WD 03/ 090258 PCT/ EP03/ 04069 -1 PROGRAM CONTRCOLLED DI CI NG OF A SUBSTRATE
USI NG A PULSED LASER Technical Field The invention relates to

pr ogr am cwotmsobdzegl di cing of a substrate, particularly, PchmEPosreLo69i mted
to, a sem conductor substrate, using a pul sed | aser. Background Art Wafer
dicing is a critical aspect of package assenbly that facilitates al
subsequent operations in an assenbly prpcess. Wafer dicing is
conventionally achieved by dicing a wafer with a nechani cal saw. Use of a
mechani cal saw has 10 di sadvant ages such as | ow 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

di es produced when a sem conductor substrate is diced is an inportant
factor as | owPRICSSAMEOONTROLEBDARICING @biAl SUBSTRAPE O8ING AAPELSEDENgt h

m ni m ses breakages and the onset of m cro-cracking and inproves device
reliability. 15 Discl osure of Inventﬁ%ﬁﬁ&mcording to a first aspect of the
invention, there is provided a nethod of using a pulsed |aser for

progr am contrehdief reliigi ng of a substrate conprising at |east one |ayer,
the nethod conprising the steps of. providing programcontrol means and
associ ated data storage neans for controlling the pul sed | aser; providing
in the 20 associThe daveatemralates, taguogrammcentzolledstising gf @ jsuptrater parbieplardy | e of at
| east ong sel,pr§ iteﬁqm's@ﬁwog(fhcﬂ)fr snﬂglra@ Jsﬁfg% uili$ReSner gy and pul se
spatial overlap of pulses produced y the agér at the substrate to
restrict damage to the respective at |east one layer while naximsing
machi ni ng r dackground Avt at | east one layer; providing in the |aser cutting
strategy file data representative of at |east one selected plurality of
scans of the 25 ARY t y ed iasgr .pecessary
to cut through ?ﬂggfgg%icﬁi%emhgﬁﬁ%gggfogﬁégkgge$ﬁ éﬁqbﬂeﬁﬁg s%hapaser i's
oper ati ng acubsedieng dperatines ne sypeassemblyaprocesastWafer dicing is 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 dig 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



one conbination stored in the laser cutting strategy file; and using the

| aser under WD 03/090258 PCT/ EP0O3/ 04069 -2 control of the program contro
means driwenslyzshe | aser cutting strategy file to scan tha/ERp3/b@est one

| ayer with the respective at |east one selected plurality of scans at | east
to facilitate dicing of the substrate such that a resultant die has at

| east a predeterm ned die strength andra yield of operational die equals
at least a predetermned minimum 5 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 cutti rate. of the respective |ayer using the
Feapect | ve. cOBPT oATER LS Mery FHE b ot CHOPE s WA FEF danage
is restrict efle hOleast BAEHGESNiTH RS fhsptitEdtlicastbe! BB BlubiBsds8diR atlRast
nmeasuring yield of the resultant die; nmeasuring die strength of the

resul tant ditefaclitatgidicieg of thespbptrateisuch thyt & resulfangdiethps at leght apredeatasmined
S et ; T » : ol AN . .
operat onal b eitheBR I, 6% GUnellByd MEelly £ 1GSCH PG Raubleblfl )

for whichbthgeldie have at 15 | east the predeterm ned die strength; scanning
the at | east one | ayer using the selected conbination to determ ne a
plurality of scaps.negcessary tp cut..through t.he |ayer: and .storing the

el ect ed pl ur al RIS Bt aiePr b pheing ddfoct e i e ioiishlor eab

Conveni ent | yof tha1 1€lis€orllayRAThdstéps offbABHAEEt LiastNgheof\¥tdmbihatidh &ffulsengt h
test. Advantageously, the step of using the |laser to scan the, at | east one
| ayer includ@$ PMFepFRsisti RHIsca SRRSRY QMertap: & -PEaldd as Espselive combineiomint |y,

the step of H&i¥nd BS&ukiBpSiate & M6 FBpbiReAhydraRily BBGedpBURE doRfbldAfES
providing a telecentric Scan lens for scanning a | aser beamfromthe | aser

across tHe wamétingthe ket tohdeteming whether slamdznds eestrigtodto @upredatggminedat egy
Focal pl ane Sentic il AfSu e AL Benfe VIFHE RITERHaISIE, hbelBEAUETT 11 @
density nmap siengthfofethd ebultahediepfcrdatirg taclasgreaitting sirategy ki of) at febected
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  least 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



sel ected conbi nation of pulse rate, pulse energy and pul se spatial overlap
of pulses; storing the |aser energy density map as an array in the storage
means; artowsionsg he | aser energy density map to nodi fy, parteros/bm@econt r ol
nmeans, at |east one of the pul se WD 03/ 090258 PCT/ EP03/ 04069 -3 repetition
rate and the pul se energy of the sel ected conmbination to produce a constant
| aser energy density at scanned points-gn the field of view at the
substrate. Conveniently, the step of nmapping a | aser energy density
conprises using a | aser power neter to neasure |aser energy density at
representative locations within the 5 field of view of the telecentric

| ens. Advant ageously, the step of providing a sel ected conbination
conprises p ed conmbj na restricts ther | oadi ng
of the mat erl{egf’[th%fl r}%ﬁ anéﬁlgsppesgfmif%y f’f B Felfcqe&mor?cbrmat on&%%rﬁg‘#ﬁecaa Ong%‘tess to a

pr edet er nmi neliserenérgy Rnsibpavseannedipdints mtmeﬁs:m sfeicdatalggdabsiatd. on i s used for
| ess than the selected 10 plyrality of scans, which corresponds to the

sel ect ed conbi nat,i on, & %gchl ne a % &E to be cut _and the I@ge@

scanned for furtHEVeRiEnysthgstep g Pﬁ@”g P LASErSICISY dPUBty COMPLIeR IS &ttbi nat i on
which will ngdweriBdtbd oCRMsIM 1HRE ehé}gy ABnsitp AR rbprbdastalivy REatfn§ Rithiidthe
substantlall¥§no machi ni ng occurs of the underlying | ayer should the |aser

continue o d ahviewef theteleqentris lemst er t he | ayer to be cut has been cut
t hrough. 15 Advant ageously, the nethod conprlses scribing a substrate

through the | ayeAdJaﬁta?éb%s thd Q{eﬁ str % a[“%Gl'é B Cc%hbﬂ{aﬁbr{‘%oﬁfp ibdle

I u
substrate. ConvenientTly, 3here t e inc udes an active ayer, t he
step of provbwivding aesebetbégqmldnatwnbﬂndt tegtricts thermpaltlpddang af dremetetial of e at

| east one | a%g[gﬁcﬁ nl?yetr %()e 1§est%r toMécﬁjxam algggslﬁ g? ECt gg?mllﬁ natlllngl‘?l whi ch does not

significantly ) sequen ive devices in the
active |ayer. Advantageously, the step of prOV|d|ng a selected conbi nati on
whi ch does not Gonymmiéntlyarthd yelacftédaccbmbhmti&utiselqubrﬁcbr tepertian te sdeckdt | ve

devices 11 | el (e Bk cSOIBLIRSS off 2l o SUIPLIALSR Ml g coes

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



propagate through the active |ayer. 25 Conveniently, the step of providing
a sel ected conbination conprises the steps of. providing an initial

conbi nat iwo 0anvozbs ch the | aser machi nes the substrate at @&oT/EPni/od0ed rate
whi ch does not cause significant crack propagation due to thermal shock at
WO 03/ 090258 PCT/ EP03/ 04069 -4 an anbient tenperature, and such that a
tenperature of the substrate is raised_y the machining after a
predeterm ned plurality of scans of the substrate by the laser to a raised
t enper at ure above anbi ent tenperature; and providing a working conbination
at which the | aser machines the substrate at a working rate, higher than
the initial rate, 5 which does not cause significant crack propagation due
to thermal shock .at the raised tenperature; an(} t he step, of npchining the

substrate i nt AR UBRAF HECnERdatich fiaf p APmpesRiprer! d1e Phralysgpiee BY i ng t he
nitial combmadhiiffah@la fibadafitled Jifaft ASLABrIRdsubBIAL BY ihd/lagh i9ans, and

machi ning at |east part of a remaining depth of the substrate using the
wor ki ng contiaised teppera@e fpayk @mblsing temperaguresrapyl podviding b e@stingicdribigationf t he

plurality of S.Le lower. t han an. ener of succeedi cans ,of the
plurality ofati@zcglsthes E‘(Sé r"fafwcfé'tne%t@ﬁ5'%’3?%%3@?1%fkl%ﬁéa@gﬁerﬁ%‘rtgg gllltéaé % s | ess
t han would owhieh dbamobeaups sighifiemt cAdk propagion duyto themanshogl avthe adisddeast a
final of the Iuralit\é(éof scanfs i s | owe t han an e(ﬁergy of. precedi hg scans

of the pl ur aempgrayye apd the step At PrRghining the sehstrath ipflpdss mackinipg pmdnildlpst rat e

i's less thandepilbfltiet uBstvkes Bsile tHY REHAT REmbNENGN ERAR QLRI Yhe FR&NiIRG the
plurality of scans is varied between scans to facilitate renoval of debris

gener at ed dutlpslitydefcscans; efd machizjng st leastartcaf pvrsmiining depthyof thasnlstrsteng | aser
energy with | i tNis depth to renove debris froma dice |ane.
T es i BrpkalAe

20 Advant ageo I'ncludes the further steps of. providing gas
handling neans to provide a gaseous environnent for the substrate; using
t he gaselfus enireforahlynan ensrgyoeftat ddasta fitseofi thapluradigy of soansvis Idwer tlmnsmbst r at e

at | east Oneen%Igyporf 'chrceécﬁJng scans 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.



during and after dicing the substrate to enhance a strength of the
resultant die. Conveniently, the step of providing gas handling neans

i ncl udes Wwomgiosli2egy gas 25 delivery head nmeans for del i vePCmEPIRS4069
substantially uniformly to a cutting region of the substrate to facilitate
substantially uniformcutting of the substrate. WO 03/090258 PCT/ EP03/ 04069
-5 Advant ageously, the step of providi ng-gas handling nmeans conpri ses
providing neans to control at |east one of flow rate, concentration,
tenperature, type of gas and a m xture of types of gases. Conveniently,
the step of providing a gaseous environnent conprises providing 5 a
passive inert gas environnent for substantially preventing oxidation of

s of a di i ining. Al ively. th f i di
gascous. envi ronriheAR7dbClBP o pigh Bk s bindfng Gl BRI "0 °

Conveni ent | ymedngo sdreipl ifledst enéi ofiflog Rke, acicematigRIcmperatuRN BB bf gaandi ses 10
etching walls of a die with the active gas to reduce surface roughness of
the walls arftiMXWePrthpeschgrs¥e the die strength. Advantageously, the step
of providing an active gas environment conprises etching walls of a die
with the active %erﬁb&bﬁrﬁﬁ@fsﬂeﬁlbfyrobﬁix{ BoR elRinnihf &miefleZRBGidingr 0duced
during machining, and thereby inprove the die strength. 15 Advantageously,
the step of PasHVelingt sanenaenment frsulstantiaby prsventiog apiditinacof wallde€e g debri s,
produced durjng i.ni.ng, adhering to surfaces of machined die.
Conveni ent |y, tﬁgaﬁg%ﬁﬁd conprises the further step after dicing of
scanning an edge of the resultant die with the laser with sufficient energy
to heat sidewal |Altepfativély, the stepibf providitige gaseque dudeongent cowprisesprenidag t her eof
and t hereby . i.e strength of 20 the resultant die. Conveniently,
t he net hod fgn%égﬁégﬁg gpng?%ducing die with rounded corners by scanning
the | aser beam along a curved trajectory at corners of the die using a
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 comers 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.



gal vanonet er based scanner, wherein the selected conbination is adapted to
mai ntain the selected pul se spatial overlap between consecutive | aser

pul ses arwondogmsentire 25 circunference of the die. WO @8TEPOL6HB69

PCT/ EPO3/ 04069 -6 Conveniently, the selected conbination is adapted to
deliver pulses at an arcuate portion or corner of the die such that
substantially no over-cutting or undercgtting generating a defect at the
arcuate di e edge or corner occurs. Advantageously, the nmethod is adapted
for formng a tapered dice lane having 5 arcuate walls tapering inwards in
a direction anay fromthe | aser beamby varying a wdth of the dice | ane
as the laser scans through the substrate wherein the selected conbination
is nodified to give a finely controll ed taper and snooth die sidewalls,

and t her eby inc?%’é@m%ﬂﬂé‘ ke P@?@qub%@nﬂ%@apt@%mdehr/@ pubsweamwwey, t he

laser is a Qgubd ﬂ@cﬂnérao?f% dRviges- thzi'tosuﬁ’&%{)ﬁﬁ?% ¥wexacd Qxﬁgépéuﬁl’n m the

| aser is directed by rotaa e mrrors nveni ently, strafe is
mount ed on ageneptngndefent et thy awhaté divadgs cramomenbedutse Iaser is controlled
substantially to prevent danmage to the tape. Preferably, the tape is

substantially tr mgﬁée%gély,ltg ﬁle‘ho%vls 91 p&ed t%g h?r}nll % da ta é‘rgc}f %r&teeigl} Ol!dx%/;né{/et h_e

tape i s polyol efi ccor |ng 0 a seco pect of ntion,
t here i s 5r cartweddwalls appiap dhwadd i a dipeddigh awa;zmtnrthé Ilasek tebafi llmgvﬂfnnga

substrate conpr.i s | east e | aye rat us nprisin
pul sed | aser nﬁ‘a}hﬂ} @3&3@&%%%% ?Sehé‘élH% ﬂHﬂ‘é&a@Eé@?Sgﬁ“éd"’}tﬁ m g sElecks rreans

for control | dontbifafien R mS&iGied 75 Bive USHiitdy BortRNEH t#pbit dddNEncil Alceddewllls.e,
stored in the data storage neans, of at |east one respective sel ect ed

conbi nat i on ¥ thsebyangrease diesirprath ofthe resklgnt disd pul se spatial overlap of
pul ses produced by the |l aser at the substrate and data representative of
at | east one redpurenienilystae laserdgia Q- Wléqhﬁdkﬂsﬁfde‘sl%ns of the respective at

| east ong | ayer li?gfltg % r t% t he respective
at | east one |ayer; o @tﬁﬁ %Z’?adll %ﬁt&@?a%?rééﬁ]ﬁ%’éeﬁ% re hﬂ "?g'ig east a
pr edet er m ned dlCé)nvemently, 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 representative 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.



strength and a yield of operational die equals at |east a predeterm ned
mnimumyield. 25 Preferably, the programcontrol neans includes control
nmeans forwoasgongs at | east one of pulse rate, pul se ener @¢TaEPA3/PWbS e
spatial overlap for controlling the |aser subject to the at |east one
respective sel ected conbi nati on. WO 03/090258 PCT/ EP0O3/ 04069 -7
Conveniently, the apparatus includes teyecentric scan |l ens neans for
scanning a |aser beamfromthe | aser across the substrate. Advantageously,
t he apparatus includes | aser power neasuring nmeans for mapping 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

I i th | ect. mbi nat i t I d I
pati al over | ap G plrabe o apreakopeRge s RS Y ppSmcRERARR B an

array in thdagabeansiromaBelasee assssithd substede.f yi ng the at | east one respective
sel ected conbination to conpensate for irreqgularities, introduced by the

telecentric lens, of |as ener gy denslh¥kat the 10 substirate. Preferably,

the apparatus f{tVABABOY rF@e%Ppééf’é“Shéﬂ? hd2STE 20WCE HeABHBNG; BEA P gaseous

envi ronment faeid a%ﬂQﬁéréﬁ‘H&sft?fec&Q&i % fobd1PlAe GPER G RlentR A4 10AK 141 th the
substrate at l'east one of "prior to, during and after d|C|n? the substrate
op3

to enhande mModusa gtlwebf?new)’edm@mm@laﬂﬁ a field of IEWA@f\ﬁhthIifgm S uilh@thg as
handl i ng W%ECICQ %Irﬂg%%tlogl%% [pﬁﬁI: fa i)IIIrSg ?%gg)% p?llse glgatlaIJ(WﬁIl% EIII SIII'Ih rY e r i ng

gas to a cutting regro ffera
means conpr |mmgcthntlas}a|r ane:gysdehmty nraptersohrl iaﬂgyaﬁ thd daststco:ra@ ofeatﬂd ﬁw rat e,

concentration, . .te rature, e of ture of t gases.
50 Convent e b ab 16 i g hredits shected B K BUPRE* Hraor ¢ - gas
envi ronment ifegulsiths! atfoldadedYbyP Ry @dléden@icOlenslass RiRerObner@} |densdy & €Hee during
machi ni n Alternatively, the gas handling neans is arranged to provide an
act | ve g]is substrate.
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.

Alternatively, 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 with 25 the active gas to reduce surface roughness of the
wal | s, amaotohmomeby i ncrease die strength. WO 03/ 090258 PETTEPO3HM4D69 -8
Advant ageously, the gas handling neans is arranged to etch walls of a die
with the active gas substantially to renove a heat affected zone produced
during machining, and thereby increasegdie strength. Advantageously, the
gas handling nmeans is arranged to etch walls of a die with 5 the active
gas to reduce debris, produced during nmachining, adhering to surfaces of
machi ned die. Conveniently, the apparatus further conprises a

gal vanonet er - based scanner for producing die with rounded corners by
scanning a |l aser beamalong a curved trajectory at corners of the die,
wherei n the sel dxdventageonly.ihe gasrhandling megng dyarrapgadtorgishavallspfialic #8hect ed

pul se spati gheO b, S GV Q4G4 aduringNtire
ci rcunf erencee o%éﬁgﬁgéaai%. @ggﬂgggousley? l!(: g%gfgﬁgé:?gge ggn%f}nati (glr?gi S
arranged t o manbining, ahdthercbpirksese diebtrengthy at an arcuate portion or corner

of a die edge such that substantially no over- cutting or undercutting

occurs which wo nerate, a defect at the die e, venLently, the
apparatus is ar ?g%ﬁgtggefoggy*ﬁl&? ﬁ%sﬁlbanglt"fgdpgarnéds %faélég‘f%neéc ]\gz\l}lggég}a (ﬂa% g{l}tgt e walls
t aperi ng 5 nwhe¢ d&tiviengaa tdredacd debiis apyayuded Arihy eabkisiap, Jdhatingdio wafagésngd a

wi dth of the dice lane as the |aser scans through the substrate wherein the
sel ected cdh#f i%n is nodified to give a finely controlled taper wth
snmooth die walls, and thereby increase die strength of the resultant die.

20 Preferably, tdwavtdasly, ths appattesfuithfednipasera giBMhefsterdaBsbstamiv: for, t he
apparatus includes rotatable mrrors for directing a |aser beam fromthe
| aser on t heredusing dieewith rounded corners by scanning a laser beam along a curve
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 substrate not

subst ant iwblog/osmasglamage the 25 tape. Conveniently, the tap®/HP83/04069
substantially transparent to ultraviolet |light. Advantageously, the tape

i s pol yol efin-based. WD 03/090258 PCT/ EP03/ 04069 -9- Brief Description of
Drawi ngs The invention will be nore clegrly understood fromthe foll ow ng
description of sonme enbodi nents thereof, given by way of exanple only with
reference to the acconpanying drawings in which: 5 Fig. 1 is a plan view
of a diced silicon wafer; Fig. 2 shows transmtted |aser intensity as a
percentage of incident laser intensity over a field of view (40 mm x 40

mm) of a telgEaMbdnssDleis,s OP) ective for use with the invention and

al so the varrarrcniﬁn4%ﬂﬁﬂ—xnﬁse energy for machining a trench of uniform
depth according to the invention; 10 Fig. 3(i) is a vertical cross-section
of a mul til ayer diiesniestionawidl teundralolearly ondeditanidrfgpm the daliaiimgydé¢scriptiva of

invention; Fig. 3(Gii,) r esepts a four-st | aser .progess. used to dice the
il £ ayer econs, guioipdt EReE St b savchE PR onRothiduERGne Beg. a(i)
to 4(iii) argcofpanyidgldranifssSn $@fht-ons of a nultilayered structure in which
15 a pre-scribe trench is machined in a top | ayer according to the

inventiory, Fig. 5(i)a and 5(i)b are vertical cross-sections of a
seni conduct or  sdbsdrSt aﬂV@%ﬂkaﬁﬁﬁﬁﬁﬁﬁoﬁgﬁe&e devi ce side according to the
invention; Fig. 5(ii)a to 5(ii)c are vertical cross-sections of a

sem conduct or supst7 ahewditafenitttd AM8ed ifiteketyORPaSREcchRgt NE iacbMelasigVvi ce
side according to the invention; 20 Fug. 6 is a graph, helgful in
under st andi ng t WeRsity ever arfield,pf vigwa(4Q, amyxeds n@f{) % telegentiigsiepls deps and

proportion of diggjegifeVol bidOwifls thelifVeAdbie nd Ao Gk VSRR lin PRAT fulle 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;



overl aps of successive |aser pulses; Fig. 7(i) shows a plurality of die

wi th rounded corners, produced according to the invention; WO 03/090258
PCT/ EPO3/W®80902540 Fig. 7(ii) shows a plurality of convemcrmrabbaoeeli ced
die according to the prior art; Fig. 8 is a schematic vertical
cross-section of tapered dice |lane side walls produced according to the
invention; Fig. 9(i) to 9(iii) are vertjgal cross-sections of a single

| ayer structure machined 5 according to the invention; and Fig. 10 is a
vertical cross-section of a substrate machi ned according to the invention
nmounted on a carrier tape. Mddes for Carrying Qut the Invention A | aser
beam may be used to dice a sem conductor wafer 10 and thereby 10 singul ate
devices 11 fromfhe wafer by sciannl ng a Q sw tched | aser beam gver the

waf er surface u 1&27(? qvF AluRAity efconyentignally diesd dircacesrding fe.the peiekattit o form
a pattern such as that shown in Fig. 1. Focusing of the |aser beam nmay be
achi eved using aigt 8'1@%%&151&1&1& Y&fical C@bsslseftdn Amtaﬁé'fbd)‘ﬂlﬁd@eﬁhé sf?f& WAllsS
invention, the tenporal separation of consecutive |aser 15 pulses (At) and
the | aser pul se B aQCEl)dlﬂgsIOﬂmln‘éﬁEmerl ng machi ning of a single or

mul til ayered substrate in order to reduce thermal |oading in different
portions of the gisiggl bstrate
and the subsequeFri ﬁéﬁgﬁ%‘;’ vailtc %lgécgsgg%tggsngﬂg.%lﬁé fa"y%:iﬁstﬁ:] plote ﬁlg&lﬁﬂ

exanpl e, & nmul t idcenrding¢p i ineeitidn; ot kpi ece 30 consi sting of four 20 Iayers
31, 32, 33 and 34 of three different material types is shown |n Fig 3(i).
These materi al o] ayer 31
on a netal secoflFg Wa?/se?%g{c cr%ésagépl& of hsl?l#% eamg?ﬁlg‘%f %cr?oa m chgnductor
substrate 34. anvenﬁ(mmpuntMorchcam&tapqol ot of time (corresponding to

di stance machi ned through the nultilayer structure)

Modes for Carrying QOut 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 pattern

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



as abscissa and pul se 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 wooseezse thernmal | oadi ng and consequent nechanipcalErdaomege i n t he
pol ymer material |aser pulse energy WO 03/090258 PCT/ EP03/04069 -11 E1 is
| ow and an inter-pul se separation At, is high. Polymer materials will nelt
and be damaged at high | aser energiesqf., for exanple several hundred

m croJoul es per pulse, but they will be cut cleanly at |ower |aser pulse
energies, for exanple 10 microJoules per pulse. Also if the repetition
rate is too high (i.e. At is too low) too nuch heat will 5 enter the

pol ymer material over too short a tinme and the polynmer will nelt and be
damaged, so for polyners the repetition rate is kept low (i.e. At is high).
I'n general, viatdeaidgn iner-pilee %%FP%%%%%‘H%&?E’&’%H‘aléﬁémlﬁmq“é’éﬁ b&nd

ther mal proRginldpera Hoh'1Ar fBHE! dfor SarfIE selELPAHIARTEBENLITRPALLY - The
nunber of Iaseralgpuallsegél def?ve ed étor Aﬁn% a%écjy El Is g’t“g‘?&ﬁﬂ]esgﬁgg téﬁe

t hi ckness ofbut itheytwill by ent Bdanlyl low¢rdasenpudbe eniergiest for exapliple he nfigroBulesayer 31
with | aser beam 35, the |aser.. paraneters are changed to At2 and , Where
chosen val ue%erBf‘l%?i‘AtlsodﬁH‘el'—fﬁpe(nlt‘f)géat%s t&ﬂﬁi“ghgl"?'&ﬁ‘s_atf’g?‘?WQ? ?Wch%f’*ﬁé‘” _
substrate) anterdrd polfaetatedall dVRr tRLHIR! a RIMERRA keSS0l FNE RlIB Ml R84 vept i cal
absorption properties of the material at the |aser wavel ength used. After
the nmachi nidnaged, soéorobmmms theyrepet®ian rathés keptbw feopeisthiigy. br genemt,ur ned to

At, and E1 tg,15 hi the third | ayer 33 ich.is of simlar terial to
the Tirst 1 agpuies sRBE A ol Foteh fied S Rhowidolpl g el Bigberrib of By
properties anfefddnARAIdEMNed Xperitaentdlsy. THRGIRBEr b Rsdr Phlsed dbIRNEId at4-

During machining of each layer in the nmultilayer substrate the pulse

ener gi es E1,AtEgnddiids determinedihy thesthickeess of frshdanierdl- t o be described across
the field of view of the focusing objective in order to conpensate for 20

irregul gy ties i e Ol 1.} t/d egenpL.i ens, to
ensure unifor m‘ﬁf} g}?a °kr}g‘§ﬁ.r H?Jr;l‘?ht ﬁ’reoﬁgsﬂslgegaeg hﬁl ‘g%rltd%s t%eﬁ}él gg’bg{er%%éé. In
practice, prpacametas aechanged @ Athand Ey,oviete chivoai vahiee of Aty and @3 (like At ang

strate fil i enerated. to contain series_ of comrmands to the |laser to
chang egXt ar‘FgfoE aﬁ(y:], e@?p& ﬁw substrate% are eterm?ned%y the therma(f 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.



| ayer and to control a gal vanoneter scanner for positioning of the |aser
beam on the 25 workpiece surface. In addition, a respective nunber of | aser
scans necweganyoso cut through each respective |layer is pcamposgoanTed in
the | aser cutting strategy file from a prior know edge of thicknesses of
each of the layers 31, 32, 33, 34. WD 03/090258 PCT/ EP03/ 04069 -12
Initially, this data may be col l ected gxperinentally, by scanning |ayers of
different materials using different pul'se energies and pul se repetition
rates and observing any damage, for exanple nelting or crack propagation
in the layer. The resultant effect on die strength of different pul se
energies and pul se repetition rates 5 may al so be determ ned using, for
exanple, a known Weibull die strength test and a _conbination selected for
each layer whi cHnifplhyibissdaia enagi be cakleqteéagxpen@qmubdbsd|seann§ngrlémj@ ®f In

addi tion, t hzﬁfféijeﬁtl %&&Eal@' \?Slﬂéaﬁlfg?eng%uﬁre"%ﬂgﬁggu , and ﬁHE erqB s Saﬁhea ed

conblnatlon I's not damagi ng devi ces 'on t te an here y adversely
af fecting tdfbeerymglaﬂy dalmage)g"ose»taaqaﬂ@memng@mcraahtplrmgnfonpml the lomerlyy and
pul se repet|t| whi ch ses only. accept abl e.and produces
die of a redit t@'&t %feét 1 F?nsérteﬂgtﬁr?g d1f§%%§z¥58|e8er iec%PBEPP gr %ﬁ%@r gef scans
required 3 0 fissf alkbO UG EAnddNRME, EdHiekletifIs Sa RlownWeyulldie BRngthhedt and 80 be
determ ned experinentally, These val ues may then be used to wite the

| aser cutti rrg)r@maa%ggﬂaft?d for qarkilgygr “fhmbmrgd%ﬁg/ diecwil af deasiprapresy digi e
strength CO%@E@? w&ﬁntﬁﬂ%ﬁ%élﬁﬂﬁhle ?&émﬁ'ﬁéa' B%n5RE RRAShe delcRdf Ur ther

enbodi nent of thi's invention e Inter-pulse tenporal separation At and
the | aser pudogbinatien g;yloEdaangmvged oul thei sn@ptltatveandnhehéw auyensély affeitingl e | ayer

of a multilaye teri Referrl tqQ Fia. 4 i a first
l ayer 41 to %X Yhﬁfp ﬁﬂag}? S e'c o 4, cqming %Beogrﬁujl% W a}“élsp ugées gggﬁﬁﬁnlﬁgeer 42 on
a subst ret e wiich &mséshly td’céﬁtaﬁl&ﬂﬁﬁag@ﬁlana Qrddﬁcdi&ﬁ&bﬂ&ﬁqui’t&d&h@ s&éhgthpamdper ties

At and E of the | aser beam 4 changed just prior Ietlo of
machi ni ng t HCETEAPIS Kiglds thegquny g/ef soans reaglr?4 fouct thrpugh %@m br oken

line represepitkig lﬁa%h&hﬁ&ﬂ%jdété&%redl&sénrﬁ%@allyﬁms@gam@scrmﬂheﬂb@ﬁseahe first

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



| ayer 41 in order to prevent danmage to an underlying second |ayer 42. In
general, damage to the underlying |layer 42 is prevented by reducing the
pul se enewgy3momss 25 bel ow a nelting threshold of the mat ecraipovenstituting
the underlying layer. A trench 45 machined in layer 41 of Fig. 4 can be
used as a pre-nechanical scribing trench. In this case die strength is

i mproved conpared with the prior art asjg_by appropriate choices of |aser
pul se energy and pul se repetition rate, there is no cracking in the top WO
03/ 090258 PCT/ EP0O3/ 04069 -13 layer 41 or in the underlying |ayer 42 that
could grow during a nmechanical scribe and break process perforned after
the | aser prescribe step. In a further enbodi nent of this invention,
illustrated in Fig..5, |ow epergy |aser | ses, of a | aser, heam 54 are used
inafirst fléwﬁég% insthg el Vinedives 47 St calld provedinioe ampec Smfﬁﬁé anlpe

devel opnent gtald ;b&8s SrReHS AP BRINE! HschBE Sgh active devices 51 when
machi ni ng froman active device side of the wafers 50, as shown in Fig.
5(i)a. After the |aser has cut through a d?Pth of material approximtely
equal to an act ilpe furdhigr eabodimgutrofithis inveetion, HlugwatedbindiigriyjovEersigy laeer| aser
beam 54 can ' ' r . arl : 541
under contrJ$&%%ngﬁ%%ggm%§%?F%Sggﬁv%gggéaﬁ?%%?&gég%gwgﬁggzgﬁhaﬁggb 5(i)b,
in order X o prexcht the devalepnapni oklayget dngckb ptdpagiting tisenghcaride déviaces Sdudsnr at e 53
of the wafer 50, .whjch is heated by, t initial machining.so that. effects
of ' ther i "RROUNE o ebrelre g e s Reletoop. B SRS SO Fach ni ng
instead frafe Rs@atl oo dHHugh a dephiof matdHab bipabimaily Q@alsbAnniciive &vibe S5(i1) a,
opposed to a side  carrying the active devices 51, a simlar process can be

adopt ed in JrYErhickesy éééhﬁ enasgy: Eaefidhe fasepbagan Phear bormcraeed taia higher| aser
cut down t hrughedehhs &Up%&aﬁeﬁmnﬁleﬁﬁﬁ caifhl ot b JfRS stRRgMé W th a

| ow | aser pulse energy is used initially. In the bulk of the ™ sem conduct or
subst r at¥ 53howa ih FigeS(idnan gyder o machinaswe: guiddy theobulk of agkemicohdustar

cutting str fqd S] { dher .ener | aser.. beam.541 for faster
rachi i ng, | Sugiupue 43 PuNg: S, AR BRSOty B8 Bl SRR o APt PRIE (e
backsi de of thérmalvaliek ib@ndchiaigethe 20bstrateeIp s redustdli Whagmachihivig iflesadces 51,

the laser purosrref\ a r;glg gl%e (())];' atvgla?erl s% se'\trratebg'\f Ts 5slAfovivnS 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  aregion 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



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

| aser nmacWoOnBogp2s this nmanner, the laser cutting strate@¢TiEPhEMbESO0
contains data representative of a nunber of scans necessary to pass

t hrough the active layer and through the remainder of the substrate 25
respectively, and the nunber of initialjyscans 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 enbodi ment of the invention, illustrated in fig. 9,
when machining, for exanple, a trench or dice lane 92 in, for exanple, a
single layer_sybstrate 93, by W 03/ Q090258 PCT/ EP03/ 04069, -14 nul.ti-pass
cutting, a I’é‘gglr'paﬁ%ﬁ‘fp"% W%‘%bFi’dﬂ\g Wit lowercpltegperey i uesd dnging 38 kel ni ti al
pass or passgs bijEsed tHad29hsePBAM S ustPRReniBthgGllik HBhEsibdirdte B orilie
substrate in order to prevent, or at |east to reduce to a | ower degree

t han woul d ofPhRievEngeorogicigast togreduneatoi olovedr degreeatben noskd otherdikes ofqur,a f i r st

f 91 f i i i ned,. h
surface, 91 TEqmi 6y, AYBsthton Ty B AR Mk gL, o

il arl

cggv‘13 f@%&ré{%geé for
cutting the ipedhimedf Sintilarlguths enate o9 Bnaltpassps 6f € tiser ama®42 mas be tedutedduce

bel ow a degree tha | d ot herw se cur, chipping or cracking of a second
surface 94 l?)e?m’i’ H’épgsﬁm@ g‘frrcéﬁt‘é‘g gﬁ%@%ﬁ%ﬁ%suﬁaﬁ‘éat? !|)£ 49 PEyent. AT @t kgast t‘b’f‘a,guﬁ"'or

exanpl e, at beldaa@egte than WoRRCdtheriwibe lobdur Pbigpif ort dRsekighttar Rt shd LB fhegher

energy pulses are used for efficient 10 material renoval. The pul se energy
may be i ncr e¥selthgisubstiatecorpesednty thadisstriurface e erhior sxampler attaobgsgof faj t at e
nmore effici ednciBineik Huld §FR% ' ' 10e .ener gy of
a | aser beam 184 may be vafr:r?lezgub% r%ggﬁ%ﬁ r%rlg%ﬁf H“E‘% %r? 1§E<g£ s r“étlt@l({al 103 to
facilitat® rwatenall rembvaleFhe puls® Engeyenay bel indipastdavithninkiensing mathiaingi s, a

hi gher peak power o l.aser beam. 104 js. used deep 15 within the
substrate th‘gleﬁﬁﬁfl8§c{eer£°§%%1h%?eaf@%r§ egt[fgl?‘gglaé’?}ﬁ@f?‘gi’ © The nmechanical die
strength of laser cut die is a function of the spatial overlap between
consecuti ve | aseompoNesesferiihe to Fad. i |, eastgy o hetrvbam ¢tONIRGULd vaiddaser

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



pul ses is therefore preferably chosen so as to yield opti mum nmechani cal die
strength of die obtained froma substrate to be nachi ned. For exanple, the
dependencwomB/o@ssrechani cal die strength of a silicon subgCcratres/mmehi ned
using a 355 nm Qswitched l|aser 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 serigs. of pulse overlaps from30%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 | aser pulse 25 overlap is too high there is too nuch heating in a
region and too nuch cracking. If the ||aser pulse overlap is lower there is
| ess t hernmal region S cr ckin I n pr ctlce sui tabl e
overlap to grfu\rllgtmél ol ?Céﬁmgg &Pty g’ﬁg‘? A8 %t %fB? & fif ﬁ@

exper i nment al inyidetdasst Béa@nd sbhdt lealy! tﬂ@s@rpaﬁ%tdrﬁﬁeeﬂtUe%E&&y mf thé GasérQuttiige during
machining. It wll_ be under st ood t hat 't he spatial overlap of Iaser pulses
is in fact aS'Wseydi®©90258 PCT/ EPO3/ 04069 -15 function of the scanning
speed, the pulse repetition rate and the dianeter of the incident |aser

beam so that oniked DEiReRAE %ﬁ?ﬁsﬂséd %%glsbaela&} Béa‘?xg e RedeRRd a@érq{:rtegéf ting

strategy file. Wen a telecentric lens is used ocus a laser m t he
recei ved 1 aswaries peress figld ofvigwraf ¢he taloeantric lans. i[e$ed pmfamvieeavmayf bet ¢hanged

tel ecentric I cha e

| ocation of &?)P]% dn}:ﬁL% ﬂ%tlg%ntg H? { crarg%aé%?“nv? g‘\glv%ooff e ﬁtg‘g ‘gbruﬁlﬁg §%a§n | ens
obj ective i nleny OjZQCCtllVG 1mmda1t @i mamtamcmai:ﬁuaht 1OWeE dertbith ot thy vadrkgidte suifidepi ece
surface across t view. The variation in transnitted

field
| aser i nt ensiFes 48° 5“ ﬁefi@g efj‘&“’o{rh? YEFgian, I fansmitteg E‘ﬁ%ﬁ enPe s ehe fiel d

of view of aperdepiagelof iRiRAE Msér ateAlltySERR theefidld it v%ﬂ@‘éf‘a't ihl GQBLAH: Pl ot 20
in an upper half of Fig 2. Such a _contour plot i;_ t ai ned by pl aci ng

a | aser Bbwetcanepgis Hewait A comeurlot O ap upper dalf of Kig2. ;ﬂuahr@ coptpurfietch t he
substrate orm\EkRitBR&ES byPp 158n§§ lakﬁ?%@ Pg!eﬁ?ﬂeatﬂ%le&ﬁ@r@c{ 138Sin %tﬁaner ecor ded

at a nunber of” positions acr VI ew 0 ens ypically 40
mm x 40 mminawhich Hhe sphstratecor orkpidcevds do rhenbcated| Laer pawe hdihgs Tiee
irregularities |%vthe o\ : :
récorded 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



15 |l aser power density map are mainly due to the quality of the
antireflection coating on the lenses. A telecentric |lens consists of a
nunber ofwbenssrs@and any irregularities in thickness or @UalEPIy0469 t he
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 sg good at the edges of the field of
view so the 20 | aser power density is reduced because of distortion in the
| aser beam profile caused by the telecentric lens itself. Maintaining a
constant power density across the entire scan lens field of view

necessi tates changing at |east one of |aser pulse energy and | aser
repetition frequency In this enbodi nent of the invention, |aser

par anet er s a‘?eée%’r‘iaé?ﬁﬁ’én&i%@ﬂ%ﬁsh@e&f therlasep pulseyensrgycind dte laser Expatitiongaie wi t hi n
the field of,u

const ant povxa}len\rﬂ ﬁ&@h"y ghgng mgsthé‘ﬁ pll?)ggsgtegéé% g%eﬂ%%ﬁéssegpe Re gﬁe?;'#xgh ? ield of
Vi ew. The v aorj altermatively, ¢hangisgrittetlasdr tepstitioni fidqearwiytay a fixedalape ipoka eaggy. of

i nci dent ens er the field of V|ewof a . typical telecentrlc
scan | ens |§F‘§¥F6\f3ﬁmi‘ dﬁﬁé‘%ﬁ“e‘hﬁ? ﬁ’t"é?oﬁ‘ieﬁ i peifsefalfettp dice Pifiarsai(bynacr oss
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necessitates changi ng at Ieast one of the laser pulse energy and the | aser
repetition rate and conveniently changing the | aser pul se energy at a
fixed | aser repetition frequency or, al¢t ePnatively, changing the |aser

repetition frequency at a fixed Iaser Ul sg energy. Power density (4) is
defined as the power (P in units of V\atts) per unit area (Ain 5 units of

centinetres squ d) ,at the foc spot of e | ase dis by P A
Where t he power %ﬁéf@%&f%ﬂh‘?‘é@éﬁgﬁﬁ@“@& é]W‘H“tPPtJO&FShQﬁEIS%?? & second
(s) PE S By way of exanple, a lower half of Fig. 2, which is a pl ot of

pul se energy as P—E
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, corresponding 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, 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, in region 1 is consequently the highest. As
the laser is scanned from 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



10 ordi nates versus distance along the line 21, which is 10 mmfromthe

| oner edge of the field as seen in the upper half of Fig. 2, denobnstrates
t he nodi fwoatiognsof | aser pul se energy that is required tPOTIEROSIVALN a
constant power density at the substrate while scanning the |aser across
the field of view of the scan |l ens to conpensate for the variation in
transmtted | aser intensity by the telegentric lens. In this exanple, the

| aser 15 is scanned along straight line 21 which is 40 nmin length, 10 mm
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 regionis within + 5%of all points in that region. For the 40 mm

line 21 scann{ed gy t.ge | aser in this exar&pl e, six.different regions,

cor r espondi n§*FPIsY f)‘HroPitE?@caQi?“Sz"%‘,l ngrdenty majglaina, CstapiROWSE JFYtYne 21,

are 20 travedrs@d safide @S tie Wakpiede thb Rastidnfie e%e.?rygyndv@ ré&ﬂ@éﬁ%@q’va%%'i the
e,

control of the laser «cutting strategy fil ive times. The |l aser pul se

ener gy st ar t%f Eat Wheip Fe 1994 lewerdn energy thagifanAg thedesenbdany wavepsos frporong2 of

scan line 21, . ] er J ntensi h jece jn region 1
is 80 to 853%e %gp&{ékl%g% glrhgfla%gr nuzslsete;llleljﬁﬂg:ﬁ Ag%lrl\%e\éb%%%eﬁce&g ggﬁfrthlr? eré"’H%:timgas

regi on 1 ¥ epiteeenfi, t drethe dlyl (on opulscorogmiseibasis idfasduiteds@rordattte iaintain aonpar ed
to all the 25 regio Séé to 6& t he ﬁnergy per. laser pulse E4 in region 1 is
consequent | PR maB'ﬁ powasdensifp(4) 35 e Warkpiecerseace alons the gnt8R 49 M1 1 egi on
2, correspongidiidof Be dics mend. portion 23 of scan line 21, the transmtted

| aser intensity increases to 85 to 90% of the |laser WO 03/090258

PCT/ EPO3/ 04069 -17 intensity incident on the scan lens and in order to

mai ntai n a constarfimpeiertheldssst pgwerodensitie dsatr the ceorkfiecehsurfaoy kspdieestlyt he

| aser pul se { ed t | ug 23 f E3.. where is 5%
| ower in en ?gk&;t?cfy]naaﬁoEﬂgVyﬁx%ﬁg ﬁlge ?Izlfsr rgbzg%v?ell"l%\?éplseglgsef PBﬁ? ShéeY Egt onto
the next10 t heorkpiser syfics evilindiffgly fiom dhargreging ditedtlyciom e lader tdae tbaser

cutting 5 strate file, "qn the fly' (on,a pulse to pulse basis |if
r equi r ed) ; RHBRGEPn frbf ﬁﬁ?aﬁﬁﬁlsn CORIPHE AR i SYFY,as %‘fW%gmé?Sl%’éh%fratyynM)) at

the workpi ecompufet afemor) 2436cihtBE wethla dopnpitr ¥Bhird1 VP WaQd ahd Beplhifig logne 21.
In summary, the | aser power density 4) at the workpi ece surface I's directly
where the software directs the galvanometer scanner to place the laser beam in the

field of view, a simultaneous 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
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



proportional to the |aser pulse energy E. The value of the |aser pul se
energy at the 10 workpiece surface will differ fromthat energing directly
fromthe wWavsnodse to attenuation in the scan | ens. The c@EQTEPO3/0MP9 i S
stored as a two dinensional array in a conputer nenory associated with a
conputer control of the |laser and depending on where the software directs
t he gal vanoneter scanner to place the lgser beamin the field of view, a
si mul t aneous command is sent to the |aser to change the pul se 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
conpensated for. In principle, rather than storing the contour map the
| aser power E3SPt thge.hyeh disvdichaare staek {agether mep brsek aparbeausing dahage toher e
woul d be a | .0 : i k . ef erably the 20 contour
map is store §ialr?’%%@g?ln?ﬁg\gﬁ%agp%g‘%&:rggev?ﬁﬁ%ﬁcatqﬁge nvention, the conbination
of pulse repetition rate and pul se energy are controlled during scanning,
the | aser pul sdas¢redigng Bnjascordance ovithnthieidvention nuayolwo pérfarmed 6n taheon-
transm ssion _gf. the telecentri scan lens, i.n order to maintain ,a constant
power densi t%/n%é?ntlgﬁsee%PWBf%g%'ﬁ?&F‘ig%ggasgliatngiélég PIEM. (7S PRSI JIBES\ | ey of
the scan 3 enflow Tdie,Scopednifaticn, tén@ferftxa pdsetypé bid 25 MBehinfal g Rhirdlidaeat! anes
and pre-scribing trenches of_uniformdeptyﬂ, where the depth of the dice
lane is dird€df “?)Pgﬁ’a?rt'iooﬁ‘é}“gta@dtaﬁér Hisaser dising process. A perias ipf diffige where a
substrate i Spk@Sghy FRARENGH 1R ddials Hflﬁ Jo?%ﬁ{ingfk‘ﬁcﬁ afl@"We GACOHAPhihE entire
t hi ckness of  the substrate, maintaining uniformpower density acradss the
entire di ce Mregesseprevents partial cutting of dice lanes. Partial cutting
of dice |lanes | eaves material between 30 adjacent die and during the pick
and pl ace process, | r i 8 [ EPO3/ 04069
-18 transport tgﬁg?wsaﬁ@ﬁwdﬁ?ﬁvﬁ?}ghg??% {so'[ glézglg?e't %Xg?elgﬁ{gﬁg%ﬁag dgﬁg%ﬁ;gopgrt
causi ng ldaneyinggegiomef the sybstrdteisuch dld cnifigmsdutpivigfis achivved, t hei r mechani cal
strength. Laser dicing in accordance with the invention may be perforned in
B oot ool ent e 1" AR peS A0 0P et Huith IRBec? A0 thé WniURELB: S
substrate and/or layers in the semiconductor wafer or substrate. Inert gases (e.g. argon

[t

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.



5 flowrate, concentration, tenperature, gas type and gas m xes may be
controlled at |east one of prior to, during and after the laser dicing
process. wogafpess of different gases nay be used at | eastPcarmronbsopyi or to,
during and after the | aser nmachining processes. A gas delivery head nmay be
used to ensure gas is uniformy delivered to a 10 cutting region of the
substrate such that uniformcutting is @chieved. Gases used may be passive
or reactive with respect to the sem conductor substrate and/or |ayers in

t he sem conductor wafer or substrate. Inert gases (e.g. argon and helium
may be used to prevent growh of an oxide |ayer on the die walls during

| aser machining. Gases that react with silicon (e.g. chloroflurocarbons and
15 hal ocarbons) may be used at |east one of prior to, during and after

| aser machi ni ng In@ fuithey gebodimentsefrthia deventiang isdass isfscatingd &1 sishalway asy
etching the L cted~zone .. roduced
on the die sﬁggﬁgﬁ?gﬁ%gpgﬁégghﬁ?f%ig?%Z%?pﬁg%ﬁﬁﬁﬁﬁbhﬁégﬁaEgdé%@ﬁﬁggamay

usi ng a reactamméntigad. mechahioalssamaycdopdingjualthd yriof atthere dshewsiidelvgl 1(H).i s

i mpr oved ang%ggﬁgﬁfore the die strength. js iqgteased. Al so Beactive gases
reduce the 20° ROE: BRTISITy Is Satid Praghisie and IS MgERacrRicaNhen BH&Ad bot t om

surfaces,s t hgisvaneeletet Bked PALE Rabihing sy Q&R RGNS AcondSRonATBALNAGEIdI €. I N
a further enbodi nent. of this invention, the |laser pulse energy is reduced

to a val ue Ero¥eed Geippaysiem tiowsventheslesr aulse pronertigamast heehatded|at thaf ter di e
si ngul ati on)roahtd chider $RE&s if,% ?sct?@&ﬁv\g' tfhl: 92@?, thd £a19 S RIS a'nﬁ'inglirﬁﬁ&st o heat
% sidewal I's. I'n doi ng so, fe sar

(rather than ablate) the die t ace
roughness ofusethio direst the desenbdam haye tedovatdwared thdyaraverse tleraurted fedturehie heat

affected zo LS.:1.n ed. thus.resulti ih jncreased die strength. WO
03/ 090258 P@?‘E‘%’OS& %g%a%e SeapiMe SR b etﬁ%_ 8?‘&‘3%? sigpial fegan WOt 1 on,
the | asero i sinsreae) tdreffdte Ihe ima b¥AYeeRSpuldes, ABGREIIE0 BeCinéreadthitif Jr@éinded
corners 72 as shown in Fig 7%%). Die 75 diced with a conventi onal

nmechani cal SHEANEECH QVerlp @b thehwupdedororrgrtseetians Shasvip the) s#ng) ay @i spptial
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 corners 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” corner 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. 8 are
achieved by reducing the number of adjacent laser scans in the dice lane as the depth

machined into the substrate increases.



Rounded corner geonetry is easier to achieve and is nore accurate when
using a 5 gal vanoneter based | aser machining systemrather than a

convent i owelo3oexbani cal saw based dicing system However pCrirod/emer pul se
properties nmust be changed at the rounded corner sections if, as is
typically the case, the gal vanoneter scanning mrrors used to direct the
| aser beam have to sl ow down as they traverse the curved features.

Q herwi se, when the scanning mrrors s19W down the | aser pul se 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 corner
sections that is the sane as a spatial overlap used on straight regions of
the die. This data is stored in the laser cutting strategy file for
control I'ing the Asglestra@bimKigriong sutstrhte 108 go btaiatignal haypbe moontpd ofuce di e

wi th rounded_cor ves die str t enabl es dij.ci of thin

waf ers. The T4 P%ﬁﬁ?&%dméo PhEtAgP forﬁ“?‘%ffag E‘Fq@gé’gén‘ich’éﬁnga 1ge {z‘ﬁ?ﬁﬂ:(gdmby sharp
corners of riebaysgateans. it cdss) tAslidribedn eﬂ@g)hinﬂ%' Bgcdmaéllaﬁmcfﬁmﬁé%késed by
the |l aser cutting strategy file and program con such that pul se

del i very on Hhrough thersubstraid fo\eapurp dhet id@magsfftoéthiaEeSe@g%ﬂMS)CClsru@mdqsmeda

cl ear r C n ny I uttln r 20
under cut £ gty Thoml & P oL BBl R OFh M2 RETIO Y telief | 72
further enbotichent plyddfm-hasedetape,onbich fesitbapatialiyf transpasse o di Cﬁrdv&ﬂﬁ 85, cut
with a | aser sub rate 83, nma bevrledl or der produce
convex arcus erE}&L?ﬁ%qnael uIS% %PZ lémgﬁlb‘?/\ﬁaﬁsﬁatﬁi 385“"3‘0 At dﬂg‘c@“‘&b]@ut whi ch
tapers in a chdiceeefhavhindig prbeesd p@ﬁﬁet&@%%tlaﬂ?nb Barhd}® oRERY IS laye.descr i bed
enbodi ment, this results 25 in increased die strength by renpving potenti al
stress points a shar corner ing of the dice |ane S|dewalls IS
achi eved by var ;'ihﬁdmfe toryjs gohli ’Bi‘te‘fﬁéﬁ?ji"%"q“&ﬁé“ described Qupaey be yaasd i8cans
down t hrigughcohfttucEobsid &tsfl. The tapered sidewalls shown in Fig. 8 are

achi eved by reducing the nunber of adjacent |aser scans in the dice |lane as
the depth machined into the substrate increases. WO 03/090258

PCT/ EPO3/ 04069 - 20



As illustrated in Fig. 10, a substrate 103 to be machi ned may be nounted on
a transport tape 110, for exanple to singulate die 101 by machining dice

| anes 102womn3/09d288 substrate 103. In that case, the | aser Ipearnresiengy my be
controlled in final passes through the substrate to ensure that danmage to
t he tapes does not occur, as described 5 above in relation to Fig. 9(iii).
Alternatively, or in addition, a tape 310 may be used, such as a

pol yol ef i n-based tape, which is substantially transparent to an ultraviol et
| aser |ight beam 104 used to machine the substrate 103, such that, with
suitable choices of machining process paraneters, substantially no damage
occurs to the tape. The invention is not limted to the enbodi nents

descri bed but nay be varied in 10 construction and detail. WO 03/090258
PCT/ EPO3/ 04060Aa1MQ1- CLAIMS 1. A nethod of using a pul sed | aser for
programcontroll ed dicing of a substrate conprising at |east one |ayer,
the nethod conprising the steps of. a. providing program control neans and
associ at ed dat aAsmethadef piing g rubsed 1er o pragram-pentrobled didingof 4 aghstrate b,
providing in th m@ggj ' r : S tting strategy
file of at Ieag? one s%?%%toegﬁ%gﬁ%ll%n@ on g#ﬁgﬁﬁé%%{é? pul se energy and
pul se spatial overlap of pul ses produced by the |aser at the substrate to
restrict danmage t providing esggahiopetrelt mtamashd eseciatey atatanstbtage mesansnfosi ng
machi ni n 10 rate f .he.at | east one layer; c. providing in the |aser
cutting gtrat egy fiﬁogﬁ%}g{]%threé’ﬁlsgg%ﬁ?ati ve of at least one selected
plurality of scans of the respective at | east one |ayer by the pul sed

| aser necessar ybt o motidinpriothghastdeimtedadnpestdrageemedns ladaset cattiag bigategy filken t he

pul sed | aser is Opegfﬁ&ie%% accor di | east .on 15

l Eg tﬁ. tthe respect.i velat ﬁ
conbi nati on stored g PESEFELETTPR ab"t“r‘*ﬁtpé‘gfz ratey pulse gngrey anddulsg ¢ he
| aser under contr olspadal oRerlapr TG it pRIduEAl by B8 Msedit the Bubi¥raleN® 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;



| aser cutting strategy file to scan the at |east one |ayer with the
respective at |east one selected plurality of scans at least to facilitate
di ci ng ofwODheg/msbstrate such that a resultant die has at PCeaPn3/as069
predeterm ned die strength 20 and a yield of operational die equals at

| east a predetermned mninum yield. 2. A nmethod as clained in claiml,
wherein the steps b and ¢ of providing2? | aser cutting strategy file
conprise, for each of the at |east one tayer, the steps of: bl. varying at

| east one of a conbination of pulse rate, pul se energy, pulse 25 spatial
overlap to provide a respective conbination; W 03/090258 PCT/ EP03/ 04069
-22 b2. neasuring a cutting rate of the respective |layer using the
respective conbination; W exam ning the |ayer to determ ne whet her damage
is restricted tb2a measeuie er enttiegl réx tafnthe rBspedtivediagémgsing ehe udspeatiae e and
measuring yield of t?@.r?sultant die; b5. neasuring die strength of the
resultant die; b6. G 3Plﬂﬁ a laser cutting strategy file of a selected
conbi nati on which nmaxinmses cutting rate while resulting in a yield of
oper ati onal di ebWhiexhminfivgpy eheatlayeeastdetdmmingr eheher dinie@ 13 rusiiddyioeh d and
for which the die ha%f 10 at | east the predeterm ned die strength; cl.
scanni ng the at Ieég?eﬁﬁ@“F§§éWn%sing t he sel ected conbination to determni ne
a plurality of scans necessary to cut through the layer; and c2. storing

the selested pl M.a!diéih{%ﬂh_fs sSRAR and nfehQihA§RId Tukd leb\dtait digt egy file. 3. A
method as clained in claim?2, wherein the die strength is neasured using a

15 Weibull die {rength,gﬁgt. 4. A nmethod as clainmed in any of clains 1 to
3, wherein the 2tefn@syimasts senghef thefepiltagtdigcan the at | east one | ayer
i ncl udes providing a gal vanonet er - based

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



scanner. 5. A nethod as clainmed in any of clains 1 to 4 wherein the step d
of using the laser 20 to scan the at |east one |layer includes providing a
t el ecent rwo oso2msg ens for scanning a | aser beam from t he Pcagwn3/amsdss t he
substrate and the step of providing a |aser cutting strategy file
conprises the steps of, dl. mapping a | aser energy density received in a
focal plane of the telecentric scan | ens to produce a |aser energy density
map of a field of view of the WO 03/090258 PCT/ EP0O3/ 04069 -23 telecentric
| ens using the sel ected conbinati on 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
modi fy, wth the control neans, at 5 |east one of the pulse repetition
rate and the pul se Ehsemic kms upiag dha sslecied cembibatipatafm!se satpr g €ae8Y const ant

| aser energy densit mﬂ&mﬁgggnggv B%Q&E?B&n the field of view at the
0 n

substrate. 6. A net as ai ne aim5, wherein the step of mapping a
| aser energy density conprises using a | aser power nmeter to measure | aser
energy density & dOringtbe serdnatgy\dendityaeepias as amayt inithe sthregd mednd; anfl vi ew of
the telecentric lens. 7. A nethod as clained in any of the preceding clains

wherein the step,of _.proyidi onbi.pat i on .co ISe roviding a
sel ect ed conbi nggi on” %\ﬁ]}ééﬁge?gﬁ%‘%’?%ﬂgﬁ# %gpﬁr%m%fig%td‘ylngthoefm r%I IPT% gral?al of
t he respécti ve | ayeteadt@ne f thel milse mpditianirstabhnd the gmise tefergy f dobedelzeted ned

maxi nrum 15 8. A nethqd as clained in agé Pf t he receding cl aj mg, wherein
the sel ected conbi FERFRAondo prodyce g constant laser energy deasiiyeat Seapned PR ¢y of

scans, which corregipdfddo®vichat gl saedt@et. conbi nation, to nachine a | ayer
to be cut and the |layer is scanned for further scans up to the selected

plurality using a conbination which will not significantly machi ne an
under | yi ng I6ay e mgthad @5 slaimed in claim 5, wherein the step of mapping 4 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



20 substantially no machi ning occurs of the underlying |ayer should the

| aser continue to scan the substrate after the |ayer to be cut has been
cut throuwyb.03890288 net hod as clained in claim8, used for ®SCTEPIIIG06O
substrate through the layer to be cut for subsequent nechanical dicing of
the substrate. 10. A nethod as clained in any of the preceding clains
wherein the substrate 25 includes an g@tive | ayer, wherein the step of
provi ding a selected conbination to réstrict damage to the at | east one

| ayer conprises providing a selected WO 03/090258 PCT/ EPO3/ 04069 -24

conbi nati on which does not significantly affect the subsequent operation of
active devices in the active layer. 11. A nethod as clained in claim10,
wherein the step of providing a selected conbination which does not
significantly af teabinitivm which elgee not dgefiahily affaft thdswsequent oeratiorsfi n t he
active layer conpris S.Fravidin% a _conbi nati on which does not cause
significant cracPEESCHFSIARGR%UYRISTHgh the active layer. 12. A nethod as
claimed in any of the preceding clains, wherein the step of providing a
sel ected contii natA methe@ AP IclHMed il elafih @PSwhéreil the Biep\of Prérgdias al sBietted!

conbi nation at which the | aser nachines_the substrate 10 at an initial
rate which does fembinafipsewhich foes aeintignificaatly pitess dba subseaugiieonerrtiop 9ér nal
shock at qan anbi t . r - of 1ihe
SUbstrat e 15 rai Sou tEVERG bk acTe ina Fini e pR GIPE SRS Y o
scans of the subsgbesapotcduye sipwifica eracksgo arapagatedirqughplerastive syabove anbi ent
tenperature; 15 b8. and providing a working conbination at which the |aser
machi nes th subs t r-Ki Lgher . t il tial crate,
whi ch does ﬁlgf %ah%@ggiagncl@fn\ggr{? dé&?a({cfitﬁgp 6%%‘8% ic%ﬁﬂrﬁ%%ﬁ%?%ntt e%ﬂ IOfs hock at
the rai sed tenpevaingraseleated combinatiorodomprisdsiting stepstdfie substrat e i ncl udes:

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

dS5. 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



20 d4. machining an initial depth of the substrate using the initial
conbination for at |east the predetermned plurality of scans; and d5.
machi ni ngwatoslogss part of a renmaining depth of the subst ratr®ErPazi4ege t he
wor ki ng conbi nation. 13. A nmethod as clainmed in any of the preceding
clainms, wherein an energy of at 25 |least a first of the plurality of scans
is lower than an energy of succeeding_§£ﬁns WO 03/ 090258 PCT/ EPO3/ 04069

-25 of the plurality of scans such that™a generation of surface

m cro-cracks is less than would otherw se be produced. 14. A nethod as
clainmed in any of the preceding clains, wherein an energy of at |east a
final of the plurality of scans is | ower than an energy of precedi ng scans
5 of the plurality of scans such that backside chipping of the substrate is
| ess than woul @f Hendnalityeofirsans wighydhati a geBeratiomef fuldcamiarp-aiapksdisiless any of

t he preceding CM@%@ﬁﬂ$¥§§§5gﬂabﬁ@§§@&% f the plurality of scans is varied

bet ween scans to taci ere debris generated during dicing of
the substrate, conveniently by increasing |laser energy 10 with increasing
machi ni ng dept h tAomethodwe chighed @ anyof thedireceding wbaimg, Gvhefeimet baxigyasf at| ai med

in any of the precedin ai .ncl.uding the further steps f: e,
orovi di ng gas h&AH3 h’bﬂq ﬁgQﬁé’q‘?‘@‘%r"£\§?a&é%a‘°88%‘i‘% an gy Blgl?fﬁ??gmgéfants he
substrate§ 15 f of thigiph@alith®f §RHEOWS thil\badlQIIERAppin of Y JuBbtrate 16 N@F Al
reaction with the substrate at |east one of prior to, during and after

di ci ng the substioildethagwisghpadEced. strength of the resultant die. 17. A
nmethod as clainmed in claim 16, wherein the step of providing gas handling

nmeans incl udes prowetiodhs SRsme®ld M8 ¥f he PeecbBAR Sl wiRkdiy ehdrgdome 20

substantially uniformy to a_cuttln% region of the substrate to facilitate
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.



substantially uniformcutting of the substrate. 18. A nethod as clained in
clains 16 or 17, wherein the step of providing gas handling neans

conpri seswproempasrg nmeans to control at | east one of fl owPCatEP)3/04069
concentration, tenperature, type of gas and a m xture of types of gases. WD
03/ 090258 PCT/ EP0O3/ 04069 -26 19. A nethod as clainmed in any of clains 16
to 18, wherein the step of providing a,.gaseous environnment conprises
provi ding a passive inert gas enV|ronnéﬁt for substantially preventing
oxi dation of walls of a die during machining. 20. A nethod as clained in
any of clainms 16 to 18, wherein the step of providing a 5 gaseous

envi ronnment conprises providing an active gas environnent. 21. A nethod as
claimed in claim?20 wherein the steP providing an active gas

envi ronment wonp’rtnsémgdes claimgy inahy ef Jimg ldutemwhﬁr@héh%ﬂtﬁmf@ngfa@ng@ reduce

surface roughnes v?ro e%toco?n&%iéfhﬁg aBy, é El?atsﬁve u}eﬁ fegvtronm% nokp- 22. A
|

met hod as cl ai néd |n graCHE rovi |ng an

active 10 gas emxmmw&vmﬂpbxxaa&nﬁwlanmmé Bsmtg‘machdmeg with the active
gas substantially to renmove a heat affected zone produced during
machi ni ng, thereg){i%‘21 mpr ov.e the tren s cl ai ned

t
in any of cl mf"?ﬁthf’ ‘W‘?e‘?émho 8;506? ‘gl?eé?}f‘&l?%séepa r%Yé &2 gas

envi ronment Conphicd@SenvRohabii¢ompdes §rovﬂﬁr%(5dﬂ%dvéjgﬂslcﬁﬁrdmfém ning, 15
adhering to surfaces of machined die. 24. A nmethod as clainmed in any of the

preceding clains, conprising the further ste after dicing of scanning an
edge of the Hesdt mgthed gs éW&P?‘hmt flaim 2Q sheigin the stpprof reyiding éﬁé?tg‘ﬁ‘ﬁ 8% heat

si dewal I's of thep{igstileh®BbmpH é%s Teﬂ:hfn%Wﬁfs ofud fdﬁ@@ntﬁ%g Q@%Sgish@rrgﬁke and
thereby increase die strength the resultant die. A met hod as

clained in any @ﬁrfaqqeowhe@se@fﬂvg V@Illaamrbthﬁebymmdwmgledtr@gﬁhth r ounded
corners by scanning the | aser beam al ong a curved trajectory at corners of

the die using a QaL¥EARIBERCdIRSRASAARRE whitbRhl fef HEprSRbiRE L ktive

conbi nati on
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 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 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 selected pul se spatial overlap between
consecutive |aser pulses around an entire circunference of the die. 25 26.
A et hod we oslogizeed i n any of the preceding clains, whereiPaTiHPE3/8@b€Ct ed
conbination is adapted to deliver pulses at an arcuate portion or corner of
t he WO 03/ 090258 PCT/ EPO3/ 04069 -27 die such that substantially no
over-cutting or undercutting generatingya defect at the arcuate die edge
or corner occurs. 27. A nethod as clained in any of the preceding clainms to
forma tapered dice lane having arcuate walls tapering inwards in a
direction away fromthe |laser beam 5 by varying a wwdth of the dice | ane
as the laser scans through the substrate wherein the sel ected conbination

is nodified to give a finely controlled taper _and snooth die sjidewalls,
and thereby i nc%&'a%‘éh &haéS@%*%%ngywowe%%%%ruwgﬁmm generagigg a defeghiqhod as

claimed in any @fe frbiRtdMi€ iR ornbdcils. Wherein the laser is a Q swtched
| aser device. 10 29. A nethod as clainmed in any of the preceding clains,

wherein a |l aser beamfrom the laser is directed by rotatable mrrors. 30.

A nmet hod as &} aifnigthpd agplpingstd in pey pf the prsaeding elpims, to figroy etapereddice lpst rate i s
nounted on a tape.. r ] .he S i ntroll ed
substantially tglg‘gﬁgggﬁ%ga%ﬁ%g%e{l@ﬁ%ﬁﬁggg(ﬁ%g&%ié&% %%? ﬁ%edﬁ%étbg ainmed in
cl ai m 30,5 wher eiby vahyng apeidibs ofs the sdicenlana lak yhet laagrsgaisethtoulgh thebibsaateol et

radi ation. 32. A,methQd as clained in claim31l, wherein the tape is

pol yol ef i n- bas ea/_h-egcg} &Rﬁegﬁtﬁgfﬁgﬁ?mf‘?ﬂ‘r ‘S&%ﬁﬁ%ﬁ%&}m Fgfln%é{cfoﬂfr%lreﬁg}aw a
substrate conpr iafid Rgodth dledaRivally BRd ih@z\éBi inctda&: AP PénathbT tedeRulthIdid . @

pul sed | aser; and program control neans 20 and associ ated data storage

nmeans for comtr ol hiethdd labl @lalikddSitnk 38 &e podclmgldiMs SWhezsth il Msed iy /EIY file,
stored in the data storage neans,  of at Ieasg one respective selected

combi nati on of pwiteheddaserdevipggl se energy and pul se spatial overlap of

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. An apparatus for program-controlled dicing of a substrate comprising at least

one layer, the apparatus comprising: a pulsed laser; and program control means

20 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 layer by

25 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.

34. An apparatus as claimed in claim 33, wherein the program control means

includes control means for varying at least one of pulse rate, pulse energy and



pul ses produced by the | aser at the substrate and data representative of at
| east one respective selected plurality of scans of the respective at

| east onewbagmoo2by 25 t he pul sed | aser necessary to cut t RCOEP3/04069
respective at |east one layer; such that in use a resultant die has at

| east a predeterm ned die strength and a yield of operational die equals
at least a predeterm ned m ninumyield.,,;34. An apparatus as clained in
clai m 33, wherein the programcontrol 'féans includes control neans for
varying at |east one of pulse rate, pulse energy and WO 03/090258

PCT/ EPO3/ 04069 -28 pul se spatial overlap for controlling the | aser subject
to the at | east one respective selected conbination. 35. An apparatus as
claimed in claims 33 or 34 including telecentric scan | ens neans for
scanni ng a | asermpulseaspafisloonerlap fonsentralingds ldser subijest rtatthe &5 1861 ohm
apparatus as cl ained..i 5 i.ncluding | aser power neasuring neans for

I |.ai
mappi ng a | aser rgsﬁg‘gﬁ';?gslgﬁ%*‘frp?‘%?'éaélg?'ved in a focal plane of the telecentric

scan lens to produce a |laser energy density map of a field of view of the
tel ecentric 35 ensn aspangud he clamhedcinedaiaBmd 6ABH dhclading wdle@nfiiatsean enkse

energy and pul se spatial overlap of pulses for storing the | aser energy
density nmap as &2 ?’*bé cqnﬁlngﬁéasatﬁ{egmlfg)r%ﬁl@iagaréac%aﬂ? Sf‘gsr“a%di fying the at
| east one respective selected conbination to conpensate for

i rregul arsi tiss, Andppedtses clinddif clafh 8§ @iluding Ih@PpowsTmdadSifiy RRAQE By
density at the substrate. 37. An apparatus as clainmed in any of clainms 33

to 36 further caMpPINgianigsey Rerandenaity frgeivedinse fasal planpvafdhisleseiagsns
envi ronment for 146, SHRLL Aifed Qfr Jcén%gﬁ{p%émglg%f%mmla .tJl@c%ﬁt?;i\:on wi th
T g?' to, “during an e

the substrate at |east one of pri after dicing tr
substrate to enhemsceingtthessipcted sbmbinationeafiplutsa mate,divdse eB&gy And pylggaspatials as
clainmed in clai r&,’e% t.he as handl i NY . TBANS i hcl udes. ga t(zzilel ivery

erej

Hap GGl ! .

head nmeans for uni ?(?r rﬂpf/l &elof SferR geglgaasgr 58 EUT it arseaélla(r)rﬁy St P

subst r atl®. storage means for modifying the at least one respective selected combination to
compensate for irregularities, introduced by the telecentric lens, of laser energy

density at the substrate.

37.  An apparatus as claimed in any of claims 33 to 36 further comprising gas
handling means for providing a gaseous environment for the substrate for
15 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.

38.  An apparatus as claimed in claim 37, wherein the gas handling means includes
gas delivery head means for uniformly delivering gas to a cutting region of the

substrate.

20 39.  An apparatus as claimed in claim 37 or 38, wherein 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.

40.  An apparatus as claimed in any of claims 37 to 39, wherein the gas handling
means is arranged to provide an inert gas environment for substantially

25 preventing oxidation of walls of a die during machining.

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

means is arranged to provide an active gas environment.



20 39. An apparatus as clainmed in claim37 or 38, wherein the gas handling
means conprises control nmeans for controlling at | east one of flow rate,
concent r awpen/09m288per at ure, type of gas and a m xture of PEpEPIHOJOGASES.

40. An apparatus as clained in any of clains 37 to 39, wherein the gas
handling neans is arranged to provide an inert gas environment for
substantially 25 preventing oxidationf walls of a die during machining.
41. An apparatus as clained in any of clainms 37 to 39, wherein the gas
handling mneans is arranged to provide an active gas environnment. WO

03/ 090258 PCT/ EP03/ 04069 -29 42. An apparatus as clained in claim41l,
wherein the gas handling neans is arranged to etch walls of a die with the
active gas to reduce surface roughness of the walls, and thereby increase
di e strengt Hf2- 43n Appappnpaclpmed in (claimedl, i whereini the 2ps handlingi meariseisgas

handl i Ng Means Il 5angkddb 'ét%ﬂ%ﬁ 5 %Wﬁp\f@ AcﬁvgéaSQOgédgce uétgcettlaﬁ 1Rigld of€ 9as
substantially to remnove a hea affected zone®produce ur1 ng=nmachi ni ng,
and t her eby i ncrixasdlsiael thereyngtiease4lde stingthppar at us as clained in claim 41,
wherein the gas -handling neans is arranged to etch walls of a die with the

active gas tg reduce debris, produced. during nmachining, adhering to
surfaces of %'&Chl ngﬁpa&ﬁs%s. ai(‘fla?fg?cpﬂh cgf‘brﬂa#ﬁat\“jgerﬂg § Fﬁaﬁ&dmﬁwgama‘%f Scl ai s
33 to 44 5 urt hermmaoggdrtd sich&valls ofadiv aNBITRE gitivb aaedibaa@iang o feafovph GEaici ng di e
wi th rounded corners by scanning a |aser beam along a curved trajectory at

corners of the dffgctedrnedrofuceduriagmachipmecandiharehy ingress digsirangiled t o

mai ntain the sel ected pul se spatial overlap between consecutive | aser

pul ses aroung, ao\reaf,{ba_rrﬁumaé uthed aDeRiff 41, NOherdin @k as 48ndifNg ABARM AL US as
claimed in any of clainms 33 to 45, wherein the selected conbination is

arranged to conefargeddesichpiillsof gedip wathytharactive gasdaaedscpdetrisoprodrcedcor ner
of a die edge syGhni RAthifiHRSRAMN3) Sl SPfdchitl fileng or undercutting

10 45. An apparatus as claimed in any of claims 33 to 44 further comprising a
galvanometer-based scanner for producing die with rounded comners by
scanning a laser beam along a curved trajectory at corners 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.

46. An apparatus as claimed in any of claims 33 to 45, wherein 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.

20 47.  An apparatus as claimed in any of claims 33 to 46 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

25 of the resultant die.

48.  An apparatus as claimed in any of claims 33 to 47, wherein the laser is a Q-

switched laser device.



occurs which woul d generate a defect at the die edge. 20 47. An apparatus
as clainmed in any of clains 33 to 46 arranged for formng a tapered dice
| ane haviwgoaignzat e wal | s tapering inwards in a directionprammpo3/b4oem t he

| aser beam by varying a width of the dice |ane as the | aser scans through
t he substrate wherein the selected conbination is nodified to give a
finely controlled taper with snooth digimalls, and t hereby increase die
strength 25 of the resultant die. 48. Rﬁ apparatus as clained in any of
clains 33 to 47, wherein the laser is a Q@ switched | aser device. WO

03/ 090258 PCT/ EP03/ 04069 -30 49. An apparatus as clained in any of clains
33 to 48, including rotatable mrrors for directing a | aser beamfromthe
| aser on the substrate. 50. An apparatus as clained in any of clains 33 to
49, arrangedt% or 4m sppbsitusas elaimadlintaeyl obelaimstBpe 48 inelnding ratifeble agwersi s
controlled in fiqal.sc§ns pnzkhe 5 éﬂbzééat nogtsybstantially t o damage
the tape. 51. An 3b%§|9 184124 Eﬁ“éf’ﬂ%‘ ¥ RSCE S B8 Aher ei n t he tape is
substanti al 150. t ransirarnt astoitibd iR¥hyobLElaimsOiB to 42 arrdiged Fed sililsGatas

clainmed in claimb51, wherein the tape_ is polyol efin-based.
mounted on a tape, wherein the laser i§ controlled in final scans of the
5 substrate not substantially to damage the tape.
51. An apparatus as claimed in claim 50, wherein the tape is substantially
transparent to ultraviolet light.

52. An apparatus as claimed in claim 51, wherein the tape is polyolefin-based.



