16 Cctober 2006 WO 03/090258 PCT/ EP03/ 04069 -1 LASER MACHI NI NG Techni cal
Field The invention relates to programcontrolled dicing of b Oatober ,
particul ar WO 03/8083%t not linmited to, a sem conductor substrBEWEPEHMAEP a

pul sed | aser. Background Art Wafer dicing is a critical aspect of package.
assenbly that facilitates all subsequent operations in an assenbly process.
Wafer dicing is conventionally achievediby dicing a wafer with a nechani cal
saw. Use of a nechanical saw has 10 di sadvantages such as | ow yield,

chi ppi ng and cracking. Thin wafers cannot be machined due to the stresses

i nduced in the wafer by the saw resultll\ég in lowdie strength. The strength
of the dies produced when a seni cleh Ei®@ate is diced is an
inmportant factor as |ow die strengths reduce reliability. Inproving die
strength mnim ses breakages and the onset of mcro-cracking and inproves
device reliability. 15 Disclosure of Invention According to a first aspect
of the invention, there is provided a nethod of using a pulsed |aser for
programcontrol |l ed dicing of a substrate conprising at |east one |I|ayer, the
met hod conpri $idpgdichiEeRt €ps of . providi ng program control means and

associ ated data storage neans for controlling the pulsed laser; providing in
the 20 associ ated data storage neans a |aser cutting strategy f| | e of at

| east one sel ect ebhe mypsionaelatss t@prqgcﬁnseomwlled disingsef asubstgate,padtiqularkye
spatial overl S he |.aser he substrate to
restrict dsgtrr:at@icga{nt(8 li ﬁé&fr%)ég?%nggg@gao Qﬁ%sé%as U%IH 7 Isgedrfasvﬁﬁl | e maxi m sing ,
machining rate for the at Ieast one | ayer; provi d| ng in the laser cutting
strategy fil eBakigroundpresent ati ve of at | east one selected plurality of
scans of the 25 respective at |east one Iayer by the pul sed | aser necessary

t t th h t t
oge(r:;t i ngr gg gor dlhﬁﬁg es&fe‘ﬁgl ¥2§ ﬁé‘i?f?lv@pgctt B%‘?‘Xg% ﬁéseE@Hb %&Pﬂé‘aﬁtagef *ﬁEd i In
the laser cut§ibBdusht’ 8p&ationsi In€ an ai3skmibly odes® WARR' dibigefs conventionally

achieved by dicing a wafer with a mechanical saw. Use of a mechanical saw has

10  disadvantages such as low yield, chipping and cracking. Thin wafers cannot be
machined due to the stresses induced in the wafer by the saw resulting in low die
strength. The strength of the dies produced when a semiconductor substrate is diced is
an important factor as low die strengths reduce reliability. Improving die strength

minimises breakages and the onset of micro-cracking and improves device reliability.
15 Disclosure of Invention

“According to a first aspect of the invention, there is provided a method of using

a pulsed laser for program-controlled dicing of a substrate comprising at least one
layer, the method comprising the steps of: providing program control means and
associated data storage means for controlling the pulsed laser; providing in the

20 associated data storage means a laser cutting strategy file of at least one selected
combination of pulse rate, pulse energy and pulse spatial overlap of pulses produced

by the laser at the substrate to restrict damage to the respective at least one layer while
maximising machining rate for the at least one layer; providing in the laser cutting
strategy file data representative of at least one selected plurality of scans of the

25 respective at least one layer by the pulsed laser necessary to cut through the respective
at least one layer when the pulsed laser is operating according to the respective at least

one combination stored in the laser cutting strategy file; and using the laser under



16 October 2006 WO 03/090258 PCT/ EPO3/ 04069 -2- control of the program.
control neans driven by the laser cutting strategy file to sSi&Dctobdr2086

| east one WaY&PIRi& h t he respective at | east one sel ected BCHERPIR4P6Df scans
at least to facilitate dicing of the substrate such that a resultant die
has at | east a predetermned die strength and a yield of operational die
equal s at least a predetermned mninum25 yield. Preferably, the steps of
providing a laser cutting strategy file conprise, for each of the at |east
one layer, the steps of. varying at |east one of a conbination of pulse
rate, pul se energy, pulse spatial overlap to provide a respective

conbi nation; neasuring a cutting rate of the respective |layer using the

respective conbination: 10 exam ning the | r .to det.erm ne et her damage
o Festr! ot edoREtL TP praERpL s i medhe diven BY Hedg St REHSE Fteare i heasar | ng
yield of the thesutdstdie 16yeR withRRSIeEPe0@vett ReastSIne 8B1BEtEd PlliralitiCoflsetiyat Rt di e;
creating a laser cutting strategy file of a selected conbination which

maxi nmi ses cutte fasditatadisingifithe subsiate suplythate rgsyltaat de bas ab frastapredstermigied  whi ch
have at | east,t edat er.m,n 1.0 Vi f.or ich the die have at
15 | east the dﬁ)er %?fgg@r%%nae@g?dapﬁ%pgpta?é%? 1rpn; éqg%:lgr?ﬁlwglsgt GRE eé?”"lmeasr?mg"rl\léml ayer
usi ng thesselyitd.ed conbination to determne a plurality of scans necessary
to cut through the layer; and storing the selected plurality of scans in

the | aser cuttin trate file, Canveniently, the die strength is asur ed
using a Wi bul | gf%“é‘?‘b’e‘%?‘ﬁp% fgroviding g Laseringsipiegy %Ot@;sl%%f oR&ahg t he

l'aser to scansifit fastlofblye OB stepy 6f vh&ﬁlguéiel%ast 2 R AVdotivitititn of pulse
gal vanonet er - based scanner. Conveni entl'y,” the step of using the l'aser to

scan ‘the at Irgaspulsaeeneegyepulsacspatids ovenlapviodprayide aetespsetive icombinatior; ens f.or
scanning a | aser am fr.omthe laser across the bstrat.e and, the step of
o ovi di ng-a. PRSSPTEA FREE che S 4B FopRE st ing Y FERYSs Poinafia g o

| aser endogy efaniaingythe deyek (€ defefinifie whether parafe Rfredtheted & eqredetenpinegéan | ens
to 25 produce a | aser &nergy density map of a field of view of the_,

tel ecentric [CBEE dingythe substrate) and; mepsugigYipld: ofothe sesufiant sie; agaguring dige ener gy

and pul se Sp@fr@:ﬂh Qf&ht qpsuﬂintp&ila;sel%éting a laser cutting strategy file of a selected

combination which maximises cutting rate while resulting in a yield of operational die
which have at least the predetermined minimum yield and for which the die have at
15  Ileast the predetermined die strength; scanning the at least one layer using the selected
combination to determine a plurality of scans necessary to cut through the layer; and

storing the selected plurality of scans in the laser cutting strategy file.
Conveniently, the die strength is measured using a Weibull die strength test.

Advantageously, the step of using the laser to scan the at least one layer includes

20  providing a galvanometer-based scanner.

Conveniently, the step of using the laser to scan the at least one layer includes
providing a telecentric scan lens for scanning a laser beam from the laser across the
substrate and the step of providing a laser cutting strategy file comprises the steps of:
mapping a laser energy density received in a focal plane of the telecentric scan lens to

25 produce a laser energy density map of a field of view of the telecentric lens using the
selected combination of pulse rate, pulse energy and pulse spatial overlap of pulses;
storing the laser energy density map as an array in the storage means; and using the

laser energy density map to modify, with the control means, at least one of the pulse
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storing the | aser energy density map as an array in the storage neans; and
using the |laser energy density map to nodify, w th the contkoDctobar2906at
| east one wD oBlogo2psil se 16 Cctober 2006 WD 03/090258 PCT/ EREI/ERDIO069 3-
repetition rate and the pul se energy of the sel ected conbination to produce
a constant | aser energy density at scanned points in the field of view at
the substrate. Conveniently, the step of3mapping a | aser energy density
conprises using a |laser power nmeter to nmeasure | aser energy density at
representative locations within the 5 field of view of the telecentric
| ens. Advant ageously, the step of providing a selected conbination conprises
‘provi di ng a sel ected conbi nati on which restricts thermal | oading of the
material of the .respective Iﬁ%er to E str%ot mechanj cal stress to a

5§

pr edet er mi ned REXIRIAC 260 e dH{ss spergy © Pled FQURPIRIOR; ' RTAJYSF 3 €ONSEBY £ or

" ess than thejsglefGfdensitPatieatindl bbititsGh tRIRNBof Wb SthEQLEERHONdS to the
sel ected conbination, to machine a layer to be cut and the layer is scanned

for further scans up to the selected plurality using a conbination which
wi |l not signifi ceenveyicntlc hierstep ahmanpiag k Jaspgeneesyalensiychmphises usisgBdasemt i al | y

no machi ni ng r t he underlying |ayer shoul d e laser cont.inue to
L he s U P et o MEacIELE Ehy BNy, Atebelenlalife 182G ns ST M

Advant agedus| field bheiewnif fiedele@aRicile®S Scri bing a substrate through the |ayer
to be cut for subsequent nechanical dicing of the substrate. Conveniently,
where the substratg i ncludes an activye layer, the step of providing a

sel ect ed conbi natfd¥intagequalys the stepapb gEoIging na sslected acombipation SPEPTEE DI | ses

providing 2 oebiafigiikeoBLAabhAMNWNIA SRR tinaPIb&ithd SORTkkrA dresd the

sybsequent operation of 20 active devices in the active |ayer.
Advant ageous| sespecties lgyes o rebtript medhdiing stressdéd e predetenuintd maximum. whi ch does not
significantly affect the subsequent operation of active devices in the

active |ayer Cor@&{vﬁr%%mi&r QU ‘1%;1@9?% c%%ﬂiap LN 1 AOGRBe SAUSG
significant cracks to propagate roug e actrve | ayer.

10 plurality of scans, which corresponds to the selected combination, to machine a layer

to be cut and the layer is scanned for further scans up to the selected plurality using a

combination which will not significantly machine an underlying layer such that

substantially no machining occurs of the underlying layer should the laser continue to

scan the substrate after the layer to be cut has been cut through.

15 Advantageously, the method comprises scribing a substrate through the layer to

be cut for subsequent mechanical dicing of the substrate.

( Conveniently, where the substrate includes an active layer, the step of providing
a selected combination to restrict damage to the at least one layer comprises providing
a selected combination which does not significantly affect the subsequent operation of

20  active devices in the active layer.

Advantageously, the step of providing a selected combination which does not
significantly affect the subsequent operation of active devices in the active layer
comprises providing a combination which does not cause significant cracks to

propagate through the active layer.

25 Conveniently, the step of providing a selected combination comprises the steps
of: providing an initial combination at which the laser machines the substrate at an

initial rate which does not cause significant crack propagation due to thermal shock at



25 Conveniently, the step of providing a selected conbination conprises the
steps of. providing an initial conbination at which the | asps Qowbsi2tes t he
substrate WO 0%0%%itjal rate which does not cause signifi F&IERIPAEES
propagation due to thermal shock at 16 Cctober 2006 WD 03/090258

PCT/ EPO3/ 04069 -4- an anbient tenperature, and such that a tenperature of
the substrate is raised by the nachining-after a predetermned plurality of
scans of the substrate by the laser to a raised tenperature above anbi ent
tenperature; and providing a working conbination at which the |aser

machi nes the substrate at a working rate, higher than the initial rate, 5
whi ch does not cause significant crack propagation due to thermal shock at

the raised tenperature; and the s of, _machi ni t he sybstrate,incl udes:
mmohi ni ng. an. FTIOPER CRRERRI<, P REh I & PRPE-UE Highs ABSFHF 1 el Bidfha | on
for at |east mbchifihgdféred pled@emimdduplafalityofOdcafConthe s@ifateBGthd 136 Rta | east
part of a remaining depth of the substrate wusing the working conbination.
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produced. Advahichdeaumt Yausébighificiry¥raek padpapfnatduatd theddal slock e thelrbised i ty of
scans is lower than an _energy of preceding scans of the plurality of scans
such that bacleBPeratuEs:;ang;the sten of grachipingsthe substipls ingudessmachining \ggniial

otherwi se be gradyeead. LGS AL tnftial &3 E%PG% ggha 184t i {;Mg&?iﬁ&ﬁ”s I's

vari ed between scans t% aci F‘??ate rem)vg{b 0 rrs generate uring

di ci ng of t heplsrahtyt ofascans; ehwnachiming lay ldast partnefreeesiaigng depélr of thersybstrate h

i ncreasi ng nmachi r}hﬂg}ﬂ&ﬁ%}h tbo renove debris froma dice |ane. 20

Advant ageousl| Y& g @A ™es the further steps of providing gas
handl i ng neans to provide a gaseous environnment for the substrate; using the

gaseous HNVi r onrpeferably, a0 Bier @)} offat ¢daena fit of halurdlity ¥f dchnd s @owetlthin & e at
| east one of prior to, during and after dicing the substrate to enhance a
strength of tenerayefsnecgedingipcans of the plurality of scans such that a generation of surface

micro-cracks is less than would otherwise be produced.

Advantageously, an energy of at least a final of the plurality of scans is lower
than an energy of preceding scans of the plurality of scans such that backside chipping

15  of the substrate is less than would otherwise be produced.

Advantageously, energy of the plurality of scans is varied between scans to
facilitate removal of debris generated during dicing of the substrate, conveniently by
increasing laser energy with increasing machining depth to remove debris from a dice :

lane.

20 Advantageously, the method includes the further steps of: providing gas
handling means to provide a gaseous environment for the substrate; using the gaseous
environment to control a chemical reaction with the substrate at least one of prior to,

during and after dicing the substrate to enhance a strength of the resultant die.

Conveniently, the step of providing gas handling means includes providing gas
25  delivery head means for delivering gas substantially uniformly to a cutting region of

the substrate to facilitate substantially uniform cutting of the substrate.



Conveniently, the step of providing gas handling neans includes providing
gas 25 delivery head neans for delivering gas substantial | yloubdtbleri2096t 0 a
cutting regoesoaissthe substrate to facilitate substanti al lpcTuros/os08d cutti ng
of the substrate. 16 Cctober 2006 WO 03/090258 PCT/ EP03104069 - 5-

Advant ageously, the step of providing gas handling neans conprises providing
means to control at |east one of flow rage, concentration, tenperature, type
of gas and a mixture of types of gases. Conveniently, the step of providing
a gaseous environnment conprises providing 5 a passive inert gas environnment
for substantially preventing oxidation of walls of a die during machining.
Alternatively, the step of providing a gaseous environnment conprises
providing an actjyve gas environment. Cbnvenlently, the step of providing an
active gas envir dHi¥eREEushprtheeep of proxiding sag hardling mesenscomprisg PIRVIARE act i ve
gas to reducengi ftéeﬁt{omq&ﬁ@aé SF'i1oh 310/ BB P, CRRLARY, | g,g,@ o ks dae di e
strength. Advantageous e step of providing an attive envi r onment
conpri ses etmmmgeuﬁtybs affgases.die with the active gas substantially to
renove a heat affected zone produced during nachining, and thereby inprove

the die strength. 15 Advantageou t he ste rovi di ng an actJve gas
envi r onnent corrprqqélégme“rﬂéd'éﬁ?tﬁ EB‘)éP’idé“g HeH (58"‘ eHbCQ’FngWFWrHEj‘ Ngdheri ng
to surfaces qrpﬁacbineﬁgaﬁérﬁmm@&mv&@hﬁa&dﬁéuy Haeerma% Redasardiaagorh AR further
step after dicing of scanning an edge of resultant die with the | aser
with suffici eiringmachipingo heat si dewal | s of the resultant die to reduce
surface roughness thereof and thereby increase die strength of 20 the

resul tant die. I iﬂgg mnth
ro(unded comers g)?n%g%eltalﬁﬂ ntée %t%ﬁ]gﬁlgggpﬁ% a% Qﬁg%ﬁ%r%%{rﬁve tr ?f(%

corners of trwadtxeeguslengroamegtal vanonet er based scanner, wher e| n the sel ected
conbination is adapted to maintain

Conveniently, the step of providing an active gas environment comprises
10  etching walls of a die with the active gas to reduce surface roughness of the walls and

thereby improve the die strength.

Advantageously, the step of providing an active gas environment comprises
etching walls of a die with the active gas substantially to remove a heat affected zone

produced during machining, and thereby improve the die strength.

15 Advantageously, the step of providing an active gas environment comprises

reducing debris, produced during machining, adhering to surfaces of machined die.

Conveniently, the method comprises the further step after dicing of scanning an
edge of the resultant die with the laser with sufficient energy to heat sidewalls of the
resultant die to reduce surface roughness thereof and thereby increase die strength of

20  the resultant die.

Conveniently, the method is adapted for producing die with rounded corners by

¢ scanning the laser beam along a curved trajectory at comers of the die using a
galvanometer based scanner, wherein the selected combination is adapted to maintain

the selected pulse spatial overlap between consecutive laser pulses around an entire

25 circumference of the die.
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the sel ected pul se spatial overlap between consecutive |aser pulses around
an entire 25 circunference of the die. 16 Cctober 2006 WO BHEIBEIN06
PCT/ EPO3/ OMO®%020858 Conveni ently, the sel ected conbi nati on PETEROI4E6P t o
deliver pulses at an arcuate portion or corner of the die such that
substantially no over-cutting or undercutting generating a defect at the
arcuate die edge or conmer occurs. Advantggeously, the nethod is adapted for
formng a tapered dice lane having 5 arcuate walls tapering inwards in a
direction away fromthe | aser beam by varying a wdth of the dice | ane as
the | aser scans through the substrate wherein the selected conbination is
nodified to give a finely controlled taper and snooth die sidewalls, and

t hereby increase die strength of the resultant die. Conveniently, the |aser

is a Qswitched IGes¥snicady; theselectedmogbinatipn V,ad@Pthat@él\eliWéd’H{SFsrﬁr‘\‘f‘t%ﬁ%‘a‘leaser is
directed by rﬁ%}%;?%nfa&{{c Sorflle 'JE e die {IRRUER'sEdiany RE oFUHRAMIAL & biuchRHfped on 2

t ape and eneryg scans o aser 1's con d substantially to
prevent damagenératingweddfapat thdarehare disleyige drivermeapreurss subst anti al |y

transparent to ultraviolet radiation. Advantageously, the tape is

pol yol ef i n-based., 15 Accordi t .secon spect of the,invention, there is
provided an apparAftvﬁ'gaQCSYSIY’ﬁﬂ%ﬁ‘tﬁﬁ’i‘?}%d%ﬁ‘%pﬁfgIfgrdﬁ)ﬂ?‘ﬁ‘gr?gtab?re%d?ﬁg@erwg'g

conpri si NG atarh@fSwalRSpeliny Mwardip AdiPtion BFay FOMARE hkdiBeam BN AGHg haser ;

and program control nmeans and associ ated data storage means for controlling
the pul sed | &¥éth qfsthedicg langsasrthe laser srgns threngbdle subsizate gthsredn thenselagted | ¢

data storage . . t . I ec j I of pul'se
rat e, pul oo sononangfls MAEPE o008 ERPEGLLNE A5kl hoRa e 1RAAT, T N
| aser at t he andb=tcbgticraaneldie daémptl efthemseultaat diwe of at | east one respective

selected plurality of scans of the respective at |east one |ayer by the
pul sed | aser nece€wavniently thellasdrhy HQWilchal laRspeGéd ve at | east one |ayer;

such thaHJ n usepimégiulaant die has at |east a Rredetern{ned die
y, a laser beam from the laser is directed by rotatable mirrors.
Conveniently, the substrate is mounted on a tape and energy of final scans of the
laser is controlled substantially to prevent damage to the tape.
Preferably, the tape is substantially transparent to ultraviolet radiation.

Advantageously, the tape is polyolefin-based.

15 According to a second aspect of the invention, there is provided an apparatus for
program-controlled dicing of a substrate comprising at least one layer, the apparatus
comprising: a pulsed laser; and program control means and associated data storage
means for controlling the pulsed laser using a laser cutting strategy file, stored in the
data storage means, of at least one respective selected combination of pulse rate, pulse

20  energy and pulse spatial overlap of pulses produced by the laser at the substrate and
data rtepresentative of at least one respective selected plurality of scans of the
respective at least one layer by the pulsed laser necessary to cut through the respective
at least one layer; such that in use a resultant die has at least a predetermined die

strength and a yield of operational die equals at least a predetermined minimum yield.

25 Preferably, the program control means includes control means for varying at
least one of pulse rate, pulse energy and pulse spatial overlap for controlling the laser

subject to the at least one respective selected combination.
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strength and a yield of operational die equals at |east a predeterm ned
mnimumyield. 25 Preferably, the program control means incligd®&obar200e!

means for wargsjod@set | east one of pulse rate, pul se ener gyp@EepBlehds
spatial overlap for controlling the |aser subject to the at |east one

respective sel ected conbi nati on. 16 Cctober 2006 WD 03/090258

PCT/ EP03/ 04069 -7- Conveniently, the apparatus includes telecentric scan

| ens means for scanning a |aser beamfromthe | aser across the substrate.
Advant ageously, the apparatus includes | aser power neasuring neans for
mappi ng a | aser energy density received in a focal plane of the telecentric
scan lens to 5 produce a | aser energy density map of a field of view of the
telecentric lens using the selected conbination of pulse rate, pul se energy
and pul se spat i alCawenitrtly, 8f appdrstus inchrdes tlegernitrigsaahders ansans fnecagpingansi t y

map as an array in the ta stora ans for nodifying the at |east one
respective self%eék"éﬁn @8%%%§§ﬁr8ﬁof%ﬁ%§%ﬂ£%§‘at e for irregularities,
i ntroduced by the telecentric lens, of |aser energy density at the 10

substrate. Pref erfdlaitagédislyd iz bpfarsud widltRE 182 HoWEE Sm@ssritpa ittahJomeaNs
for providing a _gaseous environnent_ for the substrate for controlling a
cheni cal readPRRINS# laperieRaey densdy Farewediin 4 Paaiplans of dre telegeptricssan kns fong and

after i cing byt skt elctel RoSRARGEL o ALSRYIY St SR kg BLinge, 15

Advant ageousl t nmeans I ncl udes gas Ivery nmeans for
uni form y del seleeteil ngmbmstidnoofpulse tdte, pglse enirgynami pulseapatiabsterlap of pisesffer abl v,

the gas handlin ans conprises control neans for controlling at |east one
of flow rate,St?fg’rgc t PSEF | TREY SemSiEr HaRr &, 21 PHaY dR thadalndoRemngsans 0% t ypes

of gases. 20 fLodmeny e lay ledsh@n8agsheeid slectEE3Bmbinatiéd t&N@RfpehQtdP Vi de an
inert gas environment for substantially preventing oxidation of walls of a
di e during rdoRgHants, intfodugedaby e (eleqehiwicglens,hahddsen gnergardsnsity at thenged to

provi de afh acsgli)éﬁtegas

Preferably, the apparatus further comprises gas handling means for providing a
gaseous environment for the substrate for controlling a chemical reaction with the
substrate at least one of prior to, during and after dicing the substrate to enhance

strength of the resultant die.

15 Advantageously, the gas handling means includes gas delivery head means for

uniformly delivering gas to a cutting region of the substrate.

Preferably, the gas handling means comprises control means for controlling at
least one of flow rate, concentration, temperature, type of gas and a mixture of types

of gases.

20 Conveniently, the gas handling means is arranged to provide an inert gas

environment for substantially preventing oxidation of walls of a die during machining.

Altematively, the gas handling means is arranged to provide an active gas

environment,

Advantageously, the gas handling means is arranged to etch walls of a die with
25 the active gas to reduce surface roughness of the walls, and thereby increase die

strength.



envi ronment. Advant ageously, the gas handling neans is arranged to etch
walls of a die wwth 25 the active gas to reduce surface rougoessercfooghe
wal | s, andVOWPEB i ncrease die strength. 16 Oct ober 2006 PCWBPOI0G¥D258
PCT/ EPO3/ 04069 -8- Advantageously, the gas handling nmeans is arranged to
etch walls of a die wwth the active gas substantially to renove a heat
affected zone produced during nmachiningg_and thereby increase die strength.
Advant ageously, the gas handling nmeans is arranged to etch walls of a die
with 5 the active gas to reduce debris, produced during machining, adhering
to surfaces of machined die. Conveniently, the apparatus further conprises
a gal vanonet er - based scanner for producing die with rounded corners by
scanning a |l aser beam along a curved. trajectory at corners of the_die,
wherein the sel eéydvantegsusindes gas haadlingmaeags ¢ areenggl (eeetohivealls afladig dithct ed
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arranged t o oachindlg, braktherelpuinereasediid steeagthi. at an arcuate portion or corner of
a di e edge such that substantially no over- cutting or undercutting occurs

whi ch woul d gener,ate a defect at ,the.die edge. 15 Conveniently,. the
aplpar at ug i sgarr 3‘53368Psfl5f’&%%d’aﬁ‘ﬁf%hﬂ?a@ﬂgsdqr@@gﬁﬂéycﬁé%?ﬁﬁf%é’t‘%ﬁ'éq‘e wal | s

tapering snwaglgctive gas & feBdel RBrifVRYdifce® Al mhasfihg, RARANRYtoVAHERDfa W dt h
of the dice |ane as the |laser scans through the substrate wherein the

sel ected comichmeddis. is nodified to give a finely controlled taper wth
snmooth die walls, and thereby increase die strength of the resultant die.

20 Preferably, tRenlasafy! Qaﬁi@fﬂ&ﬁh‘?@nh Ses hiftete VANV *Y the
apparat us incl udes 1ot at g,btﬁee%& Frors tor drr ectai%ﬁl\g @ﬁeaeseryﬁgfeygm ro(gm t he
| aser on t he psudosingadie. with rounded corners by scanning a laser beam along a curved
trajectory at corners of the die, wherein the selected combination is arranged to
10  maintain the selected pulse spatial overlap between consecutive laser pulses around an

entire circumference of the die.

Advantageously, the selected combination is -arranged to control laser pulse
delivery at an arcuate portion or corner of a die edge such that substantially no over-

cutting or undercutting occurs which would generate a defect at the die edge.

15 Conveniently, the apparatus is arranged for forming a tapered dice lane having
arcuate walls tapering inwards in a direction away from the laser beam by varying a
width of the dice lane as the laser scans through the substrate wherein the selected
combination is modified to give a finely controlled taper with smooth die walls, and

thereby increase die strength of the resultant die.

20 Preferably, the laser is a Q-switched laser device.
Conveniently, the apparatus includes rotatable mirrors for directing a laser beam
from the laser on the substrate.
| Preferably, the apparatus is arranged for a substrate mounted on a tape, wherein
the laser is controlled in final scans of the substrate not substantially to damage the
25 tape.
Conveniently, the tape is substantially transparent to ultraviolet light.
Advantageously, the tape is polyolefin-based.



Preferably, the apparatus is arranged for a substrate nounted on a tape,
wherein the laser is controlled in final scans of the substlib@woben2006

subst ant i alylg/oF@oBemage the 25 tape. Conveniently, the tapgci/grosni069
substantially transparent to ultraviolet light. Advantageously, the tape is

pol yol ef i n- based. 16 Cctober 2006 WD 03/09028 PCT/ EP03/ 04069 -9 Bri ef
Description of Drawi ngs The invention w_.g. be nore clearly understood from
the foll ow ng description of sone enbodi nents thereof, given by way of
exanple only with reference to the acconpanying drawings in which: 5 Fig. |
is a plan view of a diced silicon wafer; Fig. 2 shows transmtted | aser
dntensity as a percentage of incident laser intensity over a field of view
(40 mMmm x 40 mm). of a.telecentric scan |l ens objective for use with the

i nvention andB 1 in |aser pulse energy for nmachining a
trench of uniformdepth according to the invention; 10 Fig. 3(i) is a

vertical cross-sefjdffkn@bn @il[&?@g&h%?ci)fﬁﬁqmﬁ&%ﬁd bR i ol 1Rl eci;)& riptibie b9

according to the iInvention; represents a four- ser process

used to dice sdme embaedilmente thedeofs piven rbgt way of Exgmpl8(on)y with aeftrenge tto thehe
invention; Fi gﬁ 4#3 .to 4vgi i i%l a}]r vertical cross-sections of a nultilayered
PRRAYiS drapipgs 0oy

structure in “trench is machined in a top | ayer
according to the invention; Fig. 5(i)a and 5(i)b are vertical cross-sections

of a sem coHnduct qrig,quatp[aatv%vabmce(fg’lmanavhf@fgzti ve device side according to
the invention; Fig. 5(ii)a to 5(ii)c are vertical cross-sections of a

sem conduct or substrate diced froma sjde opposed to the active device side
accordi ng to the figvénthown; trangmitied lagerj inteasify app peresnrggl of incideabdaseandi ng

the invention, ofjfgligt d%e adfifld VrERIIHO mm x 40 mm) of a telecentric scan lens

objective for use with the invention and also the variation in laser pulse energy

for machining a trench of uniform depth according to the invention;

10 Fig. 3(i) is a vertical cross-section of a multilayered substrate suitable for dicing

according to the invention;

Fig. 3(ii) represents a four-step laser process used to dice the multilayered

substrate in Fig. 3(i) according to the invention;

Fig. 4(i) to 4(iii) are vertical cross-sections of a multilayered structure in which

15 a pre-scribe trench is machined in a top layer according to the invention;

( Fig. 5(i)a and 5(i)b are vertical cross-sections of a semiconductor substrate diced

from an active device side according to the invention;

Fig. 5(ii)a to 5(ii)c are vertical cross-sections of a semiconductor substrate diced

from a side opposed to the active device side according to the invention;

20 Fig. 6 is a graph, helpful in understanding the invention, of relative die strength
as abscissa and proportion of die surviving as ordinates for different spatial

overlaps of successive laser pulses;

Fig. 7(i) shows a plurality of die with rounded corners, produced according to

the invention;
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as abscissa and proportion of die surviving as ordinates for different
spatial overlaps of successive |aser pulses; Fig. 7(i) shows Oatqber2@l6 ty of
die with MEUERS8oners, produced according to the inventBEHEPOBEIEEt ober
2006 WD 03/090258 PCT/ EP03/ 04069 -10- Fig. 7(ii) shows a plurality of
conventionally diced die according to the prior art; Fig. 8 is a schematic
vertical cross-section of tapered dice-hgne side walls produced according
to the invention; Fig. 9(i) to 9(iii) are vertical cross-sections of a
single layer structure nachined 5 according to the invention; and Fig. 10
is a vertical cross-section of a substrate machi ned according to the

i nvention nounted on a carrier tape. Mdes for Carrying Qut the Invention A

I b b t o di d 10, and t hereb
S mgul at o oy coliey 109 PSR ALY 3 cor aTAN Woe LR A A beam over

the wafer surface using rotatlng mrrors in a gal vanoneter type systemto
forma pattern pugclR @Sa lshiinafid ARica cfosPsection EPQAf)‘éfcﬂgdl@é 14 &sideA§Alls beam may
be achieved using a telecentric type scan lens. I'n enbodiments of this

i nvention, the tpiedescdiacensding withomvertiononsecutive |aser 15 pul ses (At) and
the | aser pulse energy (E) is varied during machining of a single or

%, PR A S LB g R B o,

and t he sfibsequesdcordegtanhedaventisiyaads or danmage that results. By way of
exanple, a multilayered material workpiece 30 consisting of four 20 Iayers
31, 32, 33 and 34 of .three different material es hown..in Fi

These materi al sé@odpds BeVeriQy cLossgAvan o apfﬂbﬁﬁég Wt"é‘?ﬁ?é‘ch{?‘thwltgﬁler 31 on
a metal second in@¥ffon3rouditddnR@aMERfapt.ni rd I ayer 33 on a sem conduct or
substrate 34. Fig. 3(ii), which

Modes for Carrying Out the Invention

A laser beam may be used to dice a semiconductor wafer 10 and thereby

10  singulate devices 11 from the wafer by scanning a Q-switched laser beam over the
wafer surface using rotating mirrors in a galvanometer type system to form a pattem

such as that shown in Fig.1. Focusing of the laser beam may be achieved using a

telecentric type scan lens.

In embodiments of this invention, the temporal separation of consecutive laser

15 pulses (At) and the laser pulse energy (E) is varied during machining of a single or
multilayered substrate in order to reduce thermal loading in different portions of the
single layer or in each of the materials in the substrate and the subsequent mechanical

stress or damage that results.

By way of example, a multilayered material workpiece 30 consisting of four

20 layers 31, 32, 33 and 34 of three different material types is shown in Fig. 3(i). These
materials could be, for example, a polymer material first layer 31 on a metal second

layer 32 on a polymer third layer 33 on a semiconductor substrate 34. Fig. 3(ii), which

is a plot of time (corresponding to distance machined through the multilayer structure)

as abscissa and pulse energy as ordinates, illustrates a four step approach to dicing the

25  substrate. In order to machine the first layer 31 in such a way as to reduce thermal

loading and consequent mechanical damage in the polymer material laser pulse energy
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is a plot of time (corresponding to distance machi ned through the nultilayer

structure) as abscissa and pul se energy as ordinates, ill u$6O&tobsr 200feour
step approgelyzlo9@dgCi ng the 25 substrate. In order to machigier/kfB/olded st
| ayer 31 in such a way as to reduce thermal |oading and consequent

mechani cal damage in the polynmer material |aser pulse energy 16 Cctober 2006
WO 03/090258 PCT/ EP03/04069 -11 E, is lgw and an inter-pul se separation At,
is high. Polymer materials will nelt and be damaged at high | aser energies
of , for exanple several hundred m croJoul es per pulse, but they will be cut
cleanly at | ower |aser pulse energies, for exanple 10 mcrojoules per

pul se. Also if the repetition rate is too high (i.e. At is too |low) too nuch

heat will 5 enter the polyner material over too short a tinme and the pol yner
will melt andgpie lowlandgeter-polsé Sopafaciby NglishighPolyeie matdrals widltelt sndkept | ow
(i.e. At is high). In general, _values of At and E are chosen based on known
optical and t9%ABagsd atdy presgigs of, f exaraple svaral Byndsgdamigealaylgs paxgulse,

experi nment al | . Lver At S

et or m mod by S CHISERE I8y HiBkePphcs BRsShlcrB! B Bmpren B © o
the first |aygr pdkevAlkdifltiasepetitidaiutdds tobhizhl @8t is PaNaRplodmudhtRatckiinged t o
Ate and E3, where chosen values of Ate and E3 (like At and_E for all |ayers
in the subst ree)the pelymet meterigeevdsyoa phort »dmesand shopelymerwilh meltzand det he

opti cal absorption,pRreperkl f the. nmateri.a t he lLaser. el engt h used.
Ater the - noen 5 4R ahrids Bs dsPRulB st kR oy B8, o g I oG e
returned to Aaluedid AEand B aldcHBBE ba¥ed boh Rnén bptidaPRY thédnaliprdperties oPthesi M | ar
material to the first layer 31. After machining of the third |ayer 33, the
| aser proper tnagrialras ashdeteratinadoexpedmartal =T heonumbge b Fasert mdses sighvdied atyer 34.
Duri ng machi njn each l.ayer in.the nmultilayer,. substrate the pul se

energi es El, %ﬁg%d;%' lgac‘rfﬁjn%dgby\}g?fhéc Fﬁ()g%% @3lto be described across the
field of view of the focusing objective in order to conpensate for 20
irregul aridti es i rAftdremichirfirig eieugy the AnsMuydresl Mytht lagert BdaGr S5} ftheC ldsens, to
ensure uniformty of machining through each |ayer of the substrate.. In
practice, priRrsrameierpaeichmged te gé ang\Fay whiere chpser walees of AtaandrEadlike Ahapdst r at egy

file E for all layers in the substrate) are determined by the thermal properties and also the

optical absorption properties of the material at the laser wavelength used. After the
machining of the second layer 32, the laser properties are returned to At; and E; to
15  machine the third layer 33 which is of similar material to the first layer 31. After
machining of the third layer 33, the laser properties are changed to At; and E; to
machine the fourth layer 34. During machining of each layer in the multilayer
substrate the pulse energies E;, E; and E; may be varied in a manner to be described
across the field of view of the focusing objective in order to compensate for
20  irregularities in the laser energy transmitted by the telecentric lens, to ensure

uniformity of machining through each layer of the substrate.

In practice, prior to machining the layered substrate, a laser cutting strategy file
is generated to contain a series of commands to the laser to change At and E for each
layer and to control a galvanometer scanner for positioning of the laser beam on the

25  workpiece surface. In addition, a respective number of laser scans necessary to cut
through each respective layer is pre-programmed in the laser cutting strategy file from

a prior knowledge of thicknesses of each of the layers 31, 32, 33, 34.
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IS generated to contain a series of commands to the |aser to change At and E
for each layer and to control a gal vanoneter scanner for pogd bteperx®ogf the.
| aser beanwOm®3O$BSR5 wor kpi ece surface. In addition, a respPETtEM®40iber of

| aser scans necessary to cut through each respective layer is
pre-programred in the laser cutting strategy file from a prior know edge of
thi cknesses of each of the |layers 31, 33, 33, 34. 16 Cctober 2006 WO

03/ 090258 PCT/ EP03/ 04069 -12- Initially, this data nmay be collected
experinental ly, by scanning |layers of different materials using different
pul se energies and pulse repetition rates and observing any damage, for
exanple nelting or crack propagation in the layer. The resultant effect on
die strength of different pulse energies and pul se repetition rates 5 may

al so be det er m nduitigldy, rthis date mayabelcellectedkenparimpgtalby;| by dfaaningrleyess oft est and

a conbinatiop,sel ected for.ea | ayer which.produces die wth at |east
required die d?@?“?‘é‘n@f‘%?‘ lF nuséﬁgd:a{}fef)# F{U}fg W@léc)f %?AJBF%G rFSBF“\tg‘%“ d@&egera%gned to
ensure that tdbeersinkeal mag) o HAMPYIMERnPOF cABKPEIPAGatidAVinaRS 1298r. The
substrate and thereby adversely affecting the yield. Having selected a
conbi nat i on oFsulantsetteaten dig stigapth of diffareanh pulise icagrsieaped pulsqipetiticnaass onl y
accept abl e d . di equl | :

accept abl § yi e ,Sotaﬁegdez%rﬁ})%egrae%’fngsg’é(r%garﬁpeléua%“eoé& '?‘())Vg %’E{l%ﬁﬁ}ﬁ ‘gs?g'ﬁ%&n

t hi ckness of combimatibrakelemad fdresaclalaer baicH giredurendid eitlper lexsinteqbited. didhese

val ues may then be used . to w | he | aser cutting strat file. Dicing in
this way Ieacfge‘f%h'slﬂp?@g'i“B?’ yf el Péﬂ'@tmﬁym?@&%% ﬁn%ﬁﬁgﬁfheosﬁﬁfte 15 | aser
di ci ng net hodgmp|mtiéh fs\Wot &&ha {caeHt thefsullsth® anB VIRNHyCRversdlf aff@digf - PUl se

tenporal separation At and the |aser pulse energy E are changed during the
machi ni ng of the wieligHavingysslecigfl aacomhinatioh af pulsd emenggrand | pulsRakpatitipmgateo Fi g.

4(i) to 11 ). a first,layer .41 .10 be chined. with a laser beam 44
over |1 os 19 sabistfiapi Bt direr paf BORLRS e diartefrealie A 20 | <
machi ned, thecgptadbR yiclapeie tnuaberdf ftagk qdifeditoeut aughteRiBwAthivkRess binged
just prior to conpletion_ of machining through the first layer 41, as

i |l ustrated Byaterisdmap shegeadso be determined experimentally. These values may then be used

to write the laser cutting strategy file.

Dicing in this way leads to superior die strength compared with conventional

15 laser dicing methods.

In a further embodiment of this invention, the inter-pulse temporal separation At

and the laser pulse energy E are changed during the machining of a single layer of a
multilayered material. Referring to Fig. 4(i) to 4(iii), a first layer 41 to be machined

with a laser beam 44 overlies a second layer 42 on a substrate 43. As the first layer 41

20  is machined, the pulse properties At and E of the laser beam 44 are changed just prior
to completion of machining through the first layer 41, as illustrated by the changed
broken line representing the changed laser beam 441, during machining of the first

layer 41 in order to prevent damage to an underlying second layer 42. In general,
damage to the underlying layer 42 is prevented by reducing the pulse energy E to

25  below a melting threshold of the material constituting the underlying layer. A trench
45 machined in layer 41 of Fig. 4 can be used as a pre-mechanical scribing trench. In

this case die strength is improved compared with the prior art as, by appropriate

choices of laser pulse energy and pulse repetition rate, there is no cracking in the top
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broken line representing the changed | aser beam 441, during machining of the
first layer 41 in order to prevent damage to an underlyi ng l6&xtohgr Pe8ter 42.
I n generalwoodapege to the underlying |ayer 42 is prevent ecedayeraduadng t he
pul se energy E to 25 below a nelting threshold of the material constituting
the underlying layer. A trench 45 machined in layer 41 of Fig. 4 can be
used as a pre-nechanical scribing trenchyaIn this case die strength is

i nproved conpared with the prior art as,f%y appropriate choices of |aser
pul se energy and pul se repetition rate, there is no cracking in the top 16
Oct ober 2006 WO 03/090258 PCTI EP03/ 04069 -13 layer 41 or in the underlying
-l ayer 42 that could grow during a nechanical scribe and break process
perforned after the |aser prescribe step. In a further enbodi nent of this

i nvention, illayesdd or énthennggrlyingslayérahd thaispuld groys duringrimedwnisal sgrbaand beam

54 are used in fir f ew passe long a dice lane 55 in order to 5
prevent the é\?agﬁpor %%%PC%WFQ eéﬁkeﬁﬁ%eﬁgre ?‘%ﬁéggti ng through active devices
51 when machining froman active device side of the wafers 50, as shown in

Fig. 5(i)a. Aftern atfiehdrambbdihat sflthis tifvetieH) ildustteted n Big. SiHb®ehérlgy laser
approxi mately Efqual to an active device |ayer thjickness a pulse energy E of
the | aser bediilssaotalasgrdepmof arisgd i Hrshieyirasses glong @ dissdangSo5n ofder ser beam

541 under £onfiLaly @fe d%vélﬁpgﬁént %Ha&%@&&% rpﬁégﬁg{gi(thxgygﬁ&tijvg AR i Inkd 9-

5(i)b, in order to machi nore quic a sem conduct or
substrat e 53 miéchiring framan d&stye ddvichsidesofitbawattrd§0,tdsshown in Big. fehAfiemg so

that effects of . therma] ,shock jn chi ni the substrate 53 are .reduced.
When nachi ni ntge 1A 5&“4 ?’Fodlﬁﬁ 4 dgg@%gpﬁ@aggppgow yE‘U‘BLfOraé’tg ¥ deVIee s hown
in Fig. 5(ii)iayerpioRes atpalsd efiér@f E 604he YAsBObéne 52Chh Ve ikledtseéE o B highar Simi | ar

process can be _ adopted in order to grevent 15 cracks propagating fromthe
initial | aserpusstengeainot hiasergbeamhad ks yndsr canteolneft @ lasen culiing Steategynle) aser beam

54 with I ' ed i njtj t .
cern condutl or BRI KB R SHRLRY 1 Bt EE e hiBidne blbie 15 Biitoulledt™>
| aser cutti rypbstareaileefithé whier 5 iwldchis ated ynihe dpitidl asaehinbpaso thet tffects of ast er

machi ni ng, see Fig. d1i)b,. en the | aser beam 541 _pmchi nj fromt he
backsi degof tt gnwg]s@c?(ée r%@h@}/{mgsthe substrate 53 are regclceé. When mac {1]19ng {nstead

from a back side of a wafer substrate 53, as shown in Fig. 5(ii)a, opposed to a side
carrying the active devices 51, a similar process can be adopted in order to prevent

15  cracks propagating from the initial laser cut down through the substrate material and
so the laser beam 54 with a low laser pulse energy is used initially. In the bulk of the
semiconductor substrate 53 the laser energy is increased under control of a laser
cutting strategy file using higher energy laser beam 541 for faster machining, see Fig.

- 5(ii)b. When the laser beam 541 machining from the backside of the wafer 50 reaches

20  a region containing active devices 51, the laser pulse energy of the laser beam 54 is
reduced under control of the laser cutting strategy file to prevent excessive damage in

this region, see Fig. 5(ii)c. In order to control laser machining in this manner, the laser
cutting strategy file also contains data representative of a number of scans necessary

to pass through the active layer and through the remainder of the substrate

25 respectively, and the number of initial scans necessary to raise the temperature of the
substrate to a temperature at which the effects of thermal shock are insignificant at the

raised temperature and raised pulse energy.

In a further embodiment of the invention, illustrated in fig. 9, when machining,

for example, a trench or dice lane 92 in, for example, a single layer substrate 93, by .



20 a region containing active devices 51, the |aser pulse energy of the .

| aser beam 54 is reduced under control of the laser cuttingebt@b&dooki ! €
to preventwexeeses¥e damage in this region, see Fig. 5(ii)PCT/RRG3/40d2r to
control laser machining in this manner, the laser cutting strategy file

al so contains data representative of a nunber of scans necessary to pass
through the active layer and through they4emainder of the substrate 25
respectively, and the nunber of initial scans necessary to raise the
tenperature of the substrate to a tenperature at which the effects of
thermal shock are insignificant at the raised tenperature and raised pul se
energy. In a further enbodinent of the invention, illustrated in fig. 9,
when machining, . for exanple, a trench or dice lane 92 in, for exanple, a
single |ayer Biulispasaewting a laser beanmdf 3ttty lopgupnisemersy i destsdnrmgpnambal 0- 1069
-14- multi-p ' L.th.Jo | sed
during an i n?ﬁ%?i?%atﬁgeggmg% l%)%ggéeagp ?ﬂamrfgiw ansét}rttll%\%:t;nglgﬁﬁ&]ggg%%vﬁ%é?\&?ﬁéjti ng a

bul k of the stbplevaiteor Bt Radetn reideeptocy doWer ddgredt thheagduld @tHepwhide dcéud, a | ower
degree than woul d ot herw,se occur, eneration of surface mcro-cracks in a

first surfacesBerfipp R0 QTR OGRS e Suages Ieiarm HRGHSAE SIBSRE 8 1y, 1t he
energy of 3 I NdhcHis Sitnifily 2k 3AGEY BF RRYTAGTBY o RRel BEFOEH mif bO YDA USed

for cutting t e su ate 93, to prevent, or at 1east to reduce
bel ow a degr ekelown that veed ffat cottingrth tsidk ofttbeisybsiite Rhito gresentcorat kiastdo tlduee second

f 94 of .th b t dto the.first f 91,
oxamle, ot aits BHeR el bonREBRSR eiRoln Fipe or BT P b Gher

ener gy pul sesopbetheSbstfa®l offokéd it kst MRL&S B lor] RFRXAhple, M€ Bike ST a€NET gy
may be increased with increasing nmachinin depth in order to facilitate

nore ef fi ci entrenght by thglbutleabthel subsirate 99 digher enesgy ipnlges erepysgd faeffigigel gy of a

| aser beap 104 Var i hr oughout chining of, a substrate. 103 to
facili tatfe6 re“r%%l)t\glg%i %&oveb?iﬁg pf&@ %‘8‘%& [%31? )égg ‘Bﬁx‘eﬁsﬁ‘g wrrlwghc H}cﬁa?f&g %cgimrllgs, a
hi gher peak pdepelin@kder hefatitieds mbeaMiciéid niateridbefhodslep 15 within the
substrate than close to surfaces of the substrate. The nechanical die
strength of |aser. cut die. a fupctjon of the spatjal rla
g Moreover, refengmg to Fig. fO, energy of a lager eam (%2 may be varied
throughout machining of a substrate 103 to facilitate removal of debris 109 generated
by the machining. That is, a higher peak power of the laser beam 104 is used deep

15  within the substrate than close to surfaces of the substrate.

The mechanical die strength of laser cut die is a function of the spatial overlap
between consecutive laser pulses. The spatial overlap between consecutive laser
pulses is therefore preferably chosen so as to yield optimum mechanical die strength
of die obtained from a substrate to be machined. For example, the dependence of

20  mechanical die strength of a silicon substrate machined using a 355 nm Q-switched
laser is shown in Fig. 6, where a probability of survival of a pressure test is plotted as
ordinates against a pressure applied to a die as abscissa for a series of pulse overlaps
from 30% to 76%. It is apparent in this case, that the plot 61 having the highest die
strengths is obtained for a pulse overlap of 30%. It would appear that if the laser pulse

25  overlap is too high there is too much heating in a region and too much cracking. If the
laser pulse overlap is lower there is less thermal damage in a region and less cracking.
In practice, a suitable overlap to give a required die strength and yield may be
determined experimentally and stored in the laser cutting strategy file for use during

machining. It will be understood that the spatial overlap of laser pulses is in fact a



bet ween consecutive | aser pul ses. The spatial overlap between consecutive

| aser’ pulses is therefore preferably chosen so as to yiel d16ctshen2006
mechani cal wij @/08é25¢ngth of di e obtained froma substrate trcuEPoIRedsdned.
For exanpl e, the dependence of 20 nmechanical die strength of a silicon
substrate machi ned using a 355 nm Qswtched l|aser is shown in Fig. 6,
where a probability of survival of a pregsure test is plotted as ordinates
agai nst a pressure applied to a die as abscissa for a series of pulse
overlaps from30%to 76% It is apparent in this case, that the plot 61
havi ng the highest die strengths is obtained for a pulse overlap of 30% It
wwoul d appear that if the | aser pulse 25 overlap is too high there is too
much heating in a region and too nmuch cracking. If the |aser pulse overlap
i s | ower ther &unction ekdhe peanpie pasdadlee pPwlse repshlioh ratm @nd dhes diemgiekiofghe | n

practice, a sui | |.a | r l.red dj trengt.h an .el d may

be determ ne cia%gte%e%%% f)oy&’gtn%%ﬁ]g?ee%f?%ﬁét?rﬁél e%iageegtorggtlﬁhﬁdgsgg F%tbg%y file
for use duringrat¢gyaiiening. It will be understood that the spatial overlap of
| aser pulses is in fact a 16 Cctober 2006 WO 03/090258 PCT/ EP03/ 04069 -15

function of the scannin speeg, Lh§$BU|Ee repetition rate and the djaneter
of the incident VA&Rp tfleceninicdensiis  fagus 4 kser heam dbgoteesieed JasH INSSEY or ed i n

the | aser Sut iifid acidtd 2FiorhidhPot MO RTbolfiE\ RS AUSE fardnifiss ity B8 Efbupy f OCUS 2

| aser beamthe received [aser intensity 5 varies across a field of view of
t he t el ecent r depehding on lthes lecatpar efrasfoeal spotawittie a dlekhgfedew of trerfdcusgngowan he

| ocation of a focal spat within a field of view of .the focusing scan |ens
obj ective i n PGPSt ErhioRIck 6 mainiain & papanp B deBsity LY ORRECRBIRET ece
surface acr oggodshihe Edntird Fiefd 6f Fiedl THeCVariatib}e i dfan@hitled lhder Gntadmyi st £d | aser
intensity as a percentage of incident laser intensity over the field of

view of a typpeasntags|efdasidentdasep injensiy prersthe dieldhefwriewrrfz boiselolglecpitae 20 i n
PhsapPer M8 s 16sds Sown ik AnbANBLS0 R M upplPRIPG 190225016 Sl B} 19 2

| aser power neter beneath the teletentric I'n a prane
substrate or maykpbbtained by placing al laseapackr nietes denqachhe tal@adirio §ms ér @ planecor ded
A A nuner O B e SbSae o warkpicee s to he Yocated” Late ower reatingh are ¥ 4°
recorded at a number of positions across the field of view of the lens (typically 40 mm
x 40 mm) and then plotted as a two dimensional surface plot. The irregularities in the
15  laser power density map are mainly due to the quality of the antireflection coating on
the lenses. A telecentric lens consists of a number of lenses and any irregularities in
thickness or quality of the coating on any of these lenses can cause the observed
irregularities in the laser power density map. Also, due to the geometry of a telecentric
lens, its inherent performance is not so good at the edges of the field of view so the

20 laser power density is reduced because of distortion in the laser beam profile caused

by the telecentric lens itself.

Maintaining a constant power density across the entire scan lens field of view
necessitates changing at least one of laser pulse energy and laser repetition frequency.

In this embodiment of the invention, laser parameters are changed depending on the

25 location of a focal spot within the field of view of the focusing objective in order to
maintain a constant power density at the workpiece surface across the entire field of
view. The variation in transmitted laser intensity as a percentage of incident laser
intensity over the field of view of a typical telecentric scan lens is shown in Fig 2.

Maintaining a constant power density across the entire scan lens field of view



x 40 mm) and then plotted as a two di nensional surface plot. The

irregularities in the 15 | aser power density map are nmainly t g6'
gual ity ofWOR&IHWAIS refl ection coating on the |enses. A tefégggﬁ%@@ ens

consists of a nunber of lenses and any irregularities in thickness or
quality of the coating on any of these |enses can cause the observed
irregularities in the |aser power density,.map. Al so, due to the geonetry of
a telecentric lens, its inherent performance is not so good at the edges of
the field of view so the 20 | aser power density is reduced because of
distortion in the |l aser beamprofile caused by the telecentric lens itself.
Mai nt ai ni ng a constant power density across the entire scan lens field of
view necessitates changing at |east one of |aser pulse energy. and | aser
repetition friseessitadss changing afilaastons ofithedaser prlse eneray g Hieilesst repgtition s anet er s

are changed depepigy ing ?d REAHLRD erpyParl LfAM 158PTe %&tiorﬂif&qhgﬁ field of

; g? cliald é h
view of the focusing obfectPve 1n order to “naintain a c ant ‘power
density at t he, slerdapvegechsngidgihe laer epaition drequdricy at 4 fie¢dllagdr pulse emergylhe
variation in transmtted | aser intensity as. a percentage of incident |aser
intensity ovdiowendensity|(@) isrdefipedasothe popign (I units) of Wakts) iper yniharep dAdni s shown

in Fig 2. | b Ol | S.: entire scan |l ens
field of \?i 2@“@%?%8@7%8@@%’%?%[ ?§f{)ﬁg{3é8&%é&)§sr%%%§) i tates changi ng
at | east one of the l|aser pulse energy and the | aser repetition rate and
conveniently changing the |aser pulse energh at a fixed | aser repetition
frequency or, alternatively, changing tA& Jfaser repetition frequency at a
fixed | aser pul se energy. Power density (#? is defined as the power (P in
units of Watts) per unit area (Ain 5 units of centinetres squared) at the
focal spot of t thhfm&w pawer dqualgthegnlspgnergy (Bain uniteplonles) peosesend(lal s t he -
pul se energy (E in units of Joul es) per second (s) P= E s

p-£
s

By way of example, a lower half of Fig. 2, which is a plot of pulse energy as

10  ordinates versus distance along the line 21, which is 10 mm from the lower edge of
the field as seen in the upper half of Fig. 2, demonstrates the modification of laser

pulse energy that is required to maintain a constant power density at the substrate
while scanning the laser across the field of view of the scan lens to compensate for the
variation in transmitted laser intensity by the telecentric lens. In this example, the laser

15  is scanned along straight line 21 which is 40 mm in length, 10 mm from the centre of
the lens. In the upper half of Fig. 2 the field of view of the lens is divided into regions
wherein the intensity at each point in a given region is within + 5% of all points in that
region. For the 40 mm line 21 scanned by the laser in this example, six different
regions, cormesponding to six portions 22, 23, 24, 25, 26, 27 of the scan line 21, are

20 traversed and as a result the laser energy is changed, under the control of the laser
cutting strategy file, five times. The laser pulse energy starts at value 221 of E;4 in
region 1 for a first portion 22 of scan line 21. The transmitted laser intensity at the
workpiece in region 1 is 80 to 85% of the laser intensity incident on the scan lens and

as region 1 represents the region of lowest incident laser intensity compared to all the

25 regions 2 to 6, the energy per laser pulse E,4 in region 1 is consequently the highest. As
the laser is scanned fromh region 1 to region 2, corresponding to a second portion 23 of

scan line 21, the transmitted laser intensity increases to 85 to 90% of the laser



By way of exanple, a lower half of Fig. 2, which is a plot of pulse energy
as 10 ordi nates versus distance along the line 21, which is l6®atwhet 200 t he
| ower edgewef gz/dobizgfi el d as seen in the upper half of Fig. gergersmaesdor at es
the nodification of |laser pulse energy that is required to maintain a
constant power density at the substrate while scanning the |aser across the
field of view of the scan lens to corrpep?'ge for the wvariation in
transmtted |laser intensity by the telecentric lens. In this exanple, the

| aser 15 is scanned along straight line 21 which is 40 mqmin length, 10 nm
fromthe centre of the lens. In the upper half of Fig. 2 the field of view
.of the lens is divided into regions wherein the intensity at each point in
a given region is within 5%of all points in that region. For the 40 nm

| i ne 21 scannadersity idveélehbaetheispart lehssamehiampdes to siaintadn hfcongatt powergdansisy

corresponding tqQ six_ porfjons 22, 23, 24, 25 26, 27 of the scan ||ne 21,
are 20 traverS® eaﬁ%fa%soéfi‘? é@ﬂipfecﬁﬁ?é‘rIF%EEPIS%FI‘?{@S/‘SWQWC‘H%W@‘SER T Hlae R | he
control of thgrEaS@fere Bk tlsw]gw%; [Pl thid Ee. ﬁs}tﬂ@la&ér]'ﬁén trhP&sdsFRfA ol S€

energy starts at value 221 o 4 1n Tegion 1 for a first portion 22 of scan
line 21. The tegamsnithet redtt, tiesleser puls@ereigyyis abangbd; undayrckpiral of therlaseegitomg 1 i s 80
to 85% of the laser_.intensity incident on the. scan |l ens and  as .region |
represent sgthétrart%%ifgﬁ’ BP%CMS(PHPRBEEE%P‘H?%%P ’?FFﬂE‘ﬁ fglo@Shi?dP‘BHta ?all the
25 regions 2 téhshint Ve SNSIWEY dBRity((BSRthdWbikBieBd sirfick S0h helentife FPRREqUENt |y
the highest. As the laser is scanneéd fromregion | to region 2,
cor r espondi nglengthaf thecleedamedtlt i on 23 of scan line 21, the transnitted | aser
intensity increases to 85 to 90% of the |aser 16 Cctober 2006 WD 03/090258
PCT/ EPO3/ 04069 -.17 'ntaenshjt % i nciodentd on t‘{]e can llens and in gﬁdetg to
THHEY> Benaser \POWSH IPRAY b At Hia VBHPIRR SRR IF SWE“Dhe | aser

maﬁ ntain a const ant SYYRE

pul se energy Eb@p&@%ﬂ&ddﬁ@ﬁsérfbu?se\@hﬂg? E3he lueket theigeepdi® éntrgy%tltRever in
energy than E4. As the | aser beamtraverses fromone region to the next,

the I'aser 1Qul werkpirse gyripee wHhiféd, framdbat eroereing| ditsetly Heom dheslaseruded by 5
strategy fil eattengzﬂic{nr}ﬁ t}];el stan l(f:gsn The %lrltgu? &ﬁao iQ%&loPe? z?? %%\I{vg filrrflengfg aly g}nall n order
to maintain a constant val ue of power density a e workpiete surface
al ong the entédmepudér MEmoryang@iiatedfwitihe cétnptel @neroPdf the laser and depending on

et
-

where the software directs the galvanometer scanner to place the laser beam in the

field of view, a simultancous command is sent to the laser to change the pulse

15 repetition rate and the laser pulse energy as indicated in the laser cutting strategy file.
Laser power may also be monitored by an integral power meter in the laser head itself

and any variation in power in the laser can be compensated for. In principle, rather

than storing the contour map the laser power could be monitored at the workpiece or

i substrate but there would be a loss of laser power in doing so, and preferably the
20  contour map is stored in memory. In accordance with the invention, the combination
of pulse repetition rate and pulse energy are controlled during scanning, the laser
pulse energy E is varied in indirect proportion to the transmission of the telecentric

scan lens, in order to maintain a constant power density at the workpiece surface
across the entire field of view of the scan lens. This permits, for example, the

25 machining of dice lanes and pre-scribing trenches of uniform depth, where the depth
of the dice lane is directly proportional to the power density ¢. In instances where a
substrate is laser machined so that the laser cuts down through the entire thickness of

the substrate, maintaining uniform power density across the entire dice lane prevents
partial cutting of dice lanes. Partial cutting of dice lanes leaves material between

30 adjacent die and during the pick and place process, when die are picked from a



In summary, the |aser power density 4 at the workpiece surface is directly
proportional to the |aser pulse energy E. The val ue of the |pgs@©étobst %66
ener gy at wes/osgsswor kpi ece surface will differ fromthat BGEEGIHYOE rectly
fromthe |laser due to attenuation in the scan |l ens. The contour map is
stored as a two dinmensional array in a conputer nenory associated with a
conputer control of the |aser and dependiyng on where the software directs
t he gal vanoneter scanner to place the | aser beamin the field of view, a
si mul t aneous command is sent to the |laser to change the pulse 15 repetition
rate and the | aser pulse energy as indicated in the laser cutting strategy
file. Laser power may al so be nonitored by an integral power neter in the
| aser head itself and any variation in power in the |aser can be

conpensat ed ftansportrfaps; sunhi di¢ which atehstuck topethergnayr brazk apagt cousmgdamaggpo t he

| aser power ul.d be nitored. at, the workpie or., substrate but there
woul d be a | es(i‘?rfti’)‘fsafg&mmf 'cla'i’f[ycfgflﬁB‘eglba?"céﬁsgreﬁgtgferabl y the 20 contour
map is stored in nmenory. In accordance with the invention, the conbination

of pul se repetit Ladrrddig andeptiaf® RRBIBY idMehtici0 Ay Bel pafodived MY aSkeanni ng,
the laser pulse energy Eis varied in indirect proportion to the
t ransni ssi on agbienhgasteayisenannt ¢antrolledy 3 gasdandlingsystern. Ga5 nasametess fUCh 28 onst ant

power dengit [ec 0 j i i ew of

t he scan ?enﬁl.ﬁﬁa?ég%ﬁéﬁn@é’?’ &gi%&g&ﬁ%ag?ﬁ{eh%ﬁzégqﬁgﬁ% *R?’ZSE(?? L@?l%tei aI\[a’nes and
pr e-scri bi ng l¢asteoreheSprink tojrdutiog andl efsdrhthe Wser dicingerobeps A sevies bfidifftrene | ane i s
directly proportional] to the power density 4. In instances where .a

Substrate | o BES RhE el G Ofis o T s biring and Bl b 8u’§'ﬂ§1“i‘1‘égenti re
thi ckness of pdch@egubstrate, maintaining uniformpower density across the
entire dice lane prevents partial cutting of dice |lanes. Partial cutting of
dice lanes | eaves material between 30 adjacent die and during the pick and
pl ace process, whegasddeliverychepd aeycber nsgeh ta ensurexgas he uniforody delyend) 398258

PCTJEP03/,Q4069,..- 18- .t r [ Lech ar tuck together may
br eak apaltret ?gttt}ls]% ﬁeél %aoqrrrgﬁgegs% %Hate?ﬁgh %I‘?%e{?&{oﬂhgu%gﬁs&cnﬁ%s?gni ficantly their
mechani cal strength. Laser dicing in accordance with the invention may be

performed in a nGases used may be passive or reactive with respect to the semiconductor
substrate and/or layers in the semiconductor wafer or substrate. Inert gases (e.g. argon

and helium) may be used to prevent growth of an oxide layer on the die walls during

laser machining. Gases that react with silicon (e.g. chloroflurocarbons and

15  halocarbons) may be used at least one of prior to, during and after laser machining to

reduce the surface roughness of die sidewalls by etching the substrate material. Also, a

heat affected zone (HAZ) produced on the die sidewalls as a result of laser machining

can be etched away using a reactant gas. In this way the quality of the die sidewalls is

improved and therefore the die strength is increased. Also reactive gases reduce the

20  amount of debris adhering on die sidewalls and top and bottom surfaces, thus reducing

potential stress points on laser machined die.

In a further embodiment of this invention, the laser pulse energy is reduced to a
value close to the melting threshold of the wafer material (after die singulation) and
the laser is scanned along the die edge in order to heat (rather than ablate) the die

25  sidewalls. In doing so, the surface roughness of the die sidewalls is reduced and the
uniformity of the heat affected zone is increased, thus resulting in increased die

strength.



anmbi ent gas environnent controlled by a gas handling system Gas paraneters
such as 5 flowrate, concentration, tenperature, gas type agsdOgaberP0R€s nay,
be contr ol xgslpsadeotsgast one of prior to, during and after thect/aperos0doci ng
process. A series of different gases nay be used at |east one of prior to,
during and after the | aser machining processes. A gas delivery head may be
used to ensure gas is uniformy deIivereg to a 10 cutting region of the
substrate such that uniformcutting is a %feved. Gases used may be passive
or reactive with respect to the sem conductor substrate and/or layers in
the sem conductor wafer or substrate. Inert gases (e.g. argon and helium
smay be used to prevent growmh of an oxide |layer on the die walls during

| aser machi ning. Gases that react with silicon (e.g. chloroflurocarbons and

15 hal ocar bons) nhya fgtheis@fbodimén® as thivineertionpthe tisert i scafltiéd MGuetng waker | aser
‘machining to reduce the surface roughness of die sjdemaljaégﬁcetching t he

substrate mat & mashinedied] with nqunded gpmers; s sBewn in-AR)7 (R 13§ edrivittne " di e
sid [ : Y - 1S .
ewal 15 as @or{\féﬁtﬁn’gl \(/P\%Ch &l swcﬁcgydgr% toC fHe S hed rs?dé@l?’ s“lrl%%lg:lg)lpgi/e 4 and

reactant gas. Int y the qualit the die sidewa
t her ef or e t he Roumdedtaoenregtghometry sceasies éul achi¢vecarkleld ahore ecgaste sviiendusirg 4 he 20

anmount of debris adhering on die sidewalls and t and bot.tom surfaces, thus
feduci ng ot SRR S (e Beehinna SISt Pl (S GPRYenlional mGerie
embodi nent  of siibssedl ARIY dy9Rm. HaG el GS@E 136 ﬁﬂseeﬁ}%éil?(esi rdust 86 ¥RAded Bt the Vval ue

close to the nelting threshold of the wafer material (after dié singulation)
and the | aseroundedserammesertioh®ifgastin typitialy 8gese, thecgati@nomeierssannifg mirtiess  t han

abl ate) the dj 5 8l | s, ln.doi so,, the surface roughne f the die
i doval 15 s PG ReA T oot bR BYG goW fo Bi 5% B PRRET Forlie,

i ncreased, th@ehereRe)lvwheAghd stanrify BiafoRslslow dowh thedagt PulselpafiXliovbrdsp will6 WO
03/ 090258 PCT/ EP03/ 04069 -19 In_a further enbodi nent of this invention, the

laser is $@antserass theefreathgetime between pulses A vreds 1o bpiingreased: il @dlee dorer s 72
as shown in Fhﬂin?a{iﬁ )an (Qeﬂag%nqhg %Ln\ﬁ'e& r}ox‘%er sections that is the same as a spatial

overlap used on straight regions of the die. This data is stored in the laser cutting
strategy file for controlling the laser beam during machining. Using a laser to produce
die with rounded corners improves die strength and enables dicing of thin wafers. The

15 rounded comers eliminate stresses that are induced by sharp comers of rectangular
die.

In addition, machining may be controlled by the laser cutting strategy file and
program control such that pulse delivery on a comer or curved portion of a die edge is
( such that a “clear” comer or curved section is obtained with no over-cutting or

20  undercutting which may otherwise generate a defect at the die edge.

In a further embodiment of the invention, the taper of a laser dice lane 85, cut
with a laser beam 84 in a substrate 83, may be varied in order to produce convex
arcuate die sidewalls 82, as shown in Fig 8, to produce a cut which tapers in a
direction of the laser beam 84. As in the previously described embodiment, this results

‘25  inincreased die strength by removing potential stress points at sharp corners. Tapering
of the dice lane sidewalls is achieved by varying the width of the dice lane as the laser
beam scans down through the substrate. The tapered sidewalls shown in Fig. § are
achieved by reducing the number of adjacent laser scans in the dice lane as the depth

machined into the substrate increases.



conventi onal nechani cal saw according to the prior art are shown in Fig-
7(ii). Rounded comer geonetry is easier to achieve and is Eﬁr&%@ﬁ%e
when usi nFA0#99%EByanonet er based | aser machini ng system r& ¥R a
conventional nechanical saw based dicing system However, the |aser pul se
properties nmust be changed at the rounded coner sections if, as is
typically the case, the gal vanoneter scgpning mrrors used to direct the

| aser beam have to sl ow down as they traverse the curved features.

O herwi se, when the scanning mnors slow down the |aser pulse spati al
overlap would 10 increase, therefore the tinme between pul ses, At, needs to
be increased in order to maintain an overlap on the rounded coner sections

that is the same as _a spatial overlap used on straleg regions of the die.
This data is stop‘\édllvs&ateﬁen Fwsée a:wbstrqtgl%tq@mgg}mf Imeayf by mewtied o i ng t he

| aser beam dyf, [ ded
coners i npr oveis&]& gglg‘{] Y*an lgg(r)ta%‘lgeﬁ%dd I%?%P{,g?&é Sﬁnmg e‘(’at'Fng@ LP?LH?
rounded cor nelieSsubltiateé MEB. dh t:htatroasesft& liseAbeadt mergydﬂqelda doyitrSlhalrip finalpasses of
rectangular die. In addition, nmachining be controlled by the_laser

cutting st ratigyehthe subsiate %Fsyreawﬁtdtﬁmgelto dppes daes rmﬁpselro@ desaibgd on a
conmer or gur (. f I or
curved se§t| \éﬁg\feggo%t?g(l%nfg lgﬁun(?no ovetlrélt?lbtﬁttjﬁlrﬁhdhnﬁh gt pﬁ%ﬁzg“é t(:BtglrEE%d whi ch
may ot her wi seudeses pblyokfiokbhsedttam wihich dlsabmigmlly ttranspafeat tohar ubtrabiottt ment  of

the invention, t taper a |l aser .dice |lane 85, th a |laser, beam 84
in a subst ra?@ ’Sgeht e&{/é{ﬁdet? ?‘ﬁd’b‘?edg‘re S‘Fr‘%dggesuélé%xwugr%’tfe'?l‘é di e

si dewal | s 82,ch@t§esslmuemhﬂlglﬁt&e§ patatheldr ditstanfialfyit g@ oécﬁ@ﬁbihétﬁ &

di rection of the | aser beam 84. As in the previ ously escribed e od| ment:,

this results '25 in_increased die strength by renoving potential stress
points at sharp &beriwentiondpeetlimjtedde thermnbeid E@W@“—géﬂh‘ﬂ% b¢ vargdiineved by
varying {he \%Mctgna&ﬁ%e jce lane as the |aser beam scans down through the
substrate he tapere ewal | s shown in Fig. 8 are achieved by reducing

t he nunber of adjacent |aser scans in the dice |lane as the depth machined
into the substrate increases. 16 OP tober 2006 WD 03/090258 PCT/E 3/ 04069
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-20- As illustrated in Fig. 10, a substrate 103 to be machi ned may be
mount'ed on a transport tape 110, for exanple to singul ate dibeOdcierBg06

machi ni ng gioGBbeRgs 102 in the substrate 103. In that caggyieok@ser beam
energy may be controlled in final passes through the substrate to ensure
that damage to the tapes does not occur, as described 5 above in relation to
Fig. 9(iii). Alternatively, or in addition, a tape 110 may be used, such as
a pol yol efin-based tape, which is substéﬁrially transparent to an
ultraviolet |laser |ight beam 104 used to machine the substrate 103, such
that, with suitable choices of machining process paraneters, substantially
nho damage occurs to the tape. The invention is not limted to the

enbodi ments described but may be varied in 10 construction and detail. 16
Cct ober 2006 WD 03/ 090258 PCT/ EP03/ 04069 _21- CLAIMS 1. A nethod of using a
pul sed | aser ?BAHﬁSOQran}controlled dicing of a substrate conprising at

| east one | ayer, the nethod conprising the steps of a. providing program

control neansyian it t - relld he
1.andy aRapai @ lﬁﬂng%tﬁseﬂ 104R 46 BRI bRfrolled KaRE 0Pk gug@.iate

pul sed | aser; b. providing in e associ at data storage heans aser
cutting strategy cbinpasingit least éredsyer,chemshbdcimytisogrthe stepsiaddn of pul se rate,
pul se energy and pul se spatial overlap of pul ses produced by the |aser at

the substrate to restrict damage %ﬁ_{he res ectiv? Iegst one | ayer while
maxi m si ng machi & ngP™Y “‘rgalir8g?g‘r ‘T BtaSHS o ‘T‘gé"’é‘?:“’é?gep‘P%a\?F 'ng in
the laser gutting stiaiedinghid pulgataer epresentative of at |east one
selected plurality of scans of the respective at |east one |ayer by the

pul sed |aser negessary, to cut througg the respective at | east one | ayer
when the pul sed bt asBioVidingdp dheassoriatet dalp rrge Msanstrelasacyling sategy filkeast one

15' conbi nati on st or egr itNedshond @RRled WidbiMBors bt AlEMtef bliBs eRREY and pulse
spatial overlap of pulses produced by the laser at the substrate to restrict
damage to the respective at least one layer while maximising machining

10 rate for the at least one layer;

c.  providing in the laser cutting strategy file data representative of at least one
selected plurality of scans of the respective at least one layer by the pulsed
laser necessary to cut through the respective at least one layer when the
pulsed laser is operating according to the respective at least one

15 combination stored in the laser cutting strategy file; and

d.  using the laser under control of the program control means driven by the
laser cutting strategy file to scan the at least one layer with the respective
at least one selected plurality of scans at least to facilitate dicing of the
substrate such that a resultant die has at least a predetermined die strength

20 and a yield of operational die equals at least a predetermined minimum

yield.

2. A method as claimed in claim 1, wherein the steps b and ¢ of providing a laser

cutting strategy file comprise, for each of the at least one layer, the steps of:

bl. varying at least one of a combination of pulse rate, pulse energy, pulse

25 spatial overlap to provide a respective combination;



d. using the laser under control of the programcontrol neans driven by the
| aser cutting strategy file to scan the at |east one |ayer wWabctbbha 2006
respecti vewoas/odeast one selected plurality of scans at | eRST/RPO3HH6P | it ate
dicing of the substrate such that a resultant die has at |east a

predeterm ned die strength 20 and a yield of operational die equals at |east
a predetermned mninmnum yield. 2. A nmethod as clainmed in claim1, wherein
the steps b and ¢ of providing a |aser "“€utting strategy file conprise, for
each of the at |east one layer, the steps of: bl. varying at |east one of a
conbi nati on of pulse rate, pulse energy, pulse 25 spatial overlap to

provi de a respective conbination; 16 October 2006 WO 03/090258

PCT/ EPO3/ 04069 -22- b2. neasuring a cutting rate of the respective |ayer

usi ng the respecbl.vemeasadiiy natuttimy riiS.ofctharespectivet hgel ayiag the rekpeativai ne

whet her damage is restricted to a predetermned extent; 5 M dicing the
substrate and neasurSORPIRHeNd of the resultant die; b5. neasuring die
strength of the resultant die; b6. creating a laser cutting strategy file of
a sel ected combi et iQamiMe e MK M Rferfiidl ! Wb |CrdskRIthl ong (N a
yiel d of operational die ich “have at least the predeterm ned m ni num
yield and for which prédetedinmeligytent; 10 at | east the predeternmined die

strength; ¢ |. scanning the at | east one | ayer using the selected
conmbi natigen to deferp.n I L f. a cessary..to cut through the
| ayer; an§ c2. Sﬁ%ri%n?ﬁg%&@ﬁﬂé%ﬁg%%rsﬁpg ﬁe@soofgﬁesrgauﬂgn?/%&t he | aser cutting

strategy file. 3. Anethod as clainmed in claim2, wherein the die strength
i s nmeasured usi nbS.a méasuritg dieibtrengdtheof sherresnthnit dieest . 4. A nethod as clained in
any of clains 1 to 3, wherein the step d of using the ‘

b6. creating a laser cutting strategy file of a selected combination which
maximises cutting rate while resulting in a yield of operational die which
have at least the predetermined minimum yield and for which the die have

10 at least the predetermined die strength;

cl. scanning the at least one layer using the selected combination to determine

a plurality of scans necessary to cut through the layer; and
c2. storing the selected plurality of scans in the laser cutting strategy file.

3. A method as claimed in claim 2, wherein the die strength is measured using a
15 Weibull die strength test.

4. A method as claimed in any of claims 1 to 3, wherein the step d of using the
laser to scan the at least one layer includes providing a galvanometer-based

scanner.

5. A method as claimed in any of claims 1 to 4 wherein the step d of using the laser
20 to scan the at least one layer includes providing a telecentric scan lens for
scanning a laser beam from the laser across the substrate and the step of

providing a laser cutting strategy file comprises the steps of;

dl. mapping a laser energy density received in a focal plane of the telecentric

scan lens to produce a laser energy density map of a field of view of the



| aser to scan the at |east one |ayer includes providing a gal vanoneter-based
scanner. 5. A nethod as clained in any of clains 1 to 4 wherigiOctbhee 260€p d

of using tye s@sRks 20 to scan the at |east one |ayer inclydaspRBeYicdi Ng a
telecentric scan lens for scanning a | aser beamfromthe | aser across the

substrate and the step of providing a |laser cutting strategy file conprises
the steps of, dl. mapping a | aser energy_density received in a focal plane
of the telecentric scan lens to produCéBd | aser energy density map of a
field of view of the 16 Cctober 2006 WD 03/090258 PCT/ EP03104069 - 23-
telecentric lens using the selected conbination of pulse rate, pulse energy
.and pul se spatial overlap of pulses; d2. storing the |aser energy density
map as an array in the storage neans; and d3. using the | aser energy

density map to nodi f yelecvhttid 1énd @ising ke Rlect¥@3bMbinddon of pulRStateOpisddnefghe pul se
-repetition rate and the pul se energy of the sel ected conbination to produce

a constant |aser enepifpulssrspptia) oxerlapofipwless; points in the field of view at
the substrate. 6. A nethod as clained in claimb5, wherein the step of

mappi ng a | aser er gy jLy i i [ t to
measure | aser engrggy%rén I tQ ysgrten%%eg%tﬁg%?\atsgg fn\?a ﬁggéfﬁ%mgmﬁ%hisﬁ t he
field of view of the telecentric lens. 7. A nethod as clained in any of the

precedi ng cl ai ns ddhensngitheHases ergrgydensppy map do ngpddy,seitk thieecbntrohinieamaf aton

[ i di I d conbi nat i whi ¢h tricts t | .l oadi
of The marer i al of t 8% PBE PEER R apaitonaate Aud e e doerea A *iedss 1o g

predet erm ned nmaxi MIgImbkRatfn 16 pi&iubOd casstdnt Pdsereeqeﬂg? RAYityht Lhifed P&ﬁﬁdi ng
clains, wherein the selected conbination is used for |éss than the sel ected

plurality of scans, wthefieldebricwsasdheduybsttet he sel ect ed conbination, to
mdchine a layer to be cut and the layer is scanned for further scans up to

the sel ected gl unallh¥q Ys'hmé in claim 5, wherein the step of mapping a laser energy
density comprises using a laser power meter to measure laser energy density at

10 representative locations within the field of view of the telecentric lens.

7. A method as claimed in any of the preceding claims wherein the step of
providing a selected combination comprises providing a selected combination
which restricts thermal loading of the material of the respective layer to restrict

mechanical stress to a predetermined maximum.

15 8 A method as claimed in any of the preceding claims, wherein the selected
combination is used for less than the selected plurality of scans, which

{ corresponds to the selected combination, to machine a layer to be cut and the
layer is scanned for further scans up to the selected plurality using a

combination which will not significantly machine an underlying layer such that

20 substantially no machining occurs of the underlying layer should the laser

continue to scan the substrate after the layer to be cut has been cut through.

9. A method as claimed in claim 8, used for scribing a substrate through the layer

to be cut for subsequent mechanical dicing of the substrate.

10. A method as claimed in any of the preceding claims wherein the substrate
25 includes an active layer, wherein the step of providing a selected combination

to restrict damage to the at least one layer comprises providing a selected



-

conmbi nation which will not significantly machine an underlying |ayer such
that 20 substantially no machi ning occurs of the underlying 1Eg&bb&?006d t he -
| aser corWPWaE2®288 scan the substrate after the |ayer to b@CdiKPOBALIBeen cut
through. 9. A nethod as clainmed in claim8, used for scribing a substrate
through the layer to be cut for subsequent nechani cal dicing of the
substrate. 10. A nethod as clained in a%_of t he preceding clains wherein

r

the substrate 25 includes an active |ayer, wherein the step of providing a

sel ected conbination to restrict danage to the at | east one | ayer conprises
providing a selected 16 October 2006 WO 03/090258 PCT/ EP03/ 04069 - 24-

conbi nati on which does not significantly affect the subsequent operation of
active devices in the active layer. 11. A nmethod as clained in claim 10,
wherein the step ebmpihawndwhighalose heciigdficaathyrhifeatthe subsequehit opeestionaif
significantly affect the subsequent operation of 5 active devices in the

active |ayer conpAfledegres ndhodstive la¥&hi nati on which does not cause
significant cracks to propagate through the active layer. 12. A nethod as

claimed in any, of A hRihBA S WHiMed Gh 2R 10RREEIhE BRpSIrSRoAlling Y Q¥cRUNg a
sel ected conbi nation conprises the steps of: b7. providing an initial
conmbi nati on at whicembinateon whish dees hohsignifidantls affedt rthe eubseé@ueat opemationiafi al rate

whi ch doe55 not cayse s&eg{éi fic ntacg.r agak propa ation.due to thﬁrmah‘. {s]hock at
an anbi ent” t enper 0PV ERYU S UERT TRELVE FENBBFAP WY E S 2 cpmbmetion phiche s
rai sed by the maclhbéinegcaubd sipnificitRECks6 Piopeghtdhttughithe/active lag&ans of the
substrate by the laser to a raised tenperature above anbi ent tenperature;

15 b8. and prgvi ding a working conbi natj on at which_ the | aser machines the
substrate at 14 workmstod g8 eclaifegHarany (pf the Reeceding chyims, avkereighe §tea s not

cause signi fi canbrGiadfpk RILRABMbMiG GonlprisdsthE §8)s ofhock at the raised

t enper at ur e;

b7. providing an initial combination at which the laser machines the substrate

10 at an initial rate which does not cause significant crack propagation due to
thermal shock at an ambient temperature, and such that a temperature of

the substrate is raised by the machining after a predetermined plurality of

scans of the substrate by the laser to a raised temperature above ambient

temperature;

15 b8. and providing a working combination at which the laser machines the
substrate at a working rate, higher than the initial rate, which does not
cause significant crack propagation due to thermal shock at the raised

temperature,
and step d of machining the substrate includes:

20 d4. machining an initial depth of the substrate using the initial combination for

at least the predetermined plurality of scans; and

dS. machining at least part of a remaining depth of the substrate using the

working combination.

13. A method as claimed in any of the preceding claims, wherein an energy of at

25 least a first of the plurality of scans is lower than an energy of succeeding scans



and step d of machining the substrate includes: 20 d4. machining an initial
depth of the substrate using the initial conbination for atig@asbert2066

pr edet er m wexhspbonsal i ty of scans; and d5. machi ning at | easgpcperdsz/oasoa
remai ni ng depth of the substrate using the working conbination. 13. A

met hod as clainmed in any of the preceding clains, wherein an energy of at
25 least a first of the plurality of sca is lower than an energy of
succeedi ng scans 16 Cctober 2006 WD 0379090238 PCTI EP03/ 04069 -25 of the
plurality of scans such that a generation of surface mcro-cracks is |ess

t han woul d ot herwi se be produced. 14. A nethod as clained in any of the
preceding clains, wherein an energy of at Jleast a final of the plurality of
scans is |lower than an energy of preceding scans- 5 of the plurality of

scans such that hicksplieali®hbpriangseth thiter gdnbtibRoE shrfackafisro-dtadks isvesd d
ot herw se be produced. 15. A nethod_as clainmed in any of the preceding

cl ai ms, wherein dhadryguldptherrase bapipdiced.y of scans is varied between scans to
facilitate renoval of debris generated during dicing of the substrate,

conveniently hy ingheasiing dAned PR Bfhe n%[gﬂeggig;csmigﬁr@ﬁajeﬁ%me{gwm depth

to renpve debris for a dice |ane. alned in any of the
precedi ng cl ai ns leasta fidalmg thdplufalityt dfescarstie fpver dian an. enpigy \oif grecedinggascalsand| i ng

means to pLovide aseo Vi ron t for the. substrate; 15.f. using the
gaseous envir onrré’ztﬂ%t “@gg{tﬁglza“é sBﬁE{f?f‘tcbéFﬁsi‘%a@fﬁpé‘?‘g Q&ttglﬁ s‘ﬁﬁgate éﬂﬁ?ttﬁ%{'t e at

| east one of pri Qfouldethétided Réfhcad.t er dicing the substrate to enhance a
strength of the resultant die. 17. A nmethod as clainmed in claim16, wherein

the step of providing gas handling neans includes providing gas delivery
head neans fol>-del4 visthadyasgeaimed in any of the preceding claims, wherein energy of the
(

plurality of scans is varied between scans to facilitate removal of debris
generated during dicing of the substrate, conveniently by increasing laser energy

10 with increasing machining depth to remove debris for a dice lane.

16. A method as claimed in any of the preceding claims including the further steps
of:

e. providing gas handling means to provide a gaseous environment for the

substrate;

15 f.  using the gaseous environment to control a chemical reaction with the
substrate at least one of prior to, during and after dicing the substrate to

( enhance a strength of the resultant die.

17. A method as claimed in claim 16, wherein the step of providing gas handling
means includes providing gas delivery head means for delivering gas
20 substantially uniformly to a cutting region of the substrate to facilitate

substantially uniform cutting of the substrate.

18. A method as claimed in claims 16 or 17, wherein the step of providing gas
handling means comprises providing means to control at least one of flow rate,

concentration, temperature, type of gas and a mixture of types of gases.



20 substantially uniformy to a cutting region of the substrate to _
facilitate substantially uniformcutting of the substrate. g&? @bg;egdygd as -
cl ai med i WQI03D9P8S816 or 17, wherein the step of providing §& Eﬁ b9 ng

means conprises providing neans to control at |east one of flowrate,
concentration, tenperature, type of gas and a m xture of types of gases. WO
03/090258 PCT/ EPO3/ 04069 -26 19. A nethed as clained in any of clainms 16 to
18, wherein the step of providing a gaseous environment conprises providing
a passive inert gas environnent for substantially preventing oxidation of

wal I's of a die during machining. 20. A nethod as clained in any of clains 16
to 18, wherein the step of providing a 5 gaseous environnment conprises

provi ding an active gas environnent. 21. A nethod as clained in claim20

wher ei n t he siPepAohethpdes claimpdam anyof clamgas to &8 wheosmthetstepaofipravadisg @t chi ng
walls of a die with the active Cgas 10 redélce sur.f ace roughness of .the walls
and t hereby i npr §UECYHEVORmERt RApARcs PIVIdIRg g RaRSye Inert gas Fputonment foL; "o

or 21, wherein tRsahfflyfireRnfidg 64ibgiondf #ells ofa diclurigSmRRMiHgONTENt Cconpri ses
etching walls of a die with the active gas substantially to renove a heat
affected zone produced during nmachining, and thereby inprove the die
strength. 23.20A Aenetbed ascleimedimany of daigs 6 te] &ivheren thestepof prgveding & t he

trength. 2320 . T tedicen! pRIeRE ¢
or oduced duri ng. e RR bt BamBie, RERHREan AP S BRI 00 GTe 24 A

met hod as clainmed in any of the preceding clains, conprising the further
step after dilci Agmethod@asnhimel mrcladg2) whertinghe etspilof prividing amadtivetgae | aser

with sufficient _energy to heat sjdewall f the resultant die to, reduce
surface roughnesS ORBIPRE Comittees ASPRB A o dadis with 183 pdifs s dp e
resul tant die. 2@ifree rdbghiisdofithewvaflt dTRetyimprove Hhe dibStrddigtcedi ng cl ai ns for
producing die with rounded coners by scanning the | aser beam al ong a curved

trajectory at _corners of the die using a gal vanoneter based scanner,
wherein the @i eAimethedanslaimedd ghclaims 20°or 21, wherein the step of providing an active

10 gas environment comprises etching walls of a die with the active gas

substantially to remove a heat affected zone produced during machining, and

thereby improve the die strength.

23. A method as claimed in any of claims 20 to 22, wherein the step of providing an
active gas environment comprises reducing debris, produced during machining,

15 adhering to surfaces of machined die.

24. A method as claimed in any of the preceding claims, comprising the further step
after dicing of scanning an edge of the resultant die with the laser with sufficient
energy to heat sidewalls of the resultant die to reduce surface roughness thereof

and thereby increase die strength of the resultant die.

20 25. A method as claimed in any of the preceding claims for producing die with
rounded corners by scanning the laser beam along a curved trajectory at comners
of the die using a galvanometer based scanner, wherein the selected combination
1s adapted to maintain the selected pulse spatial overlap between consecutive

laser pulses around an entire circumference of the die.

25 26. A method as claimed in any of the preceding claims, wherein the selected

combination is adapted to deliver pulses at an arcuate portion or comer of the



is adapted to maintain the sel ected pul se spatial overlap between
consecutive |aser pulses around an entire circunference of 16 Ristaber20085 26,
A nmethod as clainmed in any of the preceding clains, wherein the sel ected
conbination is adapted to deliver pulses at an arcuate portion or coner of
the 16 Cctober 2006 27 die such that substantially no over-cutting or
undercutting generating a defect at the aPtuate di e edge or corner occurs.
27. A nmethod as clained in any of the preceding clainms to forma tapered
dice lane having arcuate walls tapering inwards in a direction away from
the | aser beam 5 by varying a width of the dice |ane as the | aser scans

t hrough the substrate wherein the selected conbination is nodified to give a
finely controlled taper and snmooth die sidewalls, and thereby increase die
strength of the rediekiichthattiubstanteily id owet-boingsr ahdereutting gerieratingfa défect at
preceding clains, wherein the,laser is a Q switched |aser device. 10 29. A
met hod as cl ai med the arcugte gfe gdgs ObFRLEPHYScl ai ms, wherein a | aser beam from
the laser is directed by rotatable mrrors. 30. A nethod as claimed in any

of the previ OL?, C'&'mhomeaﬁmeMQnﬂpﬁk [p% %d.hg claﬁi'ﬂ i ﬁﬂnﬂ[‘}a efe@RGcARGE

energy of final scans of the laser is con stantla y to prevent
damage to the tapehaving fduatAwatls tapdring 1mvaadsrmch dmeorl:ioalatwa(y(from,ﬁkxaetr kser bdaen t ape

S substantiallytran ar ent Iet dlatlon . t hod as
clai med inolaim® Ve N“%tﬁ'e %‘ﬁ é} aﬂSI%? %fj?sﬁr ﬁﬁ@éa‘ﬁr%@hnﬁe 10Blie
program cont r ol | edyfukistth@taedbd LoabRRAGH At Madified téligflend) fiflel§ WoRErb RéLtaper
conprising at | east one |ayer, the apparatus conprising: pul sed | aser;

a
program 20 cont r gindsegath dip sidawalis pad therchxincresse diggérengthof ﬂfedPSlt!@nt diel 1 i ng
the pulsed laser using a laser cutting strategy file, stored in the data
st brage means,280f Aimdtheakas claimedrin apg of itheepreeddeng ddinzso vthierean thenlaser ipalQe

rate, pul se energy atlal overlap of pul ses produced by the
| aser at the subst® Wé&cgecgﬁ §5¥ representative

10  29. A method as claimed in any of the preceding claims, wherein a laser beam from
the laser is directed by rotatable mirrors.

30. A method as claimed in any of the previous claims, wherein the substrate is
mounted on a tape and energy of final scans of the laser is controlled
substantially to prevent damage to the tape.

15 31. A method as claimed in claim 30, wherein the tape is substantially transparent to
ultraviolet radiation.

32. A method as claimed in claim 31, wherein the tape is polyolefin-based.

33. A program-controlled substrate dicing apparatus for dicing a substrate

{ comprising at least one layer, the apparatus comprising: a pulsed laser; progrém
20 control means and associated data storage means for controlling the pulsed laser
using a laser cutting strategy file, stored in the data storage means, of at least

one respective selected combination of pulse rate, pulse energy and pulse spatial

overlap of pulses produced by the laser at the substrate and data representative

of at least one respective selected plurality of scans of the respective at least one

25 layer by the pulsed laser necessary to cut through the respective at least one
layer; telecentric scan lens means for scanning a laser beam from the pulsed

laser across the substrate; and laser power measuring means for mapping a laser

energy density received in a focal plane of the telecentric scan lens to produce a

laser energy density map of a field of view of the telecentric lens using the



of at |east one respective selected plurality of scans of the respective at
| east one 25 layer by the pul sed | aser necessary to cut thrd6§etabee2006
respective at |least one layer; telecentric scan |lens nmeans for scanning a

| aser beam fromthe pul sed |aser across the substrate; and | aser power
measuring nmeans for mapping a |l aser energy density received in a focal

pl ane of the telecentric scan lens to prod2gce a | aser energy density nap of
a field of view of the telecentric lens using the 16 Oct ober 2006 28

sel ected conbi nation of pulse rate, pulse energy and pul se spatial overlap
of pulses for storing the |aser energy density map as an array in the data
storage neans for nodifying the at |east one respective sel ected
conbination to conpensate for.irre Iaritie}ss, i nt rodyce bg/ t.hE tel eceptric
lens, of |aser endflig§ted cambingtion of Kaff PUFSE  SBCT8Y (UM RUlsf: SRatial, guerlap o
resul tant die has ] i el
operational die e gfasrgsﬁgtsstt ?lzl}ags?{egg%?ggpé?:d}%gtrﬁgﬁ%ﬁﬁ?ﬂhﬁagﬁgItlge. M%%.S%A%ée
appar at us as cl ai medns rfocImodifi@8g thteatelenstt bre pespeptivan sedavted|combamagion to

i ncl udes control neans for.varying.at |east e of pulse rate ul se energy
and 10 pul se spaPP'EPe'b‘@'c?rfPEb"%/%‘rlgE{’}ﬁ’t'P%??‘i‘cﬁg?’?' ﬁ@e tI"Eg rig 5= 0k E‘P‘?Jr TfEEYat

| east one srespeciibygySel @ adbgmid)i Sirhi iat iBSuse D RANBHAIIS RS & MdadEd I N
clains 33 or 34 furthér conprising gas handling neans for providing a
gaseous envi r onnepredetsrmingd @9&@15‘{?@3@0{& vieldt elopperatipnal dieheavadsilat rleast i on

with the substrate at | eas jor to, during and after 15 dicing the
substrate to enhaRt etgppg’ﬁét"ﬁgg?&{'ﬁ%ﬁdr'esul tant die. 36. An apparatus as
claimed in claim35, wherein the gas handling nmeans includes gas delivery
head nmeans f on4uniAhoappayatdelasvelainmed maslaim 38, oudicreinghe oo gramotorithed means

substrate. 37. An, apparatus as cl afl med | n cllai m 35 or 136, V\,he{ei n the gas
handl i ng means 2@t CPREQ MEANS I8 VIRYIngAtdeAst enst RlSe; rﬁbe’é’P SF &REL8Y of
1;} ow T gt €,10ConcentiRl i hrial bR ArlEShtrollYe dRf 188 satjekt o Mind UF Qe dngpes
gases. _ '
respective selected combination.
35. An apparatus as claimed in claims 33 or 34 further comprising gas handling
means for providing a gaseous environment for the substrate for controlling a

chemical reaction with the substrate at least one of prior to, during and after

15 dicing the substrate to enhance strength of the resultant die.

36. An apparatus as claimed in claim 35, wherein the gas handling means includes

gas delivery head means for uniformly delivering gas to a cutting region of the

substrate.

37. An apparatus as claimed in claim 35 or 36, wherein the gas handling means
20 comprises control means for controlling at least one of flow rate, concentration,

temperature, type of gas and a mixture of types of gases.

38. An apparatus as claimed in any of claims 35 to 37, wherein the gas handling
means is arranged to provide an inert gas environment for substantially

preventing oxidation of walls of a die during machining.

25 39. An apparatus as claimed in any of claims 35 to 37, wherein the gas handling

means is arranged to provide an active gas environment.



38. An apparatus as clainmed in any of clainms 35 to 37, wherein the gas
handling means is arranged to provide an inert gas environd@fictghss 2006
substantially preventing oxidation of walls of a die during machining. 25
39. An apparatus as clainmed in any of clainms 35 to 37, wherein the gas
handling neans is arranged to provide an active gas environnment. 16 COctober
2006 29 40. An apparatus as clained in 2% m 39, wherein the gas handling
nmeans is arranged to etch walls of a die with the active gas to reduce
surface roughness of the walls, and thereby increase die strength. 41. An
apparatus as clainmed in claim39, wherein the gas handling neans is 5
arranged to etch walls of a die with the active gas substantially to renove
a heat affected zone produced .durin chipin and .t here [,ncrease die
strength. 42. 48n 48 APRATRYS AS @F‘gf%%‘ iR gs}’rv’%@@?"‘\/\mé’fr 5?%R¥ng'"§a?eﬂ%§ndﬁ i ng

nmeans is arrangedqhQediteRichaldiR ol de (it tNd dcivé B BGLANE sORScd BubRRYSE6f

debris, produced during nmachining, adhering to surfaces of nmachihed die. 10
43. An apparat us & whlls, arditherebsiycresse diesitiength3 to 42 further conprising a
gal vanonet er - based scanner for producing die with rounded coners by

scanning a |l asgr heam. al rvead. trajector . conmers pf the die, .
wherein the s4 Ieg"eap@(gafr{g?nagtﬁq%ﬁrme?smarcfalz'ilﬁg%% %%&%i ntabh B%dthé‘gl 518?'2% lSpuI se
spatial ogerlap bghigdno emhsedlstof\walit ashrthPadtive gadsubsnd:idly ®eino®e a heat
circunference of the 15 die. 44. An apparatus as claiped in_any of clains
33 to 43, wherei naffﬁféecé@r@d%f@ﬁ’ce‘éQW&WFIHW“Bsaﬂérthﬁﬁ@éwcfeésec@ﬁtS%;@)‘Ilgth-aser

pul se delivery at an arcuate portion or coner of a die edge such that

substantially 450 Qvegs i Y DAimdRaBr b i r sC efate a
def ect at the4 i e%\gdépe@%%é 4%. Al\n appar at_us%swnﬁgi‘{rrggmgﬂr? %ﬁ)@gkd%llgﬁﬁrr% 33
td 44 arranged fosrringeditagtch wallpef adicliwith theactivieagasrtg redusgatebrisaproduced

tapering inwards i,n.a dirnectiaon fro the | aser beam by varying a width
of the dice |ane S&iRgBachiding, %dggérﬁ:@g%%sruo&&?'?q? aehined die.

10 43. An apparatus as claimed in any of claims 33 to 42 further comprising a
galvanometer-based scanner for producing die with rounded corners by
scanning a laser beam along a curved trajectory at comners of the die, wherein
the selected combination is arranged to maintain the selected pulse spatial
overlap between consecutive laser pulses around an entire circumference of the

15 die.

44, An apparatus as claimed in any of claims 33 to 43, wherein the selected
combination is arranged to control laser pulse delivery at an arcuate portion or
{ comer of a die edge such that substantially no over-cutting or undercutting

occurs which would generate a defect at the die edge.

20 45. An apparatus as claimed in any of claims 33 to 44 arranged for forming a
tapered dice lane having arcuate walls tapering inwards in a direction away from
the laser beam by varying a width of the dice lane as the laser scans through the
substrate wherein the selected combination is modified to give a finely

controlled taper with smooth die walls, and thereby increase die strength of the

25 resultant die.

46. An apparatus as claimed in any of claims 33 to 45, wherein the laser is a Q-

switched laser device.



substrate wherein the selected conbination is nodified to give a finel
controlled taper with smooth die walls, and thereby increasé6&ictobst 2&l6gt h of
the 25 resultant die. 46. An apparatus as clainmed in any of clains 33 to
45, wherein the laser is a Q@ swtched | aser device. 16 COctober 2006 -30
47. An apparatus as clained in any of clains 33 to 46, including rotatable
mrrors for directing a |aser beamfromi3pe | aser on the substrate. 48. An
apparatus as clainmed in any of clainms 33 to 47, arranged for a substrate
nounted on a tape, wherein the laser is controlled in final scans of the
substrate 5 not substantially to danage the tape. 49. An apparatus as
claimed in claim48, wherein the tape is substantially transparent to
ultraviolet light. 50. An apparatus, as clainmed_in claima49, wherein the tape

i s pol yol ef i n-4faseh apparatus as claimed in any of claims 33 to 46, including rotatable mirrors
for directing a laser beam from the laser on the substrate.
48. An apparatus as claimed in any of claims 33 to 47, arranged for a substrate
mounted on a tape, wherein the laser is controlled in final scans of the substrate
5 not substantially to damage the tape.
49. An apparatus as claimed in claim 48, wherein the tape is substantially
transparent to ultraviolet light.

50. An apparatus as claimed in claim 49, wherein the tape is polyolefin-based.





