflecting the second optical beam (24) with a

second polarisation component.
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