WD 2007/ 140190 PCT/ US2007/ 069483 LASER PROCESSI NG OF
WORKPI ECES CONTAI NI NG LOW K DI ELECTRI C MATERI AL

waewhniwad Field [0001] The invention rel ates POI/USROT/069483
machi ning and, in particular, to | aser machining of
wor kpi eces containing a lowk dielectric material .
Background of the Invention [0002] Most sem conduct or
and rel ated products, such as transistors, diodes,
light-emitting di odes, m croel ectronic machi ne systens
or mcro-electro-nmechani cal systens (MEMS), planar
wavegui de structures, integrated circuits, and other
m crodevi ces, are nmanufactured contenporaneously in
| arge batches on a large wafer. These wafers are
typically conmposed of Si, GaAs, GP, InP, Ge, silicon
carbide, silicon nitride, sapphire, polyners, or other
IRASEHR RROCEBSINGOFWORKPIGICES IOE3RTANING L ©VOIK DIELECTRIC
devices is nost often perforned using conventiona
fabrication techniques, MNRRERALput not linited to,
phot ol i t hogr aphy, oxidation, inplantation,
depositéHhicAtsaHyng, epitaxial growth, and/or spin
coati ng. Upon conplete manufacture of these

[0QR1]i celhateentian eelatest thdaserdhachinilg ateliic particutar, todaser

separ at ed r. "singul ated"-a process.that is typically
maGREg of Woskbigest Fatalind piSwi ek rymatarebn

pr ocesBgskgrbhied WafHy Bivanorf i rst separated into rows of

conponents-a process typically referred to as

[00Q3]; ciMgst srmicogduetiongnd splatecipioidugts, sugh Be tiassistors, diodes,

o EUUAAGRRERR. T e 494 o bt fpocnarica

systetisy@PRIS) splahandiaaegtitie dtrcetres, inRigested dircait@aridéher
"streets" or "dice lanes." The streets are limted to

migrageNicREn? iR MPAURSHABE CopteIRrangPEsly indarge patchesaan a farge
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waf er area renove
capide eslicansnitald, sdpphitd grdlyemndr vtrermesterials. tThe manufacture of
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degpgiting, ¢tchings £pitawdal growthy andierf spin saating. bipoa complete

A0 B GRb e BAR AR, WPl 2B s teparates
or mh%@mlat@nd-é Brddees tisdtaangncal Qatbridittossd idignd . NA-maME

to Towyield issues, such asS unpredictable
singuAingaRPeRsess, the wataracke fies sppprated injp sews ghcemponents—a

SR80y FALEES, aESSRRIPL S AP AIRT ROES v

_ Ssaws e bec
intprahdiogeablyt Theohdividuadideviogs ed esferre@apweritiicdvaldice.” The areas

slicin | ades typicall ) .
ona wa%ergbe?ween actl\yc-? parts o¥adjacent dice are referred to as the “streets” or

“dice lanes.” The streets are limited to a minimum width because of the wafer
material that is removed or destroyed during the dicing process. The wafer area that
is completely removed by the dicing process is called a “kerf,” and the rest of the
street must accommodate any damage zone around the kerf and any manufacturing

misalignment or dicing deviation from the straightness of the kerf.



have a di nension of about 50 to 200 m crons (pm along
the cutting axis and produce cuts that are w der than

W b@7hkEges. The bl ades are that w de in or derP@DUS2007/069483
wi t hstand the stresses of repeatedly making straight

st : . . i i f )
[Od?gnven(?‘ls onal lo&‘g&%r S ng'hgegg\?mﬁ%én %P%hﬁd‘éa%§ sy .or by a technique
calteztlsaribe aindduretik N ih whichae svabéitie mosdhgii Witle ariclige niadusften by a

. the npunber of, rows and colums of die that can be  fit
diagnsl BaEh ask s them eAugd BlangibeAcabedBRq Lus toan-vield issues,

suék?b@hin}é)?/flzc}fctgldiec#ﬂﬁgagléﬁ&hof RidrobidRks }th\'}{!l ol oB%éblEé&a?nage to

may va over t n SONe cases, | ades can
devinaghamsoeiatéy witerecriberehdt hreakttaeynigues] meechamiced dicimg saws have
sl anted cuts or pncreased chipping. [0004], In. .
vedoyRfie predstnPant Ri) S Hiting WHrER, amiahlonbisiting tlades typically
ha$é aatigensivardf aRuese t@QdO%ﬁ@F&wsteélén@lr@&Jtting axis and
si ngul ati on pat hs and therggé@na es the devices  nore
|

praglysecpits Bias are wikerdhan thab dheybladesraescihat méde in order to

wit R fgR0 B Ry B GudbBEk e PUELBR AR, i
matediis iof gobveitibmal Wafers diThieosidersues Aridadl( the MeyhatalRetting

evi dent when the devices are tested, but may later
blages palea eonifieantiyedpgs dhe numbes ok Fowsaard calrinseof die that can be
- | : i CRy: o i~abil i t Vi
1 gl Do SRAEES U5 4] S Dby 5t o
width of theiacldsmgayegrybeveatioialebh symelcasesghé itadescdambe al

. Saw.ng, speed, i crqQcracking is ver ifficult, if not
inaREtetE PETT gt fevrSu e hilrve o nte hlnor bgrebeed
chiéb ‘typically require the use of water as a | ubricant

and/or coolant, and the water can create problens or
[000ler Ipiasidifiony, the disingapnaceypercadés amad chiglssasoit creates sharp

' h VENS. 005 ' ' . .
38 B Syeu e PEab i Sng e ns Sy hisdnoer instgvices
moreehasestite @dl_ﬂér'fn@ge,t S&HBLRHYG FronPeRterRAIUMPNT DitshdSaws also
| aser dicing is that |asers can cut curved die such

tengstogrealpemiciasagks that gxiandngte thedaverswafidevicegrtan ghe kerf,

i . t 3 i i : .
el A5G0 RSO b FRBE Uy v dovies e
teS\i@d,Eb;ut rivdny taltenf pﬁopég@bem{ohmt&p@yérsm@ giatéod:add@d?yice failure, r:/vhich

nuf acture .o vices that are water- sensitive, suc
redyigepthsrelabilty 99 esdedgasoand fhe paieREnhpaggd pRéhem. Although
, i . 7 . .
OB (R bR ES ShacPa Pl s iobnricq saping specd
misrecsackite is Vieey tiffiultt if ret impbssiples & &vdid iry sohewvmaterials. Dicing
s S R R 80 b o, ana
watdt ddri orebfe pRDBASLE RIWEY Md%r&fe?tai&fy%@sidg %{;cs@/ﬂ&l@rcﬁ%evices,

such as trenches or notches that can Bbe nade
sugitadMiM St he | aser across the surface and cutting

oGSy et oL oBlis RO B ahidr e e it de Y Bpnvetional
meleanichl omtivg tédmigliess LD Re rddorPri Uslg 16861 diBiBlg is that lasers can
cut curved die such as arrayed waveguide gratings from a wafer, unlike either of the
two conventional techniques. In addition, lasers can often cut without the use of
water, which is of great importance for the manufacture of devices that are water-

sensitive, such as MEMS. Lasers also offer the potential of the smallest street width



techni ques can be used to nake features on die or to

performlaser scribing for a scribe-and-break
w@e@ecasE9 f or exanple. [0007] Lasers al so of f ePCHURAD7/069483

potential for the drilling of vias through or into the
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ac&drgiet ﬁ@k%nt@f kMR8 th ﬂé’lé’dﬁ?‘ﬂteﬁﬂ&&ﬁ%rﬁﬂi%é?%ﬁﬂer j.hrough

a die, | owm n e to be stacked on
[0010§ﬂ) ofl.asatshalse lodfer ihﬁsabllétydne‘ogﬁa(plaagmswn ivaéars, creating features

suth 5 IERERER o SERE BftangleMapd th g ek Fiyagerieoss the
surfedd Agd d@Nhg iyl filnber é@ﬁmgl 93#!!9 tﬁf“@tfgh thERVafeAtdsBpposed to

for MEMS or front-side cooling of integrated circuits
meghaniggksawidifirg jechniges ta%p@mlb@nlvﬁ@wghwm&% dha partial cutting

techﬁ@@uo sfcraﬂrBeSS%’%; & dmgkg rf% ééooﬁ 8|esc?rvt8rp%t ol?ngggrg??ribing for a

ns, and nesses of er es
scrftreeamdabmlo;bronsess cfosekamplermst 1,000 pm Few

sol yti ons rrentl exist for th
EOO@’F& | ﬁ@aefﬁ alsQ OffeR 95@?‘[@@5@8@5 fogithe drifing of ViarPrewalior into the
filnS HESuIRraté ﬁ?d’f@nﬁt %Ud?\gwé%‘?mlntg% %?nﬁéﬁ'é@?fo???%%%}%jthat may include,

expensi ve for equi pnent and“nmai nt enance
butBsetret limifeldd salfawing rrogresisid rig beedoaitactesh throbgh tiee backadide of a

. bl
die; SRR SRS ) ne STanksth et Sachiibg p B anid Package (‘three-
dinfra s pdckadifgh aéﬁélld%ﬂh@'éi"ewc@@‘&b B@ rﬁé‘urﬂ@@tlﬁ%ﬁ ﬂ|p chip” BGA
i ncl udi ng a wavél engt h and n%ﬁu sew dth th

faspicsceinh thabthe aplive veqem/wld eingalp Wltrhumhcatlons for MEMS

o RBREh4 AP RS APEP I ) 8Pt f e

via ltan rahgeifroin devral micrenpupiedeleraPhos@es rhRF@R, and the die
thiﬁortl ons of a lowk dielectric film supported by a

pes olineereat ey fiena deps efibisepneiaaimashd, Q0 dNe Agin
prdd%cﬁ@ﬁ’Worﬂ'] gﬁlﬁrzﬂorgs?&ﬂ'@nﬂp it tﬂmmlr&eﬁ ch! iﬁiﬁ aspect-ratio

out put eas aser puls
vuapuarmamad;'erswhcast pﬂasmlaaetclalbgwendttﬁb@bonﬁmsmde angl expensive for

enpl oyed ;to ocess target portions of a |owk
eq‘ﬂfn&leé%?wén?'ﬁ{%@ﬁﬁported by a wafer substrate. In
[oo®8Te m%é{ﬁ%@fortﬂiﬁﬁﬁé&ﬁ@%%rg angl tﬁB%ét@FlaEr}ﬂBY $0pport are,

pi Coseconds. In sone e hents, the pul sew
therefocrdesirablel f ent osecond. 3 WD 2007/ 140190

PCT/ U2007/.069483 [0011] In sone enbodi nents, the

Iowk%ZMrlc material conprises SiOF, Si0OB, SRO

[0039?304 In B6fhe @hbadintsrds Fowfﬁtdﬁ?éb@t'ncfiélﬁfbc@%séd with laser output
m de- based or paryl ene- based mer having a k

ha\uag @@rameieé% duching 3. war\reéemgiwdénrea eulsew@thmﬁrnracess the

| I

oY B BB SR LB R AERE) sulibfl sive
emlbfbtienelabslaselr odplkhaying shivavelesgta dreaede tedrkgBoiton lum is

di el ectric sold by Dow.
employed to process target portions of a low-k dielectric film supported by a wafer
substrate. In some embodiments, the wavelength is about 1.3 ym.
[0010] In some embodiments, laser output including at least one laser pulse
having a pulsewidth shorter than about 100 picoseconds is employed to process
target portions of a low-k dielectric film supported by a wafer substrate. In some
embodiments, the pulsewidth is shorter than 10 picoseconds. In some

embodiments, the pulsewidth is longer than 1 femtosecond.
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In sonme enbodi nents, the substrate conprises

single-crystal or polycrystalline or anorphous Si,
W@R0M3/1403P, | nP, Ge, silicon carbide, silicon PCT/DB87/069483

sapphire, fused silica, glass, or polynmers. [0012] In

[°°§§g‘f| ‘W@Bﬁ'e'@ﬂgé?mﬁé?ﬁs tAS Fow- ‘R%Ql‘éf:tr|c°‘ra9%?%r | Bb&Prib¥s 3oF, sioB,

I"at or I n'cooperation Wt
SRaSiICOH; 8CBromardotganid maseame saohadianpolysnidetbased or parylene—

o o R SRR B 155 TR g materil may

speiRely, BBMHptise B8 claSiai drieR WHIBH 14 £ tra8BRTaIRES | otv- I@%Ilie‘}@éjmc sold
sem conductor |aser emtting picosecond pul ses.

by ApptedMateriatenersSiLKE: whichs isca trademantretionrk diedt@@rlc sold by Dow.
In %ﬁl Oﬁfﬂ‘\%@'{‘{?n% Wj%;%AlEHGSA%e ?hm!g@n%@é%l%lj S&él grr;]){eafyé;rystalline or

amefsHdusaBioGamed HaP ¢OPPGESSificeh BatbiRe sfliceamitiast &dpphire, fused
oscillator. In sone enbodi nents, the pul sed flber

siligen Hass, G5 OPIMMRTSr conprises a  di ode- punped,
[00”12;)I ‘Fﬁ%llﬁedémﬁgd%é?gé thi P&ler R & lis 8@ L elt%ﬁg an.oscillator

Oor satura sor
moHul&sxommoantB:tmnrmm an dnhdifightiers n‘fodnm Inmherembodiments, the
C|Ilato rises a rare-earth-dope

059"?%@? m ‘F%ﬂ“ O3es f KI0CFopdRPed p?‘%'ﬁje?pt 9 §D¢1§§gm§§grcﬂ§9i"ator-
In S;é;m bo%‘”meFﬁé tHe os#r toPhddule &&ﬁéﬁieé 8 pef&el semiconductor

i nents, the anpli |cat|on e conprises a
lasei arglllthng)amsecumni pljsass In eomesgyvbediatanie tbP$8Ised semiconductor

Ias%ngmp y&ﬁpph?‘%aé@srmlci%? od! %F/w%ﬁfa gﬁah%‘éﬁ ulrr(l) r\}vell structure.
In S¥h8leattodifenfddiNAGs EIRdtBr n@dlé&mbﬂsé@ﬁ%u@éﬂ%éﬁ%ﬁﬁer

the anplificati on nodul e conprises a di ode- punped,
osqiligter. elraamel eprapdinasts, theoeulsgdfieer maﬁtqrqugﬂlatqrmogmfges a

cio§HMEEL e &SP B Mrssdfor R BTG Blnplayvinarg,
serhoRdaetot Batipgisletabgorisihg nalby. rosmnesenbebiméats, Ithe glérss fiber
Tm or Cr. [0014] |In sone enbodinents,

maﬁ%@%tﬂ@t%@%ﬁ@.%@ééﬁﬁm Red, fierasksitieantipsy. The rare-earth
doﬁéqteg?éfs%wb%ﬁﬁoneg "?’Jomt deErpn,B ﬁﬁ' §cEpd froma

train e 'ication nodule. In
[OOSIGi]re émisodienembedintdrés | thsemnﬂlﬁllca’eom asoduie eompgyeparsingle-pass,

mulliaRs; tonosnerai eS8 Hplee  HaaSTiR Snepdgents i PRpification
modQfd cdrﬁpﬂé&aé Nd: GB%JNdNJVOL Qed-3LF ‘NQSQIHES or Nd:YAG gain

enmbodi nents, a nmechanical saw is errp oye t'o dice
meslitat dlasemaferebocdlmrltartgetarmﬂm‘lcam goduleecoroprises a dIOde~

PuiShgy s b rSeRiHasEea6S MbEoRSSe" wBlifitvan cemd gmppdments, the
gla8yfiBEE pbwe Agplifiél eiraplisdRed pareLLdrth-8bged tfhaseseLtbé O The
processing the lowk dielectric material is enployed

rare@apigdenants peefarabdy cenibgse Aide Yb, He, E6niBy b ddn, rﬁﬂflﬁfs
[006\ 4@90 I?R%ﬁ‘@ emBYd fn‘?’erﬂ%gxgger o%tﬁ’uto&?ﬁﬁrlée@%ﬂﬁ&%r independently

triggered pulses or bursts of pulses selected from a pulse train emitted from the
amplification module. In some embodiments, the laser pulse has an energy per
pulse that is less than 75 microjoules (uJ). In other embodiments, the laser pulse
has an energy per pulse that is greater than 75 pJ.

[0015] In some embodiments, a mechanical saw is employed to dice the

substrate after the target portion of the low-k dielectric material is removed. In some
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[0016] Additional aspects and advantages of the _

present invention will be apparent fromthe foll ow ng
wa@leaoaithaeh descri ption of preferred enbodi ment sSPCIKIB2907/069483

proceeds with reference to the acconpanyi ng dr awi ngs

i ef 0017
emBlogpat e PhbiPavinGru R Rdaspe i haauBrsesen for
prayeepRrigtthe SowMed |&l€$:tH@M9Eéﬂéﬂl'ishelanoy\é€rtb PiScess the wafer substrate.
sem conductor materials, including silicon, at room

In semgambediments @ grechatcabsamisemglaygtite arocess the wafer
sub&piigsentations of the optical absorption properties
versus wavel ength for various netals. [0019] FIG 3 is

[o0x et]ab|mmfuowtas@abtsmammagés dhipel fraséntdh @I rtiohrvig be
mat er i at various wavel engt hs.

ap[)@f@@éfmm ﬂae%O"Pwm ‘i‘?tﬁiﬁq @'?%'%‘@ﬁéﬁﬁ@f@"&ﬂzﬁjﬁ%@ﬁlmnﬁa which
I | ow k
PR O Rce WM R BhpalifT 8RR Pav e. o021
FI G Brief Resdripdbi fof b Peawihgspi ctorial and partly

[Oozﬁﬁwn% dagem oéﬁai‘?qgr"egéﬁr@yéﬁg g\]yo({;glglﬁ{%béorptlon properties
vet&@é'v&é@l@@h Wrs\l?é?mus[s@ﬁ%%nﬁc%r Rraketids Sihém&l'ng;'s@%gn at room

pi ctorial diagramof an optional I maged optic
teraperetyray be used in an exenplary | aser system [0023]

(e L E R T S TR —

veﬂsasavamftgmtf@r\ﬁarmsaﬁé@usdance with certain
enbodi nent s. | ed Description of Preferred

[003:3} o di FitfnSds Rﬁ@?lﬂ Ofﬂﬁtﬁahwst%@térofm%mb idiglectric materials SRO
RS flggreatly in the last few years
an&?i@t@'gl %%%aance v@%@?ﬁ{@n avai l abl e lasers and in

[Oqzﬂ(];cesl%lGJ Ade astiampdified schdraatic dagearatdflan és@m)lag laser system for
[ with the use of lasers for dicing,

PR PNEHE kR SHPeeesd 08 3 SR may have

[OU2EN  FE5 519 A Fplifed PAAY digGhial SRehart ScABAiEiagram of the

|asﬂb9£ﬁt@ﬁ‘g®ﬂi§|(}1aﬂv@howmgasdmmcbmoenentmof an eeampleinpheato
§@h§%ﬁéﬁ%§e materi al s angl _have been used

as laser scribing tools for marking die
[0022]f OIFIGL Bii§ %%lﬁ\@llflé@p@f&@H%falaa&ﬁ'drpéﬁtidﬂ%trrg)a—gﬁl&ﬁﬁptlcs module

| asers, however, tend to damage silicon by,
thaéﬁbﬁVpb%US%m aa.eéeaml@véas@myatynn he 5 WD 2007/ 140190

257 L3807 09508 MR B P I BLBAR ver ot

Iomhﬂmléd:tachmteﬂaer fasef phheneelen acotildadeakith@efain
gng |ip" where the edge of the kerf pulls backward
emb@d!

mu%pts

Detailed Description of Preferred Embodiments

[0024]  Although laser processing capability has advanced greatly in the last few
years due to advances both in available lasers and in process understanding, there
are still some significant issues with the use of lasers for dicing, drilling, or patterning
processes. Attempts may have been made to use infrared (IR) lasers to machine
silicon or silicon oxides. Some traditional IR wavelengths have, to a limited extent,
been shown to machine these materials and have been used successfully as laser
scribing tools for marking die or for limited scribe-and-break applications. These

lasers, however, tend to damage silicon by, for example, unpredictably cracking the
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[0025] U.S. Pat. Nos. 5,593,606 and 5,841,099 ('099
Patent) of Ownen et at. describe techniques and

waewansages for enploying ultraviolet (UV) | aseCT/US2007/069483
systens to generate |aser output pulses within

N LT SERCRTEE ARG

s!a@ubhtd eebp devee of thelRaRS; ARd enRitifh S %%]?Fﬁ'\hb(ere the edge of
i ncl ude nonexci mer output pul ses havi ng tenpora

thep‘ﬁﬁ’@EUUﬁ bBeelvad afldovR-er than 100 nanoseconds (ns)

t t 1

B et N T500 B0BFHY 541 B0 BB SRR W ahe
deéﬂﬂ)aﬂelchn \waet antradvantetyestfoee yired am&vﬁlﬂetf(ﬁﬂgtlaéér@%tems to

r at reater than 200 hertz Hz). The ' 099 Patent
geriels Ja5eE OpfRus At svittHagdvariggeoss p@far@etsé%gsfcaﬁr@ through-hole
f I '

or Bﬁ’rﬂb V%E%roupﬁg?g rh%ﬁs{t agb d}gf?eﬁ&ﬁt ﬁggg %’f t m%gh?%fer dﬁvﬁgs
Thpwpemﬂ@mrgeadarlailxc maiudz& hayexcimer nuﬂpudpulgedlhek/e@ttemporal

| s t hat otects
pu gl ABReT ey 0d PaRPSLRRAge. ("PoBB6 21688 prlboRmidliameters
of lfe@éw OO phRSRidSaVeRdGe nﬂéné{ﬂéé br irRfRAHdeY d?%l‘?é‘ater than
npl oyed successfully to dice or pattern silicon or

10@m&lwa¢t§¢@ﬁNpr@etha§ma arﬁasratwapemtmmnatesagreaterethen 200 hertz

atfﬁ@@@é}%{)@es%aa%g%HKW% t‘?\tagt ftvé’aA{B]E%rtspr%essmg Stop metal

Iay@B/fB&Bta'B@Bhén@Bg paparheras | suth) aspthehrivey d%tnsﬂ{/ of the laser system

describes a UV [aser system and a net hod f
outpghig BEACRES PQ{RH’%@“'%M@T@)@WS ngclslmns;edlglectnc thfﬁmforcement
eSS et BRYBALS LORMIRNPRL B o B R o
[0026des Dﬂsmtevbhéémregnmngsewhat/@nbhumueécérﬁry tsstgeemployed

sugiesstyy To PRt sean o A" VRes Ohssmigendustor pades or o
dlcéR:ﬁ"da‘%i%hﬁ Qﬁbﬁhlﬂaf orBl‘S“théFjlr%hlaq r w‘;férré hef's dis?q;:/ fjfuBeﬁlouﬁJ'SnQOOZ-

'aser ablation to direct and rapid

00%)%&5%(%5 Wiat. rAnmaqu @9/§03é§2df382eéppltdaann)3@>f Frahien et al.
de cg e Q/UI “ S E 3?;}5 '

IeBsn L hee R Trhianit s Biftied TuRpparalioLopSc. singyiating siders
or 6kt ﬁdﬁip@ﬂbn@pﬂhé%@&n@fhd@%hﬁ&u&é darid X cbrﬂbﬁ%"t%h@%f laser and saw

circuit connections, S|ngulat|on of processed dies
cutigg Oieated @rpns o kash sideseefsa wafet andorasicals technigues fos edge
moﬂﬁf&%’flﬁ mcrocircuits formed in silicon froma
? wafer. [0028] As discussed in detail in the

[0023$2 dng. P4 PURING. ¢482002,0 149186 (DS Sl Afobp No. 10/017,497
roceSS|ng

many_of several |aser and optica
4%62\89&%}0@))@%@6%% Hefurther desoehes @SIeg &Bhlagee ablagion to directly
ancgfé/rﬁﬁ"l(\{ rgu?ﬁ%l?dﬂ@?f%t%%sgée? Eh@\%g\t/ e h?rnshé'ﬁyto cut

materjads, |Sucbrasr$1hcmn di tsd senpattarhs mdeeafogleianﬁ ofery h|gh aspect-ratio
i 507/|140190 PCT/ U 007/ 069483 gaterl al i npi nged
cYIgPHAlQRFUIRS 9l PIINdSdrs fiiaterale @'rgwi@9nn%<m@.n§y8|agulatlon of

pro@é§§bd aR8lconPAlhe€ onts‘ﬂi&ﬁr cRUI58 rT’ﬂc%th oty BfsepRthte
| aser system out put, spatl al ‘ener

mlcrocwcwts formed in silicon from a parent wafer,

[0028] As discussed in detail in the "382-and '497 Applications, it is possible to

determine many of several laser and optical processing parameters that can be

optimized to cleanly cut a given material using a laser. These parameters may

include, but are not limited to, wavelength, repetition rate, distance of new target
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distribution wwthin the | aser spot. The paraneters of

choice for cutting a particular material can vary
weongiigasmbl y, and the "process w ndow'-the arReI/b$2007/069483

paraneter space in which a given material can be

i ff f f terials.
e Tinti Bt ol aafishyoDlosthnl 85 TR, SReh e eagh taser
pulsgpesngsdral §ill6& widhOdze Wt s§b{36141)aséla§ys‘ﬁéhﬁ%0t?uﬁ( and spatlal energy
different optical, mechanical, and "  thermal/abl ative

d'Schsﬁ'@ntW!ﬁgn Hirelassr sBet oflie parametais ofrrhioiesefor suttingraparticular

0| c | one%?c&:‘?&ge%bei Hrd eOI rE.s vﬁr\éé d egl? area of parameter

‘ent I on'tec

spahef fnewleich a givemn asatteualtwﬁbé dl@@nlyfaﬁlél@dab@‘ﬁfér@fbr differést
under | tenperature profile,

mefipals Eyen GieaRBnah s e s herlie saTToiaushtas varlods typss of
SIGS BN, )Sr S%'N4) E& W’éo vé’ dﬂ%@l‘éﬁwt %ltleéle%cﬁghﬂ:ta?%nd

mat eri al s stil nonmat c roce
thepmealaklatve pmnememdeego faatorsvibat magma}ludm bt raye not limited to,

o he .di h .
aiffel PBaRL ilerobl St FReGurb g EnbrPaR tom e hyiaey difprent
mice¥irG&tuteitRicSto tRé dbld@e dﬁ‘d‘u‘éﬁté &f&ﬁ@ﬁﬁu YfStlay@f eprf)eéﬁr?ﬁ’g

across the dice | anes. So, although the or|t
terpprrafe @rofil; @h@ﬁe@sdiffgrenjm@mpytru@tu@q(pmow gaemetry or

GBS R lTIonly haoTEB FALTLHBud il roces

patanestersostd ptce;eefatvﬁnd@hsand/or to pattern oxide or
er device |ayers supported on a wafer before
[00%'§Et e MY Cé’m%tﬁﬂ@e?( ﬁ"ée stipetsrhptweenthediesen thawefers are

co ¥l GRth Hrfe o Y?He o@ﬂﬁn@é \§i8¥ Byals et tﬁ? o0l lces themselves

materi al s, usua grown on
ara/\fa:rreed|a¢r@ssulheldimmlamesc&s alﬂﬁbagletheatrmjaray of tl"&ywafer thICkneSS is

i de
ustd1§it8EE pE Ly e SrPlate Brlsin ot desbmbieute Tt Cut through the
ovéi'lﬁ%gfééﬁlbé%ye@@ﬁeﬂir@%ﬁttﬁ%@%@%ﬁé@ ma B ggd)nogtto pattern oxide

géneral, two or nore ent nmaterials
or pthepdavice fayere syah@rtedagnua)watem bafqrarptattenhlag os etittinf the substrate

el 5 pALREPEEE S T, LR OB BB Ly

de;ﬁd@tealmégrbﬁh ®nCebtdfige W@ﬂﬁtﬁﬁ@d@b ﬁb§e§§V’Flﬁ@éé/matenals may
om sed during the |aser cutting of the wafer.

'ncfnq@ PB%%ﬂet”Q’id'"iﬂeé’bqOeﬁ’@tﬁlﬁn@@dq? disiectdes. é&%@@swtmdﬁ@ polymer

el o e RS BPEIEET | Mbod R i

materlajmdo thev rem)dndylﬂ itise sam@rfexlmﬁhtw atparti@al 88E5f laser parameters,
al though IR | asers have

ocessi n are For
o ﬁfé%‘d‘ab’?ﬁ % 363’3% W foﬁtthsntfgt%?res%lth%urﬁ@tlgewuR@@ﬂy processed at
thetsf%%?ra{eaél?&lﬁ? g’%?é(lﬁe’fé?? By %F@?é\%fé@/ d'blt’ﬁdpﬂoprfl?é’tga uﬁ'[]ggét%!]aser

ot her oxi de ers on to a sri
cutthgrof thel Wafarma'harresalltlnglpmhsigniserahge froes dacreased lcuktingwate (if the

lasEl5 it et o e R B ERkre P i btsP sl aThokm e chiage
reg'id?Wn&ﬂé%%lvFé@ Iaférshﬁ)b%xnﬁﬁt?%%h@%%eﬂgm /e%gi'ﬁ?'éréé.t #r example,

and with the introducti on’ of
althegghuBlesersdenedmd lipited Sueggssen witing passnlsng Is;haen these lasers

ha\lfé)s(f)g&i Bfﬁtﬂg t8 rcu?fhngﬂgﬂ %szkord (iat?\lere&t(l[j'e‘iayers on toB o? a SI|ICOI‘1 wafer.

[0030]  Similarly, mechanical dicing techniques are well known to cause cracking,
chipping, and/or delamination in layers, especially layers that are brittle and/or have

low adhesion. As layer stacks get more complicated, and with the introduction of

v



expected to becone worse, and certainly not | ess of an
i ssue. [0031] In International Pub. No. WO 03/002289

W@ RhoF14aa . Appl . No. 10/187,400), Fahey et aPCT/US2007/069483
provi de nmethods to dice, pattern, or drill

mo‘f’n%frf%rgglé?‘t?é’@ﬁéfs%cﬂeé’é G BUELS or %¥h Q%/%lg%&m%s g{ls problem is

rent techni ques or arame ers
expidtée t@becopeapase] msd oértaihly mtﬁ\lesseoﬂ ay®saeand the

toafigcedd rRinatinne Bubi 600 80288 kat fop! afo. 101187,400),
Fah&?éf all Mbvu&i@%?étﬁ@ saﬁ)dd@éeﬁé?t ﬁlé’rgérﬁﬁ\&afé?%hppgﬁgg device layers

processi ng of ayer inc subs
by @amﬁbyleg twae moreoiaﬁerﬂot techgaies erpaadetdrs tdaddtdse different

pragiE St R YRR et e R o BT heRna "

[ocmzpf ef'lﬂﬂé MARERE S PEd At sAhvd Ve REHIRAEEHon P p%&%§§§ f3rf least two
f erent Ia%‘;r or substrate mmterials.

layersh gidrasaterablyisoiph tﬂa&th@rpémessmefsamwwag wmluacﬁneg e substrate

el e, SRR Sl IS FREOPR B B SBhpn LS

embedinentadmRiofs nasdasdrarsed(atdiferent eéts Wf pasdrasfers aieh as
r cutting device |layers that are transparent in the

d'fffreﬁ@fBrW%Meéf?flﬂtas Paitdian®s: kepipsessthedifierentyayarisrsubsirate
ma%éﬁdlé‘sgxfloﬂ%r%mb m%ﬁﬁ%ﬁ’w?or}écqlﬁél%ﬁ?%%ewﬁa\Wﬁé%hﬁerent sets of

mat eri A further e oysS one
paiansaters fioo ppraEsssy mbeilfcﬂaentbybayesusbamie nieterigispsuyrsasithe use

of B BREF 1,8 PO Fangieters (ni] BkAB AL RpStIASERIRY Gyting device
lay8 i Qfeetrﬁﬁé;%rbﬁi in the9R3r v%blb'raﬁé@%thHgﬁgé%‘F%is visible, or

entail covering the surface device layers o
UWaser (eva -t at 35% anm)ite ipcocdssithg svafeumiatarsal pAdudhes esbodiment

rti.on, of the,sacrificial
empifys S SORBIS lashRTRVREaSs tREGE er AR B epladg
nodas@stechhigael s@at &4 Bdnédtrarlicl eaw Hhae, tohfo¥edEmost or ali of the
substrate to a width equal to or sllghtly great er

thigknggs ohite wafesisupsirategpatarial.n t he subsequent
[00":’5'35’St rS"’l‘ﬁleotﬁé'II %r‘nBQdﬁﬁ&ﬂs AR c{o@%ﬂn{j %% ggﬁacé H%\Gggﬁaeyrers of the

par a rocessing s

wafbrf\m&"rasacm‘fmmlllay@tsfuchmﬁ [Slﬂ)towsiﬁt lor FNALesptionally ke®noving a
and/ or_ ot her | aser groces& ng paraneters. [0034

po'%eg o the A Tigial IayRs i Chrrle UAGoRIEELoNes ver w@@é%%wigng areas;
IasbP&\ﬁthngucce Fd 5 ﬂwle%fef‘sm?s}‘t%{té td'aSyia et]'iﬂ'ﬁsl {‘%P Qliignhtly greater

r eat psometer measur ements,
thanitbat wibich vl OEDG mShe@nbsdmjérﬂmubstdammemg stepaaad |tl@é|$cutt|ng
est th

h
theaE WiRiee s PRA'e s oo e SIoH bt SEGS elsaErar) wetvelength, puise
Mdﬂﬂﬁl&;&ﬁb@ﬁbﬂ@@lz@f Bh&foPBihdr a3 p%gér%%‘ﬁ'ﬁgnééra‘(’@é@ £ngt hs

| onger than about 532 nm Moreov zero val ue of
[Ooﬁl‘ﬂese Deswitk the eferementoned agvarcesylaser processeigdnytidielectric

o9 DRI Wt 7 ) SUBSER' o8P o

in thg talsle\vf M GoBabf thellbw-ksdisleetriFnbasRls BREARASIOOH & Wous
2007/ 140190 PCT/ US2007/ 069483 ) N .
wavelengths, suggest that these materials would offer little probability of employing
an efficient laser process at wavelengths longer than about 532 nm. Moreover, the
zero value of these low-k dielectric films measured at wavelengths longer than about
532 nm suggests little probability of an efficient laser process to remove these films

at conventional solid-state IR laser wavelengths.
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[ 0035] Applicant has, however, discovered that |owk
dielectric materials can be processed at conventi onal

WO Roravabengt hs when the | aser pul ses are del i RE/ER081/069483
short pul sewi dt hs such as shorter than 100

e R T L "

pr@%@é&@@ﬁdﬁvedt%@ﬁ]? havbleRgtiivhefthe RiséPpulbéd apd@delivered at
Pat. No. 5,473,624, Sun et al. disclose using

ShP%&é}S%%ﬁtsl@h as sharier dhap AOO mea@nqs SPfﬁf@rrﬁ@ehmdanents

nory

e SREPUSBRI AN B0 0 (e PR BT

[003&]gerintlh&n Ptdha‘tlo a& 2654 1¢ raad lUlSJert mﬁpﬂmvlamm Sun et al.
to the siljcon

S L e e S e B s P oGy ey
ab¥bripdlen caRttasbsdthvRen Rh@?f?éﬁbﬂglrﬁkt‘rﬂé i) QF\& 9“1@89 smﬂsttrglt'esthat is

techni que have been used I n
mughtlarggr daan $iad @é e trpdioamal 1 pmUaser WaVeIength 50 m%rﬂ%damage

QUL NI T AN T

bett@visloegsing qeafity dforded b this ftOEhnigie AESe bEERTLBY | in link-blowing
operations to inprove processing, measurenment, and

prct%ﬁé%ﬁ’;btbtgréﬁt $HEEPFe, active, or opto-electric

ic a 0 p uri
[odsry C33,0, 3 Paltlo Y 568408 L S PaPRACEHAS RS N U s. pat
Nopét&&&%?Z Slenets! distlest Birg) Igeef oGOt ach yagelenath, such as
absor pti on c?ntrast bet ween various nmetals used for

135 EEYGHEHS ITNMIRG ORAIFUSNS @ BAPIRYBPIPEASSIRG, aReasurement, and
thréﬁ'@%dt%f%%ss: Qoé’?@c]ve',:bfo dlﬁ) %I%cﬁlctoaévlc%sotﬁapmé\/%g&a% natt be

constants of the electric materrals”
pO\&B@(d—urat:Juvag |pm®samgel Edﬁ?g?. Hsand Betadenificmh tlmyeSSlamteSal patents,
tric urements.

deR SR P i cF A ang 10,pPCTELD SR AS RAUNPBE SRk Getals

us e R Webnit&ied iemaksi dhdPsllicdn dedd o vadidt Suddkrakd ght
reflected froma sanple surface and determ ne the

[0038] andiler $ lﬁﬁ\aatﬁhlewf opfiaa cepnstants of theeldwt-lo digtectriamatenéls SRO
f
and 88051\l e I SRl erd B throuon

ellisgarhkeid measdnenm"rﬁs nelthese Qlilllédﬁh t@@tdrﬂﬂhl reeh§hi28! Sllipgbmeters
and k can then be dlrectl uted fromthe
meapyie b Rhange 1a polarization stase of Rent pleai fre aﬂaamde;aurface and
L | rec
B e T e

| ca cons

reflebtan pbemmemefofr ipc laﬁdts ;ﬁ@lani@j ngmput ed using the
ation: 42rk a = wher e is the absorption
003851 1 /A igrrell naven o, Oﬁﬁ@éllléﬁgm hhe afdvalues of the optical constants

n aRY K & @%@/%%gﬁ%éﬂycdo%%uteg 0 401134838 measurements of the

PCT/ US2
parameters A and .

[0040]  As those skilled in the art will recognize, once the optical constants have
been obtained, the absorption coefficient can be computed using the equation:

_Ark
A

where «a is the absorption coefficient, 4 is the wavelength, and k is the extinction

(1),

coefficient.



[0041] In contradistinction with the patents of Sun et

al., in which the absorption contrast between a
w@ondoetipve |ink and underlying silicon substreCEUB207/069483

exploited, ellipsoneter-derived neasurenents of the

04, BB EE e o HSAFEE pLEh chBE] Byl St

conmastrbeﬂi/veealmb@d&lctlva tink apdhsidedyiag sfli@bn@%gﬂbﬁé is exploited,
| ess, | i cant has deter m ned t hat

el UG AT ) DRBRNTSTTRONS F thagection saeiﬁrpxentiausge@maat there
is IHfI@fa%rséFHtl)én%nﬁ%g%eﬂve‘%nﬁgﬁa?\hs olé ecprl Shafd: Iiand a pilicon

materi al's can be processe fSew
subsieatei far cxanmlds Nesedheleas ram@ilicant mas daleahmeeil that, @tvwavelengths

o8 B o Rl R LETI IR (o6 BFte ALY Shiiclomm: ow-k

dighettid hadtesalk tah Hé‘;@roﬁbgébd)ﬁﬁghorpﬁﬁf@éwﬂthé Qﬁd hd &RESS bubstrate

pul ses incident upon the lowk dielectric
mMaipi@ins itssrelativelyolow azgorptiern phany reﬂduaiéasemwukput having these

walikErE Bhd POTRERIAR el RuRlord Ao e i MoB ab e ok peak
powee ofitite witrgfist pares liycigdmngssh the0OHA dlg%l@[rﬂ‘ﬁ@?éﬁho\dﬁles the
ow k dj el ecftrl c materials generally have a k val ue

Optl%aéwnﬁmtﬁ af hrdowey dielratigmateyial taabow effigient preeessing, while
' |

i L I e,

[OQﬂ]zodi’(eprebentanee (BER)dieleetrivyrhateriaiegendrakangvd lb@@)alue less

o S0 e RS i AT kil oo

FSTbESICH) ldrinabadfhonhods RaHUHG: @ﬁvfsqgﬁs)smng ICBH,

or gani ¢ naterlal such as a polyi ["uor | na

bepmqmc}ﬁtxmenq)(ﬂ@ma@hybsbespmbym (M&()ahydregen Isiisestjuioxane

(HEED A Pl i #9e R ol Siee. Wik BELRS rpdurous materia

(a )«bﬁo@bl bsa polyhastaiakads) @Ndkaﬂb@aﬁ?é Mat‘er%fplsgcm&s a polysmlde

Applied Materials, or SiLK(r), which is a trademarked
ﬂuwwtﬁd @obliraiste; pelyypice-baseanorelyneasspanyiene- laaw polymer, or a

pofjaRflethbh %3 S Kt Bt ARE AT Inad heRE HERI L EtmpBRE
Blakiemberd®owhahds bsttaddrearkdd tibwiedierceniesdl@ bﬁ"ﬂ@é’ﬁ’g gl\gaterlals

or St ik K8 esvuemion ggc'b@ylegﬁgss@ﬁ BRI 1 hat
[00432' uggs. a Ig%mﬁfiéz&an R4 |c§8lagﬁapﬁ off‘taﬂrex%rrn laryJaser system 10

l'ator no &an a cat'i on
fors;moct:emgalomplsﬁlthBc matepél éup@mﬂeﬂ@ﬁﬂd}suﬁh@tdy Walith eeference to

P b B9 SRR ) Tafetl erminea ator e a8 onespylsed
picb8e€3Ad 1a88£ 5B sim GIUfttHHi inelide8S Mmdnie I%er%ﬂ#s?@ér‘?%r?tor or

that is shorter than about 500 pi coseconds
osgliaipt eroduleaih2 abduan amplifigatioosecduid< 6, auch asreeDPSS power
ﬁérerably shorter than 10 picoseconds, at a
rn\Fg\)lavel ength greater than about 1.1 pm preferably Iess

[00443n STHedlyreimeic @S pUIRS §&@EraIbrR VscillaR? tﬁaodulé 1@ BrefErSoly

osci | | ator out put pul ses are directed into
eMpIRYS;i § ¢ @gprmﬁnmma@tq@sculator to emit oscillator output pulses having a

pulsewidth that is shorter than about 500 picoseconds, preferably shorter than about
100 picoseconds, and more preferably shorter than 10 picoseconds, at a wavelength
greater than about 1.1 ym, preferably less than 5 ym, and more preferably near

about 1.3 um. The oscillator output pulses are directed into the amplification module
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WO 2007/ 140190 PCT/ US2007/ 069483 16. The
anplification nodule 16 may be a singl e- pass,

worioriigess, or regenerative DPSS anplifier. PCT/US2007/069483
Alternatlvely the anplification nodule 16 nay be a

d| th ped ss gain.fiber po .
6arrp | rﬂéfﬁ%%ﬂﬁng@ﬁ@ﬁgﬁ% F}‘rg)ﬁtassmad‘?ep%q ag%uqthz?s&epr quﬁé\eratlve
DPEBﬁ)bh‘fpllﬁér CAltgrhag esly atheairiplRation darrle 16UsSEbSIE disde-pumped,
fi ber ({Et anot her enbodi nment, the anplification

rargeRAlie d%e lasp@ain Bb@d@w@%hﬂeﬁaﬂ@sem&wb@@@wnts the glass
fib&! nggxﬁ/g rfrée}ﬂﬁ)%rﬁ]?ﬁyﬁge@ Fér?eerartﬁ’ﬁ oa'ﬂ%écj élﬁéﬁ B%}CS’R yet another

e rare-ear glass pho

emboggtant, theoamppfivationanpt ulki mmgrmra giglespumped, rare- garth doped
er

ola58 APt STl ber AR PERULR ﬁng&%ﬁgﬁbﬁ%&ﬁ%@h{e rare-earth-
doﬁé’d@fés%%%mc\f ke",rys't‘ﬁl fibeh go%é é_f%orﬂ &8s a [r%r%A'éAnl%HSped

osci |l | ator nodul’e an |f|ca|onm)
fuspde&‘lléradwlqiom@rqﬁysjgl ﬂlllterdmmj anasjélat s Thas rgad-eantmtepartspreferably

£ d | t Nd: GdVQ4, but
CO@PF%?IH\E{‘ l’Y\?’e '_kﬁ Egoggdpf ﬁﬂ?r éf ncl ude, but a:Je not
[004511 t efthe EscillddorModule N aXdthe BEhplifigstfon @Béulﬂdeﬁ@ferably

The oscillator nodule 12 and the anplification
empipyi 9 d&&@ﬁr'ﬁ%@tﬁtﬁé grimmnaierialb f Pepreferrec ddrdepas Ialaamihe

NS0l GEATe YRR EASE A 807y B i, v

NdaYisf I‘ﬂni glassabhy NeMPAQY THieqsEnstyr GRdel 1 2angltReBRidHfication
and/ or other el enments wel |

ng filters, etalons,
oSS IAvsRaTPase FlaRams s AdRseTassmig ity the same o diferent
do;@ih@fc%hééﬁt'rélllddé pﬂ?@HQ&IIatE@hﬂ)d@?e ﬁfgnggﬁé %ﬁﬂatllpg%tbocnemodule 16

wavel ength, such as at a
alsbcm:s@galdv emmlghé“quancy -selensng ekenxents ywrisnas, fifters] e@fons, and/or
as_i.n In an

oty iiants Wttt s il Giaca s 45 erds o/Rslarantily produce

ihGat thel6BsiASd MAveRPQYS IsUch RS 4t JH9
e ect T o- (S)Iptl ¢ modulat orc( EOM) cgﬁhgﬁhf ?ﬁ&g)éag@a“’%%sses at

highepgaiadransitiansogupuas a04. Q&vam ayn thermaenofaa Blidr@Hé0, lasant.

o520 B 5Pl OFERTBATR. b okl SR B33 guch s

acdustorobtie mmjlatbr Qa@l\lgrbrlﬁhcbléétrd—ﬁpﬂé nidtﬁjlé}bﬁ SORMNERN be

| aser subsystem 14. The |aser pulses of the laser

triggggslito @f@&l%éaéewgﬁuta%@a thd Wntam@smia pulse, multlple
md%EQHJiéﬂt@rtnﬁééroeﬁ?ﬁrAg Es tcfr'b!dx?%ré%gggls %gl%/pt%iﬁ]oh{a gﬁf tain

emﬁt%tﬂrmmrthesm?pm,ﬁcamh modallemb(sl of eeopicosedarmel Ia§el|psmbéy81@m 14. The

known, .to ski titioners. The trigger timng
lasB5pUBeS BhkicleRat awbut BOABaVs hiscavaragn pomer dbRarEabRodulator

18 Wy b&ERgRYBIre &I Md@éctg/ Eyegtsgé’tgj’rgcb bIr R L}ferb2'2

t he systém cont r conput e subsystem
subsystam aﬁerfad:esetactmnm 244 an8ldrld mddpmmtml t;upply 26, as known

ethat f.ul AOM nod tion ues
to P GaBlifori ™D, M RLHbe g 544 BasBomiGatean T sesrabie, wih the
corgtra lopyreslakar ﬁ"@\ﬂér st RBRIMeStly Ur %dlf@%ﬂ&i b)he SyStéth &htrol
IS herein incorporated by reference
computer 22 and/or the subsystem interface electronics 24. Skilled persons will
appreciate that useful AOM modulation techniques are disclosed in U.S. Pat.
No. 7,019,891 and can be employed in many embodiments. U.S. Pat. No. 7,019,891

is herein incorporated by reference.
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WO 2007/ 140190 PCT/ US2007/ 069483 [0047] In anot her

exenpl ary enbodi nent, the oscillator nodule 12 may
w@oopniEed a pul sed sem conductor | aser emttiPQI/US2007/069483

plcosecond pul ses. Exenplary pul sed | asers nay be

o3 53R SRE b SPRR FRe HEB 22 comprie

a pﬂmetdtsmglcahdact‘oﬁle%bﬁégﬂﬂﬁnﬁfpﬁﬂis%boh@@ﬂlsbsl E:,u@mplﬂyl pUISE lasers
at other sem conductor ‘| aser

sons wi || reciate t
a\a‘gieeﬁ% byca t?\éﬁ’éom yechaiquasHing anynGeAsHyGepe er ITGaAsP/InP
stréﬂ%&%]uah%rﬁ%ll@hcﬁ@?ﬁﬁr&?ﬁ@gg#/gg%th né%t%éé)rstﬁbh 121 Ohn.

Skldjed |plermr(srwm/appwaaatel thayother sethiddriekictorasdermaterial systems may
it b bor ma% g a di ode- punped, Nd-doped or
a ema GHERCETPOYSHi ber master oscillator enploying a

[001‘8]“ C%‘ Aoty é@?ﬂﬂlé@'e‘-’m@&ﬁﬁ@%‘t Nee I?9SF:fII9{forWﬁﬁﬁﬁ\% 2 may comprise

| ed persons wi || "appreciate that
a w&e@l feogr trhaﬁ@pe@pmatbmén m&ﬁmla@rmme;d/iﬁbqr rbastenpkanyfadr may be

h de-| k . ,
a L b NG e P800 B8 Bl e relyine
semiﬁ@ﬂdumﬂ%atdrbﬁleadﬂﬁorﬁmgWilrr@ﬂ(SS"[EQN\/B @(lll@éﬁ’pé}@oﬁs W||I appreciate
punped, Yb-doped silica fiber power anpli

thaﬁ ﬁt%tra@@@ﬁ@doggg e may@,ﬁgmﬁtw@m be enwloyed and that other

mcﬁgﬂgbﬁ:h Qnt'g‘?H’g‘Y gltéwf?zaﬁ%(l E]fog}gg punped,

| ca er povve Skil | ed

[00{49i| Soms aWDtHeranpn'ﬁma@tantdetamem Hhé anglfic@srt ModaRL6 may be a
» bers rzgyvalternalv:? be enpl oyed for anplification
oSS Y BRPPF BRI BBREOWERS B Rplife doivat anether exemplary

emﬁbﬁﬁﬁ&tefﬁé &%g%ébﬁ%b&lﬂ@’ﬁ%g i€ diotibS r#@éljcﬁg\ld-doped silica

profi i ncor porating polarization nai
fibeyl Fmvmrtampldreraﬁkn@dmepsmﬁs Wwékapmreciaée tmpthwedrg—é@ﬂwbped

oS S St et S 15 s
willexRresiENthan dbers érﬁbiozl’r"gtétéﬁ iR Srofild; sﬁbQH@&?bl%qnes

along_an opti cal and directed by
incoprfatys pelabAatin w\mtem@eleman’mu QT gr g%&:profmesmembe
emgﬁ) Ht pul se(s) 32 on a desired | aser target position
on a workpiece 52 such as a silicon wafer. An

[0060 D IVvaitly réferanaeasiRIGO 8| the: 18Y6H EHaD20RIs d);f’tﬁ:lnléﬂ? Iprea\ssed through
transl ati on stage positioner that may enpl oy east

a vagigtyiqf Mb@%n sxpgRsionangiad Cotl,lmatmtomgﬂ& propras;ated along an

onGIFEB20 ooy 4 8 LRSI, A 64l g
syswntmﬂp!stmtdsez(s) a2 fohea desirewlakpr trgst [pasitior] 99oh]a Workpiece 52

enmbodi nent the transl atjon. stage paositioner
suqResee SPicPn IR Agfg@mﬂ iy hmn&ﬁoa'ttvn%ygtes% 30 may include

trar‘ié{@ﬁd‘rﬁét'aberﬁb‘éﬁ%n@’ th e A ¢ @E‘c@{: %t Igé& ?érls%%%@ stages 36 and

upports and noves
38 mat wppbﬂaﬂdr¢XW X)W |anaéarZ pnsrtlonmgahmnmgs ﬂhemda)drmlt quick

mof g BE PR ARalR 5os RS el B S ates o2
crm) oo ot S Bt
sysfgia In which a Y stage 36, typically moved by linear motors along rails 46,
supports and moves the workpiece 52, and an X stage 38, typically moved by linear
motors along the rails 48, supports and moves beam-positioning optics such as a
fast positioner 50 and associated focusing lens(es) and/or other optics. The Z

dimension between the X stage 38 and the Y stage 36 may also be adjustable. The
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12 WD 2007/ 140190 PCT/ US2007/ 069483 positi oni ng

mrrors 44 align the optical path 20 through any turns
Wheineendt he | aser subsystem 14 and the fast PCT/US2007/069483

p05| tioner 50, which is positioned al ong the opt| cal

20. The f 03|t|oner 50 may, for exa
poiomiag THTGHS 40 APISH BRI ABLBRUEN BT bRswieen the laser
SUSKRSYAN OB Rd tHE kPP SsitidrRs 5B VRREH fégpcf?lﬁén%rdsalofﬂg?‘gi‘%)ptlcal path

acousto-optic steering techniques that can e
20.urdihgfestopositiqretrisoi meyﬁmeaampi&g eopmoyahngd)m@sbhmed linear motors,
On%)rowded est or, desi

( g ia The st ag '}F@ § 9
RE MRIE Gl somalg Enérﬁ ﬁe ast SIS0 B LR PR %COUS O-optic
stekfidg RecHRalésy/ that caR erfdtnaiigde b ré}}%{ﬁivé ‘b@@éé&%ﬁ'ng Sperations based

response to panelized or unpanelized data.

on @&\(I@e@i@% opdgrigpaiatai Jﬁerﬁga@%%ﬁmi@& aﬂqath@f ositéener 50 can be

cor(t?c%l eldisﬁndzgglv grf%e?{e‘?\gﬁg ly éF %é‘g 'd gﬁqgé gcb %%r@g%t%’e?g} f3ponse to

pamarzgdrorvmfp@nehzéﬁﬂﬁt%] Abplittpad bpasi-poeti n@@yﬁém 30 sPpreferred
i ncl.ude or be ?ssom ated with a vision ﬁstemt hat

for Ugk IReAraPrajRaPavEhaPRlicatisre SUcHAS UtingROB memd@rrance
esﬁémé@eﬁ,q@ﬁ»}fﬁéﬁyz rﬁa%ﬂ Therdgam posi tioni ng system 30
can nventi o

VI Sion or beamto- work
[00852] gn r?réha fasyposmnerrﬁﬁ mayra{sa motudghorebes hssaihteljvettt & vision

sy2tS8 el Fa hE ALONSY & PP o M EHE I Gh T S Tahgeot the workpiecs
52 enmpadidmipostiBniig\efs¥d i ':S‘Ubak?\oém?% c%Hv@Etné:r'iﬁ Q/i"s‘??i‘\ o[)beam -to-

Li brary software’in a osition system 3
WO alignraescsystams thatiwark dhiougs a $hrared iobjentige dsresd olr@ff—ams with a

sefiElLeThat BATRM: o€ WA oW ie B Relongt B pfo”
enmudtrﬁ@\teaﬁHWMrorﬂb@k @wsp@y.ﬁg W@é@frﬁwrbw sofevaih e
An exenpl ar aI |anrrent system ma

PogjtionjRg svs@na RY Eleq’rnq@@ﬁatlﬂ%%dugg@m Insuiseemploye to
pech!(S)’rl?{i?HL Jlnén k?étln%%'tﬂ l r%ﬁpggﬁqgmsffgnﬁhe% ﬁgggc?%tlons 34 on

er S, am na
thecwortbipiestel 5t @theiaunableedal@nlrrhéMMyﬁ@trhS)areadfﬁinmerCIally available. An
il lLum nation ma% be %@I oyed 0053 For
fGht-fi

bright-field
exqm@r algtnint St RITane TRy S4a ilupiaation
parfd@arkIngs §;5<?H‘dléPg/l r(ﬂééﬁr%rv%ﬁ«dléce@r ﬂ&réﬁa}Sp?H ﬁ@%ﬁ?ﬁ& wafers,

conventi o cutting or
butatark-figdd tlemination dvea vafmdinationfa dark-Galddlluhmationrakhd bright-field
di. el.ect r| c material has been renoved, alignnent to

ugyriatioly ay fgedmRRyede preferred. The beam positioning

[00585t em&%ﬁr@uﬂ[@ép’erh%nsﬂbé %EP%S@%W ﬁ%ybégmkiﬁ:fsﬁ%rmng
t han about such that he center

syster®et0 §gvefar§blwa%lnad éfbégﬂV@lt@thﬁyofcaéS@wemémge@r other fiducials

or B0 ard U B oL IoR SRR3Rl Rt Boen

renadvegi) magnmém:w t@@)‘kéﬂ‘%’dgﬁsﬁh@yﬁé PreRgreay em@@ééﬁltpodﬁ%mng
Iarg}di| |zes the accuracy can be less precis

system yt s Blianmetaccusavirf kejter Ehamabortys- 5|u§ra> such that
the&%@éﬁ%ﬁgel ! de‘ta ﬁr@lﬁﬁﬁrégsﬁﬁgg‘uﬁy&t PPl BStihgPhth,
particularly for laser beam spot sizes such as 10-15 um. For smaller spot sizes, the
alignment accuracy may preferably be even better. For larger spot sizes, the
accuracy can be less precise. In addition, the beam-positioning system 30 may also
employ an Abbe errors correction system such as that described in detail in U.S. Pat.

No. 6,430,465, the relevant portions of which are herein incorporated by reference.
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No. 6,430,465, the relevant portions of which are

herein incorporated by reference. 13 WO 2007/ 140190
weQN/W8ann7/ 069483 [0054] Many vari ati ons of PEEUS2007/069483

beam positioning system 30 are well known to skilled

POs o
odhdl ) et Pt B RS0 aRtIE RS oVrisin 30 ara et inaws to
sklub@pré?ﬁﬂtlonél@ ahd E@hé&%b@ﬁm@éﬂté@f tHd béam- ﬂ_&%ﬁﬁ‘ng B‘Pﬁ@l‘h 30 are

2700 or 5320 nicromachi ni ngés stens avail abl e from

desggritadrip dstaibim S chtnths@Fﬁ S efCutlsir et pbr Thar§! Model 2700 or
53 ?rqer%n’?é n‘ﬁﬁg'ggjs %@H@téggﬁagﬁﬁrﬁﬁ@ Industries, Inc. of

eam posi her e
Poltksaah, @Jegcbm arg egempm n‘ﬁplemdht@h?orfm&he peahepositomag System 30.
27XX, 3xx, 44xx, .or .53xx, manufactured b El ectro

Otgs QiRmAlRY heRTIRISHIERING ASIemR Stsh@SdRade! SaregaTMal 27xx,
432k mxkleo:efmb@)‘%uf?&g?e@f) Hhaesh syish Inﬁﬂ@@rfgs ﬁé:aﬂw Portland,

| hear not or ng t he vvor | ece
Oregom Stangais$ be ampyioped t Senm:aﬂthbeasystemscmat usehheGlilinear motor

for &3y S, BROHECR? el bR, poe P ooV e peapdedpare cost

effebtive Fostidih® syst¥mistemdikiiy WALk S68t AAS] tsm%uf&r%wmn also
a fixed beam position and/ or Stationary gal vanonet er

appigcizie Hiatposvstedrivitiyarsingle A-Y staga fomrqrzrwecemswemg with a

e B8t Moy A RRE N b mev

altédmatxvew ble elyplagedalThpseekiiied omt aiv@inrectR@e@sthbhSuch a system
ser system out 2 to produce a w de

car, B oG B1MEY 68 UFi2e, ol gl sinpt kasrpaicall paition at high
sp&&dd @l Ig?% stfégé?ﬁ?% éﬁﬂse%kﬁi {PORBES AFigy \Hngﬁ} éfuseétél

appr eci m st eering techni gues
pafterns), 8hichahay Ne.eifhed perisdit ormnpbaodlsecSMllledcmfsmelmmo

M = TR R AT O e
ca®HERisbd 40 @ombinatlohowide of b8 kG dtibF ﬁ%%ﬁﬁé@é&%@ﬁ?%o and/or the

conventional systemoptical elenments t .
beamepasiionimusysies 3dt |inited to, optional nonlinear

I0G33E) orHsaareRar B 2 s R Be figiEhslon RnifSnalopuentional
systeml aptied] slenaig fradt rﬁé\ﬁln@uld@ubupﬁr\éerﬁotaiﬁﬂteﬂﬂ%%{)ﬁ&@al nonlinear

beam profile of the laser pulses received

CoRvgrgen Q&t'cﬁéﬁkEP%@';@Qﬂﬁé&@ opliE5e}. and/er eriianaéintagachoptics
d
moBL{S ohiEf o8 8 PRIIOERA Gt i, JRPLL BofRLARY shape the beam
prodifeeot thedamsﬁuh [£3:23 r{dc&ﬂ@d alﬁtth@ltatrggtzort ngg?(')mck annﬁmjeSt
el enen
[00555‘? Wﬁfb %t E,Efeﬂfgqpifﬁ%s 6, firopinahineagad pelies DAgUlsr52 may
incRRRMS8pf bleﬁ‘né’ﬁt% $BkMs %Bagﬁ&j aa%‘sb r@ggéﬁﬁ? 68S%Iaced at or near

subseq uen I maged ‘onto the wor
the&&ﬁrpl\/\a!;‘,t ceeaiedlhyethe onthal eleptent 64 te bévokrdnybdndesirable side lobes

ang ppiipel Herioas.ef hobeat i LA Breasel sheRed spol profile i
suSHRIUCHHY ﬂhé@éﬂ 8htd the WARuraxs! %ﬁ%xeh?ﬁ)&'g]eﬁf%d’ h#é%t the

the size of the aperture to match the rties
optigab elnpreridl4 is a diffractive device or lens, and the Iens 66 is a collimating lens

to add flexibility to the configuration of the laser system 10.

[0057]  Varying the size of the aperture to match the properties of the optical
element 64 can control the edge sharpness of the spot profile to produce a size-

specified, sharper-edged intensity profile that should enhance the alignment
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el ement 64 can control the edge sharpness of the spot
profile to produce a size- specified, sharper-edged
WO pioengi1dy profile that shoul d enhance the al iRECIES007669483
WO 2007/ 140190 PCT/ US2007/ 069483 accuracy. In
addition, wth this arrangenent, the shape of the
aceipsasy.uleadditiomevitipthis pyangemient thashape cathesapertiagad be

ek PERRBUb AL BLARNAEAlo e IR S er pprcir

shapesathatitam be alighed tpaeallel Ehﬁerpwlelidulﬁreto@@lhh% dﬂ‘é&tlon The
o tlonaII% be flared outwardly at its light-exiti

itefe. MERf SBNnay gripnaliy e farer &V&‘Naﬂ%ablﬁfemhiﬁéﬂtl’f&sﬂd%s For UV
!ast‘ab;Elﬁ:ajtiBﬁ%ket?lleloa?c?rﬁﬁe ARl x Fﬁfth@rlﬁ\fagéaw fics W%é?%referably

sapphire. ersons w apprécra
corapasesis@ppresk S&IIe@per&mswbapwedmmthaheecanelrmaé mask 68 can

| e 64 58] | |t tive
be ZaEaitneRi (Rt L pleEienidrh 2t et s one. o o o
[odmgtm SHEYY é]&rﬁé’t"(}@é\ﬂﬁbélrﬁé?ﬁtoﬂ%‘i’@fe‘mérﬁ%ilrlnewdé@%ne or more

having a raw Gaussian irradiance profile I nto shaped
bemrﬁhms@@pomm@ébat ¢ritvendaserapuiess having arnaw Gapssian

N NN T R Y D p——

profifie, dﬂ\mﬁdm afkupbeGeptsianlirrgdianeabrétie, lﬁlﬂfibx:mlt to an aperture
beam shapi ng conponents may include aspheric optics

magk 6§ dawngitgane ohpte entical ﬁle@ﬁ@téﬂbo%u%heamts’f@mr&@omeonents
mafgBLYS S8 phERObBR.OB! diifadta btlicl Ofn GREERMHAIREND A Tens 66

i ze and di ver géence ersons w
compdsesinsagig eptiongsefyl foem;suntrom'pg hexaim eizerandtdipergeheds Skilled

pof3BER Wb APBIECALE el rrSBIS L1acing ISaR Oy BTISFBRT St mans

I n
coRPREHECSoR o GRS oS RIS hork il 80 s

curpeniiv pefgred) thahylmpedtiasémaultpdiecan bié Efmpeydd/eithayttlising an

l % ) that can perform conpl ex beam shapi ng
ap%\nf fficiency and accuracy. The beam shapi ng

[0059]PONEBhe embodiflent tthamebai-8ha Jﬁ’lﬁg @Hﬁﬁin@ﬁts |hE:Fu@@'aa<ﬂ‘|%ctlve
profile to a near- uni formirradi ance profile, but they

Optsq algnand &@Qﬁiéh@r@a@é@eﬁ@m pomptex Qemtséamnlamtrehlah efﬂmency
and BRI | 8edt gl aBNiheh bPhy FeBTRM, FRadian

wraD@:':\dmyroflI&CtbLadﬂearudjqul'h\elrradmfcétrﬁoﬂl@ BUEthES afdictocas the shaped
phase plate and transformelenents disclosed in

OutBUEe;tO paeterRpnaiye %&Pagﬁe%m TRey Adthodgh a sipgletelemeat DOE is
prefrP&d AR ;gérEGhQ éﬁéc%ﬁ%ﬂ%ﬁ 'tﬁla'gD (?y IREIUHQ%uItIpIe separate

pur pdse o eam s
eletrerithsgeless dilntsphasedlatabndéraasﬁ)rdeelemdmmldlsnloéeuam U.8$nPat.

Nouf88 GineSRickeh oF aCaHGh Aiee B opet iadmauesiangeyioming DOES
forltf?éﬁﬁrd%wf HeRRt §ﬁ’é pifgdThe sHApiRY rwlrﬁﬁ@h?{@&rﬁ es discussed

achi eve | aser pu se power contr ati1on
abows aeddesonibeddn dgtallbmu foPat Nuoi 691@31;3!)1 dm@omempnomons of

which are herein incorporated by reference.

[0060] A laser power control module 70 may be employed to achieve laser pulse
power control by using modulation methods including, but not limited to, diode pump
modulation or external modulation (such as with an external power controller 60,
including but not limited to, AOMs or EOMs, or motorized polarization rotation optics

positioned along the optical path 20) or a combination thereof. In addition, one or
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nodul ati on or external nodul ation (such as wth an
external power controller 60, including but not
WO pev7ned9a o, AOVsE or EOVE, or notorized pol ariREE/USI007/069483
rotation optics positioned along the optical path 20)
I n _addit one or

PP TG0 PRSI 07 S4SAS P o Bi s dPRBRTea of the

laseepb@es cohirolfdt@D, @ﬁclﬁ’%@%ﬂﬁ@h@@'%th éTBMSMSmQ?VPﬁi?M Qﬂrfh |s adapted
| aser power controller 60, such as a

t he
to b@@ﬁftiyoﬁﬁam@ﬂﬁswedp the wealength afithet aser QLdpbererThg beam—

oo 8RB B4 RO FASHA R DBk ASEE, IR i e

powssocmtableﬁodmlee?c{); layidQTr magdbe emebuy o indlirebey inaé’cﬁﬁmumcatlon with
r contr nodul e 70, and/or may be directly or

the 3y SBQANYTO ﬁOTE‘BHFﬁE 2cand/ehthe 9tLHPSY§1I¢€1 njerifacn eleatrpoics 24,
an%@mgﬁﬁe %geé‘%jéghpw SotlRRdet a‘%{é\é b mgygft fz@%ean%il S GSrection

or nmm e use fo sa edI Ser
S|goal8|dotthemomdaitowaed/@r etl'calrrsyetzam opticaliefgraéststto pgroduce stable

Rl SRR ety St AbLE IkprorsSpmOdRE veEpiece 52

Cofl@shticl 900\@? cBhﬁSﬁ%@thﬂuéQ%ré‘Rﬁg\ﬁh &5 Skiféd practltloners Some
Conventi onal power-control techniques are kno

exeyrplane AV aewericongios tecBoiniies ate diEcirsedAON.S. Pat No 7,019,891.

ook AL i BRI A Rl oS el eg 8ot Tiom 100 Kiiz to
10 M}Qﬂ.u Sreias appiatiyfe mmﬂpfdy%'ﬂlé&%d@ﬂﬁoh @rebfeMEls in the range

Certain apllcatlons nmpl oy pul se repetition
fromy Ty Ve 162 £09 MHzaeTy%@jé‘ocwseﬂﬁmj siaes eroplpged keage from 10 um to

107 Y SEhbSILSRAR ol TSRO Ot AR SO HS

10 smzeEyplnat Hnm sélaeg enfmmyedlraﬁgﬁlmcirg 1]1rgngm1 Om: g‘ mechl V&locities
zes ed ran
em@iﬂyé’é'u f?ngs?'yoé%ppd“s} ﬁ?@gifm@m 10 mis to 1, ooo i’ s.

[0062962]F 18! s En'e?ecﬁfbr? ?ﬁ&é%&gﬁg&?@%& 'rﬂ?@@t Q% %%yer ofa

made through a layer o rc rm
lowink tieleetee enatedal widhe prefarradiaser paramaters rrdammdamd:@with certain

emBfbA s, RNl AEOuR thal TG4 et POIB A ricisecon oL Bikt pas cut
thr@!u 81 IolnCk BRAIGHtHE Ae A Gth AR B Mh rcﬁs)hhgl %Heurh?rg/kdqﬂﬁbon

|con substrate. [0063] In sone’e
: system 10 is enployed to process the |owk

[00‘3'3?6?25 IE% BB&'%L rft? ecl’%e'rhostrf/g{elnlf 1§tlg ,eeiglpiewcgtgoq{oggss the

Iomietj(adlsctnomaieﬂal (pﬁbwmbﬁallw@m/eﬁﬂeﬂtbﬁé yet®iricluding, but not limited
terials), and then one or nore nonl aser t echni cBues

to, Gyers auch as metgisworines, PRIKMEFS. eaid/erzathen seftmaterials), and then
onefﬁféh@f?%oﬁ%s@? RPRUERS Sy F\é‘l Ptr'%fﬁ Wi H‘?aﬁwqér&p'fégﬁcsaﬁ ﬁgw blade, are

er substrate materi a one exa

emphyed to ysoeaslBostyr aheofethpltlmlembstsoofrthémaiett Q.ﬂ)dtl@te knaterlal In
ri,c . materi.al i\éw tlonally one or nore

OnGiESRERIS, 4R FBet FURETHED Bidbkes SMpAGKdS TSmayAIThe low K dielectic
ma’gégrd; gggg%%oﬁgllw\bﬁ@ oPritrE Wr%wc%@‘@(yer%%&httn@%trggfs' B¥ore
singulating workpieces 52 with a mechanical saw, such that during subsequent
dicing with a saw blade, the blade makes contact only with the substrate material.
This method prevents blade degradation due to the presence of a softer material on

the more brittle substrate material. Benefits of this technique may include, but are
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dicing wwth a saw bl ade, the bl ade makes contact only
Wth the substrate material. This nmethod prevents

whb@dedsdegr adat i on due to the presence of a sOPCEDS2007/069483
material on the nore brittle substrate material.

oA 1A DY 245 50 5 oo o20.R  r
edyEPbPMRA i eid Sibsdfats avehb ad@sntaRthaidteplzeduct i on of

damage to the edges of the cut in the substrate due
[0064]a dom partinulaeaxanalte the vl of layes rgmovaldalstightly wider than the

. 1 i I val_is_slightly w der.
w5, s g Y8 ERYE e Pl Dl Sin o 7
adjaceet cragarklg ovedgppihgicuttk@ies. of\BIot40 gmkerfdiidBgah eREmplary

%‘ar_t |y overl apping cutting |ines of 20-40 Nm kerf _
total Widkh (saPreREmAtalyy 20 isnabutdhis widths cap peadiwsied ity saip particular

;’J\ﬁB BHLy this width can be adjusted to suit particul ar
ap é1tl. )t . :
pplications). [0065] In sonme alternative enbodi nents,
[006% | deesomzysitamatide embodenentsf thguaser syisterpri@véalebe configured

to Qayish SBedigraCutidl oo g eies & e FOvRTIagFaSY used o
prd@k8tife 3o AMASSS HefSRM AYSIakEr %@ﬁhﬁﬁ@ﬁ%gmp‘?é%el%sprﬁggss the

wafer material. In other alternative e ments, 't
wafegvatesip t knother altgrnbtive eoiodijuerntd, the Ipsewsydéem 10 can be

coffil 58 brs bl ot BB e A B St e pdyantageously

uséd!id PRICERS the Mafernhanial. PORshTcEl an oEﬁé\ﬁ%ﬂi{ﬂﬁarizﬁa&ﬁéh @¥&cking
90 and/or an optional non reflective chuc 00 may be

sysig@d®Q and/es ianiapdicaal narrefleefivei hyick1 Q0naay esusest te fagilitate laser
. i T i t -
i SR SRR o RS o PR Bt

cutting éstitsly-sétingy tedhngyuest archaltéinative er bestededonfiyurations that
i npl err%;go 1 hlgm are disclosed in detail in US. Pat.
maye Useglo imipnent e, are/cisosersin detal il P afoAppland
Vo, OO ed 2R, AR LM BBRTER UED A, o 576,878, which
aret hereiroineotratey pkidférenoet he art that nany changes nmay

_to the detajls af th -d i bed
10030 o1 S QP ERGEIS Msbariaviy SHER Pre Giss gy shpnges may be
maldlel t8&h® detilelof te abBYEAEsSibed &R HB8RRENE Ivithdet ﬁ%ﬁ%@ﬂb from the

i nvention should, therefore, be determ ned on
undeidying priagiples afithe inventign Whheceppe 46 D present invention should,

L O

waf er substrate, conprising: generating |laser output
including at | east one |aser pulse having a wavel ength
greater than 1.1 Nm and shorter than 5 pm and having a
pul sewi dt h shorter than

(=]
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100 picoseconds; and directing the |aser output at a
target portion of the lowk dielectric material such

WO bar/141e0 t ar get portion of the | ow k di el ect rPCI/US2007/069483
material is renoved but the substrate is
operational |y undamaged. 2.5 Ihe nethod of claim1 in
whi ch the pulsewidth is shorter than 10 picoseconds.
3. Thé methuuiifoofasHr gprocessing avoveh didlecpicl meatairidt Supsorted by a

an 1 fentosecond. 4. The nethod of claim1l

wa}‘q{ %ISHH % F@MREFEI%ngt h is about 1.3 pm 5. The nethod
t hagé@élﬂhﬂg 'Iébéﬁ@u@pﬁhttlﬁ@ubﬁgedt |4t %ﬁehé‘sgerg?ﬂééef RV ga wavelength

is less than he net hod
gregtercthanHel pasand ghpger thas peakansbbaving azulsaewidty S:ImrtBT than

The nethod of claim1 in which the
10@%%%?@?] @hdl c material conprises a k value of |ess
t hadiroting, th@h@séf&td!@@t &tfa eirgétrpoftidm ofMHeCIBWLID §|éléb4_\hd<matenal
dielectric mater.i al ni%rlses SRO or Si COH.

suchethabthertargetarartion |0ﬁ'f whk digtegtriqumatarial |§¢¢mpged but the
sulﬁﬂ‘a%hsab g@ﬂgﬁéﬁﬁ n@amgg&grl nated silicate glass, a

uori na anorphous ¢ Si OB, benzocycl obut ene
(BCB) Thmamodsoflmeqmnmwarm th&PQsewigitrisgtorter than
SI | sesqui oxane (HSQ, a nethylated silica from
10 PigosERER silane, teflon (PTFE), a xerogel, a

poI Snmhenﬁétfh%ﬂrﬁf éPamPP'nywmc‘Fheche%uféé'd\%ﬂhW@tl er than
pol yi m de, a polyi mde-based polyner, a paryl ene-based

1 f@@tgﬂmonda pol yaryl ether. 10. The nethod of claim1 in

pol oy ee IR A E Y BB Ve & oyt s e,
si | 5caneGpethiodef criki ‘Pﬂﬂwﬁldhrthé%ser%ﬁ‘ﬂ@hé@peél’éé@ﬂer that is less
silica, glass, or a polymer. 11. The nmethod of claim1l

thanSwdd-ch the | aser output is generated by an

ot e i BpR A, § ARFlsRh et pRRnBEPs ok bt Bt s

gr ammdnd'rs;m aim1l in vvh| ch the osci | | ator nmodul e
es a di ooTl state (DPSS) nmster
oscl @fﬂcmethfé ﬂ'?é%tmwhmftheﬂ%wﬂﬁ diglecHiomatanal remprises a k

iddsGfbh @0 modul e conprises a single-pass,
val@@%‘fl pggtsé %r regenerative DPSS anplifier. 14. The

et od hefmethadrof Tlaimm? whivbichtthe Iawrl diglectitd roateriativbr@prises
SRO’6PSICER. @

8. The method of claim 7 in which the low-k dielectric material comprises a
fluorinated silicate glass, a fluorinated amorphous carbon, SiOB, benzocyclobutene
(BCB), methyl silsesquioxane (MSQ), hydrogen silsesquioxane (HSQ), a methylated
silica from tetramethyl silane, teflon (PTFE), a xerogel, a polymer nanfoam, a
polyimide, a fluorinated polyimide, a polyimide-based polymer, a parylene-based
polymer, a polyarylether.

10. The method of claim 1 in which the substrate comprises single-crystal,
polycrystalline, or amorphous Si, GaAs, GaP, InP, Ge, silicon carbide, silicon nitride,
sapphire, fused silica, glass, or a polymer.

11. The method of claim 1 in which the laser output is generated by an

oscillator module in cooperation with an amplification module.
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Nd: GdVO4, Nd: YV04, Nd: YLF, Nd:glass, or Nd: YAG | asant.

15. The method of claim 11 in which the oscillator
worc@alieo1eonpri ses a pul sed sem conduct or | asePCT/US2007/069483

emtting picosecond pul ses. 16. The nethod of claim 15
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osci |l at or nodul e conpri ses ul sed fiber master
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. ) d silica fi lifier.
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anplifier. 22. The nmethod of claim 11l in which the
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rain ed fromthe anplification nodule.
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errPI o%ed_té) dice the substrate after the _target _
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anplifier for generati | aser_output haying a _
cof fliseeactorsspulber Thafibedstin it s ceiiel simeiophg
serdt@nduper ddiUtabRtatsefsihg kol aser pul se having a
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20020.14be90ethat/ afistnm7t DEowiseh 4he @mmlifioatian modale comprises a
< foredirnecti he | aser output at a target
Yb;%%:eﬁo@ﬁifc%fﬂbd%rt{% roé\{XﬂP(ﬁﬂ(??'el ectric material such that
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Ndidapedeaiic fibey laseramplfiesm of claim 24 in which the
| as r.5651 A : . :
2t R SRR S e 8 her Bt Yo Mo
independi¢retyoriggengel pulses or bursts of pulses selected from a pulse train
emitted from the amplification module.
23. The method of claim 1 in which a mechanical saw is employed to dice the

substrate after the target portion of the low-k dielectric material is removed.

24. A laser system for processing a low-k dielectric material supported by a
wafer substrate, comprising:

a diode-pumped, solid-state master oscillator power amplifier for generating
laser output having a wavelength greater than 1.1 pm and shorter than 5 ym and

including at least one laser pulse having a pulsewidth shorter than 100 picoseconds:
and
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anplifier conprises: a diode-punped, solid-state
(DPSS) master oscillator; and a singl e-pass,
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silica fiber power anplifier. 30. The | aser system of
i ode- punped fi ber. master
osctFl AlabSs SR SBECaR B A Bk iaiedide Biatgal supported by a
Wafgrg@gsﬁgf@@gmd}gn@oped silica fiber nmaster oscillator
enpl o sem conduct or saturabl e absorbing mrror;
anda ode pumped fiber master oscillator fiber power amplifier for generatlng

laser output having a wavelength greater than 1.1 pm and shorter than 5 um and and
including at least one laser pulse having a pulsewidth shorter than 100 picoseconds:
and

a beam positioning system for directing the laser output at a target portion of
the low-k dielectric material such that the target portion of the low-k dielectric
material is removed but the substrate is operationally undamaged.

29. The laser system of claim 28 in which the diode-pumped fiber master
oscillator fiber power amplifier comprises:

a diode-pumped, Nd-doped silica fiber master oscillator employing a

semiconductor saturable absorbing mirror; and
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a Nd-doped silica fiber power anplifier. 31. The | aser
systemof claim28 in which the di ode-punped fi ber

wore®Uva40190sci | | ator fiber power anplifier conpPCBHES200E069483
di ode- punped, Yb-doped silica fiber naster oscillator

e ' Se . .y abl e absorbing mrror;

amE%EQ%%%S@SQF'P%QH‘?’%%@@@%r anplifier. 32. The

| as80. ShetieserafystdraiohcRBmi 28 iwhivisibh the dibidedsurBpe® €Ber master
oscillator fiber power anplifier

f.jber master |
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pul 3¢, tThai |BseredyistdrB &f lim I \ﬁhi@ﬁf?hé’%lm@i%%nﬁrhﬁ@ﬂ fiber master
master oscillator fiber power amplifier. 21
oscillator fiber power amplifier comprises:
a diode-pumped, Yb-doped silica fiber master oscillator employing a
semiconductor saturable absorbing mirror; and
a Yb-doped silica fiber power ampilifier.
32. The laser system of claim 28 in which the diode-pumped fiber master
oscillator fiber power amplifier comprises:
a diode-pumped, Yb-doped silica fiber master oscillator employing a
semiconductor saturable absorbing mirror; and
a Nd-doped silica fiber power amplifier.
33. The laser system of claim 29 in which the laser output comprises multiple
independently triggered puises or bursts of pulses selected from a puise train

emitted from the diode-pumped fiber master oscillator fiber power amplifier.
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