WD 2004/ 110694 PCT/ EP2004/ 006001 Laser machi ni ng usi ng
a surfactant filmThis invention relates to use of a

waeroacteant filmto reduce adhesion of | aser PEI/EPIUWO4QP6001
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debris to a workpi ece being machined. 5 During | aser
machi ning of, for exanple, a wafer substrate, sone
materi al renoved froma nmachining zone i s deposited on
a surface of the wafer substrate on which machining
is being carried out, for exanple as debris at the
edge of a | aserLaser miridning wjing ®duifartantdilm
machi ni ng zone during laser machining is in a nolten
or gaseous form and adheres to the 10 surface of the
waf er substrate upon cooling during, and subsequent

to, hi.ni ng.. Such herent deby.i ) or _.exa e,.
damage TR yarior ¥ERieE e T8 oL pedlas it T Celfy gfihesion o
t heyserihladRRiRE dEbAs WA RlorRpiass bé&hg mRschih&l, debris -

cool s upon contact with the surface and re-solidifies.

the supFEE Aet EEGHRHY 3 Tor ahbll (o] g Rt ome

conweatiloraowdl #ontheaaiiginbesditl BU@SIBUBAtch histirface of the
adherent nature. It is an object of the present

i nween erbsitate @aswhidh mwnshindngtie being carfrmdesui, dor example as
diffjculti.es in the prior Accor di to.a first .
aspebE of e b8 1% Rpeoinital keeled Bobt o6 maghining zone
neﬁhﬁﬂgg‘_ésééﬂ%ﬁﬁhi 1sMnNG nRol B KP k&SRS oMl No a#iﬂ@res to the

st eps ispensing a 20 surfactfant onto a surface

of stitfacanof kbeé egafetr subetrhies eponmahilingddttingy eud daitBequent to,
surfactant filmto reduce adhesion to the surface o
deBracRingngdguey adhereny debrdemancior negarigndlamager thermally-

rmgé}{s%x%g e*egﬁoﬁ%r gl@&ﬁfrg(:%ﬂa K itslgl?f 2 roffat'fﬁ 'wa%er asubstra’ce as the

Conveni ent e sur I'spensed

pr ged@s codfs then eenhipi 6fh #e Rigi@ ahly re-bHRIiRBE.NGHCh re-
includes a further step of at |east partially drying

t heolidifipd clebris i diffieefooremndvasfeomrthe bitrfacgof the wafer substrate
' : 694
Emé%%b%égwléggwe{fg%gn?ﬁlg tec ricill\igsz u%é}c/o ]itlsoad?lerent nature.
It is an object of the present invention at least to ameliorate the

aforesaid difficulties in the prior art.

According to a first aspect of the present invention there is provided a
method of laser machining a workpiece including the steps of: dispensing a
surfactant onto a surface of the workpiece to be laser machined to provide a
surfactant film to reduce adhesion to the surface of debris produced during

laser machining; and laser machining the workpiece from the surface.

Conveniently, the surfactant is dispensed in a pre-wash of the

workpiece.

Preferably, the method includes a further step of at least partially

drying the surfactant film before laser machining the workpiece.

CONFIRMATION COPY



Advant ageously, the step of dispensing a surfactant
conpri ses dispensing a surfactant onto surfaces of a

w@bkanalieddy of workpieces in a batch process bREDER20041606001
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wor kpi eces are | aser machi ned. Advant ageously, the

met hod includes a further step of renoving the 5
surfactant film subsequent to | aser machi ni ng,

together with any debris fromthe | aser nachining
deposiy vesh epf | ¥; tgp t comprises
di sper‘%cﬁ%é&%%&éctﬁ%;tﬁ%ngfri%lggéﬁc}?% eﬁsisﬁgadgn P

s Wik palsaty a whifabtahs of® sibfareb of a dotaligy of workpiecks irhe batch
surface of the workpiece is inso|uble and wherein the
stppcest befarevheyorkplesesaradasshmachingd. 10 conpri ses

di ssolving the surfactant filmin the sol vent. )

Adv antfetiemisganushhethe ahetbnd includas er furiuy stemgéserspying the
the step of |aser machining the rkpi ece jncl udes at

| easfactang fm,| gEiseqaent 1 Hser | nigg e togethq Witk apy debris
ta drgl ki t he. ' iently, the st f
o858 B3R e e 1Y, e e
o) R ACUED R EG  SRBES il sgensivg
3\/;%1 esrarc'ﬁ&é%lﬁt&ﬂichqai’sﬁ §§luibﬁg% NP s8Reff lih VA MI@D RO stiffabBeof the

nveni ently, step of dispensing the
s U bagtiedet is ¢asglubleemdswharein éposiep iof getlogirg iheant fagtant film
filmon the surface. 20 Alternatively, the step of
di epeprisesglissedyisgthe swprtariciip: insibs sRieNE- edge
depositing the surfactant filmon the surface.
Al t er vadvarehgeousie the eplvait idiveysemnsi ng t he surfact ant
conprises roller depositing the surfactant filmon

the sutdvsftagddiisty,nab isl'é? of, laged enadtepingf thd iveqéupsicagndlndes at
surfactant conprises 25 imersing the surface of the
wolekgriome @f ilasea setibingclasen disimganiddaser viydrifges hengedapiece.
PCT/ EP2004/ 006001 Conveniently, the step of
di sperGomgnidielys uihbastepndf lasempniashming phe ngoekpibat chmprises
of wafers to be machined into a surfactant sol ution.

laser machining a multilayer workpiece.

Conveniently the multilayer workpiece comprises a semiconductor

wafer and associated layers forming an active region of the wafer.

Conveniently, the step of dispensing the surfactant comprises spray

depositing the surfactant film on the surface.

Alternatively, the step of dispensing the surfactant comprises knife-

edge depositing the surfactant film on the surface.

Alternatively, the step of dispensing the surfactant comprises roller

depositing the surfactant film on the surface.

Alternatively, the step of dispensing the surfactant comprises

immersing the surface of the workpiece in a surfactant solution.



Preferably, the step of dispensing the surfactant
conpri ses dispensing an anionic, non-ionic or

wapphotwed c surfactant. 5 Preferably, the stepPGf/EP2004/006001
di spensi ng the surfactant conprises coating the
surface with a surfactant filmhaving a sufficiently
hi gh degree of wetting to wet substantially all the
surface. Conveniently, the step of I|aser machining
i nclu LA Sal | : L i -
such o enisie e 0 8 disPREILE 0 BRIIR PRI dipping 2
adhiReieBE®atirs €ebé hiachinddhatsuslidadtant solution.
Conveniently, the step of renoving the surfactant film

conpr iﬁ@&r?bl S Rl sthh LSS ShsRICARSSurfLEAARToAYHMES | Mspensing
the step o Vaser chini'ng conprises |aser scribing
t hen swtibkiy, ace-iamid ot henpdtatariofurfantai ng t he surfact ant

filmconprises at least 15 partially renoving the

5 thin fplerar@blys tHd aep IFtdigiehsaipythdefifastanit cbngprees kaming the
used in a sugsequen di cing step using a dicing saw.
Adstarfrica geidlu 8| sy far et Silephayfing a sefficierdhi highgdegyap pf wetting to
provi di_ng a, gas nvi ronment for the |aser machining
fOWEF%HﬁgFH@%§6ﬂk‘E& & created in the |aser
machi ni ng step. 20 Conveniently, the step_ of o
di sperfSomeenienslys utheagtenne!f beapmadhiniagainchislesy pptimisation of

ettt PP Sl S50 0 SeRRRHIRD: PluBl RO b efmise
10 f r QR DS SH JBER 1oAY aitragsouahy, the step of

di spensing the surfactant to forma thin film of

f t ' C iy .
The 1 PR, SREobp o lovthg E Gttt fHoes o

cogﬁﬁqhﬁg4h§qnba§ge with a reference i mage of a
wor'kpi ece with an optimumthin film of surfactant and

wher e ' ' fici i . o
the r ehQFantaBARISdNon W ) SRACHEIRE TRAARE s boribing

PCHeERP2AGA¢R06A0the baeheoving thesdrfactarnit fidmwoemkpiiesat least
and redi spensing surfactant on the surface of the
15 wop#isially removing the thin film of surfactant and any debris with a coolant

used in a subsequent dicing step using a dicing saw.

Advantageously, the step of laser machining comprises providing a gas
environment for the laser machining for reducing solid debris created in the

laser machining step.

20 Conveniently, the step of dispensing the surfactant comprises coating
the surface with a surfactant dissolved or suspended in a liquid carrier and

evaporating the liquid carrier from the surface.

Advantageously, the step of dispensing the surfactant to form a thin

film of surfactant comprises the step of acquiring an image of the film of

25 surfactant on the workpiece and comparing the image with a reference
image of a workpiece with an optimum thin film of surfactant and where the

image is not sufficiently comparable with the reference image washing the



Advant ageously, the step of conparing the inmage with a
reference image includes conparing the image with at

wo emgtiiwme of a second reference 5 inmmge of aPCT/EP2004/006001
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wor kpi ece with an excess of surfactant on a surface

and a third reference image of a workpiece wth
insufficient surfactant on a surface to determ ne
whether the thin filmof surfactant is excessive or

i L£ie L1 WEhdpieAINAN RARPERLM ! BErsdioR Oh the
d?%%%%gﬁﬁgﬁgnsﬁgﬁgggant 0 t% a surfagggof g10 t he

WO Rice o tieowptlksiese.a step of using a canmera and
associ ated hardware and software to align a wafer on

an Xxy A@@Arﬁa#‘@dd&l P iﬁ@p CSOEsthpaties thé iﬁlagﬁaﬁrﬂ!h a reference
apparatus wth ich the wafer 1s to be machi ned, or

Wi infage inalselies abrtpaeing] the émagp petlantleastoericopka sénond reference
surfactant is_dispensed on the Wafgrcjc such th

t th )
o 1G9 Ght W kB1esh SN an SRR RIS O SUlfage g & third
after the. er 3 . i i ti
F HsferehO8 hBEE b Bpridilo QOGNSR Rk JuPABtaht Ol a surface to

sufdaghaiet weeaR SRSHINilat ePSurfatiant éexcagive saiesufficient
fromwafer carrier neans; transporting the wafer to a

surespedtiviely.di spensi ng station and coating the surface

of the wafer with a surfactant filmto forma coated

vaf er ; Adnghia oy phobtdpastedispansing iangurfar tamngrtose surface of
transporting the coated wafer to a | aser chinin

st thei warkmiere qoasprisepst HeR; Af JisiHR 2 SRR aﬂgafaéwcﬂ%eg dyapstware

hi ned cpated vaf t - |
o2 e Ao SHf B Sh Hle W iR lBobPfinates of a
anﬁsé{‘%}geﬁ'&ﬁﬁ Wiith haTElY tow hie ist Beaghdihed ) drvith a laser of the

conprises the steps of transporting the nmachined
combedappdratus, befors thé avtfantant ésrdispensadapn dhe amfer, such that

[ t he 25 fact fil the d '
GeHSSTT B AT s disparnsed G e v GR.RE N dACH) 14 the piger has
AcBandéllg%gggéﬁp%gmdth@%%ﬁct of the invention, there

i s prov aser nm ni ng apparat us conpri si ng

B R B TR R B RASE B lonf oy g st

WORK RERGS irfePa REBR AR R ddiridr Bidahdk¥potiihgMthdwafer to a
surfactant dispensing station and coating the surface of the wafer with a
surfactant film to form a coated wafer; and the step of laser machining
comprises transporting the coated wafer to a laser machining station and
laser machining the coated wafer to form a machined coated wafer such that
debris from the laser machining is deposited on the surfactant film; and the
step of removing the surfactant film comprises the steps of transporting the
machined coated wafer to a surfactant removal station and removing the
surfactant film and the debris deposited thereon to form an uncoated

machined wafer.

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

machining apparatus comprising surfactant dispensing means arranged for



reduce adherence to the surface of debris produced
during | aser machining by the apparatus. Preferably,

wao b@43usdact ant di spensi ng means conpri ses pr ePCEEPINH006001
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5 nmeans. Preferably, the | aser machi ni ng appar at us
further conprises surfactant filmrenoval neans for
renmovi ng the surfactant filmfromthe surface
together with any debris deposited thereon during

| aq%ﬁnﬁpgaacpu a&lzgo% Q%Sﬁn%‘lec%vﬁéqh%flh%d m gﬁﬁf@&tﬁﬁp,ﬁlm to

ana nmeans conprises spin-rinse- ry neans

Adi’ééﬂ&@ﬂ&l@é&hﬁe td Bee sufdcifatdbrisi rﬂdﬁe&rﬁ)d&hngdam machining
conpri ses post- washi ng neans. Advant ageously, the

priz thesippagatmeans and t he post-washing nmeans are a

same washing neans. 15 Preferably, the [ aser machining
appar greferalslyarthangeficfaot dispdrearsg noemsofompriser pre-washing
scribing, laser dicing and laser via drilling the
womRgisece. Conveniently, the surfactant dispensing

nmeans conprises spray deposition neans.

Al t er atferably, thehlaseumbelining appagpwsﬁun‘@lenﬁamrlses surfactant

conprises knife-ed 20 deposition. nea
A len oVl ymene 1o, FREY Iy B SHEASEAG [y ftom the surface

U r'gg ht%g ?}\{1{}3 %112)?) HebdER sﬁ’éeﬁ%&%@ﬂ%lurﬁ'lg{ lﬁgé}%béﬁhﬂr thBRof.

enS|ng ans conprises 1 nmersi on ans

2864/ %%@%1%%%%&%@%' FoRab P T Rt Gy Prifygpin rinse-

386/ m pReHi ni ng apparatus further conprises gas
envi‘ronment control neans for producing a gas

t, f
co 1 o AdtebRuaficlls riRfFRLl; A dEhARAEhéafs (OMfires post-
t hgaliARemamEhi ni ng apparatus further conprises drylng

Advantageously, the pre-washing means and the post-washing means

are a same washing means.

Preferably, the laser machining apparatus is arranged for at least one of

laser scribing, laser dicing and laser via drilling the workpiece.

Conveniently, the surfactant dispensing means comprises spray

deposition means.

Alternatively, the surfactant dispensing means comprises knife-edge

deposition means.

Alternatively, the surfactant dispensing means comprises roller

deposition means.

Alternatively, the surfactant dispensing means comprises immersion

means for batch dipping a plurality of workpieces.



5 means arranged at least partially to dry the surface
subsequent to coating the surface. Conveniently, the

wo ameni1wsachi ni ng apparatus further conprises PCEEP29G4/006001
means for obtaining an inmage of the surfactant filmon
the surface of the workpiece and i mage conpari son
means for conparing the image 10 with a | east one
reference inmage for determ ning whether the thin film

of NeadSHhLaclany g 1%&@&&3 Eithp Rl $6AnEOEhBRGs gas

machi ni ng t di spensing

MRaR$rofendtt! &ftrel ﬁiéﬁﬁacﬂoiinproddlbﬁfgeﬁsgmg edtabharent dior laser
coating a surface of a workpiece to be | aser nachi ned

wi hhchihingsanrdrgedaotred ipesdlist deluif priodycedimelaseicmaciyning
surface of debris 15 produced during |aser machining
by pr G&ufem?igyaﬁwaam madhmr%:epp&ﬂa@s fasher nampmﬁmghymg
apparatus further conpris ser Jmachining stati

5 f oneanferImRgadptleast @gg%l@ wﬁwﬁ%é@rfa%hsﬁ% ent to Coaﬂng the
surf tant removal means conprise a surfactant film
r etfOV5F station for renoving the surfactant film

b t hi h i
From HEMeRsBIs20 e P ARG (B ERGPedt: heh gt PRErses
| aﬁﬁa;g@%%%aw 9r BBRA ‘gu% fn\Lﬂm%eh&f the%'i’ﬁ@ca?ﬁ%lﬁf B8R IROLErface
nmean r e

ransportlng kpi ece fromthe

susff aet widkkpiesand 1lﬂgagi8i aimparison hivanb dsecompahing thg image
station and fromthe aser machining station

to the
10 suwithot lenst cnielefesenss inpgedabdalersining é‘fhe%%fc%&ecrgﬁbg% of the
athir S of t he .i nve n_ther rovi ded a
S ST n Stis gl et s B RgE L v T a

sur f act ant f|In1arra]%ed to reduce adherence .to th

at | edsenvsgdently; thecgu gctalé’oo?l}sgelﬁagg %@@sm%sqsaas éprfactant

machi ni n 4

porPertta Phsehe! R Surcd R £ WHGAEP S be Jaser machined
I eyl e sSHAGEAU NG For fe@ﬁl@fn% AAk&eAtd go Wht haattface of debris
significantly damagi ng the at |east one surface.

15 Pr pfoehmbdydumm@ lsserf methining bynpioslusing aoeaatedh arorkpiece; the
g]nfag%ngfag B ag?)?l]\(::/ﬂe{tlglﬁ gggwfccéﬁ%n‘é’éjsr; gstela%acfﬂlhmg stafiln for
machining the coated workpiece; and the surfactant removal means
comprise a surfactant film removal station for removing the surfactant film
subsequent to laser machining together with any debris from the laser

20  machining deposited thereon; and the laser machining apparatus further
comprises transport means for transporting the workpiece from the
surfactant dispensing station to the laser machining station and from the

laser machining station to the surfactant film coating removal station.

According to a third aspect of the invention there is provided a
25  workpiece coated on at least one surface with a surfactant film arranged to
reduce adherence to the at least one surface of debris produced during laser

machining of the workpiece.



5 surfactant film The invention wll now be
descri bed, by way of exanple, with reference to the

wa@ewenpmmy/i ng drawi ngs in which: Figure 1 (a) PGI/EP2004/006001
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vertical cross-sectional view of a pre-washed

substrate being |aser machined according to a first
aspect of the present invention; 10 Figure 1 (b) is a
vertical cross-section of the substrate of Figure 1

after chishi ng.. Ei LS '

cr oss-ngPée{?iule’ gﬁ et E‘é&%&%‘gtlrfg& l%fre%lag«ﬁdrgéé gﬁgfs %%?ent fo laser
I efRMahirf withbii Sgaifidantly damalgingntefat Seast ant sunfface.

Figure 21s a diagrammtic perspective drawi ng of a

spray quﬁz?ac“r?__l&,' 3 su%écfa%@ AL 94 8otMoteRa8 foahidse thidk t he

i nventi gure 'S a diagranmati c perspective

dr aw of a i fe-ed d Siti i sui :
For USRS VBT B0t & 35, SEGE iRl pfphBteric
pgﬁégﬁgﬁhygﬁpramﬁng of a roller deposition technique
suitable for use in the invention; 20 Figure 5is a

di agra t.i > IV i : a b :
appar at 1o aeBfT g} sty SENEEIR, oy B8y SRERADNE with
| N\6ESIEh&Nto the |ab'<§drﬁ?&1ily’iﬂg deawitgls inafhishwaf er substrate
froma cassette holder; Figure 6 is a diagrammtic

per spegh{ e LG Qfal chSssL REQENATREA ¥ Ay reAPRA Al stbstrate
of Fi g‘ﬁ%{éy%l gla|[)I61¥Vlﬁglf%|rrata} ng rSoI I ernvvashi ng ?r t he waf er
sulghg adser itach2iedeicderdihg tale fiostiaspecttofi e presemt invention;
surfactant coating; 7 WO 2004/110694 PCT/ EP2004/ 006001

Fi gur epidybeS1 fb)tis 300 &HORL drbsPSSERACSI tHE sAbsit ®f Fligiileel after
| aser chi ning apparatus of Figure 5, illustrating

pl machigirgf, t he wafer substrate in a |laser rmachining
head; Figure 8 is a diagrammtic perspective draw ng

of thepibase1 (€8s weigal Gospgatiohus thé skbgate o Figure 2 after
illustrating washing of a wafer substrate subsequent
t orenased ofrdebiinang atthiny il obsuréantany; and t he surfact ant
film and

Figure 2 is a diagrammatic perspective drawing of a spray deposition

technique suitable for use in the invention;

Figure 3 is a diagrammatic perspective drawing of a knife-edge

deposition technique suitable for use in the invention;

Figure 4 is a diagrammatic perspective drawing of a roller deposition

technique suitable for use in the invention;

Figure 5 is a diagrammatic perspective drawing of a laser machining
apparatus according to a second aspect of the invention, illustrating removal

of a wafer substrate from a cassette holder;

Figure 6 is a diagrammatic perspective drawing of the laser machining
apparatus of Figure 5, illustrating roller washing of the wafer substrate in

order to deposit a thin film surfactant coating;



Figure 9 is a diagrammtic perspective drawi ng of the
| aser machining apparatus of Figure 5, illustrating

wo epiadieny of the | aser machi ned wafer subst rBCEEP2904/006001
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t he cassette hol der subsequent to machining and
cleaning. 10 In the Figures, like reference nunerals
represent |like parts. Referring to Figure 1(a), a thin
filmof surfactant 11, which preferably is

wat er ]E% {ﬂ"eb % Q'a?agggﬁﬁé%&ﬁpm&&ﬁhﬁngbf ﬁ@ﬁ@é%‘a@hmmg

th|n f| sur t a high degree of surface
rbtdsyof Figuees; dthsentiagvplheangafbbherabfer sabstpatedn a laser

to aser nmachining with a 'aser beam 14 at a machi ni ng

si machipingheartk 15 waf er substrate. Preferably, the

thin filmof surfactant is less than 10 m crons

t hi ck. F@h& 8 lis a diagramohatsupémpedivie d_mw/\hag oathe laser machining

suf ficient hi gh_degr ee of abl %ftg sure tF at

t hépmramswty Figrig y , Westating et I Shertrate fHpRguent
t f f th

Ul e rlpﬁféﬁoﬁr%ﬁlaowﬁe@%sfﬁﬁﬁ'&h@'Sﬁgfacfﬁ‘%‘%?ﬁ?%‘d ’

Gri od BHER 85%‘2'ci’qérﬁ%rﬁ%ﬁ%?é’éa%c?@%%%?ﬁég?@@%ﬁser Rladining

ap%é\agghﬁngf %? Webs, lﬁﬁﬁnﬁgﬁggﬁhﬂ% o & 1ARL IM&¢ined wafer

er su rate Is e the surface is

st slibstiad in THeeavsdtertmldaysubsequrent depushirdng ahdrcleaning.
exanpl e hours or days before |aser nachining, and

then fednk 'Ttlguﬁs,l JASEFfTRAR MiRErAPRY 84S 1ik8 partsor Mal
25 manner. dition, a full boat of wafersS may be

coat engf}érr?ng 4 ?%ngqoﬁ (3 gﬁ??ﬂmaclftsﬁlfﬁ An¥ ?1 bx@flfcﬁ preferably is

process I n van foninto t

MBGhitdH oG 5R %ﬂadrﬂémoﬁlcyﬂ)@@&ﬁé & Qﬁﬁfhotenc thm ﬁlm of surfactant
PCT/ EP2004/ 006001 Laser beam paraneters, such as

wavetheadigh degser opsirdacecwetagility) isseatedbpatd wiaber subsgate 12

and scan velocity o aser m 14 ver the

AapEbr (o iAset M ‘ﬂg'{‘@r RSt iR E S Riiie el 13 in the

15 R Qs T’Eé}gra cfﬂhﬂi)ﬁglrfd%teﬁ{%qm&@méi‘f‘l (Pfnicrons
paraneters, Suc ve engt aser pulse 5 energy,

stk ehet iliih Ofilni asfe sarfactananhi y webukfictentiyf hidhe degree of

| aser beam 14 over the wafer substrate 12, r;
pr avesahibityy te lepsure thatbhechiln guitaaly cwatst the weder sygface and

remains on the wafer surface during machining. Preferably, the surfactant
film is applied in a pre-wash of the wafer. Preferably the surface is at least
partially dried after the thin flm of surfactant has been applied and before
laser machining. Alternatively, the wafer substrate is machined while the

surface is still wet.

The wafers may be pre-deposited, for example hours or days before
laser machining, and then fed into a laser machining apparatus in a normal
manner. In addition, a full boat of wafers may be coated by a dipping
process or alternative batch process in advance of insertion into the laser

machining apparatus.



produce debris 15 that has | ow adherence to the thin
flmof surfactant upon re-solidification and is

wao benaiwse nore easily renoved in a wash proceBGI/EPZ0b&006001
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is, the presence of the thin filmof surfactant on the
waf er surface after a 10 pre-wash step reduces the
surface adhesive properties thus permtting easier
renmoval of the |aser-machined debris. Referring to

Fi gur Ef_gg}éla?)ea a&%ﬂe@é}g s&ﬂ%%ﬁv&@ﬁ@ﬁlﬂseﬂ dlls® energy, laser

ej ected from aser ‘machining sit 3 during

MaePetidty ratoUattl Bedrefih |Veﬁ‘ﬂn‘t§30ﬂ0&£é<1asﬂ\/\heaint1¥bowaf the wafer
surface both during and after_ laser machining S
deqmbsirra’edl%ndetthmﬂﬂ A datirn of thedekis alnt Pﬂdq@daaurmg laser
re-sql.idified materia

anevEning HE coltrranal Prrf i B akerdhuty e gulse

' ey, LS Q@;ﬁ&m&{’k@@ GndeRghMifg VRIREGUBIaRE 1a&FHeam Df over
romthe workpi ece. This dlffers froma known

prthte ecdfey sulsshaite hP, auim}:uhfepdttglwchadsdry spb]e«vlelm athdepensgraints, to
comng into cont act he surfa e of

acRrOﬁlgC%\éeh% dpfhitas W MR torthg e@ﬁ“%rfacraﬁ? upon
of su t

TSRO S RPIARD 15,0 o e

I TR Thé 99{25@11&@& e thih file oﬂ\ﬁiﬂc’cm& orptheweafce durfideadfter a
is, if hot material lands on, for exanple, a bond pad

t hpre-waslf step aeducestthe gurface at(ﬁ]:emvefprggeqfq@'s ﬂa@@pgrm g easier

may be ood as.a VEL S rocess t.0 th

Sotearr | PhAns R R R T G B8 [ nsfen and
aas!eoﬁ{)rl%(@%lbﬁt {s&djedtéd ?roﬁﬂl?é 1RO mabiRini®X 8RN e dlthg laser

chemcally stinulatrng the bonding process at

el guaiiachd. Supkmnaitariel méfeebadlatevandeba Wafalg$u11fim® lwth eturing

substrate 12 is washed using a_ conventian

seand afteuloser meghiningpad is dgpesited en &y Fhip, %ngvfactant 11

b h
RS 0 M BT e,
P%rﬁc@&%ﬁ@ﬂ%@&ceﬁ 88Ré18Nndd bf ahe debrviedifd arorkpiece, easing

waf er surface, |eaving the surface clean and
unsidageeht Esnatevwol dabfis duom tiv(ecyvorlkmemqe Brip odiffeesn from a

O e TR P fon e 0l i
PhQS QSRR th@li@ke of the wafer by acting as a barrier. In the case of the
thin film of surfactant of the invention, the process of physically or
chemically bonding debris or laser re-deposited material to the wafer is
prevented. That is, if hot material lands on, for example, a bond pad the
surfactant acts as an “anti-fluxing” agent. This may be understood as a
reverse process to that of a solder flux in which a chemical is added to allow
metal to bond better to a metal pad, for example, by chemically stimulating

the bonding process at elevated temperature.

After laser machining, the wafer substrate 12 is washed using a
conventional wash for semiconductor substrates, such as a spin-rinse-dry

process with water, and both the thin film of surfactant 11 and re-solidified



5 produces active radicals. Laser machining in an
active gas environnent can change the chem cal nature

wo@boodebisps produced. In particular, a chem cal PCT/EP2004/006001
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reacti on between the active gas and the debris 15
while in a nolten state can result in renoval of
debris in gaseous form wth consequentially reduced
deposition of solid debris 151 around the | aser

Si ti on bri _
SORPABET Al adred R RutEr KO, [ETIR B clean and

1lRinkdedvad Siownid 8pewe 3(gh as spray deposition
kni fe edge deposition and roller application. Spray

deposirf, i %@ éfxﬂbééihﬁ’e?&_rd?ttﬁg, ihQefi@N8sed maMHikingSE PEefoRmed in
nozzl e 2 , tor emtting a jet of |iquid surfactant,
neunicide gabeveirbhmenabein s ghs envirenthent Wheregeli@p-dissociation
substrate 12 is rotated in the sense of /15 arcuate

arproduges agiiyetpdiqads, tpeerrpachinineincan peilve gas $RYIFATYRENE can

of ,the wafer in .directi . rt.0 d.ld :
25t B ol LB, oF BBl A ted T RantERRRT o (Hfnical
S Ueh@sdrfBltweehHE Acdvd bAsEid Bleadebrisalsi whilwif acheltdn state can
di spensing through a T'inear dispensing head 31 via a

| ineealt ik nefevelgé debrie imgaseaus3fbrm, trith cpyseguentaldy reduced
sane length as ,a dia er of . the wafer . substra 12.
ARy TER sSR! growi Hidt TN ekRds of
arcuate arrow 32 and translation__of the dispensing

head Marionst keowinrtedhrigwesonregpiitgble forrdapostadethe thip film of
33 in the plane of the fer rmt . COV e

of SUrFRstamds bt Of W@Eﬁrf %\L\é\r?aacﬁt .SE £&r . %??Bdeel%yt?,gm%gl  dptienedee
I Ny ichlioABYpr gitiofl is GIlSRLNEE in Figure 2
sﬂdr[%&ac%tﬁgﬁ ér(‘:’)%@?]%éeij %@%ﬁ%ﬁﬁ%@ rgtde@?Z by 1? otation iur11 e

t hehsbnseowd a2tozie A4t oramiting 4 ghof tiqand satfacanpveounted

heRleig hf e A UDRGAI. (HE RIS P BB 15 dopsed i B sense of
tated in.t y
S ek R IR e E it th e plfhe P the waer in

ONJRBcHY dfaddible hfRwRéLledlingP® e aiviiré bempleté acdfantoverage
solution deposited on the wafer prior to machinin

t heithi thet liquiddspéasitaritoRigvead Blusratendifiuish sugfas?é@gdéﬁpensing
Lg r%?l(&l%% %neea?fdtiseprents%eg I\{\(/eaefde 51 glaasa liplgaernkr%eag&)geedtylp% nozzle 311
that is at least a same length as a diameter of the wafer substrate 12. As
before, rotation of the wafer in the sense of arcuate arrow 32 and translation
of the dispensing head 31 in the direction of double arrow headed line 33 in
the plane of the wafer permit complete coverage of the wafer with
surfactant. Alternatively, as shown in Figure 4, a roller 41 may be used to
dispense surfactant on the wafer substrate 12 by rotation in the sense of
arcuate arrow 44 and translation over the wafer surface in the direction of
double arrow headed line 43. Again, the wafer substrate 12 may be rotated

in the sense of arcuate arrow 42.

10



5 Preferably the surface is at least partially dried
subsequent to pre- washing and before | aser nachini ng

w@Rreveritshe thin film 1l is also efficient in PEHERINH006001
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t he adhesive properties of the substrate 12 when a
primary solvent carrying the surfactant has
evaporated or where the thin layer is forned by a
phase change or congealing of a deposited surfactant

e R e i e

machi ned W a sur ternatively,

t hetdkdhtf dd1mion depobidat anttht vatky préordeposichiedng,nthat is the
batch process. For exanple, the wafers are

préemeponi hea of anedheainm ds ke endhe Xdayjablp aftsr dhe xgder has
chining, and then fed into a | aser machi ning

g&b%ﬁ“actl pe ﬁngoﬁlglpﬁm manner. Alternatively, a full

boat of wafers may be coated bg a 15 di ppi hg process

U advRisésably thes Sriagh i5 At deash P EIEY JHisch i ggguent to pre-

appar.at us. | aser _machi.ni . S 50 f s
.ca{g’f‘?t?lﬂé ! E?E%fﬂree %%rp@%%IQF%?ﬁ%%S%@P %rghlel q|5 ArOriigient in
' Srédh'cﬂ%‘ {1l Rhe8RAGTBh bRk of thdsils@iate€s2 WHed Dprihary solvent
cassette holder 51,7 for holding a stack of

sparengthe sustadtenshdsevapsrattd oavdwretheathimbsyer & formed by a

LE)I?]E!IH%FSC ESth %1‘ fplgrﬁge%‘léggﬂfﬁz e&{?glgé (8)1.5\#?%212 % atgg%gglé%rnaﬁvely,
ve }fe' s%?%acg %iaﬁ%ﬁ%%@éﬁ’ﬁ%ﬁn%@ At Q0@ kHethAaht ahs of the
ta ra , top

e or rovide access to wafers 12

st acked. t herein. ced.,gener al | ticall vea,. |

use, t‘ggemg&’ éﬁﬁ 13 'rlg"s(r%sl a%ag'yanggﬁ F%aérta‘%en%(eﬁ&?teﬁ in'a’batch
di | G (BLeYRSHe Wafdh AR JRYosite® 6P lek&ipd3hours or
Wi ?ﬁ%gﬁé axlre aZSIME'SZ et ransfveresz)}(teo he | ongi teudi rr}%—‘?
axisywbefoheldsabhmchinifig cerel §2nefad iptr aldset naghinipy apparatus
defined by a surface of the t

! 2&;%90r rape 52. The db
r ot @ nomal manney. AltPTIGENEY 1D TPENSE3S o6 B foated by a
partially i r, Ln. a .533 i ni
D e e oSBY i R R g dnoe SRRL ldching apparatus
the wafer substrate 12. The apparatus preferabhl
el Udts ot Rt aaP AR PO SR DBL S RYY steps of the
coph | i SilsfiaLRAEd SEIRRRARINY 1A FRE1RE 5 thOr
dryi %&?Rg\‘cﬁe@ng%ﬁéa%{es lgﬁ%sequent to r?r g-lv\gz%i ng and
bef or eAI gassgerttenﬁgﬁe? ISTgforﬁ{]olld{]rfgrg E{sagk of spaced-apart wafers 12, is
located on a table or frame 52 at a first end 521 thereof. The cassette holder
51 is generally cuboid with open opposed vertical ends transverse to a

longitudinal axis of the table or frame 52, to provide access to wafers 12

stacked therein.

Spaced generally vertically above, in use, the cassette holder 51 is a
surfactant dispensing (pre-wash) station 53 having a roller 531 with an axle
532 transverse to the longitudinal axis of the table or frame 52 and parallel to
a plane defined by a surface of the table or frame 52. The roller 531 is

11



| anp, an oven or a warmair jet are exanples of

sui tabl e neans of drying the surface. As best seen in
woe@uneeds a | aser machi ning head 54 i s | ocat eBCDEPRO1/006001

fromthe table or frame 52 corresponding to a position

on the table or frame 10 52 between the cassette

hol der 51 and a second end 522 of the table or frane

52 opposed to the first end 521 The | aser machi ni ng

r
o Ry BBt 3%amA0E0RF RRteinfhl, SRAMGAE spintoy to be

V\HH@p@atewfbrCQsmﬁaé@@ﬁﬂ@WeﬂﬁiﬂoetrhfeelZ able or frame 52
and parallel to the longitudinal axis thereof. 15 As

best seeD dfbdrheal eérﬁﬂg cliile80at URginke BRMARIN, bAbth shown,

55 is sunk 1'n a in the table or frame 52
bepossisly tdtﬁnbmdemm ﬂl‘d sllmfacﬁanmdmpehangsﬁ&mw fndd52eg the
of the table or frame 52_and Xi matle t he access end

5 54§uré¢ce suhseq et torRIe Y #RhiRS ﬁ]é%%e%)zre 29eF ARFEIYRIPG; (1 Wirared

SorPag e oy R R i B B foplAe IR P RAR, b HEng e

e sur € an
reg@l\fgcet_ he surfact ant filmand debris fromthe
surface. Referring again to figure 5, located at the

second 14? "I%gg %gerpﬁn i !fgl Qkr nfaEﬁﬂﬁn% dheall riﬁxisnﬁ%ﬁted offset

the we Is ar aV|ngasbstant|a y

hofiozotieatabld 6r fiame 531 @irf@pﬂh&ﬁig towepbsitiah lop thetableer frame
with respect to the table or frane 52 above the we

Il
10 5552 betwesnt thegassatie halder Huansba pegons! eyph52k0f the table or frame

tanti nd| a t he Syl
USSR b sREE R Ty e P R A A A e o vt

r oL &ledbleV dS 8P ﬁdfcfrrl%ﬁﬂir@ﬁ wakat fr pe Qﬁ&c}ﬁﬁe@ and unloading
vertical axle 563 passing through the platform561 for
r ohedchiredofafeis vehigh ﬂﬁld&’@ﬂﬁ@na&lthé @dble or frame 52 and parallel
PCT/ EP2004/ Og\ﬂ?’? téf ec’gsor carrier 562 with respect
t otq Hie lpngity 8¥%i¢ th¢i§Okubst antial Iy parallel to the
surface of the table or frane 52. An end effector 564

15is sl idedishysaeniintBgurss & and EraicedtingcremnovbaflepS sppunk in a

for ment, wi.t.h respect the end effec

Sosaloaal Taing gble' G R, 1 b hReRae s tRat b ki the

an exhandrOs 2Ot tHeapRY Bahe55 8ali§Stoximate the access end 541 of
the laser machining head 54. Alternatively, a same bath may be used for pre-

washing to deposit the surfactant on the surface and for post-washing to

20 remove the surfactant film and debris from the surface.

Referring again to figure 5, located at the second end 522 of the table or
frame 52, proximate the well 551, is a robot 56 having a substantially
horizontal, in use, platform 561, vertically movable with respect to the table
or frame 52 above the well 551 on vertical, in use, guide rails 560

25 substantially perpendicular to the surface of the table or frame 52. An end
effector carrier 562 is rotatably suspended from the platform 561 by a
vertical axle 563 passing through the platform 561 for rotation of the end

12



position. Figures 5to 9 illustrate, in sequence, use
of the | aser machining apparatus to performthe
wpe@ersrIst eps of a conplete cycle of the net hpdr/BP2004/006001
the invention of pre-washing a substrate to forma
thin filmof surfactant on 10 the substrate, |aser
machi ni ng the substrate and, preferably, renoving the
thin filmsurfactant fromthe substrate. In use, the
ca [
R A e A G e
omtﬁeawfuc@efmeuubled)rmﬁthspect|ve tape frames 121.
A sel ected wafer substrate 12 is renoved from 15 the
waf er %ﬁ%ﬁ?téfﬁcﬂﬁlﬁé@ is Qi"deaﬁléf S0aWRd oh BlosHEeffecttiStdttier 562
t he end- ector 564 attacHed to the robot 56,
I (ﬁﬁ)at]inbge]lhl&ﬁt phiah frespedbed Hte end uiffestyirecdreiey Hi62 abm\lrlel to a
the surface of the tahle or frame 5 o extend t end
5 ef fomgityflinsd paxig, thareok hegygen @@ ﬁétené%ﬁsp%% Do & reffacted
effeﬁtqé carrier 562 parallel to the I ongitudina
axpP? %? 't he table or frame 52, towards the cassette

hol der_51 fo d 20 effector 564 t th ..
sel ect%autﬁa?f rt% %bgr Sade 13 SHIYTSSo S8 Tl BT s, thachining

an?%{%%{‘ q&&t&%ﬁuﬁ%&'&&ﬁéf&&q c ?1&@ Ehclk b8 the method of

fer su 12 “hel he end effector
56the AV tetica LI ped-Washing d siﬁ)sﬁaﬁdt’am'csm antlyinfdnueslurfactant on

i nstead of the robot The waf er substrate 12, hel d by
10 t h@eeﬁdasefateeclasﬁr maghining theasidisinteandpBrefeiabhp dempving the

omt r.fac table or franme 52 by the
ﬁ{l et l% %%bafpra,cc)en 53. The end effector

ot e o L b e 0,
S i O B ral O (i o

the er ax

%{)é@tﬂ@%hp%@élﬁ@gqgﬂ/ .Q%Qa@ﬂed gacrefilsatt 1564 ramyesl from
the wafer substrate 12 over the roller 531 to wash the

15 | otterwsfer fcaisettefhdm Stafeshayvb in Figuge pousing dhe end-effector 564

3?%’%&%& n@ a&)ut Iog[}':éh g]oéa b t h @?Po&m ‘Pé%f 8@§a§u1ta%le height
di SPERSEE sutBte BF td%rtﬁﬁfe' di‘%éht@ §2 %@@ﬁen@ Bhé eR@kffcrat bbY, with

t he waf er being rotated
a longitudinal axis of the end effector carrier 562 parallel to the longitudinal

axis of the table or frame 52, towards the cassette holder 51 for the end
20 effector 564 to engage the selected wafer substrate 12 in the cassette holder
and by retracting the end effector 564 with the selected wafer substrate 12
held by the end effector 564. Alternatively, a slide mechanism may be used

instead of the robot.

The wafer substrate 12, held by the end effector 564, is transported

25  vertically away from the surface of the table or frame 52 by the robot to the
pre-wash station 53. The end effector 564 is extended such that a lower, in

use, surface of the wafer substrate 12 to be machined engages the roller 531,

as shown in Figure 6. The roller 531 is rotated about the roller axle 532 as the

13



5 respect to the dispensing tool during pre-washing.
When pre-washed, the wafer substrate 12 is renoved

wo canidees pre- wash station 53 by retracti ng tPer/grao4/006001
effector 564 and lowering the platform 561 and end
effector 564 towards the surface of the table or frane
52 to a suitable distance fromthe surface to
position the wafer substrate 12 at a 10 nachi ni ng
poe%dté é}t&ﬂ%@%ob%‘sﬁ% WREHE st td 8 ey adheABIIENSNIND Wash the

fector carrier is rotated through

S llbﬁie@ Bliifatd of BeQvabPsilibstihee HXxirea 56&actahesaotiondvan dke bath
the | aser machi ning head 54. The end effector 564 S
exi38n détern@umdgpenwgrteolﬁmbcamm@zzlg (sknife gdge dispenser

;21%1%7'% { he?ve?]z] 33ep Pge%%q% d_g\%gead&]lgg af? ?{n%fl&étét%af with
5 HJ@?%&&‘E? HEYBibpeddind! Rl 4ol g;@gﬂﬁ&h}ﬁﬁgf ace ther eof .

aser i ng, whi ch” woul d ot herw se

e ST LB, IS R AT om e e

Suivhae b@alibn 58 shemRtihy tid e @ffSctoﬁBM?ﬁnd ﬂl@wbﬁﬁg tthe platform
machi ni ng operation is conplete the wafer substrate

12561samde mvleajfettarrﬁ&%wwaade thergetfped afthretableer gfjamep2 to a
retra t he ffector 64 and r
o TPl Aenieeosn S AFgH FL ROSER: T 19 G0  ATugY 12 at 2
op : I

10 PRARE £ Bdgh fh e hsrinitiifthg QY edhowlf figure 7, the
heat affdctoe\weirididis roketed|thtdughnsdstaritiallyh@) dibrcettthemxle 563

of the surface of the table or frane 52 to [
t héhenend htaveards utie: ﬂ%ﬁﬁé machipmgnashil nf- syae é?’ﬂC{Z:TT? eRiSt o4 1s

a gﬁgﬁg@ Y fesgstﬁ‘g \%% zﬁﬁ;&j %g%e%r 'galb%krgter %?D}ﬂﬁgugﬂrfh%glaser

SuHE&ﬁﬁ'ﬁ Jh%aasactcbfsn&mmvmelf hfEhidifg ofagl pee-smsh@mwafer
ng the platform 561 away fromthe sur face of

15t hﬁubshabé d2pfroin ahve 16%et, cinaush, graneashiedosnnfine theréefc Huring
suffl cient to re-insert . the 4 WD 200 10694
EPE@Gh}'fB% i, oK hn‘éfeu}jiﬁaﬂ%%&ﬂf@db%é%?s%%g{‘ (the lower

124 %@&estutbg hel @8 ositedon BlRANG] HERP %uﬁ‘@&ant
RN

is ex i nser strate 12|nt
hoI der 51 a fer su st.ra

t
?SFZZséa R R DS AT Bobon s compi

the wafer substrate 12 is removed from the laser machining head 54 by
20 retracting the end effector 564 and rotating the end effector carrier 562
through substantially 90° in an opposite sense to that in which the carrier
was rotated to load the substrate into the laser machining head and lowering
the platform 561 in the direction of the surface of the table or frame 52 to
immerse the machined substrate in the washing system 55. Both the

25  surfactant layer and debris are removed during a wash cycle.

As shown in figure 9, the wafer substrate 12 is then removed from the
washing system 55 by moving the platform 561 away from the surface of the

table or frame 52 to a distance from the surface sufficient to re-insert the

14



cassette holder 51. 5 Although a particul ar
arrangenent of apparatus has been described by way of

wezaaplw4 it will be understood by the person BKI/EP®A4/006001
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in the art that other arrangenents of the conponent
parts, and additional or fewer conponent parts, may
be used. In an alternative nmachi ne cycle, the wafer
substrate 12 is returned to 10 the wafer cassette

h %ga{mé} WEH&? lv%lféf &@65‘&&1@@ 8b iARF M bide@®tholder 51. The

remal ns ereln unt wafers 12 in the cassette
h@rdﬁéffé:ﬁtommm@&m@@httenmew thy walee suhstnetd 18nich thes@ssette
machi ned. The entire batch of wafers in_the cgfseset

i sholderehl anshehawnier substeatads ielRgsesysemmhs snd sefesior 584 in the

waf er re-mashed in one wash cycle, thus reducing
m%ﬁ?%@]}b%@?ll% time for a wafer batch. 15 Wiere a

The Shithedtn ﬁﬁ‘@%ﬁfgﬁ{ﬁaﬁ@ﬁrﬁ%ﬁ RAI g a7 Pt Aaeaped by
ma&/hﬂf O ngca fleh1 Mﬁé%stog n%, %Bhrﬁ'kﬂﬂad h H{éeart that
er t e enS|

same’ as or an t or wash cycle
tismer taﬁ[‘é}@hﬂiﬂts obf tihe c@m}bcﬁmnlﬁapalbs; arghr additionht axrgfewer
the use of a buffer. Specifically, wafers are

s eqqueprnealtipprisasegdettsedugh t he di spense and 20 dry

step and fed into a buffer. The buffer is unl oaded
sequerhi @l bitetrativearachiné eyele) thteowtfre si¥stratel B2 wheaterned to

machi ni ng occurs and fol | ow ma h| n e waf ers
ar deufinighgessette holder pddhuped 1®?ﬁ Blfgnn}f?FﬂFH’ég ABAgEmains

V\ﬁﬁllgﬁf Ier EHI L8 ?l‘ifzf&rth\é" 4#%@@)@&8@95 tHiGe P gpga‘regﬁgnuéﬂly

cassette as pOSI Ion an

Ui pRSwallRAdd thskt ARShin®ACThe efi@rd bateh anevafashin tRE cassette is
times. A correctly optimsed buffer significantly

i ndreadsaded totlyhpashingrsyatein bt had adiaitrnthareovashps in one
i nventio rrera serm ed.to I
al W@%‘r@‘ﬁqe'léu% S ’&’@F%&‘le CXE@“% Befe V}‘Fcé}egif) %nc e

of surfactant on the wafer before machining. This for
exanpl Whers atsemecpiees ethartbvane i geer 1a psgyash and dispense the

RN 000 L, RIS e IR P
exﬁgﬁz%f)fna'cﬁﬁfﬁflé I;¢ e baBldsa61 SMrtdiethadl 8@ Bepadiegid?dvash
cycle time, throughput of the system may be improved through the use of a
buffer. Specifically, wafers are sequentially passed through the dispense and
dry step and fed into a buffer. The buffer is unloaded sequentially to feed
wafers into the XY table where machining occurs and following machining
the wafers are unloaded to the washer. Optimisation of the number of
wafers in the buffer will depend on the number of wafers in a cassette as

well as deposition and dry times, handling times, machining time and wash

times. A correctly optimised buffer significantly increases throughput.

In a further embodiment of the invention, the camera system used to
perform wafer alignment is used to detect and confirm the presence of

surfactant on the wafer before machining. This for example may be achieved

15



conmparison with i mages of workpieces with excess or
insufficient surfactant. This nethod may be used as

wa@eooknkiepe control systemto prevent machi ni ngPGI/BP2004/006001
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waf ers whi ch have, through operator error or machine
fault, not received an anount of surfactant
sufficiently close to an opti num anmount. In sumary,
the nethod of the present invention is to |aser

M0g SEmcon BRF Al See bPrane AP heatek. DAL further
Hgﬁ%ou@eﬁs%%-a\%ag é%l%i[fn surgac%ear?t “Solution in

orgdghethent stbae dhpsadhegitvrirpicepermie alef ba detactak éhrough
of 10 the substrate upon which | aser machjned debris
widomoisorotith fihages ofi workpieaes tviths exdeacprimsutligientsyefactant.

debri d [ h hin fil f f .
" ki g ta duay, B o oF ARdPlIRG BRI S B e A hining
L < gswéf%?sv . tllﬂﬁf_e, ‘Eﬂ%ﬁ(lgh %ﬂeﬁ‘eﬁ:@? effof 8r elactiehy fa%ili2Abt received

amaged. I's inventfon'is applicable to, for
exanaheunt Griifadtazit Bgffidiadhr clesy toinngptimdnd amennyi a
drilling in single 15 substrate and nulti-I|ayer

subst rIﬁts%n%El@F,itﬁle m&BBaI St fheGoreferltanessticu ghtakser machine
plastic, dielectric, glass, netal and sem conductor

nafeeticatductdihsubstvaad, i fon @reovplde shathbavelbepn ryesvedgd in a
the thin fi]mof, surfact arl# Iﬁé eaﬁi er to regove thalgaceof
krRswFRCBIS et OpeingTdst Feteduce the adhes Ve PERRTHET dht °F
chgg%hb?&%e ptOEL ‘%ﬂgm %‘i%&&&ﬁ&ﬂd@&ﬁ 18 kORI THi® tHif #HIm of
us asavvealllyi agent 1 n nmechanical saw ng of

wad @ ftanthdad e debis etepssitediory thw dhisdilm whenefaatant, are
di ci ng process or dicing saw is used in_subsequen )
’gtg.gs ]Egavmg the

pricoeswsdnspksaduenthts lases mpchiniag<f thecsubgaply

cool ant or |ubricant, that ter [, ]
" ovole surtece Hith of ehiis pO8 r BbRas TR Eeul i HERE bt o
PGY, =5 41@,0%@9 HicibAl ey %criﬁh@?aﬂ@dla@ér s Qirillin% in single
machi ning a workpi ece (12) including the steps of: a.
di apeaatangnd multi-fotearsubsitate maseridlacensistinpeof layers such as
wor kpi ece to be _ 5 | aser chined to provi d%a

‘he

suplpgide shielestricnglpgs ety condifdes BRI
surface of debris produced during |aser oo

The invention provides the advantages that the thin film of surfactant

is easier to remove than known protective plastics films and the surfactant is

compatible with known processing being similar to that used as a wetability

agent in mechanical sawing of wafers. Thus, in a laser scribing process,

where a dicing process or dicing saw is used in subsequent processing and

the sawing process uses water as a coolant or lubricant, that water may also

be used to remove the thin film of surfactant.
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machi ni ng; and b. | aser machi ning the workpiece from
the surface. 2. A nethod as clained in claim1,

wohewnailosot he surfactant is applied 10 in a precnagooaosool

5
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the workpiece. 3. A nethod as clainmed in clains 1 or

2, including a further step of at least partially

drying the surfactant film (11) before |aser

machi ni ng the workpiece. 4. A nmethod as clained in any

of theg ghgdns 1 to 3, wherein the step 15 of

di spensing a surfactant conprises dispensing a

sur f gct ant f . I | i Wor kpi eces

T a b ch Bt 8YeRERRcRingf Bl Rpliel () AORAF R steps
machi ned. . A nmethod as clainmed in any of the

preceding clains, including a further step of

renmovi ng theg; j ( , odfe@

| aser mac:}ai n‘flﬁng%ﬁs?%%gt éidc\%mdﬂth&%%}f %ggar%?s ( %1‘&8]%1(?2%63 to be
the |aser riasdii piaeBirddpesigrodidehgreofactdht MnELDPdo ag®duce
clainmed in any of the preceding clains, wherein the

step of di sm@ﬁ@sm 5osﬁ?ef serfase forgbris epragiuspéndrriggalaser
surfactant which.is sgluble in a solvent in which the
surface of tHENBM&ARde 25 i's insol uble and wherein

the step of renoving the surfactant film conprises

di ssol vi ng: tREPTSTRSIRIEHRe FToEIae fiven A e, 17

CONFI RVATI ON COPY WD 2004/ 110694 PCT/ EP2004/ 006001 7.

A netthod dsmethodres claimed an gladm Invehaein thesusctrantis agplied
water. 8. .A nethod aigﬁlainfd.in any of the preceding
claims, wHeRETHWYash ot thelyoskPiesser machi ning t he

wor kpi ece includes at |east one of |aser _scribing,

| asep: di ci'naetief pndaimed i daims 1 ag2tinelugdingpiferher gep of at
9. Aneth

d . ai ' f 1h di i s,
wher el n  Reot Seaany akihe” MenrmRgeRh by B cbBIoTe: tase
conpri ses ph RHMinFRRE WOk Riede.

4. A method as claimed in any of the claims 1 to 3, wherein the step
of dispensing a surfactant comprises dispensing a surfactant onto
surfaces of a plurality of workpieces in a batch process before the

workpieces are laser machined.

5. A method as claimed in any of the preceding claims, including a
further step of removing the surfactant film (11), subsequent to
laser machining, together with any debris (151) from the laser

machining deposited thereon.

6. A method as claimed in any of the preceding claims, wherein the
step of dispensing a surfactant comprises dispensing a surfactant
which is soluble in a solvent in which the surface of the workpiece
is insoluble and wherein the step of removing the surfactant film

comprises dissolving the surfactant film in the solvent.

17
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mul til ayer workpiece. 10. A nethod as clained in claim
9, wherein the step of laser machining a nultilayer

wowrkpimee conprises machining a 10 sem conduPCDEP2004/006001

10

15
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25

waf er and associ ated |ayers form ng an active region
of the wafer. 11. A nethod as clained in any of the

precedi ng clains, wherein the step of dispensing the
surfactant conprises spray depositing the surfactant

filmon the : : t jRarTe gy y
of cl7gi m%ln}%g{ éfg&se%é?eec}l% %légvg’tvgggrc)e? %‘ﬂ% s?g)ensiléng’a?%é
surfactant, conprises. kni fe-edge ositing the .

sur f gct a_ntA p}e'%{l) i fﬁgngﬁﬁ‘g@ .Of%@g p}g\efﬁ&ugg) ajrgs, wherein the
clai med i @te?rbf 19er Shatini®ing the wikp b RIS 1848Bneof laser
di spensi ng the surfactant "conprises roller depositing

the 20 sucifibiapalaserdicimgomd lasersua feitlng e workpsedeod

as clainmed in any of the clains 1 to 10, wherein the

stepog. of & sRENSA BY clai@ed UhfadgtcEthe GREGUIIBE SlaiBEWHEREN the
the surface of the workpiece in a Surfactant
sol uti on. step.of Aases nasthiisgdhaivoekipieee cdmaprisasdasetirendiining a

the step of dispensing. 25 the surfactant conprises

di ppi ng anHélPi‘ﬁPeSf”Qng’é’F% to be machined into a
surfactant solution. 18 WO 2004/110694 )

PCT/ EP2004Y opedod asg eclaimesbtinoglaiim 21 avhesein gherffepfof laser
t he preceding.cl ai s, V\:l}ﬁr ein thq step of di.seoensi ng .

the surfalt¥MMEENSY i TEEHY T HIEEn IR, Mactining  a
non-i oni C sohi YRR Waf&Uhh@CAs3Btiateli’ laﬁrﬁ%ﬂﬂ%%san active
clainmed in any of the preceding clains, wherein the 5
step of drsgiensiftige wheersur f act ant conpri ses coating

the surface wth a surfactant film having a

suf f i1¢] entdl ¥hethed asleBi@ed ah aQtdfithe pré@diet claims, wherein the
substantially all the surface.
step of dispensing the surfactant comprises spray depositing the

surfactant film on the surface,

12. A method as claimed in any of claims 1 to 10, wherein the step of
dispensing the surfactant comprises knife-edge depositing the

surfactant film on the surface.

13. A method as claimed in any of claims 1 to 10, wherein the step of
dispensing the surfactant comprises roller depositing the

surfactant film on the surface.

14. A method as claimed in any of the claims 1 to 10, wherein the step
of dispensing the surfactant comprises immersing the surface of

the workpiece in a surfactant solution.

15. A method as claimed in claim 14, wherein the step of dispensing
the surfactant comprises dipping a batch of wafers to be machined

into a surfactant solution.

18



18. A nethod as clainmed in any of the preceding

clains, wherein the step of |laser machining includes
wopitsirieat i on of machining 10 paraneters and BCIYAP2004/006001

opti mi sation includes seeking to mnimse adherence

of debris (15) to the surfactant film 19. A nethod as

clainmed in claim5, wherein the step of renoving the

surfactant filmconprises a spin-rinse-dry process.

20. %mat
of | aser

!Agg'leg'?‘aocﬁ hakmeded n %hzidptﬁe ‘P@t‘:éﬁﬁ{%‘ clalifis Sk BErein the

chining conprises |aser scribing the

wor kpi eces@pbftdispesisafy e surfantmit agmiphises dispeosiagtan anionic,
filmconprises at least partially removing the thin
filmof sophdeniger aarhofasic gERFBM th a cool ant used

in a subsequent dicing step usigg a dicing saw. 21. A

met had. as Achetinetias nlaamgd ¢h anfieof
wherein the Zg step of | aser .machinin
5 provi di ngS&Pg#&

e paelieding flaims, wherein the
rises

.CO
disnensiggntie surfagtatteomREses ity Surface

B SR SRR EUR, T i

machi ning's

alned-l n-any 0

pr ecedi ng ¢ hal BBbstaAIB} 41l tasurficep of di spensing the
surfactant conprises coating the surface 25 with a

sur f gt anty 3504 4 gla?fhea Ys %ﬁg%_%'é 'ﬂ)r@cédihtﬁ’% 68! Whefein the

and evaporating t

Iquid carrier fromthe surface.

19 WD 2004tepl @fOthsBICTEHZAGY (06Q0Es @Fimikatienhofl mechining
claimed in any of the preceding clains E@erein the . .
10 step of diPgpriRsteryanfsushr RiENEAEOR dnElYHRs SeelHNg o Migimise

of surfact anl entd 3 JEQIPASFRSLARALRR Almacaul ring an

i mge of £

0 ctant” on e wor kpi ece and

conparing the 'Qige with a 5 reference

wor kgPece At

. f .
DPRIREhR Rl Whgpn {8 Ffepcpfppoving the

and wher e ot el TPty LndalesLbkelingl iy fREBAL 2b1 e

wth the réfrerence |1 ma

pi ece and re-

d SPERS! NG Srylre%ch% ! % tdg{]mé emSlc'll(a{macg, %hetrgi% Re ks’%'epe C§ laser

15

21.
20

22
25

machining comprises laser scribing the workpiece and the step of
removing the surfactant film comprises at least partially removing
the thin film of surfactant and any debris with a coolant used in a

subsequent dicing step using a dicing saw.

A method as claimed in any of the preceding claims, wherein the
step of laser machining comprises providing a gas environment
for the laser machining for reducing solid debris created in the

laser machining step.

A method as claimed in any of the preceding claims, wherein the
step of dispensing the surfactant comprises coating the surface
with a surfactant dissolved or suspended in a liquid carrier and

evaporating the liquid carrier from the surface.
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24. A nethod as clainmed in claim23 wherein the step
of conparing 10 the inage with a reference inmage

w0 p@iadess conparing the image wth at | east oPEI/BP2084/006001

10
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25

second reference i mage of a workpiece with an excess
of surfactant on a surface and a third reference inmage
of a workpiece with insufficient surfactant on a
surface. 25. A nethod as claimed in any of the

pr ecoli N0 \ChahiBhs ay BEHFEA ih Ay IS ftBeclin i mBOBSIRdem the

surfact an surface of he workpi ece” conprises

a step of stepidiglispearasirgt theasutfasancvadond tttridvEne ohserfactant
software to align a wafer on a xy table wth nachine

coor di nat £¢l) @fm}aﬂﬂ;%s‘é“re awapéta@guxxmgn afhiRRge 1l ther Bpm of
isto machl

appar at us® rggcgt%lgteo qu,rggl?agee ran%l élgg?) elﬁgegle 1m%e with a

the wafer rei%fé?@% Hﬁ?et&eas\%&ﬁ é@nﬁmﬂﬁ afli spemses thih film of
t he wafer table after the wafer has been

cl anped i susfecthtisoand Iveh@enthe i2&igeAismeetheffigienelyarqraparable
inclaims, conprising the steps o renovin

waf er (12)Vith o’ﬁlﬂe\/\éﬁ@lrert‘&r Image né’\éaﬁgn‘(% 1t}‘e Workpgece and re-
transporti
st aL| on ( g;f%e}l%%g tn?oﬁ ey eﬁ%ﬂ acek/\)%?ﬁ?%ga\?\af er

t
20 V2004 Teshsh af 'é%m@%o%ﬂl 38 Wheefiy i el omparing
the coat eg,ngfe éef LAt Al @?&En@ﬁﬂééﬁoﬁﬁlﬁeétd ooy tl?é“ﬁnage

| aser machinin he coat ed waf er forma machi ned
coat ed wafsgth suléhsﬂdsr&t ofle bectosld(ﬁbﬁﬂn:)anéerlmnagerﬁ 4 mkplece with

(Ta Chlt p;ﬂgplaqupgﬁg%%grﬁ%g@%? ﬁtggie%g‘gacf o an’é\xf(i BerPgrence image of

Surf act ane YPTRGRd EhE aﬁsugﬁ%l%?%#%%%ﬁt?g%&ﬁ?% -

|t gggfon Lol o%égciaﬁg Coatgelg&r%:: t?lﬁé)rec mg clalms, Wherem the

surfactant te% P %ﬁieﬂgmg a surfactant onto a surface of the workpiece
comprises a step of using a camera and associated hardware and
software to align a wafer on a xy table with machine coordinates
of a laser apparatus with which the wafer is to machined, or with a
laser of the laser apparatus, before the surfactant is dispensed on
the wafer, such that the surfactant is dispensed on the wafer on
the xy table after the wafer has been clamped in position thereon.

26. A method as claimed in claim 5, comprising the steps of: ‘
a. removing a wafer (12) from wafer carrier means (51);

b. transporting the wafer to a surfactant dispensing station (53)
and coating the surface of the wafer with a surfactant film (11)

to form a coated wafer;
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10 neans arranged for coating a surface of a workpiece
(12) to be nachined with a surfactant film (11) to

wo edwaweatlherence to the surface of debris (1BAJ/EP2004/006001
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produced during | aser machining by the apparatus. 28.
A | aser machi ning apparatus as clained in claim?27,

wherein the 15 surfactant di spensing neans conpri ses
pre-washing nmeans. 29. A |aser nachining apparatus as

claimed in Ctr%{s@o%gng t]lqggoatg&”}/&a{f to & I¥ef hﬁdﬂ%m? gtation (54)

surfactant” fil mréeno nmeans for renoving

surfactant fdddnidskt)mbelointr ﬂ’lé wofitedewhbgetd dormi 4 machined
any debris (151) deposited thereon during. |aser

nachi ni ng t heoatest wa:é@r szmh that debais (BbHrem e dpgeamadyining is
as clained i % ép urfactant film

r enoval mean@ Wéﬁﬁﬁqo t§e§B’f AT L nmeans. 31. A

| aser machi ning ap

wherein tige ’@W?P&éggé? qulrgg?}gﬁ%‘%ggg@ng" ‘Ldf?ptfz)l gegurfactant
post - Washl n egloavnai ftag{-%%l @51 Qﬁc? Ee%gg{gg 1A% 7 At 8%d the

clained in re-washi ng neans

and the pOStdé’iﬁ@J‘ 1'5C)_|_ ted! thefeoBaiFE ormesh iudgoamedifachined
21 WD 2004/ 110694 P 2004/ 006001 33. A |l aser

machi ni ng apyafeat us as clained in any of clains 27 to

32, arranged for at |east one of |aser scribing, |aser

di ci mg. and\ llaser méchiniflg i dgpanaub f@mmhpgemfa@dnt—dlspensmg
| aser machi ning apparatus as clained in_any of ¢

27 to 33, mengharaiged fer eqatingct sHtlage @é@anarbpwé&r@ to be

conprises spra de ositl n )

ggChi \rluqng Iﬁ%{kﬁeﬂq § Syr %t F%Safﬂm gﬁi tQ r%é c@adﬂgl%'h{:e to the
er f SHYrRCUS cﬁi&@&sdtﬁﬂ ﬁ:'ﬂaﬁd@ HAFhInSEBy

kni f e- edgghﬂgepggltlon %egns (31). A | aser ngeby the

machi ni ng apppertas.us as clainmed in any of clains 27 to
33,

28. A laser machining apparatus as claimed in claim 27, wherein the

surfactant dispensing means comprises pre-washing means.

29. A laser machining apparatus as claimed in claim 27 or 28, further
comprising surfactant film removal means (55) for removing the
surfactant film (11) from the surface together with any debris (151)

deposited thereon during laser machining thereof.

30. A laser machining apparatus as claimed in claim 29, wherein the

surfactant film removal means comprises spin-rinse-dry means.

31. A laser machining apparatus as claimed in claim 29, wherein the

surfactant film removal means comprises post-washing means.

32. A laser machining apparatus as claimed in claim 31, wherein the
pre-washing means and the post-washing means are a same

washing means.
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wherei n the surfactant di spensing nmeans conprises
roller deposition neans (41). 37. A laser nmachining

wappanaeas as clained in any of clains 27 to 3BCT/EP2004/006001
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wherei n the surfactant di spensing nmeans conprises

i mrersion 15 neans for batch dipping a plurality of

wor kpi eces. 38. A | aser machi ning apparatus as clai ned

in any of clainms 27 to 37, further conprising gas

envi 58””13@{ la%gpﬁwﬁ%inﬁ?gg@%;lg{uso&o&ﬁ%éwgl AnPds alaims 27 to 32,
envi ronmen or "laser Ining arranged to reduce

solid debfrafigéd Bor 16byeae of skoseibi daﬁemidm@n%aﬁds&er via
A | aser nmachining apparatus as clained in any o

cl ai ms 27 driflirggthe warkptiege. conpri si ng dryi ng neans
arranged at |east partially to dry the surface
subsequentA lagecoatchingng hppanatdsaaseclaidied A hag ef claims 27 to 33,
machi ni ng apparatus as clainmed in any of clainms 27 to

39, furt meiereignphesisHifariaali ASPABEAS LOPANSHt OIMPTHRES afPray
I mage of tdhe .25 su(gfa £§nt filmon the surface of the
wor kpi ece SR ﬂﬁélé aélgg'p rison neans for conparing the

i mge with | east, one 22 WD 2004/110694 .

pCT] BB2004y Bsomechindts PEH%W%%@&%@G ey o slaigs 27 to 33,

whet her t i Nf | . fac i . e
sufficient yetr%%t Fﬁrre% gg}ég{%ﬁpﬁ%’%ﬁgﬁﬁgcﬁ%ﬁmgc.%mﬁr.lse,a knife-edge

| aser nacldepbsitioappedndt(®y. as cl ai ned in claim 29,
conprising: a surfactant dispensing station (53) for

coatispg a SpsbAGR RN a? WREEPLLARINPIn bRy RE cldB§R7 to 33,

machined wth the surfactant film (11) for teducing

adher ence whertine ther fsactciaht ddimpessiigs)mpansd ugedprises  roller
during laser machi ning by producing a coated

wor kpi ecefieﬁoﬂ;@@@rme%c(ﬁ{)ni ng station (54) for

machi ni ng the coated workpiece; a surfactant film
renovdl stiatdsenn(eBbinihg pppasmvg agclaimaed in Any todslaimg 27 to 33,

film(11) subsequent to |laser machining together with .
any debr | hereis: $hq SERRSARE LIsRERSHgCIAR ¢ IS Ligymersion
thereon; and . L8nERCH l'clipping a plurality of workpieces.
38. A laser machining apparatus as claimed in any of claims 27 to 37,
further comprising gas environment control means for producing
a gas environment for laser machining arranged to reduce solid

debris (15) produced in laser machining.

39. A laser machining apparatus as claimed in any of claims 27 to 38,
further comprising drying means arranged at least partially to dry

the surface subsequent to coating the surface.

40. A laser machining apparatus as claimed in any of claims 27 to 39,
further comprising imaging means for obtaining an image of the
surfactant film on the surface of the workpiece and image

comparison means for comparing the image with a least one
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means (560, 561, 562, 563, 564) for transporting the
wor kpi ece from the surfactant dispensing station (53)

wo ooosheebaser machi ning station (54) and fronPCTEP2004/006001
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| aser machining station (54) to the 15 surfactant
filmcoating renoval station (55). 42. A workpiece
(12) coated on at |east one surface with a surfactant
film(11) arranged to reduce adherence to the at | east

i e WBferBhed ShkS o} Mo BEAMIGLWAMRLD Int ABE] i of the

machi ni ng o e wor Rpi ece r'ece as Cf

in claim élszufa@tmfteet sufflhﬁnﬂwpa@mam fcfrllhgerlrﬁad@ﬁn
renovabl e subsequent to | aser machi ning w thout

Si gni 44, cang hyser %{%%ﬁg %)Bﬁrﬁ-hs la?@i%fm&ﬁ‘%& cﬁﬁfﬁcgom?ﬁising: a
A workpi ece as cl ai ned clains 42 or erein
sur f act antsurfactamti d1spensurgretat1ban (53D ﬂmrcmmﬁmgt fai @Krface of a

45. A workpiece as clained in a of clains 42 to
wher ei n t HEorkpiece (1RhEq hadaser |mqq¥\§neéhwalm B wrfacmtcﬁlm 11)

or anphot g Cre&héﬂ‘g &8herence to the surface of debris (15) produced
during laser machining by producing a coated workpiece; a laser
machining station (54) for machining the coated workpiece; a
surfactant film removal station (55) for removing the surfactant
film (11) subsequent to laser machining together with any debris
(151) from the laser machining deposited thereon; and transport
means (560, 561, 562, 563, 564) for transporting the workpiece from
the surfactant dispensing station (53) to the laser machining
station (54) and from the laser machining station (54) to the

surfactant film coating removal station (55).

42, A workpiece (12) coated on at least one surface with a surfactant
film (11) arranged to reduce adherence to the at least one surface

of debris (15) produced during laser machining of the workpiece.

43. A workpiece as claimed in claim 42, wherein the surfactant film is
removable subsequent to laser machining without significantly

damaging the at least one surface.

44, A workpiece as claimed in claims 42 or 43, wherein the surfactant

film is not more than 10 microns thick.

45. A workpiece as claimed in any of claims 42 to 44, wherein the

surfactant film is an anionic, ionic or amphoteric film.
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