WO 2004/ 079810 PCT/ EP2004/ 002149 Laser machi ni ng using
an active assist gas This invention relates to |aser

woR@RoMsng usi ng an active assist gas. It i s KpOWEP100&002149
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etching of a silicon wafer substrate in an SF6
environnent results in clean and snooth etching of

the siliconygsuhst . B .t c

during | ase”' T c’hf‘ﬁéﬁﬂ"?ﬂﬁ 3&39£§(‘ﬁ5§ﬁ§3 g?&'? gaé'hd
efficiency of the material renobval process. However,
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material renoval, typically this does not allo aser

machi ni nﬁm at a rate to enable suffici ently hi gh
t hr ouélhlfﬂ owadhatnitelgjng of a siigenf wiefeusubstyatelio auSSI6FSH0Ament
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regi on of 950 to 1250 Cin an SF6 environnent.

Fl uor i, tiedpesdiee Pf $y datnglassu@Aclieh@gaiieoves both the quality
n‘geratures etch the silicon surface resulting in a
tehiceneyrpidhe mpderial rpmornl Ieeess é{ww@ageéﬂxouglasthg {pegsence
SRR, s IS RO dnASalC KAl HARAT e Aol OFBL ot taser
a machi i ng region dur aser - scr process
Theachadgendt gaste rteaert@le/vl suffidi¢ngyly h@mehl@hgi}li@tvmdﬁhmg for
ejected froma substrate material during |aser
meEHUHRCHEIN80 pr oduce gaseous conpounds that do- not
redeposit as solid debris on the substrate to be
machi 'ﬂj%d36’}§(§0f’%%§c§%s ‘A' BEHOE §Sr ﬁ&ﬁlo‘d&lﬁ%lﬂ;%ﬂlﬁg o?%llﬁon wafer
| aser vibrationally to excite
f substiateschdatdato acmrriperaalresmda eéglhmmg? aff0 & nMasked in an SFq
waf er substrate. éQ‘({uaser Cgl gi is sufficiently
| SRV EpmEN t%luBP%‘é/é toaly pERducedai Fuckiflayatesh teptpergipes cteh the
3 A es a nethod for
\flvgfsh?26 oca?creetc r‘?’;l of&yogl?lglleglg%&gdﬁgstrate in an SF6
envi ronment using a continuous |aser at a wavel ength
of 0. & MSc380n659% @ re2gent @S stah ap:hSﬁt’a)is Gﬂis;ﬂmcdamé)eiﬂgein%auced

ilule gﬁgjlaserpv\ﬁr den t}/ in the regj on of
B0y EIBRAE ToE PP HPER 5T APHOIRE dPGeShol b Bragent gas
S 'r&dct?sos}@ﬂl@ RbhSOmBéahird galbo%r e}éﬁte@@fdrﬁ ¥ sEb&fa fﬁ%férf‘ﬂdﬁljﬁf‘g laser
interaction between the silicon substrate and fl uorine

r aehicbifing torroadiseasgan compoldsghat do o redeposit as solid debris on

the substrate to be machined.

US 4331504 discloses the utilisation of a CO, laser vibrationally to excite
SFe molecules for directional non-localised etching of a masked wafer substrate.
The CO, laser energy is sufficiently low so as to prevent direct laser ablation of

the wafer substrate.

US 4617086 describes a method for fast local etching of a silicon substrate
in an SFe environment using a continuous laser at a wavelength of 0.6 microns or
less to photo-dissociate the SFs molecule. The laser power density is in the region
of 6 x 10° W/cm? and is below an ablation threshold of silicon and so etching is
primarily preformed by the interaction between the silicon substrate and fluorine

radicals produced when the laser is on.

CONFIRMATION COPY



CONFI RMATI ON COPY WO 2004/ 079810 PCT/ EP2004/ 002149 US
4731158 discloses a m xture of H2 and a
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used in order to inprove a speed of |aser photo-

di ssogi.at.j t.ching of .sjlic rel,at hye.t o 1ormn

2 sangSraFHEBPIsEE: & miftuzy, 5F B o DG Syt e Ot
f LU ARFG 08k Ahid WIDFYDhRE Uh eiderHoCthprgvet dpded of laser photo-
substrate 5 material is perfornmed by fluorine radicals
prisshedasiye siching eksilieororelative tpnenfermiag 8 saup gtohipg process in an
process. It d ject of . r t i [
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of the present invention to utilise 10 the advantages
oflispepd@ronmietsShi ng in an SF6 environnent for a |aser
dicing process that results in low debris |aser

machi pi L?_gana LQT ofS Hf%e%ﬂe%nt Siwéﬁ'ﬁg{gl hyt Qbastlits GhitigatePEE! AbRsaid
parts. This superior die strength arises fromthe high
qdefidiencieseia henprigy arachi evabl e usi ng an SF6 assi st gas
during the laser machining process. According to a
first_aspect.of the present . inventi there . is .. o
pr ovi HataarSlarobipsh bt PabRMH:AF fherfiesens ieaipn to utiis
V‘@feka@vgﬁtg &Y e habhihi i bR IBF Shvirddihi@¥t firadase? dicing process
hal ogen environment for the s_|f| con workpiece to form
athahcesuts s $ovstdepas laser maehiningsand/orasuneniongtrength of diced

praovidjn er beam.w t h wavel f o .
DG, R R i AN P R i
S hRiERIbI NP HESE; RkisPgdaQiBihg s inachIOVEp@Dess.

ablation threshold of silicon in order to | aser

machi ne the 20 morkfiece in the presence of the assist
gas sdcedrdingt iveaaldist sspeghol thadraseni ieptien there jig grovided a

wor kpi ece_at or 1 - HE di

¢ PR e Bl AL S B Mo Gieck 1Onl B (RE PP Brpiding

ofy HalspeRairogdenaiok theesibcdrsworkpieease doruen taotienassist gas for

i nprovenent in machjning quality. Convenient|ly,. the

stleplager prehiniagnproRidig Bdwt BFAR M6 M@V@aﬂ%h%féesstth@ 0.55

2 itcflto%Q'Sal?x{ f&rug1 A}HAG]a8er SthaR ldﬁtohﬁféagﬂib’&{ 'v&iﬁk}?igg@ht a power

e ORmENnt and & SSocT at i ng at east some of the

s depdityr aexcadin wbldtide thidsholilhef bilisen ibemdert to flasemmachine the

f l\z\lfjociqul)igge inr talllglp%eas!e%cg gf Echréeasgi(s:‘} ,!ge\tlsesoaﬁl%{ ﬁlte asgist gas reacts with the
silicon workpiece at or near a focus of the laser beam such that laser machining
speed is increased and strength of the machined workpiece is increased due to an

improvement in machining quality.

Conveniently, the step of providing a halogen environment comprises the
steps of providing a sulphur hexafluoride (SFs) environment and dissociating at
least some of the sulphur hexafluoride with the laser beam to form fluorine

radicals as the active assist gas.

Advantageously, the method is for dicing a silicon wafer, such that use of

the assist gas increases strength of resultant dies.



Advant ageously, the nethod is for dicing a silicon
waf er, such that use of the assist gas increases
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PCT/ EP2004/ 002149 Preferably, the step of providing a

envi T Eriant o 8€ PR s BRDng e By sV it cABPHES gpoviding

I @ahloking ehtieordedrt \ue thas&ivetasgiaisgasiantl thdstepidf ir€Rfing the active
wor kpi ece conprises reacting the fluorine with the |
sipsig rs itk thee sBicpl Worknicga sempsisesi fepeting the fluorine with the
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of wafer dicing, via drilling and surface patterning.

Pr ef eCahvenjentliyetheedt¢paf laserd maesniag tleddiotlipiaral comipeseott least
provi di n as ext tion, means for renoving at | east

o B® B WaKE disiien S HIinG A rigse PRARIBES  om t he
environnment of the workpiece. 10 Advantageously, the

et hofdrgahlydane Bmbiholl NBlchrfe®Pan aldHRIonhN &ty @® Ploviding gas
|l aser machining the workpi ece, of cleaning the
wekkpitiopenaans fargenoving gé leestame of iggs-borae debigeand waste gas from

chi ni ng. veniently, the step of cleaning the
U\Ekfwvg gmglgorpgll?es‘é@ﬂipﬁ%estep of dry wiping the
wor kpi ece. 15 Alternatively, or in addition, the step

of cl adpimapdolidyVickbthoe iGshidysi S atther stepf &fter the step of laser
spin-rinse-dry process. Alternatively, or in addition,

t meachining &e vedrkpiges @f chranipgrthp meskpiecs Airpsiducs genarataddhy the
Oflaslmalﬁgé iﬁilngani ng the workpi ece. Advant ageously, the

step o lTas r cl eani ng the workpi ece conprises 20

scanni ng the workpiece with a defocused or | ow energy

| aser Coaasmienflgntterstanof ylearihg tist wprkpfeck asmpris¢sethnistey of dry
t he workpi ece, conprises |aser cleaning the workpiece

i WVIRRE HhG WeHPISCEnment . Preferably, the step of |aser

cl eansi ng the workpi ece conprises |aser cleaning the

wor Kpix@efatifel ,noﬁﬁtaﬂdﬁﬁioﬁ;c’ﬁi:essﬁepg(ﬁscl@aﬁﬁigt‘HQ RFSHkpiedcomprises a

Preferably, the active assist gas iIs uori ne or

f veadarispim-tiaselly process.

Alternatively, or in addition, the step of cleaning the workpiece comprises

the step of laser cleaning the workpiece.

Advantageously, the step of laser cleaning the workpiece comprises

scanning the workpiece with a defocused or low energy laser beam.

Conveniently, the step of laser cleaning the workpiece comprises laser

cleaning the workpiece in an air environment.

Preferably, the step of laser cleansing the workpiece comprises laser

cleaning the workpiece in an active assist gas environment.
Preferably, the active assist gas is fluorine or fluorine-based.

Conveniently, fluorine radicals are produced by laser photo-dissociation of

sulphur hexafluoride at the workpiece.



Conveniently, fluorine radicals are produced by | aser

phot o- di ssoci ati on of sul phur hexafluoride at the
wowokprsee. 3 WO 2004/ 079810 PCT/ EP2004/ 002149PCT/EP2004/002149

Conveni ently, where the workpiece is a silicon

substrate with active devices.on a fir jor, face .

¢ her et epiattyy Bfers e, hEtkriten 4 A sTibh s AR Pl afiifh devices
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t woekpheca pempeisersamindtial stepsafapowtingdhgsubshaterwigh the first major

rkpi ece ri Wl . . :
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5 AaRekidingdhd substrae daig aasqadimabdr fateopposedta tha firsthedjer face.

Is provided a | aser machining apparatus for machining

a silicon_workpiece conprising: assist gas .deliver

ToansAPORIBES0| SFHTE HRFSGRNT DT SR AETF df Prided a laser

Shiabf G For maBfifineSPWifcln PARBicEOoRpASHE! Agkid

bR RS for moie D VARG SRIRpicLe oRbAGHg! BAIR s
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- e SRICSIRTAES o TRUUIE S lasPd beag b AR sleeet i lersrin 0.55
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t
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widedsitly mbosd an ellatiow rdip o€ silicen, apto thestliconeverbpigse gk that the

T oSt B ERE, HRS R THG P48 8 o bend e
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Pre 'y, the apparatus further conprises gas o
exd immedaso frseieamashibng sperd pad 1o prpvide a iproyp@esy in machining

gas-.horn ebris an ste.gas | e i ronment of

15 ¢ AueliEys 'tg%tétre%ﬁfgﬁ‘\@%waﬁ}gﬁf %1[1<§{SQ§% Es‘bt 1n§%§ée& elivery
means conprises neans for delivering, 20 sul phur
hexaf prgirasle; thonypate [fisthdrheomppsusapas dxsraetioramyents for
for dicing a silicon wafer such that use of the .
asxiranting at leasfeansafesasdorneipbrs apd W@gtm&aa%fpnmh@s?nwmmnem of
Advant sly, the |l aser source means conprises a
d?lbed‘ggr%g%%ééd | aser operating at a second, third or
fourth harnmonic at a wavel ength of |less than 0.55 25
m cr oQsnveniently, the assist gas delivery means comprises means for delivering.

10

20  sulphur hexafluoride.

Conveniently, the apparatus is arranged for dicing a silicon wafer such that

use of the assist gas increases strength of resultant dies.

Advantageously, the laser source means comprises a diode-pumped laser

operating at a second, third or fourth harmonic at a wavelength of less than 0.55

25  microns.

Conveniently, the laser beam delivery means comprises a galvanometer with
a scan lens and an XY motion stage for positioning the workpiece in relation to

the laser beam.
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a gal vanoneter with a scan |lens and an XY notion
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the | aser beam 4 WO 2004/ 079810 PCT/ EP2004/ 002149

Advant,age t apparatu . ri.s a
fr ame RS olstyy Jf, ABRG-Rh b sOESR e Bk ens for
t hgouniihk ficeerkpblcosnfer mahiiifle fijvorkpiecelrom a §d26nd major face of
wor kpi ece opposed to a first face of the workpiece

hale migrieieevePrased des fitshdponl ths WREkDSes lravih aglive devices
n%r?o% descri bed, by way of exanple, with reference to

t he"acconpanyi ng drawings in which: Figure 1 is a

graph of machi ning speed as ordi nates vs. wafer

t hi ck Ths SnamtionlvdHimmsabd desclibsie by veyhofndxamphe ot refigrence to
to the inventign and .acgording to the prior art; 10 ,
Fit%%%ofgpwl%gg’ia&ﬂ%sdf’@ﬂ%i val probability (%S) as
ordinates vs. die streng%h (N ) as abscissa for

pat t eFissue \df @ Fapk Phipachisme aehhPifgnatesc v mitprgthickness as
t i. ' . i J ; .
D5 SO RAESE QLR | PO bk B 4 i

ofartaver age, maxi mum and mninumdie strength 15
val ues for laser and saw cut silicon die; Figure 4 is

a schey@ird © & agsARhOdf urkBEE Hrobabilityi (WP PRAbALikGes vs. die
according to ,the present invention. In the Figures
| iskengtlef @¥/anee aAunahseissn dendradiempgewpprs susitgh daser egigphining

i nvent. I ti.cul ard i, Gl
| AR 0g1 8 bR 1 38t S SRl B st
t hautmighédp@anua® ation threshold in an SF6 environnent.

Silicon material is primarily renoved fromthe wafer

subst rahife BY shé W€ Plas ot ARkak! anxRhgaess miRfn@fddibi Rngth
of SF6 Tesults inan increase in |laser dicing speed
arvaluas §u laser ambsayacw silicodidés; st rengt h of | aser machi ned
die due to an inprovenent in machining quality. This

i mpr oFégmreat ismayclreationdiagrad ofiatléser machining apparatus according to

the present invention.

In the Figures like reference numerals denote like parts.

The present invention relates particularly to laser dicing of a silicon substrate
at a laser power density above the silicon ablation threshold in an SFs
environment. Silicon material is primarily removed from the wafer substrate by
the laser ablation process. The addition of SF¢ results in an increase in laser dicing
speed and also an increase in die strength of laser machined die due to an
improvement in machining quality. This improvement may be compared with
improved etching with SF¢ in the prior art, namely, the surface of features laser
machined in an SF¢ environment is smoother than that obtained with laser
machining in air. However, in the present invention, etching of the silicon is
substantially confined to a localised region of the workpiece on which the laser is
focused. Also, material ejected during the laser ablation process reacts with the
SF¢ environment and can be removed from a machining site in a gaseous form

rather than being re-deposited as solid debris around the laser machining site.
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machining in air. However, in the present invention,

t chi RG: i || ' ' f i .
ocal i, 58S ViedrGlty \igy B RAIBON, B formr bt iludiflides. 1
I geacto ithefluorides (,),nell @finea(Clg) dedraithedBri)nghd hlideddsy to form
abl ation_process reacts with the 30 SF6 environnent

3
argsneativebe srasy defratluonde (Piehi milisgn stetrachloride S§ieessilicon

e
Pl RR06 4f QA tethpeSithne bunthe @zt sreqiiye heatiigito wived B (OPC.

hal ogens to formsilicon tetrahalides. It reacts with
fluorine (F2), chlorine (Cl2), bromne (Br2) and

i odi ng,. ) do.for respectively silicon .
tetraSI‘ﬁr F?ﬁ%”s&&% silicon tetrachloride (Si%gfionl
silicon tetrabromde (SiBr4), and silicon
tetra-iodide (Sil4). The reaction with fluorine 5

t akes Iphakowh thaomdlRAPSilied i€ackUiwithheulphite hexdrRHE §SFe)
heating to over 300C. Si + 2F2-)SiF4 (gas) Reaction 1

| taceaydingdoihe fleHowirg neeqtioss | i con reacts with sul phur
hexaf |l uori de (SF6) according to the follow ng
reaction: 2SF6 + 3Si-)2S + 3SiF4 (in the presence of

| aser Hkpghk;Bogct1gp, énﬁr% ﬁr&%n&@@ﬂ%éé?@ir%@ 65156 RBAtion 2

silicon is not spontaneous, occurring o

energi es above the nelting threshold of silicon, it

may be very localized and thus 10 suitable for

one- stAspthsiteadtion off 8FoandisHican rig nep shomtandovs.sosuetingaonly at

wafer.dicin via dril Li nd surface.,patterni,ng.
RangiEie o e ot Mrespoof et it ASE bR R To0eyp gu thus
PrsaReé fonMeNsteP Rilicbn @ﬁiu@ema@nﬂhg%?mamﬁsi sh@s&J wafer dicing,
operating in the second, third, or fourth harnonic,
atviedilhing peh grfacePalter®ing han 0. 55 ni crons, and a beam
delivery system 15 3 that delivers the | aser beamto

t he sur Lljcon fer b. el e S t, .
oo, SNEMAARe 0 At LRI i o MR 00Ul ! Benin
wahetidesay diedbpampedrlasemay d‘;&min@i id ghendecobrly ethird, or fourth

patterned on it. The beam delivery systemincl udes a
g APBOY Fret é‘rw%fell??gg‘ g%g?ﬁ fham 8- 35dnigrenscang poeyp glivery system

Wist b Nd AR AVRE 1R} Bednh & BeQurMELYE a silicon wafer 5. Wavelengths in

the regions of 366nm or 355nm are suitable. The silicon wafer may be blank or
may have different layers patterned on it. The beam delivery system includes a
galvanometer with a scan lens to direct the beam within an available field of view
while an XY motion stage 6 is used to position the silicon wafer 5 to be machined.
The system includes a gas delivery system 7 and an extraction system 8 that
delivers SF gas to the wafer surface and captures airborne debris and waste gas
subsequent to laser machining, respectively. The laser beam may be directed to
the desired machining site on the wafer 5 through a laser window 9 in an
enclosure for enclosing an active assist gas around the wafer 5. To machine the
wafer, the laser beam 4 heats the silicon wafer 5 such that its temperature is

sufficient for Reaction 2 to take place. Fluorine radicals dissociated from SF¢ by



while an XY notion stage 6 is used to position the
silicon wafer 5 to be machi ned. 20 The system i ncl udes
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that delivers SF6 gas to the wafer surface and

C i Ht@@rsth RO @E sHRBN i 169@?_502 kft’) din S‘ERE %USHE%I{ b form
| aser I ning, respective aser Beam hi
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t hrough a_laser wi.ndow, 9 i encl osure for

o RURGTi G BRg cevis ety 185t O bl biged wign app active
MBchiias It dsedaf er, the |aser beam 4 heats the

silicon wafer 5 such that its tenperature is

sufficient for Reaction 2 to take place. Fluorine

r adi célnsemnacd@@ifahaedd\fanmﬁ $raheymachining ﬁ@@d/gaimamhen SFs is
PCT/ EP2004/ 00214 3 etE 1 hen ,etch. tbh 1 lCOHl hnl 11
RO AR oo, S5 g ST R SRSy PovEin 6 S et Which Blo
03$ gt Jasst |Ih5&ﬁh1h§t1ha§1|rué&fd| grt (8 )for PRr tRadhidEing in a SFg
reaction with the SF6 gas, the silicon machini ng rate

| snyirepmdntcAnednybe sesnethe mashiningpeed-for eweetfen/wéstrqws faster in

S B PSSt BB R oS e

uasd ndiSrond tRiSRiiS incg@ shalhied gith@&sRktef 8L i BIFP @nvisori@itihan in
in Figure 1, in which plot 11 is for laser nachining

i #ifaj r and plot 12 is for |aser machi ni ng in a SF6
enV| ronnment. As can be seen, the machl ning speed for a
waf er f [
a1t AR Rt e B0k Bine REOWTWLAATIEE brh Gy test, of
t kampdherd &vlﬁi:h: ranelideldi aking §Ezoase ah hative haseist toaseiiring laser

fastar,ln, n nV|ro flhanln air.. Theg% L
swa@ﬁ@elrg is tl%'r& %Qﬁeﬁﬁf WherH@ssifkasif pogased. That is, it is
Stf&ﬁﬂigm%t ttﬁe% vis Y si Hﬁﬁi&}e;asé"hﬁ qHT ength Qﬁdﬁ}iéérﬂ Qie tested
as an active assist gas durin aser Ining 1s
hlsglbwqudm amlaséranachiming vsidg Whe as anasafss gast F@n;e 2 shawet plots, for

used. That Jj.s, s .15 und that there s
o RoNticnf 215 Hates Jactined R Sendog PR gr e 28 @nd laser

t @pdcBfhed %@ﬁﬁﬁg‘ eangpét éh\)n%‘ﬁﬁl%nm himhe Q)réb%bﬂﬂy %’f@uﬁz‘vaa@ q,s the
assi st gas. Figure 2 shows plots, for sawcut die 21,

| psassurreepplied do direakutbe rdje. db cam be esgent it ithedie2 Srength for laser

oA AL g R PP R Plng. S B B aprr gt ppdfonal
Draleut e Jdplt J1t Whdtedie iReSerighaloft I8 i@ flabKAed n a SF

for |aser
environment, plot 23, is greater than that of saw-cut die, plot 21. In fact, it is

found that using a beam overlap of 70%, the die strength of laser-machined
components is up to 4.8 times stronger than that of components machined without
the use of gas assist. Moreover, it was also found that die cut in SF¢ gas were 1.65

times stronger than die cut using a saw cutting technique.

Referring to Figure 3, laser machining with SFs as an active assist gas
resulted in average die strength value 31 in excess of 300MPa compared to a value
32 of 185MPa for a conventional saw cutting technique and a value 33 of 65MPa

for laser machining in the absence of an assist gas.



20 machined die in an air environment, plot 22, is
| ess than the strength of traditional saw cut die,

W@b@k/029810 wher eas the strength of die |aser napti/RRZNOI/M02149

10

15

20

25

a SF6 environnent, plot 23, is greater than that of

saw gl Glichl Rlmahindd § b bsist Y by-
a beam overflgp %fm )3 ?ﬁ%ﬁgréeast?é%ésttﬁggg ﬂeﬁﬁh?érltysdeHe by
| aseductrearhiinm gdseous figranam e iventag atvay 4o sbineeslid debrgimains
than th of ,conmponent.s machined w thout, 25 the use of .
o400 108" b -IERRIEULPT the WakE LIS gebrinim bhgnsiliremeved with a
| rirytlp cgre 1.65 times stronger than die cut

using ‘a saw cutting technique. Referring to Figure 3,

| aser machining with SF6 as an active assist gas

r esul flefgriany seesprife atipticationeighhdsyatvipe Bathod isenat eppliable or

3 c Q. a.Vv e. .32 of. 185MPa for

cORERI SRt Ecg s ST Ra el S e e ogerfpeom and
63Mrmingteicontahisféd arRe Bl Mhidled dpebd thanRSENER rRdchfing, freeing
assj st gas., 7 WO 2004/079810 PCT/ EP2004/ 002149 When

sidepapfiomsthersatiaosegdperpitiaregt osbegapied By thyeexiragtion system 8.
T . ; q

9 S Ol A4 8 PRSP ] 08T o,

Mayicd én rerdele po petfedn aatisfhicomatleaning hhsweal) darig@kldd@ing the

easily rempved with a__dry w pe process. 5 |f for_any
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Once diced in this manner the wafer may be laser cleaned ( dry) or washed,

without components on the front of the wafer being contacted by water.

In a further embodiment of the invention the wafer is enclosed in a closed
chamber. Gas flow into and out of the chamber is regulated to ensure efficient
machining and control of gas usage. A valve system may also be used to ensure
gas flow into the chamber is controlled so that sufficient gas is delivered during

the laser “ON” period.



Specifically, using a vision systemto align a wafer
for machining froma bottomof the wafer, the wafer
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strength than that achi evable w thout the use of
assi st gas. Typical exanples of where the invention
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for exanple, smart cards, stacked integrated circuits

an [ grated circuits. For integrated circuits, die

st ;é%ﬁ%pﬁei s critical to short and long 20 term
reliability of the diced conponent. 9 WO 2004/079810
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nachin%pg a silicon workpiece (5) conprising the steps

of . a.%providing a hal ogen environment for the silicon
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wavel engt’h of I'ess than 0.55 microns; and c. focusing
t he | aseractivaassthg®s fohthedader omchintngkpi ece at a power

density above an ablation threshold of silicon in

order {o |laser i.he t sil.icon kpi.ece,i .

Che pr RoaRadie T Bl whl atlefRan H SR BREp's] quiorons:
reacts widnd the silicon workpiece at or near a focus

of the | aser beam such that |aser machining speed is

i ncreased, and strength of the _ nachined workpiece is )

i ncr eagedogtfing thedaser hgam\asiefhe silicopawprkpicsg at guaver yensity
152. A 25%509 %aasollaﬁio%' {f]?é%hbﬂ Gt Qi'li@%nil in W&Jretbnla%%em%h%fe the
of providing a halogen  environnent conprises e

steps of dilicoviwibrgicee futhpuesehaxaf the asdisteas S&®at the assist gas
envi ronnment and_ dj ssqQciating at |east so of éhe

sul phur Hesss My the siligon vorkpigcs alsel ngse Andocds phihe laser beam

fluorine gadi Gl $.585 o ﬁilﬁﬁ%isﬁgeda%c‘!iﬁ&e&@ﬁ'a '.Sl?gn h of the

method as clained In clarm or dicing a sili

waf er, sumdchitedtwarkpieoé is DOrentee digstosin iggsovenome &is amchining
strength of .resultant dies. 4. A nmethod as clained in

any of cIBPHE- 1 to 3, wherein the step of providing a

hal ogen environnment conprises providing a fluorine

envi r gRAhoPas thfned in claim 1, wherein the step of providing a halogen
environment comprises the steps of providing a sulphur hexafluoride (SFg)
environment and dissociating at least some of the sulphur hexafluoride with

the laser beam to form fluorine radicals as the active assist gas.

3. A method as claimed in claim 2, for dicing a silicon wafer, such that use of

the assist gas increases strength of resultant dies.

4. A method as claimed in any of claims 1 to 3, wherein the step of providing a
halogen environment comprises providing a fluorine environment as the
active assist gas and the step of reacting the active assist gas with the silicon
workpiece comprises reacting the fluorine with the silicon workpiece to

form gaseous silicon tetrafluoride (SiFy).

]
5. A method as claimed in any of the preceding claims, wherein the step of
laser machining the workpiece comprises at least one of wafer dicing, via

drilling and surface patterning.

10



active assist gas and the step of reacting the active
assist gas with the silicon workpiece conprises

w0 e@anrsg t he fluorine with the silicon workpi BCEEP®04/002149
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25 form gaseous silicon tetrafluoride (SiF4) 5. A
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step, e step morkplece,
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t e | o efethoaicdsi abdimgd i clahn e wheiathe Gtepi dfeteanthgCtha idrkpiece
7, wherein, th step .qof c| eaning the workpiece

conpr iCBPTeRt 95@5 Oégr.‘/dwgplw the prkpecsaor kpi ece. 9. A
nmethod as clainmed in clains 7 or 8, wherein the step
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spin-rinse-dry process. .
of cl avorkpigce cm@prlsmgrv@lter Sphnallﬁeebypfoaekseani ng the
morkpiece conprises the step of laser cleaning the

kpi nmet.hod as cl ai
WGy DL Stmoetys el Bl orf it Tt S h%lwé? sieg of cleaning
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t He- wek fpteack ag slapned & CIaa@,eer othezgin ribe step afolekeyi deaning the
of o1 ArcnkpiE chABIRR, seandife (eTROMBBEWT A Wefpcde Y 10w

t he wené&iglyéaser beamr i ses | aser cl eani ng the workpi ece
in an active 20 assist gas environnent. 14. A method
as cl cl aim 13, erein the active assi st gas
i d2f meﬂwé)doqs claa%med]in cla\{\fgs 18 or 11, where}nt e step of lase% cleaning

the workpiece comprises laser cleaning the workpiece in an air environment.

13. A method as claimed in any of claims 10 or 11, wherein the step of laser
cleaning the workpiece comprises laser cleaning the workpiece in an active

assist gas environment.

14. A method as claimed in claim 13, wherein the active assist gas is fluorine or

fluorine-based.

15. A method as claimed in any of the preceding claims, wherein fluorine
radicals are produced by laser photo-dissociation of sulphur hexafluoride at

the silicon workpiece.

16. A method as claimed in any of the preceding claims, wherein where the
workpiece is a silicon substrate with active devices on a first major face

thereof, the step of providing a halogen environment for the workpiece

11



fluorine-based. 15. A nethod as clainmed in any of the
precedi ng clains, wherein fluorine radicals are
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hexafl uoride at 25 the silicon workpiece. 16. A
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wor k piTeecdning thisubgiete trpupa secpudt napordacy erppsabto the first major
corrprifﬁ@é an initial step of nounting the substrate

with the first major face on tape frame neans and the
step of machining the workpiece conprises machining
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means & Ryerf bganp (hdwethray wasiclengtbroflesanthgn )0.5% miiceons; and laser
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onto the silicon workpiece such that the |aser beam
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appar l. A in claim117, wherein the
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for extracting at |east one of gas-borne debris and

welst e Aasapbaatost he caiviedoimetdimofl 71 vehenein kKihice appardtfls further
An apparatus as clainmed in c&gins 17 or 18 wherein
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for delehN@hAdFast bRNYEm B &lVitdafeH of the workpiece.

19.  An apparatus as claimed in claims 17 or 18, wherein the assist gas delivery

means (7) comprises means for delivering sulphur hexafluoride.

20. An apparatus as claimed in claim 19, arranged for dicing a silicon wafer

such that use of the assist gas increases strength of resultant dies.

21. An apparatus as claimed in any of claims 17 to 20, wherein the laser source
means (2) comprises a diode-pumped laser operating at a second, third or

fourth harmonic at a wavelength of less than 0.55 microns.

22. An apparatus as claimed in any of claims 17 to 21, wherein the laser beam
delivery means comprises a galvanometer with a scan lens and an XY
motion stage (6) for positioning the workpiece (5) in relation to the laser
beam (4).

12



20. An apparatus as clainmed in claim19, arranged for
dicing a silicon wafer such that use of the assi st

w@as4iomsieases strength of resultant dies. 21. PEIVEP2004/002149
apparatus as clainmed in any of clainms 17 to 20,
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5 PCT/ EP2004/ 002149 23. An apparatus as clainmed in any
of clains 17 to 22, wherein the apparatus further
conprises tape frane neans for nounting the workpi ece
for machining the workpiece froma second nmajor face
of the workpi ece opposed to a first face of the
wor kpi ece having active devices thereon. 5 13
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