WO 2004/ 079810 PCT/ EP2004/ 002149 Laser machi ning using an active assist gas

This i nven%&g?ﬂ&&l&&t&?s to laser machining using an active Pmpﬁgwg&? 49It IS

known t hat a silicon wafer substrate in an SF6 nen
results in clean and snooth etching of the silicon substrate. 5 Also, the
presence of SF6 during | aser machining inproves both the quality and
efficiency of the materilsisercmaehiningassingamractivelassigihgashe presence
of this gas assists the material renoval, typically this does not allow

| aser machining at a rate to enable sufficient]y high throughput machining
for manufact uri nghisipvertiongelatgdo dasscipehising WiREHRERCHY? asfbTigrdcal i sed
etching of silicon wafer substrates heated to a tenperature in a region of

950 to 1250 C in 4 SE6. i LORBNr, Blgr hak, Ladlical m B aduced at, sych

el evat ed tenper at ur |i"con surtace res 'ng | el ean

surface. |In Ugesthde6s8RaRadan6dth egdsngofihe aiticSirfublstrafdl scl osed as being
introduced 15 locally to a machining region during a | aser scribing

process. The reagent gas reacts with hi gh t enperature vapour ejected froma
substrate fateri alAlsurthtpresenseof Shschiring depes alqshmm@awob@hé;@m@ms t hat

do not redeposi SOl ] 1,S.: t r fo hi;ned. ,
4331504 di scl cs‘?lslaese?ﬁ%‘g&dt‘%tggg‘y%tgrﬁﬁor}fsn“é’b%cﬁg?%éeﬁs F%?ra?fi?%‘)%%r ;t/het%eseegg? te 20
SF6 nol ecul es of othisdigh# Gbdiqn ahe NAAtetOr adrhewd), fst;ﬁdaiu?gﬂﬁé desasfedloMmiiger
substrate. The CO2 |laser energy is sufficiently ow so as to prevent direct

| aser abl at i omashiningeatwafite dabsnatle esuffisgenty) toge thewghpe snaghipingdar f or
fast | ocal etchi ngat %%.a silicon substrate in an SF6 environnment using a
Uit

conti nuous | a&&™ vel ength of 0.6 mcrons or 25 less to

phot o- di ssoci ate the SF6 nol ecule. The |aser power density is in the region
of 6 x 1030W cn? awi36B502|devérities abmathb@ fof hswsdealiskdoétcling | ST AR ChyEer
etching is primarily preforned by the interaction between the silicon
subst r at e and stibsikatasnkeated to a temperature in a region of 950 to 1250 °C in an SFg
environment. Fluorine radicals produced at such elevated temperatures etch the

silicon surface resulting in a smooth clean surface.

In US 3866398 a reagent gas such as SFg is disclosed as being introduced

15 locally to a machining region during a laser scribing process. The reagent gas
reacts with high temperature vapour ejected from a substrate material during laser
machining to produce gaseous compounds that do'not redeposit as solid debris on

the substrate to be machined.

US 4331504 discloses the utilisation of a CO, laser vibrationally to excite
20 SFs 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 SFg environment using a continuous laser at a wavelength of 0.6 microns or

25  less to photo-dissociate the SF¢ 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



radi cal s produced when the |aser is on. CONFI RVATION COPY --------------- WO
2004/ 07981%5%&%@3&%/ 002149 US 4731158 discloses a m xture of H2 and a
fluorine-containing nol ecul e such as NF3, SF6 and COF2 uS&d/BRIOMYYEKt o

i nprove a speed of |aser photo- dissociative etching of silicon relative to

perform ng a sameUst£781168 pliei®ss aimixdte of 1 RN AERori@é-chitaining molecule
fl uori ne-containi ng_nol ecul es. Etching of the substrate 5 material is
perforned by fidiops P&sr abs @Bl CQFvusedeln erdento empravedt spagd Phlsser photo-

di ssoci ation -] 0b] - of ng. i.n ' | east to
i tigato t he SFSaRie pulnih? of RGO Rk pRoBh R Lharl WAThE Sy IR oy

obj ect of an emdaminteant ofdfust NBugirRsAtaininy embieotles.0 Budhind S& thkO stibirate
advant ages_of |aser machining_ in_an SF6 environnent for a |aser dicing
process that megsigl tis peformed dypilnerineardicalsnptoduredy ag ddresnlt safpidei photet r engt h

of diced subafsgo%e&i L85 This superior die strength arises fromthe high
qual ity machi ning ac &Vabl e usi ng an SF6 assi st gas during the |aser

machi ni ng process. According to a first aspect of the present invention
there is providedtds ahSotifesthefithef plesa rinveneibh nitrigasd t6ihitipate wer kpraer
conprising the steps of. providing a halogen environment for the silicon
wor kpi ece to deftoisnsiesdn thomiast st gas for the laser machining; providing a
| aser beam wi-th a wavel ength of less than 0.55 microns; and focusing the

|aser beam ont 0 tjag. g ki WBIOKPLEEE eitbodluRRVSE oGRS thBRAYP ARl at i on

threshold of silicon tn or aser nmachine piece

presence 1@ t{he ads&itsdes @dfassOmbbldhingi@a@SBj &ivifhagene &g tadassr Uitidd Procsds! i con
wor kpi ece at or near a focus of the |aser beam such that | aser nachining

speed i s i ncriataesulifdinsiovefigbris dpser Haaching rradl/aropynepiPe ctrength At distded due
toan 1| Mor oV AT Rl iR bitohiatt RS T the high Yhaftty Ralllinfi OV' ! N9

BEk
a hal ogen environne onpr i
achievable using an SF; assist gas diring the laser machining process.

According to a first aspect of the present invention there is provided a

15  method of laser machining a silicon workpiece comprising the steps of: providing
a halogen environment for the silicon workpiece to form an active assist gas for

the laser machining; providing a laser beam with a wavelength of less than 0.55
microns; and focusing the laser beam onto the silicon workpiece at a power
density above an ablation threshold of silicon in order to laser machine the

20  workpiece in the presence of the assist gas so that the assist 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
25  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.

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

the assist gas increases strength of resultant dies.



25 steps of providing a sul phur hexafluoride (SF6) environnent and
di ssociating at |east sone of the sul phur hexafluoride with the | aser beam

to form fl YO PHLO79840i cal s as the active assist gas. AdvaRCEEF04002149 he
method is for dicing a silicon wafer, such that use of the assist gas

i ncreases strengt Pre‘?éraﬁl??ﬂhlstsfbﬁ_tofq}rﬁﬁﬁh% MR A 6 PiF S ht ROHpEESONM R 49

Preferably, the step of providing a hallogen.'envi ronment conprises providing
a fluorine eneifluonimesnvizenmens agdhé eetivesassist gagaandathd stepeofatayiingfthe @etitd ng t he

active assist s with the silicon, workpiece conprj.ses, react.ing th

' uor e v nassib 2281 Witk S alick PR RorRFisSolReute Mg EBRHREH Rifor | de
(Si F4). 5 ConvieiBb®MokRbiedeS f&nePasebud AREIN EREMIGHARYSIH)R wor kpi ece conpri ses
at |least one of wafer dicing, via drilling and surface patterning.
Preferably, the nethod includes an additional step of providing gas

extracti o means €onveniontlyi thg step pekser wachining dhs wWodkpiecedwimpriseanti leasist e gas

from the environmen f.the. wor,kpi ece. 10 Advant ageously, the nethod
i ncl udes a fu?’?%%‘{r‘%@{eé%,cm&f Y@\rl&tlﬁ'gg %@ﬁnéfe Pﬁtgeé?mgnachi ni ng t he wor kpi ece,
of cleaning the workpi ece of residues generated by the |aser machining.

Conveni ently, thep@tsblpf thd aaBihbE Ideudedr &Pi AERIORAIMMIPSRT bRRiGheP Rl dry
W pi ng the workpiece. 15 Alternatively, or in addition, the step of cl eaning
t he wor kpi eceexitagpen swgnnfor wemeying pt leastions of gasybgyne debrss andl wasteges frey, or
in addition, the 'step of cl.eaning.the workpiece conprises the step of |aser
cl eaning the i entﬂg\t}%?n‘f’ bG8y, the step of laser cleaning the

wor kpi ece conprises 20 scanning the workpiece with a defocused or |ow

energy | amler beam d¢Reseohdnt thy méthed shehiiesfa fud®6F step cafiriBe kR ¥ORKRi ece
conprises | aser
machining the workpiece, of cleaning the workpiece of residues generated by the

laser machining.

Conveniently, the step of cleaning the workpiece comprises the step of dry

wiping the workpiece.

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

water spin-rinse-dry 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

20  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.
25 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.



cl eani-ng the workpiece in an air environment. Preferably, the step of |aser

cl eansi ng {Re0Rb%R gce conprises |aser cleaning the worg jece in an active
assi st gas env%o?gn%nt. 25 Preferably, the active assist" gt&%@“ﬁf(’ﬁ?&ﬁ ne or

fluori ne-based. Conveniently, fluorine radicals are produced by |aser
phot o- di ssoci at i dionyeniestly,phbere hiex abtipicdede a atlicoh submirakpivith ewctide Wrices
2004/ 079810 PCT/ EP2004/ 0831%149 aé:e veni en%l Y, .whergl& he workpiece is a
silicon subst$ht ErshiHOLEACE (Rergek epAL Brovidiag a IO(anFBE‘éOQIW*é%tefo thet he
step of provigigics BIhOAGR ANivEAN 1inB%he WiHskRieSHEh FA Rk SE5oran
initial step ‘g?&%beunti ng the subst rggtaggfvél%n t Ee eflg\ﬁr@sst r?ae\jg%lrl falfzsclg%%iort ape
frame nmeans ahce bhdamt épmef meachand tig step ofondobing thomarksiese bompeiksni ng
the substrate from a _second jor face opposed to the first major face.
Accor di ng%t o achiripg theubsirate from Flée‘iol‘?@é‘?*ﬂ]?rotﬁ?e ?H’i@@%‘ffostlhﬁﬁéﬁﬁil%ﬁar fcpaser
machi ni ng apparatus for machining a silicon workpiece conprising: assist gas

delivery means f ofccBfdyd 46 ags&ogglégg@a SVALTRRTRR, HRle i PrVilldd AMaser

wor kpi ece; | aser source neans r producing a | aser beamw th a wavel engt h
of | ess than Machinifg appanatnssfor anacHivingra kidiaon cedrkpiece/ comarisingoasdisicgassi ng t he
| aser beam at ower density. abovg}é}%n abl ation r%e of lill licon, onto the
silicon wor kpicH¥eryseans 15 Previding a halogen SRy s dor fifesilicon WI(WG?%pi ece

at the focus 1gler 8ifcd RRehs REPBANh IiserdRANSiNIA%ERALD JHILR thliPo S5 ! 1 con

wor kpi ece at or near the foc aser beam to inCrease |aser

machi ni n@0s perdransplandlgseobéate dalivéirgmenne fenfocusingabdiasenbeani at quadwery such
that strength of, the machi ned wor kptjrece IS ingre;}sed. Preferably, the

appar at us f urdeRg engablationdratsef slieqny Anieehs silicgp Waz EIP%Fcfl}Chdh&ttthF east

one of gas-bqsaeydeh Ex;ua%hﬁféﬁ tHESiliBod Forik i%f@ dt e FIRE HPHERALer Heam! A1 the
wor kpi ece. Convenrently, the assist gas delivery means conprises neans for
delivering 26sistudaphheactsheichftheisilicde workpiece at or near the focus of the laser beam

to increase laser machining speed and to provide an improvement in machining

15  quality such that strength of the machined workpiece is increased.

Preferably, the apparatus further comprises gas exfraction means for
extracting at least one of gas-borne debris and waste gas from the environment of

the workpiece.

Conveniently, the assist gas delivery means comprises means for delivering

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.



Conveniently, the apparatus is arranged for dicing a silicon wafer such that
use of the %034}0&%8% i ncreases strength of resultant dies. Advant ageousl Y,
the | aser soufcé heans conprises a di ode-punped | aser op&GEHRRPA0ZLY0
second, third or fourth harnonic at a wavel ength of |less than 0.55 25

m crons. Conveni edidvyntagdomslyashe dpparnmgefirther yeomgaisss a@pe i8S ngeans for

gal vanoneter with , a scan | ens and an XY notiqQn, stage for positioning the
wor kpi ece in F@%&FMWOTI‘PF?@CIf‘érs@ﬁc%@ﬁgntheiw‘a%l’%e Y aseerriarierEooaf 002149

Advant ageousl y,. the. {c)) déga fyrd BeR f%&m}f 'tlﬁ%l%vgtélgﬂgcé h%g Rave cfegfces

mounting the workpiece f machi ni ng the wor roma Second major face
of the workpilereoopposed to a first face of the workpi ece having active
devices thereon. 5 The invention will now be described, by way of exanple,

with refergnce to_ the acco nyin raw n in whjch: Figure 1 is a graph

of machi nifg speea“hﬁénm%g@ﬁél%ge aw%aﬁmwee expmplgnwith sefgrenss tq aser

machi ni ng acc | . i t:l -and according to the prior art; 10
9. 2CCHHBONbEhRE M h Ofbi g p

Figure 2 is a grap vival~ pro ity (9%°S) as ordinates vs. die
strength (NNmmR) as abscissa f.or.patt.erned fers..using |aser chi ni ng
2ccording to the FREnT oA de af BRPRRS Pelf aE ORphEH I Pakh il w0
street cutti ABscises hat lﬂm%acﬁhﬂﬂ% EccdrdROWSthB ligvéntioh Jad tlca@ding B thépavand

m ninmum die strength 15 values tfor |laser and saw cut silicon die; Figure 4

is a schenmti @rtdi agram of a | aser nmachi ni ng apparatus according to the
present invention. In the Figures |like reference nunerals denote |ike parts.
10 . Figure 2 is a graph of survival probability (%PS) as ordinates vs. die

strength (N/mm?) as abscissa for patterned wafers using laser machining
according to the invention and according to the prior art and using saw street

cutting techniques; f

Figure 3 shows plots of average, maximum and minimum die strength

15  values for laser and saw cut silicon die;

Figure 4 is a schematic diagram of a laser 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

20 at a laser power density above the silicon ablation threshold in an SFg
environment. Silicon material is primarily removed from the wafer substrate by

the laser ablation process. The addition of SFg 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

25 improved etching with SFe in the prior art, namely, the surface of features laser
machined in an SFg 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

30 SFs 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.

n



The present invention relates particularly to laser dicing of a silicon
substr at e 28hodhr9314 @ser power density above the sili COUP%%%E#OQROE]Q eshol d
in an SF6 environnent. Silicon material is primarily renove romthe wafer
substrate by the |aser ablation process. The addition of SF6 results in an
i ncrease in | aseBilifiog 1egcts ypgrdudndvith 8B hatpgent te demn isHicdneteahadidgs. Ht of

| aser machi ne ie. to a I Mprove { 0 machinin ual it Thi s

i npr ovenent ﬁ%ﬁgbgﬁggﬁn%cg}[’@d&ﬁ’t ﬂﬁ%%“% @O\P&mg{%ﬂ%@ga&?gﬁ 1%‘?6%? fo P& pri or
art, nanely, résBectbuely atlcdd tdiRaludrias (SEBG silivaahidi@ehioidan(SiER),eqvicsPnment
is snoother than that obtained with |aser nmachining in air. However, in the
present i nvetgtfabromidec$iBiy),nd pibicen Ietepoiadide (SlubsThamrdastipy vdtnflupsde t o a

| ocal i sed-regi,on_pf wor kpi ece qn igh the laser.is foc . Al'so,
material 2j egatkgﬁip GF }‘l{r} 0 trgnﬁggag?regw ﬁ{]eioglherﬁe@ggg SOV ?‘ﬁfé e 30 SF6
envi ronment and can be renoved froma nmachining site in a gaseous form
rather than being re-deposited as solid debris around the | aser nachini ng
site. WO 2004/ 0788LQFPSBiEREEH4/ 002149 Silicon reacts vi greqyishy With all
hal ogens to formsilicon tetrahalides. It reacts with fluorine (F2),
chlorine (Cl2), bromne (Br2) and iodine (12) to form respectively silicon
tetrafluoride (SiF4), silicon tetrachloride (Si,Cl4), silicon tetrabrom de
(SiBr4), and silitcisnknetn fhatogialien sthiaop reartse Witha sulpbwr \exafluorider(Ske) 5 t akes
pl ace at roo ] r t hers require heating to over 300C. Si
+2F2- >Si F4 (é}ﬂa{:tsofdzgggﬁ#ofﬁuw rfb’gcul@hbwn that nolten silicon reacts with

sul phur hexafluoride (SF6) according to the follow ng reaction: 2SF6 +
3Si-)2S + 3SiF4 (in the presence of |aser light) Reaction 2 As the reaction
of SF6 and sil i c28F¢ 538028 pd@liBn@otie, preseoce of lagerdight) at  Remtigh@s above t he
melting threshold of silicon, it may be very localized and thus 10 suitable
for one-step silicon mcro-machining applications such as wafer dicing, Vvia
S;'S{ |1ng and surfaqe. RaLhen ende. BEl SHomYs ot ‘pohteons, Scculing oty ai"®

energies above the melting threshold of silicon, it may be very localized and thus

10  suitable for one-step silicon micro-machining applications such as wafer dicing,

via drilling and surface patterning.

Referring to figure 4, a laser dicing system 1 of the present invention
includes a diode-pumped laser 2 operating in the second, third, or fourth
harmonic, at a wavelength of less than 0.55 microns, and a beam delivery system

15 3 that delivers the laser beam to the surface of 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.
20  The system includes a gas delivery system 7 and an extraction system 8 that
delivers SFg 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
25  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 SFg by



i ncl udes a di ode-punped | aser 2 operating in the second, third, or fourth
har noni c, ength of |less than 0.55 m crons, and ivery
system 15 %ﬁ'gwgh vers the |aser beamto the surface O?Cﬂigﬂolg/g@ﬂy%vaf er
5. Wavelengths in the regions of 366run or 355nm are suitable. The silicon
waf er may be Biedaserchen ath thavdiconfif &eaetion hyperondatgt withabk sificon to Tren beam

delivery system.includes a al van er, With.a scan |en o direct the beam
within an avaPtsBi%e S#]icgfl Jeg?ﬁ\lﬁré% %51 @uﬁ&oﬁe T6RHoR ‘é’ftggtgf’ 6&':55&53&5@%? to
position the giités ahchdfigy rBeli® simifidely Teder @nTHS SEERMN WG MdesH 9as
delivery system 7 and an extraction system8 that delivers SF6 gas to the

waf er surf aceassistigasigmot vsedai r bor ne debris and waste gas subsequent to
| aser machining, respectively. The | aser beam may be directed to the

desired hining,site on t waf er . 5 through l aser wi ndo i N,an.
encl osure %or enc‘f‘%selxﬁﬁlpgog?ﬁ ¢ vaagagieélg %ea%agﬁ%ﬁ%sﬂeﬁg%’fe rv‘%ﬁn $€5 Hachi ne
the 25 wafer, ydelis Iaﬁ%@sistb%@@rahﬁn eAESmhEEninG lid HRAVIREEue 1S HERhicAMoti 1S

n

tenperature is sufficient for Reaction 2 fo take place. Fluoriné radical s
di ssoci at ed fisofarSkaserbmachining -in- air -and- plot \IQ 200y (4388 10adAGINERR0943K02149

the | aser then etch t sili.con in, React.ion 1 by.bondi.n itht silicon to
form gaseous®®BHPEGH: qﬁﬁfqetf(??’?’gge ’(“éfctﬁﬂ‘)“g S&Féiyﬁ%at"f?éer%gﬁ%ﬁt%ﬁ%t?%nt he SF6

gas, the siljepp eAPeHRbMRIE AllCthicknsdseibf WakRtshididPaiE Forl RaRkrd RA nRghi eved
when an active assist gas is not used. 5 An exanple of the advantage in the

machi ni ngls pe2d gairoedthidie s 8p6 then thise dimes fastemsins SFgasvithnmient thaasiar
machining is shown in Figure 1, in which plot 11 is for |laser machining in
air and plot @5 is for laser machining in a SF6 environment. As can be
seen, the machining speed for a wafer substrate is faster in a SF6

gg\éi ronnent for afye ailaisﬁleﬁgﬁé% nfasiyedl @kingtRhSs aNEbLHIPdidedaist t)8 ot han 10
mcrons thick is nore than three tines faster in an SF6 environnment than

in air. components which are diced using SF¢ as an active assist gas during laser

machining is higher than that achieved when an assist gas is not used. That is, it is

15 found that there is a significant increase in the strength of silicon die tested

subsequent to laser machining using SF as an assist gas. Figure 2 shows plots, for

saw-cut die 21, laser machined die using an air environment 22 and laser

machined die using a SF¢ environment 23, of the probability of survival vs. the

‘pressure applied to break the die. It can be seen that the die strength for laser

20  machined die in an air environment, plot 22, is less than the strength of traditional

saw-cut die, plot 21, whereas the strength of die laser machined in a SFg

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

25  the use of gas assist. Moreover, it was also found that die cut in SFg gas were 1.65

times stronger than die cut using a saw cutting technique.

Referring to Figure 3, laser machining with SF¢ 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

30 for laser machining in the absence of an assist gas.



The die strength, as neasured using a known Weibull die strength test, of

conponent syyhRbulp7e916 di ced using SF6 as an active assi St, pgagridddd/ggdbaser
machi ning is higher than that achieved when an assist gas is-not used. That
is, it is 15 fou that. there is a,significant increase in.the rengt h of
silicon die tested ™4 @8&6%%0@864 %@ggﬁﬁéﬁprﬁsﬂﬁt%@ﬁlf’ga@r%ogﬂ‘e 5i st
gas. Figure Zrshesa iatgasedudfornsamd itvetlied atvlay, bt &imdTBaIl a@fisdeRatssi Ny an
air environment 22 and |aser machined die using a SF6 environment 23, of

t he probabi | iang 8gy bereidepgsitgd ontthe wafarehigrdsbeipshir dd easilbresadvedhwitlpe. |t
can be seen t(ﬂ?%{iﬁhgro%iegs strength for laser 20 machined die in an air

envi ronnent, pfo Y, ., I'S'less than the strength of traditional saw cut die,
pl ot 21, whereas the strength of die |laser machined in a SF6 environnent,

pl ot 23, Bs greatiffortan I“reid@ﬁtth@fi/plﬂﬁmﬁ&iléf e dry Bipd méthod!is nbagiplichbleiop  found
that using a beamoverlap of 70% the die strength of |aser-nmachined

conmponent s i slesigeble ramgval ofdhis selibdchsis is peasibltby defocusing thedases bpasandied

wi t hout 25 the use of gas assist. reoyer, it s _al f ound. t hat .die cut
' 576 gas warainigBe AfBRded sicg e BRAEF thest MW TG niiineu ety
techni que. ReleBfi§ froh the sfBey MdderhRERY it TRBOE APt dWyithe Sacti®n aPstaalsl ve
assist gas resulted in average die strength value 31 in excess of 300MPa
conpared to 4atmaybe negssay to 8&Phe Sune ares of thenwpthpidce onwubsitatd mgret thamni que

and a valHe 33 of. 65NPa, 30 for |aser. machining,in the absence of assi st
R L R e e o e
as an assi st pgagr of 1he 183 Bedrh ¥s QfffitiBAIPIOwIIoqREedn damagd t MasARME of afym and

are vented away, but sone solid debris remains and nay be re-deposited on

the waf er. Tiotherdasisrion thewabks. Hais inbt/necespaipetd wdetan assistigys {or ghisplesoings. 5 | f
for any reason, Lhe licatjon of t.he dr i met hqd i s not applicable or
desirabl e, r@%@.’ﬁlef@&g?ﬁ?%%Pfoﬁeﬁéﬁmcgeag%ﬂsggé?Solllsggby def ocus?gg the | aser

beam and scanning the contam nated area at a higher speed than used for
machi ni ng, freei fds possible that the top layers of the wafer may be photosensitive, so that it

15  is not practical to use a scanning laser beam on the top surface of the wafer. In this

case it is possible to process the wafer from a backside of the wafer.

Specifically, using a vision system to align a wafer for machining from a
bottom of the wafer, the wafer may be mounted face downward on a tape.
Typically, the tape is transparent to visible radiation. With a vision system in

20  registration with the laser system, the laser beam can be delivered to a back

surface of the wafer. This ensures all debris generated is on the back of the wafer.

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

25 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.



debris. fromthe surface and permtting it to be captured by the extraction
system 8. : necessary to scan the sane area of tBeTHRhiRINBER9 OF
substrate #Ddrzedz?/ﬁéﬁ?olo ‘once in order to perform satisfactor ymg?eani ng,
however, during cleaning the power of thg | aser beamis sufficiently lowto
prevent damage toFindlys appaighisoe &5ROVoH PR recEGpteofag et iepaimed tinj e not
necessary to Usgs ﬁf@%s F: [ | f11.C] of the
process is ingr%zglg’{e1 |fin§|h"gg ?gc%{s?%s .?Ie?ﬁgééﬁ%guénsﬁi lfeer%%ﬁlja?%%%tﬂc}gb ﬁ%ggée{tﬁs of

t he waf er may ahé fphetwsiagsintreaded g3 to llat reattionldrea.s not practical to use a
scanning | aser beamon the top surface of the wafer. In this case it is
possi ble to process _.the fer from a_ backside of the wafer. Specifically,
using a vision syéﬁ@ﬁi‘% inyention nas been ?Scﬁgeq(ﬂﬂlﬂpﬁ&l%dﬁnwfgg’?w&s t he
waf er, theswaf : MU : ' he
tape st raneparnihe AR NER HEARRCRRNA ot pfilr BribBAR and A Ohrdly of

regi stration whalogetdmal dsased; fst examtlé)CHaboredveant edll Heamndedsioodrthat the a
back surface.of the wafer._ This ensur&i,all debris, generated is on the back
of the waf er. InvonHen dhasearplicatipn stongpghining, othetr ssmicapdysion magsrials aided (

dry) or washe L : of the wafer being

contacted by 4 rg%&@%ﬁ%st%%ﬁg@&%%c%ﬁﬁfﬂ% "he invention the wafer is
enclosed in a closed 25 chanber. Gas flow into and out of the chanber is
regul at ed to ensuflke éfifantipe iprovidescthie radvantages, aotiter ote of Ujataserspgperating/al ve

ot bt o 1 BRERElag e O ag el 3560, PT Ao ot HOGE ARNPARPEAIIND
2004/ 079810 P Fi , i | at
Cild 5P Qﬁﬁﬁeﬂu‘é&rs r@ggi;igln xg?sgggﬁ&ﬁféﬁ ﬂéqugﬁé%% lﬁﬂ% el ate

gas not consuned in the reacti o facilities for ex ron and
filtering of peased,iaodesryibpd,ddrietamplenid WOr0Y24455nivhgretthe assist gedisgasd to t he
reaction area. Although.the invention has bee r?}esghri bed  usi gg fluorine
derived from SrEmce ghe gicihg AT mackining grpcess sughy thabehey Reed Of JBe PEPRESS &t her

hal ogens and gfi8ke$ ME HaRirObf the debris is modified to enable more efficient cleaning

15 and where the process itself, using the assist gas, provides die with higher die

strength than that achievable without the use of assist gas.

Typical examples of where the invention provides a major advantage are in
the manufacture of, for example, smart cards, stacked integrated circuits and
integrated circuits. For integrated circuits, die strength is critical to short and long

20  term reliability of the diced component.



hal ogens may be used, for exanple, CF4. Mreover, it wll be understood that
the invention has application to machining other sem conductor materials
with appropriate assist gases which enhance machi ning. The invention

provi des the advantages, in the use of UV | asers, operating 10 particularly
in the range of 366nm or 355nm for dicing and machining silicon, and other
sem conduc%%‘réI,MW th high pulse repetition frequency and using nmultiple
passes, as described, for exanple, in WO 02/ 34455, where the assist gas is

used to enhance ydugdhLlag d?éinga%hiceh%rm&?e%&xpmﬁ%&@@kpé Be speed of the
process is inproved, the nature of the debris is noditfied to enable nore

efficient cleaning 15 and where the process itself, using the assist gas,
provi des di e w &h trogiderg allager betamewigh b wavalengthaf less than/bf mievonsiout t he use
of assist gas. Typical exanples of where the invention provides a major
advant age are i t he. yoanufacture of.. for anpl e,.. smart . card t acked
integrated cir CBT tpsm%lﬁlépg Fnﬁ%&ge& 8’31“@%%’1* ,?‘)g(r. rﬁ%ofﬂlioﬂ? e‘ﬁ?%?beae (S:tprtg)ﬂ‘?’t%n, die
strength is criticativt @ssibiogds RRehd RiRE didhgt B provRlih@RiHaldgénObr §digcdbred
conponent. 9 CLAIMS 1. A nethod of "faser j§! cing a silicon workpiece

conpri sing the st dpdogsn; eavirprmeitoindy digsecasing #eleastnbarhe 21 \ibe diakaggnhonf | ess
than 0.55 mcrons;_b. preyidin - ogen_environpent. f,or the.silicon

wor kpi ece to for msé)ﬁrcea(():flﬁ\z}fg)ggg’s‘l%stpa% gasfef)r efuﬁet%l fei{}s%rélr h%lf)%c?nnaa lcy‘al‘c’pfa%wedi ng a
hal ogen, or sour ceactiVe afkdt@@emndenvi ronment and di ssoci ating at | east sone
of the hal ogen, or source of halogen, with the |aser beamto form hal ogen

radicals as the active assi st ?pfeS; and c. focusi nggitihe | aser beam aonto the
silicon workpi ee TReusing 3 lasee hspmy ontg fhg SIIGPDABOHMNESE $thi POMSE F1eB81Si | i con

in order to laser gGe dhgnlibh QB@shc%i\ﬁrolf@iﬁ&?x. 1.nn01td3{3 @NEREWE He LilGorPSSI St

gas so that the assist gas reacts w the silicon workplece at or near a

focus of the | aserwbdkpincs ug the prasencasfthe assist gas so that the assist gas reacts with
the silicon workpiece at or near a focus of the laser beam such that laser
dicing speed is increased and strength of the diced workpiece is increased

due to an improvement in dicing quality.

2. A method as claimed in claim 1, wherein the step of providing a halogen
environment comprises the steps of providing a sulphur hexafluoride (SFe)
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

dicing the workpiece comprises wafer dicing.

10



dicing speed is increased and strength of the diced workpiece is increased
due to an inprovenent in dicing quality. 2. A nmethod as clainmed in claiml1,
wherein the step of providing a hal ogen environnent conprises the steps of
providing a sul phur hexafluoride (SF6) environnment and dissociating at

| east some %f thaethgdauelalnsdin avy iofithenpreneding cldims.cinchiling aw aflditiondl| uor i ne
radicals as th ctd v ssSi st s...3. A nethod as.clained in claim?2, for

i cing o o1 colPPvAlR s feidL ST il YonBYin AT ont LBk, o1
of resul tant didebris 4nd WastegAOHoMSIhE brdiifTRathenflofthY vafrksibéd. M5 1 to 3, wherein
the step of providing a hal ogen environnent conprises providing a fluorine
environnent_ as the active _assist gas and the step of reacting the active

assi st gas i t i fieghod 25 elaimedasy 17 elcibe quegsdingedaimsa dnglyding gloftfhe Wit h
the silicon workpi r i 14 t QT i D, A
met hod as cl ai r?gtgll ?lﬁeeé{n";@ éf l%pﬁre%gcr%g%g%? 3’%&1@?&%&%&{ \%\%éélggn{hgﬁgg@fl’gegzo | aser
di ci ng the wor kgHidies gendrpteddgshevidkardicingi ng. 10 6. A nmethod as clained in
any of the preceding clains, including an additional step of providing gas
extraction means for renoyving at ] east qne .of gas-barne .debris and waste
gas fromte edvi ft Cl&fmgfhéﬂ ﬁiﬂ‘ﬂ&t’é’&@m“?.thﬁsﬁ?gtq{ eaping the WoEkRSfeany of
the precedi ng ¢haihkBes thfSleddrady Siditt RSV orkhie, after the step of |aser

di ci ng the workpi Z’ce?s o? (?Pea?l?yngld;l#e vvor(kp#lece of residues generated by
the laser dicing. 8. A nmethod as clainmed in claim7, wherein the step of

cl eani ng t %e wak kpéthed ascolrimdds @s cldmas st ep &f wherginnith stept b€ cleaningi thee. 9. A
nmethod as clained i.n clains 7 or 8, wherein the step of cleaning the

wor kpi ece conprigkmiece Wﬂ‘%’r‘seéﬁi%t?risﬂg’ér-‘mﬁifﬂﬁr%%cég%. 10. A nethod as clai ned
inany of claims 7 to 9, wherein the step of cleaning the workpiece
conprises tige «A efetifd dso8i8imed adiynsf dldifs\IOiokPi Whetein the step of cleaning the

workpiece comprises the step of laser cleaning the workpiece.

11. A method as claimed in claim 10, wherein the step of laser cleaning the
workpiece comprises scanning the workpiece with a defocused or low energy

laser beam.

12. A method as claimed in claims 10 or 11, wherein the step of laser 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 comprises an

11



11. A method as clained in claim10, wherein the step of |aser cleaning the
wor kpi ece conpri ses scanning the workpiece with a defocused or | ow energy

| aser beam 12. A nethod as clainmed in clainms 10 or 11, wherein the step of
| aser cl eaning the workpiece conprises |aser cleaning the workpiece in an

ai r envi r onmentnitidlSstephofeididUna The kabstct withathy fabt slafir acel On Qipel framwher ei n
the step of laser cleaning the workpiece_ conprises | aser_ cleaning the

wor kpi ece i n afcget i“%fjetheééeﬂ oftdiging theprkpifes fomprises dickgtthe qubsirate 9med in

claim 13, wher ne or fluorine-based. 15.
A met hod as cl g}s%eg'aﬁ?l%g{l%\égf)ﬁ?%eﬂor%ge %ﬁa&g*‘lg{chs wherein fluorine

radicals are produced by |aser photo-dissociation of sul phur hexafl uoride
at the sil12onA lasaridicieg eppdrbius fornditinga silsconl workpikce compyisiag: laber spureeedi ng

cl ainms, wherein whepe th plecels SI|I on su e Wwth active
devices on a f 8RS fﬁijpé?‘%fc f g sgm wi H’ewg‘f gf"é%%&‘?’ é“ﬂ‘&P%en
envi ronment foéssiéﬁ%famfeﬁ% Gite fﬂ%f bﬁﬁﬁdlgg 1#4} %ééﬂédﬁonﬁ%eﬁpf&ftﬁg%ﬂﬁbhng the

substrate with the Tirst j or ace on t means and the step of
di ci ng t he wor kprlguecec byprrogidingd e chalogenh er ssolnsder af énafongem ervismoond and|j or

face opposed tq.the first, ngj aser d| appar at.us for

i g i1 i cONSSUBHAIS B sime ol iy hao e or SgeE & TG, NEHS BOBRRE ng
l'aser beam Wi t Bein ‘ﬁ@‘f&hﬁﬁﬂb@erﬁadﬁcﬁ&sastthé'&c@vééss!?t ehdad las%? §b§rﬂ dgﬁwﬁer?d ivery
means for providing a hal ogén environment for the“si'licon kpi ece” by

provi di ng a hamsgenfordpcusing the lager haaroglen poavev idenmityeabove ad abtatxgaa@tp@tfl ng at

| east sone of t. or sou

form hal ogen r Sucet ot B siifor Pt BReS tyBthB osft St iciBES g RO | °

means for focusiodgiédecat BefochedMBd 1&ePBRN ARINet s QUE rédetaBliddtthen rate

of silicon, onto the silicon workpiece such that the | aser beam nachi nes

the silicon silicon workpiece at or near the focus of the laser beam to increase laser
machining speed and to provide an improvement in machining quality such that

strength of the machined workpiece is increased.

18. An apparatus as claimed in claim 17, wherein the apparatus further comprises
gas extraction means for extracting at least one of gas-borne debris and waste

gas from the environment of the workpiece.

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

means 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 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 for positioning the workpiece in relation to the laser beam.

12



wor kpi ece at the focus of the |aser beam and the assist gas reacts with the
silicon workpiece at or near the focus of the |aser beamto increase |aser
machi ning speed and to provide an inprovenent in machining quality such that
strength of the nmachi ned workpiece is increased, 18. An apparatus as clai med
in claim123- W@W%tWS§aﬁmeétla§ny of elains Ebient2, sdhereip the apperatis fuBhetneans
for extracting i he
envi r onmment ofcghgﬁﬁéézl?ggggéfgé&iﬁggggggﬁgggﬁggﬂgkgﬁéé3b|n C é§% 7 or
18, wherein thevakpiesd frgmsa stebhd etajor faeaostheonrikprees oppased té arfirstehéevei | ng
sul phur hexafl uorid 20., An appar at us ﬁ clainmed in claim19, arranged for
dicing a silicdhe Wark e%@éﬁmgtaﬁ Ye gedcesithetren.assi st gas i ncreases strength
of resultant dies. 21. An apparatus as clained in any of clainms 17 to 20,
wherein the | aser source neans conprises a diode-punped | aser operating at
a second, third or fourth harnonic at a wavelength of |ess than 0.55
mcrons. 22. An apparatus as clained in any of clains 17 to 21, wherein the
| aser beam delivery means conprises a gal vanoneter with a scan | ens and an
XY notion stage for positioning the workpiece in relation to the |aser
beam 12 23. An apparatus as clained in any of clains 17 to 22, wherein the
apparatus further conprises tape franme neans for nounting the workpi ece for
machi ning the workpiece froma second nmajor face of the workpi ece opposed
to a first face of the workpi ece having active devices thereon. 13
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