"WD 2004/ 110694 PCT/ EP2004/ 006001 Laser machining using a surfactant film
This invention relates to use of a surfactant filmto reduce adhesi on of
laser macWO0AH1I86Hris to a workpi ece being machi ned. 5 ROTYERHOH0Q6Q0

machi ning of, for exanple, a wafer substrate, sone material renoved froma
machi ni ng zone is deposited on a surface of the wafer substrate on which
machining is being carried out, for exanple as debris at the edge of a

| aser cut. Material ejected fromthe nmachining zone during |aser nachining
isin anolten or gaseous_formand adheres to the 10 surface of the wafer
substrate upon cool i ng dulliasgr machiwingyséng a surfackant fillny. Such adherent
debris may, for exanple, damage thermally- sensitive electronic circuitry on
the surface of the wafer substrate as the debris cools upon contact with
the surface and re-solidifies. Such re- solidified debris is difficult to
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cl eani ng techni qu eren ure.

present i nve%gaqng@hjhg%saeﬁlgt@%bﬂ{ ten mkRifegal d difficulties in the
prior art. According toa first aspect of the present invention there is

provi ded met h f 1 r hi.ni ng. a.workpi ece Jincludin he steps of:
di spensi n§ a Zoogﬂf?gcfég%t Hgﬁﬁ%ﬁggsgpfg%ee%ﬁnfﬁé a\/\D‘&#é} estlf%s{:ggebes ser
machined to PQYAR RmdYel aBsAN n{dcdhiihg AoaduslepabRed On 4 Quifig spiface of
debris produced during |aser machining, and | aser nmachining the workpi ece
fromthe surfwafer substratenoenwvhich mhehining &cbeing dasridd spen$adexamplepase- wash
of the workpiece. 2& Pr ef erébl y, the _nmethod includes a further step of at
| east part i al #§pPrisgat/ihepdareotsy fasst cahtMaterial gigsildremske maghnmgngnTe

wor kpi ece. 1 during laser machining is in a molten or gaseous form and adheres to the
10 surface of the wafer substrate upon cooling during, and subsequent to,
machining. Such adherent debris may, for example, damage thermally-

sensitive electronic circuitry on the surface of the wafer substrate as the

debris cools upon contact with the surface and re-solidifies. Such re-

solidified debris is difficult to remove from the surface of the wafer substrate

15  using conventional wafer cleaning techniques due to its adherent 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

20 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.

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

drying the surfactant film before laser machining the workpiece.

CONFIRMATION COPY



CONFI RVATI ON COPY WD 2004/ 110694 PCT/ EP2004/ 006001 Advant ageously, the step
of dispensing a surfactant conprises dispensing a surfactant onto surfaces
of a pl ur dYQ29049106%6r kpi eces in a batch process before traog/Bmodaphenes are

| aser machi ned. Advant ageously, the nmethod includes a further step of
renoving the 5 surfactant film subsequent to | aser machining, together
with any debris fromthe | aser machi ning deposited thereon. Conveniently,
the step of dispensing a surfactant conprises dispensing a surfactant which
is soluble in a %@Oﬁ?ﬁ&gédhﬁg&)! Ql*ﬂetﬂ%ps%’ffafs eﬁéin%_h% MPFHRINRC RofrrisBs ol ubl e
and wherein the step of”renoving the surfactant film 10 conprises

di ssol vi ng t hispansfrgch satfattanionto sindaceslof antlurdlity oftvagdquedey in aiatdol vent

is water. Advantageously, the step of |aser nmachi ning the workpiece includes-
at | east onerefessetaredbe wyirkpiecesaterlagir anardivgedtl | aser via drilling the

wor kpi ece:  Conveniently, the step of |aser machining the workpiece

conpri ses 15 | aseidwathgeuusly, ahauhéthody@cludes kphetieer sTop \of nieatuiviityg tie N
mul til ayer workpiece conprises a sem conductor wafer_and associ ated | ayers
form ng ad acuripetansdilon $tbsefeentata laser carhaningnitpgethen avigh gy debris

di spensing the syrfactant conprises . depositing the surfactant filmon
the surface. r}g‘b‘“%l? ﬁ%ﬁ%ﬁ?gﬁgFﬁBoﬁﬁ)&%ﬁ%’spensi ng the surfactant

conpri ses knife- edge depositing the surfactant filmon the surface.

Al ternatively, tKkonyeairraly, theasensi fisnenaing a sudaciant cosnprisesclispeising

depositing the syrfactant.filmaon.the surface, .Alternatjvely, the step of
di spensing t tfe SE&FWQE% a‘ﬁ#mﬁﬂoﬁpﬁ%élgie win isﬂﬁ@}lgilﬁgwﬁﬂéh g'h?fsé'ggaCSfoft ﬁbe
wor kpi ece i n goiidaak #Molable WndOWherein the step of removing the surfactant film

10  comprises dissolving the surfactant film in the solvent.

v

Advantageously, the solvent is water.

Advantageously, the step of laser machining the workpiece includes at

least one of laser scribing, laser dicing and laser via drilling the workpiece:

Conveniently, the step of laser machining the workpiece comprises

15  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.

20 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

25  immersing the surface of the workpiece in a surfactant solution.



2 WO 2004/ 110694 PCT/ EP2004/ 006001 Conveniently, the step of dispensing the
surfactant conprises dipping a batch of wafers to be machined into a

sur f act antWQa0411eA4 Preferably, the step of dispensing POE/EPCORMActaNt
conprises dispensing an anionic, non-ionic or anphoteric surfactant. 5
Preferably, the step of dispensing the surfactant conprises coating the
surface with a surfactant filmhaving a sufficiently high degree of wetting
to wet substantially all the surface. Conveniently, the step of [|aser

machi ni ng i ncl udes, ﬁéﬂt@am@&eﬁfof d[%l‘éh’simg"{ﬁe g%ﬁ@df%@&ﬁnﬁﬂ debr?g ga,

optim sation |ncIu es seeking to mni erence o

surfactant fibatch Chmagdts enbe ynadhiieedsinepa ctirfaetanysotgtihe surfactant film
conprises a spin-rinse-dry process. Advantageously, the step of Iaser

machi ni ng conpri Sﬁ%férgﬁlgr HR0lep Aish IR P HIPLRER AN MRS ving

the surfactant filmconprises partially re V|ngt nfilm
of surfact ant araanioaity ndetionis osanfipleoteriobafictanised in a subsequent d| ci ng
step using a dicing saw. Advantageously, the step of |aser machining

conpri ses {rovi di p@raBh ?rsthee&% & ns} tHe\GurkRERT J&%?Oﬁhéys%aﬁﬂ theduci ng
solid debris created in’the ser himng step. 20 nveni ent | the step

of di spensi ngsurfeesatth aesmfattmrfﬁm ]saangaaufﬂixgenﬂyﬁhlgéudégee ofw\tdﬁnﬂg
surfactant dissolved or suspended in a liquid carrier and evaporating the
liquid carri eWe¥$lﬂ?$\t€tI}'f@H§’Lﬁllfpfé1@éurf%9ant ageously, the step of dispensing the
surfactant to forma thin filmof surfactant conprises the step of acquiring
an image of the fCoémvenierily, sthef siepaot lasar tthachiningpiretied esndptimigasionngf t he
image with a reference inage of a rkpiece.with an optjmumthin film of
surfactant andegmaing pp@meters and such optimisation includes seeking to minimise

10 adherence of debris to the surfactant film.

Conveniently, the step of removing the surfactant film comprises a

spin-rinse-dry process.

Advantageously, the step of laser machining comprises laser scribing
the workpiece and the step of removing the surfactant film comprises at least
15 partially 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



image is not sufficiently conparable with the reference i mage washing the 3
WO 2004/ 110694 PCT/ EP2004/ 006001 surfactant filmformthe workpi ece and

redi spensiwg 2604/11¢69¢ ant on the surface of the workpi ece.pcArandsagsnys! y,
the step of conparing the image with a reference image includes conparing
the image with at | east one of a second reference 5 inage of a workpiece
with an excess of surfactant on a surface and a third reference i mage of a
wor kpi ece with insufficient surfactant on a surface to determ ne whet her
the thin fil f apt . i sz ex i i i.cient ctively.
Advant ageouslngylﬁ% Czéi{stt g%ﬁlofé ré‘lll stggngﬁ%?lgbﬂaéges%? agf(gé%érgshrft? Sgrfég%?\gc%ﬁo ®710 the
wor kpi ece congaﬁifas;@s)f%@mkpfecg_si ng a canera and associ ated hardware and
software to align a wafer on an xy table with machi ne coordi nates of a

| aser apparat us %Hbaf{‘%gg&élﬁte ﬂ‘{@fsﬁeﬁ:f bf cbhpRGnTRAR ﬂ:ﬁQ%e %W%]Eef\%rlaéfxgger of

the |aser apparatus, ore’the s actant’ 1s°ispensed on t such
that the suringdedticlidestiospaisadiennidpe withert 1aRt bhe of ¥ seabl® réfbi@icet he !
waf er has 15 been cl anped i'n position thereon. Conveniently the step of

di spensi ng a isnageact anvorkpignei with anhexcese ph sunbdctamteom i sugfage watlea thirdm waf er
carrier neans; .transporting the wafer tqQ a r.factant di spensing station
and coating t¥EeISnFs 88,07 hWORkHIgRe Wiith PP A R ECHaTY I GRS 11

coat ed wafer; e r eq3RCLH Di o) i r. ing the
coat ed waf er ?%@%gsﬁeﬁrgecrﬁ?}ﬁ ggﬁs@ﬁi%nmarg%t%ﬁa%eé%%%ﬁsr?? r%ggl?%fe&{etcn(lgat ed
wafer to for rﬁe@pgaﬁj@'u}ned coated wafer such that debris fromthe |aser
machining is deposited on the surfactant film and the step of renoving the
surfactant film CoapLisesotdiy b SRS 6f diGARSAGTS bl offRCRIsHEACE ARt o
wafer to a surfactant ré&noval station and rentBving the

10  the workpiece comprises a step of using a camera and associated hardware

!
.

and software to align a wafer on an xy table with machine coordinates of a
laser apparatus with which the wafer is to be 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

15 been clamped in position thereon.

Conveniently the step of dispensing a surfactant comprises the steps

of: removing a wafer from wafer carrier means; transporting the wafer 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

20 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

25 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



25 surfactant filmand the debris deposited thereon to form an uncoated
machi ned wafer. According to a second aspect of the invention, there is
provi ded awpa8e¥110¢9dchi ni ng apparatus conpri si ng surf act aur/chs@@osiong neans
arranged for 4 WD 2004/110694 PCT/ EP2004/ 006001 coating a surface of a
wor kpi ece to be machined wth a surfactant filmto reduce adherence to the
surface of debris produced during |aser machi ning by the apparatus.
Preferably, the surfactant dispensing nmeans conprises pre-washing 5 neans.

Preferably, t I i@i_n %)Pfé f L f t film
renmoval rreans_%gfrn%f%rsfgg]ﬁgg O?ﬁleg’sour aé{lg&n?e#{l%%ﬁn&gﬁg %ﬁ??%%% @@%g(gt her
with any debrig&ideRankiaetbaheeirfdes oN@ebrds prodiell gy 1dief &Qichining
Conveniently, the surfactant filmrenoval neans conprises spin-rinse- 10 dry

means. Advant bgdwegiparatise surfactant filmrenoval neans conprises post-
washi ng nmeans. Advantageously, the pre-washing nmeans and the post-washing
means are a SamEPMASADRY theagiEfackntPdBpendhl Ymelhe coaffiseBsidiwadlGng
apparatus is arranged for at |east one of |aser scribing, l'aser dicing and
| aser via drihleang t he workpi ece. Conveniently, the surfactant dispensing
means conprises spray deposition neans. Alternatively, the surfactant
di spensi ng nmeans Pef@rabBesh&kistent@lming @ppeness firtherriansrisedl suefabahi vel v,
t he surfactant dispensing neans conprises roller

film removal means for removing the surfactant film from the surface

together with any debris deposited thereon during laser machining thereof.

TN

Conveniently, the surfactant film removal means comprises spin-rinse-

10  dry means.

Advantageously, the surfactant film removal means comprises post-

washing means.

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

are a same washing means.

15 - 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

20  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.



deposition nmeans. Alternatively, the surfactant dispensing neans conprises
i mersion neans for batch dipping a plurality of workpieces. 5 WO

2004/ 110690 RaT/kR2004/ 006001  Advant ageously, the |aser ppRaBhddl ogkospPar at us
further conprises gas environnent control nmeans for producing a gas )

environment for laser nmachining arranged to reduce solid debris produced in
| aser machining. Preferably, the |laser machi ning apparatus further
conprises drying 5 neans arranged at |east partially to dry the surface

subsequent to coating the ?urfa e. Conyeniently, the | aser machining
appar at us f urt her Ad6ARRBEASLY; %3?&?@' BAPPSERHP ALHGCRAOMREGE 845 t he

surfactant {1l aR.the SULACE.RL DS WALRLeCe and LIRAS GOTRY' j.sgn neans

for conparing e Inmage east 0one ePence i mage érm ning .

whet her the thidhihin rHr?c{n%Ha:o redhé@SdlRNd elirfs pidtiticéd filasyr RREhMSEd for | aser
machi ni ng. Conveniently the surfactant di spensing nmeans conprises a

surfactant disp j tatl ﬁﬂf E i 0 be .
| aser machined \?\?éﬂﬁpﬂz’ gjlijér ?ag{‘ g[_{r}ga I r%ng%ﬁar?g%{)glﬁ%gagﬁg\&%{ﬁgg G?gﬁ}g;e :
surf ace ofs dehédrs alcﬁarig‘eﬁfhﬂéa}.t gﬁfﬁeﬂgf ﬂoaﬁ?rﬂxmﬂhéu s%@sbé(uél{th @64 the)y theC oat ed
wor kpi ece; the |aser nmachining apparatus further conprises a | aser

machi ni ng st surface.f or nmachi ni ng the coated workpi ece; and the surfactant
renoval means conprise a surfactant filmrenoval station for renoving the

surfactant film GosveamweR; i |lasel mBdhiighhpRgaubefuivheh epesdy is from
the | aser 20 machi ni ng deposited thereon; and the | aser machi ni ng appar at us

further conpniagesg means por obtaidng ahoimageanispe rsurfagtanh dilmook pheserficeom t he

surfactant di ipt%nsi ng stati on.to the | aser machining station &knd, fromthe
p of the workpiece and image comparison means for” comparing the image

\
10  with a least one reference image for determining whether the thin film of the

surfactant is sufficiently optimised for laser machining.

Conveniently the surfactant dispensing means comprises a surfactant
dispensing station for coating a surface of a workpiece to be laser machined
with the surfactant film for reducing adherence to the surface of debris

15 produced during laser machining by producing a coated workpiece; the
laser machining apparatus further comprises a laser machining station 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.



‘' aser machining station to the surfactant filmcoating renoval station.
According to a third aspect of the invention there is provided a 25

wor kpi ece woatiadiem4 at | east one surface with a surfact apierfapiisbédnoed to
reduce adherence to the at | east one surface of debris produced during | aser
machi ni ng of the workpiece. 6 WO 2004/110694 PCT/ EP2004/ 006001 Preferably,
the surfactant filmis renovabl e subsequent to | aser machining wthout
significantly danmaging the at |east one surface. Preferably, the surfactant

filmis not nore than 10 mcron thick.., Conveniently, the surfactant filmis
an anionic, ioni 1'8&1' ﬁﬁh?ﬁh@r P‘drfa‘"‘ga% rf?lé’%tﬁntreqlPV?ngTﬁ‘ébsieﬂVE%i Bn'&FT | now

be descri bed, MHW s WMt : anyi ng
drawi ngs in vﬂ}?c : r_%g&g@ﬁgﬁ%ﬁlﬁ%ﬂgmfgﬁggﬁmﬁggé@tg@gf%g view of a
pre-washed substrate hei | ase hi.ned, accordi to a first aspect of
Phe present I nvereGrabToRm yApElpTa i 5os BER LD iiglotbisk: i on of ¢ he

substrate of Figure 1 after machining;, Fiqure 1 (c) is a vertical
cross-section of Gonvesignily dhe sserfactagir @lnp 1afane aniopigrdonic of aguthdteriand a
thin fil m_of S“E?Ct%; Figure 2 is a diagranmati c perspective drawing of a
spray depdsi tTBHC thni que suitable for use in the invention; Figure 3
is a diagrammatic_perspective drawi ng, of a knife-edge deposition technique
suitable for use Iﬁetlﬁ@emﬁ%nwﬂbmovﬁbﬁr@essrlbgdfabﬂiaf@yaﬁﬁeﬁw@mgr et i ve
drawing of a r

roller deposition  t.echnique suitable for use in the invention;
20 Figure 5 ils?eéela?eataﬁﬁ%%ﬁ‘i‘inép%‘&?‘s‘%?3?1%\1/“ Sa‘f‘a‘x’vﬁ‘ﬁg‘ of a laser machi ning

Figure 1 (a) is a vertical cross-sectional view of a pre-washed substrate

being laser 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
machining;
Figure 1 (c) is a vertical cross-section of the substrate of Figure 2 after

removal of debris and a thin film of surfactant;

Figure 2 is a diagrammatic perspective drawing of a spray deposition

15  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;

L Figure 4 is a diagrammatic perspective drawing of a roller deposition

technique suitable for use in the invention;

20 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
25  order to deposit a thin film surfactant coating;



apparatus according to a second aspect of the invention, illustrating
renmoval of a wafer substrate froma cassette holder; Figure 6 is a
di agrammaW@ 2@enspecti ve drawi ng of the | aser machini ng peppas@ivssodf Fi gure
5, illustrating roller washing of the wafer substrate in 25 order to '
deposit a thin filmsurfactant coating; 7 WO 2004/110694 PCT/ EP2004/ 006001
Figure 7 is a diagrammati c perspective drawing of the | aser nmachini ng
apparatus of Figure 5, iIIustrating pl aci ng of the wafer substrate in a

| aser machi ni ng of the
| aser machi ni ng I‘ggglppza%a ViR:o] Sn@a@cgérggé usfﬁéﬁgngﬁé@ﬁ @ag 1%{“ fer
substrate subgesieRis oft Bighas 8y ﬂt@s@ﬂtﬁ‘i oNBlatiflg r&%\é&wﬁt@?rsluss@m inhe 14f f act ant
film and Figure 9 is a agrarmatlc perspectlve drawi ng of the |aser -

machi ni ng appaclanisg éadsi gure 5, illustrating replacing of the |aser

machi ned wafer substrate in the cassette hol der subsequent to nachining and
cleaning. 10 In tHgufd 'W&?ala 41ed pEgpERivelaivahs of € RSeNinakhingngarts, .
Referring to Figure 1(a) in film of surfactant 11, which preferably is

wat er - sol ubl eajredtatans csfrﬁlgmecS, ilontrating ovashirgnph etveafer stbstraté istibsegfuent
surfactant wth a high degree of surface wetability, is coated on a wafer
substrate 12 t ‘Feérm% m%éprﬁawmbglswdﬁha Sugkag kg Eilmy at a machi ni ng
site 13 in the 15 wafer substrate. Preferably, the thin filmof surfactant
is less than 10 rﬁigumw%isaﬂiacgrammaeﬁa pémpédtivm@’a“éugbéd:hahseﬂmmhﬁm%

sufficiently high deg ab|I|t to ensur t thefll uni formy
wet s t he waf e"f‘PE%?’?‘éc%feﬁt‘c’dner n’&uﬁ a trﬁ@a%?ge? %?Eé R WRLBY ni ng.
Preferably, t waf er .
Prieferably t h%‘?ossﬁr%{ efalglgéjlgggsaste #&2%% H]m%&fr?{ng%g@]fw ‘thin fl m of

surf act anf 0 has be[nrt]:héJl lnglulrgg, lﬂ<e r e?'fe1?£e numerals represent like parts.

Referring to Figure 1(a), a thin film of surfactant 11, which preferably is

water-soluble and an anionic, non-ionic or amphoteric thin film of surfactant

with a high degree of surface wetability, is coated on a wafer substrate 12

prior to laser machining Wlth a laser beam 14 at a machining site 13 in the

15  wafer substrate. Preferably, the thin film of surfactant is less than 10 microns

thick. The thin film of surfactant 11 has a sufficiently high degree of

wetability to ensure that the film uniformly wets the wafer surface 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
20 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

25 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.



| aser machining. Alternatively, the wafer substrate is nmachined while the
surface is still wet. The wafers may be pre-deposited, for exanple hours or
days bef o0 208a969%achi ni ng, and then fed into a | aser weghirabga®oappar at us
in anormal 25 manner. In addition, a full boat of wafers may be coated by
a di pping process or alternative batch process in advance of insertion into
the laser nachining apparatus. 8 WO 2004/ 110694 PCT/ EP2004/ 006001 Laser
beam paraneters, such as wavel ength, |aser pul se energy, |aser repetition

rate and scannin ity of I r Y S rate
12, determne a ﬁéa;é%r gg%él Q%grﬁd%%rs i ?%‘Sa%ra%%%ég& dgésfekgﬁfl %%léqu&%%ﬁl&tni ng. A
combi nation okppafigNBhes and Sehndg VeYahreyithe 1dses Beadlll 5 &ver @REetifer | aser
repetition rate and scanning velocCity of the |laser beam 14 over the wafer

substrate 12,substwater &2 edeatermindasaaturs wh;j thet detwisothgrroduost dairingslasen
produce debris 15 that has | ow adherence to the thin flm of surfactant upon
re-solidificdfd A Sopplipatign @? RS AMRLELT| %}ldae%vénelaeﬁgg»ia@ﬁ MHlefcess.

That is, the pre of in fi . I rface
arter o 10 proeiagn gy dser b dafand Stburlv ARbER s ¥l L et oREL

perm tting eahkSbafef SRS AteaD, &ﬂ%ﬂe?e%%ly@@?érﬂ%ﬁb ebtd SthelRRbRIHHiNG, { Figure
1(a), nolten and gaseous material 15 i5 ejected Tromthe |aser machining
site 13 duri mgrodasedebriadhithainlas I8uc hdlnarered &l thedhiesliracksurfavarndt upgwn waf er
surface both during. and after |aser machining and is _deposited on the thin
filmof surfd€rsoldificatipn aad i %qe?%}ﬁfmerfﬁa% F enoviesh In 2 WasB\IFOreFsFi gur e

L(b). Homverﬂaatﬁgﬁ, thé g%&%ﬁ&@{]ﬁ He! thif} {iﬁ%%ﬂ? gu,sélgé& G Bhtek Qﬁﬁfg@é@t& atTﬁi ; he

vvp,r.rkpi ece, easi sequent renoval bris fromt hé WO i ece. :
dif fers froom gre-washEtep o 8€dsi the sGfatd Atheshiecropbitidsthli peRhRMARESsIBED i S

comng into

removal of the laser-machined debris. Referring to Figure 1(a), molten and

gaseous material 15 is ejected from the laser machining site 13 during laser

machining. Such material moves back toward the wafer surface both during

and after laser machining and is deposited on the thin film of surfactant 11

15 as re-solidified material 151, as shown in Figure 1(b). However, the
surfactant film reduces adherence of the debris to the workpiece, easing

subsequent removal of debris from the workpiece. This differs from a

known protective coating which physically prevents debris coming into

contact with the surface of the wafer by acting as a barrier. In the case of the

( 20 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

25 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



contact with the surface of the wafer by acting as a barrier. In the case of
the 20 tin filmof surfactant of the invention, the process of physically or
chemni cal | YW®2Mdi1g94ebris or | aser re-deposited material pco/EPherswadodr i s
prevented. That is, if hot material |ands on, for exanple, a bond pad the
surfactant acts as an "anti-fluxing" agent. This nay be understood as a
reverse process to that of a solder flux in which a chemcal is added to
allow 25 nmetal to bond better to a nmetal pad, for exanple, by chemcally
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machi ni ng, the wafer su I'S was sing a “conventional wash for

sem conduct orumgreat, @§shc$Nﬁh!nFﬁgmﬁe51chi n-rinse-dry process with water, and
both the thin filmof surfactant 11 and re-solidified 9 WO 2004/110694

PCT/ EP2004/ 00600%,, Oq%béﬂl}ﬁﬁ.%%ggﬂ tg%r%ﬁggﬁgﬁ,qg%%awé &L’é&‘?&%eci Vi ng

t he surface clean an shown 1'n gur n one envbodi nent

of this invenin Qfivelgasehvireafidnt 0gin & gaseheird®Aehhwhafe phbio/@isg@Sation
environnent or in a gas environnent where photo-dissociation 5 produces
active radi cgirodutessamtivesretiqalsn d.aser machiving/n yasctive gaoameinenmant cirange t he

chem cal nature of debris produced. .In particular, a chem cal eactjon
between t he ge the hamlal athien pf debBs proREcsdh I ReTHIRTs eacbemiAl resul

in removal of | Sael ' SR i all

deposi tion ofrego ddebr ﬁ?ﬁ%ﬁ{ gigr%lmg]ﬁi%g{e%r rrtaiéﬂlI::r]lllell ﬁgﬁ{g{@gyﬁé_icﬁb
Various knowtedwle imirguiesaBbf dsbiis ablgasédits feposiith Rensdifichbiblly freliovad
surfactant 11 on the wafer surface, such as spray deposition, knife edge
deposi ti on ardepositiosrofseitidshrisdal agpunrd thedpsssimachining site| 13st rat ed in Fi gure
2 f which shows a nozzle 21, for enmitting a jet of liquid surfactant, nounted
above thgowaf er Sthfiusatrow? techitqued &re siitably flralebdsithg dicatiad film bhe sense

of surfactant 11 on the wafer surface, such as spray deposition, knife edge
deposition and roller application. Spray deposition is illustrated in Figure 2
which shows a nozzle 21, for emitting a jet of liquid surfactant, mounted
above the wafer substrate 12. The wafer substrate 12 is rotated in the sense of

15 arcuate arrow 22 and the nozzle 21 is translated in the plane of the wafer in
direction of double arrow headed line 23 to ensure complete wafer coverage

with the liquid surfactant. Figure 3 illustrates liquid surfactant dispensing
through a linear dispensiﬁg head 31 via a linear knife edge type nozzle 311

that is at least a same length as a diameter of the wafer substrate 12. As

20 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

25 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.
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15 arcuate arrow 22 and the nozzle 21 is translated in the plane of the
wafer in direction of double arrow headed |line 23 to ensure conplete wafer
coverage wothodhesodi qui d surfactant. Figure 3 illustrategrjipapjsdosgi f act ant
di spensing through a |inear dispensing head 31 via a linear knife edge type
nozzle 311 that is at |least a sane length as a dianeter of the wafer
substrate 12. As 20 before, rotation of the wafer in the sense of arcuate
arrow 32 and translation of the dispensi ng head 31 in the direction of

doubl h d | 33 | f m t
Cover age of the At BPIGh FifY B EIAEERRR et Vel Yo G s B qur e 4.
a rol ler 41 may e, sedtiy At ool b AR@p S c\f@mg gt ke 12 by

retation in the sense o ate arr ow translati of” over e wafer

surface in thaegbsi®éi iheadodr md@lhﬁihﬁnas eed lpadedXY i tableddterAiai wafet hasvaf er
substrate 12 may be rotated in the sense of arcuate arrow 42. 10 WO
2004/ 110694 PowrERaopeddoqesitionA waf er may be pl aced on an XY table, the
waf er aligned and the surfactant solution deposited on the wafer prior to

nmachi ni ng, 5t hat iBreférablylehosutfacs iheadesst patialni dried Subsefican tbhgreXY tabl e
after the wafer has been clanped in position. 5 Preferably the surface is
at |east partwashipghricebefons lsqueachining siece wae thindilentl isefley efficiene in

machining since the thin film2ll is.al ef f reducin dhesi ve
proper ti es of G e SRS EPRRERIS Frihf fx}scfg%?@%m%%%wmg spifnt
surfactant ha i

change or congag?llﬁ% %ﬁﬁa‘%ﬂﬁ@?{ ecf{}{s&g?t%g(??g\lﬁlﬁéig éu)t&}nt‘on ter nat |15h%l

the surface npiadecchangeorwenealing ofid deposited satfattant soltition m'cepﬁlaheé]nyatl veI y,
tHe thin filmof surfactant 11 may be deposited in a batch process For

exanpl e, the tbefseméacamambelaéép@@mwd Wigh a svetpriactastifilmor
Alternatively, the thin film of surfactant 11 may be deposited in a batch
process. For example, the wafers are pre-deposited, for example hours or
days before laser machining, and then fed into a laser machining apparatus
in a normal manner. Alternatively, a full boat of wafers may be coated by a

15  dipping process in advance of insertion into the laser machining apparatus.

A laser machining apparatus 50 for carrying out the steps of the

method of the invention is illustrated schematically in Figures 5 to 9.

A cassette holder 51, for holdiﬁg a stack of spaced-apart wafers 12, is

( located on a table or frame 52 at a first end 521 thereof. The cassette holder
| 20 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

25 532 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



days before | aser machining, and then fed into a | aser machi ni ng appar at us
in a normal manner. Alternatively, a full boat of wafers may be coated by a
15 di ppi nv@2weassdi n advance of insertion into the | asepcrmpbinioo@or
apparatus. A |laser machining apparatus 50 for carrying out the steps of the
met hod of the invention is illustrated schematically in Figures 5 to 9. A
cassette holder 51, for holding a stack of spaced-apart wafers 12, is

| ocated on a table or frame 52 at a first end 521 thereof. The cassette

hol der 20 51 il%raﬁgni%ﬁl%'e{véédcﬂxb%%?ﬂé‘ 5y fb?:%ﬁ@%%f%%ﬁ%&%as‘olﬂb% 1§ ansver se

. a
to a IongltudPna Xi's"of The e or rovi de access to wafers

12 stacked t&éﬁg@,’gt@d@@§&qam@wafeymhgeé 13 above, in use, the cassette
hol der 51 is a surfactant dispensing (pre-wash) station 53 having a roller -~

531 with an axle ﬁag‘ nsy. 0; 0 gi:f]_.y.g_j [ S abl e or
frame 52 and par a’]['l]%ezl oréﬁgl ﬁg{e&%&ned&ﬂ%@ésagsur acgga%?%en?gbﬁt@%ﬁ{’ frame
52. The rol | epo@afblyi omBiheMON200 el 3QE4aRICHIFRRODE S8R foﬂodf'ﬁh%' fhy ‘
imrersed in a bath” 533 for containing surfactant solution to be eposited
on a surfatce sirfddecsulbaéquergubgireavashing aid debpedrstrunaghisfrey. sl nfraveludes a
drying station, not shown, possibly conmbined with the surfactant dispensing
station, for SR/ 78 QUFE OLA Wt Pk )e GE BHRRIES 06 Spitablpanerns et syngeher e

| aser machi nig@, An infrared | anp, an oven or a warmair jet are exanpl es of
suitabl e nean3 ot drying the surface. As best seen in Figure 6, a |aser

machi ning head 54, is |located offset fromthe table or a 52
corres pogdi ng to @S 3’8?1’ FEBhTb A EHE q'foiaéelbmmﬂﬁgetﬁ%g b?gf%‘@ﬁl pifset

caeset 10 iyl SR A0 B 2naig B b A e (o
10 52 between the cassette holder 51 and a second end 522 of the table or frame
52 opposed to the first end 521. The laser machining head 54 has a vertical
access end 541 open for loading wafers to be machined and unloading -
machined wafers, which is most proximate the table or frame 52 and parallel

to the longitudinal axis thereof.

15 As best seen in Figures 6 and 7, a coating removal bath 55 is sunk in a
well 551 in the table or frame 52 between the cassette holder 51 and the
second end 522 of the table or frame 52 and proximate the access end 541 of
the laser machining head 54. Alternatively, a same bath may be used for pi‘e~
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



"access end 541 open for |oading wafers to be nmachi ned and unl oading - --
machi ned wafers, which is nost proxinate the table or frane 52 and parall el
sto the | oV 209dit &P+ axi s thereof. 15 As best seen in Fi gpcesrihopodor a
coating renoval bath 55 is sunk in a well 551 in the table or franme 52

bet ween the cassette holder 51 and the second end 522 of the table or frane
52 and proxi mate the access end 541 of the |aser nmachining head 54.
Alternatively, a sane bath may be used for pre- washing to deposit the

sur fact ant ofet e SUELACG A’ 0lpeOR) 03 ioh 561 220 oL BN Bl BardllEf act ant

filmand debris forom t.he surtface. ng agaln to figure ocated at

the second eng thedudhcd bethieakble opfranid 502 52, proxi mate the well 551, is a
robot 56 having a substantially horizontal, in use, platform561,

vertically novabl g, WhiRef-EREE ést%é%gg]gtrggggttegﬁﬁ gﬁaéﬁp%?%cgﬁolagﬁ%p% |1 551

on vertical, in use, guide rail cular to the

surface of tIfer trabv@ment fwidlierebZact AD #idendfeffeetorr cardier 362 PAALLS t6 of at abl y
suspended fromthe platform561 by a vertical axle 563 passing through the
pl at f or m 561 lpogitudinal iaxis ¢herent beteern anvextended IpGéton POW EPEOELIE06001
effector carrier,.562 with respect to the platform561 and substantially
paral | el to R¥HQyrface of the table or frame 52. An end effector 564 is
slideably nounted on the end effector carrier 562 for nmovenent with respect
to the end effectfdguiesr?iter 958spatenl inepequenge, gs¢ gfgtheudpsenl magiisingher eof

bet ween an extended position and a retracted posjtion., FiLgures.5 to. 9
Tl ustrate, 1 PPREGUato@ertiat AF MRESF Star TracHimpIet: st eSO  or m
the process shepsy@fich & -%§1iﬁ§%{]s§1b9§ra‘%eﬁ% fgﬁh@ hif ffilnd SEsdrByeRitin Of
pfe-washing a substrate to forma~thin filmof surtactant on

10 the substrate, laser machining the substrate and, preferably, removing the

thin film surfactant from the substrate.

In use, the cassette holder 51 is loaded with wafer substrates 12 to be
laser machined. The wafer substrates may optionally be mounted on
respective tape frames 121. A selected wafer substrate 12 is removed from

15 the wafer cassette holder 51, as shown in Figure 5, using the end-effector 564
attached to the robot 56, by locating the platform 561 at a suitable height
above the surface of the table or frame 52 to extend the end effector 564, with
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



10 the substrate, |aser machining the substrate and, preferably, renoving
the thin filmsurfactant fromthe substrate. In use, the cassette hol der 51
i's | oaded wokmyaé@s substrates 12 to be |aser machi ned.pcih&¥ed@Eoo01
substrates may optionally be nounted on respective tape franes 121.

sel ected wafer substrate 12 is renoved from 15 the wafer cassette hol der 51,
as shown in Figure 5, using the end-effector 564 attached to the robot 56,
by locating the platform561 at a suitable height above the surface of the

t abl f 2.t dth d.effect 64 ith i tudi | i

P he bnd orpubeit Rl B BRI Mot supStgre B ohen Mt tolieh 2 W iast B (o' °

table or frang.a2 su&{é%@Bﬁ?é@?fe‘f%ﬁﬁ%ﬁt@ 1594 kPl soﬁxﬂ?oﬁHGnﬁﬁ-‘e?aftﬁCt or
waf e S ol der

564 to engage the selecte r substrate 12 in the cassette and by,
retracting thgssendteahbice disfedding tdold bectsad acielenaf &iifeudiipler disperdsr hel d
by the end effector 564. Alternatively, a slide nmechanism may be used

i nstead of t haayodtarnativielywa¢ arsedubptipnally yath Hbe gvafpr theing ngtaded evitlr 564,

is transported 25 vertically away fromthe surface of the table or frane 52
by the rob{)t qegp?qgéo%q:gl_s\%gﬁngttgtg]i IERPIeraS e ef fect or 564 is extended

such that a lower, in use, surface of the wafer substrate 12 to be nachi ned
engages the rol | e¥heBipre-weskashilhei wafer gubstrate Thés rempeed 8um| therpreat ed
about the roller |.e as .t he. VO.2004/ 110694 .PCT/ EP2004/ 006001 end
o fector 564 WVLEARE Narore At e End S0 5F PRENIPMETnEIRCHREh  ho

| ower surfacesgf ' I | g1t Lanssf r.om t he
bath 533. Nﬁ%r%@?yﬁﬁﬁﬁﬁgﬁ%o gmgﬁggfagg quﬁ%zz lg%grﬁl ﬂrrﬁg][sé i:gdglg;ne

di spenser neguitible disthnace fpnbahe satfacopd ippsitidry thd waféhsubaiae 1Reitng

rotated with 5 respect to the dispensing tool during pre-washing. Wen
pre-washelf) tmechiaieg pesiboninthe kser mackininghedd snAshehqyrin figure7, the

end effector carrier is rotated through substantially 90° about the axle 563
thereof towards the laser machining head 54. The end effector 564 is
extended to pass the pre-washed wafer substrate 12 through the laser
machining head access 541 for laser machining of the pre-washed wafer
15 substrate 12, from the lower, in use, pre-washed surface thereof. During
laser machining, debris which would otherwise be deposited on the lower

surface of the wafer substrate 12 is deposited on the thin film of surfactant.

As shown in Figure 8, after the laser machining operation is complete
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



wash station 53 by retracting the end effector 564 and | owering the platform
561 and end effector 564 towards the surface of the table or franme 52 to a
sui t abl e VO28HEA0MHEom t he surface to position the waf er PoER0@EI066002 at a
10 machining position in the | aser machining head 54. As shown in figure 7,
the end effector carrier is rotated through substantially 90 about the axle
563 thereof towards the | aser nmachining head 54. The end effector 564 is
extended to pass the pre-washed wafer substrate 12 through the | aser

machi ni ng heag,aieeq SarrfHvalsRed hasfer stBSHBI 1%iRb thB&abitre/RSINGH sYefRE 15
substrate 12, fromthe lower, in use, pre-washed surface thereof. During

| aser nmachi ni eyl effedtor 564vs extended do dhieet eswabe dédpaatd $2 inmthé basskaver
surface of the wafer substrate 12 is deposited on the thin film of

surfact ant. ABoldroihand the wafes sybstantedy? releasedhFem thecandheffertorbdaniten i s
conplete the wafer @Hb_s ate 12 is renoved fromthe | aser machi ni ng head 54
by 20 retrac‘quﬁg?etliﬁ €hteffector 564 and rotating the end effector carrier
562 through substantially 90 in an opposite sense to that in which the
carrier was rotafhkBoegh p@sgtieHar aypagement of ARPar#ears hasdeenwlenehedgbihead and

| owering the platform56L1 in,the directi t he surf.ace.of th abl e or
frane 59 (o MArSSample s iR SBaro B e PRELUTRS 2 ut 85, 487 5o
the 25 surfagiaptakAYRImaNE SLRRE ScRhBor@IPYEHs UhidNadaiNesl &Y FhRer AS
shown in figure 9, the wafer substrate 12 is then renoved fromthe washing

system 55 by compomerttipars) atafydemsedl away fromthe surface of the table or
frame 52 to a distance fromthe surface sufficient to re-insert the 14 WO

2004/ 110694 PCT/ BRZQ0410RRFE mABGhRE Rgdleattt Washesibyahes 13ubsétdle] &2 i nto

the cassette holder 51. The end effeCtor 564 is extended to insert the
waf er subHl r athe wafer masshtte dobdetileiminetitesly afteatabet meachafiing aswbsmadne 12
rel eased fromthe end_effector 564 in the .
therein until all wafers 12 in the cassette holder 51 have been sequentially
pre-washed and laser machined. The entire batch of wafers in the cassette is
then loaded into the washing system 55 and all wafers 12 are washed in one

wash cycle, thus reducing machine cycling time for a wafer batch.

15 Where a same piece of hardware is used to prewash and dispense the
surfactant and to wash the workpiece after laser machining, and where cycle
time of machining is the same as or shorter than the dispensing or wash
cycle time, throughput of the system may be improved through the use of a
buffer. Specifically, wafers are sequentially passed through the dispense and

20 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 waferé 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

: 25  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



cassette holder 51. 5 Although a particular arrangenent of apparatus has
been described by way of exanple, it will be understood by the person

skil |l ed i n"WOR80HI06%hat ot her arrangenents of the conponsnyEmasd®eooand
additional or fewer conponent parts, may be used. In an alternative nachi ne
cycle, the wafer substrate 12 is returned to 10 the wafer cassette hol der
51 imedi ately after laser machining and remains therein until all wafers
12 in the cassette holder 51 have been sequentially pre-washed and | aser
machi ned. Thegent i bt b S [ t hen:l qaded_into
t he washi ng s%‘g&é%l %@%@%ﬁ{ie%@%rgo@gnap@ a sﬁi%‘gﬁge%{ngag%gﬂ%@%, t hus
reduci ng machiehi@ efidlt| deteld BE ihsttfidieMBb@FfaBBhE Mayl BlsYRT gecRaMBrohgce Of
hardware is used to prewash and di spense the surfactant and to wash the
wor kpi ece af temmpassin withlinraiges of eodkpiecesewithaixeesstarimsufficient hinfactant s t he
same as or shorter than the dispensing or wash_ cycle time, throughput of
the system nabhisanethoddpan berrssd g amilingcogfro} syHary k& preggatrRchiing

waf ers are sequenti al | ssed, t hrough the di spense .and 20.dry ste nd fed
into a buffer®™ ¥h rf)ﬁ#‘éfﬁ?%e’&ﬂfo e deqient Tat Y I_E)mfaé%@t’ W%frg?eé{??(ﬂt o the
XY tabl e wherg, Hﬁ%‘i}hﬂbpﬁn‘?&%ﬁ@sﬁﬁ@e1fl@§r tRYe P&m%%ﬁhﬂirﬂ%m&tﬁﬁ. waf ers are

unl oaded to the washer. Optim sation of the nunber of wafers in the buffer
wi |l depend on t nher.. o fers | a L] ;as sition and
1) depend, on 1 SURSLy OfVALACK bl BRSS! LG ABen'S T iat,deRaid | o7
optim sed bufd@kiceh@aitbt Gabbirites Nfdreas@fipleN'BHOMAVE - bde prdivabhed igmpodi ment
of the invention, the canera systemused to performwafer alignnment is used
to detect andsurfartantreoltteorpiressier ¢o oéduceuhe acthasive propéntienaf arsubfate ot

nechi ni ng. This for exanple m_a)il be achi eve 15 WD_2004/110694,
PCTI EP2004) oobeFubstrate upon which laser machined debris will collect. This thin film of

surfactant, and the debris deposited on the thin film of surfactant, are
removed subsequent to laser machining of the substrate thus leaving the
wafer surface free of debris and undamaged. This invention is applicable to,
for example, laser dicing, laser scribing and laser via drilling in single
15 substrate and multi-layer substrate materials consisting of layers such as

plastic, dielectric, glass, metal and semiconductor materials.

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

20 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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t hrough use of an ideal or "golden" inmage of an ideal wafer. In further
refinement, excess or insufficient surfactant nmay al so be detected through
conparison with i mges of workpieces with excess or insufficient surfactant.
This method may be used as an inline control systemto prevent nachining 5
of wafers which have, through operator error or machine fault, not received
an anount of surfactant sufficiently close to an optinum anmount. In sumary,
the method of¢k %resent invention is to | aser nmachi ne sem conductor
substrates, for exanple, that have been pre-washed in a surfactant solution
in order to reduce the adhesive ﬁypperties_of a surface of 10 the substrate
upon whi ch | dser Aemphaddl Wedsmashiginga werkpiees (12)rinichidingithe stepsafof

surfactant, gnd t i i, t t ' [ - t, are
renmoved subsgquenpgpgﬁp{sifgﬁgg ﬁﬁ?%BR%?(Eﬁ%&%hggipg?gR%W%gg%%g§?ﬁbathe

waf er sur f acsuffaceeofothe dadrkpisceatodbel dermnmgehined Taridseviapuratihg die liguidpptrieeabl e t o,

for exanple, laser dicing, |aser scribin nd ser via drilling in single
15 substrate f'%&’HH th, P?P!(%aoFaS‘?eProé’ U{S‘s‘l‘ rsélffg“ t@l‘ri é’ ]3 W Freies iSHﬁa“(?_f afey¥f s such
as plastic, ;iRhRGIFIdebriTIhdaSoed Wating |RRIMIGMIRS BEES RimdVBE &f thaldsbrisI he

i nvention provides the advantages that the thin filmof surfactant is
easier to rempde than known protective plastics filns and the surfactant is

conpati ble with kng G in i i ml to that used as a wetability
20 agent in &écha%F%ngéﬁﬁﬁigwégnﬁg%%%gﬁﬁ eﬁgﬁaﬁh a | aser scribing process,
where a dicing process or dicing saw is used in subsequent processing and
the sawi ng process uses water as.a coolant or Jubricant, that water nay al so
be used to rdmove A MEMOREA Clime] Blrclglmiaa‘eleeéﬁp.tﬁemlr@mm applicThapHod of
l'aser machi niyhgh r ieRWERLR&R. (12) including the steps of. a. dispensing a
surfactant dissolved or suspended in a liquid carrier onto a

3. A method as claimed in claims 1 or 2, including a further step of at least

partially drying the surfactant film (11) before laser machining the workpiece.

4. A method as claimed in claim 3, wherein the step of drying comprises drying

with at least one of an infrared lamp, an oven and a warm air jet.

5. A method as claimed in any of the preceding claims, 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.

6. 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.

7. 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.
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surface of the workpiece to be |aser machi ned and evaporating the liquid
carrier fromthe surface to provide a surfactant film (11) to reduce
surface adhesive properties of debris produced during |aser machining
easing renoval of the debris; and b. laser machining the workpiece fromthe
surface. 2. A nmethod as clainmed in claim1l, wherein the surfactant is
applied in a pre- wash of the workpiece. 3. A nethod as clained in clains 1
or 2, including a further step of at least partially drying the surfactant

film(11) begore hasghodBaltlibkith Ulita PUSRIRAR coftendls WRlod as ¢l aimed in

claim3, wherein the step o rying conprises drying wth at |east one of
an infrared |lanp, an oven and a warmair jet. 5. A nethod as clained in any

of the preceding ¢l ai wherein.the s of dispensing a.surfactapt

compri 565 di dpenstirgeioLdr FATE™ gt B LG rersalre R et L Sg o

wor kpi eces i msé Radhidin®IRCRS&kphRt Mdudeb &t WaktkgtieesTelaseR sEribiAg Clhaseiedimged. 6. A
nmet hod as clained in any of tF?e preceding clains, including a further step

of renoving enklasayviadrilling theivorkniace) | subsequent to |aser nachi ning,

together with any debris (151) fromthe | aser machi ni ng deposited thereon.
7. A nethod as clainmed in any of the preceding clains, wherein the step of
di spensi ng alBur f Acmethbd @srprimed $n dnys pE el prgcedirguclhiact avieremh ittehsters ofol ubl e

in a sol venE in ich the sur.face of. tqe V\D%ﬁi.ece |§.]|§nsol upl.e and wherein
the step of AYIBINHING s “OTKRISECRMPiFgs| BReL TAYIRIBRE MUY YR EPiEte
surfactant filmin the solvent. 17 8. A nmethod as clained in claim?7,
wherein the solvent is water. 9. A nethod as clained in any of the preceding
clai ms, wheréin t Aemsthed asfclaimgddp daiehPnivhgretnhtheviderk f daser meehiniesa at | east

one of | aser Ll ase | £l I - VI i) el ng it pi ece.
10. A net hodmztlgtm1 aiq%é g ?\e éonrglgrgslf Q?ﬁgﬁig& cag [ nlé&é:ﬁgﬁrsvfgfé\’/{h%rd ei&%()ét{\%ed(st ep of
layers forming an active region of the wafer.

12. A method as claimed in any of the preceding claims, wherein the step of
dispensing the surfactant comprises spray depositing the surfactant film on the

surface.

13. A method as claimed in any of claims 1 to 11, wherein the step of dispensing

the surfactant comprises knife-edge depositing the surfactant film on the surface.

14. A method as claimed in any of claims 1 to 11, wherein the step of dispensing

the surfactant comprises roller depositing the surfactant film on the surface.

15. A method as claimed in any of the claims 1 to 11, wherein the step of
dispensing the surfactant comprises immersing the surface of the workpiece in a

surfactant solution.
16. A method as claimed in claim 15, wherein the step of dispensing the

surfactant comprises dipping a batch of wafers to be machined into a surfactant

solution.
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| aser machi ning the workpi ece conprises |aser machining a multil ayer

wor kpi ece. 11. A nethod as clainmed in claim9, wherein the step of |aser
machining a nultilayer workpiece conprises nmachining a sem conductor wafer
and associated layers formng an active region of the wafer. 12. A nethod
as clainmed in any of the preceding clains, wherein the step of dispensing
the surfactant conprises spray depositing the surfactant filmon the
surface. 13. A nefhoethad ag|claimed in any Al ther precedingsclaimse whereig#her €¢h of he st ep

of di spensi ngjspdfeSHE Litbicmt L ARPerdshigl £ SR, HBRASHIE P YmbRGeur f act ant
filmon the sﬁ?facg. 14. A nefho%m%s c?gﬁngéﬁin aﬁ? OP ékafnsn% tg 11,
wherei n t he suréptaof. di spensing the surfactant conprises roller depositing
the surfactant filmon the surface. 15. A nmethod as clained in any of the

claims 1 to 11, wherein the step of dispensing the surfactant conprises

i mrersing thegsur Aagethed ak k@imed kpa®E ef it precddlitiyf st whelinticogep 6. A
nmethod as clainmed in claim15, wherein the step of dispensigglthe

surfactant coipeIsesharysiciagt compaisetcagtingitiespxiacegviea pEasianbIm Andng
surfactant = sQhicaty Piég dbdrec b WELIADEH @& EbATEAy bl ufir@Le L he precedi ng

clainms, wherein t I spensSing the surtactant conprises di spensing
an anionic, non-ionic or anphoteric surfactant. 18 A nmethod as clained in

any of the pregcedin | ai ms, .wherein t step of dispensing. the surfactant

conpri ses cozﬁ'i ngAtIﬁEt%gﬁraF &J:aémﬁﬁ?f%aléyg ﬁ}ea%rf%ﬁifngf PRI XACFeYT ¢ §fﬁ f’fci ently

hi gh degree @iservahidhiting OindRies Utindasiival by mbihihiRg puraimdtes &0 shciet hod as
clainmed in any of the preceding clains, wherein the steg of laser machi ning
i ncl udes opt PRiBetINneludeseping Hympunaadkarency 9f dekris(15bierthersusfactash

i ncl udes seelging to minimse adherence of debris (15) to the surfactant

20. A method as claimed in claim 6, wherein the step of removing the surfactant

film comprises a spin-rinse-dry process.

21. A method as claimed in claim 6, wherein the step of laser 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.

22. 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.

23. A method as claimed in any of the preceding claims wherein the step of
dispensing the surfactant to form a thin film of surfactant (11) comprises the step of
acquiring an image of the film of surfactant on the workpiece and comparing the
image with a reference image of a workpiece with an optimum thin film of
surfactants and where the image is not sufficiently comparable with the reference
image washing the workpiece and re-dispensing surfactant on the surface of the

workpiece.
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film 20. A nmethod as clained in claim®6, wherein the step of renoving the
surfactant filmconprises a spin-rinse-dry process. 21. A nethod as cl ai ned
in claim6, wherein the step of |laser machining conprises |aser scribing

t he wor kpi ece and the step of renmpving the surfactant film conprises at

| east partially renoving the thin filmof surfactant and any debris with a
cool ant used _in a subsequent dicing step using a dicing saw. 22. A nethod as
claimed i n aR§- of Atethpd ez elgimey ) daims23 whetels the sige oftcepiparing thgseegerachi ni ng

conpri ses prQyidi QBB Minaki I Ry educi ng
solid debri sqﬁ%gda%geéa}cgq@ﬁ%@wgg@r rrac%alj-lg 5%41@#5%%@3&11%4%@%%%%; g{?o?: ainmed in
any of the praeendengagt af asvovitpiaceiwitht daneexsess pf edrfacthing peasurigeetand aghird act ant
to forma thin filmof surfactant (11 mprises the step of acquiring an
mage of t herERGIags B b Do s R, PR BT ng s e | | nage
with a reference imge of a workpiece with an optimumthin film of

surfactants and where the inmage is not sufficiently conparable wth the
reference iAdge WaBihag a5 rdaiged ipiary ef Hiedpreeadings platmss, dresin thecstehof on t he
surface of t ' : el Al 1 clai : erein
the step of ? %ﬁ%ﬁgﬁ{g%h?ﬁdgtapt}é%é% S\?mﬁr%%e%ﬂ?%@?( ?145 g CIHFn Skéégian%@ugdﬁ}e%%lc%@r]rpari ng

t he i mage wi témat andasfocamme lfrdwars end sdftwarefterabipc @ wafagen af xyatablerkith ece wi t h

an excess of surfactant on surface and a. thj.r ref gerence i of a
Nor kb ece i (TTREGPHRLPEN T SIS APRHELON Y SUiFR dueSeBs ™ i et igd: &5 ol ai med
in any of theifir£resH JTIhe |8 Bppatdhie! Bifbretthe sitRnPs disHehRANGH 1he vafsur f act ant
onto a surface of the workpiece conprises a step of using a canera and

associ at ed havdnibatehapiafastant isakispenssd anithgpwafenan the xyrfable aiter thp Maferihas
machi ne coor ¢j f. . aratus with which the wafer is to
S nBen G e R

machi ned, or 1 aser apparatus, before the surfactant is
di spensed on the wafer,

26. A method as claimed in claim 6, 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;

c. transporting the coated wafer to a laser machining station (54) and laser
machining the coated wafer to form a machined coated wafer such that debris (151)
from the laser machining is deposited on the surfactant film; and

d. transporting the machined coated wafer to a surfactant removal station (55)
and removing the surfactant film and the debris (151) deposited thereon to form an

uncoated machined wafer.

27. A laser machining apparatus characterised by:

a. surfactant-dispensing means arranged to dispense a surfactant dissolved or
suspended in a liquid carrier onto a surface of a workpiece (12) to be machined;

b. drying means arranged at least partially to dry the liquid carrier from the
surface to coat the surface with a surfactant film (11) to reduce surface adhesive
properties of debris (151) produced during laser machining by the apparatus;

c. and surfactant film removal means arranged to remove the surfactant film

and the debris from the surface of the workpiece.
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such that the surfactant is dispensed on the wafer on the xy table after the
waf er has been clanped in position thereon. 26. A nethod as clained in
claim®6, conprising the steps of: a. renoving a wafer (12) from wafer
carrier neans (51); b. transporting the wafer to a surfactant dispensing
station (53) and coating the surface of the wafer with a surfactant film
(11) to forma coated wafer; c. transporting the coated wafer to a | aser
machi ning station (54) and |laser machining the coated wafer to forma

machi ned coated f . b i : : ihtng is
deposi t ed ontzt§ 'hemg‘u@%eéglyagﬁlt&ﬁp&%gﬁdé cha}n?ré%hns%%frh??zg@ ?%{gﬁ?r%%gl@rﬁ%k E:oat ed
waf er to a sdishastrgmeane noupiises petwashingsBdans.and renovi ng the surfactant film
and the debris (151) deposited thereon to forman wuncoated nmachi ned wafer.
27. A laser machining apparatus characterised by: a. surfactant-di spensing
means arranged. t oAdias@emaéhiing Wppaetusls dhifealiMedair 27 Sorsrendiggeihnthé | i quid
carrier onto a surface of a workpiece (12) to be nachined; b. drying neans
arranged at Pefastanpfin remoual mgangcpmpriges|spigginsedsy Meats- from the surface to
coat the surface with a surfactant film (11) to reduce surface adhesive
properties of debris (151) produced during | aser machining by the apparatus;
c. and surfadbant Af lasen mectonial appamsis asrdmoged incclaiendVeort 28 whardiachant film
and the debris froma} he surIace of the Work\ﬁi pce. 20 28. A laser machi ning
appar at us as SUTASHARLHIM FeMGVAl Mcans ComRUBesPRStENAsING B8 ant  di spensi ng neans
conprises pre-washing neans. 29. A |laser machining apparatus as clained in
claim27 or 28, wherein the surfactant filmrenoval neans conprises

spi n-rinse- dAY- nedndaserzmachiningsnparpiieshas iclagmedb prarctains 3@ s wherginnthg pig- cl ai m 27
or 28, wher el iNe mesty A% st haliihd RERYAle IBARSWARMY hERS. POt - washi ng

neans.

32. A laser machining apparatus as claimed in any of claims 27 to 31, arranged

for at least one of laser scribing, laser dicing and laser via drilling the workpiece.

33. A laser machining apparatus as claimed in any of claims 27 to 32, wherein

the surfactant dispensing means comprises spray deposition means (21).

34. A laser machining apparatus as claimed in any of claims 27 to 32, wherein

the surfactant dispensing means comprises knife-edge deposition means (31).

35. A laser machining apparatus as claimed in any of claims 27 to 32, wherein

the surfactant dispensing means comprises roller deposition means (41).

36. A laser machining apparatus as claimed in any of claims 27 to 32, wherein
the surfactant dispensing means comprises immersion means for batch dipping a

plurality of workpieces.
37. A laser machining apparatus as claimed in any of claims 27 to 36, further

comprising gas environment control means for producing a gas environment for

laser machining arranged to reduce solid debris (15) produced in laser machining.
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31. A laser machining apparatus as clainmed in claim30, wherein the pre-
washi ng neans and the post-washi ng neans are a sane washi ng neans. 32. A

| aser machi ning apparatus as clained in any of clains 27 to 31, arranged

for at |east one of laser scribing, |aser dicing and laser via drilling the
wor kpi ece. 33. A laser machining apparatus as clained in any of clains 27 to
32, wherein the surfactant dispensing neans conprises spray deposition
means (21). 34. A laser nachining apparatus as clainmed in any of clainms 27

to 32, whereidp. tRhelasdirhabimid aphab@Nad E16int¥AaN NG OTRIdiHE 2 7kB1 I7¢ fig e
deposition neans (31). 35. A laser machining apparatus as clained in any of
clai nms 27 toC@Rprisifgiapging mprans dor albieiaimg an spresseinge musfacariots odBe r of | er
deposi tion ( Al Ll el aj .0 any of
ol ai s 27t oo e e wifigifhe BRCImdIB A i BRI Nl SR Ba bl Lok

i mer si on neavith & deasbane hrefdienpe ipage fpl detahiitiyig ofhetler kipe ebiasfiln3 of the | aser

machi ni ng appar.atus. as_.cl.ai med.in of clagi.ns 27 to 36, further

conpri si ng gé§ﬂ§HW$P&Hﬁ%ﬁ@ﬂgﬁﬁPWSFSEédﬁﬁr?%gnﬁP%ducing a gas environment for
| aser machi ning arranged to reduce solid debris (15) produced in |aser

machi ning. 21 38. A |laser machining apparatus as clainmed in any of clainms 27
to 37, furthéP. cénpsar mashiningappargtuseaplainedrin §lsimi2di ernriisingragerfastant he
surfactant fi : a : [ d c nLSPN means
for conpari ngks%rgn}gtnaggtelm?#it)h%g eagé? eao%“e)rﬂr‘{'gf(gfgn‘g%ﬁ? lﬁgggig?%)o{r%nggt%sr%?ﬁ ni ng
whet her t he tiuchingéd withothet duefactsntr filac { BNt for sedsmingi aiherehtey tootei surfaeel of or | aser

machi ning. 39., A er chining apparatus as clainmed in c|]aim27,

T st o gy (3% Pradiec SRR itng BV pkodic e bud RsMeret f ace of a
wor kpi ece ( 1Zdset ﬂa@ﬁnih?%ﬁﬁon O o REcMhinb thd8oatdd WakbRBE; d surficlahd filnk OF
reduci ng adherence to the surface of debris (15) produced during | aser

machi ni ng by rgne@l statign A Seb &ere tmoyinep thecuirfagtany r(1ihehbssivryt do daseon (54)
for machini ng, L RGincORLEMRNthPhRF Gebis $151) A6 the fihdeP 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).

40. A workpiece (12) comprising a surfactant film coating on at least one surface
thereof arranged to reduce adherence to the at least one surface of debris (15)
produced during laser machining of the workpiece characterised in that the coating
comprises a residue of a solution or suspension of a surfactant in a liquid carrier

evaporated from the at least one surface.
41. A workpiece as claimed in claim 40, wherein the surfactant film is
removable subsequent to laser machining without significantly damaging the at least

one surface.

42. A workpiece as claimed in claims 40 or 41, wherein the surfactant film is not

more than 10 microns thick.
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removal station (55) for renoving the surfactant film (11) subsequent to

| aser machining together wwth any debris (151) fromthe | aser nmachining
deposited thereon; and transport neans (560, 561, 562, 563, 564) for
transporting the workpiece fromthe surfactant dispensing station (53) to
the | aser machining station (54) and fromthe | aser machining station (54)
to the surfactant filmcoating renpval station (52£. 40. A workpi ece (12)
conpri si ng a43ur f Acverkpices Pw%@a@d Hgamhofaglaims K} tookd whareindbe syrfastanbf
arranged to . : east one surface of debris (15)

pr oduced dur?ﬁg“%ggggnﬁggﬂﬁﬁ?i%n%gﬁ?ﬁgntbrkpiece characterised in that the
coating conprises a residue of a solution or suspension of a surfactant in
aliquid carrier vaporated fromthe at |east one surface. 41. A.workpiece
25 clai med | ol alSF 4D RHEMRIT R AguAF U PP F Y U A LieBs Ebs b uent
to laser machicahdfh WispdiRélla surfiBiaht Gigddived stadiBginaed ihea lik%uidl Radfer oftfoca sur f ace.
42. A workpiece as clained in clains 40 or 41, wherein the surfactant film
is not noresyfasa ofca Woekriess ¢1R) dx beapachined aviglo ek pirtesani §ilm| @i haed ith any of
clainms 40 to r.ein.ithe. f i [Melal| QNI r

arphot or i c. 1 FTaeraae ol RRict Hnfik 3o th K GaRR MR E prb BRI oL by

sur f act ant - didefpesnd b hgprodead sluriog dasspmiaseniag dyrthaepmandtudics et vadovat o§ uspended
inaliquid ﬁgﬁ{hfr onto a surface of a workpiece (12) to be machined with
a surfactant W%9°MY'11) and to evaporate the liquid carrier fromthe surface

to reduce surface adhesive properties of debris (151) produced during |aser
machi ni ng by the apparatus to ease renoval of the debris. 23
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