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Thi s pat i,cation derives priority fromU. S. Provisi i,cation
No. 60/22@?&@@%“??|ed January 31, 2001, and from U. S Paten{ k%@@?%gtion
No. 09/803,382, filed March 9, 2001. TECHNI CAL FI ELD [0002] This invention
relates to a nethod and/ or apparatus for high-speed formation of

m cron-scal e features by abl ation of sem conductors, and particularly
silicon, using pulsed output of an ultraviolet (UV) |aser. BACKGROUND OF
THE 1 NVENTI ON [ 0003] The sem conductor industry utilizes nunerous
.-techniques to separate distinct electronic devices, often referred to as
“die, fromthe sem conductor wafer upon which devices are fabricated. A
common net hod for such separation is the use of a dianond saw. Methods for
“reducing the area on the sem conductor wafer required to be allocated for
"saw streets are nuch desired to enable greater area utilization of the

waf er for useful die, thereby increasing the yield of die per wafer. Laser
technol ogy offers such an opportunity to reduce the street dinensions for
di ci ng of sem conduc ﬁPMﬁ@@EETh9?§éiJ¥ﬁEAﬂ?¢E95¥fﬁﬁRﬁﬂQ | asers, such as
Q switched 1064 nm Nd: YAG | asers, ftor aser processing of silicon is well
known to those skilled in the art. However, since silicon is a weak
absorber at 1064 ri mMOBMICROSERWJCRURESIN SEMECDNEUENH0ORENt ered in | aser
dicing processes operating at or near this wavelength. The cut quality is

typically obse(r)ﬁ1 o redeposition of silicon along the wafer
surface and al oht RN syt tut. | - 6 JUL 2005 WD 021060636

PCT/ 11S 867y N 4 R d U S

Pat . Noaﬁfél(figBQ,?L 89%]?:&“5#@18{1‘)@‘5 geeécr irﬁjeéftgbrl cglébﬁﬁ%’#g?%%?géat% silicon

devi cesNas i60RE50EH6, fiedLinged) 31412001, asdiflonal. $.rRuem A tieatidroNept i C
Qswitched, infrared (IR Nd: YAG | aser integrated into an ESI Mdel 25
Laser SBP136B A2 arghspe2lso " Di odes Formed by Laser Drilling and

Diffusion," T. _E_éwbnal of Applied Physics, Vol. 53, Dec. 1982,
pp. 9154- 9164)3=8S: : — 4,618,380 of Alcorn et al. also describes a
met hod pjog2fbr i TEik iA€En&Bn relates to a method and/or apparatus for high-speed formation of
micron-scale features by ablation of semiconductors, and particularly silicon, using pulsed
output of an ultraviolet (UV) laser.
BACKGROUND OF THE INVENTION

[0003] The semiconductor industry utilizes numerous techniques to separate distinct

electromnic devices, often referred to as die, from the semiconductor wafer upon which
devices are fabricated. A common method for such separation is the use of a diamond saw.
Methods for reducing the area on the semiconductor wafer required to be allocated for saw
streets are much desired to enable greater area utilization of the wafer for useful die,
thereby increasing the yield of die per wafer. Laser technology offers such an opportunity
to reduce the street dirnensions for dicing of semiconductor wafers.

[0004]  The use of infrared lasers, such as Q—switchéd 1064 nm Na:YAG lasers, for
laser processing of silicon is well known to those skilled in the art. However, since silicon
is a weak absorber ét 1064 nm, significant problems have been encountered in laser dicing
processes operating at or near this wavelength. The cut quality is typically observed to be

marred by redeposition of silicon along the wafer surface and along the walls of the cut.



| magi ng spectronmeter by processing a silicon device with a laser. [0 ﬁ%ﬁﬂﬁ
U S. Patent No. 5,543,365, WIls et al. describe a |aser scribi ngﬁad

for the f form ng polysilicon streaks in silicon ng
1064 um pW@g‘% UCput such as froma Nd: YAG | aser with a Bﬁﬁg@?‘&?@
exceeding 4 as. Alternatively, they teach that the frequency-doubl ed

vavel engli05] 532.hrRatelio bé,5dindI36y0d Carkseners!. amﬂUE&cPamNovs,m;m@Cbﬂ_aser
Creation of Siljcon e,_\gaas for 3D | nterconnections” (1992 | EEE/ CHMI I nt' |

El ect r onfA8H %&95%11 PHeAtREH T8RSy I SiiRpR 45 Yisgs, usinel 0od. g pulsed SBPUE epor t

f 6 . ]
b oughottchiar & i s8N0 Pt P sitiontl, BEARAIR) NEPEaLolesk bl inlo B
product i BSI Mod’é}'ts L%E'érFSdi‘M% Ststerk S ek ARBMTHodYHorbe b Imarpﬁezmgl &mo

through holes in silicon waters at 1064 nm nolten material frequently
condenseliffustan, ¥ HeRwainttwonyf Jedreahg| Aplied Rimpsian Wgipfd dDeh 1852 cpp. 10 Meds

oo ofRh R EAEPIE e ol e o i 2
brocess g, k06 & ifohfuds T e bk GHal dobicei §EREET bes enpl oying 532 nm

frequency- <0 pu se aser utput froma Tanp-punped, Q swtched

Nd: YAG i [o086] I e pariniS) Patdnt e $55435365) Witlsat ah @eb@iteasiabdtaicriding fpphfeis fokt h
respect to the incoming |aser beamto cut 4 ml (approximately 100 mcron

(gm) - di Bewusposgaifderminggiolysilinen SH@aksepcsdtcgntwﬁeq;mmslélﬁﬁgampalsadr@u@ué used
833 0 | tit i
ul seni cidts st 2Rt P e siflF e aﬂgﬁa&y 3t ISR VAL PR ong

the wal | §,0fhe fFdRich@n8buslEd Wassey, ng and a chemi cal

et chi ng proceess‘l:t&}as@%gedﬁto g egngttﬁr?e P g@f Lee further reports on
usi ng an[080T] nerlnl ‘Fseimeat V& Nmii’eﬂl@ﬂgkér @feaﬂ@tBoimhbm Wtidsl for 300l es i n
silicon._Holes with Ve:‘%@ Q sidewalls were reported due to the very

hi gh pul@éefC%CBP’é% d [CHMT, Bid dilectpmics Marnfastarigg Teehaoleg¥se of 290

mJ at f 5
mils (gp%’w"égm &e e1 g%‘%@%ﬁ?‘ﬁﬁsg‘gfﬁg Ssogd’ﬁa"ﬁﬁﬁgﬁﬁéﬁe%?ﬁ]r A8 %50
seconds. Sj‘bnﬁﬂm&@ézﬁéj vl ithdonBBovitithesireack e a%ufc%ﬁqm&r #r thSpuilgbse28Penahlng
02/ 060636 PCT/1i5 0.2 /0118 6 7 required for the hol es dr|I ed using hrs

532 nm Nero¥nGion epanhichip medilné.qliec repeets thatggentlssen dnidlingmthrfugh hcddmm ng the

Use. of "SSP WERTOR [EA oLt R TR EoaRs o Hiae ookt e gratk O b 26,
h t t h

such a gxgéwﬁ récﬁ%ﬁlghb@ﬁ twilheaal. qﬂﬁgﬁag te@ﬁ&eg,sglhuﬁ of §BRkn h&fde%ﬁ&

pattern s t usi ng ‘suc
holes unsuitable for further processing. Lee reports employment of a double dr1llmg

process at 1064 nm to improve hole guality. Lee describes employing 532 nm frequency-
doubled pulsed laser ocutput from a lanip—pmnped, Q-switched Nd:YAG in a trepanning
process using rotating lenses that are offset with respect to the incoming laser beam to cuf 4
mil (approximately 100 micron (pm)) diameter holes in silicon. He reports the prowssﬁg
parameters used as 833 pl per pulsé at a pulse repetition frequency of 3 kHz with a
pulsewidth of 70 ns. Redeposition of silicon around the perimeter and along the walls of
the laser drilled via was still observed and a chemical etching process was used to clean the
holes. _
[0005]  Lee further reports on using an excimer iaser at a wavelength of 248 nm to drill
holes in silicon. Holes with very smooth sidewalls were reported due to the very high pulse
energies employed. He reports using an energy per pulse of 290 mJ at a pulse repetition
frequency of 250 Hz and a focused spot size of 5 mils (approximately 125 pum) to drill a

hole through a silicon wafer in 30 seconds. He compared drilling time to the 3 seconds

2



[00091 In U S. Pat. No. 5,870,421, Dahm di scusses the probl em of use of
near infrared |asers for the purpose of dicing silicon wafers. +6 18l
that the deﬁxﬁﬁause for poor cut quality resulting frop&_fﬁgw%&tion
when enpl oyl ng néar infrared lasers is use of |aser pul sew o( s exceedi ng
about 1 ns. Dahm teaches the use of near infrared |asers with short

pul sewi dtegaired férethe hblea mraled using s 53 Oamdld-& AG eredeming beshnghe.ofedept h of
near infrared wavelengths in silicon, stating that such short ful sew dt hs

may pr odtREResss amagtod for Srducing fe dallking igsirequirad; ign sijicap delep bl 448MRs. Dahm

| ' t i.nf : 0 Nd: YAG: ,
are usedPi e g wRRRy UsB of A ther R Rumial 8 Wl Pittedly MR DTGt
" greater REWERizé,Wabh WNedhdsfieSs rélfatiipeh ADFprodridie sperfure MRR foleas! Alern of

sufficient power to process silicon at high speeds. [0010] In U S Pat.
-+ 5, 593, 60BgleCwebe format uswgsoeh béechdigint ages of enploying UV | aser systens

o oagh QUbpLast G B aF8' BTl by auet B prohsaitise sboear brared

vl ! ; ﬁ . ;
Lot or PR TheE oS P is QN yRA CER SRNBp BERB g L
and aver ageuhlityeRsiltihg $rodi rddepesiticnwhen Shplya! whr iffitasd kRersT\16y 6f labdre

spot areas at repetition rates of greater than 200 Hz. [0011] In U S. Pat.
No. 5, 84puleeidthogapcagdingghouy; 3 mg. trarhas b use ofi ndar infedred lasers wish almst er s
to those descr.ibed. abqve to have differen oyer densitjes whil chi ni ng
Gt £ or erUlREHs ot 1S A AuE A58 of R HideeB b e drgh o nf 'ti on
rate of A6 inl Qlicdn 3RARE e b t ASE -qPi Ngi ng
t he wor k%?gcé% andllnos(rﬂl% héy ch%anges?ﬂﬁﬂﬂ%t ot sﬂ%’?ﬁ:{a&%}gfﬁl n Ef_aé?ﬁggitn'_ﬁ)l\b_

5, 751, 58&hichufaheact asthighly abesibingleyers hilddhns glee thenbioghthac nsur d6fyarethibders, st age

posi tioning systemfor accurately and rapidly positioning a wide variety of
tool's, steh a5d 054 mEsBE: HAGHaseEs e weed tor highytnesd applicatiengbgcanse offthely enpl oy

a multi-rai. Fti.on whi [Qcesses rkkpi.ece tar
posi ti on‘i‘bﬁfﬁc‘é}ﬁ%ﬁ%&&& %%ei%oﬁ%/%%asﬂ Uﬁhhgggr bargﬁmﬁ%sﬁ?c}a%ef %ﬁ?"&ﬂg&?‘é%?p
posi t i ongifficied 0 Prode@n lisoMifsispdraslt necessarily stopping in
response to a stream of positioning data. In one enbodinent, this 3 - 6 JUL
2005 WO 2100636 IRETPasN® 5.693.60%, Gwerehali deseribmalivamsageh of espboying UV
m cr omachi ni&&g of a Eattern of small features across a |arge’ w?rk ece,
t her eby SPEGWPYESIth EFRUAE235h CHtRYh PR H Y RGOS RATATIS 2 FIL VEEMARY
OF THE |V lzg]}l?isp%h FheflayE divifes PMRRE b ameferk BeRHr Yy g1
I mproved netho or using a laser-to

nonexcimer output pulses having temporal pulse widths of shorter than 100 ns, spot areas

with spot diameters of less than 100 pm, and average intensities or irradiances of greater
than 100 mW over the spot areas at repetition rates of greater than 200 Hz. |

'[0011] In U.S. Pat. No. 5,841,099, Owen et al. vary UV laser output within similar
parameters to those described above to have different power densities while mach.injl-:lg
different materials. They change the intensity by changing the repetition rate of the laser to
change the energy density of the laser spot impinging the workpiece and/or they change the
Spot size.

[0012] In U.S. Pat. No. 5,751,585, Cutler et al. describe a high speed, high accuracy
multi-stage positioning system for accurately and rapidly positioning a wide variety of
tools, such as a laser beam relative to targets on a workpiece. They employ a multi-rate
positioner systern which processes workpiece target positioning commands and converts
them to commands to siow and fast positioners. These positioners move without

necessarily stopping in response to a stream of positioning data. In one embodiment, this
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create mcrofeatures in sem conductors, including silicon, gallium Trsgﬂtﬁie
(GaAs), silcon carbide (SiC), silicon nitride (SiN), and/or Ge:-Sb, s

al so includi ng such sem conductors subsequently treated in_sem conductor
pr ocesses‘?’oi‘]ﬁgﬂl‘i’a? ng but not linited to photolithography HridU¥EM g, well
known to those skilled in the art to contain additional |ayers for the

pur pose tedhnéqueadnabigs Usclabdr Bicesrhsichiniag afid paptrocifeaialldbaires dceass tadarye

semn conduct or substrates, including sem conductor wafers. [0014] Anot her

obj ect aforkmect fhensby allowing mcrpased dbicoughowt of lpser Mygromesiunstiadys a  highly
reliabl e nonexcinmer WV | aser capable of operating with _ high pul se energy
output at high pulse repetition frequencies. [Q015] The present invention

provi des a net hﬁ%@ﬁg?@ﬁm@% iﬁ@q\jy formng patterns with feature
sizes of less t wor kpi eces using ultraviol et
| aser aljdBi3jon. AA shjepedikt heantiqoRitd perdde arsinuseded mettayd fdk ysipg ilthsepmo at
the workpi ece the focused output of a nonexcinmer UV | aser capabl e of

eni t t i n§TedtlyymiEaagrey it soprirerducnss.pacludingsilipanp pubbmy aspratide (Gahs), silcon

frequencj gs, e.pattern i nclude: ofaormation .0 er i gh- aspect
cyli ndricg"é ld%g%ﬁ?'nﬁﬁ@ns’a%sea%riﬂ%ﬂﬁ%ﬁés"*_“ Orlﬁ?ﬁo_ E]\}l:éﬁjgwgr I nt egr at ed
Clrcul t semftdnRGtb3abs Mily RSRH i Eerhi@bhdilctd? §Rbcesbaag ichidiAg b ndl RGeS ed
di es contained on silicon wafers; nticrotab Cutting to separate

m croci ne phowliftmgraptiyi amdseching ndelt knowavar thosesidBed fr thenaptonoesvintaiva idditional
formati-gn of curvilinear or rectiljinear features in optical wavegui des,

such as l2¥eraiRdinBYEgSe 98 crfating Heful AeRtEniord PRIPHEHENE SHFEIREhi ne
syst ens Sg 3 actof aé@%%iﬁ’%@%?@@gﬁ@g%%fp cation, or other markings

into the wafer sur invention utilizes | aser

vavel engodied)s honnethel bafecB8OHR Thialtiontid &probRlc@BEh & @’setﬁci&ﬂfapéﬁzﬁrbﬁrs a
e

coefficient of siliconis nore than 1000 tines greater than at t

wavel enddghly frelidbgnonnxeimer UN lases.capable of\eperatingswith high puls® egerdp Onpan at
5,543, 365.. A Qéswi.t.ch' d freqﬁ{usency-tri pl ed Nd: YAG Nd: YVO<, or Nd: YLF

di ode- pg‘ﬁ%}bﬁmﬁ%\ @Ftlnﬁqgﬁ?ﬂﬂ%@l he preferred source of the ablative

ultravi g out Yt preciRft IdsKtia .cal agdéﬂae- tlﬁ?%ﬁﬁin%n spot
si ze of ([a Osl]t 10 mprAI ?ejrnﬁaﬁov @Pidaegﬁ(%{i;ﬂozfa SHI tem pr%a%c ng a top hat
beam pr ghittmnsveith feeturs ettes bXKRePANGOR $& sanicoginciar wikpiecapeday altaticlve 4
- 6 JUL_2005 WO 02/11611636 PCT/ U502/ 110867 processing_of silicon using
this fod¥seablagen. & cempeungheamepositinner Xowsed Jo paidiy nosiion: at sy werkpiece
repetiti freguenci.es .of qgreater an 5 k d preferably above 15 kHz.
e | as & R RGIOY i BRIV Yy Bty iR SR et R |

e ks Rt gt Tk sy i VBTG |
high-aspect cylindrical openings, such as through-holes or blind vias, for integrated circuit
connections; curvilinear or rectilinear singulation of processed dies contained on silicon
wafers; mucrotab cutting to separate microcircuits formed in semiconductor workpieées
from parent wafer; formation of curvilinear or rectilinear features in optical waveguides,
such as arrayed waveguide gratings (AWGs) or microelectronic machine systems (MEMS);
and scribing alignment, identification, or other markings into the wafer surface.

[0016] The present invention utilizes laser wavelengths shorter than 390 nm for which
the optical absorption coefficient of silicon is more than 1000 times greater than at the
wavelength of 1064 nm used in U.S. Pat. Nos. 4,541,035, 4,589,190, and 5,543,365. A
Q-switched frequency-tripled Nd:YAG, Nd:YVO4, or Nd:YLF diode-pumped laser |
provides the preferred source of the ablative ultraviolet output. The laser’s 0pfica] system
produces a Gaussian spot size of about 10 pm. Alternatively, an optical system prodilcing a

top hat beam profile may be used. Exemplary pulse energy for high-speed ablative
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significantly smaller than those achievable with | onger wavel engtif gppr 238§
This snmal |l spot size capability enables the production of mcron- sca e
feature sygSskikssi |icon. Also, for a fixed spot size achi @Q{h
conventi onal ussi an focusing techni ques, a shorter mavelengt oms for
formation of features with inproved aspect ratios due to the greater depth
of focuspratéssingenf sdicomlisirgpyihid btus&d\spbmm%ree[tmsﬂ ZquaJ peepHsd ati pwisent i on
al so provides nethods, for reduci ng_damage or_narrin rocessed

slem condépei@ionrRpmeiss of geantfrithanyd Lﬁémﬂérpr%fy qb@ff‘%’tel Bf The daser i
vater o REIRERRIEERN L0 MR EREReIRETL e e thafen fETC, °°

- fabri catfgg ecbm ﬂdh%ﬁtd‘g@rof\ﬁ@fnlgm%ve&ﬁgmgﬁé ﬂﬁ&aﬁiﬁﬁ@%ﬁ;ﬁﬁducﬁ@ﬂ&l sizes
Addi ti onal objects and advantages of this invention wll "be apparent from

. the foldigmfinanttyetmsalles dhatethoss athieyablofwigh lenger wavaerngiilisommess Tihiesmall sphi ch
proceeds wth refer nce to the accgnpanyi ‘['_1% ravm ngs. .BRI EF DESCRI PTI ON OF
THE DRAWI?‘@C@PP EOF“ %3 the pradugtigp agﬁﬂ‘éﬁ’%ﬁ & terdug r?ézeéﬁlﬂ SRIGPD. 5 54 6?# ®dn

coeffi ci f I s a
gr aph d.@%‘d 0 ng % g}ﬂg‘ﬁ callﬂ:1 %gg%dﬁﬁ on ﬁgg]%’ﬁifgﬁlg}r# te 813@#%1 é:%nl% ar seni de
(GaAs) agaveldnghehliens i wm@ﬂﬁttﬁanﬁm&ai ifproved aipeceratibsBhe id @6 gpétdror i al

diagram of a preferred | aser systemfor ultraviolet |aser ablative
pat t er nidaptiobr ficus affordgdtaynlisaviletseavelagthsct ors in accordance with the

P For et OLED, & e sBeent ienGom st prides Fhothads o Bedhicig.famge 3¢ it of "
patter n!&gc&éemﬁegﬁm&;\g&ﬁ% eeeasl%mu&ﬁ@gfbgﬁ 9&@9 Jﬁ%@éﬂs S Hﬁ@o@h at may

sinplifi'ed pirctorial diag an optio ptics nodu

be used pmcessingdeamsiysmenvrkpiect bappawiiog sttudhaser suahlagtafer dhatikse byiuzg off
mcrostructures in semconductors. [0025] FIG, 6 is a graph displaying the

char act eupstenidaliyenonrelieetmg gnasetisle and poyed dabsirafigy techpigupnfos svorkpiees t i on

frequency of .t enpl oyed during practlce of the invention. 5 - 6 JUL
2005 V\D E?ﬁmgesglugéﬁés PCT/USO 2 /0118 6 7 [0026] FIG 7 is a

represernpaigye IAdcmsﬁaab Btscﬂudwhvmg%@o?mgmﬁhw@“ﬁﬁ%%ﬁmeﬂc @bmahe
cylindrical openi in silicon. [002 FIG 8 is a representative

i || ust r dollowingd qdadnsommora@ﬂ prefereedemttodiments thefreof witiel proceeds with

reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
{0020] FIG. 1 is a graph displaying the optical absorption coefficient of silicon as a

function of wavelength.

[0021] FIG. 2 is a graph displayingl the optical absorption coefficient of gallium’
arsenide (GaAs) as a function of wavelength.

[0022]  FIG. 3 is a siraplified pictorial diagram of a preferred laser system for
ultraviolet laser ablative patterning of microstructures in semiconductors in z;ccordance with
the present invention.

[0023] FIG. 4 is a simplified pictorial diagram of am alternative preferred laser system
for ultraviolet laser ablative patterning of microstructures in semicondnctors.

[0024]  FIG. 5 is a simplified pictorial diagram of an optional imaged optics ﬁmdule
that may be used in a laser system for ultraviolet laser ablative patterning 01_;
uﬁcrostructurés in semiconductors.

[0025]  FIG. 6 is a graph displaying the characteristic relationship between pulse energy

and pulse repetition frequency of the laser employed during practice of the invention.
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pattern in silicon. [0028] FIG 9 is a sinplified representation Ef?@s
exenpl ary segnented cutting profile for making | ong cuts i n-$edlbo ctor

mat eri al syl Aeftbs F! G 10 is a sinplified representation opcaps@ldigdsnative
segnented cutting profile for making long cuts in sem conductor naterials.

[0030] FIG 11 is a representative illustration of ultraviolet ablative
pat t er ni [0926] a FIENGisdexstpeesentatiee Shgiratiomefallvaviokt eblatif®paiemik Gfal2 is a
representative illustration of ultraviolet ablative patterning of an AWG

devi ce feWindeigaleepegingains®i¢®onduct or wafer. [0032] FIG 13 is a

represen Lye i ration of an raviol r. r ent k on_.which
son condlTORa © wdt et B fsasBiseBheaflle b plionty RlmitiBR BIACH nGRBlp R pyptt

ul travi oh8e %ggﬁ%ﬁ/_e patterning nmethod. DETAI LED DESCRI PTI ON OF PREFERRED
EVBODI Srf 33] FIG 1 displays the optical absorption coefficient of

si licon p428] f ueliG. dhiscf simpdiviedl ecpyesentatibh lof e tremplary $epnidn€ed cittisg prodibn
exhibits_a very sharp rise in the optical absorption at wavel engths in the
ul t r avi ofastmaking Iongcathin senieondustor maleitlageousl y utilizes |aser

wavel eng hor. . e. of ' e
absorpti t)dr@gf 51%11%{ clﬁg :Lnﬁ&lglelﬂ%? f&g?/slteg&{égﬁn ?.g%ﬁg?# %g!%"‘r)\et slc?%gegtegt%é Eglﬁ"l I%q(? g}ﬁe and
t her eby f@RrAAIGny BineetiuYs B sepfitdnductopdidt@fads or features directly in silicon.
The absorption behavior facilitates st rongly ablative renoval of silicon
in the ul0038Yi olIEG.viilt is aoregresenthfive dlisteatibntdfarltratiblpt alflheed patteming of a

conpar i S@&ﬁ(&”h features forned uszi,fng ei ther 532 amor 1064 nm pul sed

out put a S Gle¥I%6P h EFIBICPBAUCIRL WalFB034] FIG 2 displ ays the optical :
absorpti ef fined end ; - A s ! j rence
fo PG BPIER HICHS iR R eRnRiE takboDt oy MR RRE bl OO0P LS

wavel engaNgGidavicedabili¢atal oo betmicbhéuakswsferi on coefficient at 355 rum of
GaAs and silicon are quite close. GaAs is a key material in optoelectronic
devi ces, [038h aFI§ ddeis 2 igpeasentatie Wasteatiorof anNiyzgplerframspaseny gHuck on

il lustrage. al t ernati d o] tive | .
pr ocess, NSy b te ke RURR B oo ohRRS: e BEMmtinkoean
posi ti ongngri¢: %at@rﬂ_lﬂlé m&ea WO 02/ 060636 PCT/ U502100867 system 30 equi pped

with a wafer chuck asSsenbly 140 that can be enployed for ultraviolet |aser
abl ati ve patter WEHAILER PESSRIBTIONQF PREFERRED EMBODIMENPEeces 12 in

accordan
I_CO%BS] FIG. 1 displays the optical absorption coefficient of silicon as a function of

wavelength. With reference to FIG. 1, silicon exhibits a very sharp rise in the optical
absorption at wavelengths in the ulraviolef. The present invention advantageously utilizes
laser wavelengths shorter than 390 nm and takes advantage of the increased absorption of
silicon in the ultraviolet to efficiently ablate silicon and thereby form a variety of useful
patterns or features directly in silicon. The absorption behavior facilitates strongly alz;latiVC
rernoval of silicon in the ultraviolet with a greatly reduced thermally affected zone m _
comparison with features formed using either 532 nm or 1064 nm pulsed output as te{ught
by the prior art.

[0034] FIG. 2 displays the optical absorption coefficient of GaAs as a function of
wavelength. With reference 10 FIG. 2, GaAs exhibits a very sharp rise in the opticai
absorption at wavelengths in the ultraviolet. The absorption coefficient at 355 nm of GaAs
and silicon are quite close. GaAs is a key material in optoelecironic devices, such as diode
lasers and detectors. |
[0035] FIGS. 3 aud 4 illustrate alternative preferred embodiments of respective laser

processing systems 10a and 10b (generically 10) utilizing a compound beam positioning
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with the present invention. Wth reference to FIGS. 3 and, 4, a preferred
enbodi nent of a |aser system 10 includes a Q swi tched, di ode-pﬁurjt]ﬁdZ[ﬂ]&P)
solid-state (SS) WV laser 14 that preferably includes a solid-state |asant
such as NdoOY2&@Goebkl: YLF, or Nd: YVO4. Laser 14 preferably pconisiwenss?
harmoni cal |y generated UV | aser output 16 of one or nore |aser pulses at a
wavel ength such as 355 run (frequency tripled Nd: YAG, 266 run (frequency

quadr up ISEﬁCINdBOﬁKIB}PPeérW@LQ Wik (Ghpely é@ﬁl@PIYq lﬁ%@lﬂb‘l:a@cbq\ﬁﬂpﬁwd for tlravdelehar i [ y

TEM
desor bdieheb RlivERTerB® o sforcatiiitles S bR o FREROAYARY 125 B0 bEe, |
.. appr eci akieh Mmlred¥RS inveARRL SWith @erbfte 6 FIGSP8h@a! 2 FreffreaadyliRitnt of @
"having a valué of M =1. For convenience, the term Gaussian is used herein
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| ndustries, Inc. of Portl and, In an alternative enbodi nent, a

L gt wafednngey Gaauplsd NSk REa1S min GpaeResy. quiniyplsd N IH® Wilber

operati nployed in order to enploy high energy
per pul ggmggl ' %ﬁﬂaggrpg%ﬁe?rgﬁfm frequency (PRF). Skilled persons will
appr eci c"[b@sdﬂ hat A%Bﬁ h (28RIH Iﬁgub@lu% t§ rala&&m%@i}ga&ﬁ% bR ofMRNE bt NS
are avail ab from he other |isted |asants. Although I'aser cavity

ar r angernéntis]led persons wilpepreeaiatcdgt mesh thserssisd dehotomeir perfiest, Gaasslaposiptit oni ng

systens gre all well kpgwn tﬁﬁ) ersons skilled in the  art, certain etalls
of some 18haVHESYABHEH qonyenignces tha Chm aussian issedhereia &

e 0 ST Q0L WS s AR L BB g

t hr ough nown" expansi on ‘an na 'on optics 1

pr opagateed. :ahfqueﬁa‘nraapt I cal path 20, and direct ed by a beam positi oni ng
system 30 to inpinge |aser system output pulse(s) 32 on a desired _|aser

target #8834 onlma PH¥emet Rippediment 1335@&%1@@‘8(?% odg BPsYenBovisteter abl y

v 1 r o PN AR BB S b R S B e el ooser

:) gﬂn tsu m LigHtRhveEfitRbeics XTh¥ ladi $aPbech élﬁp‘lb}véd)ﬁi fRe BSI VI6des 2480 and 44 and
microvia drilling system availabie from Electro Scientific Industries, Inc. of Portland,
Oregon. In an alternative embodiment, a Lightwave Model 210-V09 Q-swiiched,
frequency-tripled Nd:YAG laser, operating at about 355 nm may be employed in order to
employ high energy per pulse at a high pulse repetition frequency (PRF). Skilled persons
will appreciate that other lasers could be employed and that other wavelengths are available
from the other listed lasants. Although laser cavity arrangements, harmonic generation,
and Q-switch operation, and positioning system;s are all well known 10 persons ski]le-d in the
art, certain details of some of these components will be presented within the discussions of
the preferred embodiments. |
[0035] UV laser output 16 is optionally passed thrlough a variety df well-known

expansion and/or collimation optics 18, propagated along an optical path 20, and directed
by a beam positioning system 30 to impinge lasér_ system outpilt pulse(s) 32 on a des.ired }
laser target position 34 on workpiece 12. Beam pbsiﬂomng system 30 prcferably includes a-

translation stage positioner that preferably employs at least two transverse stages 36 and 38



novenent between target positions 34, on the sane or different workpieces
12. [0039] In a preferred enbodi ment, the translation stage poibifie2li%s a

split-axivgoeyassess where a Y stage 36, typically noved by ddmeanmiREors
along rails 46, supports and noves workpiece 12, and an X stage 38,

typically noved by linear notors along rails 48, supports and noves a fast
posi ti onRk4t sﬁ@g{m,dfw%imbﬁt, &J ¥ .omidgor @ pbsitishiag mirrtbie4Z afd 48 aad perhiguign X
stage 38 and stage 36 may al so be is adjustable. The positioning mirrors
42 and 4dovementhetwesn sargetcpositoms [342m tha samg br difjerenirwerkpiecoedh | aser 14 and

f ast 1] 50, ich i it d al th tical th 20. Th

L Db 150 oriibhe ehioaRie bRy ekt SeS ey e B st or
b boess iisiEs ST B! w9 Loy, 1G8Rr foldiS ol HCaB suphBREA Wt ¢
and 38 vaditipiees 12 ankin EGtamrrB ) eypiodlly @olelbylidearonedrs 1089 eaildefs, lsyppurts

coordinated to nove together in response to panelized or unpanelized data.

[0040] Radmayss iatfeymesitonen?@ prd agspyiated Socusing lgayes)a Thest climeRsiomhetvear can
Beam posk PSR ARADA ST 36 T AL A R AT b AGHIOROE SRS R4 5 nor
i _ | : . | . .
2elpgpgfgh§§)rtr§ andﬁt&ﬁat ar eﬁg\?\éaﬁ?%ng?\iﬁ to \sll%felrIlggﬁg?%é%ts{ﬁfgﬁ%@ﬁ?wc%%ea
enbodi mpobitioasd HEWX the sptival pak 200 ey fasgpdsitioado 50 mayrfar yxsmaplewaiploy high

posi tioning system 30 sold by Electro Scientific Industries, Inc. is
enpl oy edesodtiany fingammoipisfebal; pegilpnemeaier mEys thal sep sffet wM@Re 9 t ar get

| ocat ) onspeid prb SR oS RE85y B oo sl GRS The Bab 3B o
bri ght - 3geind, poRoR%t SO chd HELEREGIRNA, anB3hbveaUhddperdély Gieprliastky t6 aidvect i ng
wor kpi eces |ike | apped or polished wafers. [0041] In addition, beam

posi t i onogriheryis trespoBee tol pamepizask @ruipapeliegldaiss non- cont act

'l -di t t I.ne, Abb d to th i t.ch, A
or rol | 10803 ; Be P3e e S ProlEO B RN U tFTA s e ek ;o
| ndi cat ne or Wedte FRluRiatd &?ﬁfe supfais Ef ﬁ]@‘i?&g(?ie?é éb_.a%cﬁrd s?ﬁctrﬁﬁ%éé%&&ﬁ 30 3§
Abbe error correction systemcan be calibfated agal nSt a precise reference

st andar ¢mfioyt Esnveatiogd tvisders ol BRain th Fotly alddhnsshn SyNems Rk work RidBgg objective
sensor readi ngs and.not on absolute accuracy of the sensor readings. Such
an Abbe lens3r orcff pBistWidha soRAT et craterreanst thpeare welbisrown tq skilled pragHEPRATS

Publ i ' No 01/52 | . pub] i d Jul 19, .2001 d U.S. -
Publ | catt S REodtrant B SR it e PEfioi g e R Loy sSRbae Hine
L ?:lr /e\(gg /o%gg%i?gﬁs@ﬁ] 3 §o1d bYHILSHS scieﬁﬁﬁ@ FadBstried, Bl is?ARoVa R QERe86

alignment between the laser system 10 and the target locations 34 on the workpiece 12.

Other suitable alignment systems are commercially available. The alignment systems
preferably employ bright-field, on-axis llumination, particuiarly for specularly reflecting
workpieces like lapped or polished wafers. |

[0041] In addition, beam positio'njng system 30 also preferably employs non-
contact, small-displacement sensors to determine Abbe errors due to the pitch, yaw, or roll
of stages 36 and 38 that are not indicated by an on-axis position indicator, such as a linear
scale encoder or laser interferometer. The Abbe error correlction system can be calibrated
against a precise reference standard so the corrections depend only on sensing small
changes in the sensor readings and not én absoiute accuracy of the sensor readings. Such
an Abbe error correction system is described in detail in International Publication No. WO
01/52004 A1 published on July 19, 2001 and U.S. Publication No. 2001-0029674 Al
published on October 18, 2001. Thé relevant portions of the disclosure of the
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corresponding U. S. Pat. Appl. No. 09/755,950 of Cutler are herein
incorporated by reference. [0042] Many variations of positioniag ?Mﬁtﬂmﬁ
30 are well known to skilled practitioners and some enbodi nents o

posi ti oni M 83/40eth 30 are described in detail in U S. Pat PCNYSIZ0§G] 585

of Cutler et al. The ESI Mddel 5320 mcrovia drilling system available
fromEl ectro Sci.enti f] ndust i e of, rtland, .O.eqgon | preferred
ol eentHRRPTBEENIS! Bebr iR e Pas3sis et pRMi TR Bt
drilling.gf . desin coated copper packages for the electronics industry.

O her preterred positioning systenms such as a Mdel series nunbers 27xx,
JA3xx, 4450042)r SRiany variatidmoifyposiiioningEysteins 303ce gellikiown tbskiledri es, | nc.
+in Portland, Oregon, can al sq be enployed. Sonme of these systens which use

an X-Y | PFRSHEOReSE 3Rd seme ¢BPOABRGNt O BASKINnERESY e, 3 argrdegenyoesk g gigtagldp novi ng
strai gnt Vet 2t 8o 25 6L pEChh e T Y Mo 358 ol LIS 00 |

singl e XavaifbfdRomOEl¥®s KpicaGRe NeRistriedNinagof PhrtAnd Oioped iDLPMBfEesd t i on
and/ or stationary gal vanoneter for beam positioning may alternatively be

enpl oy edimpleosatagikn [of dsiipningSystem 30 41d has beemised fohlasersdriing of yesiremrateh be
programmed to utjlize tpolpath files that wl|l nam cally position_at high
P becde T RepPeF sipkagas by BaslEEiayis Mgty p TG e led Pos GopeGies Sts 2
vari ety ; LC i ? PlcTal - i odi c.
Those skﬁ?&eéggl&lrl#st € ﬁacr?% Qm’l%é%%gggﬁ’eﬁ%ﬁﬁ%?ﬁ{eﬁﬁ %‘S%%?ﬁg’%%as many
advant agbsluads, Inte s Pgghat | Onegoad eabylst be etopigyedd Bomevofahedersy stk iwdtich

t hrough use of a projection inmagi ngl arrangenent .’ [004;3 An optional |aser
power cohsg &t Key Impar meter fas moving thewarkpisealbabim £ ¥ sfagefgymoping the

fovi ces. gor 180 el EReBE PeiBGuinz dyRGES stunR Sl g RO et ' o
control | ?érséas will&Ro aa?p@hiawﬁmd; W $dlemn AiBOS kbR "Wstdhd f@'wdékpieb@bodionin,

adapted to be partly transnmssive to the wavel ength of |aser  output 16.
Beam det wdth ofixetbbiape poftomard/pr sthbordry galvangmetenfir beamqositiondnghaagm

povr  coLFaRTERD B8 croploxgaa TR e 3F it vl eretize Bt QLo Sedhert il
prefer ab%"ﬁmsm %téilikéf?o%tlpétﬂ‘@ilcs|tﬁ§te\{iﬁl W}! BBitigh rsgeéﬁst’ﬁg‘:t lve

| aser ou s 16a and 16b that are linearly polarized 1n nsverse
di r ect i ofccvaed U pageisernbwpyt pesqaadt topeodpkiacaidepatiby dlsefmhgdat?dios,t owar d
respective reflecting devjces 42a and 42b. An optional vvaveiﬁl ate 56 may be

posi t i onBHSTIBREE 6HPERRATIOfH or BRpsPeTiRdis. o Thpsigskalest dba ont Will alfodEErEmity a
pol ari zapl oS eAshhie) §iab SRR AdvarfageloveihiR A6 802 By Ceeto prodiide i lA847

silicon through use of a projection imaging arrangement. °

- {0043} An optional laser power controlier 52, such as é half wave plate polarizer, may
be positioned along optical path 20. In addition, one or more bcam detection déviccs 54,
such as photodiodes, may be downstream of laser power controller 52, such as aligned with
a positioning mirror 44 that is adapted to be partly fransmissive to the wavelength of laser
output 16. Beam detection devices 54 are preferably in communication with bearn
diagnostic electr‘onics that convey signals to modify the effects of laser power controller 52.
[0044]  With reference to FIG. 4, laser system 10b preferab']y employs at least two
lasers 14a and 14D that emit respcct;ve laser outputs 162 and 16b that are linearly polarized
in transverse directions and propagate along respective optical pZ:lthS 20a and 20b toward
respective reflecting devices 42a and 42b. An optional waveplate 56 may be positioned

along optical path 20b. Reflecting device 42a is preferably a polarization sensitive beam



conbiner and is positioned along both optical paths 20a and 2Qb§!t cgﬁ%ne
| aser outputs 16a and 16b to propagate al ong the common optica '@"{l‘t

[ 0045] L g)ruguéoﬂag and 14b may be the sane or different typeLs”ofuma}‘sers and
may pro e r outputs 16a and 16b that have the sane ‘or e Ent
wavel engt hs. For exanple, |aser output 16a may have a wavel ength of about

266 not , csinbe&RY is ?é&ﬁ'éhccﬂﬂbn gHath Giical putien0alaa2ob t8fcoabaietlas ditputs

Skilled persons will' appreciate that |asers 14a and 14b may be nounted
si de by Biadsndol6boepropagatspalofig theecomihen opimdl pash BO0at t ached to one of the
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an i ncreased energy pul se can be gart lcularly advant ageous for ablating
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el lipti ca orfogt h F:ysﬁ?gejg clﬁgkeacﬁrl s?ﬂ:szcapareti? fﬁ?eﬁh pat]ﬁ%fl y.

r ef er endesdroouhub.pulses BRga partticakar mmﬂrgeaﬂ theparedngembhtyshiowa mdd&. dnis m@t | caI
el ement 64, a |lens 66, and an aperture mask 68 placed at or near the beam
wai st crRIQOueE %9@%66&%9\@& pinging:on the B’@kk awy‘aqqrhfwgraalbm@mﬁ#eée | obes

and per i e {;c ].J,;e'\9 Pfd“?‘%ﬁ’ﬁﬁéﬁlﬁﬁ Sﬁ Rl 3rdf 6 Chi ks e?n%gxt P%edﬁii'e

is subsequ rrage e Wwor ace na pre erre

opti cal ﬁidﬁrﬁi‘ﬂhcﬁﬂsddselﬁrépp&tsplﬂ@ cdneiSparBdifiarlyetivaf@pésuscot ablhtinm | ens
to add flexibility to the configuration of |aser system 10. [0047] Varying

t he si zdresicheher Wr@@ﬂéﬂéﬁr@@mﬁm&ﬂ%m&ﬁmrpness of the spot
il dged.int e fi t shoul d

P hance WR4BT of Honle eSSt AR RE S 6 Ditelal p RS b MaimatOv

shape of I?aP@r quAliG GAbelBhicRE® WithenYo Ip?j'oﬁﬁ‘ihﬁ%e@é ptitlsSHodfe s@m?étwt 0

rect ang | i'ptiCal, or other noncircular shapes that can be al'i gned
par al | eluruvaqubmrdamfhcas suoh as cesiduah gstipniatistni co reliipteal apetheusimpef nmask 68

onti 05! SR, o o oS ey T SHBe 51 HRE PR SUBITEE vo

L e Sk T 60 By L e SRR

PCTAJ SO0 &&7 beam waist created by the optical element 64 to block any undesirable side lobes
and peripheral portions of the beam so ti]at a precisely shaped spot profile is subsequently
imaged onto the work surface. In a preferred embodiment, optical element 64 is a foéusing
léns, and lens 66 is a collimating lens to add ﬂéxibility to ﬂ;le configuration of laser system

10 I. - |

[0047]  Varying tbe size of the aperture can control the edge sharpness of the spot
profile to produce a smaller, sharper—e.dééd intensity profile that should enhance the
alignmept accuracy. In addition, with this arrangement, the shape of the aperture can be
I;rccisely circular or also be changed to rectangular, el]jpti(::al, or other noncircular shapes
that can be aligned paralle] or perpeﬁdicula: to a cutting direction. The aperture of mask
68 may optionally be flared outwardly at its-light exiting side. In imaged optics module 62,
mask 68 may comprise a UV reflective or UV absorptive material, but is preferably made

from a dielectric material such as UV grade fused silica or sapphire coated with a

10



mul tilayer highly UV reflective coating or other UV resistant coating.
Skilled persons will appreciate that aperture mask 68 can be used Bwijt}hoR(5.
optical elements 64 and 66. [0048] In an alternative preferred enbodi nent,
opti cal 84 1ncludes one or nore beam shapi ng CO% At
convert F\ggg‘r?,ﬂ{c)otﬁ?ses havi ng a raw Gaussi an irradi ance profi em"?”r]\r[agﬁshaped
(and focused) pul ses that have a near-uniform"top hat" profile, or
particul grhy y?é%@?t]’\ﬁ%lﬂ%éﬁ@”boiaﬁﬁ | @RIV &hdtire cotingd Skitlediptagonsovidin
apertur eﬁ{#asﬂy% downstream of optical elenment 64. Such beam shapi ng
conponendppraviate ihat Apeiéire spaskrG8ccagrei used Brithow arfticakbelements §tiagd 661 n a

ferred dinent . | 66 ' | g ti ful f
- Gont 1 of | ORGFIbaal €8 SHCETA P USFERR00REE Ty Babohl PUSHEL g IS5 088 PRI hat

“a single ' Eﬂmﬂ%ﬁ | 4
_enpl oye?é&gﬁﬁaﬁgg ége sgns W _F:B%ch%la%‘ gﬂ%?’?{%@f“ h‘gﬁr@ﬂ%@%iﬁ@%&ﬁ?ﬁpﬁ
T can be e Mupel ot Fociised)spulgesahatdfaee b wear-nmisdind Stop HaOUP9fild, vr pagicpraelver r ed

"~ enbodi nent, the beam shapi ng conponents include a diffractive optic el enent
(DOE) t heasupeErfpapesidnoi radianep PeX{LIpeBIrBrokap NG an apsTHT Gasiedd fewesiepmadd

.. b hapi I . f .he G [
Pyt e e e e R S
focus thgpRaRedpaey P a pfe@eﬁediah%d&aﬁl? :lﬁlsQfﬁ SReish ﬁﬂiagﬁﬂgbptﬁsaﬁemﬁkarhough

a single elenent " DOE is preferred, skilled persons w'll" appreciate that

t he DOE comyrollinglhedm sizd andodivergepee. abldlled pemonswiligppresiate tthid aphmdeimdgoge and
transform el enents disc|losed in U S Pat. . 5, %34,4 %llﬁlfé Di cke}é,_?t al .,
whi ch al 1685 GATRRINGALQT 1Y é§°’PBPD<‘d1é°s_‘F°¢‘#§\IE53BB o Rt ¥dll aisopeam
shapi ng. ' ' ' ' ' @@?é‘%ﬁ%ﬁ descri bed
i n- det ai:’fpp ?’%ﬁ%@?%a iegg%lef HE%BP%#a%%Hnﬁ 1%&18“%\1@ / ugﬁﬁ{iﬁgg\gﬁ '
Decenber[(§497200@r ofid prafeired embodiaiehnt, ahs bedm skdpinglcomparutsenedidear r espondi ng

U S. Patent Application No. 09/580,396 of Dunsky et al., filed May 26,
2000 ar ediffeacéive ophie elepnbfld@ED{hat eanpufien coplsd bems shanise pithgogle of

provi di ng-i.ncr.ea lexi bl i i m f ..pul se,
D Past rEHRAGEARER e Y, i okm) Shoblle RRALT BRN Yy HenSOGH e CRETR

modul at OgradRhcEpREh¢ By ® QbArCurTRE idtalanfBprdie, iR tyedsd ciPoylsahgedtdigpiul se
energy of successive pulses. Alternatively, or in conbination with the

fast resparstcranpible adspesredrspbt sine c Wdthprgh a singleptlementrle@Etis preferréd.equency
be i d . d.t f t h i.,n. th | f
s cessi SaleEses il PR pebyE PAE e FEERE kPl aral St Heveen
I ihd : d
pul se enge gg%si@ggatg bt ErahBRh cld ] GRASCH 6‘-(".@55’-)&‘*%653@%0 dformy e

during pr t he invention. I cates, pulse energlies of
gr eat er dlhavhi@08lspdischsebiechnigte foe defigming DE@EMdahe giipod)6E bebm stagdinipi on,

_the characteristic relationship between 11 - 6 JUL 2005 L .
The shaping and imaging techniques discussed above are described in detail in International

Publication No. WO 00/73013 published on December 7, 2000. The relevant portions of

the disclosure of corresponding U.S. Patent Application No. 09/580,396 of Dunsky et al.,
filed May 26, 2000 are herein incorporated lby reference.
[0050]  For the purpose of proviclingi increased flexibility in the dynamic range of energy
per pulse,-a fast response amplitude control mechanism, such as an acousto-optic modulator
or electro-optic modulator may be employed to modulate the pulse energy of successive
pulses. Altemnatively, or in combination with the fast response amplitude control _
mechanism, the pulse repetition frequency ﬁlay be increased or decreased to effect a change
- In the pulse energy of successive pulses. FIG. 6 displays the characteristic relationship
between pulse energy and pulse repetition frequency (PRF) of a laser 14 employed duﬁng
ﬁractice of the invention. As FIG. 6 indicates, pulse energies of greater than 200 uJ can be

obtained from the Model 210-V06. In addition, the characteristic relationship between

11



WO 02/ 060636 PCT/ U502/ 00867 pul se energy and PRF for al ternativeeégiﬁ_lr%

Li ght wave 210-VO9L and Li ghtwave 210- VO9H, are al so shown. ThoS$§ I@g

in the aRy@bheoahreciate that FIG 6 is illustrative of ddjaidesimelpal

descri bed and alternate enbodi nents of |aser system 10 wi || produce

different characteristic relationships between pul se energy and pul se

r epet i t ipovisef enenge anyg PRIFOf0S Blteifatvalasare - Hightwavect] 09€0910 and haghtwave 210-

char acteré'@%i cs of Lﬁ; | aser syﬁem,lo can he used for high-speed forrmftion

of m cr o ¥ atrE et byosgkaliaddn t arg erll epRGRicowmat E 1sgHPsTAHeH) v

silicon. : | L1 { f ' of

verynithh BEGpaf ARTBRA AR ah Ay Shmobithor B gk b 5w o Bt

si | i con chafRterishe refatfibhstaps betRBenMUlkéReBE anpultOfepRiition frefudneyough or

partially through trenches of conplex geéonetry for the purpose of

si ngul at{f8sl]of piterbovedestiribed perfothansa chefacresisdes ofi UV daser sywemkpliOcerache] 2;

formation of m.crotab features.tQ separate-microcircuits formed in siljcon

f rom parSRY FHUHERSPORbIHRIEHER Of i BRCAE S25Hh R ABIASR ) SFREPBROTFSARRSD

and for P f Uk | It g} '

Faci 1t eoucfady sOE8h iRek Rablriinal SRS, bhPhle dop R3] forkGRb By

wi t hout ifglg Bép‘eb@@fﬁnﬁioﬁgolf:&ﬁﬁgstlimrthroagﬁ owphitfally thicagh siliean waf@re@r oussrk Of

the feature edge. [0052] FIG_ 7 presents a representative illustration of a

cyl i ndr is#lagonoperkpinged d2; fasmation ogvzmmghq\@amdiy diwough wenchas obecothplgxi n a

silicon workpiece 12 such .a_wafer havin O ,um thick intrinsic

511§ con SOBERYIE pdvan oF aimifieTot e Gt e ok Shecty Vet SR of i 02

(not  shoysppictBOPL, Rldnali6s of idbBbatimibs th sERERS Mhigfocioais fopiel th shftgas of

the silicon® workpieces and the thickness of° the passivation |ayers wll

vary. [ (b&8paidne wafbishfrnenionob éermngs &0 @nd/or pinghlatiahlof ARGseamefbrination of
position 34 of the silicon workpiece 12 at the

positioning the.t t , s O P 4 .
Focal plsfEresn M@éﬁs%@@ﬁlﬁﬂ% 'R grefPridBYsntipndaciiiiescieaigre fommaron yEtoH
ertbooi et spdt b PEio BB i By Slag AP SR Siob il 1, 1

X and Y pR¥EBackldT the Tl eRN eprogramred centroid target position 34 of the

desired |l ocation for cylindrical opening 100. The sequential |aser system
out put [d008Hs 3FIGr & pressmis acipdesentatme illvstratiorogf anylinirwahopaiing 100 fermed

DUl sos. BGHIRTIIF ABIABTR PACrARE ot SSOrOMOTHTEH 7 AR 5P cHat ol P -
si | i con MREKRIRERSNGIPIBEREEES dVaNIR Wit 5919 Hﬁ&c}%ﬂ}ﬁ%ﬁ%@&ygﬁéﬁﬂﬁﬁr S,

i ncl udi ng energy per pulse, pulse repetition freque cused
spot si Zrotshewmir Those skillad mdhaattagificecodnide thapihd thivkedss b tifef sikiceaf ul
cylindrical _openings 100. 12 o

workpieces and the thickness of the passivation layers will vary.

[0053] The cylindrical opening 100 is preférably patterned by positioning the target
position 34 of the silicon workpiece 12 at the focal plane of laser system 10 and directing a
series of laser system output pulses 32 at target positior: “4 on silicon workpiece 12. In this
embodiment, laser system 10 is directed to move the silicon workpiece 12 in X and Y axes
to a computer programmed centroid target position 34 of the desired location for cylindrical
opening 100. The sequential laser system ontput pulses 32 are each incident on the
prbgrammed centroid target position 34. '

[0054]  For ablative patterning by sequential overlapping pulses, referred herein as
punching, of cylindrical openings 100 in silicon workpieces, a preferred range of combined
processing parameters, including eﬁergy per pulse, pulse repetition frequency (PRF), and
focused spot size are particularly advantageous for rapid punching of useful cylindrical

openings 100.
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- 6 JUL 2045 WD 02/ 060636 PCT/ US02/ 00867 [0055] In a punching progeiﬁ_,
sequential | aser system output pulses 32 are each incident on th J 'Zﬂﬂﬁ

progr anmmgoGefaksasd target position 34 while workpiece 12 fénlzﬂag%i,n X and
Y axes positions. For this exenplary ablative patterning of Silicon

process, the preferred energy per pulse range is about 100 p.1 to 1500 J,

mor e pr g0853folnya panchivegy process| sqaubmteal 1:3806yseém oalatipul2eBPareteact Gidtiendon even
nore preferably from about 300 pJ to 800 jJ, and nost preferably over

about 36be programEney; centpidagr seRpositier &4 whilgywurkpisce H is Bxerioio X prd Yazkes nor e
ferably,.a P fr t 7 kHz t0.50 kHz, and.nost .preferably,
- PRE 1 akpticPsmr esofiF YR ARete darbtin 81 SPerLproly sRBERIS L
ange 1 RenPate rodlls bOuPRI ATROTE, e Batabint o el T IAISRIRCHES

© from abaibiouB200 b td 5000 pIhwese nwit pkeferably frb@ Mot 300 JuJ to BEOENiand mhdsat t he
| aser perfornmance as shown in FIG 6 can achi eve energy per pul se output

at PRFs preferably oer ahowit 3608 ef o Theprefarmge $RIEsmge iscaboabb\kdz tori00ddia; tandn t o
practice, progr I N an ESI de 00 to operate with the no

preferr éﬂorﬁrHE&SJTg‘a? %#2‘{ T8Rge TPELANME | K 19 flor#]g%rgq’l‘ad%m%fm?fﬁ’@bﬁh r?d%éﬁ
cylindri | e | ' | ' m

a arot e e, SRR 108 AR I, PP pRRIBE il onfE P el kB2 9
[0056] ItB 23nahheid aivke gidf@ably, bifscuéed spdRizeahngd Bolmbspit § 0gn o PO, 20 i S
si mul t aneously noved coi ncident with €ach succeedi ng | aser system out put

pul se 32nos prefesabdy thfochselespof siceifroat atmwus 8quend 13 ity Thegreskilpakint thearti n t he

silicon rkpi ece 12, thereby _maintaining the focused spot at a position
nore coi'Wei§ ﬂgm%mjw fh@gaﬁeém&ﬁﬁrnﬁ@cgiaﬁis%wn l%ﬁléa‘éé?ﬂ AeiievE encRESA PR B 1 ed

nbodi o ' | he '
hi oknocbm 3t BRI s Lk o oba AR oo EO8H S Eedublion RBIsE G,
| aser 14refran@hidgtcfantERIMSEE 2700 t@bPsth@Swith e it ifeRRRH prdddds pRAHRALE al

| aser system output pulses 32. Laser systemoutput pulses 32 are incident
at the wendtedinmgbroughpt of dngdusdredsylindrical opétingy peti sspends reack cyliwiricall 2 m

The cylindrical openipg 100 produced .ip this e dinment _wil |l typically have
2 o s bPbioE TasBiE S drLBrBler g siedcliraneh dacte e con Yk
di anet erw&%@%ec&@ﬁ, of about 13 m thereby producing an aspect ratio for this

t hrough ho cylindrical opening of about 30:1 and an openi ng taper angle

of 0.4. [POSH8] Pén anothersémbddithent) thenZ-height of ke hsortibars phicacsat e that the
preci se val ues of enerqy per pul se, focused spot size, and nunber of

pul ses EERUAEGUEY @oinsidept pithraelesurceeding) leaey sygtesy putpuy pllse. 33 feni ngs
100 thr %lf&@ tRé hdsgro FoclE e & ?étfﬁe%ﬁ%r éiéeBgr ﬁoositgohneinttﬂé (S:ﬁl%gg %Vojf]%pzlegg 12, thereby

maintaining the focused spot at a position more coincident with the remaining siticon

surface.
[0057]  In a preferred embodiment, r;ylindrical opening 100 completely penetrates the
entire thickness 102 of the workpiece 12 using an output pulse energy from the laser 14 of
greater than 300 microjoules (1J) using about 100 sequential laser system output pulses 32.
La_scr system output pulses 32 are incidex-lt at ';he worfc .sutface with a focused spot size
(1/¢*) diameter of about 12 ym. The cylindrical opening 100 produced in this ecabodiment
will typically have a tof surface opening diameter (dv) 104 of about 20 um and an exit
diime-ter (ds) 106 of about 13 pm, thereby producing an aspect ratio for this through hole

" eylindrical opening of about 30:1 and an opening taper angle of 0,4°.
[0058]  Persons skilled in the art will further appreciate that the precise values of energy
per pulse, focused spot size, and number of pulses required to efficiently produce high

quality cylindrical openings 100 through silicon méy vary according to the thickness 102 of
13



13 - 6 JUL 2005 WO 02/060636 PCT/ US02/ 00867 the silicon workpi ecg jllﬁ.n
rel ative thickness and conposition of overlayers, of which Si027 I2905
one exanmye.n2@i@s¢ he precise ultraviol et wavel ength enpl oquglrmfgym,@gganpl e,
for production of through-hole cylindrical openings 100 in I con for use
as sites for direct conductive interconnection of an integrated circuit

pat t er néek silicon wotkipisoe 1, ee]!ativeathinldm!;senﬂd impesitibn of leedaydre,cof wiegh SichiaI y
50 gmthick, for exanple, In this exa as few as ab(i__y ten pyl ses may
ve. ) 890k pmpl e hepricse s Aleb gHel Rt CEpIavRa HoxIxBl 1y 100

not - conbreiEfiph BpbitGukhaléiabinliiah opGbif i Gt R bsC BERIGGy bl P OO
(blind %ﬁd&cﬂ@@&t&%oﬂﬁ&%ﬁ%ﬁ* antifvepracHa éﬁmgﬁ&éﬁea o8 SEtdOMeqb atpiiited

paraneters described. [0059] Persons skilled in the art will appreciate
t hat sucircuiy, thedilicon maypsnony S04a0 thickrfongharsplei dothisickampleglas fspetabouat i o

2nd | nt WcHHS dRaLb aE%%ﬁw%éﬁgY:?c{ c%?#éac{‘%%%ﬁ’bﬁsﬁébgﬂiolwﬁﬁt iR oeBRE [0eos
It t
glrrge netai; 8F%Mper| phery g%ﬁ%kmﬁ @g@r@% uﬁ S or&ddl? %mg)ﬁ]et%\npe -

scri bi ngenétdieihigu tpﬂnedsnﬁwgua@é@elw é’ffthc'isilh%bii anh@ws@%m% fod@bed hat the
back or bottom side of workpiece 12 can be precisely ali gned to with

r espect ﬂlr@ugleélcmowcmﬂlcmntQfﬁh@p@l@mem&ﬂmtlbgiment faci l'i tat es backsi de

process uch_as | a bi n saW| n ha c roce55| n peed or

gual i ty;i}%f’ichn?%fﬁgﬁﬁj%ﬁﬁ Haﬁg‘ﬁgﬁ mg . &M gp@l nghage
i scussagd kSo i 803y ubig:C

2001, onpope oMes: Haiizn ot thochatto Shgép W "‘%Et 7on %%8?’. ttféEL H gh

Mel ting eIEetrpmr:qiaukgﬂ@mﬂnt&hbmacah@mmmaiu@ddmcsneor nmidragseapsafid i n

US. Prov. Pat. . 60/301, 701, filed June 28, 2001, entltled Mul ti -
Step Ladkase srigh é%@hag hp&f-'r cyligricak aneames A0Gean be H@Slﬁﬂnﬂiﬂa@bﬂ? thp ﬁ%‘leS@Fﬂf thee

De L t ||l

ol travi BPOBEety ofReERseds 2. el B GBE GRRhR iBiek: 5he EesRbisraat 1o
The treqgdr thidhsdcBioRs Sichr kY the DAL 6F B@l@brﬁ!éxd@‘?ﬁ'ﬁdr@ﬁib&g 12 B&n be f,téchségh

wor kpi ece 12 at the focal plane of the |aser system 10 and directing a

string ahgnaiuoomlsmspbt;t toeathzep porige topswde. sgmheahgmu:tepufacpiuhteebaaﬁlh t he
silicon work | ece 12 as the . laser positionin st.em 30 noves wor kpi ece 12
al ong t REPGRSSRRFYSh a5 laser scyibing px Sa\?(&&@ﬁle@g@mf ro%/ @B&]SP sk % gRLGG) at i ve

pattern gy
por  pul A6 pEARIHE FLAl aidbPBRsRe T ABGHicklk & bR Are WIHRETIERLRE B0 O
per pul §ES. Pam@pplONcﬂlﬁDEBOEuZE@Z fded M09, PO01, @utitledTONELaget f@ItARS Yr Sha:;m
about 300 to 800 _11j, and

Modification of Briftle, High Melting Temperature Target Materials such as Ceramlcs or

Glasses and I U.S. Prov. Pat. Appl. No. 60/301,701, filed June 28, 2001, entitled Multi-
Step Laser Processing for the Cutting or Drilling of Wafers with Surface Device Layers.

[0060]  FIG. 8 is a representative ilfustration of ultraviolet ablative patterning of a trench
110 in a silicon workpiece 12. The trench 110 is preferably patterned by positioning the
silicon workpiece 12 at the focal plane of the laser system 10 and directing a suing of
successively overlapping laser system output pulses 32 at the silicon workpiece 12 as the
laser positioning system 30 moves workpiece 12 along the X-and/or Y-axes of the o
workpiece 12.

{0061]  For the ablative patterning process for forming a trench in silicon, the preferred
energy per pulse range is about 100 pJ to 1500 uJ, and more preferably, a energy per pulse
range o;f about 200 pJ to 1000 pJ, even more preferably from about 300 uJ to 800 pf, and
most preferably over about 360 uJ. The preferred PRE range is about 5 kHz to 100_k1-iz,
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nost preferably over about 360 P. The preferred PRF range is aba J@ kmgto
100 kHz, 14 - 6 JUL 2005 WD 021060636 PCT/ US02/ 00867 and nore pre erzla'b y, a
PRF r angewbrensmbout 7 kHz to 50 kHz, and nost preferablypcausbRiostange

- fromabout 10 kHz to 30 kHz. The preferred focused spot size range is about
1 pmto 25 pm and nore preferably, a focused spot size range from about 3

pm t o 2Gndmore preferbbt. HPRFaAraa ffomabpeic1kHa te p8 s, 26d mashprabaaklysapm to

15 pm referre it | ze e~s about Q.1 to 1 .an re
prer o athyF PR At Spdl 0 1T 62 RAGD 2P ettt fodsREne? oh 4R B 3boul
.prefera ' [ f i | [ e
. adj usteg'h%§/0 %%?ﬁ,(;eaﬁairﬁgret%rgfég%gg,éﬁ g%ugd{?ﬁgfs%fﬂgggﬁl%o h%ﬁlé%slfzgé‘ggngfﬁ t he
| aser beamhmaeoprdferablyng fepssed npeusizecivomdiboad 8 ng ohlks ymy ntenprefepeeddine) W th
~the repetition rate and firing of the laser. [0062] In a preferred
. enbodi msiae 1angd s mbavt Q-2 apm tio 18 o, sand more aplcrabdy.\a biker s FARES frommakait i3
intrinsic silicon qverlaid.wi.th a .2.Q assi vation |layer of. S 02 using an
out put - HIRIES KOO S EFADIY.ACRTE 528 BPRAOlE O S0R 10 Sty Shebite sbE 80, pe
of 1 m w.th- t . OCH : ' | ece 12.
These I\gggeairaﬂ%ttﬁasgs élrtﬁgﬁillﬁrﬂf‘cilhgégﬁgéda‘%fomt e&m%%%§%£§§c%§%fﬂggs ogélsyed spot
si ze ( l/pe}itighmgeystemaindlcbordindtiysthe stdveinedt speed(Bewith tthe vdpetitisrecngandze t hat

various patterns of varying geonetry, including, but not limted to,
squar es,fg‘mféh@lﬁgf,- el lipses, spirals, and/or conbinations thereof, may be

g post Pl nofbs B ATt daiia 4 fifer Plbh 1A, G off BiuBlercsl HiBngY P60y
Y- axes Ji ek piHAEQS SilRen overlaill 3GET a 20 A ssivitida 1BRABINO! ﬁii@g‘bﬁg?%ft em

30 is preferably aligned to conventional typical saw cutting or
fi duci almmlssrenargyaromthe taser ke ofalioart 360 pd and nsing atbite sivef aff ks parveithlarseady

hani I hed,. a ] t to the cut i f d t,
'he. oo EeLY &R THAE ino] SCETEOVEr MBS 0051 hibs ek BLE) FE MEdERys
Cani £ : - of ! . e |
F:aggl t Ihan %LJYkn%vm ge@?ﬁggﬁggéds(sﬂr?fééﬁgéygiﬁﬁ%%t t %‘SQ%Q |'c?'§%sel angglgfﬁ% ou%/

300 m andilldecignizephitharizus phiverins b6 Qanyjngsgeoiteaty, dehidies o neelfimitsd cgn be
manuf actured rnuch cl oser together, allow ng many nore devices to be
pr oduc edaBH D FeHaNE e cllingepcSpirals, ang/gx gembinptionshpregt.caay h¢ aroduged t he

ooy _ ) dovi ag PN f
Phe’ mecniiCighprbiEpfiis bES G path MENELD, g SRRm 10 357 Phulibhill Wik
wor Kpi e¢g poskBon kilicH orepibed 12 ﬂI@ﬁ% Anar@aY-axbé Hafgl FrRRetsiiba Hor Hseh chiiaant

mechani cal ** stress to devices such that they come off their carriers. To
avoi d | dbé¢ bepm pogtionieg sysiem 30 is preferably aligned to conventional typical saw cutting or

[

other fiducials or a pattern on the wafer surface. If the wafers are already mechanically
notched, alignment to the cut edges is preferred to overcome the saw tolerance and -
alignment errors. ' ‘

[0063] Laser cutting destroys significantly Icss. material (kerfs of less than 50 um wide
and preferably less than 25 um wide) than does mechanical cutting (slicing lanes of about
300 pm and dicing paths of about 150 pm) so that devices on wafers can be manufactﬁfed
much closer together, allowing many more devices to be produced on each wafer. 'I"hus,
‘the laser cutting process minimizes the pitch between rows and the pitch between devices.
[0064]  Elimination of the mechanical cutting can also simplify manufacture of devices
on workpieces 12. In particular, mechanical cutting can impart significant mechanical
stress to devices such that they come off their carriers. To avoid losing rows, device
manufacturers may employ strong adhesives or epoxies between the rows and the car_riér.

An all laser process significantly reduces the mechanical strength requirements of the
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manuf acturers may enpl oy strong adhesives or epoxies between the rows and
the carrier. An all |laser process significantly reduces the neclhagilcalins
st rengt h weawdsngsent s of the 15 WO 02/ 060636 - 6 JUL 2005 pdidlsub/okes 00867
adhesive used for fixturing the rows onto a carrier. Laser cutting,

t her ef or ermts the elimnation of strong adhesi ves or. epoxi e sed to
affix t AEheSYaed TR BXirtng Ge Tajs ORigs HEHET LeitsAiimes rodai PERRL gy o
them |Instead: t ' : ' , h
e The Etion AR RSP A bdSicd Batoitrk e RANSIIThe cAERO A Db bAHE D
chem calchemadalh fceded f@rvabovd thymt Olnkidh, | ths edhaaives eas bageleged fdrl ease efiuci ng

risk of damage to the devices, and thereby enhancing yield. [0065] Laser
row sl i clehgndingiusiel asdhe pesinchier afidebond sare and lessryrpedars ta potealialit CRIEORYR h

TR eSS S35 BRBAREG o L PR BB e R o BobE L

to CO”pg.PéﬁEﬁcés?%nﬁliﬁ‘égb gﬁﬁ&ﬁgﬂmhout concern for the critical device to

devi ce I gnmrent needed ‘bet ween-rows for nechanical dicing. For
conveni §0065] t h&aserrnom( dHoimgicahicest fomnigowrbpcduee laserdsipinpeddasalot gxdrbas mach ude
slicing (often associated wth wafer row separation) or dicing (often

associ atBerbamical stiess as Beqgaiealishpingy Saweyeer if rowdpw anethsr plcths gowfigtestci ng

may be used interghangeably in the context,.of.this inventio

Bevause Boerr TR i b fheen e GRY Pty boiotmb AR S0 fsee GBI o o
laser  sygh@icdikcesdHolPihecRRRaCRN e’ 8 \Hedte/a8EnBARMed8dd B&weBtIPRANFRNL | Y.
Wth respect to slanted rows, the | aser spot can performtraverse cuts
across trhechshial didingowsoratonapricngs;, ithe erm{soeghyasting miayrbesysed gewariaally 4o
edges of, the ggzi ces_wi th stage .and/ or beam transl atj.ans %%etweenqtﬁ@chﬂlcut
to ef f edPClyds gating (offen asspoigigh i} yaley TOW $ePasaemd on Jiciag (Rilqn 45§0Ciatag w1

| d. . . -._ 1 - g!l’l-
eﬁtsﬂe I OWs oé dew ces ?ﬁggsﬁ@ﬁ@wggéé%%%gﬁmﬁgm Cafﬂ?%lECI %g.ﬁ?égm]
WV | aserthe géiitexidpftthisddgdplen. t hr ough silicon and |ike nmaterials can be

i nproved by dividing a |ong cut path into short segnents. For through
cut t i ng [0P66)r enBscansepoalionmg sypicak3E Fan aligm toftbrough a 00aa dichicindsy ARSSE s

are preferably from about 10, um 1 nor e ref erably. from abol Oom
o° 1600 SHEEHP FsCRsRERdet ryvina e stlie S0 BupREaseho Wit FSRe S Septlonr
I s scannggsMielhder apbi éa'iépe’iﬁﬂf&trﬁ«%é’@a&s_ AQ@bsAnP sRARS W R dpprophiste Of
passes before being noved to and scanned wthin a second short for a

pr edet erpusitinds withntespecbto pates edges Tdfehdiddwicesi wigh staggamdlor beame fransidtiemsgnent

overl ap can be nmani Pul ed to . ,
between each cut to effect a rectangular or curvilinear wave patterns as desired. Thus,

laser dicing can compensate for row fixturing defects and perhaps save entire rows of
devices that would be ruined by mechanical djcing. )
[0067] UV laser cutting throughput through silicon and like materials can be improved
by dividing a long cut path into short segments. For through cutting or trench cutting in
thick silicon, for example, these segments are preferably from about 10 pm to 1 mm, more
preferably from about 100 um to 1000 um, and most preferably from about 200 um to 500
pm. The laser beam is scanned within a first short segment for a predetermined number of
passes before being moved to and scanned within a second short for a predetermined
number of passes. The bite size, segment size, and segment overlap can be manipulated to
minimize the amount and type of trench back{fill.

[0068] FIG. 9 depicts a simplified representation of an exemplary segmented cutting
proﬁlt;, 112a. With reference to FIG. 9, cutting.pljoﬁle 112a is shown, for convenience,

having an path cutting direction from left to right and having distinct cutting segments
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m nimze the amount and type of trench backfill. [0068] FIG 9 dSpi@EsZ Ei
sinmplified representation of an exenplary segnented cutting pro i{l 1{] .
Wth ref FIG 9, cutting profile 112a is shown, f nyeni ence,
havi ng aﬁ&ggbt%ﬁmacﬁgfti ng direction fromleft to right and he{%rﬁ@&'aﬂ"%s['i?nct
cutting segnents 16 - 6 JUL 2005 WD 021060636 PCTNS02/110867 116k3-116n

(gener al { ysi, -G Wb i (Péhes ARGt Sdch@ MBI ond Rbhi @ 1k£f talhohfinewin
cutting segnentS(Eail16kr116r3gargmgepi ct}gd as parallel in FIG QEfor s

conveni esegmentsukivkndl e gredepicted asparalld dn 3Gy 8 faccanvkehignes chiting segments, 9
depicts %i e segnment sets 11 (3 h., .conprisin anin'41:al egnent
116k and WELTERET g%ﬂ%i)f? 1Pe2 ﬁﬁgni EUeIERH Hrgmesk ﬁé%’i 116r,
" preferabl 5 " %ﬂtiéﬂ e?ﬁh?ﬂ?ﬁ%giaﬁalmg%p r ad?%;%ﬁ?:%%e 'T%Véha hgllda is
pr ocessecié&%pg{ gﬁé%?ect eg nternedi at e Lge@?tgror to a“conpl-ete tﬁ:ﬁo%gh cut

“before tdapmenestl 168811615 pRefebisidcesiéd odlginbenday ofdere Fouferdbhnpiac saelgaant s
“are shown for each set 114a, skilled persons will appreciate that a

subst antis grogesspdda tacselasipdbatergedigicedepBher (o ensepletatisrongh suichsiorg the next

| oyed, ticularly.wth | er increnmental | h i ded
fo arcqinbroresit’ Mol aivertye a B Fobniing 3 b i GRR 38 ac 1)
al so appiififddatedsdddabill AppYecite Hak aGlibdthiaf) PEAdSnuldrier %FB\(&Yaﬁfﬂiﬂgnse@Hiehtisng

profile 112a could be processed in both directions Instead of a Single
di rect i oH6auihbevampioyed Gparticulpflp 6€ih fehaHer increfapntalt lsngth dnerpdses aedeeded to

e A EU R0 N I (YR XU R
D01 . oy eSS ST Th 381t L BEARES 190 BLI B b Bed RABHP

previ ousdirecHbas ssad of aGiRNé dirétics aashowslin FIG69% | n one exanple of this
enbodi nent, segnent 116ki 1s cut with 30 passes and has a |length of 200 m

Then, sd§feHt 1F8G 10<lepigts awwimplified aepreseniatios of n 3gemplass sagmented quilking

| ength of 240 00 .mplus.1/5 gf th . t 11 Then,
sooment Treflk 1anet fsPimeinal ol toRELPI SRRt o BICL Rl o/
of the Iﬁagtﬁe§ﬁi‘s Wi R Mamb8kthbnt sER $45@EBHER profifONaNUgskaiat] depncat ven

segaent set 1I4b is conpleted. This exanple can exhibit dicing speeds of
gr eat er setsall4bromsif sedmenss 816k and imcraasiagly ¢ \@oizp fheRmaviouslyrpromssedmegmgn an

al so be enployed to duce re-scapning. por.ti.ons of the t .path ) e the
o o s e A o R s Pl o s rgrtodaent, et Lk cCUIRD| asor
beam ca I t ' c ' ' '

b oug s FRl O 2etedtol 20b Iy, D¥héd MebORGRR Te L i BGLCERIBIAR0 | | |
U.S. Prgassispand hided inipth pid40cahi (@00 pm plus 1/5 of the length of segment 116ki).

Then, segment 116m is cut with 6 passes and has a length of 280 pm (200 pm plus 2/5 of

the length of segment 116k1). This sequence is contimied until 5 given segment set 114b is
-completed. This example can exhibit dicing speeds of greater than or equal to 8.5
mm/minute.
[0070]  Real-time monitoring can also be employed to reduce rescanning portions of the
_ cut path where the cut is already completed. In addition, polarization direction of the laser
beam can be correlated with the cutting direction th further enhance throughput. These
segmented cutting techniques are discussed in detail in U.S. Provisional Patent Appliéation
No. 60/297,218, filed June 8, 2001, entitled Laser Segmented Slicing or Dicing.
[0071]  Anotber application of the present ultraviolet ablative patterning method i_é to
produce MEMS (microelectronic machine systein) devices 120. FIG. 1lisa repres'cntative-
illustration of ultraviolet ablative patterning of a N-IEMS device 120. In one preferred

embodiment, the MEMS device 120 is patterned using the method described above to create
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No. 60/297,218, filed June 8, 2001, entitled Laser Segnented Slicing or

Di cing. [0071] Another application of the present ultraviolet abl-afiyg 2005
patterning nethod is to produce MEMS (m croel ectroni c nachi ne systen

devi ces 120 O0FP@E3611 is a representative illustration of BETRER(IIRET

abl ative patterning of a MEMS device 120. In one preferred enbodinent, the
MVENMS devi [ i ' : e 17
I T e R N T e e Ry P
and 122epégensewill appigciatecthathsonghZomipntesiconaolof thk X amidor Weaxsoobtheilhder
appreciate that through conputer control of the X and/or Y axes of the

| aser _ Ppeisipning sy sigmsits ithadlizested lRgerpyplem ewpntasdses Sysan besitepiat totheses 32

can be directed to t rk_surface such that overl apped pulses create a
atter - WFE 1ot e Bnat R Extag RS Mt 4 Pltent VREBR LD CRAED 1 £y
conbi ned cidvilindap ge b pv TBedapabititd EorBbiRad WaththOdlr AR QQSIARY phfethsfd to
produce conplex curvillnear geonetric patterns in silicon useful for

ef fi ci entngthatinay bomsef teapreduieetompléx MaVBimbey pemaseti2 @atigrod nR$ilidorondedul for

applicatiogn of the present ultravi ahl atjve patterning nmethod is to
process SEiqlﬁlﬁIPf?ch‘ﬁPé‘?éd’aEFWéﬁfiMgﬁé%‘ﬁc%l% arrayed wavegui de gratings
(AWG) devy 13 ' plece 12 is
a repres!dnq‘%l]i vegnp{h?ﬁgﬁp?a \?%hnﬁfé ejﬂ(}%gﬁ@o X é%%laapigégmbcé %r%igﬂr%a&;(k)sf %an ANG
devi ce 1gthcesslopital mt@%@teﬂ eftcuigyyzach ﬁ@ﬁﬁmﬁ*ﬁ wWeg e g'rzﬂ:iﬂlg@t(hwe?_d?\lﬁéé ng

the met hod descri bed above to create curvilinear trenches 132, W

por t i ons 13@pagdured pn sependugoriwaign avorpiecdsnl2s i FiG di?, is faoepressuiatinee .

Al t hough_trench 132 is.shown to be synmetri ille ersons _wl |

appr oo aisERfdh of s Al oABediie of s A WE ewcEafots GREREIEH ¢ he

| aser pogidhb@ithél®, B¥AWE B is pahterl SmpSHe htafid &\ééﬁ&@@%@% cledfcses 32
can be directed to the work surface such that overlapped pul ses 32 create
a patt er pumilindar eeprhes 988, with pootiquisedd2e 32, i182ar 132dobnd 832y in sjiéeme fory .
This capability conbiped wth.t ultraviolet ablatjve patterning nethod

h )
may be uS¥RPPE: pHEHYEE R Lék I fo ey ryyBYRE Hibedipgreens kil appssqiate on
useful f LGl i & 73]
ol oyre 2t SHoEh Ehpm Bt BN o AR B Of wf Ml B e b 30
I's not ddvéinéadEiaser shstent dutpatginles GCeas bednstied 66 MeMbRPILRRS silch dacause
the high reflection of these traditional netallic materials in the
ul t ravi oPeerlannsd pulsee 3D sraatq Y patieaRRGHCh exprpises any canpply cuvalinezp profile or
Experi nments have.shown si.gnifi.cant eyvidence of b si de danmage ar qund
oyl i nar 1 St o A BN tomGRE véb 6 Mifp Sgr i Y arub e R g ey be

reflecti vgdeiasirBfuceC@Mplék Qlrvilidsr PRInRitri€ Bukkmt APsiftsPhsehllr B efficidRcessi ng
has been conpl'eted. However, no ’ )

production of a variety of AWG devices 130.

[0073] Employment of conventional metal chucks, such as fabricated from alummum is
not advantageous for through processing silicon workpieces 12 because the high reflection
of these traditional metallic materials in the ultraviolet can cause backside damage to silicon
_ workpieces 12. Experiments have shown significant evidence of backside damage ﬁomd
cylindrical through—h_ole openings 100 or through trenches 110 from reflective energy
coming off the metal chuck top after through processing has been completed. H;)wev-er, no
backside damage was discovered in proximity to cylindrical through-hole openings 100 or
through trenches 110 that were serendipitously drilled over tooling holes in the chuck top.
[0074] FIG. 13 is a rcprcsentativc_ﬂlustration of a chuck assembly 140 on which
silicon Worlqjieccé 12 are preferably placed for ﬁough processing using the ultraviolet
ablative patterning method. Chuck assembly 140 preferably includes a vacuum chuck base

142, -a chuck top 144, and an optional retaining carrier 146. Base 142 is preferably made
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backsi de damage was di scovered in proximty to cylindrical throug BQL?UUS
openi ngs 100 or through trenches 110 that were serendi pitously- dri %

over toolwadh2mebes i n the chuck top. [0074] FIG 13 is a pepuspeitati ve
illustration of a chuck assenbly 140 oil which silicon workpieces 12 are

preferably placed for through processing using the ultraviolet ablative
pat t er ni Agmnweditanal oastalanassiahandyis paefe boligel tp anrediitipasl platgalduntlateuck

B T L e
a0 S0 bl anom Bl sPbRFsa0 e map el pogly P2 ¢

| east ongrooted fiel stggemdItay mcluds.a [bHeng ngapaxiem! Skbiddaperson wil appréaatabl y
.mechani cal and may i ncl ude opposin grooves and ridges and nay include a
" | ocki ng TREtRHREEMS eXpGtialigampeiangr ook and kpypmeehagisans arp possibige Shiliedepeagqns
al i gnment ..and | ock and.k chani sns are possi.ble. Skilled persons |
21 5o apoviE e Bty i the JB5 36 T rmafiEl nhatmipd ta hE Se RS GRFan o
secured @elgokt %6109 38t he stages 36 or 38. [0075] Chuck top 144 is
preferably fabricated froma dielectric material, which has | ow

refl ecti@Fy] at Chekubp lddiiopreferably dhisnicatdd freex dieltcfror matesial) awticl hbslow

patterning application. .In one_preferred enbodi ment, where 355 DM out put
froma f’i‘“-%ﬁ%‘ﬁ&byatt the piteayioles wayslengtly selegted fardheparicnar pagsnipgAppligation.

i T ot o ArERARRR AR bRl sd tul SurpRUGA T e GPuled, Qrighed .,
enbodi megibde Yainpad NBY A 1268t enif6ycbd 4TVaEAnSd A&t RRhER RIpY1 4 is FlHidateanal |y

be liquid- cooled to assist in maintaining the tenperature stability of the
si | i con fromkpirevietct-pradeToroseimekgrate tised sttive, Mef=m1 Calfe cloggwother t hat  f used
silicais an.ultray,qlet tran ent terial conposed.of ous,.

Si 11 con SmRgiment, DV emspareal ok ke 1R ey alismersely o agitonsliv b Ladfly
oxygen. { Abishid RhREARGS t%hih' | Eibife Shigh Wilighedds 12!, T My
be pl aced over chuck top 14%“?% t egﬁ%ﬁrs{%&%@o‘%ﬁgippor#i ng—[g@tgc%ll?con

wor K- pi eskilletinathel artewnl recognivd thaf fised silich ioan oltetvicd| tetnsparepanaterial ng.
Retaining carrier 146 is also preferably fabricated froman ultrayviolet

t r anspar€WePased of paorphous sdison dipxideyndis formed by ehomicalcambination ofsilietfagi ng

wor kpi ec%sdcgr%é, Irl\at are through processed. Retaining carrier 146 is
preferabaf y &il'med to contain shallow cavities into which the processed

silicon jgovépi eofsth kéfep@ick aBaifth FIGL N8 0HIGaiMPEREE! M6 SRS ALIARA. ovef 0077]
In an alternative enbodi nent, chuck-top 144 or retaining Carrier 146 may be
chuck top 144 for the purpose of supporting a silicon workpiece 12 and retaining it after
ultraviolet ablative patterning. Retaining carrier 146 is also preferably fabricated from an
ultraviolet transparent material in order to prevent backside reflections from damaging
workpieces 12 that are through processed. Retaining carrier 146 is preferably machined to
contain shallow cavities into which the processed silicon workpieces 12 settle after through
processing operations. | '
[0077] In an alternative embodiment, chuck top 144 or retaining carrier 146 may be
fabricated from an ultraviolet absorbing material, such as Al or Cu, in order that laser
system 10 may use a tool path file of the pattern of shallow cavities to be drilled into the
workpiece 12 to cut the corresponding pattern into the material of chuck top 144 or
retaining carrier 146. The cavities may, for exami:vle, correspond to intended drill holes or
edge patterns and prevent backside damage to the workpiece 12 during through cut
operations. In addition, any debris from the process may settle into the cavities away from

the backside of workpiece 12. In one preferred embodiment, the pattern of the shallow
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fabricated froman ultraviol et absorbing material, such as A Qrﬁcw iﬁ'ﬂS
order that |aser system 10 nmay use a tool path file of the patter |'012
shal | ow ogwikloesssto be drilled into the workpiece 12 to cugr/bib&0se7
correspondi ng pattern into the material of chuck top 144 or retaining
carrier 146. The cavities may, for exanple, correspond to intended drill
hol es orcaviiegds pencesicd 4o fave gimopsions BEghtly laeged dreadaoseitthe comespondieg 12

during through c operations.. I n addition, any.debris fr t he. process
Ty set CPRAPHCES {78 ChRIrs e BRFory GbHEREtosEEe MIERBRCTRolAis 01 159 T
one pref IR t % etaifling darad)

02/ 06063%5%/‘%@%%%“ o4 %@ﬁ?@i ﬁ&p@%&%@g%ﬂ%hﬁ%\é\% rotailing s gﬁﬁg tly
| arger tfabricitbdfonpin iheavisletrieappadnngateyval kphlesasivedneadds e sudbraagsisalng,

t hereby enabling processed workpieces 12 to settle into the «cavities of

t he ret dabrieajion0rretering 4and is subsequentlyr aligned andafized ge ke chuckdppildd. ddiess er
146 is fabrjcated froman ultrav ql et transparent .nmaterd by alternative
reans. Samagegger ek b R0 AsChal BRRR rta R BB un el | gned
and af figipel MBehbR stBak pbBBmif4. These enbodi nents of chuck assenmbly 140
al so have useful appli caPi ons in W viadrilling in other materials such
as pol ydoDasy. [ d0io8¢ skikled e feidrt will revophies drak pwige! gasesc suphi aenitogen, prgoe

gases, such as nitrogen, argon helium and dry air, may he usefully
enpl oyed sl ymy s8d Sy af, may becwrstully emplayed o assiskin the oY OF Niste-fymss drom

Such pur. I he.,. [ Clinity Of t -
surface ‘gg“ﬁ’gﬁﬁgi"f\% r ?ﬁ ﬁ%ﬁé“llg\eégag%t l:Eaaglht}égada eﬁlggﬁ%gg%ﬁes@giee%{”f&? O[I}SB%OEF n order
t o i mpr axefabdesiap ideB eeryioakiet Mttahel i@ I4kd éyefm Y@ Kpi eces 12 processed ,
using the ultraviolet ablative patterning nmethod, processed workpieces 12
may be dP8ZHed Imordry tolimpeayvsrihe sbdadesquahtyl ofhe didicom stonkirineestldt pnootssed mi t ed
to water,.acetone, . nol d . ethanol. Those skilled in the art wi.l|
recogni i.gu}g(@{: “@?@ﬁﬁﬁ‘l%ﬁlﬁtﬁvw&@@gé’@@ﬁ’(Péﬂcesﬁﬁgrm@&? @ may faefuori c
acid ca ;e (WeH ' ; m : O] I ugh
t he desgspgt];a%ﬁ%*g\?%géﬁ Ia{g]?)i\gg dglghggen @?‘é‘gﬁﬂqgi%%‘?ﬁ“? Ic])‘\gﬁlaqﬁ%%%@lbé%gsi ng
si |'i con alfthofzaAhpsd $ldlieithibd arcwiltrdcbgtizathat slesting of prazkssedaflfoncabl e to

ot her sem conductors that may be used as_the substrate 70 for workpieces
12, suchverPpisces 15imbydrgfluprie peishogn bspeneficialipggmpvipg vppantedoxidsylagess- t o

th hawi Kilyls . +h h d t he -det ai |
of the d0B. Geetbnoln e aBEHRbolF bR SO R e B e gL B A B g r o
the undgjrbydssiig Rilides! IS4 ) BhE Hetholh AefieHLE afe alkd) geﬂﬂﬁeﬁ'ﬁpﬂcﬁb’ﬁﬁbidﬂﬁbr
shoul d, 'therefore, be determned only by the foll ow ng "clains.

semiconductors that may be used as the substrate 70 for workpieces 12, such as SiC, SiN,

D

or indium phosphide. _

[0081] It will be obvious to those having skill in the art that many chanpes may be made
to the details of the abovc—dcscribeq embodiment of this invention withont departing fi‘om
the undcfljzing principles thereof. The scope of the presentl invention should, therefore, be

determined only by the following cla\‘ims.
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20. 6 JUL 2005 CLAIMS 1. A nethod for |aser processing a silicon, gallium
arseni de, indium phosphide, silicon carbide, silicon nitride, G§: §ijl 2805
single crystalline sapphire substrate, conprising: generating first |aser
system out put at a wavel ength shorter than 400 ran and having an out put
pul se energy of greater than 100 | J at a pul se repetition frequency of
greater than 5 kHz; directing the first |aser system output at a target

| ocation on the substrate to abl at ecggﬁt@rﬁrate material at the target

| ocation with a first spot area of | an 25 pm across the surface of

t he substrat e maflerd alethogddoelasdr ipneressergonsllicams galligy atsemdaungum phesphidg, an

out put pul.se ener. f greater. than.100 pJ a:. pul.se.repetitian frequency
of ' br eat eFpatrot sieofpfAA Gre iy REsidel? shavefine SioPhied o PRE lrpifipe o
second target | ogaicrfhg\iirktlasr syBREOMIDRROL wal€eng® sHofeSthhia00 @k afin acr oss
the surface of the substrate material such that the second spot area at

| east par MYWnDHIEQURHPulse enargy af grepen than L0 1hat apylse AencHben Bequenyioh | i n

whi ch t he %g{%ﬂhragts terial is supported by a chuck having a surface
material Ehat I 3u stantially nonreflective to the first and/or second

| aser system out gitecting theTfi@t laedr Rgdem ouiphedt i (2 getlosskibe bn tHesubilagtts at e
material has a back surface and the surface material of the _chuck

subst ant i aPlp% spbaHAlSRateriah akbite drgel deration WHR aflRt P FreaRtdess RN WSt r at e

mat eri al -a&ossm@sd}ﬁE?ﬁﬂthgfsulfstrﬂe%a@eria’ﬂ whi ch the surface material of the
chuck is substantially transparent t'o the first and/or second | aser system

out put. 5. The nmgeteoalingfseqsind laseDsyistemphitmih havieg suedtps ulse ceargndf gréaterhe chuck
i s substanti adsqrbi ng.to.a | aser _wavel en f the laser system
out puts. - Ben 30 alrafHHEPoR a7 RS B RHE and second | aser
system out put s adiectignies ftad 1834r duthiee @iping@s edctnd targel Reattdatwigta of cl aim 6

in which the first and second_| aser system outputs conprise different
wavel engt freondspotprea pblepo@an s emacrass tepuiiprecd e wbstratematsHel SYdcBad | aser

system ouhﬁgg%%ngrs lgg%%ﬁﬁgﬁ%lﬁwo‘kh S R bLread- The nmethod of claim?2

in which t Irs seco aser system outputs are generated by
di fferent | asers?2. The methed of claim 1 in which the substrate material is supported by a

chuck having a surface material that is substantially nonreflective to the first and/or second
laser system output.

3. The method of claim 2 in which the substrate material has a back surface,
and the surface material of the chuck substantially inhibits laser damage to the back surface
of substrate material.

4. The method of claim 2 in which the surface material of the chuck is
substantially transparent to the first and/or second laser system output.

5. The method of claim 2 in which the surface matenial of the chuck is substantially

adsorbing to a laser wavelength of the laser systemn outputs.

6. The method of claim 1 in which the first and second laser system outputs are
generated by different lasers.

7. The method of claim 6 in which the first and second laser system outputs
comprise different wavelengths.

8. The method of claim I in which the first and second laser system outputs are
generated by the same laser.

9. The method of claim 2 in which the first and second laser system ouiputs are

generated by different lasers.
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21 Ponlod2-4 5 2110 5.10050002. 000S3 6 JUL 2005 10. The nethod of claim?9
in which the first and second | aser system outputs conprise diffgafgé
wavel engths. 11. The method of claiml in which the substrate t 0051as
a substrate material depth of less than 100 pm and the | aser system out put
has a fluence greater than 20 J/enR. 12. The nethod of claim1 in which
the substrate naterial has a substrate material depth of greater than 100
pm and the | aser ¥Jhemethgtpiclaiag in whichahe Brshandseeandtldsansysteo0ipn®. 13,
The net hodcoof 1%' ?iff@re]n? ia%l lh%h the substrate material has a substrate

mat eri al deﬁ?ﬂ% 6 greater an° 300 pm 14. The nethod of claim 13 in which
the first and/ or skecOnEmbithedof dyiat £in whichtie subiieanateril had a pibkisee ener gy of
greater than 360 pd. 15. The _nethod of claim 13 in which the first and/or
second | as®pegydepihofiasy than 10Q ngeand thg Bser dystem puiputdas a fuence;gssater theg #ncy of
greater thpp,10 kHz. 16. The nmethod of any one of clainms 1-15, further
conprising: providing slow and fast novenent-controlling signals froma
posi tioni ng signal2. Phomedsdof cleiont mowhich thevimbduwate rsdtenial pasa subsimade dri ver a

| arge range of, relative nove of transl ation stage jn response to the
S1 ov movenBHELEGRPRN FieAle SPErD £t (6 e P GURAL AP 4 TR er
driver a s{mlicange of relative novement of a fast positioner in response

to the fast novenent-controlling signal to effect a cutting profile on the
surface of the subst Thamethed ef ¢laim 12 in winglethaselisgeaie afateria) hasrpesubstrats ai ns

1- 15, furt‘gﬁt%ri&o%g%i&i negt'erEb%%ﬁ%ﬂﬁet hrough hol e through the substrate

mat eri al , € Su rafe materi‘a ing at |l east 50 pmthick and the

t hrough hol e havi W @he msihed b ¢laiii 18 Bf wigicleait diist ah@or sdoond lase? @ystem d@pithe

met hod of claim 17 in which the first and/or second | aser system out put
conpri ses B3 4 QRPRt BPljeLEehEY & gtealer B3R 560 Mhul ses. 19. The nethod of claim 17

e oo no . popay A FBAS yhets BUAGRA Rk o 0 acodpd, |

is generated at a pulse repetition frequency of greater than 10 kHz.

16. The method of any one of claims 1-15, further comprising;:

providing slow and fast movement-controlling signals from a positioning signal
processor;

controlling with a slow positioner driver a large range of relative movement of a
translation stage in response to the slow movement-controlling signal; and

controlling with a fast positioner driver a small range of relative movement of a
fast positioner in response to the fast movement-controlling signal to effect a cutting profile
on the surface of the substrate material.

17. The method of any one of claims 1-15, further comprising:

forming a through hole through the substrate material, the substrate material
being at least 50 um thick and the through hole having an aspect ratio of greater than about
20:1.

18. The method of claim 17 in which the first and/or second laser system output
comprises at least 5 laser system output pulses.

19. The method of claim 17 in which the substrate material is impinged on its

front surface and the through hole penetrates its back surface, the method further

comprising:
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22 PonlM2-0521105. 10050W2- S3 - 6 JUL 2005 enpl oying characteristics of the
t hrough hole on the back surface for aligning a device to per_fﬁ)r agﬂﬂﬁ
process on the back surface of the substrate material. 20. The ne of
claim17 in which at |east two through holes are fornmed and both through
hol es are enployed to align the back surface of the substrate material for
further processing. 21. The nmethod of claim 17 in which the substrate
material is inpi ngeploying Fhasacidrisoes ofdhe theeughdnle anthe bisk surgiecien aligpiaget r at es

[ back SHELASS bt 4 (ot SN oo MHBLL Bt el suBARALLFO By 2 chuck

havi ng a surface ma as openi ngs over C rough hol e
processi ng occur s20.22he iHhodref ¢1gich bF inavhiclomdesf tvel Btawgh heldSare farntet and

conprising; . form a kerf having.a | engthw se dipension greater than the
spot si ze%%?“@‘%%ﬁ&ﬁ"&?loﬁda{? g%’%ﬂz”lf" Hg?}(ﬂﬁ"&fﬁcec%é?ea%‘tb%‘ﬁ‘%g‘?'&gal Pf t he | aser
out puts i it prodegsip@tion of a melt lip. 24. The nethod of claim?22 in

whi ch characteristics of the |aser outputs inhibit slag formation. 25. The
met hod of cl ai m 22!.i hhevmetdhd ehelaiart i whitk the shbstriate maserial isdmpipgedon ihi bi t

Char act er Qo7 SRR 4 Bl bide B pefeloretiF o L0 oMb Rg Mhntih o

the kerf. shpporfddebyrndbineidhafingcd qurfic@afetinl thetrhas opanings oig: wigeh@rorkh Rele
successive |l aser systemoutputs at a wavel ength shorter than 400 nm and
havi ng outBJAteSHNE S&Ener gi es of greater than 100 pJ at a pul se repetition

frequency of _gr egs eud Ao okd onfiok eflrhd 0118 MErRdGGARALNE. | aser system

outputs to inpinge successive target locations wth spot”areas of |ess
than 25 pm acr ossformgsurer Haingfa lekgshwigbdimeasion grgeter (hah thespét sizehat t he

successi ve spot t N QM ap. respect.i.v recedi ng.spot
areas to form . 1 e metiBE Sk Ja G L Pacl FROS o e AEHL Myt
conpri ses frmattonidfianmarligpprofile. 29. The nethod of claim22 in which the

substrate material. h de kerfs with hottonms, and the deep kerfs separate
devi ces but retai 4'5%?‘? WE'TFE%PF‘EWPE%@S‘%[“B‘T chafagterstigs of thedaser puputs {uhiie
bottom of Jiiefottggibnkerfs to connect the devices, further conprising:
25, The method of claim 22 in which characteristics of the Iaser outputs inhibit
peel back of an edge of the kerf.
26. The method of claim 22 in which characteristics of the laser outputs inhibit
chip outs along an edge of the kerf.
27. The method of claim 22 further comprising:
generating successive laser system outputs at a wavelength shorter than 400 nm
and having output pulse energies of greater than 100 uJ at a pulse repetition frequency of
preater than 5 kHz;
directing the successive laser system outputs to impinge successive target
Ilocalions with spot areas of less than 25 pm across the surface of the substrate material such
that the successive spot areas at least partly overlap respective preceding spot areas to form
the kerf.
28. The method of claim 22 in which the kerf comprises a curvilinear profile.
29. The method of claim 22 in which the substrate material has deep kerfs with
bottoms, and the deep kerfs separate devices but retain sufficient thickness of substrate
material at the bottom of the deep kerfs to connect the devices, further comprising:

employing the laser system outputs to separate the devices.
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enploying the | aser systemoutputs to separate the devices. 23

Ponl yd2-0521105. 1 0050002. 00083 - 6 JUL 2005 30. The nethod of =d dUn 285 n
which in which the substrate material is supported by a chuck, the
substrate material has a substrate depth and the kerf extends through the
substrate depth, and in which the chuck has openi ngs over which through
kerf processing occurs. 31. The nethod of clainms 1-15, further conprising:
identifying a fir3¢ Fbamghedghclaim 22 it whigh fraweichthesplstigksipaterdd & al i gni ng
with respe kSt fi ' get
position %?p gﬁﬁdta@eear éﬂsu ;E/E’t[génag%gﬂgtnﬁgbfh? ﬁaes alfslrurﬁgs[rta%})glgaﬁ d g%efsl%e[dls%{rtlénlags on the
first surfdécesghnit subsiptoddapth, tapd irowhigh thethecidiend opendezs @verawltiomhomghtkedt t he
wor kpi ece; _directing one or nore first |aser outputs to inpinge the first
surface atPPREPEPST" S target position and linearly therewith to forma
first kerf to a kerf THepkihot batlains 1—?§,Sfuﬂﬁ\=§rtoﬁlbﬂsing’!ﬁt erial depth; aligning
with respect to a second feature on the first surface_or on a second
surface a second idspifingRdist fegnregin & fiest susfise okhe werkpigeh t hat the second

target position i g0k . j i I ded
side of the corrpo%lé%%ﬁh ga\glér? &g&@ﬂg@%ﬁ%ﬁeﬁf&ggﬁ glsc%ﬁ)eghﬁér%tﬁrgta% EE;B d;%;ct)]g)ﬁti on;
and di r ect ofwylasmneysiem suthahs elofidgt laggee posititingis b tHedirstrypifagent lire proemtiydo
surface at_the . second target position and linearly therewith to forma
second ker‘l‘“Wan'WeS’@ea%@ BC'EQ?F’ﬁé"OTW‘F%ﬁt kerf to forma throughcut that

defines the intendestini dfe &f mblReirsi0BRP BEPhs (G npinddhd Mlhaff8f arghafifg} 31 i n
which first and second features conprise respective through hol es | aser

drilled thieegsgRositan apddiaearly thereyith tafamaiirak kenf to grketfsiepthithat is kepsten tind
second surf, ﬁ?l-deﬁér A |l aser systemfor processing a silicon, gallium
arseni de, 1 ndium “phosphide, silicon carbide, silicon nitride, Ge:Si, or
singl e crystall i nelignngphith espubst a stendofealuse onah& prsesefaccompr a séecngd a sl ow

positioner for effecting a larg e of relatjve novenent between the
Pool and. < HEHH Rsoub ek Reridtindiy REBHE sk Syl e T araeat P 1 & age
conpri si Nga §conEHPREE hidid pﬂox@rﬂﬂf ko e Vitaied siIb bf @6 ComBdnefi A ih Ritsams
substantially nonreflective to laser systemoutputs; a fast positioner for

ef f ect i ng RIA# 25 thay b arast PPsitiol: pk novenent bet ween t he

directing one or more second laser outputs to impinge the second surface at the
second target position and linearly therewith to form a second kerf in the same plane as the
first kerf to form a throughcut that defines the intended side of the component.

32. The method of claim 31 in which first and second featurcs comprise
respective through holes laser drilled through the material depth and apparent on both the

first and second surfaces.

33. A laser system for processing a silicon, gallium arsenide, indium
phosphide, silicon carbide, silicon nitride, Ge:Si, or single crystalline sapphire substrate of
a workpiece, comprising:

a slow positioner for effecting a large range of relative movement between the
tool and the workpiece, the slow positioner including a translation stage comprising or
supporting a chuck having a surface material that is substantially nonreflective to laser
system outpuls;

a fast positioner for effecting small ranges of relative movement between the

laser systemn outputs and the workpiece,
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| aser system out puts and the workpiece; 24 Pant M-0521115.1 005[1
W2-00083 - 6 JUL 2005 a positioning signal processor for deri vHﬁgJULoEﬂUﬁhe
posi tioni ng command sl ow and fast nmovement-controlling signals; a slow
positioner driver for controlling the |arge range of relative novenent of
the translation stage in response to the slow novenent-controlling signal;
a fast positioner driver for controlling the small ranges of relative
nmoverment of the f®&otitipnied signahprocessor fos genidee fromithrepgsiiigning command slow

rmvemsnt'C%Qlté.&lrﬁdv@ﬁgﬁ%c%ﬂﬁﬁlﬁgfﬁgnﬁé' | east one resonator for generating the

| aser system out puts ser systemof claim33 in which the surface
materi al of the chubk peitiostthiisivanfor abhtyollinguhs pragenhgd of rtldvd mewmesyst em

outputs. 35. The |aser system of Igli m 33 in which the syrface material of
the chuck 1€ “agﬂ?}é"(“a‘t‘ﬂglaé‘i/ Teﬁp%%@rtg? GMBEMENRAPEP ARG SETf t he | aser system

outputs. 36. The | aaeposiichbedrivf forl bR tHR sWall Gihgbd6r dRBe BOWichOsET
driver facilitates production of a kerf with a curvilinear profile. 37.

The | aser Hpdastposifionet i nesE@8sd tn tihiastrmaevesteni-ogtroling sigedoand | aser system

outputs are generated by different |asers 8, | a system of claim 37
i b ot e F r sft o Sona®r @3S me Hher 0P A3 TLe G er ent
wavel engt hs. 39. The Thasesr syyememichim 38Yn ofizhdie Wit fateMaSdal B therhiidkiich t he

substrate material has a substrate naterial depth of |ess than 100 pm and

the | aser SPspatiallyitaptRaranhio e fasefeyeem Y er than 20 J/cm-. 40. The
l'aser system of agy qRe|Rfr Giah®® cBRa 38 it Wuhiubulhe Mubish bl caRdkas i al

has a substrate material depth of greater than 100 pm and the | aser system
out put hassubstafitially absorbing &a @ wakelpngtipof the daser sysiem oftmtspet hod of claim|1 in

which the first a cond. | aser s . ave.. t - ner gi es
of greater than 23@ gﬁ? aé%‘o“*’%‘?r‘\“ oég%x%%ﬂ-g%ﬁ%% ff"‘réeltpﬁsolﬂg%% Hﬁyegﬁ%ﬂi@ﬁ whi ch
t he subst r piogudiids ofi aGefFtwitof cugvitiadee prdfl@an 43. The nethod of claim1 in

whi ch the substrate has a dePth of .greater .than_ 44. The thod of claim?2
in which the Chucﬁ—’r'éla’ﬁﬂﬁe%@’s“ e%@?lew% S%dgzn_'hlch the first and second laser system

outputs are generated by different lasers.

38. The iaser system of claim 37 in which the first and second laser system
outputs comprise different wavelengths.

39. The laser system of any one of claims 33-38 in which the substrate material
has a substrate matcrial depth of less than 100 pm and the laser system output has a fluence

greater than 20 J/cm’.

40. The laser system of any one of claims 33-38 in which the substrate material
has a substrate material depth of greater than 100 pm and the laser system output has a

fluence greater than 100 J/cm®.

41. The method of claim 1 in which the first and second laser system outputs

have output pulse energies of greater than 200 pJ.

42. The method of claim 1 in which the substrate has a depth of greater than
500 pm.

43. The method of claim 1 in which the substrate has a depth of greater than
300 pm.

44. The method of claim 2 in which the chuck comprises MgF: or CaFo.
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25 PorJ1d2-1521105.1 O050002-00383 - 6 JUL 2005 45. The net hod of, cl 'g]l
in which the first and second | aser systemoutputs are generatﬁdjub ﬁm

| east two | asers. 46. The nethod of claiml in which the first and second

| aser systemoutputs provide a bite size of 0.1 to 10 pm 47. The net hod

of claiml1l in which the first and second | aser system out puts have out put

pul se energies of less than 1500 pJ. 26 No 1n3 7-152110 5. 10050002- 00083
45. The method of claim 1 in which the first and second laser system outputs

are penerated by at least two lasers.

46. The method of claim 1 in which the first and second laser system outpus
provide a bite size of 0.1 to 10 pym.

47. The method of claim 1 in which the first and second laser system outputs

have output pulse energies of less than 1500 pJ.
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