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Technical Field

[0002] This disclosure relates generally to manufacturing semiconductor
integrated circuits and more particularly to the use of laser beams to process

structures on or within a semiconductor integrated circuit.
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withsg®laitei features and the creation of laser processing systems with greater
accuracy and smaller focused laser beam spots. Although the most prevalent link
materials have been polysilicon and like compositions, memory manufacturers have
more recently adopted a variety of more conductive metallic link materials that may
include, but are not limited to, aluminum, copper, gold nickel, titanium, tungsten,
platinum, as well as other metals, metal alloys, metal nitrides such as titanium or
tantalum nitride, metal silicides such as tungsten silicide, or other metal-like

materials.
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typically approximately true. Impingent upon selected links in the link run 120 is a
laser beam whose propagation path is along an axis. The position at which that axis
intersects the workpiece continually advances along the link run 120 while pulsing
the laser to selectively remove links. The laser is triggered to emit a pulse and sever
a link when the wafer and optical components have a relative position such that the
pulse energy will impinge upon the link. Some of the links are not irradiated and left

as unprocessed links 140, while others are irradiated to become severed links 150.
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stage and laser parameters. Improvements in these areas will continue; however,
practical limitations associated with these parameters make this a difficult way to

achieve large throughput gains.

[0010] Increasing peak stage acceleration, for example, provides only a
limited throughput improvement. Present motion stages are capable of moving a
wafer with a full field travel, greater than 300 mm. (millimeters), with 1 to 2 G

accelerations, while maintaining a positional accuracy on the order of 100 nm
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[0013] Continued shrinkage of the feature sizes on semiconductor wafers will
result in an increased number of links and link runs to process these wafers, further
increasing wafer processing time, while future system throughput improvements of
significant magnitude are unlikely to occur through improvements in stage

acceleration performance or laser PRF.
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path, and a motion stage. The laser source produces at least a first laser beam and
a second laser beam. The first laser beam propagation path has a first axis incident
at a first spot at a first location on or within the semiconductor substrate at a given
time. The first location is either on a structure in a first row of structures or between
two adjacent structures in the first row. The second laser beam propagation path
has a second axis incident at a second spot at a second iocation on or within the
semiconductor substrate at the given time. The second location is either on a

structure in a second row of structures or between two adjacent structures in the
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pass of the first target |ocation along the second
duringg, previous pass of the first target location along the second row.

[0017] According to another embodiment, a system processes a
semiconductor substrate having a plurality of electrically conductive structures to be
selectively irradiated with multiple laser beams. The structures are arranged in a
plurality of substantially parallel rows extending in a generally lengthwise direction.
The system comprises a laser source, a first laser beam propagation path, a second

laser beam propagation path, and a motion stage. The laser source produces at
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[0017] According to another enbodinent, a system

processes a sem conductor substrate having a plurality
w@booeloessts i cal | y conductive structures to be PCT/US2005/021406

selectively irradiated with nmultiple | aser beans. The .
leasi tar first lases beas andsngecbrichlagepbaaa. i The dirst laser beam propagation

patt ige Rb B asBEERbE o B RbARAr sUaBrABElEhad a frt aser

beafiP@hdke that fritessectsasefirfeargdtr RRagen i om dralthira tise aemiconductor
| aser beam propagati on path, and a nption stage. The

substialer Ebesesopd dasrrekean sapagaiian path gaasfropeiie laser $ource to
The, firs t]

i SEFOGALERSE shFRc 5y ioboh eE5F) BRETLREAPAR Lok

second sdrgat oatidn s oawithinsthel ssgricohdachoasubstriital The second target

intersects a first target |ocation on or wthin the,
locasion; ontiERt tems it sl Broethiocatien a7 AEctBaperpendicular to the

0Ad.J f e r t i

on RSN 05 STy REQN RS RN FBLLBnEne st trg

IocaimhﬁistdnaatrUCNrersmH firsd reecohdirticiuged, thecsedama targel location is a
wi thin the sem conduct or ,substrate. The second. t.arget X

StruPlR T PV ST ORTIR R SRS R A1 Aaagond GUAtisyAct fom the firs

rowd] T%H&%Wﬁa@%%b@é‘é e Sentid¥hduRisH SiMst@itdireRGld @5 t9é first and
the rows by sOne anount such that, when the first

secomd dmter| axest inon directiors approximatedyn pardliet to thevows of structures, so

as G bst M rolradf idiiohoe b, BB 1oy T dsidbltEt & first tme
seledtsd ishattdre®mhtthe firkt fdwr aMd sbhas et sipulishaegsify®s the second

the sem conductor substrate relative to the first and
targst doeatiarasdengitbe secanddirewcta dmadigis der ratssicpnd time  structures

rall . t e
refPidl Fapid P T e h o T BrEipa SRS it st target
locdtioh doifid fiss séddrRl mav.ected structures in the first row,

and so as to sinmultaneously pass the second target
| ocation along the second row to irradiate for a

cond ty t revy o adi :
100f ST AdBrIhl S, HhShoP HbaRch, o BUHEs o'y processing
strutfurge e lgocelbcivically ocogdudtivedimkendnravwithii G 8miaraiudtorgsubstrate

_to anot her_ enbodi nent net had 1 s us i n_praqcessi
using N gqriaseefl (@seq Pulsesdo: phtak Nh%m@e? %@aef"f Nﬁz%fe@n'qg? 2. The

stru}ﬂhfrgé 8 é@éﬂ%ﬁ‘grg%ta%ﬂélﬂ ' & téﬁﬁeggn;g%%?éi m@fe_xtending in a

aser pul ses a throughput , erein N
gengrallJhiengthwise udiesctimne diheaNgeeriés of Ipser pulseg pfopagate along N

oA BTyl S 508 T B WP S it
rowB! OPRYaE&hat e in@8 RE §dihty felBBRMpPSME fél“ts:imul?té}?e%di’@,ﬂ} moving in

upon sel ected structures in N respective distinc
the lengthwise direction the N laser beam axes substantially in unison relative to the

intersects a

semiconductor substrate so as to process structures in the N rows with the
respective N series of laser pulses, whereby the joint velocity profile is such that the
throughput benefit is achieved while ensuring that the joint velocity profile represents
feasible velocities for each of the N series of laser puises and for each of the

respective N rows of structures processed with the N series of laser pulses.



rows. The nmethod determnes a joint velocity profile
for sinmultaneously noving in the | engthw se direction
WO b@ombdsaser beam axes substantially in uni SoNnPCEUSI0YE21406
to the sem conductor substrate so as to process
[00]r uct upﬂmording hdo N aneffizerni embohineris pect semicandueeioss substrate

coriskS A’ B BEHEY bt M o Blbily i el gfteting in

genérily iengthivisaé diRetibAl NOneebpehde Erdﬁdrh@s i rthesstniciures can be
feasible velocities for each of e N series of |aser

alteiadl Ry iraghatignsr Eaele FPwhasine ‘érsfﬂi‘@é‘? slyucinre Bagkgpeparated by gaps.

E i e j :
A AR BI I S8k S 253180 AfSSipatol o consan
pltclsemtmwtsoch soes twiadreirc N2, aes campbeedlntyarrdnged so that said
structures arranged |naPé{l11¢rc§Iit of rows extendi

d
N rews hayen@p@|arympengetenpsal benks OrERPTEKITAIEY edvally spaced
struBiLPEE Wi hefheoéqég itth Eﬁoﬁéa etk 1 ‘%Pruéﬁﬁre% of said aligned

rradlalon row one or nore structure banks
bankermeahesblmtalgmbsahgmmentthet lengthwiss directibe alang said N rows.

Thebe; y(z ﬁﬁreiﬁesrﬁlgégg %Bg %hhg&/ ggrﬁ,’ﬁgr@}aﬁil %o%zgl%g;%geé with enhanced
throﬁgﬂﬂeﬁﬁy F9 of N 358 o S N paghhdN Al P NS A®eMaser beam

re sets of aligned banks or approxi mately equal |y
propagatiot Sla'tbst bavsg wiN hretspec’smrepmnamtland apies| thainemiersect the

sontChtdlEier T4 B BBl Reb s, AR Sef iBusty ncdont
on @Pﬁiﬁoﬁ@é@,tﬂcfuﬁéﬁn saideslRed bieksensaiaNIwel ol such that the N laser
substrate can be irradiation processed with ‘enhanced

spotshlm@ugtﬁigﬂg I@W iengthwisy dirsgdionpeissaid FN @@g@m @ﬁgr(%w@ﬁéf Nnison as
the %@@%@gﬁ éﬁsép?%%ﬁk@ ?%Qlegﬁ\?&?tlﬂrg& hs having N

agat’|i oh axes érsect the
seniconductor substrate at N respective spots. Each

%‘f is simultaneously incident on a respective
[002Q]r uct uACoPriBG 1@ APPHirsdepadiment, sai methedaeleddjyely iradiates

strufépu"? gé‘g ’ {aé’tzlglél fﬁﬁ@g@lﬁéﬁmz%g% 5rf\ﬁ|tﬁlﬁrb9§é‘|’?ﬁ&)‘ﬁduchor substrate

mate uni son as
usingt a pnlrahtgsaf%serajedmlmnkheatmc&ﬁbe(are aedapgedriadi mweextending in a

Accord to ano t
geng@(ﬁyclqr\%ﬂylsra:r BFies tg (g\%ﬁgglqmeg\%éatesepe&qs?qgggr yeam that
prog é‘§ta'l é'fi%ﬁslésé}*béﬁ "é)&@f@ét%t@%@&@ ﬂ%“gér‘ﬁ'iconductor substrate

trat sing a ura ity of |aser beans.
andsarsenamdehasar eb%m aln@epropam:tesu\al@dg endecand rhass.ar beam axis that

. ener al | Ien t.ho ener.at es .
intefS5RE fieSerpRant o st Bhtan o Lbe s aPeRg R fin e L sipofd the first
andOSHIRXIaS ek 'B)@brﬁsnéﬁbsﬁi%ﬁctt ﬂ%t Sl %@%tﬂm’tﬁ#&sﬁ fHeCrow. The
and a second | aser beamthat propagates al on% a second
methad anoves theafirst andagecond laser beam axes relative 1o the semiconductor
substrate substantially in unison in a direction substantially parallel to the lengthwise
direction of the row, so as to selectively irradiate structures in the row with one or

more of the first and second laser beams simultaneously.

[0021] According to another embodiment, a system selectively irradiates
structures on or within a semiconductor substrate using a plurality of laser beams.

The structures are arranged in a row extending in a generally lengthwise direction.
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intersects the sen conductor substrate. The net hod

simul taneously directs the first and second | aser
wheamamosnt o di stinct first and second struct urPST/URMWHE21406

row. The method noves the first and second | aser beam
Thepystem somprisestdlasies sgurﬁee Gritrgtleger bagrt prapagation path, a second

o BB, H L SRS A oo
least @ fet Rrer vebyn bhdae:ibét@cstarsectbeeﬂs Thetfl‘ret lager Webim propagates

one or nore of the first and se ser Bearrs .
towayidnthe gﬁmq;‘lctcproggtﬁtra;@c@pagn% 8{cPeam propagation path.

The%f’l%@?%awﬁg@b%ﬁ%ﬁbﬁ 05 Hakel ﬁrs‘t rlés%i“ G a%s|r #6t MiBfsects the

on-or w conduct or substrate usi ng
serrﬁ)d:orrcmictdrysmfstﬂa&s et abiéatrepotlhehe Beucmcdmmrabﬁmrprapnmes toward

a row extendi in a generally | engthw se
the geieanGIFtam §ue§;§%§n?@aggﬁ ' se00ng lngek Deapt Argpagetion path.  The

secoRF Msc? GRIBNR gt ! ncgﬁ gQﬁﬁt Ras @ §é‘&5?1‘adlas@§ %aﬁ?%ﬁ?s that intersects

propagati on , not i on stage. |'aser source
the penﬁh;umehxcmr sulmdtate atia secorak epothedhe afrﬁslt spaieamh the second spot

.|l aser am .The first,.laser. heam pro es, towar

simuBHaouRR, EhePOS T SiRtREF Grl “Fik SPEPRY SiEub8Edhne Yow. The

motwnog@@@élﬁﬁvegt the Tirat fandt séapRr I8eaMHYAPagRed ORlative to the
path has a first |aser beamaxis that intersects

t he
semiearidtictarsitbstrata Bebstantialit inaumisens in gwtectlcnh@ub@t@@ﬁa“y parallel to

e SRR BB o155 SIS B S n o on

with i 6eensl of relirsbaptsecond iRier deanri simdtansossigond
| aser beam axis that intersects the sem conductor

substrate at a second spot. The first spot and the

[002‘2300”0' gbr(ﬁhﬂ ! A ié HB&H.:HQ&FUQ%&H&& 'éb‘?éctfv’efyﬁirradiates

artd seco ures in erow he notion sta

struoves (ehg, éliebﬂtcaay\d:oadoomda Inﬂ&@ronhmwﬂian&se@cﬁndwetdr&ubstrate
t he sem conductor substrate suhstantiall in unison in

using @i PWERIY PIsBWsEnESar IBpaPT- al 1R SIYCIES | ¥k PHANGRd in a row
exteg'ltoi rﬁc_‘é[ [ebsé?{erélilﬁ n?;‘fhw%% FecttIBn.seff%?ﬁé&ﬁ{)é{tqjeéﬁe??ﬂﬁgtaeﬁrst pulsed

ow W th one or nore o
Iasandeamcdmi besmagabeanalong nal fishdassit 3bea[n®0®ﬂ$ that intersects the

ser ST RS e SRS Telkct BeBE AR BEASSbpHGatLs atong 2
sec&hé‘tféas?er%éiﬁ é%é &Y mté@ab@qﬂ@%rﬁrcoﬁabétbf uBskatd)d The method

Ity of pulsed | aser beans. The structures are
dlreaisr saspedtiven flastr and esacondi pigses fronydherfibt gndesgpong pelsed laser

di rec The t ho enerates.a first u d. | ase
beafls i AUt UL G SEEREC oIS 1T dp8bieii o3 o complete
irradi8@dn IRt a&LStUrEs \GieHM=C SiNGIC Id¥er PSS PRl &stARMUR. The method

second pul sed | aser beamthat propagates along a
moves the first and second laser beam axes relative to the semiconductor substrate
substantially in unison in a direction substantially parallel to the lengthwise direction
of the row, so as to selectively irradiate structures in the row with either the first or
the second laser beam. The moving step results in a speed that is greater than
would occur if only a single laser beam were utilized to irradiate the structures in the

row.
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second | aser beam axis that intersects the

sem conduct or substrate. The nethod directs respective
wo poostomngl second pul ses fromthe first and seBONUS2005/021406

pul sed | aser beans onto distinct first and sec

, nd. -
[00231 uct ufesOIdiNg He PHRINES DOFIESMpI Bt 3PrLGeRG YRV, fradiates
r of . 3 .
stru@fds, Bh,df Witiia SohlgAlde Suictafo GS BBFalty of laser beams.
The tauctase sarearedriges troatrber sxendingdnca genstallyt leagthwise direction.
substantial ]y in unison i nagirdi rectjon substantiall

The giFieN EPMIHISERE EREEAUICSe AdIPUasFORSEM ITRB2PRNPN Rathha second
. rad _ . .
Iaset;%teﬁgr{r %f(%%é’ tHn! AR 'taﬁfgea%()fr@{ l%g X | 'THeh%s"eﬁ‘%‘oW\'éJ‘ I[%)éoduces at

Irst”or seco r beam The novi
least efirst grilddds laser begmpeahd Basedondgpelsedrlasaabeanul dhe first laser

oo e P kS oS W fsr o
prop‘g?;aﬁBHtﬂéﬁﬁ. THROFISIRIZEr bRaRY BEpEGRROS Patly BhY d fifH s Seam axis

ructures on or within a sem conductor substrate
that interapcis fiaisamicondsictorasidrstiséaat a fist spot. udhersacoaddaser beam

arranged in row. ext endi LN ner al | engt hw se
profePBE fwartab oye iRt luteREa8kPo Yus SREARY Hher beam
propaigefibn | fRr  PRENsdUoPHaRBEr GRaRfipfopayaiipopatl Aasra kesbhd laser
ropagati on path, and a notion stage. The |aser sour

prop . ce :
beamr iz doat itersealst the semigondurios supstiate peanseapmdaspot. The first

S | 4 \ .
spott 58 M REES Pl el R pdt Mot} raf 380 REBAY, strustures in the
row.t el mbsibn Istsges nimas thieofirab ahd Gecpad hasdeedmrates @sative to the

beam propa%ati on path has a first |aser beam axi s that
semjgendusior sy betateshstantialiyia Lnispisinrafisegiorny sybstaptially parallel to
the BAGlwidCBIrB A BF ReRiw, PER 1S BIRERIGHY i ABIL stiflures in the row
with witheadied ficet gpaelcondHesaemdsed baasrs siednihait epggstucture in the row

. th a second | aser beam axis th i ntersect he
s InBRiAtesd BTG OrS 3 PASLesH BReCh BHlse Pt Mok Fippe traverses the
Ienggﬁgf thaYow H9esS BRRAtHERAohINTH YR uHBA ¥ &‘nl?_ta' SRGle aESt beam were

second structures in the row. The notion Stage
utilizeovtesrradiiate thesstrunidresdodhel rowiser beam axes rel ative to
t he sem conductor substrate substantially in unison in
a direction substantially parallel to the |engthw se

[oozdgrect | ABcOind8or AHbtheP embbainsetted inethod 'sefshiti®ély irradiates
sfructures inthe rowwth either the first or second
strustueasr (epu, stattteallyscangdsietive dnke)rgn of miidin pesamicondugtofisubstrate

il AR BaEbeBRATl B SRS R ApbER Bibiepenaing in
gen?rgggrlb'gggmﬁgmgueiwﬂoﬁ. beTheqnbthed ybnemdtys aa Sirsgligser beam that
propagates along a first laser beam axis that intersects the semiconductor substrate
and a second laser beam that propagates along a second laser beam axis that
intersects the semiconductor substrate. The method directs the first and second
laser beams onto non-adjacent first and second structures in the row. The method
moves the first and second laser beam axes relative to the semiconductor substrate
along the row substantially in unison in a direction substantially parallel to the

lengthwise direction of the row.
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utilized to irradiate the structures in the row

[ 0024] According to another enbodi nent, a nethod
waeloeobisvel y i rradi ates structures (e.g., el ecpei/vstony021406

conductive links) on or within a sem conduct or

[0033bst r athcapsding o panather t%m*é@dirfl%’é,r sheFtem Teelectively irradiates
sinRRSEIA] 6 i 2 {ARRGRoLRCE SO BHRDE ey, gt rsgr boars.

Thef strattutexs are beangéddh aOI‘OW@gmrQBngihm@gg@éraﬂ)‘ﬁiledgﬁﬁ\ﬁrse direction.
beam axis that intersects thfe sem conduct or substrate
The PipleMseIBRANSES:8 é3S QS SN Eh A Tt %@g&e@@ RrepRgaiiondadnga second

esd st oPaRl ) 089 PR " PhETAMEL e rocuces

IeaStaa;ﬁrstltmrsbe:am @ndoasedpmtdasterfbe*esn anee fist tadr beam gropagates
st ures, in ero The noves the first an
towgich Sicr Senuiepndniclar substratg 8 Pee?\eof'faﬁéa%r eaimRAgaton path
Thesﬁ‘f*éﬂds%tr%e%'nﬁ’ Qoﬁa{b%tlbmﬁaﬁH aé‘ﬁ‘l?é%'léé’ thdl iftersects the
direction substantl par a tot eng W se
semiconrdudtonsulistrdie at anfifsd6psi. Kbeme@ong Iasneramnmqrropagates toward
enbodi st.em,sel ectively  irradjates strucfures
the SERIFORTG1PT SuBLFAE i s etanie  pade biaig apadation Path. The
secOhdader Bedth Prapahatiinpbth hAS sSséeid IRer VR DkARE intersects
in arowextending in a generall | engt hwi se
the gemieendiciomaebsiiaie éha sagondepoa Tasdirskspeicend dhe second spot

o R IR ARSI it B soce

moW%@CfGSt ahd Iseasid daderttfanh ages réiadm &b thé seRisBductor substrate
| aser beam  The first |aser beam |propa ates toward the
¥t

subsgiantialiy i BhisPndn s diregtionasuhriantipllys parafiel tgstee Ipaalhwise direction
oftI'FH gation path. The first | aser beam propagati on
‘has a first |laser beamaxis that intersects the
sem conductor substrate at a first spot. The second

b . tes toward the semnm conduct or
0034J55 1, SAECaTRG fnEnotinambasinesbat B alesively iadiates
struPffrs éé— pe él@ EQI rg %ﬁ&u&ﬁ@mnRéfBﬁQﬁtW% paarsgmmdﬁctor substrate
secon aser axis t I Nt er sect s

usingeai plunality t afr Iasebsrzuimda betires. seﬁwmmpmresﬁne arraaged in a row

exteffifia Mhayo8tedii TetetBias LEBHT hIhemotiad deberates a first laser
beaf! @ pFEYRfatbHaIdnyl § first ket e ak%stﬁét PR&La%aRe selngllconductor

relative to the sem conduct or substrate substanti al
substnaterarsba seeond dagerdraanm thailpsopagatasiajommaadcehdtlasarheseam axis

ot RS B, S SRR 5y bl by A5k scona

laser beams onto distinct first and second structures in the row. The second spot is
offset from the first spot by some amount in a direction perpendicular to the
lengthwise direction of the row. The method moves the first and second laser beam
axes relative to the semiconductor substrate along the row substantially in unison in

a direction substantially parallel to the lengthwise direction of the row.

[0027] According to another embodiment, a system selectively irradiates
structures on or within a semiconductor substrate using a plurality of laser beams.

The structures are arranged in a row extending in a generally lengthwise direction.
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structures (e.g., electrically conductive links) on or
Wi thin a sem conductor substrate using a plurality of

wo amenogsus sed beans. The structures are arrangkdI/Us2085/021406
row extending in a generally | engthw se direction. The

Thesystedh gemprises s lasél solrck s firstiasen bdrah opAGaRSrepath, a second
along a first |aser beamaxis that intersects the
lasge Beah ARRASIAtIONHRAtha B0 dnelicfotage- | 4561 aBeR SOHIRe: produces at

leaBf 2RFSALSSr tﬁéé’l‘?lgaﬁd N %g@f\gl'@(é ﬁﬁsétnﬁée rheam propagates

I ntersects e sem conductor su hod
towird ebe sserhizohtlustor ssubstrato atbricasies fipstalasep tieandligrbpagation path.
fi.rst and second structur‘i%s in the row. The second

The gt laserpqarBPrepagatiafbPrin has 3 ftsst lgses bramamya that intersects the
serflicbRBLEBR sPBEPSRIAICH iRkt égbt.t "T‘hfel %n@"%é@r Hééﬁﬂ?r‘o@%{gg{es toward
th e meth t he n ase

e row. Th t hod nove irst a second
thebzeimicardgctoe sabsirate alongethseseaomadiasep beanbpropdgation path. The

se@fi st PapyPERAGATEN AN 9’8 SHGONAISr e ebom dept ntersects
thet demicemtudteP 3ubsiatecadh t@cbAd apet. Naheefiike gﬁﬂg r%\(/ivl ttﬁﬁi second spot

._system sel ectively irradiates structures _
impinge: #peo rilisiinad firsiuard secend stugtuseplinithe irow. oThe disstr and second

ST U e .-
direvtionrofsies rew! aFes niidhCstag@ ndVest thedst al@a8Btond laser beam axes

propagati on path, a second |aser beam ﬁropagat_l on o
relaliyento Jhe serieonsiciengabstrate |substantielly cin pmishrcgs at direction

' r . Se er beam The
SUblfs F%@%all?gétérl%&teéaﬁn%glfa g 9@‘3’@%@? ﬂ? gt\@} éf){ﬂ%(df °§ém conduct or
substrate along the first |aser beam propagati on path.

first | aser beam propagati on path has a first
10028 er ' beAGROIING {thaANaharepEIROCMeN, & dnetoddusesrlaser pulses to

t [ : : s
pro88i'd Schodbanabfitlo Y, <IAiaRG Mnlasal 16TLan, o winin -
senmibendustonsubsicxe. bEensiruciueg hiasan spdabe, dwdgemada length. The

| aser beam pr ation p%th has second | aser beam

b .
lasef S RIORAGAE lno-aasinab Ve alakd & StamResmRatA relgtive to the
subSBSRAsSRAL - Ia i ﬁt thsé% frpébtiat%ng‘ué h&ei88eaN dtr3RRire. . The method

I Mpi nge upon nct first and second structures i

simulieneausly Deaefatestormrthe ssatectdd sstructumer &irsteprad adeedntiylaser beam
ar

oo TSR b bR EER SR oS arsoctn
the r@¥sted %ﬁubgdrétata@igtilg@co%fj ahéss%coﬁ@alﬁbﬁ@%l.r et i én‘r?]j second

the sem conductor substrate substanti a n uni son |

lases kpareqiulsss sopisgamn e gufaceaf dhe selected stngluneirespective first
andlhd i B0, S, Tt LRBRPLOAPEREARARLS AR ne wicth of th
selected structure. The first and second beam spots are spatially offset from one
another along the length of the selected structure to define an overlapping region
covered by both the first and the second beam spots and a total region covered by
one or both of the first and second beam spots. The total region is larger than the
first beam spot and also larger than the second beam spot. The method sets
respective first and second energy values of the first and second laser beam pulses
to cause complete depthwise processing of the selected structure across the width of

the structure in at least a portion of the total region.
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process a selected structure (e.g., electrically

conductive link) on or within a sem conduct or
wGemstomie. The structure has a surface, a w dpar/usds/ee1406

| ength. The | aser pul ses propagate al ong axes t hat

nove along a scan beam path relative to the substrate

the | I [ e t r

1008 et o oroi et BATHEF SRl iSterh il a puisea
lasestandtfinst enfli sexondridssrebeanth prapegatierapahs eentingt from the pulsed

ro al.ong res tive first and second | aser beam
lasel R TARCE B AP CONe 19eRNISLEn &Seiearduer evasirate containing a
struf::tdrétthéf‘élaﬁ%% dcbosat b rlFradl-Q'ﬁ fﬂérﬁtthgﬁgj szégc%grl A structure

beam pul ses i npi nge on the surtace of ected
has &t switace, @ wigdipeutd a@rfgthstDLa‘mg aeuMdhbémsn eﬂ‘ﬂbﬁ;@cor@lﬁéem spots

b h d
impEEROBES LFtH MRS BR 3 earil ooalians dirbMee SumLEBcruch that each
beafl epsPaht@hpHssds §f3teafs't PR QMQtrﬁBPiﬁ’@%trthﬁP@ Ui HRAYEHY second

of the selected structure to define an overl appi ng
beapegpels ayeapadialppffset fiomhend anstheara?dbngw’dneslengﬁdobﬁmrstructure to

oo 2t oA ihE} b 59 S U B BB he h o spots

and|atgar rddiom cbV@eﬂlHySbn@QﬂrbcﬁﬁQif tRaGiret R SSEaRS béé‘ﬁ‘inspots The
t he second beam s The nmet hod sets respective first

to’fab'?ﬁg'%&ol?dg%rnfé‘ﬁg;fﬁeaﬂrﬁte@e@m e anic also darges doamthe asecvnd beam
spo’tk?ef‘ﬂé g)llﬂllclasc%t%:w aaﬁﬁﬁéaﬁlgéia@'!yrogégcqqﬁ%g %ogs[f %ﬁtﬁéfsé'sg oifle energies
to cau:;eloctompletm d@pthvaastpr@ceesﬁlhgomf tHe sblectedt Beam spots across the
é i,on. [{ Accor dj ng) yet anot her enbodi ment, a
widt )Pg F et lgagia @G'qna%fetheéﬁ@' fedieR. and second
| aser beam propagati on paths extending fromthe pul sed
| aser to distinct first and second | ocations on a
[00303 i coné\Bcusmd hesinr dhe teomt @inii mgans s'iotu;ubwdﬂebﬂvyﬁton but atop,
bogd! rocessed by irradiatio A frog] the pul sed | a ,
a o‘ﬁe‘)\éqr @Etcﬁygr'?\%s'naa@ﬁﬁ"f%eé’ar%?% o Rillyaine %?%n%ﬂhﬁtant'a”y is a
brodaéhiritd t&rnP Yh&e n dy I
o up onﬁygl stinct fl(%mgltSf ?Eghggon@%%g@g?teg/ﬁ o%&% hHPnHES/ a high
degr@ﬁr@f@m@eﬁ&cand ﬂm terac fadjacentd preansnuaxtia o5 @exain a series (e.g.,

Lt t.he. structur Th i kst an
the GBERE 'St%dM 3G Baﬁ DUt y1ob s ﬁ]ﬁr%'Rﬁaﬁ%f)émtmﬁlgﬂmmymggphysmal
conthbe Iength of the structure to define an overl apping
regi on covered by both the first and the second beam
spots and a total region covered by one or both of the

roosihy ¢ RIGRRAE e Aol ke b SRR by pgperation of
partitbliar seloodimeetmarpett fortte ip e esllowingdeatiens Wahf icfélence to the

and second beam spots with respective energies
below—llstec? drawings. P P J

Brief Description of the Drawings

[0032] Figure 1 is a diagram of a row or bank of links being selectively

irradiated with a laser spot scanning along the lengthwise direction of the bank.

[0033] Figure 2 is a diagram of a link processing system.
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to cause conpl ete depthw se processing of the sel ected
beam spots across the wdth of the structure in at
wo e@stomiporti on of the total region. [0030] ABCL/ESIN05/021406
herein: the term"on" neans not just directly on but
at op, above, over, or covering, in any way, partially
fully;,, the term "substantially" is a broadenin
(0034} 'y nfiodran s AR g R YRR 55 ek rdh of o s CaRRLctowaer.
imply a high degree of closeness; and the term
"adj acent” neans next to or next in a series (e.g.,
[003%k | et tFagurer is @ valtjcity gnofile plot®f asingledink'mdh. i n t he
al phabet) without inplying physical contact. [0031]
Addi ti onal details concerning the construction and
[0086kr at | Figwe D BGHLSFatRIFPEOVMMUsSVE-EpSCarrhRGéMehtd, according
the followi ng sections with reference to the
fo vgEPYSIEMbodimentsani ngs. Bri ef Description of the
Drawi ngs [0032] Figure 1 is a diagramof a row or bank
of links being selectively irradiated wth a |aser
[003Tot  scégureg6akoay illlnstrdtiongohWwe alifiéree tda@Bs0bf 1WA link rows in
ank. EOOSS Figure 2 is a diagramof a link
relagPBé%Q PAJOSI”t em [0034] Figure 3 is an illustration
of link runs on a sem conductor wafer. [0035] Figure 4
is avelocity profile plot of a single |ink run.
[0038]036] Figuee B ars ilstratibn sf o ilateraily spaceduasémepatd Processing

rrangenments, agcor di to various enbodi nents. [0037]
the&’%ﬁ?ge%‘){%'gﬁlsﬁ gl ?E@qrgg\qtt?rprlﬁe'i” difenter ent cases of
two link rows in relation to one another. [0038]

Figure 7 is an illustration of two laterally spaced
[003%Yser spigwep ix essilngtration oiwwespet antl threpispobexamples of on-

axis T o e RO ol fr b eeBeiemist oo of

onaxi s arrangenents of |aser spots, according to two
enbodi nent s. aé((_)040]_ Figure 9 is an illustration of a
[0040]o- spofigstie &kiis aar iluagatiernof e twarspot epetds faorangement of laser

r 1.ng: ' ss..according to one
spofg L BRASRYINO DY i RASS 8ol © e aaediments a
t wo- spot on-axis arrangenent of |aser spots for
rocessing a rowin tw passes, according to one
[004&&:00di nEfgure 10 is an illustration of a two-spot on-axis arrangement of laser

spots for processing a row in two passes, according to one embodiment.

[0042] Figures 11 and 12 are illustrations of two laterally spaced laser spots

with relative steering in the lateral direction, according to one embodiment.

[0043] Figure 13 is an illustration of two cases of a four-spot arrangement with

both on-axis and cross-axis spacings, according to one embodiment.

[0044] Figure 14 is a set of plots of laser pulse power versus time, according

to one embodiment.
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[0042] Figures 11 and 12 are illustrations of two
| aterally spaced | aser spots with relative steering in
wo b@eloadses al directi on, according to one enbodP@ENE2005/021406

LO 43] Figure 13 is an illustration of two cases of a
[00¢3l,r - spd'_t'gkérler Ay dsreht bIGFl Hliagiem . ax nulplg-sialstasexiprocessing

SyS%ZﬁCémdmgqg?;nplé],?b{)&{%qgsenbodl ment. [0044] Fi gure

IS a se er pul se power versus tine,
according to one enbodi nent. [0045] Figure 15 is a

10086E7 A0S 45ris 2 Blesi BRI Gich Ao GRoR rEsTEY System

acchbidifa & 86K cHii@nef a two-spot |aser processing
sysltq%m acceort%gj;g to one enbodi nent. [0047] Figures

17-24 are diagrans of various inplenentations of a
- | r cessi,ng s st accarding to vari
ookfD - 5P i dRE] 1hRd e HRBETES of egogs dpPlifietaton < gy fwo-spot

Iasér%roé@é%%‘bﬁ&e@'abb@*ﬁné %%rlﬁ%aéﬁboéﬁﬁéﬁtg' ng to one
enbodi nmen [0049] Figure 26 is a diagram of a system

for generating nultiple | aser beans, according to one

100B5P 0% kel SOROL LU 0P oS B ARG Pyolayaser beams,

acconkn@ ek BRibodimedbl] Figure 28 is a diagramof a
t wo- spot | aser processing systemw th error correction

capabi | i ty, according to one enbodi nent. [0052] Figure
. . Vi
10048, 1, &SR AL Rt I S0P 300 EREAF M BHE Bbr oars

accendirngl toems en{tﬁﬁlﬁﬁbnﬁi gure 30 is a diagramof a
t wo- spot | aser processing systemw th energy
calibration capability, according to one enbodi nent.

[005@054] 'I_jl%%e?? is ésdl Pdn?%faén lﬂbltiﬁl%}%sspa%%r proklssing system,

ocessi Ng system w t osition callbration
acccra#nzg)td one emdoodimenig to one enbodi ment. [0055] Figure
32 is an illustration of a calibration target and two
| aser spots, according to one enbodiment. Detail ed

[ooggscr i p'F'lgme@fS Ba FErWo? d ﬂﬁ)g%otvl\é&@r ;5!3{3 %‘s&ﬂ%esgfsﬂem with error

t he above-11 sted dra ngs, sect 1 on SCri
correction capability, according to one embodiment.

[0052] Figure 29 is a diagram of a two-spot laser processing system with

independent beam steering, according to one embodiment.

[0053] Figure 30 is a diagram of a two-spot laser processing system with

energy calibration capability, according to one embodiment.

[0054] Figure 31 is a diagram of a two-spot laser processing system with

position calibration capability, according to one embodiment.

[0055] Figure 32 is an illustration of a calibration target and two laser spots,

according to one embodiment.
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particul ar enbodi mrents and their detail ed construction
and operation. The principles, nethods, and systens
wale@eloassesl bel ow have general applicability foPCT/US2005/021406
-processing any structure_aon or within a sem conductor
subst r atleetaied Pasgeiption gHERNOIMERIS any purpose. Wil e
t he exanpl es and enbodi ments that fol | ow are descri bed
in the context in which those structures are
[o0b6fer - SGN&h_alkdferdricekm dime erbomiet-lhsitezd adralivihdss. this seetion \escribes

device, |oqgic device, opti or optoel ectroni c devi ge
pamﬂdamrﬁao@ﬁwtsaﬁagm%@bmé 1 F‘eg”%ffé‘% fiopsyan t%ratlon The
t 1, S I i N
prFHRE, Mol S )58 GEIGRAY bl e b appicabity for

protessitg agy sHathﬁe romml‘rwnlanra seraiceqdatioy sappiratealdieg taser radiation
t he | aser ces of other t

of struc S, . .
for aE RUEROS: PTTIEARe SETRISEAS ehRodERRS he N dre described in
thea&rﬁ‘ehe’lﬁ%ﬁlcﬁftHo%éeétrdcﬁgl*e%t b |aset ré%(/et%{b?éthhﬁ%n or within an IC

structures, optical or electro-optical structures, and
(e. gmMmmrgadevane dbgict devicas odpdicat al optoalectoords deviag. anludlng LEDs,
M5 (mcro ctro hani.cal structure or MOE .
and GBS oh K B8V BRRd M b iR dH e P eliabR finks can be
proBeSRASh e tBmd bF &ihdr AaNMRY, ARd ttReSe¥Bhings! &aAVBrth herein are
make, heat, alter, diffuse, anneal or neasure a
equally (rpplicabler to the nlaser ipapcessing ok eiPEe typess@f structures, such as
i af.d d n
eleé]tagél gfgﬁ?&ugegsg gliaﬂ ﬁé@ nrﬁ(gef’é |°§‘r??g€ %sg éan?ﬁlltc'ctc))rf Llé%#v Fadﬁatlon other

electﬁgmestmcttmfe@pepnca%r- elabbro@fptlwll @tlruc:totés;i drel meeHahieal or electro-
nect, di sconnect, tune, , Or repa

me@fnamahsér&p Wes 6id rNEMS Gm%@ e&qtmbmﬁcégmc?b@fmtuv&s) or MOEMS
rigREoPY ket RO Sk BRPT R 2Ly b Ay lgation may e
to swilercvieaye c arake), mwﬂ,valhdelaghmjsmeinnetm bnmsmrécu stutiure or its

I NC ng sone or all qf .the follow n
ma’qe,rllgl erf‘d(aﬂwlﬁuiﬁw“ﬁﬂtr?gﬁé‘%lqﬂw gtqté’qq ghangg.in a structure’s
ma%%‘éﬂ%"aﬁse?h%mng@hoﬂ dddph nté’,forgﬁ @n fcCpro @,?tes—any of which
ecreasing floor space require processi ng
cousd biepmmui ta coanécth discanineot, flace )| nto;d;lfy( 8) repair @@tm@al circuitry or
th [ rre el apsi ng between scanning alignnment targets
othear% WsSeting |ink processing, thereby (a) allow ng
less tine for thernal drift of the conponents and

structure of the sem conductor processi ng sgst_em '
[006ZKul t i rys One @hﬂgdc@ﬂm%ggtvwﬂwa@p&maWn ligh} okthisdiselpsure, certain

emé)%cg,lgquts\f/\%thfgz?ﬁ%@cgoﬁ c&ﬂev&qﬁ gﬁéwv?é 2 t%@%%u lﬁbgr {he known prior art,

inclhmﬁgo‘éﬁﬁ‘fémorf amdof Ghe PRIIBIWIAG: N1 afstehsingutitbughput, possibly by
rescanni ng o
multiplicative fa%tors, e.g., by a factor of 2, 3, 4, etc.; (2) decreasing floor space

required for link processing equipment in a fabrication facility; (3) decreasing the time
elapsing between scanning alignment targets and completing link processing,
thereby (a) allowing less time for thermal drift of the components and structure of the
semiconductor processing system, resulting in enhanced system accuracy, (b)
enabling larger wafer processing fields, which results in longer link runs and an
additional throughput improvement, and (c) permitting less frequent rescanning of

alignment targets when thermal shifts are detected or when the time elapsed since
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alignment targets when thermal shifts are detected or
when the tine el apsed sincetheir previous scan becones
wo owelosasge, thus further enhanci ng throughput BYT/US2005/021406
reduci ng the nunber of operations necessary for
thelra(pa:ewaue $¢ark heocovwssitog: lasgrl thys durtber rephesaisgi &raughput by

ol I s AT b PRI A o

allofihgBegTesgicial vlakatic of éomé(mégémtr@jswﬁqjeﬁaﬁdet@rsr glich as XY stage
that is equivalent or faster than present lin

accqie@él@ﬁsamb lagps traree rmetal@nefk%qﬁﬁrpyewhﬂﬁestl"amogesang wafers at a
oto IR ERRE AR B B Do BT ReRb B piarans by on amvle

of tHeNbftet h@vaytayeMowevingthatége aedeleratipnt feguiramesits &ars reduce the
that occur during wafer processi, ng | ower accelerati,o

therggal |lengrak relﬁﬁﬁ%d/éntacf&@r%xs}emyerﬂ\é BRf: rRdUERg thema)shifts that
occ&fdg%f hgie\ﬁéfe? al‘?)‘ave‘f' %]E@élél%@l%n WS Hlsb fprole accuracy by

re stabl e system operati on;
redutirg tive ekawmncmsyﬂtsm fesosaheet addwibitatians omultmgsm,smoother,

referent, mechani cal . confi gurat | on, reater .
gentgrymere; §S?%\eaﬁ)ﬂs"ﬁ6‘ RBeRticg; ngHaN £ : Lsg b Selepted with a
lowerfcot r&% ﬁtlﬁ%@bﬁéﬁ&él%df@ﬁ&ﬁptﬁeb@r sﬁ‘ﬁpﬁ’d?l?/t BRA no need for

exanpl e, aser source wth | ower PRF coul d”be used

auxifiany poohmssyagams dfvea reecedisagosleratieniispacsepiablel sehs another

exa@pEA oGt sPHER. A a ek HiNF Sollsb e ARSI Biotah: 1ower PR

lasePd a9 eWinsliroved YWse itbpéaiesr sudimusatabterPasé afse C@ﬁhér)’ced pulse
and may be operable with smaller power s%gl i es

stabfjiéydneneased peakduise Faweb antoshariasPubes wint g@weéPRF lasers may

i 4SNP T i RSO B SR, IR generte

lessHisutesThege Hndeolhed jvaiviapisr Qﬁvaﬁ(Susf reﬁfbddﬁen’@pwillr befapparent
typi cal DRAM wafers show that the tinme to execute |ink

UPOTﬁu@%dla@é%ﬁ@@amﬁrpﬁ@'%?@ﬂﬁy of wafer processing
time. Approximately 85% of total processing tinme my
be spent executing link runs, and the remaining 15%is
spent péer Apalyisigofdviek ReadPtogsksingsliote as novi ng t he
wafer to shift the cutting |laser fromthe end of one
link run to the start of the next link run, alignnent,

[005&339“Si n?ﬂea%”u‘?eﬁ%ﬂl%“ﬁ?ﬁ" e ﬁﬁbh%ﬂﬁcal@l‘?ﬂ%ﬁ/aﬁ‘&% show that the

m nant conmponent o cessing tinme iIs
timet ypi @adufe slipentruex eaneounts [fonkhe unsjority gofi Wadfamtprocessing time.

o SabE 4 v T BBl RSERER Mo E BBl B Mk s, ang
the remaining 15% is spent performing overhead tasks, such as moving the wafer to
shift the cutting laser from the end of one link run to the start of the next link run,
alignment, focusing, and computational overhead. Because the dominant
component of link processing time is typically spent executing link runs, significant
reductions in wafer processing time can result from reducing the time spent

executing link runs.

[0059] Figure 4 illustrates a link run velocity profile 410 corresponding to the

processing of a link run 420. As used herein, the term “velocity profile” means
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[0059] Figure 4 illustrates a link run velocity
profile 410 corresponding to the processing of a link
WO 200640818 As used herein, the term"velocity prPOf/UB®05/021406
nmeansvel ocity as a function of time or distance over a
velositrrasofa funakioor ofatimenperdisianee eNert argpan pf dine @y an interval of

f f
distEGE Ao £ WERUT GEBSEINgT & DUREes b BFererh gpegtaps. While
proc%s%lr@é BYAKCH3E RRGNRE wWith 8-tight tchespaeing (&.§€1he center-to-center
di stance between adjacent |links in the same bank), the

distangsebetyeesn adjasentilinke i thesamesbanlk), the lagerdreaim axds advances

o2 SRR o KELOG s v 445 gL MR Bou Fiore 4

shoW§|a¢ﬁeiéfn6I450inl\ﬁh'thhé aoBsfaot vereity [440kis haalsad@Diorredchdink bank
[ink run 420, it is possible that different |ink banks
430 4ndhendipk ian 428, itrie Persibiinat shifereet bk baals 430eRavBave different

con%%ﬁpgéfégltféﬁaén?@ %g%%}]ﬂﬁéﬁﬁﬁ s@é&ﬂpgﬁgérs;@%ﬁ}g%ﬂ t bank in the

sameelinie eam.s Whendkate isi akargengap 1450kbetweent hﬂa%,q&mtaatmnks in a link
accelerates to s an t he gg{)e450 jn less tjme and th

run d@@eﬁy&f%@%tfdﬁ ORe in {gsp dime, agdn@ﬁpn%qcelerates
neayﬂ@%hayoﬂﬂé%iazgﬁ thacT]hétncﬁ‘ﬁlﬁgl %I_@Eftypfbné‘@dalgam That acceleration

decel eration In a gap profil
andvidaateratioprresult én zalgap/nroflllee4%m time higk ofelacityi moﬂrmm At the
I he system pnder goes a n|t accel er.at i on 470..f
ool NnsL & 1, TBBSLT S ruplesha dgfoads e Gk ddaliipring 470 from

resti‘h%opoﬁfloﬁ h8IIRAsY ‘bfy é‘ dérﬁb’éj 6ﬂ§ettltd@e480 St RMhended aFes ligk run, the
decel erati on 490 down to zero velocity. Thu

systeypuodErgg@@raﬂegelgratlm 490 bagk slown ’f@ezergr\m;o@m | ﬂsigus h‘[he typlcal
opofERH LALARY oBehl oholod PRHE ol RRAR 45K R e rampig

up BRNStRYY ty dopetdnit, v@l@@g} eé@ttun@g p(rg@@ssmg)ﬂmksrm) constant velocity,
any | ar down to zero velocity

gaps,. and ranp gv
accelerating %ﬁp ofoftling) rQYﬁr aIIYg @ezgaHSL @dr EeRiNghRag \d@Wﬂ to zero

vl RS REREHORR OB DLRGBB30s ket oF o, Bk ions o

fink riimentdxi®uglacity- th@a*ratlwmle theriilnk run #420ss plepiitéd asfamtralght line
the banks of |links to not be in Iine. Llnkrun%g
g(in line. Link

throwghice-lineas lipk beaks. if i Resaiblgder thedranisieidings tas
run L@B%m& B4 DBt RS UPHESRiLARE méwqgrésm reduci ng

run execution tine are eV| omt fol |l owi ng
SI npl i fied throughput prediction nodel. The nodel

IOOﬁEﬁpr mocdTSIG! ik YT HE S IPLIE AL IRR i Biion tme

té‘?ﬁcﬁé?ﬁ%d% {HeeRl| fngf 8inh |fi'é9dﬁ||ro@’g%;1 pLﬁY&E\GF&l@ﬁhﬁMHQIr The model
as nmove profilitng; ovvever the rel ative inpact of

appohdmaiesythadi hirherreqmquzd twrdindd mig execution. The model is not accurate for
absolute time prediction because it does not fully model all system behavior, such as
move profiling; however the relative impact of changing different processing
parameters is correct. According to this model, the time required to process the links

is

D,
TLR = NLR ( 72 VLR +T, accel + ];eﬂle + Tdecel Tgap savings ) (1 )
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paranmeters is correct. According to this nodel, the
time required to process the links is LR~ - LR\ /Tr
wO 2006mee8 ~ ~ settle " " decel ~ gap savi nhgs PCTJUS2005/621406
y LR JIn Equation (1), TLRis the total link run
In Espuadioni(dp T rie the total K &I ev@quboaltlmmabérN of islthakotal number of
runs. The terns in parenthesis can b ed into

linkiidpge Tha tryHIS B parenthesiseanes {umpe pb'&tﬁ e m&egqr&ﬂ% (1) time
speht'ig sg)taacgpsthér\ir]k‘é%ﬁ] g‘f ﬁ;og ’fa)ntt\)e'@:lt?p?? tlfﬁbnkspent to accelerate,

accel set rate dari'n

settty chndY)edelerates duriag bigk gams, @nadf (B) time. sa[\,@@la:lg gap qe)rofmng
average tine spent on a link run at constant velocity
is described by DLR the average |ink run distance and

[0 é’ﬂ; the 'ﬁ'}éeé@&%gl 't’ﬂhek nY%|n0§ ikl rurT kit SonstRft VieYodity is described

cally VLR | aser wherePl 1s fundanenta
by D, pkthei avedragedinknginadidtancesand IISLRtihe dwarage RNk rdr006BLity. This
A rearrangement of the terms of Equation ( 1) that
velauttyt i8i typioallg origt=amt, A, i nkvirere Py elio dimgarabotas linkapit¢hepacing and
total tinme spent at constant velocity is Tv . This can
beisitheladeePRIS. fol | ows: The total time required to
process the Iink runs at constant velocity is the

total link run distance total divided by the |ink run

100881 i retivasglt B 1ot Bunab T K ALEA ST o constan

llnkVQbﬁmvblbcﬂS/ @h@ﬁ)sertﬂb? frieoniokal Nkinfd Nsy&MtoCatt Yedntant velocity s

Ias

Taccel =Tdecel = L A where / stage tage 's n e stage
"J‘CCMLRG‘DL§ |onD,o gdhého 2! Lt TEq T 9%“@9# O The total time
Vw'efl apse AV, the e acce eration ase

processi ng |inks _| s the settling tine, _denoted Ts_,eltl e
requiréch taqroedss ths bn’enuasiair@nstmﬁe/eimﬁm isxthec tadakelink inom distance

Do RS DA BRI VRRCISr & onpl oyed. [ 0064] The fi nal

termin Equation ( 1), Tgapsavlpgs , is a neasure of
the average tinme saved on a link run by gap profiling.

[0068P2aP PFYrithe RIMPRREE throlghponvas!, A6 Bhes Adduithd to accelerate to
decel erating, and settli ng to travel bet ween two |i nks

the il/l& (Ig@f té?/l?)'c[f_ﬁ o“ B@Bel #Eg flthgHﬁ (/ ﬁy i 9“St a:pt / A, where

I's “magni i's teperfdent
upon the quantity and spaci ng of Iarge gaps between
4,,).1iakbe stdge accaemtian; and the additional time required to elapse at the end

of the acceleration phase before processing links is the settling time, denoted 7, .

In actual implementations, more complex acceleration and deceleration profiles,

such as half-sine or trapezoidal profiling, are employed.

[0064] The final term in Equation (1), T,

wapsavings + 1S @ measure of the average
time saved on a link run by gap profiling. A gap profiling operation involves
accelerating, decelerating, and settling to travel between two links in less time than
would be required at constant velocity. This magnitude of this term is dependent
upon the quantity and spacing of large gaps between links, the acceleration

capabilities of the stage, the settle time, and the link run velocity. A greater time
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capabilities of the stage, the settle tinme, and the
link run velocity. A greater tinesavings results on
w@e@doaedsss t hat have many | arge gaps in |ink ruPST/ARZNOR021406
small link pitch, hence a lower link run velocity.
savipg%sqsuﬁrmnrparbdmd:tsethai havefmaryearge gapsdn diskglpeand a small link
rther [nsight into,the inportance of different
p'tchﬁq% %M}L@g@( f*r*ﬁé’ei(?ﬁqtél- spent accel erating and
decelerating at the start and end of link runs is

5pprOX| mately 1.5% of the tinme spent on link runs. The
[0065]me savide vgletiveysizeraff the tlareies teipps divemtferthensdsgight into the

bt Bt SBUHP bR | FONRET, L BHE SR iratng ana

decélefatiid éﬁﬂh@@taﬁ)ﬁ@ﬂserﬂf ofviriieruns iSeipppdXaaraely t.5% efthertime spent
no | arge gaps between links will not receive a

on lipkdens: Theolimgsaved ovith gary Prafiingre apprafdmaieiy 50% of the time that
wou'Pcf Bg% ene&r?@&sé%hgrlmk?ﬂlqgg} hb%abﬂé’lé&t Yo | g‘agg rr?]ulrnr?ers vary

reat e p pPro
W|de€B§2 fer aifferfiaghedaf &}dfeis I\Nrair:knneoesa&smrf@\nbar o dainge g@s between

and per haps |ndepen tly contrgllin i ple
linkss Wit B0tgieCaN A barR gr@én oaR Rietling: | On [ﬁné h% , products with
t he
S P Bt 1o el o B M e S hiing)
pass of the mafer under the lens to result in the
processi t i nks. Equation (1) shows
t hat mhép #W@H@PD ﬁﬁﬂpﬁﬂple | ateral |y spaced Iink
runs sinultaneously, the link run execution tine is

di vided by the nunber of spots. For a two spot system
[00G6]e XY $tasgielolinly preeessing by avedseingheandfrerhbps NnRependently

con‘.zl;%@lpg,t w@l?g I%s%taﬁsl\potsegh 5{/\%/?16% s%&%& ! hﬁ{ﬁ{%%t‘fcailya\%%rove system

throggRglter ati on, deceleration, and settling events at the
begi nni ng and end of each i nk run is al so divided by
two. Al though gap profiling tinme savings may be

[OO%HVi de.d#?ﬁn% 'ﬁﬂ{l@ﬁ\gﬂfﬁ% P [Ig%%? ot%‘ﬁ}ysgc? Fl)fsré‘?' gb%ts allows one

on |i resu a laser

physizal gagsvot fhd wafdralifdetl thi lél@ﬁ@deﬁﬂbtrﬁtﬁeemdjcee@nghﬁmo rows of
half the link run execution tine.

links. hEsugtignt (1) rﬁpreW@ﬁquafoqeggwgt mwttnl.e ﬁa}pfalm gPagsel link runs
smn?lﬁaﬂe%%lfrtﬁe fHE Ruih %&Q?utlérhﬁﬁ\eclé‘rﬂl\h&eécb | HuHh6& of spots. For a

rovenents I on ormance an

twobﬁﬁ%y@%’?nl theaXy! siglge smgtnesst tﬂ‘r‘tra{/@rs@dtﬂiet wafer bnegg /2 times.
t hr oughputi nprovenents occur w thout any of the
Theutuda@siimtablie distapegubat & stags eusstrigataids divided by two, and the

number of acceleration, deceleration, and settling events at the beginning and end of
each link run is also divided by two. Although gap profiling time savings may be
divided by a number that approaches two, depending upon link layout, the net result
is that a laser system with two laterally spaced spots requires about half the link run

execution time.

[0068] The throughput improvements that result from multiple spot systems
are much larger than can be accomplished through improvements to motion stage

performance and laser PRF in a single spot system. In addition, these throughput
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| aser and notion stage to hi gher performance. [0069]

Mul tiple spot processing may take many different
wo ecooamposeg t h | aser pul ses being delivered to | PERESW0$/621406

a different |ateral (cross-axis) spacing, different
impRVeRPRISsprREUr iyfthaut @hth%ﬁnaﬁﬁlga%lﬁoc%@ggea&e% of pressing the

k spaci ng. Each of

Iase?@eﬁlglﬂgﬁg;ré;% @C@hﬁégﬁﬁ?ﬂr@%@dé& fers different

throughput and processi ng advant ages and are explalned

' reat tail next, wth reference to Fig
[00@0%0] 'EJP 5Pal PreessiNh ke dikey raaaxéy,ﬁ%r@nmﬁns with laser

pulst%\%gﬁ?lﬁb dé]ﬁ/epé%ﬁd hhies IRRCA ht | rlééi‘éi & t%ﬁﬁeg ﬁpga&!}g; different

aSer spots are denoted "A" an
on-axis tapacing, editetgnt (mr-axis carsd a:xoss)—axnpas;mtirag,rarngentﬁfference in link

sPagPRs erah B BBl gco i pRORS s WiBIent throughput and
prodedifd |aHVaﬁ%%' Md abarRiphited ReGRESRr RALP néxﬁr\ﬁltrﬁéeference to

preferably ance in unison horizontal |y across
Figurerfk runs 510 and 520, as depicted in Figure 5, the

two spots can be said to be displaced relative to one

another in the cross-axis direction, with respect to

[0070% di r gugiren 50HepiRe llﬁﬁélwn%%ﬁdﬁ:@%@d WRitt$ 38orhdadf the possible
spots A and B advance_along their respective |i

nk
spaslagr%sof wmilases spots.ngihestwe l@sﬁ@rﬁmﬁdarem@otpfié‘é\”smq/ 'B” in the
roufl pind BRGS0 Shebo A1 SRR I8 BLpkc noe
banks510,pwhile dspais®ris beffsst drea rcembpon@ngplm i at bigferént, typically

pardigh LATK 528 uBeeRus AROS A Bnd Eoarer %‘?a‘fpﬁ%géé‘%%e%&ﬁgs"%honzontauy
acr@\/ﬁq&' tﬁeQTnkWuﬂ@@l"{‘)t A 528N5s Hﬁgkté’tﬁ]us 355 ti‘f‘é(ﬁc'i §gots can be said

er the beamis on or n preci
to bbathsplab@ramelaiwes torome @nathargntthe cmsﬁ(axm milreAtlona,nylﬂg respect to the
. tjme duri . ink t he axis .intersect he, | C i
direflitk of SpeF dtion: "SRRG e 5 WSat.ERatS i s Apice along their
I ec hat
resdéﬁi'&%égﬁhlzééhlgkcttgﬁ@%o%ﬁf}gbﬁ%ﬁb %Ho?@%haaslglr%r% gréc%ely &lspot results
fronz aclager baal’mwtlendhetla@ﬂ beﬂm igfaem {méhe asse ofvansintermittent laser

novi ng al on Iar spaced links (with the
peaffy S5k S By Serh sy s ol TesHEmbeshat Wi (e woskeiece comes
andRytesesk RS [ARer ‘b@bhyt@hs @nraﬂ{oﬁoﬁfq HARERSK tHe|2ABF beam propagates

synchroni zed in phase with the axis's crossing of

along ak axisTeieplopegatipu sk thed @xiscaka ysceXists| whetheg the lbeam is on or

o DREH, b 1P U e 8l P4 s s iver

timeaéunhﬁg/a makauR] theuhx@s inkérepeétsi the IC workpiece either on a link or between
two adjacent links. When a laser beam axis intersects a link that has been selected
for removal, the laser beam is energized to sever the link. When the laser axis is
moving along a bank of regular spaced links (with the approximately uniform pitch),
the laser beam can be pulsed periodically at a rate equivalent to and synchronized in
phase with the axis’s crossing of links. The laser pulses can be selectively passed

or blocked to sever a given link or leave it intact.
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Figure 5 and others, they may have any arbitrary shape
that a | aser beam can produce. [0072] As already
Woreebioorsesl, an advantage of |aterally spaced spOI/ES1085/021406
that wafer processing can be acconplished with fewer
[007H] Nk r Whiler tasudpdts g\ iandnBereghesitaiedtas baghgua circular shape in

~ wWthout any |aser or nption sta enhancenegnt.s, Thu
Figure GnAOROPErS plieyi ey e SR A hretih i, 2 AP pgam can
prodﬁcé‘.a' uabl e form of parallelism However, parallelism

can take a variety of forns, which can offer various
advantages. [0073] In an on-axis arrangenent, spots A

d B di ff t Links i [ .
1007305 s T TG, O P Bl A A LS RERH s i e
wafet RRbcdBnP Ban DetteeeiblisRed with fendr BnRirengliresgiting i®much greater

adjacent Tinks in the Figure 5 illustration, that

need
througfipusewitheutc @y, lfser examgion stgan enhaggemeats.spdbug from the

by t ] | j,nk i
versfLehielbeiid kOl 1 4 BRI HaRRR ey, Hovever
paralleidm cah t¥Ré @oidrietE 8Nfopmisi Whichecatloffer eanivscadvantages.

t hroughput, because the spots can advance tw ce as far

bet ween pul ses; (2) nultiple | aser pul ses can be

l'ivergd 4 ' opithenf r ' ; ;
007 oot et MR S s LSSt frent ks in the
saméi link tférﬂ{(ﬁB(?(%’ndﬂith&{)d élﬂ:‘sta?hiebllyeahlkﬁiedcalbngltbe aps ofespot motion.
to a link. 74 rids of both cross-axis and . .
AlthongiaspaiSababify ot alarsd qroednsre: SIS A FTa e ustration, that
iy | rati e LN &l I r ;
noo) BoY B 436K Bl sl o ek 4y it ik, o
vicewairs® Aevantziges afron-heis spaeed daserspsds indbude e fallawing: (1) link
Advant ages of fthat single-row on:axis, and ,cross-axi s
run R AR o RETRASEHC fu TR B o TN G LR,  HesRUSP e spots can

adv&T Bicd BstiBe béfv@é’erﬁﬁ&lwéﬁ‘(zt) heultiple 18B6¢ Pulsas caRels @élvered to a
separated by a sonewhat bgz_._rogater di stance than in th

e

link clasiag ven-thmstly amgcessing withost sepeating anlinknBimeind (3) laser pulses
.. arrangement,,spots,A and B fall i f ent banks 550

with @ggpﬁ%ﬁ?rﬁ?w‘gc% pgéstelequilv?{;(eapﬂfég)}gsal ection as

well. As IC feature sizes continue to shrink, an
on-axis offset between laterally spaced spots on i
[0074]j acentybiids ofdpothl ress-exis and Pryaxis &sPACH Ik Are sy possible, as

ke oy o O SO=PT H
shoih i (RR11iale’ Srthisdh Hlods Sodnioffe Bfidement. spots A and B
mayPb® SFE&H ABnythé Metedl-ad whike demadting axi thewanie guw ar ibank 540 of

_ 1s possible with nearby |ink banks that are_sﬁqa red
inkeis Ad\agHS (Gfnah-SHaIe-aNeRass. aRACIosRaxs MYDTIG rATGangement

incll,ﬁegBéﬁersdisg[parti'éﬂ%faér{éfg@iﬁ 92 DhRebNené AN Wpo®, as they are
separated by a somewhat greater distance than in the case without any cross-axis
offset. In another arrangement, spots A and B fall on different banks 550 and 560
and are offset in the on-axis direction as well. As IC feature sizes continue to shrink,
an on-axis offset between laterally spaced spots on adjacent rows can also result in
better laser energy dissipation in the vicinity of the two spots, especially when pulsed
simultaneously. Note that processing in the on-axis and cross-axis configuration is

possible with nearby link banks that are staggered, as shown in the on-axis and
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cross-axis (lateral) configuration case. [0075]
Furthernore, in an overlap configuration, as shown
Wo eoce0dss Fi gure 5, spots A and B can be partiBCT/ySmm05/021406
substantially fully overlapping on the sane link in
crosstaxis gonfiginkiobafkFigace & wir reguiarlyapiranged st {pahe ilayout of the

over | s of multiple overlapped |aser
cros§l§a<{§8£t?eéalfﬁgﬁﬁqurgfon 5987 spots with different optical
properties can be selectively delivered to a |link and

(2) combining |aser pulses that arrive at slightly
[0078] f f er eRurthemeere;, 4n @ameverap £onfligwabdn.aas )?h@WQpW@e fih&igure 5,

oo A 515 B R B, BBk pirsaive o i

the SRAY ¢iﬁklb@dk>570$¢f@wbb@m@ mmwsameﬂap) r Aaluiahtagbsrof multiple
exanple, by splitting single | aser beamin

overlﬂnnaqdaeeeqsmtg ape thatu Q@;Eﬁeﬁ @ppteowwaglﬁegemfooréﬂﬁad p&?pqrﬂ%s can be
st S8y el B HOMRCAAE (97 ELHBMngRa Ao thet e ot ity

diffebsritvespigl aemétrantd fauterap&raligt skeagingnkhe Lmﬁe(&ivecmmblned pulse
VLR , does not result in drift of the bl ow positions
profie, such an extent that the drift is a substantial
fraction of the focused beam spot di aneter. For
exanple, with a link run velocity of 200 mm sec and a
[00763si rabrﬂaeswm ladfeirf spaié A earsd tHhanayl 0% pfocesged $:irrmhtaneously or
focu %E”?t size, pulses arrivin
Mot

sequsl PGS BERITIERB ISPt SHEBRE, T Afting a single
lasefHé: a\‘?‘ﬁ SR Al ntgblé hgolte '@ﬁﬁh@g@ﬁn@ﬂﬁvbclﬁlse&eﬁmeﬂﬂt ks ﬂﬁ@Uéaﬂ‘ne time.

resu in ti del'ays between pul ses that are nuch
Simularsedusadelivieing meanseat sylpstaatlal thessamadinatseuthat ghe time delay

oo ESEp oSSR e G SRRl v
blovw){)%)(lgﬁg&g%fxg% g?ﬁ%g( ﬁ‘{ ﬁ‘%t ftﬁé) @hf{% o mt?stélﬂ'ﬁa?rfr%ﬁbﬁ?&f the focused

Fs, inpinge upon t

* bealfd L‘;Potgdi%&iieﬁért 136553 @@mﬁplét I\Amrh a Jirduemt velbcﬂsyxcoifsQOﬁaynmésec and a
utili

desnr@platszng S\léwtﬁftsthlgué%tﬁﬂlang %%ﬁgfp %%Q?zoli?i%@%eéﬁ I n%&?'tﬂ%‘ses arriving
wﬁhg‘lr i%ﬁtre ptgfn(}ﬁe gﬂ@{&g@@&% 8&%? érl%atamﬁa{@&ﬁ’éIe‘f{mﬁBPHFfferences

enera
in tHe' leBgeiseof o;ﬁt%?ﬁbaﬁppaﬂﬁi@ Wd)ulan@tsulpimﬁmsdeﬂgys bkéveen pulses that
, ri qerlng | asers to ﬁenerate a pul se may be based
are DIMCg llgssifitan WS{TY&MGS’W@W@ ¥ lesgrthagpbeut pBSEECupon

actual, neasured, estimated, or conmmanded positions of

a spot, t he vvorkpi ece, or the wor kpi ecerel ative to the
[007MOt . PHetmegtialesaits, asitheanygenlesatet dram iaggiegledaserspualse that is split

upon aver age

and has long opfical delay paths or generated from multiple laser pulses with a dwell
between triggers, impinge upon the links with greater time separation. Sequential
spots may be utilized with multiple beam paths by adjusting the relative positions of
the focused laser spots on the target semiconductor wafer such that the focused

spots are properly positioned when pulse generation is triggered.

[0078] For multi-spot processing, the triggering of lasers to generate a pulse
may be based purely upon timing signals, or may be based upon actual, measured,

estimated, or commanded positions of a spot, the workpiece, or the workpiece
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positions or estimated positions of nmultiple spots
relative to nultiple targets. [0079] The subsequent
WGeewbioesss descri be various aspects of the vari PUFUSIIONG21406
of parallelismillustrated in Figure 5. ///. Laterally
relatbeate theSgpok [Pmﬂmpe@e@mnn@ayvajsmbmﬁtgger% lhesad| upar average

pos 88 55 Al B 5 DR G FRde B BL bt tergets

configuration for inproving systemthroughput. By
processing two or nore banks of |inks sinultaneously
[007tSﬁe ef f Foeisubsaqurirsestions geseiipe varnous ﬁﬁ%@@ﬂir’ﬁ'&%@ﬁ@us forms

St avel during wafer processing is
of p‘?@tﬂ%@% "E&ﬁ?ﬁaﬁ%iaﬁhnﬁggfé lateral |y focused |aser
spots. For exanple, a mafer previously requiring 1000
link runs with a single spot could be processed with
onl'y 500/.dLplesslly SpRC@AIRBOISAer e each dupl ex 1ink run

results in the processing of two laterally spaced
banks of |inks. Cutting the nunber of link runs in

[008tg! f reubating twe cﬁlrﬁbféifodueéddassexnspdtstthat tmplage upon adjacent
req uuedto;)rocessthe waf er. MNbre ner

Iateriﬁllyr(pr%&SeAéIrs spagrct banks Bt inksds enecqnifigyra qft%"e/f&uaﬂB[ﬂV'“g system
throhgﬁé&ve&gg IO yeﬁ W6 %‘?rmﬁlfe %nﬂ@@ﬁﬂﬂks‘—éﬁﬁﬂ@ﬂeﬁuﬂ%ﬂﬁgeffectlve

rove throughput nore t
nuniieetof doRfrugs ramid tbmdls’farrththeméYenomm stage owstrdnavel during wafer

proceseingt 817gEed B 4Be b et PR (e et aSe pasr didyprample.
a WERAGHEVRRE ré&f?n "lb@b%rfkoﬂﬁlsc\ﬁﬂh@ SfRfS spdeeduld be processed

separate rows si taneous y with the sane vel omtg/
withddily &0 0adsplex liek spos, whereeaactHduplexrlinkuenrasiuds da 4 g gprocessing

of t\.;(/mﬂ,lig%tlp alﬁ(t ! OWS | n?ﬁqugsl | th 8%%&'!“%%?3%%59@[&8 in half results
in aCimat féﬂ&tl%tlﬁ‘ ti3é kinfeYsqUiRidne proeess seslwaferc ONpaé igeherally, the

velocity profile for N distinct rows to be processed
usejafibhidteraily saaved soptsyresulisiin anttheugheut ariayeient on the order of
practicable, suitable, or appropriate for all of the N
N. paral | el processes. |Issues of velocity conpatibility
typically manifest themselves in three primry forms.
First, the constant velocity 440 for processjn

[0084]l t i pl d-aterply |saacedv@o@ﬁdmn>leaﬁé iIrpBIRYSt mspagkxpl?ww than other
spolcohGyRgB4E> S @arei e, BRaRiy i Yidinput poses no new

denfaritisTum the Xiemotioat stagievas®mor tliassr gdigef mtetrbquwements because
i ndi viduallink runs. In tpe rb ical case in
[

lateally FPACERKSPAIEs AheSaPAIE &80 iacess’ 658" s8BSMte rows

simultaneously with the same velocity 440 as a single-spot system. However, when
processing multiple rows during one link run it becomes more important to perform
the run at a velocity that is compatible with all rows being processed. A compatible
velocity profile for N distinct rows to be processed jointly is a velocity profile that is
feasible, practicable, suitable, or appropriate for all of the N parallel processes.
Issues of velocity compatibility typically manifest themselves in three primary forms.
First, the constant velocity 440 for processing multiple parallel rows should be
compatible with all of the processed rows. That can be ensured by utilizing a joint

constant velocity that is the minimum of the constant velocities 440 for the individual
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the constant velocities for each run is the sane;
thus, ensuring that the joint constant velocity 440 is
w@eovpabdsios e i ncurs no performance penalty. SecPompySHap021406
profiling should be conpatible with all of the
link pmec elnsthe typiesl cddmin whmht@cé‘nmw ofllinks baplthsy sagespitpipspacing,

the &{q%te 60 on %rﬁch rupﬁs é he? edl, E@ﬁ\éﬁﬂﬁgﬁzﬁ;&%mmt constant
velol;(@} thf'otbé Mgﬁﬁwledinfcﬁﬁé nB%eﬁd)rfrﬁﬁﬁ@ ehbitf besdéshdd dap profiling

in the s l'ink run 420, a sinplification results
shomdom raesnpatie n/glth ialikobthe @secerpedo rawnst Ahat gan g epsured by

' h I
el 4 2B oFETE AEODER b8, 3R, blPlsbed ARE2AM, iBying gas
Thlrdi Oinnéas‘é%' iBclhiéhhefddretdrvetddityl 440 equis Hiffep foceisiererd link banks
i ple rows should be conputed with all of the |ink

430 cwdhldfll the canoe like rpar420.cp BimRlificarant eaeetsi fipw restricting link
procégg%'gqgfq%%sgeg\t V%!;\ @Elﬁ.ﬁg Q'rrtg‘fntger dlﬂ\%ﬁ raﬁlggs)éﬁé Errlllgﬂﬁ?%ﬁaeﬁy to vary

from e flink ibagkvddoako | amitheun Vel gerher)alplaofjmlhteszelocny profile for
Furt hernore, where different Iaser sour ces hav
simulianeetislyt PEIcessing Biltigle Jewisnghewld Be raiuBed with all of the link
coon)éﬂ{< AEL tof: Ry Breﬁl% ﬁlﬁF d%%OFaZ(efna 8" SoridlietatioR! 8P h®imum pitch,
en into a coun 0 ccor |ng to one
appl;ﬂpibﬂtb eedds for gap ptoﬂhagpt:amp Lmandlrampsd@wrrdmai@nlsy and specific
I rst uting, the_ nd| ual vel o s for
indgied] TS QIR PG FHENSamereaitiiecs Bisreot Fagr gources have
dlffdr&‘\t]nf)ro rl‘i’éé YreBhiRg 'thé écﬂﬁévém@%/eﬂ@éltﬁwdaé I'BRF, those factors
snal I'e maxi mum vel ocity val ue of any of the
shoulddilso beddker ntd bBesowrtt. each point al ong the profile.
For exanple, if a first row nust be processed at 125
mm's or less in a segnent, and a second row nust be

[Ooﬁocessﬂ@céﬁdlﬁé)% rHHeSeﬁiboUﬁﬁénﬂ £ L 6t $ElBBItS pesfatis computed by
en t etL0|nt velocity profil ould be at 100 mm s

ﬂrst@pmrgélsvgu etnmawdgébv@m:lty pEitEs fq&@?@hoﬁ%@tltt@naﬁ@wéihe run, and
COH%&(II‘[%{EIIQ:T%S]IO I"He 8?@% &@JI'% gl%Y (%’ fhl)le és)(?‘.,ﬁg ttﬂ%”%ﬁ]lgﬁ Qymammum

velodRy tvalud bR lkangast ﬂﬂ\lenmﬂﬁﬁduaﬂmoﬁl@% eﬂf eaats beintldlovg the profile. For
coordi nates is generated fromsone or all of the |ink

exampis, di Adirslsrawi Muss be pewessry g 18568@14%@6 less R segrient, and a
sec%ﬂcg F@L&ﬁ@t B 8%&%%% rg%slto%r H/ﬁ'ﬁrﬂ? ﬂﬁ%e Sath@ agnhélt, then the

some or all

Jomwaﬁﬁgﬁmféfl]e)a;ﬁddld bIeSetdItE)Oemm/ﬂed Jemnvﬂahl seg_ment
i nformati on about whet her each of the N pulses will be
bl ocked or transmtted to a target coordinate. The

[0033\{]f set N RBHiRG tS Bhofer Babsdinldritka FARE ¢eiBakEBrdffle F@etermined
by computing the velocity profile for a single set of master link coordinates. The set
of master link coordinates is generated from some or all of the link coordinates in the
N rows being processed in parallel. The offset from each master link coordinate to a
link coordinate in some or all of the N rows being processed jointly is determined, as
well as information about whether each of the N pulses will be blocked or transmitted
to a target coordinate. The offset from the set of master link coordinates to one of
the N rows being processed may be zero. One way to process the parallel link runs

is to use information derived from the offset coordinates to command motion of the
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the N rows being processed may be zero. One way to
process the parallel link runs is to use information
walerocwess1$ rom t he of f set coordi nates to conmanBCTDE20051021406
of thebeam steering nechani snms, information derived
beafr sriedrirg seechénisnsy, einforimetiono aledivedt Hom dheaset i efatreaster link
eneration_of . laser pul ses, angd information abo .
Ccookingies {Q | fﬂf"ﬁ?‘%m%%'ﬁ?fﬁgo%a@ﬁ Sef hé’“%aeﬁm gnd” frformation  about
i ' NANsaY to Biredt Peks\itdHERSthat transmit or
tran?%tgﬁ? %@?%%ﬁéﬁﬁt%ﬁ;ﬁ%oﬁm of executabl e instruction
blookqudsess a preferred nmethod of conputing a joint
velocity profile. [0085] To nmaxim ze joint velocity,
the constituent link runs should be as spatially

[0084]N | ar SaswRPSE Sinblife fbiim OsthekewwtaBR indiricEiBecade is a preferred
simlar pitch spacing should be utilized in

metbod oé spontiing ahaink yesicitiiprefdeent constituent runs, and
banks and gaps shoul d be aligned when possible. In
this way, intelligent |ayout of the links on the IC

[0085]n faciToi hadbeémiAt §siat |\Aelcﬁmﬁp€tﬁe congtituaptolink iraks should be as
rocessi ng that, maxji m zes the throughput advant

spatialiy sienlahas ipﬁ_r%sibl%c&g@hhﬁgwemﬁ,ah@ sAMg %@G]"afﬁlﬁg%ﬁf‘g should

be UFRES YT SBRESpOAYA ‘ﬁd?w@s'&ftﬁfrfé}]ehr cérﬁ’&ﬁ&gntsﬁ%saf#@(gﬁﬂks and gaps
require an increase In stage velocity, as opposed to

shooid- s aligresghwhengssblahilc tis fxay, intelligbst layayt ofetheilinks on the IC

canFHOIHES IFiSgabh haabtl MHERRE Ay BHRSoSHIK kb MaNEgzes the

' 5 A fii ; ed net hod of
throl Dt B R o e e i g PR

| asers, such as those exceeding 30 kHz. As an exanpl e,

oodgld 73 hrydhiulty PeiievBEeky HdnteRetdl: Shreds gty do not
reqhitd bn itEtea¥é i sfaﬁ};‘e%ébb%,%%%ﬁibs‘é@%%%%is%p&éd@pfbts which, for

a
same |ink run veloci t%.wl—lowever, a twospot systemwi th _
examplexnay seauieal depbling thsustagprvsiesiymiya sigieopeamayptem. For this

roashl Jatedf PuoeEiRBle. CwnitRs B BREE oo Al BB offset, are o

prefyietiaisthobl W¥irdrebaingrtatdugpRairdystomisthatl eésehigh RRF lasers, such
natural choice for use on many g?r‘esent seni conduct or

as thosr @xgpeding 3R Kilmbehs e s¥amelshdiiet Basigdipkcpun velocity using a
j i |l : ;

40 RS EREIEP BB S9H6%0% QL L2 20801, BRPRSR Bt nk runs

withiEterGiy isphcé® spetd alout pae dhe wantk $inkmorsvetdcityD Howewver, a two-

spot system with on-axis spaced spots would preferably employ a 240 mm/s link run

velocity, which exceeds the stage velocity limit of present semiconductor processing

systems.

[0087] Laterally spaced spots are also a natural choice for use on many
present semiconductor link layouts. A number of semiconductor device
manufacturers produce products containing parallel link banks separated by a
distance of less than 200 ym. Center-to-center separation distances of 10 pm or
less are common. These types of link layouts presently result because the width and

separation distance of traces within semiconductors are typically smaller than the
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| ess are common. These types of link layouts presently
result because the width and separation di stance of

WO eca@emsIses t hi n sem conductors are typically sntT/@62005/021406
than thew dth and pitch spacing of | aser severable

widtheand pritah Gpecing efidesercsgrabler seynigggduciar finke ke os staggered

fus% glghs I{%%Lrﬁyrgﬁ{oﬁ%néﬁg%aa%lﬁ (} Q(F%ljlggF 95@&00%&%9%?(%9@&% short on-

axi distansnras ehoWheneridass @0s In tshend bﬂlﬂ‘ieé’e’iués@nﬁuﬂﬁi ¥Yinks have a
| ateral translation (shown on the left). In other

purel¥datgsal traeslation (shawn an KiealefB. dnratber designn thare isealso an on-
aXIS\rNI b]?%@t)(shgwﬂ QeRgd héﬁtg(’fTH@Jbéﬁ#ﬁtg of wltlﬁlk%o‘? rIlRR 8&%&mg with a

a pure on-axi pacing al so a process
pureviohkamsﬂsbaang@s@)ﬂipplymmdp@cessmg-vath bothpat bngaxis @888 cross-axis
Wiil e the [ayout of many sem conductor designs is
SPagiNgsent |y conpatible with sinultaneous processing of
| aterally spaced |ink banks, designers are trying to
shrink the di mensions of |aser severable fuses to
[0088]i m natWhﬂdaethﬁfka@'bu'andf sinagy e rsechitonductamf degigred | @nspresently

T R R T R
are iwgﬂi@ shiiAR&RE dT&eh@f&?\s%fe%%éf sB@Bicaffsedl to eliminate the offset

beam | i nk processing, |C designhers can
andd%ﬂagg@reﬂ dnly configyiationsi afoniguce 6 by |Iamng mduses on ke single row.

| ti.-beam Link Cr
iR o el hEbBhekk Bt SRt il ° '
nul ti-beam processing, and in particul ar nrul ti-beam
may result in

rocessi ng with laterally spaced sg;
[00£9]dr amatlicctakecgreatas advanilagmghmwtl- am lpkareseesingnIC designers
can@@tllhbré%?@ 2%5%@%% cﬁ'gn?(nl(%\w@s tﬁ. %k&zrgh%bl%s\@ﬁh gwltl-beam
link peacdysing ntGeating peodwests EE brithk lbyoitsahlyetéd t6Waeds multi-beam
| ess, but, possibly 1 nmor nore. It is also desirable

progesSiigk B Fs%ra@téﬁﬂ mwtf BeABNRWCE§SINg yYithylaterally gpaced ‘Spots, may
eI kSl b0 RO ol O EOBg st
Desenbteadhmleﬂﬁyouds $omgse Withs lteralll spaced sgplots ,lnoMJddﬂ linRl tfanks with a

t he ener del i vered t and half to ot B. The
neaffeogtioh -P@%ﬁer§aﬁ9leae§/p¢<%fﬂlyl {uamearens: tsafssily 1 mm or more.
I
1t bt B B8 by bend St Bfed B efincCout e majorty o
Imke{ eo@ lihk biaglys euch ﬁhaivtbejn can dedupkessdd with tataralygiptaced spots.

progress. A pair of |aser spots Al and Bl correspond
to a first |laser pulse that has been split and applied

[0090 In one embodiment, a single laser pulse is split, with half the energy
delivered to spot A and half to spot B. The use of optical switches can independently
select whether the pulses will be delivered to A or B, allowing the desired links to be

properly severed.

[0091] Figure 7 shows how a duplex link run might progress. A pair of laser
spots A, and B, correspond to a first laser pulse that has been split and applied to
two links. The next pulse emitted from the laser would impinge upon the next two

links as focused spots A, and B,. Optical switches can select which pulses reach
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two links. The next pulse emtted fromthe | aser would

i npi nge upon the next two |inks as focused spots A2
wa@naeBm818 Opti cal switches can sel ect whi ch puPGEES2005/021406

reachthejr target links. In the two exanpl es depicted,

theis darged liplss. hy thenpvo gxanpies dapictacy pPeésaseds Hadd, Aerfby 8., and B,
j [; T t el 0
s RO pldtlgeiR) 185 AHbERDIRGRIABES S tmey co no
reaclaseslter &ny Bnkkesi rabl e to process links tw ce. Mking
two or nore passes along the link run to blow the
links two or nore tinmes can be easily acconplished

i h oy ' ol . . _
[0099F 73 THy <o SR8, it o eseBRE 15 iR 1iBE: fiing two or
moir passes alpnglyieelink tim fo ddow ke dinkertplol shetbre times can be easily

acoiaaed ey & ditElessotk oAk PRCSSS SHBtam gl veRcause of the
par@fEisn?f inhbRirt &Y al '?ﬁlth?l%—@pdtﬁ'iiﬁ{(i""h{(&d@sgngo‘:safglf@rn, this can be

focused | aser spots so that the S areprocessed
accamphisbied fsigrificantlys éastepdhan owitre sc Isingls-spat lioksptdeessing system.

sutlgalkor baRsS A Gk SR AT T FRY SheuldE cLlef snit of the

focursslagbP8gots ke thahihe ike@e ProbeddtRPRitR MireRPlaseR9BbR on each
wWith spot B while spot A advances along a new | i nk

pasp gerosothesyvatar. mher exasaplpea fissifpasstajopg eclitsrummaysselectively hit

O R LR e O T .
agalrewith lspev Bdvinle spsteX bungnestdalbngzahe@fibk ¢@h. el enent s

for changing pol arization, spot spatial distribution,
spot size, wavel ength, pulse energy, or other optical

[009;130]Oloert t B@yfetllgé g'égllj%qgfr @n roQEQQWatfél%Susqgg rﬁ@ggl Dterally spaced

hi eve usin "aser ‘source

Spofi Inzr(,\er&g differentotical pmﬁ%eﬂies.t m"feregt %ptﬁdl propatias @aﬁllt@ achieved

link.design, the use of spots wit ifferent optica _
by Qi%gﬂwqdo I gl fgﬁsbgraﬁﬁa@m@agi Rokariggtigne spot spatial
distfib @ Ay oftis ! L ablidal i
e, I sty SrRAG%! Bptich) OB, Diferent
opticalnkropaitiesrazat dlse by, adhieved by using aifferant lasepasamesor

bl ocked and the second bl ow woul d be passed or

bl ocked, resulting in the application of one or the

[oog4iher s@phcd Sefitdriduttor Wifeps it)f;piéﬁl? 6@?!0%nitéin one link design, the
situations where different |ink properties or
use ¢¥f ispatsawith wifferarboplica meoperdins avauld prast diksiwive applied in a double

if 2t S ts. Far e le if. it.is desjred
o 5EABAE! 15 et B o IRl Pl b FEecond biow
woultd lokarz dut ARe dbILRAG 1iRK. CAERRIBI0BNS the MBE bW Smal bdSassed or
link, spots A and B can be
blocked and the second blow would be passed or blocked, resulting in the
application of one or the other spot to the link. This is desirable in situations where
different link properties or orientations make it preferable to process with different
laser spots. For example, if it is desired to process links with a polarized spot where
the polarization direction corresponds to one axis of the link, spots A and B can be
configured with different polarizations and applied to links with different orientations
on the workpiece. Application of spots with different optical properties will be further

detailed in subsection VI of this document.
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configured with different polarizations and applied to
links with different orientations on the workpiece.
wa\ppbioewmts on of spots with different optical prPOPEsL0®E21406
will be further detailed in subsection VI of this
docunent.[0095] Wiile it is possible to use fixed

tics ih_order to nesate i 3 r
roodlo; <P s, e FiPcler b kel Bodies, LETEen b 3BREER mutiote
IateFa‘Hyrs%‘é‘éBH IspetLwitien SR offestatt i prefeBitats Beratié to reconfrgure the
pi cal sem conduct or products contain link |ayouts

spot honag Beeauseumost tyniealnsernisoRAbAPr tRfedyclgxeantaint link layouts

el I AIME 1 Sl 88 5, By 6500 bBE I ocBBln o e able 1

recdiffigate thd epotardriuatol 56 khatunlatéragepospaditg can desareated for either
desirable to be able to conflgure and adjust the s

link gpacdiregtion. nitisrlep fdesirable 19 AR El’tél?dgt%p” joyre @M&&gst the spot
spagﬁgaxhaﬁeﬂtdﬁérgﬂﬁmcr Mg{)mépl e spots distributed with an

spaci ng, fore and aft along the axis
of a link run offer throughput and nul tipl e- bl ow
advant ages. t ernms oughput, this orientation
can ef f é¥t |Q/é' 1§ B?%eté@ e | aser PRF and |ink run
vel ocity VLR =PnnkFl aser Nspot by the nunber of spots
Nspot . In the case of two on-axis spaced spots, for
[0088Janp| e Muitiple! sputs dmﬁrrbuﬁbdovltryalm onkids Sproingy edjusteskfose and aft

oSt 35 e o AT Sy MBS 1ntorms

of tHr%L@%E_BV mt&orleﬁtaﬁone@?ﬁ eﬁeaﬂﬁ/élylm&bése GthéﬂaQ@ISPRFaéﬂd link run
uted with all of multiple bl ow coordinates

veldcitigen =1, 0 Fpons | deyathe atunioer, ofesgpts Nj,pi nanthpi ¢asie, of two on-axis

er- " spo

appropriate areas for gap profiling, ranp-up and
spatedspdtsyrfol exatripbesthealitk apeoefocdyldmjblemnu-lmeda\c&ﬂ there may be

rofiles. ation r vel oci t rof.iles i .
lesSiBarpey BB ERAN 4 Braling P g ksasatd bBESlink B Vdocity.
bank of |inks being processed by two- and threespot

i npl ementations of nultiple on-axis |aser spots. In
[0097ie i nplTérevelacitoprofigpof sagh inki nd shouldAn Boskeases be computed

ri lna from le lase ul,se.an rriv

with; Lo s o BS8khaleS faffn 87 boRHiu SRR Tpf - Fififmum piteh,
ap %r’ieﬁé'aré% ¥6ingsp ERafiling, Irdshplyp e ranfik denaciessiidies, and specific

system al low sone pul ses to reach the surface and
link dewnisrveloaitysprafilesotGemppiation of dipk en ety rofilgs is known to those
it vvo&spot case (top) shown in Fig. 8, spots Al and Bi
n '?ﬁ@ processed approxi mately sinultaneously, then A2

and B2, then A3 and B3, etc. In the

[0098] . Figure 8 depicts a bank of links being processed by two- and three-
spot implementations of multiple on-axis laser spots. In one implementation, spots A
and B — or A, B, and C — can originate from a single laser pulse and arrive at the
work surface at substantially the same time. Optical switches controlled by the link
processing system allow some pulses to reach the surface and sever links and other
pulses to be blocked. In the two-spot case (top) shown in Fig. 8, spots A4 and B4 are
processed approximately simultaneously, then Az and B,, then Az and B, etc. In the
three-spot case (bottom) the three laser spots together advance in increments of
three along the link run (A4, B4 and Cy; then A, B and Co; then A3, B; and Cs, etc.)
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t hree-spot case (bottom) the three | aser spots

toget her advance in increnments of three along the |ink
wo 206044818 Bi and Ci; then A2, B2 and C2; then PGI/URBI05/021406

and C3, etc.)[0099] Inplenenting a fixed displacenent

or a steering nechanismto translate |aser spots by a

(0089, 1 et e8! ey ARbRgelint Phed SRRrPG® Hdthanism 1o
tranl%[éiéslbéétbbﬁofso b?i FUlisRhesugloatdl affs e %m@@du‘nﬂctsmrpu gan prevent

. links because of the increased pul se energy that m
simylangnisy iprecaspinchof wadjrperic dnks t Heisaodebisableeto tsiraultaneously

proGsa S e B ke AR BP e PR BB it SR ri 1Rt must be
absviicl Bﬁtth@!’vﬂﬁﬁﬁié@é igithe ldreaeRitgb¥n the sefjdtRint WBKkES This increased
when the di stance between spots is a nmultiple two or

pulsgr eagraly aamealsehdamiagethgpwerlshnoheecuidf theetwo agiscent links were

I tne . [ [ :
not Bfbe el oHAGTARE A (o EETebi Exuttn st BB thRg Spots s a
mulplectivatorareue tinsgthe pischaspauity, mori-adiseenf spdie chhe processed
pitch (so that |aser spots fall upon, e.g., links 1
at the,ganpe time pdth legs tikedihogd qficarising darpage tethe ‘jV,O”%W\e%(i S
parallelismcan be utilized advant ageously because one
spot can process the "even" links in the link run
[00180]l e anot heWheottherspaesgebetween' splats ik iarkedd $ncltipke of the link

pitol Rt 4o Dol FIEYPGT. & rlSkEd Sbih (it L3605 Grdiks 1 and 8,
etc.§,08Rihd pahAIchBRPehAt B itfiz80 SY¥ihtBYER®ly BetauBESone spot can

case, link run velocity can be doubled while
progessvibiet ‘emgn’t linksi indhediskduenwhits anbther spot gracesses tite dodd” links.
dj acent |aser, spots. Fiquyre 9 illustrates on;
- Suchi 2 8pdghaieR dnd PRfenthid o thacid e RS dib et thg number of
link$ ID¥EReB8 ttHE edpotIgnsPebSAting e nBBBMSIUR SAEVR® number. In this
generalized to nore than two spots where al

caseo i iman ivelesityf carp besdeihled avhiten pedestisggheadncmased energy that

couflf BRUETARRIRht S, SiS EpB SR E S et with an
increfent ohthreetiek gitthes (IMRKEnks\DeRASFEHhesPRSE BhiBaskhiiifue can be
l'inks. An exanple of this is illustrated in Figure 10.

genarglizedtto pagre than twel srats wheye @l onakieatjons akspotsiave an on-axis
j t Of ' a spacing of twce the
seolfdibrisSalef e PR MO

r ‘exanpl’'e. The second pass can
sel ectively blow the interspersed |inks that were

skipped on the firs ass. Because the |ink run
001 ocity is a%cqra%@ymeméaeéawafebw OIS $RAtESpaced by

mor@pcﬁéh edi’\et I%I?i‘%iﬁi'm@tﬁ rRBRE twb WasRBS $RFoSBY HRAKTHTRKE! 9h example
and still 1 nprove system :

of this is illustrated in Figure 10. A first pass can selectively blow every other link
with two laser spots with a spacing of twice the minimum pitch, for example. The
second pass can selectively blow the interspersed links that were skipped on the first
pass. Because the link run velocity is four times the velocity of the same laser
applied to a single spot, two passes may be completed and still improve system
throughput. In Figure 10, on the first pass pulses A;, A; and B, reached and

removed link structures. The other pulses were blocked, but could have been
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throughput. In Figure 10, on the first pass pul ses Al,

A2, and B2 reached and renoved |ink structures. The
w@rtdvenogsus ses were bl ocked, but coul d have beereppbioesio21406

to links. Even though different link run directions
appiied tddipkst devemthriugbrdiffe@nt dink rpasiiiestions bt NepietastenFigure 10,

o FRRRUSHSHh A b PR i ok B LR anggton
al so be used to efficiently deliver nultiple blows to

a |link. For exanple, some sem conductor nanufacturers
[00402 er to prdVHbiRlersOBUME 8D 9BvANIS tSRE@cingnkan oklsevied used to

et RO aeliRR. s nacniing ERE PG Yo semiconductor

masufatiiravist prefér @ peavide SRChOBei 1 severf theclinky follomied: By a second
deliver nmultiple pulses without making a second |ink i
pulsa,ie claan wedhe arapmed any resisiuagliek giierialy Arairapgemest of multiple
t t.i « 1 O [ ; I leqy bl [ .
spof vt i BRand5 sPafirls Bl HEED by NoclhRF ndiip nois without
makihg al sedonduimkweihpas tnould hgppert @r aisingle-gpbt systems pot
systemthan a single spot system a mnultiple-spot
systemis preferable for this type of operation.

[00?(?@104] Thesead %\‘FtBFHé%g@S&N%Pg) Hlémérdmﬁg@mt BRMLRS alihk is to make

se techni ques can be used to provi WO Or nore

mulbiplenwsassesedownl ¢adhy linkhduradbedduse theylimaven tvelcityne greater in a

ul se property or differen ul se properties. [00105 .
muBpler S Bm tesh p7ibe: et Vet oA PRt system N preferable
for thiS§pbididpRAstidd.onal optical elements for changing

pol ari zation, spot spatial distribution, spot size,

wavel ength, pul se energy, or other optical property.

L f.f erent optical propertie ch,as, for.exa .
tooR 1 e” o e e FReBRELEE Eie. U, BB men ol TG techniaues
canl RS @se$ BIpERade Wb Br eRsreliBonatd ieaihaihky abd e@beh biéW may have the

applying multiple blows to a Iink. One scenario woul

samgepylge HPP§iy of difisrepfrulze pwperiienk, say at a hi gher

energy level to blowthe |ink, and then follow ng with

a second pul se of |ower energy.to clean out any
[001@8]i dual nat dDiffetentAppticslatgropertiess wans be t acklevddr byt inserting

optical properties will be further detailed in o
addiignaboptienl et for vhangingi RRigiizationerspohspatipl distribution, spot
_ e . 1 dobani _
size WelbtlchaBf A0 ez B oMer i E8Lp BRen. DiRGIEA obfial properties,
such rass Joraxanylé s pulseowidth, dafh faseiie pchiessdimgusing different laser

advan es. The dual - rowconfiguratjon sh nlink
souffii  BSGLaMASTRAPWaHY gkl 455 PBbEIG Rudiows o a link. One
scenario would be to apply a first pulse to a link, say at a higher energy level to blow
the link, and then following with a second pulse of lower energy to clean out any
residual material. Application of spots with different optical properties will be further

detailed in subsection VI below.
V. Combinations of Lateral and On-Axis Spacing

[00106] Different methodologies for spacing multiple laser spots with on-

axis and cross-axis offsets offer different processing advantages. The dual-row
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advant ages (e.g., enhanced throughput) as spots with a
cross-axi s spaci ng descri bed above. Staggered |inks
wae@oats1s equi red for this on-axis and cross- arR€BEUS2005/021406
spaci ng technique. It can also be applied to the
conflggmt@nl gheyaced linkkzanis 6h8 andsd (éxlanﬁlgymn5FDﬁGWSethe same

Processin Si row at,a tinme an on- axi
advaptadeRod8 riherioBls TbtihBln 5 atie ol ol Ca oF¥s-axis spacing
deseﬁbgd abRvesS hSwygefed ilinks r4+ rﬁﬂoreah;ré‘d 9‘6# ¢hi®)or-a¥8r $nd cross-axis

| aser fluence that reaches the silicon between the

Spapm techkigpleowlf. carnalsionke eppbiad dp stharregumeadhmkamf the first

oxaffe Jn dispa Fraseriny denbat B9t UMb g ARIgHERRS and cross-

axis\Bifbetshsr ehfoelest Mddh spas! (€ g0sAshows AL limg ruh @O0 Figure 5)
Mul ti-beam|ink processing nmachi nes nmay al so adj ust

lowersethes|aser Vitespadhalgragcherdhpasiigons petweatuthengva linklows. The
mcr%HFe(gchl t%ﬂgétf)é}%lenaméaﬂ&ggsepotg r%ﬁer{n?)f (?é‘ssﬂ?g?n tﬂfst ﬁgnﬂguratlon

TrOR" of conpensat’ on 'pur poses, 6
reduedsathevevarizppeddaseofigéndano @leved levér thike vt/@ulbebe achieved with a
si mul t aneously processed nmay not be uniformthroughout
pure RE-PHIHRPAUAI- Scal e factors, rotations, and positional
arrangements of the links may vary throughput the Iink
run. Spot adjustnent nmay al so be done to conpensate
[001@)7] det ect ed Multidsesam Wink eprutiessinge madafingshembgamiso adjust the

bank | [
i A S Al bl e
mayg e Eﬁhé’eﬁﬁ‘ éﬁiﬁl‘a"udhf OI"&)‘ﬁ%"péd%aﬁoh' ﬁbé‘é‘s orf &% mple the relative
exanpl es of I|r:&ﬁspots in e on-axi s an

posiionég akiveo mhunwet éodmmglnwl@@pobelvweaemmayf not be uniform
nimte

throypRaL A RlTs Shalberlat Geddng oo AtiiRpents of the

link& "k Imydthlrdsud;h;ﬁhtth@f litlguh easpon arljiianring. mbQ04188] be done to
Shi f from processing using cross-axis spaced spots

comnﬁr@ﬁé& or slsdectad spHOLS. pWMebas}iuatﬁmmwtn@ﬁ the tlbeam spacing while

N R e

durM@fee%ap\ib@t\ﬁeén binksaokinkeavies link _inYi A fewtexpaipbs ef BBifing spots in
own in the bottomportion of Figure 11. Shifting

botly dlanPr B PIChE 0SR-S Whip JEBIETSIpETa R0 hRiesBepapks of links are
dep%%%ﬁpsﬁlgﬁréplqce%r?rﬂﬁﬁlﬁlfeﬂ ﬁ{]ﬁ\%efed?' l?é%e?gl lréhdﬂf%ﬁ?ﬁtl - of beam

angi n rom an roces
spanimgeisteasﬁyugnmshmednnIhghpb’étheneacmngshesemg node is
feasi bl e and can be advant ageous. A

[00108] Shifting from processing using cross-axis spaced spots to on-
axis spaced spots, possibly combined with an increase or alteration in the link run
velocity, results in enhanced throughput in sections of the wafer where link banks
have intermittent parallelism, as shown in the bottom portion of Figure 11. Shifting
from processing on-axis spaced spots to processing cross-axis spaced spots is also
depicted in Figure 11. Readily changing from any multiple-spot processing mode to
any other multiple-spot processing mode is feasible and can be advantageous. A
suitable joint velocity profile can be computed that accommodates processing the

link run in these different processing modes.
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suitable joint velocity profile can be conputed that
accommodat es processing the link run in these

waledobmowsmt processi ng nodes. [ 00109] Fi gure 12 PEPULS1085/021406
anot her way in which the relative spacing of two spots
coul d be adjusted to process links. In Figure 12,

ts A and B:ar S
loone rly the sz?rr@u % ?%Dde}?cgg %ﬁ@&*ﬁ)}&‘ﬁ‘g’éﬂﬁﬁk’h'?ﬁe‘@ n%t'tvﬁeSpaC'ng of
twofsp@tﬂg eoukidbe aidfustdeitd preteds Mtkspoli Figuné M@, 3pdts A and B are two

&%ust ment th oughout the link run. A fast actuator,
SPOLY RIPCRE SR (S%é'aﬁr@( a8y itke reme dms.)andcthe Bresend arrows in

e R A A T e
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therpb él‘ds lFSrtntEe B’?sb?@“sﬁf%%gefq{@ %J'Phdpﬂl@sb%@en subsequent
links ﬁl\egﬁnmn_be further extended to systens that use

three, four, or nore focused | aser spots. Such
multiple spots nmay be configured with | ateral

' , ey aci . both on-axis an
00§25 < o AlbPRgE et BT f "ShdiecdisPiseinr s tRgd upon the
cresAidonas i tROSFER N il Pﬁﬁ]eg,éingvam aggsﬂgéfj ﬁHCrEP@ssarﬁ:Pﬂ)%%% may be

pul ses offers many o both on-axi s
furtraﬂr&mw ixsystepachat pse $yee, fanr, exmepe docused lsebspots. Such

I d..d t [
il Sl T B8 A PG OB Bt e el
botrgmmaksrancebmstaxrs gpacﬁngyre 13, pulses A B, C, and D

all arrive substantially sinultaneously at the Iinks.
As shown in the first exanple in Figure 13 (shown on

left) be - : i : ‘
[001t1b|$anged)i n E? (\é%rl |L38uI ? p%&ar@?ﬁ%@t Aﬁ%gese-axksr%)taced and
on-adegpatdd/puises bffdrd f‘rmr@'rtif tHe\idventagals dfayaibtch-akid @ht2dross-axis
Spagﬁrﬁmessr ng. numer O@@ ! inks in parallel with various
s

BYISES 4 T fXadn f}ﬁngmﬂo@&@ééakrw capre KrAuasde dgamatically
h
merEi SRAUARANG o LR 58 e BRASSBCU TR Bk vetoty

t he “generat’i on
In Figuog ﬂBepuleﬂs A, BniC, EnohD allardve aubstansiply sﬂnmﬂmﬁemsl,y at the links.
en i nk S nmust be cansidere

As S B SRESRREIE BFIRS i) (B OMes: SHp TR bW ihG spots are
not h@@eééaﬁ‘i‘ﬁ/ %%n\!;@ﬂoiﬁ' bYg rchaFCd%ﬁHdr%Aré}% %ﬁﬂnﬁe‘te?pé)lréadthat elegantly

-up ‘and ranp-down di st ances
mat@hw@lﬁemoame link Igyeutst ure [00113] Anot her cat egory of
multiple | aser spots arises when the spots

[00112] Processing numerous links in parallel with various on-axis
and/or cross-axis focused spot configurations may require the consideration of more
information in the generation of the link run trajectory and velocity profile. All link
blow coordinates, spot locations, and large gaps between link banks must be
considered. This increases the complexity of the computation of the link run velocity,

gap profiling segments, and ramp-up and ramp-down distances.
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are all directed to overlap at a single target
structure. Two advantages of processing sem conduct or
wo ovis/osdsngict ures with overl apped spots are thapPC1/U$3005/021406
spots with different optical properties can be
sel ect i Wl WutiplseBedms ohithe Same Spoif ng Shvdiua) smal |
time delays can be used for tenporal pulse shaping or
spatl al spot shaping. Furthernore, using spots that
[0ot gy partial Inday&r &@t@g@ﬂ/ SNMUERIIB [hsdKsSat8 AY28NGKen the spots
reliability of Ii1nk severing without incurring a
are ath diregtesiuto cp/aﬁlaptayt a {SIOQtBﬂ@IgGNﬁéWC@!I’QF tTwig adivantages of processing

seanq{gjé‘\qqrgﬁ%%tﬁ uc%@%gp\gﬁﬁ oyef 8p§étﬁ SﬁQ&g%r%&t 3‘? spots with different

opt.@@l%rbp@ﬁfés e ieakelebByEN ichoben &bt Ghk tPIecESING Idnde@) ®mall time

he multiple beam paths.” Alternati vel di fferent
delayamn breuged farriepnevalduilsesbapisg or spatiabspateaheping. Furthermore,

usmﬁvéqqctgéhé)trc?rﬁg ﬁ%ﬂ'l’kf%lyt%%la@ gftébg%ng %a HH%H(,eéjthte reliability of

Imk%é@@’fmql@ltﬁbﬂlfmb&rrmg daasudepltgdreity. are not required
to i enment spots that overlap at the work surface.

Fi xed opti cal el emsnts can be used. [00115] When the
tiple las ;
00T Por not agR RiaHifg hifFa RS RRCE Mg St rdrsfont optical
promﬁmesszaaobe!vapbli@m%w lirslt byofsmgmdbémal oAHcaﬂrelemntﬂ | alter the

promgrite o 14 el BBhneathi . nsRaal; SgEnt figser heads can
pro\@@l% %Sse?%té,,\g Riffer& Gt (f%@g‘rc%brﬁéé %‘é’cdar‘é!' dubselifently combined to

I's desire process a link with X-"axis
ovepap.aii guildmisa hematéd thydtadjastable stekriogmirkgrs iondpeanedeflectors

ore R HAPELY LB5Cire BBl B e o She Sk o opica
clerféntst@nbewsad. beam is set to a blocking state.

Al'ternatively, the link could be processed with a
Y-axi s polarization by passing just the Y-axis

oo BERITG' ba¥aSE Rasiritifialg iose S o 0 AR ER UL BHIGRSE to reach
or AR reaehl4 ﬁérghe'fhinfk et lligkbeard anen tie pridasskdswith Rifyses all of the
that do not have a preferential polarization or have

beagiseaf\srarpaka@pknet gystem Wihewoi aRrtical [n?cbhs geyld have on@, path with
polar%as ugﬁdaltg?lsar\lv?’fh RhECE33is? ?1118 rfhe‘%&ﬁgr ?\fltht Q\;\emlarlzaélon aligned

1 ots resul'ting fromin
withsthet Yendsl, 1bit ibldesired ﬂoapr@cebsamsnk tvh’ﬂmk(lﬂmsmlmgzatlay, then the

occur_ wi thout overl appi ng the spots th| speC| al
optigalsawiteh goptipling tae Jiyaris eRlafieed %@@@wﬂp n'ﬁ?‘ﬁr gulse to pass

and"R8 o iter SR SRRVerGhg! thBXrarddmisSibility of the Y—aX|s beam is set to a
blocking state. Alternatively, the link could be processed with a Y-axis polarization
by passing just the Y-axis polarized spot. And, if desired, both optical switches could
be opened to apply light of both polarizations to the link. This could be done to apply
laser pulses that do not have a preferential polarization or have greater pulse energy

to some links.

[00116] If it is desired to only process a link with one of the multiple spots

resulting from independently switched, shuttered, or blocked laser beams, then
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advant ageous to not require the overl ap because the

precision with which the | aser beam paths are aligned
woreyebessiel axed. In the case where the mul ti pl BCEHPS2085/021406

do not inpinge on the sane spot or link, links are
progessys duay mcaus i wighauteopertappiegithe mhanllrsrthfsospemal case, the

ey SR BC el e el BOR, Bonc el gl rsbol 67 ik it is

advhiRigeanas tonwt rbheiré e velap bechse eX@PbAsiohtwifRWHRS the laser
desirable to process an X-axis link run with one of

beaf pathsl resligneddnay Revelaxes. |Indre case wheiie de mudiiplefspots do not

ot B B, 01,5 JRC I 98, u6Bish g o postioning
mec&rmhlém & adjosting poskianofdes warkpiepetrelatite td titkfocussd laser spots

é be successfully executed with their respective
such gak thq desirad[spehiyPtioesiRatt thspiareat ll@kodgfrrtewr@len it may be

desftgpid ttoe I%Q:eg dnni >{| k?grq V\tn{ Bﬁé (??%hﬁl?léd%& LM a Y-axis link
optics nay

eam a hs o eam sy nserte
run beith (aﬂn@th@:oloarmnmplmrspatst erAﬁJ@ pleefmﬁmtrfg Bbocgliteatien Qyrocedure to

det%?ﬁﬂ%@g%fg qlorlg% L zal Igcs)? 'B{S‘F?@g‘fde'ﬁﬂ? @IO L v(\:/ﬁl;(\ @acksc‘fesir(e%) spot, the
link RGREHHHAR BGcUHAT é){ecﬁf&ﬂﬂﬁh ttﬁ@r r RRcAe dpsisf | Dut ! on

of the pulse (e.g ['1ptical phat or
doughnut (a spot vvlth | ess energy in the-center)

100 P ge *MAR Abtaratisdnticl POTIHER prbdatebhy issing additional
opt.bgsmbSther @éar@hl ﬁ@th%ﬁéﬁh&lh%&a‘iﬁ%y@ferﬁ' f ineERBE optlcs may be: (1)
wavel en beam expanders 'to create diffe

polarigation ?terjng eiemegtSato ¢reatd othamﬂ{eapollaaaef@w aiaiﬂe of an optical

o ARG EPaRBL 8L B P85, A baPRe S optcs o

chah§® theskpatizt ddistibutien asft theapuwd (e.ge éiﬁptl@élpgénéyahetop -hat, or
tics to create those optical properties

dougge@héa et ovithinless @nerayp dn stheerenter) peofded rswts)o (6hdrequency-

g A STROE b 65 GATEH I8 GETEROR) CELAELBICEMGe fcer
providingninaltiplé tpuides bﬁdifEEréhtaWavBl@ngdfs)i I(@Pbd@ﬂnaaxpanders to create

el enents, and reconbi ning the beans at a
diffegeni focused SPRt Saeh at Hisslinte anei @méensgspands@lashaptiqsasower optical

[ f

profdits i A ond S0 i LR pRURRYBISE S o hose

skillddiiratheoart, Ieilyed thibppropniate betice ibecmaateekﬂ\oee dpecal properties.
created with beamsplitters of varying ratios to offer
additional flexibility in shaping the pul se

[00 1;13]'3'; g%\:%?&n%&}: 8ﬁb h\?ﬂr’]tlfpﬁe éf}oﬁedeli%ﬁn@ RERGERSod link is temporal
pulse shaping. Temporal pulse shaplng can be accomplished by taking a laser
pulse, splitting it into multiple beams that include time delay elements, and
recombining the beams at a link structure. Through this technique, a pulse that has
a fast rise time but a short duration can be effectively stretched to have a fast rise
time and a long pulse duration. Delayed pulses may be attenuated or be created
with beam splitters of varying ratios to offer additional flexibility in shaping the pulse

amplitudes.
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pul ses. The top graph depicts a single |laser pulse

610. The second graph depicts this sane pul se 610 pl us
wa2®eowsds pul se 620 of | ower anplitude that haBChES005/021406

del ayed by about 8 ns. The rise tine is fast, and the

[00ktiHect | Vigyrel $4 ddpicts isoprocessoolpulseTsieaging by gompming delayed
depicts the primary, pul se 610 with t second pul se .
puisSh TR (9P OFARTLOBGISLA GIRIS JaRst e Ue; i PoBoR SxaRh depicts
this "gatnl?? Wé@%ﬁl'd“glu@eéaéfe%onahﬁuléé%ﬁd %‘Ftloﬂgg'atrﬁbﬂﬁude that has been

wavet or 2 S

m creates a |long pul se width of about 20 n
delayethby ledoliasd nsi s€heirise tiet isefast.i gndhdhe mffestive Thulse duration is

ionBtr Y BeriBiashih dapcts PiscriPee PSS G Wi Ml seaqndpulse 620 and
a thgggﬁ%é)m@ Ns5QPEEIO0Gr 2SI @ ahddiit MeeSadify aBlagRt I resultant

path. A delay of about 1 ns results fromeach foot of
addiiveiwaveiaim gseates enlgha puiss width®f abestiR nsrwith thepfast rise time of

the EGRLuisS I oS T bl B briike &LRorRR S mjconductor

link kgoefufe®f fiber-optic cable. [00121] Pul se shaping can
al so be achi eved by conbi ni ng | aser pul ses of
different properties fromtwo different |aser sources.

00 G, XSRS T8 A RALEBy ol 1y 4 RcE an opice

pattcr dadelag dfasiout i1ses résultg-febm addobinfoptl lof @dd|tiofal@ath length. Delay
Referring back to the partial overlap configurat

My S T g AT MpiRe SIRIe Rea Spking. Reflpring Beams diack and forth
| l; ok &d ' t,
ooy R o Becp A 1 Bl O e st

direction of the link. That configuration can result
| . nore liable.link severing, ,espegiall en the
oolFa; <7 Fale Daping 4a°555; bE 2Rl tSpadmhijindaser puises of
differht ARpLrRay RbrmPild diferdiRIBes: dd1aBod 2FORBXEIRIOASIRR pulse with
wth a'single laser spot to blow the Iinks a second
a quickwisertiroe dan be combinad wither longsr puige phsiovariseiene p create a
f tconf' ur@ti ?.n 580 can achieve the sanme reliability of
as g@\?eiogigc' URRUPRANSS ncurring a 50% t hr oughput penal ty.

[00123] As can be seen in Figure 5, two | aser beans

{)ropagate al ong respective distinct beam axes that _
[00122]er seReferiingshbaek 1a e partigl preramcontauation$88f inskigure 5, the

fromo nQt I t t [
two b OB oR' A TR b BRR chdhe pg B, dnpong, proferred
embddieht)@hs uwbapeiDbrd bfsdtiaibng Thelehptiwisé diedtiGh af ¢he link. That
nonconcentric and define an overl appi ng regi on forned

configurgfienGaneiesalitin grorss religblg likosavering, especially when the spot size
is small, as a single small spot may not reliably sever a link. Rather than taking two
passes with a single laser spot to blow the links a second time in order to ensure
severance, the partial overlap configuration 580 can achieve the same reliability of

severance without incurring a 50% throughput penalty.

[00123] As can be seen in Figure 5, two laser beams propagate along
respective distinct beam axes that intersect the same link at different locations offset
from one another along the length of the link. Furthermore, the lasers subtend

respective spots A and B on the surface of the link. The spots A and B are non-
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and a total region fornmed by the union of both spots.

For exanple, the area of the overl apping regi on may be
wooMs0b9sthe area of the total region. The enerpgT/US65/621406

of the two | aser beans is preferably set to ensure
concentpicearel deinehan sweslappingrregionf formed| byntheaiotaysactidrsof both spots

and g otk r4diR dorfed by FRANILAT KB HaSReqrangXaRls. the area of the
oveﬁél?bi@\ﬁ r@@[d z H804\6F t‘h%aéf’éafmﬁh@@otél ﬂeglor*i’Utl'h'ée@r%rgy levels of

be so. h the two | aser beans ray inpin
the B@é@ﬂﬁ&&ﬁ@aamlsmre rablyrsaito enaers camplete deptﬂwaq se\serance of the

ik BRI APRH HEO oost Ble i M Te BL AR st oy e

ovefléﬁ@hgb@gmnyx%e%g?'r@ﬂ’tgof e ankedthsirhakse TNO! But need not be
that the case of two partially overlapping spots can

so. phlthpiedy tie naylaser bpams maympmgsep@m@w thehak ahdiffesagt imes, any

ey BBy PR, o SELTRRL ERPBRAH B gl pormt

the-ﬂyllmk peeckeramgitll lyssctedrn axae rscan@lom@tﬁé Bankofieds| Note that
echnique. For exanple, there could be three laterally

the %%% eaw%eag@&!y%@flgpmngrﬁmcan PegRfralizachiopthres or more spots
e done to
alor@&%ﬂgﬂ&ﬂp‘%‘ﬁ@ﬁﬁg%%%m%ﬁpé\fetrls gfngﬂﬁ%ﬁitl pl e spots that
do not overlap with the pul se creation and sel ection
ant a of nmul fi ots foc sed i ngl e .
oo fRfar T otTieRasibld sEalr S conivettimontBaulals Pams delvered to
eacﬁ%’%ﬂ& i$ %ﬂsd R&stal té&Hn%eShfF@rr&eanﬁH?t {H’Er PG be three laterally

shapi ng, having the ability to select earrs
spackd ff@crtaed wtarWIﬂattwordlﬁe@nébeam pathsmemgemm/tar@mo each spot.

roid BOF28) BB SR e RS SR A BRIt co o

ovell&s QUBNtHR b@l@é c’#eéﬂlélﬂ laﬂdféé}é’@cldhgab\%?ﬁagés @ﬂ'rﬁulﬂbl% spots focused
focusing | enses. The separate optical paths

upop & gjnalgtlecatiam Bhus thyee spatseoudd epeh MS@Uhuﬁlplaagea@erfer temporal

iSRS B BNGLHE SR R el s GR e wit

diffdrégistadatmostatesti gure 15 depicts the basic
functionality of an N-spot |ink processing system 700

with one | aser 720 and one focus |lens 730. The | aser

beam out put flﬁ?&{?]ﬁ(ﬂﬂ l(?ﬁtfr 720 is direct ed_ to a beam

splitter 745 s the |aser beaminto N
bearrs | abel ed beam 1 t hrough beam N. Each beam from
spl tte 745 passes thr %h a switch 750, which

[00 aral ellsm can be accomplished using separate optlcal paths that are
delivered to target links through either a single focusing lens or muitiple focusing
lenses. The separate optical paths may originate from a single laser or from multiple
lasers. One implementation of parallelism results from one laser head and one focus
lens, as the block diagram in Figure 15 shows. Figure 15 depicts the basic
functionality of an N-spot link processing system 700 with one laser 720 and one
focus lens 730. The laser beam output from the laser 720 is directed to a beam
splitter 745, which splits the laser beam into N beams, iabeled beam 1 through beam
N. Each beam from the splitter 745 passes through a switch 750, which can

selectively pass or block the beam. The output of the switch 750 goes to a beam
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sel ectively pass or block the beam The output of the
swtch 750 goes to a beansteering nmechani sm 760, which
worayeloaosis xed or adj ustabl e. The beam st eeri ngPCT/US2005/021406
mechani snms 760 direct the individual beans to the
stedriong snédanisiB 0/ 6Gyhivhichf maysies fided bleadjuslmtble NThpobeam steering

@{%ﬁ%@] 57%& ﬁonéﬁﬁ't@ﬁ dg/gfi{-{ﬁﬁg{ bei ng%[% esseﬂefﬂ;s 2%@ which focuses

the Eb’é@f'r%r SRIYNBHRRTOA %hé%eﬂbé&%lﬂ%ﬁde\h@@b npﬁﬁ:e%‘sé& Qnot shown).

0126] A special case of the N-spot system occurs
Althgivgh the-beam atasirimgkmeichgniamsof6& at@\pr@‘smbly dyeamically adjustable,
theWh 28 system 800 is depicted in Figure 16. The
Y W4 eot %glstem 800 is like the N-spot system 700 but
may contain additional optical elenments 755, which are
tional. The conponents of the N-spot system 700 and

0
[00126] t wo-/As seEcie) sesm sDtharhlspet sysieemeneces when Nurk2. A block

gl e i SP5rE0 SR bR BOBIR ik Fiour 0. The

twobslp@@ by@he&%amis fiteey tHeeNE st rsyrsieeal 706 it ma eoftsint 6AdiTiBRal optical
be located after the_additional optical elenments

clemegts; 54, hehisaarepitiengl. [The1oampengifiseofithe; §-spofsystem 700 and
the ?\g@e %pgfgyﬂgm 8bb QHa)?foFaE@I@rhbﬂféd%lth Cb?ﬁPBE ga%fgr%? optics, or

t Wo- spo processing sys
fiber eptics rfoe examiplguiTaelordet bé sbme- sbtbte slpaiatits 3 the block diagrams

t foll . Th er 7 tri ered t
mayp RE oaTB00e (601 Mo e Witin e 50 e bevisrated et Benagditional optical

elerf@hist 255 inifle bebhep Qﬁﬁzn splitter 745 divides the pul se
Into two separate pul Ses that will independently be

dellvered to the vvork surface 740. One | aser pul se,
10t wor k. su

h | d
10052 7 SiaitaTF i Bmofs HetaBd: aaiborh of te pingliab gamponents of

one'f@ﬁﬂrofﬂHé Wo-s?@@%e@%r@c%ﬂgfgyétéﬁ?%@ r gy eh ?ei%?ﬁzﬁdé@co Figure 17,
k surface hrough a second, fixed optica

the W@-S@M Syﬁt@m $90, omjawSa@s Aatiaws: aTbei laseudad is dsrlgg&red to emit a
pulsh 450 eI HeRareE P25 BinCyrili®s 75, THY P& Ablliahins divides

the @ulsecines tW@\WpéréteQﬁﬂﬁé§ eI Wi lind§5enddiflyPid %i%ll@él‘éd to the work
reconbi ned in the beam conbi ner 765, reflected of

surface,40ni Pnerlasers pulsad shewnsasithen selidyfing, ’sramgllsetoﬁbcusork surface

74O.tﬁFbﬁJr%138 fﬁ'é’l?’vrﬁx&? Jéﬁ 8\"@%\51 S*fh@s%%oﬁéﬁ% ﬁgﬁeogﬁ%ﬁ%m as a dotted

sem I'1'AKS
line etravelst ® ﬂﬁﬁmk Alrfaeeb 240 rthiaudgd al seddirl, et pptitalt gath. Two

SWItcl'rl]gsn %Ot Quechogé !A%al\l/ls pér%qﬁéltuldgg s%fthtap gltﬁeurl Suelge may be passed to the
work surface 740 or blocked. Each pulse is reflected off a mirror 762 and directed
toward a beam combiner 765. The pulse are recombined in the beam combiner 765,
reflected off a final mirror 725, and focused through a single focus lens 730 down to
the work surface 740, where they impinge upon semiconductor links. Additional
optic elements 755 may also be included in the beam path to change the optical

properties of the pulses.

[00128] Figure 17 also depicts components of the system 800 that control the

relative movement of the workpiece 740 and the laser spots, the triggering of the
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[00128] Figure 17 al so depicts conponents of the

system 800 that control the relative novenent of the
wowelkpisee 740 and the | aser spots, the triggePCTySmN5/021406

t hel aser 720, and control of the sw tches 750,

lasetCE20,dang ¢antrdleof tHalsiwiiehes €7 S@Mnacadrdmge b toret illuetrahve control
particul ar, the workpiece 74OF43 mounted to a notio

arc@tez@@'es o0 Rartieuian e WOrkbiasPIiA tbisd noUBtad oo MY siAge 660 that
mofénshﬁg vgaﬁ{eocég R Oqaa‘?xgx*{“&éﬂér&héﬂ%%@rb@‘én\%’%é‘uﬂbg@@déﬁt upon the

€ Oor nore 'position sensors
workpiese intthe & direction )k pOseeor7 ma)re posdiont seresdre 6BPesarse where the

bot h the | aser beam spot orts that position
worltese 140 K ARG (ioMa06! DPi: OF U TARAr drodB agiagnd 1aports that
posﬂfb?\e@a?ﬁsto a dHikr B8O, Ghe cd/HﬁdHBr B0 SctkYsBs a tarr]get map 695,

I'ndicating target positions on the workpiece 740
whlan@ohtialmEedater mdiiceting egey. posutmn§etvlerth@ Wthrkleae TdRahat should be

inadigfec iini o, Sprasap dricat ey it Thg, tfadePpnads is typically
geng??t%lit Gbf Cékémﬁbe"!%%s al Redtily WREEELERat! Hotéhanes WhICh circuit

ive or otherwise require irradiation, as well
elemeots indheworkateseaftd prgéeiﬂoyvalqrgﬁh@wseaawmeﬂﬁ@dlatlon as well

as 631 hLCEaE ST PERSRN BRTFubCaR, 588 Byble, 436 horcograpns

the [PRIVdiRG dPfthé heserot2@nthet sHigtefing GfothehawitdHes 758G esinde®mmoving of
spots traverses over each target and emt |aser pul ses

the tholion stagcE0d e e iy dxser brRa POl trExPEEp<Over iRachyigrget and
PRt s P 8508 T PRRSLL TR b S ot o

thissipeic irgpleinidritatiém enayabgeappliedtdithe worki swfam:fe rmm any desired
notign stage 660, The cont

I 6 f
relagiyp X b 1SPachig wetrbmeao@ﬂq%égan%f%@@.ﬂ £ tﬁ&iﬂ;{ mgtion stage 660.

The%@ﬂtrcﬁl@ﬂ%%@“pgait%gﬁl;ﬂy%ﬁtréﬁ%uf%grﬁ??gﬂﬁ%boﬁﬁoh idaka, as that

apprsscly Eevidkst henpreesardtei plesenent aﬁdlnmdxbmwsxr atle8. i Ratent No.

6.1 (025, BHRIGRH {7 1P PESRBH Sye AT TAnTYBIGp, aith ficorporated in it

enti?élﬂ: Ay ré?f%?er‘?c%"‘t rschib8s S Yadeam ﬁﬂ@ejéﬁ%ltﬁjh technology.
data.” Al though 'a control architecture (e.qg.

Altarhatwaby i the corimdlesd®0 pasicontol Hunsysies) 8080based on timing data.

A3Bhe conlipl SeiBERre dhii BB tade REShbesfian, lsBr) eso.

controf&r 630Yarkf dbfé%th%ﬂ BUENE SHGWW THOBigtPe a7 fbe cBfipleteness, control
obscure the ot her conponents involved in the

architeafigrer ameeqmltégbfrom mpﬁgwesmom dragings] sqvasyto not obscure
o e B DAL TP AR e B paheoe
adj ust abl e st eerl ng of one beamin XY

[00129] Many different configurations, some offering more advantage than
others, are possible. First, one can provide adjustable steering of one beam in XY
space, while the other beam is fixed, as illustrated in Figure 18, in which the fixed
mirror 762 in one beam path has been replaced with a dynamically adjustable XY
beam steering mechanism 764, capable of steering the beam in both the X and Y
directions, and a relay lens 770. In that case, one laser pulse, shown as the solid

line, travels to the work surface 740 through a fixed optics path, while the second
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space, while the other beamis fixed, as illustrated
in Figure 18, in which the fixed mrror 762 in one
wheaaopsti$h has been replaced with a dynam cal | pCT/US2005/021406
adj ust abl e XY beam steering nmechani sm 764, capabl e of )
lasest pelsengshavwen baangi AoBethlifde crniaias vaai pdivstaiie  beae steering
r l,e . : 0 r
meche fud ot Pioi £ 1Bt SBR0ETFrarePineEhite BLl 8o J5AHR focused

lasel Wpot ginyabé itvemdined ibysa petited Widtientihehe e piras ef the workpiece
pul se, shown as a dotted |line, contains an adjustable
740 306k AeneaMPENAR Steering ot beth a@,aranlaei,%p%{@athydg XY space,
' Eo e h i €S . . r .
os NP, Ayt R BhLTaPaLR X7, b0 S8R HESIAGRE 161 in bor
optigdlgrathef Thiwe potenkiplly offersiSupSerdredm quelityebeqausei siraller shifts of

steering of both bea i ndependently in XY spac as i
S RI TRNE R o IR T p—
is 0 . ;
ot BTLFTY B peath i e Her R BbdT allbp SPRRIbY Eigp20 s i
differacth diveatiorsan Simadepishifts sedudlr gerdess foptical Historégangaha,improved

if a4 .separ.ati on between the two.bea [.S ..
fooused ncl dUpliSh Liith eTAn Ao ENSHaATRI By Rilpoyigniand the other
beaf frf et difbEtRAL Ia@NShovwa i IFRjured Wwhigte elablctd Bnl Ream steering
optical distortion and inproved focused spot quality.

mechainisin 7&feincane opéical path dedm Ynbears stediing meahanisra 768 in the

th ther.,beamin Y dinecti s sh in Figure,.
othes BhIfEL REthe Per s Sto0ng el e P iy e BREHBehfh fisbfion paths
(e.g9Nheobeaabicedhl medhani¥mieI6U P p6rpreferaBiyhesntededoBy a control

in the other optical path. Beam steering nechani sns 1 n
architestyradsichhas e pop ditstiated akiByre 7). | "t he beam

steering mechani sns 764) are preferably controlled by

a control architecture (such as the one illustrated in

[00F3qJur e 17 )impledRdidaliohs enmibgingnd dicaonsteamipgoyiesbanism 764, 766,
beam st eeri ng_nechani sm 764, 766, or 768, ?L#ch as in
or 7@%&”&9 qsalrz%,lgtges e18a§01 @rf@‘a?}’ﬂ?ﬂssm%é?? wse heTiP%Irﬁk@y lens 770

workE 7 oAnAREK b, BERRLRENG et R B AN ycctoryof e
lases dam sath hloathbditbaresaras rsiries theefifial mairrar #250at Higbsame spot. The
t he sane

. di f f | ocat | f th
iR 35850 OEROE L e AYOEPeATE 1 Bt JATE (A0 (H1E SURHLEDIe to the

ARG i us | ens 730.
beafhis HREREHt A5t Rllddhe o dMRtie Db oS TR hose

configurations may occur nmany ways. For exanple, a
-spot,, system depi cted i n Ei gure lis an.alternate
toot; oo PLSFERT FroEruiglans of siitng” dlesseBRidrnfons ay ocour
marfyelays.V & drxidheplet Betvdd§ssn sybbsth depicted in Figure 21 is an alternate
configuration providing XY steering of one beam relative to the other beam. That
implementation, which uses two steering XY beam mechanisms 764 rather than one

with a relay optic 770, results in a system similar to the system depicted in Figure 18.

[00132] Another implementation of the two-spot system 800 is illustrated in
Figure 22, which shows a preferred embodiment in greater detail. In that
embodiment, the output beam of the laser 720 is preferably linearly polarized. The

beam goes through beam forming and collimating optics 722, which may change the
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I mpl ement ati on, which uses two steering XY beam
mechani snms 764 rather than one with a relay optic 770,
WO e®alovss1s n a systemsimlar to the system depPCr/@s2005021406
Fi gure 18. [00132] Another inplenmentation of the
beamysizepand syaedmpRoiantly nroqil@m aalolitﬂnatﬁdmagameb@‘gre wgaging a half-

wa i BYEe o 2 e el SR 4k antsr SbRln PESY 740 proferably a

polariasrethablsplitsi theaéampata twa %@paﬂ'été élﬁ:ﬁm’tﬂsgénélw ikgdrly polarized
beamformn and col |l imating optjcs 722 i ch
conapeiRiEs Ahamd By Bepending andihe rotasionehatietation @i dee thlc axis of the

nalfRave "Bt 2aF TheCy =04 of FRRL OB Pedfts 7514, Gl e adusted

conginabeslgbilyilea o liatal pewet [{A#BS [i$ isubstamtialhe presarivedt Weor example,

wheﬁ%ﬁg Ay el%@%hgago% f%nall 3}){;\%6%#}{9” 8::!%%15%1%@ identical, the optic
ax@%h&l@tcﬁtth@ma‘?ﬁ wé?@ 80 é'7‘24 rﬁb&fad]d%?ed@héh ‘fﬁé‘tethelt\ﬁrbespots on the

ratio o wer |n eans A and B can
woradpusaeal eavet thm@asmg/ pawdredespite oabtiposwen ’(M&Bbw’es throughput

subs aII erved or exanple, where it is
betwsgf‘&@%;“@’ &agggspots on the work surface be
i denti cal, the opt| c axis angle of the half-wave plate

724 can be adj usted such that the two spots on the
[00433)k surBeas Aautot the splitter péSuthenigess throughiaaswitets 750, which is

ol o4 Sipt SAHORBLA TR RS Bt JRORESBARRI e cosioo

switchirl gpeéd %Mth@fbo?l%&ucﬂbm e thé AIDHIf Qfe%lﬁh Sforfmﬁgséptlcs (not shown)
SW t chi ng devi ce such as an pendi n

may| &¢i eraploygtipnmegjatahe befae anveaﬁ@rnﬁlerﬁam fwhftatﬁs suitable beam

S|zé°‘9¥5 dd?\?e?}g}eh%g?g%g% Qg% 'dlﬁgﬁ}/lt( nﬂ@ﬁ%’&% er¥a FQWV[?M&Q such as an

electto-bptixt mdmamos I(E@Wkﬁélﬂbé@!@ﬁlbyedl r@b\deuélveth%@w:tch 750 can be
Al ternatively, other fast svmtc es such as _an

omigied it isiepsrenksenireh of (heeivg beamsys nQslesyjied, in which case both
beaASE ¥witt8d Bidr T Ao e fm@M t1ed 1 1

I ndep enden control of t eans is not desired,
|n Whl ch case both beans will be svmtched on or off at

oo}y A seiting BOuBinectPUs Pell A Do Size Sinsiaywics 752 can
be bRpidVRLOR thanHEaRe Yekin %ﬁ%‘s&mtthélhﬁ\edﬁééll‘&ﬁ fé&%‘é@egbot size is

spot 'size is produced at the workpiece 740
producatplat, the m@@pmwe zdoon baampéecpan@emgrembleazoom beam

expRRgPEAE) SH bpi TRl TntedSo el the AEf: Hesy BRa.and thersfors the
finaPkp6t §iakiatehy awcﬂk@frfa*é@a”Alfté’thhVélyP@ﬁieﬁ%e%ﬁﬁ‘ f&ning optics can be

employed depending on the desired spot intensity profile and size.

[00135] In this embodiment, a suitable beam splitter 754 can be employed
before or after the collimating optics 722 for power monitoring purposes. For
example, in the incident path, a portion of the incident beam can be diverted to an
incident detector 756 to monitor the magnitude and fluctuations in the energy of the

laser pulses.
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enpl oyed depending on the desired spot intensity
profile and size. [00135] In this enbodi nent, a

WG iobadses beam splitter 754 can be enpl oyed bePOr/@Smos/021406
after the collimting optics 722 for power nonitoring

[00KifIposeptinal signaipireflecting pE thecTepdutespan Hheawptipieasn 740 can
travglpackiuarB5 Gt oBFAT R e SRS SR St 158 ogpivect the

reflédted luptiearsignaly iftbachlested getesks. 130 I@6ndAbIAG!] Reflected and
signal s reflectingﬁ(off the features on the workpi ece

inci Qpdigat paver layalarer uselul igsgliBfatingdhe pasitionoet thedocused spot,
T . . o
for SYFHER. TG B A 'oRRs® I Kol Bhofrhfscanncd over

alignment omarigs  dRefthecwerk asutaoeci dReffleotaid q@wegrov@sels and position
| evel s are useful in_ calibrating the position of the .
MegERIHER SRS l,JSGngTO %é]&%qeéhetﬂﬂsi't%@ %fﬁth%qp@,t, helative to the workpiece
740Pr ocess, the focused spots are scanned over alignnent
mar ks on the work surface. Reflected power |evels and
position neasurenents are used to calibrate the

10031 571 T flis STeRBT Lo St ia fi0fe s PReflarkinpoptics cause
the {si%ﬁa%oﬂeﬂébfédr&f e WeRfidds p40 16 tialvBNBack hsthe BFEQSifé‘ Eath. Thus

e workpiece 740 to travel back up the opposite pat
the flactione prefiveed ibynihepincifiene deisyn ¥héo inavetback bypatheasolid beam

patt} 8, R Fiss P BRAOT B PERER Ra ettt P Felicbek up the
dashed bedm pate AagimidrazeitBrifat drosingtifiné esdditsd siynals. Afprefer(ed

crossing of the reflected signals. A preferred node o

moctgapgﬁg@qr@ﬁoqmrb@?mgaqim@inq@em@m eefleciask $iga§I§d‘s to use detectors
cou%lgg @l 5’% L iteCh&Hh gﬁhg‘:t@ﬂ& %8%8?@8{1&) Tng;?;'? éﬁ%: @%@fﬁfﬁ)g'ncalibration

conpari sons nmay pDe Uuse

and aneasurement pentosas sasiess dutsimiaihgiticesmérgl g prbperties of optical
energy,. or properties of optical spots or performng

SPOlg| QT RFERmMI aﬁ@raﬁniwwmmee\e@rkpnmss] The next
maj or conponent in the beam path A is a beam scanni ng
or steering nechanism 760 that controls the focused

[001383t | oTaei mext onajpheompokestin theebedini sathsA i efmgaahlsganning or

a fast steeri irror t can nove the spot in both
Steeﬂnarméﬁh%?lf@cf@g%ﬂj@t&Hntrﬂ@%rfﬂc ae@nos@ bagrhe werk surface.
ThisSRABRIFBGIY o Rist SRS AMrbP tRax 04k G 3he spot in both X and Y

~configuration can be enployed, each scanning'in one
directionsc bnotheogrk Sudacmealihough tepopsoactings mirefsearaaged in an

becayse i.t can produce anqul ar changes.in both . .
orthogonal configuration'can be émplcyed, each scanning in one direction only. The
one-mirror approach is preferred because it can produce angular changes in both
axes of the beam while maintaining a stationary center of rotation at or near the
mirror center. Alternatively, other scanning devices, such as AOMs, can be used for

relatively small scan ranges but at high scan speeds.

[00139] In configurations with multiple scanning beams passing through a
single focusing lens 730, it is desirable to place all beams at or near the center of the
entrance pupil of the focusing lens 730 throughout the scanning range for optimum

focused spot quality. This is especially true for focusing lenses of high numerical
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axes of the beamwhile maintaining a stationary center
of rotation at or near the mrror center.

wa@\kdaoenmmis vel y, ot her scanni ng devi ces, such aBCHOMI)5/021406
can be used for relatively small scan ran&les but at

ap%liU@@. SAnagg ewii . mp@bi@@]ﬂ |5ze0ihaigDeady dilsthe wmtrance pupil, as

corfHERNL RIS hE BoSRY St B dngh o tess than
for eKampIenethred timesetheesearh wheelengthanAecqrtivion aftrisute of these hlgh
focu3|ng | ens 730 througpﬁut the sc nnlng range for

NA densesis tf@édaeoer&fﬁﬂceqe #§ locaied q%seegop&e i8NS, where it is very
d.ﬁ.gzm@tf,hﬁ g@gﬁragsé.swé fiefon g,g&anwﬁhbg@%q%ggg%@lggg&ﬁ%gsﬁg'nts. It is

eam 51 zes Nt hat - near |
thereigrel adeentageomnty usecreley deredsi ?17(1) ithét parwaepiduge the scanning

ancle, 565 aChi et srau FemSeAn el ﬁéﬁgaenn&r%ﬁnwl The relay
lend¥0i G/Wc?l Rlayt &asrdE sludire! (%"tﬁ%? eletn lSt ?8 sifihéPBefveen the

pup|1 | ocat ed close to the |ens, IS very
steefingf masuhanusm 7RBtandrus bicaire cotnbiriért 76ﬂ1yismmtrle;anal IPosmomng of

i B EATLH G SPBLRSATRRREE: 35 b chighBF L Qefrng miror should bo

Iocﬁ@@h@m@@eﬁtéﬁoﬁm%ﬁt%c@‘m;ﬁl o PB BRGNS ?V@n\fvhlle the exit pupil of
scanni ng_nechani sns into the entranc The rel a

e ay
the relay lem® 77Q1maincides Wilbnihe entrante pppléogthe fadusing lens 730. With

[ e hani sm
i SRR, L Rt AOSa B A BLSRH SR FARRIG Tens 720
remafnst ebstnésliy esnandﬁ?yabf/@cts@anertﬁ@:feﬂsgnﬁr@mtamm a:)ptlmum beam
ter of the steering mrror should be |ocate

quakfyrﬂféhe&cwﬂeé st fRbghpubine ssRNtmMBgeel ay | ens 770

while the exit pupil of the relay |lens 770 coincides

wWth the entrance pupil of the focusing lens 730. Wth
[00140]s ar Padesredesirdbie mepmtpcnﬂ thieorelay lére 7€0t isaiae the state of

Colﬁgijdﬁﬁnoc?fﬁht?%%af@% 'éﬁr?}gt Pethe REsATA Sgbéﬁ%ﬁ,ﬂb@amdlmem
the ?}&14 O&Tzé’fa Hht?lef ?p&‘ tﬁehbeélﬂhgljbt HR lz\féarﬂo rtl'z}Qgc'?p’ucal axis

Anot her d e property o
remalirouneharged ba‘mvearatl‘@ 'rrfpuctcand oatpiub of chhetrblaybleam 770 However,
t hr h the reserv t ref ed )
with 2yt designdng s BeAt o e g Tetiér beanrhave a differont
beaREARANGhE Edtteipordirgly t diffefititl aRAbIR X" %hfhlnllng the desired
unchanged between the 1 nput and oUtput of the r
collrrr@’ﬁ@m%%or eemplerdoukling tgednefa‘neszatom@éftrgmrelay]kamzmts likely to

N -

whefiRit N addyiradld ke ré@sdd ehe Yani éﬁ%lbofén gECht EReIBEBINg lens 730 to
doubl i ng the beam size out of e relay lens 770 is
enhanggfhe pesitioning sensitivity of the spot on the work surface.

[00141] The relay lens 770 can be replaced by the addition of a scanning mirror
or mirrors to the aforementioned optical train. With a minimum of two independent
scan mirrors and by suitable manipulations of scan angles, it is possible to produce a
scanning beam that is stationary at the entrance pupil of the focusing objective and
with varying desired scan angles, thereby optimizing the spot quality throughout the

scan range. The disadvantage of such an arrangement is that the total mirror scan
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hal f the out put beam angle. This arrangenent may be
useful in certain circunstance when it is desirable to
wo edoasihe scan angl e range at the focusi ng | BOIBFUFIR05/021406

éo enhance the positioning sensitivity of the spot on
anglew afp orealar thark copwerad Withher ealay lensngasedhisapamée a factor in

i e T L

m ni nrum of two i ndependent scan mrrors and by
pul ations of sc¢ it is possible

1007821, il e RaaTOGoaRohA o O dhteanhsplider (4 the optica

traif "eJrAPSe Ry Pédn Ye tsBst i NGt &t itd%é.”ﬂeg\‘at ?ﬂrgbiner 765 if

. varying desi red scan ang , thereby optimzin
indegestdent shitchinghaod gitannircghis desired: a@pdiona@lig, a half-wave plate 724

b SRR s a0 A S ST TR  kelB at. i o

prefelctlyerhBOGintet Sthel AlitpufBBarhs fidnh Bfd Mo Eﬁths A and B with orthogonal
fast-scanni ng, high-resol ution nmechani sns where the

polayizgtiopamge dosbinedltied ppoizarin Sech Bheay dbainthebeamputput beams

t _of th splitter 745 t optical trai
ent&3hE e R SRR RRnbticelR dprs o st the same
locationbare diréétiort ivhendgieesclNmigvist &l AGjudRd RFBVENRBPINY spots on

desired. Optionally, a half-wave plate 724 may be
the work sydace.f Thedeaaragpralingr 66% canthes farexample, a cube polarizer or

A [ Les.. dn t rr i ment

a RPN ol Ralzah toth 1 whieh <18 SRR BVRHTE Btk elements.
Thisatraogemenht Inad Hrd advartdage af eniciamd)ipodrildss aﬂﬁbagh 798 envisioned

in such a way, that the two_output beans enter the o
thate&h%i@@%s‘ai binsrs uchy 8¢ diffragiiveo pptical\elements psmoatpolarization

ubhs t bl | S ap, Lyection {
senglgge; %Iyrbc;ﬂr Srﬁg)? (:@%dj u ltdggef h?@év:lp@g%%\{eﬁgt@%o' yﬂgnrbet&%zs to the
combiner i hay de Morelibeanty polatizedr 765 can be, for

exanpl e, a cube polarizer or a thin-filmplate

pol ari zer, both of which are commonly avail abl e

[00143]i cal AfkeARE beamd bie ﬁbﬁﬁﬁ}gﬁﬂﬁytthg%%am%oﬂ%ﬁ%[ ?ﬁ@, the mirror
of "m ni mal power |oss, although I't I's envisione at
725 ¢tingsts thedhearoatvwardstheauioicuadent 780.adthevmirogrt 725 may optionally be

o SRRy R IR SN R 39 Al BB SENERA soanning
The @Rt s IscEARINGEY d@éféﬂ@ﬂ%]g'dlét% AithBRrfdreethy 'IQQ]tﬁélf%%using lens

After the beans are conbined by the beam conbi ner 7
730 geaif feropplins! dpeusing. t Héihssapningwanidor teay duisisednfor beam

4 T ' 725, may. opt | ly. b scanni ng
posifBfng 0o By BROVEY SOBSRRIZI 1B, T B0 g or oter
positidaingi erral screas)i Mhis $benmiRG treiFroPfalstt Y B8 used as an alternative

referably placed at the entrance pupil "of the
beamxQpllioiing ggyice to one of the beam steering mechanisms 760 for beams A
or B. In that arrangement, the beam steering mechanism 760 of beam B may be
eliminated, for example, and the motion of the scanning mechanism 760 of beam A
in conjunction with the motion of the mirror 725 produces the desired spot positions

at the work surface 740.

[00144] In most link processing applications, it is desirable to have focused

spots of nearly identical size and intensity profile. By measuring the size of each
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730, again for optimal focusing. This scanning mrror

may be used for beam positioning error correction that
WO 300as86me$ at ed with the notion stages or ot herPCT/US2005/021406
spoE%Si tigning error sources. This scanning mirror also

PAdivelitg the beamisize ARARTIONISEN 3Poah Niedmmbearmpatbs, spots of

t b egr| me ] 6 o) A
neall) Bt | clfe JEAT B nEieptét T HRMARL the el HEHRuf, oan bo
recaredirned laftem tBemayittieelusmgnat edlarfzer sxdnthkecombthddhé&eam sent
throm)h! on_of tge scanni nﬁHnFchani 5%60 of beam A in i
L6h; crIBmMashbeRmsieR &oRtP| BRUGE Pelase Hiey gFe spht Bressapddime. The
usel BE @aidoRd beBRAt laﬁ%ﬁ'édn%? tickh&h erﬁéﬁrfea%ﬁlb%téﬁgally identical

[00144] I'n nost processi ng applicatrions,

focukesi spaib @t the vavestidaesed spots of nearly identical
size and intensity profile. By neasuring the size of
eachspot and adjusting the beam size control optics

[00748) of YRRMsWp REMRPALRS bes %Bhfr?m:ﬁd [bﬁgfde&ghgg%bﬁ%f half-wave

size can be created. ‘Alternatively, ans can
platpe’ 2e dlvivbighetrivef signals iteliveiedcioesptics] ayiteherol50) arthramgh the use
nt through conmon beam si ze

ofo@gﬁ?ﬁgﬁ% 'c?rfdaé% %EP%&@ PR ‘fﬁ'are split a second tine.

The use of comon beam size control optics should
ensure substantially identical focused spots at the
[001¢61k surpa@ enultioears) sysieendt thayralse kg sdveatageeus to have all

I [ H4S t _of f- e ate 724
ocfT IR 5 in S S SR BB Bl ) roperty) e
or néap theofodahplanghofithe algective leps i780al Desfsiie! $ubxdntial similarity in the

Aattenyati on optics. [0014613 In a nmulti-beamsystem it
Opt'ﬁ%!ypa#@?@ M elaragessudn tthe nartical) qormeenants gbay prevent perfect

i t | . . .
BNy L AU ASSESIASE) Al AR B gpfs T3 i oach o
the oipticalbbexriches, biincugiBoneDefsthicse carbdrammittdd i thiel REUS Yrom that

in the optical paths, ngrmal tol erances jn the optica
bra%hﬂ&ﬁ%%? §|!‘?r3_90%r /a8t _Eeﬂﬁf%'@s@ m%ﬁsﬁ&%épi infegrate fiys focus control
fundtiBArifiothe Kiesh sBR! @tk bgfiéﬁ?'éﬁ.e focus control optics

769 1 n each of the optic ranches, although one of

these can be onmitted if the focus fromthat branch
| ane. 0SSi eto

I nes .t focal .. It 1 | so , X
1004116 or 2t PrigSretty Comuits Rafiele shpmgeren Gafigurations and
implehehtaioiy of rmmtipeSsptsystéifid 4k ASsdibie, PLesislbRd can grise with

__exanples illustrate, many different configurations an
differem ehysical inplementations isprle-aspatlk opticerdiber optiossifiéraentations,
the Y%ésatolf%}ﬁic%flrbo%ﬂo%een% td%ed (which are discussed in greater detail in
another part of this document), the ordering of optical components, the number of
laser pulse sources, and the desired configuration. Those skilled in the art will
readily appreciate that a multitude of optical configurations can result in two-spot and

multiple-spot laser processing systems.

[00148] A wide variety of optical components can be used to implement
multiple spot laser processing systems. Described herein are many bulk optic
component choices from which these systems can be constructed. Other options

will be evident to those skilled in the art. The primary components pertinent to this
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di fferent physical inplenmentations such as bulk optic
or fiber optic inplenentations, the types of optical
weompoomsnt s used (which are di scussed in greatBCT/US2085/021406
in another part of this documant) t he ordering of
mvamphcfa’le laomipeniunes, beare splitteis: beam awlehesu rotatiopugeaators, and
the d red configuration. Those skilled in the
beaﬁ? ?It%mq OS@éadu |y appreciate that a nultitude of
opt| cal conf| gurations can result in two-spot and

-spot laser processing systens. [00148] A wi de
[00%9]| et y Tdte Wt PEdiffecemianenst and difesant jsser pelserRsPpagies in multi-

beaﬁ’r"le@ep lp‘f‘oéeps%ﬁ %W&a@[’%ﬁi %EH)\%V ﬁ%eﬂﬁce%ﬁérc#f%%lconductor link

are nponent” chor ce

strushire$ t\ewedifieserintypes of hesarsuairces e b@tqumlowd iopre®mMbined in
wll be evident to those ski LI ed in the art

mulgreas Jases RFBrRIRIG S¥siEMient NEBE (A7 SAMERRS m?yam@'ude solid state
lasdr€S &uc O%%C%?o c?bggﬁ%éﬂl ' tévﬁféredb%%%s%‘[eg% 1%§]ersfrgl|ﬁ{|%cgﬁg lasers

generators, al t'ering optics
conta‘lnldgflfaeemﬂhl-drmds |erattslistiCle ran N 4¥ €Y, Pd:¥eF, and Nd:YAG and

vibr s Op%\r?tgln %‘x Ml ¢ bea%%as(gm%%ﬁ%ﬁ)r@rmg a\quhr alr’r’t'quamen’tal

wav%‘érﬂﬁﬁ Uél.‘?tﬁut '@nbhe@éf fa%é?’é“mé))’ RS @nveAsET toS PFRBRICTRAvelengths
enpl oyed or conbined in nulti-beam | aser processing

throsngbttbmelmﬁwm peaness o nookiseardiarmarlic denwsbion. st at e
| asers, such as di ode-punped g-switched solid state
| asers, including | asers containing rare-earth-doped

[00150%ant s THeeB laseNdoN s, mbig: fifkther aslud didfe- Eﬂﬁmed mode-locked

vi broni c | asants such as alexandrite, CrlLi SA

solignstatearasase sughdaeenSESAMvapdadeekesl Y Vi dagers capable of
pro#tﬁéﬁ@é}éﬁﬂ%d Q)ch ﬁ[it I%geF %x@&tm’ri\n8dé“%’c‘%'e8”9{)ﬁb5 state lasers may

novvn process” of nonlinear har noni

mcl@@élbgélﬂat@ﬁ-re@é}ﬂéréﬂ‘]fe ahgslifiet aﬁdros%matdrq&)wayampl’ﬁérefonflguratlons
i ncl ude di ode- punped npde- Iocked solid state | asers

Thesiymaa@nt@smmlﬁﬁa@ PpKEaf tiesptasera sy %aﬁS’&‘H?Eeéfto harmonic
wav%'i%ﬁé Fﬂ?%l}x 64 \Afé'llcl%%\ﬁp c%@é%‘i‘ nBMnFP r hayRfsid 88|1f\‘r°éjrS|on The
SOl 1 state

asers may l'ude” osci or-regenerat ve
laseinan:btjrtésermayldalmcmd:lum mfnrpedepulaammbllﬁmatlon laser systems for the

configu i.ons ndarrent wavel engt _o t put of
gengraRiion fg "QSﬁ%RPCEE(S£ éPtUéQJJ th hay ﬁ%?@a%,)@ﬁ@ﬁi-&fq]gther pulse
g h 0 i h c
S B L L GRTR aypose of
genpatdy pojsedfferdosenonddaser aytptibns for the generation

of fentosecond (fs) |laser output or may alternatively
i ncl ude ot her pul se

[00151] These laser sources may further include pulsed rare earth-doped solid
core fiber lasers and pulsed rare-earth-doped photonic crystal fiber lasers. Pulsed
rare-earth-doped fiber lasers may include g-switched and oscillator-amplifier
configurations. Further, a wide variety of oscillators may be employed, including
broad area semiconductor lasers, single-frequency semiconductor lasers, light
emitting diodes, g-switched solid state lasers, and fiber lasers. The fundamental
wavelength output of these lasers may be converted to harmonic wavelengths

through the well-known process of nonlinear harmonic conversion.
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stretchi ng and conpression optics well-known to the
art for the purpose of generating pul sed fentosecond
wo amenosut put . [ 00151] These | aser sources mayPET/IUE1005/021406
i ncl ude pul sed rare earth-doped solid core fiber
[0013&er s itienal éasaraswr%ﬁ maydyplar mrbrdﬁﬁ@nmoy@uaror lasers, gas
j | asers may
s SR e A BB Bt o SRy
configurations. Further a wide variety of oscrllators
npl. oyed, |nclud|n broad area sem conduct

b
[Oofgﬁerg %w@r éarrgeeaﬁwr:rwle@srhsgém@rb@ut (aQ &g to |a|bgrc|t 11,000 nm,
caneﬂ%éﬁrbpgcéid Qﬂﬁ%e %%s?rﬁ" aérrtene sstﬂéf @aﬁt@é ?nélé‘&?(’j SI? r"ﬁpﬂr-beam laser

aser wavel ength ou
proteesigg Isg&mrras rra)Dé:me:img/emri etdet tadear smnices V\amldye@t hsulsewidths
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to ab 11,.000,.nm n_be rodu

putsEfifith, bRrBlo L AV wataRng Myt Shadecisblen
| aser processing systens. Depending on the |aser
sources enpl oyed, pulsewidths ranging from10 fs to
[00th4at er Liesansauness avith adeguatergnargy pespulse output are desirable for
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I npl enerit ati ons eto e antl Ci shrin
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rrer ous . pul ses [

sers,, which ver in [ )
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celelf To.£ 80k o R8N &ty TRl o IS opfeigre attemating
dowReR@ @ifehsnt Bedim 9ol @n offset or adjustment in the laser spot location
relative to the workpiece in one or more of the multiple beam paths can also be

created by allowing a temporally different set of laser pulses to reach the target links.

[00156] Beam splitters may be bulk optics such as polarizing beam splitter
cubes or partially reflecting mirrors. AOMs, EOMs, and switchable LCD polarizers
may also be configured and driven to perform beam splitting. Alternatively, fiber

optic couplers may serve as the beam splitter in fiber-optic implementations.
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nore or fewer pulses may be permitted to pass down one

of the beam paths for delivery to a link. Pulses nay
wabwe/osiglel i vered in bursts or delivered altePeBUSIG5/021406

own the different beam paths. An offset or adjustnent
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pi ezoel ectric, electronmagnetic, electrostrictive, or
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othd3Rdddiied a&éd?brpp-ﬁxié Mk '?'E'%Ci ng that matches I|ink
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woul d benefit from having sone fixed paths that are

oo, "L A wiYS Arsorineht BEadBbrRal G a2 EsBronlies RY be included
in tiRAgpHidap Bé’chsbe@mifﬂr_talfﬁd/@rgdiﬁ/éﬁérﬁ 2ldB¥nRemAy @b%@ta ihgif&@nt beam

optical paths. Simlar and/or different el ements may .
pathse udéesenadiitiveak neptiee slepentss . mayeineludidi polarizgrs, polarization

moo‘?ﬁérjs? fe?ljagg? %3!3{5%, isgg{iéi'ldSegr%l Srr&fifeern'?odi |é)r|s?rtier%%toir§ "beam profile
modifiers, frequency shifters, frequency-multiplying optics, attenuators, pulse
amplifiers, mode-selecting optics, beam expanders, lenses, and relay lenses.
Additional optic elements may also include delay lines that can consist of extra

optical path distance, folded optical paths, and fiber-optic delay lines.

[00161] In the case of the full overlap configuration 570 or the partial overlap
configuration 580 (Figure 5), the implementation can be simplified. For example,
Figures 23 and 24 are diagrams of systems 900A and 900B, respectively, producing

the partial overlap configuration 580 of two laser spots. The system 900A comprises
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nodi fiers, faraday isolators, spatial beamprofile
nodi fiers, tenporal beamprofile nodifiers, frequency
wabiobtessss frequency-mnul tiplying optics, attenPer/Osm05/021406

2 18h 4RO BAUP G 58R iperE gy INch 5880 Al s it §ges dhrough an
X—ag’lf%eﬂ@ﬂﬁ F618% ?L?%E?s 'ﬁ{l‘ﬁMuﬁ&,dﬁﬁ@%pbg%‘ ﬁgt B&oré zi‘?ac?rﬂlt?ﬁ'Set,sﬁvorkpiece

extra optical p di st’ance, opti cal  pat
740anthé Meaxis DIV 7dt Isplits| thadsser| 83246 Incitlent it mpat ofto two beams

diretg{}azir {nﬁ%#fg%%{cb%ﬁ:&%ﬁ%%ﬁ%ﬁ&ﬁ%%(%g; ’rY-%aRig* /QSM 178}3 does the same
. heh ¢ L | .
oIS, AmySal BRI G, o, KBy, Fra6Suouid b
activespecgivesltime fFiguoe 28gshaves {her Yiaads &IMIZGS active), having both in
sor SR SRR 90 S o8 RIS et BB D et i

eithEEtHEY of the!6 &frebhiah Withduit H&wg;gtb Ahasiter e\ WMriSidce 740. In
a Y-axis AOM 763, and optics 735 before reaching a

placgopkificefOM=1361 Bigl F6Arny shitebiesleamtsplifingwdevies ean be used. In
e B85S 751 95 284, GkSolsPRHll B o o BERTRSASE B uvon e

chaidtleriisizs idfieasaadioakrengeh Xicentrél tsign@h (hotPistalvny. More
one of the AOMs 961 %ﬁdm;zS woul d be act(i ve at gy

only ) . .
spegifigally. tthgedisplaggment Pafwesr thacwe auipitdamsds a function of the
. ’ . thi ._ _ o .
roaPhLY Sk B W Rtr At She ok Pr LRSS 1150 X5 SR oams -
funationhefr thehmoweroof theeRKX siljnatctThat enetrdn vatidprafegblyovaries between
reB Siti % t he v¥orkpi_ec 740. ,é)n t‘|c€)?l_ace of the AOMs 761
zero,aRd Pe- Ny 2ELPRUD & I5SR RpPFiPlE; tRgnaldrc delay glement 731, such
g | eR; t :
== 1580 bR, A0HB 0 BEa Pl AR 2Pyl 6 oot 705
includedbuch thingemsya {iRR) focosing déns agd avhdtever sthewopticAlbslements are
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and the ratio of energies in the two output beans is a

function of the power of the RF signal. That energy
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partly'SRyabhingb s RpB ek Sy 9008 Wiudug e B 125 and a
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such things as a final focusing | ens and what ever

respeckie diffiectye etgrenpis 55ApeddEd. r dbe qiinbye cremeny g6€mplits the
nsch = oot I 1, BB ETIPAAELR LPEAHAAISIR aiong e
X-axiscwhilegha difireetipé atlenéadb7aadioes similarly along the Y axis. Like the
X-axis AOM 761 and the Y-axis AOM 763 in the system 900A, the birefrigent
elements 767 and 769 provide flexibility to handle links extending in either the X or
the Y direction. The outputs of the diffractive elements pass through a combiner 765

and optics 735 to reach the workpiece 740.

[00163] Multiple laser sources may be used with multiple spot laser systems for
greater flexibility and performance in the processing of laser links. Different

configurations offer different advantages. For example, Figure 25 shows one
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energy can e mal nt I ncreasing the |aser
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roofsS. ooyl n‘i@ig S Sniigrafian My 8isbeke ngielec R oipgte optica
puls@é‘%mh?‘aﬁlfe?e FEF(\TH&&@S ﬂ{aﬁ%‘?ﬂ 5e |ﬁl=éc§§|rﬁdlﬁdn‘éously or with small

operating at e sanme optical properties
tlmead;elaySL&)rHemnoaalqauls¢ ebaging. /Ecmﬁxanmle puses from a laser with a fast

ise e V| Bk B RO BB puiopsdfong et bt g HiaS hudl to create
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pul se energy. [00165] A nultiple-Ilaser configuration
may al so be operated to create optical pulses with

0t SPlal bF A RE SRS oGS o, Foihpsg fp @ s
mar?iglgfe FRbsgm s Xxsiapiy wohdRfuds’ Previolisiyedestiibed in this
document can also be applied to these lasers to further tailor the input pulse train to
a multi- or a single-beam link processing system. For example, a system equipped
with lasers of IR and UV wavelengths could selectively use a pulse from either laser
source to process links. Alternatively, the different laser heads could deliver pulses

with different temporal shapes.

[00167] Combining continuous wave and pulsed lasers offers additional

advantage in link processing systems. If the two beams overlap or have a known
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[00172] Many of these functional optical system groups can be combined into
one link processing system. The inputs to a beam combining optical system may be
either laser heads or the output from another beam combining optical system.
Similarly, the output from these optical subsystems may be delivered to focusing
optics for processing semiconductor links, or may serve as the input to other beam

combining optical subsystems.
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input lasers into N output optical beans. That optical
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nfi gur at er lens arrangenents are
pos%glgsfa %W'tbacﬂﬁer\ﬁ'x?ﬁ&}ﬂ?? f8nt advant ages. [00176]
I rrpl enmenting multiple enses with a cross-axis spacing
ocessing nultiple |link runs simltaneously.
[001-7|$ﬂ,S tﬁ‘@plﬁmﬂﬁ'élngofmultl lenaest mdth a cross-axis spacing allows

processing multiple link runs simultaneously. Thus, the number of times that the
wafer must be passed underneath the focusing lenses is divided by the number of
lenses. This can result in a dramatic throughput improvement. Additional
advantages of laterally spaced spots were previously discussed in Section |1l and are

applicable to multiple-lens systems.

[00177] Implementing two or more lenses in an on-axis configuration also
provides throughput and hardware advantages. The on-axis spaced spot
advantages previously discussed in Section IV, such as multi-blow, are applicable to

multi-lens systems.
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[00181] Figure 27 shows one implementation of a multiple lens semiconductor
link processing system. Many alternative configurations are possible. Such a
system can be positioned above the workpiece 740 (shown as a dashed line) that is

on the XY motion stage 260 (not shown in Figure 27) to perform link runs.

[00182] The multiple-lens system in Figure 27 includes a single source laser
720 that produces a pulse train with beam splitters 745A-745D and a mirror 775 for
delivering optical pulses to each focus lens 730A-730E. Optional steering mirrors
764A-764E or fixed mirrors are included before each focus lens. Independent AOMs

752A-752E or other switches are used to block pulses that are not meant to process
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the gasireg fargpk iRk s Usech thptsteeyingyuimeresg AR /B E e garreat for minor

. st eqrd [ S F 0 (o '

e B, g Gy AR PSSR BeG fious ens

Thebbstéaringsmitropaiam 4leo (heardesieoycamaserisate f@rﬁ@h wafeusxdation relative
ink. Use of the steerj

1 50 BT omA s (o et it it aNom TS froguiarits.
cani¢r%tiah ??ghgéz, @;ﬁr& do! a6§/R Rsofs haf Pnéiﬁ?i%P%Hbs%r’tﬂé%afer, and

ocus ese steering mrrors can also be use
(3) dyorgreicsatothéoerr¢rs) thaamay havea differerd ietpack at eachéocused spot. In

shoffe it DG TaragARTIEN 8L ahyRURp G ROR W BEESH 60 SYEENS to properly

posttiBRll spotSBELY dedifsrlotatibybn TRy wlrkpiete af tIRS SofrB&t instant which
wafer, ‘and (3) dynam c or other errors that may have a

mayd iréquiree nniquep salibration gearamsterseand/potcompensadion, of each focused
Iteeﬁi ng mrrors may help of any nultiple-Iens
SPO}SJP&@ QL ng systemto properly position all spots at
the desired | ocation on the workpiece at the correct
i nstant _which may require unique calibration o
[001R#]anet dihe aduaratag@o&p@ﬁgatmaﬁlpéﬁ lensas M gbdingsope limited by

pac{qglﬁgéésoRgﬁkg{f%ﬁék%-sgggté@ﬂ?%%ggﬁ%(gfee)/%@h [Ehs leﬁ\i\/B{/se above a region

Ing ross.

on tRackokpidcesm @t reqliespReessihge Farexaangsle| eefalrimyt® Figure 27,
above a region on the workpiece 74Q that requires

whegr Rroeessing .naagthe edes & the ararkpiesg 449, the lpnses7/3Qhend 730E at

i f . i t .
o PYPSEE M EPE A8 908 vt U ERBLSR R gl v worpiocs
740f iRpu=isempt ladfecudeal spdte @us adalsipah suchredcaxdd, sbhe inefficiency can

wor kpi ece 740. Because not all focused spots are
resylcapl e in such a case, some inefficiency can result.

[00185] The asymmetrical configuration of lenses in the multiple-lens system of
Figure 27 (with alignment along the Y-axis) makes it natural to use an asymmetrical
motion stage and different processing modality for X and Y link runs. The wafer 740
is moved about with a planar XY motion stage that has a long travel axis and a short
travel axis. For example, 300 mm fravel in the X direction is required, but only about
60 mm travel in Y is required. This contrasts with the motion stage in present single-

lens systems where a 300 mm travel in both axes is provided. Reducing the travel

55



[00185] The asymmetrical configuration of |enses in
the multiple-lens systemof Figure 27 (with alignnment
w@b@agodsine Y- axis) makes it natural to use an PCT/US2005/021406
~asymmetrical notion stage and different processin
requicetaéntsyinf tre X amis Wolichkedugss thermaotierfadrmade ans ?mtprdnt of the
i about wth a planar XY notion stage that has a | ong
Sla9%-avel axis and a short travel axis. For exanpl e, 300
mmtravel in the X direction is required, but only
about 60 mmtravel in Y is required. This contrasts
[00186]h t h&Jseot Pona stagfion nstpgesdfith sdifferentens epdt efs performance

chaftifstfs TTHL Y hiFRi et it 20k % BHETY bRosteRKie B gliiep is desirale

andr¢ffés @dtiienabadenstbge®s ©ranglichoeibion Btagd ist detrkadéeXY stage that
[00186] Use of a notion stage wth different X and Y

haspiahesitappestieg awlestied dor wegt Imrthe niystemdohifigurengd?. In an

g e o PSERERIRIR SR, AT S8 elisene v-ars

motikiraetege. X suahea tchafigi@sionntrer dhaxiprpton istsgewtypically has less
sui ted for use i tsqhe syst.em of E{Egure 27

. . | . .
aCC?'ﬁﬁt%ﬁ@%ﬁa&HW h &8 TheRITIgH 8P d9Res of H@nx?%ﬁ gnotion stage,
yet TR havE & %?ferrio%g er?eer‘a?@I'c)a?’_ Pl F@ﬁ%? adGxis! ﬁ@i%ﬁgss.tage can

a configuration, t X-axi s tion stage typlca
delivers greaier |lascataratiorarehdo haddwvittth. bdbheuYe stagec anassesanhlee further

mass..of  the Y-axis, notian stage, yet it may have an
reduSEEH Hbly 7 FAQRITAVEHGEOSRESIPE of V- axi s fotion stage

can deliver greater acceleration and bandwi dth. The Y

stage mass can be further reduced if only a short

[00187vel rThigeombination ekpropeoiEsir) wehissited for baeiwih e multiple-
onGhRREHEE SR S el 2%, Al SfedbhidiPSon j to alion the x-axis

motRire sBigee WittO e BptRE Riblé Suth Mdt drobbexiés paralldisin e&duces the
stage with the optics table such that cross-axis

nungher filiakirgnss dec¥inmaiontiage s pligned wits. theweptics table for on-
axis' pAENIRIGRL ' Phe ThAGF shirtBt iR Fandih fin REAQR! bfeS plSod with the

I -onaxi's par [ e many shofter T nK runs i
higHdrepeffarishcar ¥ stagee anedihei lover nserforgling Xaxfsolsmased to process

st@g% and the lower performng X-axis 1s used to
fewgy dK1Sf ewer |ink runs. [00188] Because typical DRAM

wafers are often asymretrical in the nunber of link

runs and |ink densities along each axis, there may be
[00188]r ef eBezduseitypitalt DRAM vafdrs averdfigneasynid@trical in the number of

[ti- [ [ .

link rHjjns Ian ﬁﬁ;’ﬁg é)err?s?t?esss Ia%%gsé/asctheg(is,T %Pelrg arkayplééMa \g?efafgr%dhoar}/e%tatlon of
the workpiece 740 to a multi-beam processing system. Typical DRAM wafers have
one processing axis with many more link runs and greater link density. The other
axis has fewer link runs, but sparser links with more gap profiling opportunities. In
that case, a desirable processing configuration orients the wafer such that the axis
with many dense link runs is processed with the slower axis (the X-axis in the
stacked stage described above) using cross-axis parallelism. This reduces the
required number of link runs. Because there is less opportunity for gap profiling in
that direction, due to link density, the lower performance motion stage in that

direction is appropriate. The faster axis is then used to process the sparse link runs
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one processing axis wth many nore |ink runs and
greater link density. The other axis has fewer |ink
wo vs/0043u8 sparser |inks with nore gap profiliPQr/us2005/021406
opportunities. In that case, a desirable lorocessi ng _
andcigfangiaketadiantadee of ontads warallelisocte guigkly p@cgss gnany link runs

Wt de L.nk L i d with the sl
wittlgofe BRREGAREF 10 bR fiRen el BEfEE " sescr i bed above)
using cross-axis parallelism This reduces the
requi red nunber of link runs. Because there is |ess )
[00 r t urfi yaltesnatiygp wvota [UsRgthen Muitidens systerddn kigare 27 is to
profdil MEnE 30 o8, ok XOHEYBBE A TORCE TS L0 La%iblles o he

on-&%is brigPoss-aris ssiviamtagarno s multiphs lensesainceitHer canfiyakation. In order
advant alﬂe of on-axis parallelismta quickly ess

. ) ta pro

to praessy ahkhe (ink rvips BSwIther ghpbM axistlinésuns. smlé tb& pgggssary to
. | X H t . .

ol PYRILL s RO Spotpali ) BRUSLRgI B rianim n

the remsckasr diyt hemoXingotheYveafes ftamktheunkuckT hictatired déts with a rotating

I X T T
imPTrEGRRR] B rothRetHd WafdriBhedSartiddifle & REcha¥nSin i?%ikssystem that

runs, it would be necessary to rotate the wafer.
cangemadye awabersiromiibe dbyiclendgmiinlly ®lacst adiftarentwateriamthe chuck.

WhidhhBe Witef Htid ProthesRlatheatiae R ek Stetha ¢ hen
rel oaai ng the wafer onto the chuck surface. To reduce

the time_required to rotate the wafer, one can include
[00890e c harPRerAdMantage BfNreressiag adldink-ensve the wams direefian is that
. i C i f. . 0 )
the i 5he BN e bbbl & frfefs b B Thishetn, °Fof BRampe, i al

linkWaingr apAridpe aotsticrt.Y-BRIBLAMHs, Ghe Xd¥gist é@e ¥ optimized for high
processing all link runs in the same direction is that )
accelesatinn i beagwidtinangd lept imasted o thatosase, hawengr the X-axis
. ‘i F Cfoal L _
oS! 7Tl L bompisohic! BEGRAENS 308 ificed only
latehaliyhacvarekdrettvieen limkdrunarahwl didkeasmall owtioasfor Xnaligrmbent scans.
case, however ttﬂe X-axi s, r@uiui rements can be rel axed

High nac@iraey i B8 1l hecdeavired dnethe of s, howeswer Jng) speed and
acchRF&EGH ﬁ'%g%‘f%@ca% i?frfﬁ?cyi’t’a‘?ﬁ. link runs and make smal |l
n

not i ons r Xalig nt scans. Hi gh accuracy may still
be required in the X axis, however high speed and

0B, o SdRRoRRIGBE! (2 32 WRSA Aol IGAHE 2 reguiar g of
nomiR8IW RienBEaldeBlangular die disposed upon the wafer. All of these die contain
the same arrangements of links and link banks, and therefore may be processed
with a similar pattern of link runs. However, the specific fuses to be severed on each
die are the result of a testing process and therefore usually differ. The regular
arrangement of identical die on wafers motivates a preferred arrangement of lenses
in a multiple-lens processing system. It is natural and desirable to adjust the focus
lens and moreover the focused spot spacing to be integer muliiples of the die
dimensions. Of course, small correction factors may need to be applied using a

beam steering mechanism to account for calibration, scaling, and orientation
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nom nal ly identical rectangul ar die di sposed upon the
wafer. Al of these die contain the sane arrangenents
w@bookiondsss and | i nk banks, and therefore may bePCT/US2005/021406
processed with a S|mlar pattern of |ink runs.
diffeseneee suUCh l8s fﬁtﬁ@élr®ﬁ9@0ﬂa§é§1€t WalRy. seRagied th lenses afidéor focused

spoff 15 APHel Mo ot sBPt B BERGRaERbely FhBiEp uagn the same

corr@lspoﬁd\m\gﬂfrﬁzﬁsan@ww@bﬂﬁs of plifedrent did. aPragegeimgniwc®more die at the

lenses in a multiple-lens processing system It is
samatifieafnNe MIOGRSHING e SE@eaepTRIPANING Belsssonéwg amgnore die at the
san@{ r%% mé {Jﬁ%béa‘?ﬂ s&?ﬁ;@] éP%ﬁféf&aé& ggcﬁdéssne&ec%%rﬁ ion.

correctl on factors may need to be appli ed u3| ng a beam

st eeri ng. mechanismto account for calibra

[00%22]1 i ng,FARXEHIRIENSLRRASEINEH @'fﬂ%é&h%&wd@kﬁpﬁw types A, B, C,
andrBt fﬁétoﬁée&’f’tot B& é\%%@&seosﬁﬁcthagxt Gifedtonses F}?%@/L%rtmg the relative

focused spots In this nanner allows each s
spasmgslbeiweeus‘byuwrbspgts smﬁmttaﬂdesmam)prc&msem@l ihg same links in
i nks ?ndll k bapks fdlf Pr oces
Ilnkrpdp% oa I‘f@es ne; %SI Bw lethﬁ V\f%%r @gﬁﬂon in the cross-

aX|sC9fré§t$cRPrL‘1§Irf@tHé X5 sy Whows ﬁFBé@ss%g? otlalt Bﬁﬂ%"ﬂ%e B link runs

time using a nulti-beam system are preferred nodes of
simgjianenusin. Q@@E@’Z?nta@e @&mﬁ@qhmm@m&atmare@demsjaed focused

r| 40 of t .need
spof Beplidl; seh b tfteRt o o i btk Tuiesfigty Aiiient between
link " RIngt tc)leelfa@ﬁélﬂh% Arfoasied epusedouidtise blé Nat fal lupon links is
| enses are processing the sanme links in link runs o

unneggesaty at Aosecandredveniagesehilliy taehniaue g thak itwisf euch easier to

prodfE2LiBM: LS prefiesad Th%\e{\ﬁﬁtﬂteo&o% oPBolIFiGY 15 85 profiing.

process runs

Thishtfisés beeauss profnmleaghp@nhage)o@ﬁr trhtha'e sqmbnobcativn 6f a type of link
t hat coarse_| ens and focused spot | ocations can be

run L4 eR¢le dieond B9garing g laseR withupugly erassoxis RB?G@Q%&%@'SO easier
el S FIRUSr Rl SRR PR i ot e

sansetimed advantage of this technique is that it is nuch
easier to produce a joint velocity profile, and there
wi Il be nore opportunities for gap profiling. This

[00f§3 ses t???w?é&?ealéﬁ Yd 'd%@lr&lﬁlgaﬁﬁ' fmme%cgbaélﬁ L nRER an integer

ation of a type of run on each die. Trlggerlng
multiple ofatier waferhmaskedize ¢foosisedxnasis pirei).ngEhis sallassofor die that are

patERiEapIREMReT ITane patteing sl al be ibCeSsal by fhe same lens.
Smélp%w&]add rOBdatabierPenatesti AR dufihgt the hRRk SRS B8h then be

to match an integer
calibrated out more easily.

[00194] A multiple-lens system that simultaneously processes multiple different
die may have fewer opportunities for gap profiling in comparison with the single-lens
systems. Single-lens systems have an opportunity to save time by gap profiling
whenever it is unnecessary to process links on a die because they are unrepairable
or perfect. Since multiple different die may be simultaneously processed with a

multiple-lens system, there will be opportunities to skip over a complete die.
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mul ti ple of the wafer mask size (focused mask size).
This allows for die that are patterned on the wafer in
wo@r@oefpedsier ni ng step to all be processed by theCHEAE05/021406
lens. Small step and repeat errors that occurred
Howleve:rnghe rhlmeraske@ttafpesmgrmulltiehe @r@oteawlbbeageelateutthmrthse time lost

| 0
cuct P, 5L BT oo e SianECR: & & PRt Site thaheypes less gap
pro’f"lﬁ'}ge id eMEt IRPREAUM tgeperdted &am@rrﬁbnén Nah® The motion stage

omparison with the single-lens systens. Single-|ens
Sp%ﬁ@aﬁms meayeevan bppelexadiresulting §nadoweheosly agapre easily produced

f unnecessary to process |inks
sys rVq é'lﬁﬁs ggﬂég‘%auses%#{ysg@ unr epai rabl e or perfect.
Since multiple different die may be sinultaneously

Erocessed wth a multiple-lens system there wll be:
[00¢43pbor t urdnt RedUliEPlsHeRs dveressivdPISR®, di ds HEarivatle thdnclude a

Rh Hil SHacH t &P g

me{tmansrﬁﬁ%ﬁg'ihrre os? Sﬁuebtdgq%rgsss g%%b\glr%#l ?@Hgﬁf%%géral millimeters.

Thishllmwsadies déns $@eting et ben adjasteds &s rhateh gepger multiples of the
i s generated not i on

profiling,.is th | ess heat he
d'm§f‘§'&é‘3 ‘%h‘é'en‘?ﬁ d%&?@f"égés@ﬁ“&f i Rrpgﬁ?ﬁsoné’eﬁﬁ(jyetﬁéﬁ”ﬁ‘@t of the focus
lended ?Bt rrééétﬂ'éd E 'anbéarln‘)&%érlﬁ Shirrdt, S0EAR 5@% Eﬂ\é (fefst steering
pr o uce stem and a nore cofpact System
mirrrehni fijlee turen $he rspok dadatipns yeraenthe llensesdbave dideel techanically
.Libszcl ude a mechani sm by which the spacing of |enses can
eddj usted by several nillimeters. This allows the
| ens spacing to be ' adjusted to match integer

mul ti pl es of the dinmensions of die on different
[00%96) orrerA pingb@spect pemuliiple fpekeena systems: is daisit is pOSSlble to

ool 02l Bl GBS 5L B RS B, i s ik

run vefsdity W2 188 aerthidreintbrRizsed dhaysr theaiumBsneNicirey link runs can be
adj usted. [00196] A final aspect of nultiple focus

furtm%rnr@dw@de nees sysigm throughpdds ifrtieen ingypwedc el he aforementioned

advg}é geegl &t i etgbaotts %fmﬂaé %lr{g{k%!ﬂ)&% hen%f cgnebé %"bﬁﬁd to multiple

By d0i ng 'so, 00| y can

spotafroeasmattiptaftious IEhsesuThese odbmbipdl admarita@dss A possible with on-
be further reduced, hence systemthroughput is further
axis Apgl/ey sEossTRES SPgeeddacy 8NSRRs HRgGRIIVEr mngprg-aggqseand/or Cross-

ax@l‘%%ée{i %Bmsatosth ch?rké%%é‘s | ens can be applied to
mul t1

e spots rom | e focus | enses. These
combi ned advant ages are p033| ble wi-t h onaxis and/ or

h del
[Ooﬁiﬂgii zﬁtﬁgSpaggagggégsgc S oefnseﬁlplee-ggot pl'eoée\ég{nlgngre the software
methodologies for determining links to be processed in parallel, the joint velocity
profile, and conveying link run data to the computers or circuitry controlling the

hardware.

[00198] For multiple-spot link runs where a nominally fixed offsets exists
between the spots, it is not necessary to transmit all of the link coordinates that are
to be processed for each spot. It is suffice to desighate a “master spot” and convey,
from the system control computer that designates link runs to the hardware

controlling computer, the offsets of other spots relative to the master spot. Then the
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focused spots to the workpiece. [00197] O her
i nportant aspects of nultiple-spot processing are the
wa edobneases met hodol ogi es for determining |inks POI/D82005/021406
processed in parallel, the joint velocity profile, and
mastenVisi caprdinates ionbelarecesset iy therpaster §p@$ can beutanvgyed along

withy S B L TRE FEC SrRNERarr e P 5 oE B8 beam shouid

tran@ﬁﬁt"ﬁetﬁlobf@%uﬁsl%téorréstpdnamgob SSSHEARRLY link. t TRBSMOUId @rhmatically
the link coordinates that are to be processed for

redlmthes@mouni of datasthnt needs & bedrajsanited. %yt%}e kipgf tnformation

wou@cggleéﬁgéf %tf%t{ﬁ(%}téﬂgof %g%lﬁghﬁ héllgér%occq cEQé'éd instead of link

coofhmanet eéacH bBwhichssasmaftipiy bge rmpabér. r el at I ve to t he
mast er spot. Then themaster |ink' coordinates to be

processed by the master spot can be conveyed al ong

with on%gat ENic /‘P%cf’o?f:h spot designating if the

switch for eac eam shoul d transmt or bl ock
puI ses correspondl ng to each master link. This would

mat i red ethea of, data that nee to .
[Oowﬁtran tt Oy 0%166 ‘{ﬁSCF'HP%r tﬁ‘%qr}]io%q%s'\‘le@dsmﬂ the

poskiBn¥t 4 f @Htlé% %ﬂft ltS %ﬂe@gfﬂrtrb%'ﬁ% p'i%‘?ﬂorﬁﬁg Q?rors that oceur in

processe coordi nates, each
an X¥ motmhtst@g@. biyhee ariud%rrlbe‘dl inl thaErpemmOsrﬁuéytoommpatlble with the
.00199] U.S. Patent. No. 816, 294 d CI‘I bes the us f .
muPIR Rt DR RrOERES BAGYEIIR® GESa L HEhaR A% fesfifed fnerein, 2
lase‘?%éaﬁﬁtlsfdlfed‘t&ll 3biveR] RORrGEOHAtOR! 61925 Wohidbie 86 GH rebPonse to a
XY notion stage. The art described in that patent

coordgnatal pasitianrpemntand.win nespanseutor that sompgand biéenXY motion stage

pos B BR 53 8 BARLT B R BT iy SR AEGERBLo. Tho sytom

alsd 86@édPtheOActdalPOEIibACS the Wwekplteerdigive &P diglcoeidnate position
posi tion command, In response to that command, the XY

andnprodefes agerrgb sianabindicative gk dhe pesitiopvdifferanse, 'if any. A servo
confBPL SR S-TRE Yt K RHER.Aale D008 BT3P corecton

sngnfa(Dtdi b@rrmsdtmﬁir&heQﬁﬁfénenne,amérahs;ommesacanraeiyomrectlng the laser
gg I ndi cative of the position difference, |f %
beam Sa o aaek losptian:s ARl ser eantiph syster oan heitied to direct

05,0 S PR 1ARR1 ERENBAL PR Sl 2 st syt
the delamzda |pm§1ttdmmg egers deantot XYt mnetlbarsjage |yt widlnimpact both spots

equall;T | %fth%e.%‘é usFoonnctJ a flng}/f'(tﬁ(etr)%é:n%nstgeen#gt Irr|1eI %%lstn(w) 7% r%%/ be used
to redirect and correct those errors for the multiple-spot case, as shown in Figure 28.
Errors caused by XY stage rotation will not impact both spots equally, however any
sensed rotation errors can be corrected in a similar manner using a rotation

coordinate transformation and the two beam steering mechanisms 764.

[00200] Moreover, a system configured with steering mechanisms on one or
more beam paths and also a final steering mirror offers additional flexibility for
commanding spot motion and correcting errors. All of the XY beam steering

mechanisms and any final FSM beam steering mechanism may be collectively used
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mul tiple | aser beans to nmultiple target |ocations. For
exanple, in a two-spot system the relative
W(pmmoasms ng errors due to XY notion stage errpCT/NR1005/021406

i npact both spots equally, and the inclusion of a
to imipakl dosirabée maetiare of itige spetsanFomexampleyytheefinaledY theam steering

megkif todaroa JBh R Suf 2 Bl 4h85¢ digipp. and then the

indepeinRiedt Peay stderig fn@cﬁlahl@m wblld nivel OREGHoPBYM+ZP @S in the X
equal | y, however any sensed rotation errors can be

dlreétwm aptleang spet ky M am inelheeX direchena Thet respliing configuration has

C r
onel Rk A ARSE AR IR0 18, ASSSH Y B ELE 4 Bgged by o
um,Vdridhnes betratoginiRetiag nsore than @0gumiof Mot e@nt privhstagiedof such a
also a final steering mrror offers additional

conflglér@ﬁlem ist {haf dhe madmMdrhgispirrement Bapanted &y paxthaagn steering
I
e el i P R A o e PR TR 0 G Mifaets, al
the beeault steeripgntedhesiignad can mEo workofogetteerdp aompdfsate for errors.
exanpl e, the final XY beam steering nechani sm coul d
nove both spots by +20 mmin the X direction, and then
[0026‘\3 ' ”d%?%@ﬂfongﬁ%\/éﬁt%gé' GHtHE%%OéSéBrﬁ@HFé%dﬁDéﬁsgé‘%vhen the
S by +20 mmin the Irection and one~spot by -20
actua’aonsnham d}ffm‘en’eperfolrmaﬂttae spegificationg. c bof ieyampie,ospmheasactuators

ot that is ne d . fro tial i tion
manf v Bite e Endp PUE Dy Bt P erSRciBRR S S8V have very
higH BRAtWIdE BOf Grditeanrad{yeBr Afavept | Sélec’e'i)(ﬂ@lyaéhfﬁéhﬁgeth@f frequency
such a configuration is that the anount of

contging @l‘@c enge of Higadesidedpeany streiind cemmangisnisc meteks e different

co ] LMo AGDEPE S o BLSGDSHE b g i o esponso

necEBsdINios NBrrGia BoAresiorneing togetidrel difsetonpridt ehd Beam steering
errors. [00201] An additional advantage of the above

meghanfsas it at will #npaddarges pasiion, effsatsorgan e eafrenee enupll of the
focﬁﬁ{g{l?e{ il rra es‘é' {H % gﬂssmgfﬁ%r Sﬁé’&glfglrjtpgﬂﬁr%ﬁr? the focusing lens

ave ravel range

can lzagtlmdsiilthin Iéié‘l@stcmtcbmaf W&Gfotraye@apetsver y high
bandwi dth but Iimted range of travel. Selectively
al l ocating the frequency content and range of the

[00 i red Wﬂ?%ﬁ{ee%tiléé@ CORMTRBESNS oaﬁT%HBEIOEQPFﬁl\/I é(grlfégm steering

uators can resu in a systemthat has a
medhameeh maynbe lmmcaksaryffasmnrestmgwx&( stegemmry Hoorexample, if both
error co[rectl on and co nd of

S the beam,. .
beaBis bRy e GlarEeAIECRaT g NS e o PR abbgher angny directions
(e.g0f hSeROWIE S Ft@@ree%z a6 iPHdde SedriiRy Frﬂéb%%hl%?hé PA%e sufficient

and those that inpart smaller offsets further fromthe
banfiwidiBi and |renge to correct stage error, then a final output FSM for error
correction is redundant. The steering mechanism commands used to shift the two
spots relative to one another can be combined with the commands necessary for
error correction. The resultant steering mirror motions correctly position the spots
relative to one another at the wafer surface and also correct for relative positioning

efrors.
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can also result in less distortion of the focused
spots. [00202] Wth sone optical configurations, an
wadaeisnal FSM XY beam steering nechani sm mayP@EUS2005/021406
unnecessary for correcting XY stage error. For
[00208fnp| e Havind idegrraiont sieerirg erirons fokdteatvonbeams additionally

e —
abili%?@?@tbﬁﬁﬁ 88MP spHit bhai BBt ddAaAgEt RRELI6AIFdraexample, wafer

rr stage error, then a final outPut FSM for error
fabrivatiop ctriae may readisedslightly Thifetsné schleyfaaiensaen tations of different

o SRR e e B O ot
optiE BAbI8 rE8HN &L Wt VibERIBnE £ Hérina driftt soptit coinpoaents, or other

notions correctly CEOSI“ on the sPo_ts relative to one
changes netheassysters auid cause fiiesenttglaiivepasdioning efrgrs between each

oA SR B kBB T8R, pcepencienty rven

stectit@i rirfoiglcoMpRId tovserisors tHa detudt position exforercaarmake independent
calibration and scale factors that inpact the abilit

corrg@timm ithp @Heren eramnepthhe dHSH rwitgqﬂ gepsors couldybe optical
encé(?&%t ! ﬁ?érf%r%%etgrf}n@tr%iq V‘@%@g?ee f ?gﬁé&@,t lRBuSEVEL SodlBdn  sensors,

ause slTghtly feren ctors or rotations o
capdtififer pugitich esemsordie limedrevariable désplacemeenti trgnstommers (LVDTs),

C. t .f h di ff . Al j vel .
RN CRT R e g —
beafH nidtio, #P&iner Cs%'ﬁ%gfhe.m’ﬁ]us‘?rusmgh%o@iéégﬁ rhifror®rovides more

system coul d cause different relative po i oni ng

flexibilitpasd beneftthans bingte steedng paitroafat errorgetrdatior and calibration.
structures on the workpi ece 740. |ndependently driven
steering mrrors coupled to sensors that detect

[oomgi ti ODAEF SR oMBESibAIHG RERSHS Hot GRItE@ i itifd BibbVe-referenced
the different beam paths. Such position sensors could

patérd appiicetion eapoalepshe icatrectest using esteering MaMArgyadws example, the

poiﬁgﬁfﬁéﬁintyg(gﬂggﬁi@ggr, WESEV@%P?%E?@& %Pg'&%glgé{% iirr?;/tﬂe laser rail can be

detddtad YsHig®pdichl-¥P haechaifcdl tdemdofss Neind icoeredtive cction taken by the
PSDs), sensors or quad photodetectors to nonitor beam

sysiept's teerthg MMTB- sensors. Thus, using two steering
mrrors provides nore flexibility and benefit than a
single steering mrror for error correction and
[00268] br atFigure PO02RdIvs Cihesxaampleced usingdké tindependent XY beam

steclal MeANABIENE. OIS0 (g CCotP Qs GLOHG Tepatsd Sgot relative to the
o 5955 EpLSHERAASI R AL ATRS! Qb €1 /Mg errs
of tkafodused spot relative to the workpiece detected in an XY stage servo system
784; and (3) correct for additional relative positioning errors detected with other
position sensors. In this figure, PSDs 780 are used to measure beam motions
resulting from laser pointing stability, AOM pointing stability, and mounting of optics.
The errors measured in each beam path due to AOM pointing stability and motion of
optical elements may be different in each beam path, so the figure depicts
independent measurement, signal processing, and commands being delivered to the

XY beam steering mechanisms 764.
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detected using optical or mechanical sensors, and

corrective action taken by the systenis steering
wWor2oo6009818 [ 00205] Fi gure 29 shows an exanpl e OPCT/BERI005/021406

t he i ndependent XY beam steering nechani sns 764 to:

(1) create offsets of one focused spot relative to the

100288 et I SBSH0IRE bl fukEafl Sbr P hBEGRRIRC Ry dréferably be

adjustb@tiefsret tBetgrt \WPIikRIra6S afat£16s edring the p¥¥fosinaaee of link runs to
servo system 784; and (3) correct for additjonal

creqtg) anfv éajoigin i thai ﬁlgs&ed ofelatipnshiny kptweens obelvreen focused spot
Ioceﬂ%?\' ti g{aostgﬁqseqr Sink! 7 éemoﬂlsf' gli"—"ro‘fr Q§R§Ie7 8qhaLe Hﬁn@gtﬁgnts may

neasur nDtlons fesulting poi nt
conyeisiate tfgr @@@m%mmngnétabm|cl!|fferenartﬁ!)dmuate mg'sw‘ms calibration
optics. The errors neasured in each beam path du
paramf% RealRgastosdi and piigats HRtibAY @PPbHA Haks & éi.*fﬁqfﬁat locations
abo fferent in each beam path, so the figure
epl ct's 1 hdependent neasurenent, signal processing,
and commands being delivered to the XY beam steering

h h | db d th b
WOQ‘?@e?PHg %OOZO%Ss e P?gb O%Z?Feé@gtép bg??pléltlple spot
proé&%lrﬁj %S/Ete?ﬁ rﬁéWélédJFéqLﬂféj nfreCaifrhteOwbits ﬁ@élf!@ﬁlﬁ@nc?hls need

runs to create and maintain the desired
arlsee Idarteu tomlnemffmt wekons, Weichere tfapsladiodakpasitibnibgtarmrs attributable

an r ocatiaon For exa hese X
3001, SPGB RS cBipah ST 167! Bifer PUELS Sppt dTghines only
reqlﬁré fiRitené feredibtaing lrﬁiﬁﬁ‘nb@"[ﬁ)orﬁtﬁbld@r@dt PBlrﬁ@fnatﬁétv%ﬁkplece when

scale factors, and offsets that nay apBDy to links in

a lagef frstsmis liggarednsThisoean theeamuséed widoporg Xydranslation of the

worEGRR AN L oo bS58y, TSR, LA ) S otton

errof@f eMuidsiet sigati Rthchitbss reqerk ahatsal spids timpihhe @idrsehe proper

errors, which are translational_ positioning errors
'0caé'9f‘ﬁ|QthQb’VkaP@C@n%mU'taﬁ@W%iV dfar sefixed genpfiguration of spots, small

rotaﬁbﬂrHerr‘é?/E r?%ﬁ{t A gﬂg%tg ftlgt%n?‘nﬂﬁl n%@ﬁl}é r\‘g;glu%o pon the correct

worlopleoé locations. ihi& s paricotealy taud aﬁmuliﬂplé?oms Bnplementatlons where
trlﬂgered This can be achi eved wt

h e
the (Spaf SERAIEINGE aTAEMBPRIEVEE & eI Pebingier epst Brmiementations as
welli/&@talngl%‘geg%% Ilnt wé}‘?éé'ﬂ)c%éﬂaéorﬁf@l b 'iﬁ’é zQ\Hrfiﬁle%far r‘é’léxve to the

ines require t spot's
muItigﬂenfot:bseqbrsopEx |r1 ovzti thas wfo tegressr tkfpfreetéom is more lmportant in
i mul t aneousl g/ For .a fixed confi uratjton of sHots, .
mu@rﬁlﬁrqpo processing systems than in single-spot processing systems. This
control is relevant to planar motion involving X, Y, and theta (yaw) coordinates of the
chuck and wafer, as well as full three-dimensional control further involving Z, pitch,

and roll.

[00208] Sensing mechanisms may be useful to control and correct for errors
including abbé offset errors in multiple spot systems. For example, putting an
interferometer or other sensors in line with each lens in a multiple lens system can
be a useful technique for error reduction because the positioning error near each

lens can be detected. Furthermore, a central processor or FPGA can be employed
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rotation errors will prevent all spots from

si mul taneously i npi ngi ng upon the correct workpiece
woowanisns. This is particularly true of multiptBEURSENS021406

i npl enent ati ons where the spot separation is |arger,
to dmmtmerdata feqpl asy tsensorsghiad |terdetermpinenthet geom icagelationships

betyien FRTE Grsielf crediinte itlofl e pfo2BRs 9y 65, steering

mirroR pmttﬁmtsh%aw?ade%g%noferf%ge@natk SlifR 6td. MPRIVir Hetermined
in multi processi ng systens t’han in

errog| rﬁkﬁt\@e@,@otdeﬁtr@@egﬁﬂng”ng%wéﬁs thehigeommsitie olrelafionships  between

consf % ot biclif oo caf R X8R, TG fhrough mutt

diménsibnahecestrdi G‘Eﬂfd waakpieeat sllck, wtader of Ebmérvsmerﬁ components.
pitch, and roll 00203] SenS| ng nechani sns. may

Eer§§éﬁﬁ‘l algg he sempengatedder usig R ok meiesk SMs tspdmge the spots in
the ant},s(,#)gga ?{sréﬁgﬁlrbeh I tiple spot systems. For

nterferoneter or other sensors in
Ilne W th each Iens in a nultlple | ens system can be a
ction because t he

00388 1} o ees R ioTEAiopaRR fHECh ST IS g0 Useful for laser
trlgd:&frfd”elrf B9asér l%%teg‘e% JURESESAUIPIe EHGA, %ﬂﬂ%{bﬁlgough one lens or

oye 0 conbi ne ata fron1nany sensors an
multigleedenses, tthe ggsiept r¢an rtdggen dasdri enibsibneebased upon position

di fferent system one such as: focu ed .spot .
estifigles (o5 naeaSHEEATIG T JIotHot G oere Sl i fpinge upon the
worR§igté i@ the Uéﬁ?&f loc@\ﬂéﬁ{fé) ITviglErigd @ne l?—.l%\é\' 39 tHi@é@t'irﬁbRe@dposmon
error between desired and neasured the geonetric

or tinee(s) itals mlrpjsnlm mavemg@oﬁ@m betvwﬁn I teiaghi @fgﬂ’@r madtiple focused
t.h
spofy eafe G And bl ARG Bk ° (oAt fE o8 088 HiefBtidd, puise, friggering

metﬁbbefSIﬁW&H?mf¢ﬁlﬂﬁ|@|@€|a§§rs drer e’ ﬁﬁ%elﬁ’é@{b Beultiple spots each laser
ensate f or USIH? one Or SMs to npbve the

canstpﬁattrsggefedreé tha-timels azﬁdoq,samsmai rginidizasdhe ¢wonbefween the
focu-glég gﬁ&r"g)trcral'tﬁnrgﬁ 4he ntﬁl%eﬁ \P/S{l%ﬁﬁ%&née‘fc?)&m%ﬁem@the? aﬁ{lszeo triggering

usef U aser rlgger aser 1 s use

metbheds hadyealsv b ippterapnicsl. elther t hrough one | ens or
mul tiple | enses, the systemcan trigger |aser
em ssi ons based upon position estinates or

t il i npi
ipon { nXadr LT Eer Moo RRAL T EOR G P onis) T 0"

upon t he tion(s).
Triggering the | aser at the estlnated position (s) or

10044015 e st ormili-Ged B ante o Podekeinhe dam o trebieazpliration
of Y BWahPEALIRNSarafeIBR M&%Bbf SQSIHHh%réHeQQ%rfoF‘%ach laser beam.
One way to accomplish energy calibration, as shown in Figure 30, is to tap off some
optical power from each beam and use independent pulse detectors 790 to sense
pulse properties, such as pulse energy, pulse height, pulse width and possibly
others. Having sensed the optical parameter(s), configurable hardware in the beam
path or laser can be used to make adjustments. In one implementation, information
from the pulse detectors 790 can allow the independent tuning of configurable
attenuators 792 in each beam path for energy control. The attenuators 792 may be

standard optics, AOMs or other attenuators. Feedback from the puise detectors 790
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method. Simlarly, if nmultiple |asers are used to

generate nmultiple spots, each | aser can be triggered
W@oobloaosts me(s) or position(s) that mnimzes PEBUSING021406

bet ween the focused spot |ocation and the target
cannalsRphe dsedoieatmastiy thehegengraticr qfrﬁhgg@ulrSﬁgnnmehlaeer meRhis offers

acdhigk L PRy TS e Tl SRt OhBeR W el ™

proceSS| ng systenms can require cali brat| on of the beam
ergy par amet ers and spot_position paraneters for
[Oo%hﬂh | adeTHEUAY SYRbeMaposifoncediipiiam witkrgyltiple laser spots is

s 0 SR haBLANS FSUTALRC ot oAb Lt Blaionsi

bet\ﬂeerewthfo@‘QQad beaﬁﬂwasmldnsieemmtwgéf Bieks shiGlildase Bs¢stained, as
ener ul se hel pul se wi dth and possibly others. .
well g8 itf?% XyeRestion e %Bﬂﬁlaﬂal beé\yfeaﬂéh@rf@gqsect sP@sANnchifectarget links.

Botlggff @{\?ééerélé‘tlérfsﬁ] iR ash PRldbt8Fminds @é]? Qm‘éﬁgrqmteﬁt %8’(3 on the

ustnent's one i npl enentat| on.
wafeheThusI srd‘erﬂgecprm&s?@@olwes cwllk/emng ledthendeptimaerys wave or pulsed
rabl e atte rs 792 in each

optigalrenatay te bR gy Ttsa e dne URteTe by sCavanadhe sy stage such
thatsih%n tdretRicts it Afdment g@fs ﬁ/‘itﬁeﬂ‘t’é\kﬁr&org ﬁﬁf&agh ft{;e wafer.

fromihe pul se detectors 790can al so be used to no
Monitegingether amioont of eneegyp ieflaeted frone thadergetdleing thief stage position

sen%cgr%:]atl Onagﬁﬁqg% g’?#ﬁ%%ﬁ@gﬁ@g{wq rtliegg ﬁ@gﬁ%ﬁ%rgets to be

detevriifiedWith Plegidid® e TheBetnioniforeH Sididls ta‘l’s@éﬁ&ﬁ fetermination of the
si ngl e-spot calibration. However, the Z-

spot sizad Wity mqapmené&qh@abhsemﬁraﬂ@@ h@é\aaewéh@?erman@m allgnment

s 8" L RS 38 SRR e 5 B0 sSm spier

794tdmel haefiedted iligkt de@aitdsr 98 bheaganhgéato %‘Eétttﬂﬁe ¢@ﬂbd@6d signal. A
det er m ned bggscannl n al i gnnent targets on the wafer.

quarntaf-wayeAMaten 499 rary o9l oally be $TaRloye rtprioduedgircularly polarized
lighCSRbLI %@,V@EYgt WBHJ Sﬁg%&oﬂ&al energy to the

surftace aterdl l'y scanning the XY
stage such that the light reflects off alignnent

ets_wih known cgordi nates on the wafer.
004417 o7 TROPHE TaATINAD SRAISV PRt (EebIs SGanmeps several focus

heidh®é 3AHSma3 urté?ﬁeﬁt%a&ecd?ﬁt%l'si 0P hE PRS2 c—.I Rfus heights are
p ali gnnent

position of the laser spots relative to t
used do grredict antdtatatiezlyirefink e foqusedi iseam. wé‘lsEsBecause a multiple-

spol B PRI k38 g el SR bbb e bignment
targb€88patatioh e AlimBNF#R4y be necessary to pre-align all of the focused spots
of a multi-spot system so that they all have substantially the same focus height. One
method for doing so involves directing multiple laser beams onto targets at one or
more focus depths, taking focus depth measurements for the various beams,
determining relative focus depth differences based on those focus depth
measurements, and adjusting the laser beam’s paths in response, preferably to
reduce the relative focus depth differences. That process can be repeated iteratively
or by means of a feedback control system to achieve relative focusing pre-alignment.

Thereafter, focus in a live wafer processing environment can be accomplished using
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structure. A systemfor doing so is illustrated in
Figure 3 1, in which a beamsplitter 794 and a

wo edoboadsesl | i ght detector 798 are arranged to BET/@81005/021406
the reflected signal. A quarter-wave plate 796 may

Justocpne oﬁme ﬁowednbtseyeﬁotso Eoo@mee maym amqmplcsrmdu wild a single

targen g 2o 1008 el St e paEadE, fud) asififed ¥ oypargets. in a

focus fiskeian F@du@thég?\rted@’taﬁc%@c thel Xt lecmm@@ubﬁmtrﬁn the focus
of contrast or the spot size at these focus heig

fieldg @rgsient @omp@kﬂecétfrqmd the deeys \aightsept rHbet Héfermtums target

IocaR%?\ wai st. Because a nultipl espot systeminvolving a
single lens has only one lens-to-link structure or
alignnent target separation at a tinme, it may be

necessary to pre-align all of the focused spots of
(002431 - pﬂyacugygtaemapkemottayaprmrnam%o banenmass by adding or

mm?iﬁ@ qs?&fﬁsf 881’1‘@ t@@tmtg%%%;ggfjt%%sgp'oﬂg S more, focused spot

ves di rec eans onto tar

beaat waists ﬁbmmﬂmrffmdomnmwamakm e Patirestidapt h

nmeasurenents for the various beans, determ ning
relati ve focus depth di fferences based on those focus

[oof'ﬁﬂth MBRHIRBMS be ?&ﬁfe P\%@Hhﬁlsm the focus

dg
pat'hs in response, pr erabrbg to re relative
controbuatlajéq‘ﬁ lcadi ifrfparrtea ckeswn‘lih ﬁlcqsrcnftaﬁ Qf a@dncheed bpan wdist relative

o Ciﬂ%g:rat If%g%)éPEPHF¥G%e ns of g"%fo dbacEMcont rnonlgg S'ﬁgnment target

with BesRatWeTor hﬂﬁeszldﬁs@tlép\b@s V@lfee!Z BIre6RSTS et must be traveled to
envi ronment can be acconplished usingjust one of the

achjeyeeeus isdsrawr.pdhsee Poowse dgotiest speiean bplusshlde prediet not just

the foctlstftctbfl A% A0 bR GoBur goc & i 1 obus

fi eI d. Focus hei ght distances at the XY |ocations
Eosnlons within the focus fields are then conpute
[0021%m t hé\radeers fReUYRY s teghnidye dnv@lé¢%n$mﬁ5c@gear<§etravel focus

adjda él%t {3@ rb;arﬁqt{ %%15%.)?/ Fé; %ﬁfgﬂé Q:o"glré'@fJ th 'aBJu%hfiQﬂf tﬁéfséeq{nogaé{hgned to

anceéed novi n ocus con

app@@tlmtélﬁ%ﬁél Waifer ZE&:khesSJfémftlookai oin migce. f oTinseds preferably
pot beam wai sts from ot her fo&h? %(z?mwalstsinth
Implzamemteétqrbﬁ sy[stmjmﬁh 7 Sual@ntinbnliabaneéiewg! ghuglepa that the lenses

t t
do 29 can |npart a Ewgb\??gasdbﬁﬁcgg?‘rs\ggf&t %D%@k&%ssmg link
runde Jimis\greztlyrredates ¢he anmdefép«nlssng wark hlaatcmushbe done. Focus

thef) PV o ks Dok S0helhEeoeRa B pea i apet fiiem) dvigiansihat ocour
duel tbaustpakidies Lha¥eiedwhRr or the chuck not being flat. Because each lens
may focus upon a different part of the chuck, a piezoelectric actuator can be
implemented on each lens to allow it to be moved vertically by a small amount to
adjust focus. Focus can be adjusted by these piezo actuators so that the focused
beam waist tracks the local wafer topology under each lens. Of course, alternative
implementations of this focusing technique are possible such as using voice-coil or

other actuators rather than piezoelectric actuators.
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achi eve focus is known. Three or nore Z-offset spots
can be used to predict not just the focus direction,
wheaiocabsos t he di stance to focus. [00215] Anot hB€T/US2005/021406

usi ng_techni que involves small range of travel
[ooi us ag?'ﬂgt EHENBRNE aBFPAEsiHES aier aasmi\ig'jt'lé'eo%m’fsesy&tem involves

det lHﬁb{fﬁE dsitftin G4 p'?e Eébtgr\%%tfvg tapﬁlgﬂﬁ%émttgllg\été) and also any Z

ness an ace

helgdmecﬂememd@ncynpf étmie ntedatiornship. syl$1t e wirhpleat implementation, an XY
| evel chuck so that the | enses

a"gﬁ‘geﬂt nrtﬂlﬁeés firs lﬁgg%ﬁ?n 284 MpaseddRnall 1 teespets i gre system to
deteii ﬁé thé [ty Wd Eo@nﬂ%ﬁf% BHsdtsVf fHdRs  spbid ?e@irtﬁéttéyo%e another.

reduces the anmount o ocusi ng wor K that
Thepothes relaivie wifspthasayt alsor hekmeaaliled( gediffeaémtyfdoessheights. This

progsiiffe 3hEL berorfmire! hare ST dhgel eicmanytiones A detat different
locaB@ﬁ@U}ﬁeth@aﬁﬁfe're@ﬁoﬁ%)’célﬂﬁéﬁoﬁ?ﬁﬂ aril frf&hmeay orpﬁétthe?%d gbout the

the chuck, a piezoelectric actuator can be I npfe
relative pagitioniagofttbe sipbtsiat workpises pmcegsingrlocatiosycny ba processed

by GRESr [RecCrbByle neSing REeREdeacaliianarit rrect for
diffeterasassintdpet lvatibnyaieh proRessiay difktent £2e8 Jrens wrbr

course, alternative inplenentations of this focusing
techni que are possi ble such as using voice-coil or

OO SRS o R BFHESLSE e apo smtvr, waer

XY rahgnmelnda impaliffergat exlighmanitvfislddetan mhei l?fﬁblbhférﬂ@@' fnl @ manner
ts relative to alignnment tar(%ets and

3"3'89%5 éﬁﬁ?h%swg egﬁPOTd%Bb%%@eﬂtgn%?ntt Hi dariget af faygets pan be scanned
to dét@%ﬁ@ﬁ@ﬁéoh@ﬂ#&?@&ﬁﬁé beﬂﬂ?%ﬂ(aallocﬁgé@ g){){ gf\ﬁ%ﬁ farget link

first scanned and neasure of the's
struciyrstse rartc ad khewni mepplmg K&‘tvmnh o esploit abd:atlohsof:éﬁeﬁé applied to

tive to one_another. Then, th
procei: R I L ESTRGN BT LiF KT8 106 UleRy's dhatisercrmots. Then the
XY He2f %tél#ir@%échgﬁlélﬁspefm%é ®HSBY mRBh A Eﬁ%rgﬂjbg '$eft positioning
single target, or many focus targets at
commggasite rme@aelwwsmfrmll obitheo‘ncase:rhlasbr apotsratghe dlesifbé locations

or MR By AR Ao bl B3 S5 Bt e

dlme@)fsmaﬁfbrbbic@%rﬁé’ceﬁ%ﬁlcﬁpHﬁﬁﬁérlésérot@)t\h?tlﬂplé& tBfbrations in a
machi ne to calibrate and correct for ences I n

reglogb@f the varkpigsewnbarget dieksenarginates endrtheanraastow ddmemands of
ter d the nu

Stagspio S re?@%ﬂn\d me§ o%'éﬁn%ﬁﬁguwtf%% Wré?n'ﬁ'ﬁ\?e% N be generated

fromdCADedetd odllingniewt locaBbAs, tnrdierdnl! aiite®d drd @ny additional

., manner .
calibration information.

[00218] Some XY and focus calibration can be performed with only one of
multiple spots on at a time. However there are other procedures where it is
advantageous to scan targets with multiple spots that are simultaneously delivered.
For example, scanning an XY alignment target using all of the spots at the same
time can verify that all spots are focused and that the relative offsets between spots

have been removed with the XY beam steering mechanisms through the calibration
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anal ogous to the single-spot systemalignnment. A

target or targets can be scanned to determ ne the
wq@ewambesiE rel ati onshi p between a focused spotPenuS1008021406

target link structures, and a known mappi ng between
procdusrepoReflectini sigsalsanff bé thgp prared targetwiosid j‘,hen appear to have

the FERGHB"Sabalre B ah S TRl St L fif oBlre g ABY RiriE heams are not
proFely faﬂgﬁéd rf st o%@h%ﬁﬁh@ﬁ%ﬂﬂnp@'ﬁosﬁw b\/@ﬂéﬁﬁng reflection
conmmands to grem sely position all t he flocus

signadges wiildve ohsenvad, ae@he éQﬂQC@@atSIMUTQJ@f lara® slp@t& sapeyimposed

o S t is preferably carried out by
with ér@épsﬁatﬁrﬁ%g@%’%ﬁbéo@a ref erence surfaces which
defl ne | aser-to-workpiece calibrations in a regi on of
rkpi ece. Target |ink coordinates and th

[0021%11 ect Roteemaaibation ﬁ%@%’é"ebéﬁ'ﬁgsf@éh@'ﬁgsmts SImuItaneously
o S0P e\ Y ekahe TEERAREIBGRRGHE tne ety of soan

medstfrements Jhid teobaiquenid lﬂnsltrﬁddllhlﬁlglaﬂe 82l ilbtied offeet relationship
i nformati on. [00218%p§ome XY and focus calibration can

beteR P SPRECISATGHIHANG GaREDBPToRIselY [58b (BBHWORT AROT) SPots can
be stéé to IRV S snid9aRra Gt ey Y E&Eﬂié:rﬁﬁrdﬁé?ra%ﬁd ﬂ'LeS?XIS that an

vant ageous to scan targets Wt pot s’ t
aligmmens tangiet &ri6owid| be dedmnvexdt.ed heRoa smgierpslcen sfcmenalrgmmnt target,

collgend tlifehad spiedhiatd At shisesasiion deleeriha it O Getermine

the tiBeafi cﬂ’qsatdeﬁwéthﬁvée*sﬁo&et VWeRR $i¥ekRaticy eceh?% rd?ﬂﬁlylﬁgd with the
with the XY beam steering nechani sns through

COW“@@BD@W&%@&J%&FM& tha taBQEtlegaf@mBWdhfertharlcbé accuracy by
ove G S5 A, S SBR Sl b cccrmcy

of thd spBis Adlatitetdeaganatiferint ther Rer divectiongnad éH eR&Piple, assume
out of focus, then nultiple possibly overlapp

thatrthe| aftsst eistanemin theescan firegfiorolsse B d Asewmeh@ g?wer that scanning

, of s@ﬁg: 1|e 8(3/19@ ?135‘ 'aﬂg%ghg kt)%rfgre\lt/ 28:}%9 P?f%@@fsiﬁﬁ%ﬂgﬁﬁﬁ er%ﬂ}%t intensity

whenalthé)r)at pesitign s etl0e5.020ngniyubhd phat Sd@@hﬁlng of spot 2 over the
simul taneously delivered to the wafer_ us
allgwsﬁnhbaragt e ﬁmWSt%mwewﬁlﬁeﬂmmtewtyowhge dhe X posmon is

108000 BT o AN SN MBS A S averin
the kwowpositidn casasereprents,stHey resilting fpersitiono woold rbe €)0,000.010 pm.

BeC@Eg%S’thgﬁgggq%g?agfsng t ggar\ég%ags !g%%llg(?e;g{ o Ofc{e]assel}rement it is a

mcrggggm%r}gﬂgg;??t 810 will be scanned. Then a single
gnnent target,

[00220] In a system that can determine which reflections were caused by which
incident focused spot it is possible to practice this averaging procedure with fully
overlapping spots. Time slicing and exploiting different spot properties such as
polarization or wavelength are some techniques by which a reflected spot can be
associated with an incident spot. These techniques may be useful when the spots

are patrtially overlapping or fully overlapping such that the relative offset is zero.
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collecting reflected sensor data and stage position
data, can be used to determ ne the |ocations of the

wo wwedsts. This infornmation can be conbi ned wehusives 021406
~commanded spot offsets to determ ne the target

[00224dat | o Whe beemranasm depictﬂda'tryFigylr@@@r Hg hyo shannewh spots have

bofy fe BXS ARG PSSt oTsg: ChtATaYIAGS (15 SE LS ehHie Phation of the
ahgr‘ir’ﬂ%n?ot@ggéi' BGOL WAth: rﬁéaﬁ]?eﬁ?éﬁ@'rﬁad@s%\tm@lﬁbl’@{t bbifhts along the
fset stance in the scan direction is 5 mm Assume

ahgmmenhéargeha&zchca‘ﬁmm nufltigipomeasyiainentse aeg iugefiifior determining

absgdH S%Jﬁl ogdngr()d R T%gré?é%l g\k@n&g\f&l aﬁ,@wing%git%{@?%bb)fs not uniform.

scanni ng of spot 2 over the alignnment target 810
roduces a maxi numreflection intensity when the X
[00222]i t | oNaxs, siocette beamemf armedfiplaspet SyHRIMEayMeequipped with

L T
be 48e80 @tlnNhe FeaRisEe shbit aamsa@ﬁgnmelmaSlecgew 8th.e Then the

data than a single neasurenment, it 1Is rerellal?
calipra§igntrouting sowplates Eef@yquewgnﬁa%n%@w oftpbalanmeniaEIsts 810-820

f |
W|thrt?1 §§r’iée%niY"‘§éfrgcsg?§§|?9 T étfﬁll k a Y. it End %H‘?cgﬁeé 898 with the

ossli bl e agl ng procedure
XY witade fpdsitionoterdetppning spoit positionings| i 8inng mddpendent XY beam

ste%é&%%%&%%:c%ﬁ$g E :lrp]péé) eg)gi Sét Bg%ﬁ] gf%lgs b&t is possible to

indedine n 8&'1?@1’ §ﬁgr§rﬁ§ﬁt @RIeR B 15820 Withediidtdr? fédused spots. One

I'ncl spot ese techni ques may be useful when the
targepoas bsarecqmetd inl X ywhileeaneiper atigmmentitargebd#04820ps sganned in Y

e AR St TSl e v
sigraPOtrhidaxe bBUdhePby @ﬁthénﬁ@@h& b@%rwlth?e 9{)61%@& spBedic frequencies
provi des two estinates of location o

using iegn MY oarajber Sit@nWAtaN ’f@e@@@ﬂgﬁeﬂt% engady.agnd then using the

roclgh 7 FRRRRLR 3 R B, BEED SB chfl, FORF88cn spot

AlteARstRlcll), &cRARing Bidi Aiynenerittarged &10e3Em withespdtbenoving at different
al ignment target 820 is not uniform [00222] Next,

velositigsecambe pisgistoAassgciale ppmp@n@pgﬁ og§§pﬁﬁ¢tm3|g@al with a specific

soof ISPRRE L g, D6 5 BRI oA 4058 sogn oy

oneSspt i$ ba étcttmé.ed' WDMIeattasms'@nals' oambret dlt@a“tbyempaiﬁéi@d using time
Then the calibratiop routine correlggt es refl ecte

slices gneallosherapning fmykiplg 13aRER O 8P bR go) 5605, simuttaneously.
Septgzﬁg[i)cﬁﬁ gégﬁ Iﬁ?o@ﬁ?ﬂb?ﬁgﬁ drBfertF ShR &MpaasiAli o”fWMvelength may

also be appropriate for some implementations.

[00223] If multiple laser sources are used on a semiconductor link processing
system, proper alignment will result in the highest quality link processing. One
technique for alignment of multiple laser heads entails producing continuous wave or
pulsed emissions from laser heads, measuring the propagation of beams relative to
one another, and adjusting the beams to a desired overlap or relative position.

Measuring the beams relative to one another may be done by scanning alignment
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XY stage position to determ ne spot positioning. Since
i ndependent XY beam steering nmechani sns can be put in
weawia/ 004818 he beam paths, it is possible to PCT/US2005/021406

i ndependent|y scan XY al i gnnent targets 810-820 with
targgts Bépe&?@ po Rl slﬁmsétheds@waﬂ daselcapotEeoIsE Anae invalve placing

PSIs 8’PH¢%r pALAIetBLices TPte Bl Blatit Ot §if@rdri Igﬁﬁggqiﬁgﬂqaltemate

an approprrate er m ni ng
tecl’(rﬁ@Jé(lstcg pwceaand’SIDIatlgnnBarit h@ol\inm thebearhpathcianplbée of the final

fo SRl e dBCSPHIM O F2B A MEAEUETR, MUe Wng g stage to
chabgé é@? g[)gl?(lon Pdhd rI"—"?KD u?t‘éﬁc‘ t@gﬁ@ﬁ JIERBHRN Y ch rHsoﬁI{T@ta't%‘and mirrors

rmne which ref signal cdmes from
canspotdjustdcetmanireel hearmcposiiions. t Measuregmnernof beamgedrsfocused spot
10-820 with S .oV i fferent, vel ocities, can
localipn sanopeinuTbal 2 8¢ I Reats camititriadMsReiy or Sigamneously.
with a specific spot. Spots can be also be tine-sliced

or nodul ated at a high rate such that only one spot is
[00224]at tiOne debizableebéarut alignnsergnal suabathabeheiamsissions from each

lasetrjfegaé{’ar tg?edcg?ue )élg% trllaﬁg ih@?@g}ﬁ&sa #n%lﬁé e%%é]rﬂysrglusltér{wpvlvguld have
focuBRBEtrh AhisBSIAGhERME PoSbhGBhaRNENL b WhidkIAsBP head produced
pol ari zati on or wavel ength nay al so be appropriate for

the paige. iLivdaena iwe-beam speierBVouid produrs hwo feelised spots.
sources are used on a sem conductor |ink processing
system proper alignment will result in the highest

[00225]! i t y Anottkerdestieste bgamQilignngsiitng wmtfdafuc@argiﬂtmﬂbnal on-axis
of nmultiple | aser heads entails produci ng continuous

and(gy, @ogs- aesm Selatieniafisebef thediechacd spetadiodugas byi different laser

a bga t :
neai® SHSPFHLNSN oy P6STRoISh AN R0 FURBE TR cMser neao
impipgei tjpam onbbasw of ligks hehilee poises drarhi otbet tasurehertt ingsinge upon

may be e by scanning alignnenttargets 810-820 on
Oth%%\é’lssc’f?}gpﬁg the focused | aser spots or it may involve

pl aci ng PSDs or other optical detectors in the beam
paths at different |ocations. An alternate technique
[00226]t 0 plTaee aﬁgrﬁmlnal<bfg|tfnmriaseroddeahmtp;athbemwabepatjjmsted during

Lace of the final focusin ens n bea Sltl
SePhecalt etk J808H sl iRert o Hoevse Pieee may be
s;tué’tﬂfdst Is%h s td@oftebk fethePRbl BAtt F PEBSES spBHS hNﬁ’é‘e dynamic or

plates and mrrors can be adjusted to correct
perlbélarqumadmﬁimenmsi@swa@ﬁt Attupteam roay thecpleeed spdhe system for

bealr o bR eATRG RGNS A D eBurok el fB Sy §° ribBoblape dpgconfiguring
thegéeattualbre basdn algopngeah ddtaskem BRGImMERE t8igetssi8905820 or PSD

from each
measurements of beam position.

[00227] Actuators may also be used to reconfigure the alignment of beams
produced by the different laser heads at times during wafer processing. For example
it may be desirable to shift the positions of focused spots emanating from different
laser heads between the processing of X and Y axis link runs, or between the
processing of link run segments that require a different spacing. Furthermore, when

processing with multiple spots through the same lens, it may be desirable to make
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| aser head precisely overlap. Thus, the resulting
si ngl e- beam system woul d have focused beam wai sts in

WO b@oseases posi ti on regardl ess of which | aser heemus2005/021406
produced the pul se. Likew se, a two-beam system woul d

smaﬂ admetemems in dbege@tlyparﬁbspwew]sﬂmetoféhe@@s)ts tisbeghout a link

rung - EPh ARG her€ by Y 58 FeBRrdghoinb RiTsed@oRY postton
basl@ﬁaﬁbdﬁﬁz heigHli fiff teeidarh@ars slbpadsfocBumg dth @fffteséﬁt H&iyht due to a

be inmpl emented so that pul ses from one | aser
slon%mg@k uposhaiaes dwahticki aikd Waler éorp@lpgbgnaydrﬁtmehme spots to

w1 SUERS A0 g PR by i Sy Beah Bfhers anor

beadustewng&nbcmmngmg_ up and then not require further
adj ustnent. However, there may be situations, such as

to correct for thermal drift of focused spots, where

[00 %g]am € He Pr?eft%@&jé %nge%/@témsulﬁﬁﬁé’t d'éqodrﬁﬁg{é@?nef herein (e.g., the

t'uat ors ["aced 1 n the system
cormutamﬂreﬁa jamt ualmzrty profilep can existlin aywdristy ofiforbes both active and
I.n pIFace for co f| ur| ngsihese actuat ors_based upon

inacliven Rl XaPRif 8° QResOIeIg softyaregrpdrams comprised
of prRgPaheMRietiGis bﬁ%&ﬁ@é' EH)- ol[)ﬁelz%&ie %éé?hgd’b‘fe "Ee or other

al So be used to reconfigure the alignnent
fornpﬂtedudmy by théecallvief dormmats| oaerbehemotsodied tonmes o@mputgr—readable

Qcessin exa sirable t
merﬁ'a ‘@H‘éh pd@?lf'a%nss %@gﬁoﬁ%\éae% p@Pﬁ e’?‘rﬁ'ﬁ%‘?i n§' f pgpﬂpressed or
uncéhf[fréééiéﬂi fopper 'ES@%IB@IV@#ﬁ &t@ﬁ-r@édﬁtﬁé%fdﬁa@é ?feé‘iﬁgs include

Y axis link runs, between the processing

convemilcy@grﬁqmeutenayst@qUIRAM drafidone rageess paemagy), ROM (read only

YA EERRIE IS 657 Bt o) EEBKDEE ity erasabe

prograkeagelel RiYs taeRAt ﬁwerﬁowﬁ%rfdehﬁégr\(&lcobrabéﬁééﬂ @lsks or tapes
positions of the spots throughout a |ink run.

Exemﬁ@wmnpwheereame Signabeevizrip eham%@ated qume@arwc@r not, are

s 965 5, 80 RE S A8 FoBELOY 'S BT Gogpam oo oo

conﬁngeld tor acbeswy dacludinghsigha@ndowalerdedofirbogty théylnt‘éméﬁ or other
s to wander. Such errors can be corrected

“et"ﬂ%f Aig ﬁg‘amrﬁfﬁ eXHBRIASRf ﬁmetf@regcaﬂaﬁmlu%gmtgwm ﬂfgsoﬁware ona
CD @Maaf NIES H]téﬂ%?gﬂwn-m : hé’%%n@? trﬁé’ﬂtgﬁﬂet itself, as an abstract

ustrate Ccri e erein
_ entltyonqaateampmem‘readahde mhediahuociTthg mméllh d¢juecahcempsteri metworks in

gener\fa“ ety of forns both active and

[00229] The terms and descriptions used above are set forth by way of
illustration only and are not meant as limitations. Those skilled in the art will
recognize that many variations can be made to the details of the above-described
embodiments without departing from the underlying principles of the invention. For
example, structures other than electrically conductive links on a semiconductor
substrate can be processed with multiple laser spots. As another example, not all
link processing is for the purpose of severing a link so it does not conduct;

sometimes the purpose of the laser radiation is to make an otherwise non-conductive
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I nactive. For exanple, they can exist as one or nore

sof tware prograns conprised of programinstructions in
waomsoeseode, object code, executabl e code or BCTEE2005/021406

formats. Any of the above formats can be enbodied on a

“Iml@%ﬂ%&ﬁftwéeéﬂ%"cﬁh&ﬁﬂbé‘rﬂ;héﬁye‘?ﬁ lifiek ustepettsagderhe scope of the
devi ces and signals, in conpressed or unconpressed

invengiom s@@dﬁharqfor@oh@d@etm@gdmm byt theafllondng sdaims — and their

equa@ﬁ de Con:fv%t E&E%n'('? %g%l‘ﬂé?ﬁre ﬁﬁé&%ﬁmwpo@dest reasonable

sené@ﬁ@ﬁéb@cﬁheﬂﬂ@@l’mbﬂﬁ ROV, EEPROM (electrically
erasabl e, progranmable ROM, flash nmenory and magnetic

or optical disks or tapes. Exenplary conputer-readable
signal s, whether nodul ated using a carrier or not, are
signals that a conputer system hosting or running a
comput er program can be configured to access,

i ncludi ng signals downl oaded through the Internet or
ot her networks. Concrete exanples of the foregoing

i nclude distribution of software on a CD ROM or via
Internet download. In a sense, the Internet itself, as
an abstract entity, is a conputer-readable nedium The
same is true of conputer networks in general. [00229]
The terns and descri ptions used above are set forth by
way of illustration only and are not neant as
limtations. Those skilled in the art will recognize
that many variations can be made to the details of the
above- descri bed enbodi nents w thout departing fromthe
underlying principles of the invention. For exanple,
structures other than electrically conductive Iinks on
a sem conductor substrate can be processed with
multiple | aser spots. As another exanple, not all |ink
processing is for the purpose of severing a link so it
does not conduct; sonetimes the purpose of the | aser
radiation is to make an ot herw se non-conductive"link"
conductive or to otherwi se change a link's properties.
The scope of the invention should therefore be
determined only by the following clains - and their
equi valents - in which all terns are to be understood
in their broadest reasonable sense unless otherw se

i ndi cated. CLAIM5 1. A nethod for selectively
irradiating structures on or wthin a sem conduct or
substrate (740) using nmultiple |aser beans, the
structures being arranged in a
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plurality of substantially parallel rows extending in
a generally lengthw se direction, the nethod
W@ 0vp/0wsisg: propagating a first | aser beam al BOMUS2005/021406
first propagation path having a first axis incident at
a first location on or w tdlimmMde sem conduct or
substrate (740) at a given tine, the first | ocation
bei ng either on a structure in a first row of

| ah B or HelRENARY oo dBuRY ALed, Sl chl iyl g Seficonductor

subﬁﬁéi@n(?mo@ﬁﬂgt mORiphatiAsdrapeamsya thecondetardss b!em:g &erdnged in a
at a second |ocation on or within the seni conduct or

pluraliip aif restostantiedly naralielgoyisveriending, intd geserdlydlenetinrise sirection,

the &%%g@tgﬁ%ngn a structure !n a second row of

bet ween two adj acent structures in the

epaiphgating d firet Brep beanpalohgiantrst pedpatettiohrpeth haeing a first axis
fII‘St row, wherein the second |location is offset fr

incidans atia Sest leraionoen BY vaibir tharsamicanduciar suhsdefmi ) 40Y 3t a given
time; 'tﬁgcﬁr’gf) no&ftlohhﬁefngv‘? @ng[ungvétﬂ%tﬁl%enf I ﬁFstar'&QI F @ftures or

eam axes su I'n unison in
betwesrgtwobdjacdnt stadctoresdh thdﬂérstmmw rel ative to the
40), so as to,selectiyvel

' duct bs t .
¢ PIRRESEENG 4 SeERNLLA%eh bEAGT Plores @ Seo8d JORBEVRHE prhaving a
secéﬁtﬁﬁ&ﬁ Iﬁ?ld@f'\g af %Cé’é%ﬂdal%éétl&?%ﬁsoﬁ WRARCIHeV S 1¥icoRdudtde substrate

aim1l, wherein structures in the first row
(7T4Qra thefgien tlmmmtbe rsecond dacationt bring eilbed onosvsictuse in a second
| engt hwi se dlr tion of met hod
row f JHEETSS R PERH SR AR st it Jind 85 Fow, the second
row fﬁénﬁ_fz‘%ﬁst%f frofit EHECTikEt 86wl WHehGinstheosstdneMocatibies offset from the
hwi se direction of the rows, but the first

flrstllcmeélphcb‘y soTde Eneow din Hie lengthwise directien phHEe fvs; and

o s sk S0 sRERRE SanelCher e SuPERATHY B Bricon in the

lengthwisetdimsetioh dfiiRe TOWS -relativd he tlﬂ@%bﬁﬁc@fdudt@ smblstrate (740), so as
wherein the first and second | aser beans

ve
to selegively Feadiates stragiyrese b ile Jist apd §9@QQda|rows with the first and
sec@{c?%% H)gé sar%g Wagl@i N the first and second sets are
i FEPEARE AT

rom ne anot her.5. The method of claiml1,
further conprising: selectively blocking the flrst
| aser bean1fron1reachHH%ethe f| st |.ocat

e cretbany Oh SRR, Ag WiTeLSEHBISS dn - Beaiit, G are offset from
stru%ﬁ?&vﬁlnnl%etslé% ﬁac‘re\'ﬂlqnltl’i’&?ri econg irdegoR®l e r&fs Cl al m

ereint e firrst aser beans reach the

3. The method of claim 1, wherein strucfures in the first row are aligned with
structures in the second row in the lengthwise direction of the rows, but the first
location and the second location correspond to structures, in the respective first and

second rows, that are offset from one another in the lengthwise direction of the rows.
4. The method of claim 1, wherein the first and second laser beams have respective

first and second sets of optical properties, and wherein the first and second sets are

different from one another.
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wor kpi ece at a substantially sinultaneous tine. 7. The
met hod of claim1l, wherein the first | aser beam

wo eooaddmties for a first time sel ected struct urkeST/URMHNE21406
fi rst row and the second | aser beamirradi ates for a

1Sitd YU comdridthagecond row previ ously
irra te‘?‘Cé the first FI;aseg? beam 8. The net hod of

cl aele\cﬁvelf/ biadking therfinst kisegbeann fromy reaehingtha dirgitegation; and

O R T EBLALLLR AR ARE b Elodbocatin.
axes on the sem conductor substrate (740). 9. The

net hod of claim11l, wherein the structures conprise
6. dhecmethnd b claimd e tvharein m@ﬂéﬁidamch@eppnédaa@r bpags gpach the

wortgfle b3 kSRR B L HhebRme or ~ subst rate (740)

conprises nultiple dies, and the first | aser beam axis
i s incident ugl;)n one die on the sem conduct or

7. 'srb@gneﬁtoe of7 s@mahdwheeeisdbeniirst lasar hraimh iHRAiates for a first time

e di t r
seld L SFbHBE T SR AR, Uty 0 LOcRATIARR it agitos for @
seci ting struetudes ée dhe sremtmdalm/ pdpvdcesiy .irradiatad evithe theo first laser
of claim1ll, wherein the first and second | ocations
beag}. e separ at ed by a sufficient distance to avoid a
del eterious concentration of energy absorbed by the
sem conductor substrate (740) in the vicinity of the
8. The seetrmtofselsiond, fusthetriconprisir®): A semi conduct or

subst.rate (740 rocessed accordi.ng.to,the t hod of

ol 8Riing B ‘MatbgHERy B3ReulrAY fUURIAE i e B gRating between
the fﬁd’ déhtt%c%iloﬁ@ d?rthéé"ffrﬂ' P sE8EME RIREHBEAM 81ES bhahe semiconductor

(740) 'using nultiple laser beams, the structures being

subsirater(@dd).in a plurality of substantially parallel rows
extending in a generally | engthw se direction, the
system conprising: a | aser source producing at |east a

9. Theshelndsest Samm Brwhérche e dirLaness leeaiprise &letsically conductive
| aser beam prop fqatl on path having a first axis

links aod deerirragtiatiors of & ink pesulistin severirg thaddigki on on or
wi thin the sem conductor substrate (740) at a given
time, the first |location being either on a structure
10. i Mhé rhéthel dfostaiph 15 twhestel e semivendectortsubstafen¢dtl) comprises
structures in the first row
multiple dies, and the first laser beam axis is incident upon one die on the
semiconductor substrate (740) and the second laser beam axis is incident upon a

separate die on the semiconductor substrate (740).

11. The method of claim 1, wherein the first and second rows are adjacent.

12. The method of claim 11, wherein the first and second locations are separated by
a sufficient distance to avoid a deleterious concentration of energy absorbed by the

semiconductor substrate (740) in the vicinity of the first and second locations.

13. A semiconductor substrate (740) processed according to the method of claim 1.
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a second | aser beam propagati on path having a second

axis incident at a second spot at a second | ocation on
W@r00si00931$1 t he sem conductor substrate (740) aPCT/082005/021406

given tinme, the second |ocation being either on a

14. SUA UkterR foP seisavend ifsdiathg stricaires esn o Wighinegnsdrizonductor
adj acent structures in the second row, the secaond row

subglraiey (6@ LAt mtdw?l@h@ser rRqamgwiheusieiuies Heeing caanged in a
ol 16251 Sy Ap Bl BAH B Al VR4 RAaRY 5 -Ryop cirecion,

the spsteoncompgsingb60) that noves the first and second
| aser beam axes subst ansi ally in unison in the

| erfyPRAr SeUIge iR Gt 19wt arfiRkiaser Beameand,a sreond laser beam;
Serg @rsg e%? %%a@fﬁrﬁga@%ﬁoﬁ @é‘ﬂ? ha%’igaasgk? axf iﬁ&i’dbﬁ?bﬁ’ a first spot at

irra stru s9nt I rst and second rows w
a fitshdocdatiost o wittinnitiel semicohdadter sebpeate (7@0y.atld givEmetime, the
. system of ., clajm 14, wherein the [aser source
firstCihRplion: Dging gUReIcPN b STUFLRE dh@ TS sal HeRIBIUTeR.Ry. between two

adjdlceht Structurds intfpe fitBErow:st em of claim 14, wherein the
aser source conprises: a |laser (720); and a beam

spld seeond Tamr bidapopregagatibotgatih Heving st segands axsisnitcident at a

secqfid SprE 2L Bl SeRATRbaRth BR e witEh e tsemisonddir SiGRkate (740) at
the ¥fiveil 818, e sbdbhBabcHBPbERgNSithet dn ESétr@dttife™ a second row of
switch (750) disposed in the first |aser beam

strughuspa gt betwegpat two eriacent strusppres dn theisesand 7ew), the second row

oeifiBRFEL B s L 60 WISl BecFedh R0 Ao Boelbithom the frs
locdtibhDy sendansaattria tieeldrephwizei dikdetion o9 thaliergsed i n

the second | aser _beam propagation path, the second
opta daptiagystage (660) thalpamvesothes dirgdcand essconds dasey beam axes

kinng. t he:..sec a ; hj .
sueSREIPIn. DESEC R e FRD LSRN R gt to e
senfidondvutoresubstiate (740) sazg to setsdivelytiradiats structuess in the first and

é?&g& are AOMs, 19. The systemof claim17, further
SecepHprYVE M. thg fE%trﬁG(bﬁ?"é?n% 6585 Pe}IMTLEBRRCWVEIMN he fi rst
and second optical switches (750) , the controller
(690) setting the states of the first and second

15. ofe sydtesvoftathias 14,/ b0¢redio thes laser soumei aneprisdsy

sel eSS &2 i §8cond lasers (7201, 720-2, ).

16. The system of claim 14, wherein the laser source comprises:
a laser (720); and
a beam splitter (745) disposed in both the first and second laser beam

propagation paths between the laser (720) and the semiconductor substrate (740).

17. The system of claim 14, further comprising:
a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser

beam from reaching the semiconductor substrate (740); and
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20. The systemof claim 14, further conprising: a beam
steering nmechanism (760, 764, 766, 768) disposed in
wo b@efoasst | aser beam propagati on path, wher ebpCT/082005/021406
first location can be adjusted. 2 1. The system of
cl & sedehd dpticdiewitchnPs0pdisgosed retite s¢@eid lager beam propagation
mechani sm (760, 764, 766, 768) di spo?ed_ in the second
path.oE, SGROAG PRl GHHtch (7Bl FaPablerdiselestiveleparsing or blocking the
sec%pﬁ& dPHRRA B ?éadﬁﬁ{ggﬂi\e Smic H&u&%ﬁ%@@%t%e?% n 14,
urther conprising: a™eam conbi ner ( I sposed in
both the first and the second | aser beam propagation

t hs: and ocus lens (730).djsposed in both the
18. PRG3R oh ol haviersty teutist SR 3a6a0d oRtiak tigiches (750) are
Aot ween t he beam conbi ner (765) and the sem conduct or
substrate (740). 23. The system of claim 14, further
conprising: a first focus lens (730A) disposed in the

first l.aser. heam,pr ation path; and a second focus
19'I+&%g¥3}§6\3‘?f€?%32e@&% FEREPERESNd | aser beam

Pr epagatoItst BN cdAnedieBELNPER firf aRHOSRDRUNGDtfEal switches (750) ,

sem conduct or substrate (740) having a plurality of

the gpptielielr €G90) seiing theesiates b the firgliandeseqanchopticaligwitches (750)
bei d i
so AR BB B e P R ar al Tl rome ext ondi ng i n

a generally |l engthw se direction, the nethod

conpri si ng: qe_ner ating a first |aser beamthat
20. Jthsyaypdeasofglaing 14, iurther corwESINGeam axi s t hat

i nte t LT :get cakly0 n (L ALR Lt .

DSOS St koA o 70107601 788) Wbty e st fser
beahraprpagadion tpatt, whapby the firstllaragioa comcmsnddjustrtr. beam

axis that intersects a second target |ocation on or

Wi thin the sem conductor substrate (740), the second

21. RHQIBIstbRGN AT 18] fnaF badbribig the f1rst tar get

ocation in a rection perpendrcular to the :
| emgblains etediringcimeshanisnt K£60,0¥84,bY66,0168 hdisposed Liahthe second

that, when the first target, | ocati is a structure on
lase Eppp Broragon A orisTeDy the secendlngaliaf gan beedlisise.
is a structure or between two adjacent structures on a

second row distinct fromthe first row, and
22. The system of claim 14, further comprising:

a beam combiner (765) disposed in both the first and the second laser beam
propagation paths; and

a focus lens (730) disposed in both the first and the second laser beam
propagation paths between the beam combiner (765) and the semiconductor
substrate (740).

23. The system of claim 14, further comprising:

a first focus lens (730A) disposed in the first laser beam propagation path;
and
a second focus lens (730B) disposed in the second laser beam propagation path.
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novi ng the sem conductor substrate (740) relative to

the first and second | aser axes in a direction
wappooisnat el y parallel to the rows of struct UPERUSE05/021406

as to pass the first target location along the first

24. 1 AWnkthdd fardiratesding aasémicdhdutior ssestrates (740)riefing esplurality of
inthe first row, and so as to sinultaneously pass the

strughtren & berplectivebatrasiatad Wth Mvltinde dasrr heamns.dhe structures being
i rradiat S ' t r revi.ausly :
arralgoBCHE & Pty 26 SNBptallEL> iahell Fwb SXLAURGY in @ generally
Ienglhwiseodirédﬁﬁmt th@ﬁe‘(tchfge@desiagi on al ong the s;econd ;
row. 25..The nethod of claim 24, erein the first an .
seS5REAING? iRt daserhanm #&t;péem%@ﬁi Q9 aElasté@%@erﬁam axis that
. fe: ical | OG0 Y i .
intofstefs 4 i HbtdeR oGRS bwiinANAo MBRIELRACIEr sbstiqtd o)
netgeodratingc b @ecnid lasdrdresm thateprfopagbtdsaslengbesetend faser beam

st tSicls APEsd BHOBLICsRTaN opGT AL dhg SHTIGE ductor substrate
(74®i, rtﬁ%t s&sbriRf tardet NO¥tion? beinkBfEEL A Ghe Cfirdt 'ﬂa%‘btt location in a

urther conprising: selectively blocking the firs
directicre petpendiculano hedrngihwisee directian ohihgetowsolyspoe amount such

andsel ectizvel y. bl .ocki t.he secopd | aser .beam from
that 3030 F6° (V) taudePeeliPg df s SR S5 icihairusiures, the
sec6hd@tdrgéfiocatien & B sthetdrelditbetdes ewordijdcsif stieffEs on a second
reach the sem conductor substrate (740)J at a

row sligsinchfromathefirst raw;tateous tine. 29. The method of
¢ ‘W\(Wn% tp% u%%?@é{)?%@%{' : s?fb'%?rlagﬁd ildﬂl(ﬂ‘)g rélQﬁ’vé"E% gﬁ%ﬁ@ﬂﬁ? 't%wg second

dynam cal he e ve ‘spaci ng

laser nixdegeint al diesttion nepprbxindetellyi patlleint #re aows loistrudaaes) so as to
axes on the sem conductor substrate (740).

30. Th
pasgdhe dhsiofargetalogpban algng ﬁ]%f'fsﬁéOWtiiouié@ﬂi%@ far @ ﬁrs(ta time selected
g | . Ui . ot~
sruPLAES TSR, B BN 3 bRID BBl g8 B Sl e
locatibai alo@d, thehsscaind tdve te emadiated fmt arsexobsit tiratest(uttes previously

iradi QU7 38R THRIBRODRES QUhh ehil ey iBHSCBRRR, B dhe Tro 1arget location
alo%gée@oﬁd(raﬂp) and the second | aser beamaxis is
I'nci

ent upon a

25. The method of claim 24, wherein the first and second laser beams have
respective first and second sets of optical properties, and wherein the first and

second sets are different from one another.

26. The method of claim 24, wherein the first laser beam axis is offset from the
second laser beam axis by some amount in a direction parallel to the lengthwise

direction of the rows.
27. The method of claim 24, further comprising:

selectively blocking the first laser beam from reaching the first target location;

and
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separate die on the sem conductor substrate (740). 32.

The nethod of claim 24, wherein the incident |ocation
w@boobloaossecond | aser beam on a gi ven struct ur ePCBHUS2005/021406

offset in the |l engthw se direction of the structure

rr QQeEﬂ%Iy%baﬁﬁ% tl’t@‘"s%tcbﬁa 195ert B&arhi G le2BAINPARTEE6bNd target

he "gi ven’ struct : sem conduct or substrate

IocamnO) processed accor d| ng to t he net hod of cl ai m 24.

34. A system for processing a sem conductor substrate

(740) having a plurality of structures to be

28. STheGhathelYof Elameizaf, %ef\*etrhttfélhﬁs)t Ry éét?dﬁd keafbedmereach the
structures being arranged in ataﬁl urality of

semictistugtar subsirateat7410) et armt@ﬁ M@lmgltarrecwsge'ner ally
| engt hwi se direction, the systemconprising: a |aser
source produci ng at Ieast a first |aser beam and a
29. SBROMBtHRSEN claR@ afdrines coh@sigingoeam propagati on path
going fromthe |aser source to the sem conductor
subgfingttbe (mavingasieprh dynagically; adjusting &e palgkvagpacing between
n t f
the [riBerl IDERAR (e frSind Sa8in, 567 Heath, B2 bbb Yehiconductor
subptraeag40j.on path going fromthe | aser source to the
sem conduct or substrate (740) and having a second
| aser beam axis that intersects a second target
30. '@’?%;ﬁém%@rc‘)f Clairff Lt”\nhélké(ﬁ"l RLEead Qfe été@%td’aéﬂ &onductive links
(74 e secon target | ocat1 on beling offset from
andtthe ifadiation af gdinkIresuts iorseiveriag datdingki on per pendi cul ar
to the lengthwi se direction of the rows by sone anount
such that, when the first target location is a
31. STRé ‘Pﬁétﬁ@d Qf chaifn 241 whawifths bEHfddHRRor SIsHRAONP40) comprises
target location is a structure or between two adj acent
mul’spleudtasc emobrtha first olager dweamn saxiscis incigenthepenrene die on the

st SRR £ 350 8T BB B3 e gt upon o

sepaffle SRCOAthé %mic@m%tdr%u@sﬂmeem(}m appr oxi mat el y
parallel to the rows of structures, so as to pass the

first target Iocatlon al ong t he first rowto irradiate

32. aﬁae gbettgéé %)g&'gﬂﬁuf b W1 éorgg\ t?tterlH&'dH ﬁ)c'aﬂoﬁ IE)‘F tﬁé [éé&?rfoot’éser beam

y pass e second tar

on Aqiaén efruatupeds tdffset @8 and lenythivisd diradiiet effthe structure from the
second time structures previously irradiated by the
incidentdecatipneef the disstdasemeam pindbeglierplsdctyfe.t he fir st

target |ocation along the second row.

33. A semiconductor substrate (740) processed according to the method of claim
24,

34. A system for processing a semiconductor substrate (740) having a plurality of
structures to be selectively irradiated with multiple laser beams, the structures being
arranged in a plurality of substantially parallel rows extending in a generally
lengthwise direction, the system comprising:

a laser source producing at least a first laser beam and a second laser beam;

78



35. The systemof claim 34, wherein the |aser source
conprises:. respective first and second | asers (720-1 ,

WO 206209818 . ). 36. The system of cl aim 34, whereCTUS1065/021406
| aser source conprises: a laser (720); and a beam

Spb' HiER" 1264 Dedth Spﬁ}%gﬁéatléh bedth biagl froft tAedlaseE Wiflirce to the

| aser beam propagat at hs between the | aser and the
serrmndwturmhstraw m§4®haed (hwmg aa‘wst fﬁwrmm that dniersects a

first argsb bloatoh opar i e sBuboRbueRB bR Uit %) e
fi bséeéHHd fersler Pdrh fbrbﬁﬁgétldﬁirpam @om‘g $r©he¢he vasar source to the

irst |aser beam from reaching

passing or bl ocking the
semicancsistircshsirete (74aband Aeving7aiepconhinpes Sea Al ek tersects

a se%@gé%aﬁqti%&%%@ﬁﬁ&v Qﬁr&gﬁg séﬁ?&iggilucf’o? ut%ﬁ'?g%gm) the second

ta rg@ﬁl@@bh@n @éll‘?%f%ﬁtlﬁ‘tﬂh Yh@fas itavgedlochtion ki aglitdatios @eopsehdlcular to
| aser beam from reachi ng the sem conduct S

the [engthwisgglirepkign §>f§|ﬂ% PWE byl same @moumewﬁﬁ @ﬂbshqr} e first target
loca®BA. 865 ﬂ%cﬁﬁé rr(?}g‘? ﬁPf’.s“ltJ rr?ﬂ@?f %tgﬁ%%llr% ﬁtgé%onﬁgtarg eIroca’clon is a

SVSt '8 o a contro
struéﬁu%)ormmeem ewotadjhtentf struxtures crs asavondpoincdistinct from the first
switches (750) , the controller (690) setting the
rowsaRles of the first and second optical swtches (750)

SO aa\%ofl&g bf{ @bz t@' Hiopé&d Bfd SemoheGElF %ﬁ bstt&te (V6) relative to

system o urther conprising: a beam
the sﬁltsteandwgecmuhm&sraxe%m am¢ctumapp7@aanaﬂ¢lymﬁekbelutn the rows of

sl 1€ a3 S8t ISR GRIRTLA R R MR I it for

flrstotﬁrﬁé BeRébted WiiBRIreS IMKE Firsidrow? 4IRABD LR bitgulitaneously pass the
hani sm (760, 764, 766, 768) disposed in the second

sechod aaxrge’emab@rmpaym ihenserond, rownisr istsgliatadosagerand time structures
oo 58P0 5, BE ATy 5 B S 2HEB L st oo

locdtdhalbh@ttd ssdondn@vi.ne second | aser beam propagati on
pat hs; and a focus |lens (730) disposed in both the

first and the second | aser beam
35. The system of claim 34, wherein the laser source comprises:

respective first and second lasers (720-1, 720-2, ...).

36. The system of claim 34, wherein the laser source comprises:
a laser (720); and
a beam splitter (745) disposed in both the first and second laser beam

propagation paths between the laser and the semiconductor substrate (740).

37. The system of claim 34, further comprising:
a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser

beam from reaching the semiconductor substrate (740); and
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propagati on paths between the beam conbi ner (765) and

the sem conduct or substrate (740). 43. The system of
w@b@oov®d4s further conprising: a first focus |BEEUS2005/021406

(730A) disposed in the first | aser beam propagati on

pateh$e@mw aptical @Mdtchc(a’ﬁ@ Hisposed BoBe seapusleder beah‘epropagatlon

| aser be i_on_pat
patlf 8 Goco R antef SvBERIZEH) 63PalBAt shitaigEPaing Br blocking the
secéﬁma?swcbéétnﬁ’froﬁ\ih,fédhﬁ{geth@%lc@ﬁﬁﬁﬂohls@@éﬂaﬂé (Pho).aser
pul ses to obtain a throughput benefit, wherein > 2,
the structures being arranged in a plurallty of

38. IS bAReLEof B0 ekl R JEH A Bod B BOFIRRhés (750) are

AOIsopagati ng al ong N respective beam axes until
i nci dent upon sel ected structures in N respective
di stinct rows, the nmethod conprising: determning a
j Bl i [ aneously noving in
39. tm&%%ér?gbﬁ% (gémg?r?éc rﬁg&%{;@rﬁﬂd&ser beam axes

sulzstantrolédrl (690N conhectedrtel thei first aadt dexonendstivzd lswn@hes (750) ,
structures in_t

the RoREolft %Q%é@ﬁﬁﬁ%ﬁgﬁ@ %6 destand 586N, QPY SW|tches (750)
é{!ﬁ@ﬁﬁ%}ﬁ,g’cg%n@ﬁ t%]écﬁé@'&ﬁ!ch)’re@r ofile is such that the

roughput I's achi eved while ensuring that the
jOInt veI00|ty profile represents feasible velocities

r h of t.h ries of laser pulses and for each
40. ﬂ‘% ﬁ\és P (f:l?'im 34 Uit CBMPESINGt ur es processed wi th

they Peaer él%%rlﬁé mhasedniginl 789, 762, 768E768) BRPo-ED Ghah&first laser
44, wherein thé determ ning step conprises:

beagepepagatiog pedh, waerebyfthe ﬁ@tﬂocraim canviee adjusiedpr of i | e
(410) for noving in the | engthw se direction the
respective laser beamaxis relative to the

41, SE8 s@ieRtodlaipyBAL fusther cddlishg: as to process
structures with the respective series of |aser pul ses,

t hé bpgny staaringngechansihd7§0.dGed. veP.ochBy dltﬁn@rseple@ the second

oo 450 RO ORI AT Bh IS st

profile. 46. The nmethod of claim 45, wherein the joint
velocity profile is the m ninmumvelocity value of the

42. N hengysiean e claign 8¢ fythgr 6PmPESiNG410) at  each poi nt
al AnGedRecdihBihkt €765) disposed in both the first and the second laser beam

propagation paths; and

a focus lens (730) disposed in both the first and the second laser beam
propagation paths between the beam combiner (765) and the semiconductor
substrate (740).

43. The system of claim 34, further comprising:
a first focus lens (730A) disposed in the first laser beam propagation path;
and

a second focus lens (730B) disposed in the second laser beam propagation

path.
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47. The nethod of claim45, wherein the joint velocity
profile does not exceed the m nimumvalue of the N

wo paowisual vel ocity profiles (41 0) while a SPETIUB208021406
is processed with a |aser pulse. 48. The net hod of

44.c| Ai metbod viloeresen in herobe$sing vstdicilireselooc ot ywighiof al samiconductor

subfiald (TG RS oS i e oR RpusPERF benetf, wherein
N £ngl @H@Sst@lc@lﬂ*e%eﬁéiﬁgdé%g%%md ‘énpfﬂﬁéﬂ:i\lp%ﬁsﬁwéﬁﬁéﬂy parallel rows
veIomtythat Is the m nimum of correspondi ng

exteyiling ait & epobenallyslengthwige dieptden.ofthe| i raeties of laser pulses

prof el ARG M e v bR e QL Bide bR Aot tores in

N réspeetive elistitet aaps, the nséthea@ehiprigiidy each ot her, then
the joint velocity profile includes a gap proflle 50.

Thelateimibinga ieinhivelpaily, prgiite Barsimpanepusly weovirg inthe lengthwise

dlre@é{}% 'élllu‘fj}\l %f?%%%npgﬁ?i&g%?% ﬁﬁgﬁhl lﬁﬁ?orfﬁel%ﬁvrbs{oame semiconductor

substraty (7B10)$o getoepratesystrietufessiartheN edws &&»tﬁrthe Lﬂé§lﬁ§c’uve N series
[ in the | engthw se dlrectlontheN

of '%%grﬁr@syfg Vitherahy dniomdvelacity Rrefilris SughiteaagdhBughput benefit is
ach?éri}gz?it\kﬁﬁe?eﬁg&m tHa‘Pﬂ?&}Bﬂ{t%my"lﬁrbﬂl ot iBBré il Ié’a%llﬁié'v%)’ocmes for

, SO as o selectively rrra structures
eachhef the dWssaniash of asarepylses ianel Ifbrseaclesofofhel asspective N rows of
pul ses. 52. The net hgd of c m 44, wherein the
stru&ﬁ{rg{smrg)ﬁqggsegtvglaw SeEIES O g%sr%rpé'f §8% a set of nmster
coordi nates; determning for each structure in the N

rows to be Iasc_er irradiated a relative offset
45. cbee tathoe of claimaldyadieseindbe determiringaatep dotrpriseni ng a

JOI vel ocj rfi fagr the N ro bas.ed the set .
' ietinied tor P4 b frec rolica Nl Ghlfy SRRE (PIhiABF niing in the
Ieng’ehﬁ/isfé aurbbﬁoﬁtth@%gps&ﬁw@omer PRafth esdd kaative to the semiconductor
conductive links and the irradiation of a link results

subptiateel/0) 5§ astex proress steuctumasewith the sesirectivaiseriag of laser pulses,

tholtiBafhahg T SPPURANE TG BREIGE D Bam aves 1 <
| NToHGFHrindP ANe aNs Beividit delecioyn profilcse @ MHNIcddtérmine the joint

substrate (740).
velocity profile.

46. The method of claim 45, wherein the joint velocity profile is the minimum velocity

value of the N individual velocity profiles (410) at each point along the profile.

47. The method of claim 45, wherein the joint velocity profile does not exceed the
minimum value of the N individual velocity profiles (410) while a structure is

processed with a laser pulse.

48. The method of claim 45, wherein the N individual velocity profiles (410) include
aligned sections (440) having respective constant velocities, and the joint velocity
profile includes a corresponding section having a constant velocity that is the

minimum of the N corresponding constant velocities.
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55. A conputer-readabl e medi um on which is enbedded a

program perform ng the nmethod of claim44.56. A
waemeomsdtict or substrate (740) on which struct PBCEESEN®021406

positioned to be irradiated by N | aser beans nore

qui ckly than by a si ngl e | aser beam wherein N 2, and

49. V\ﬁﬁ% ﬁ':gg@tga %fNﬁlaﬁﬁ e%@ &!r} g)ﬁgaz%f %})‘?8 dofttﬂebﬁvljgﬂfi %%Pl}des a gap

(4609r hevihgt h@nstrlichﬁre%ef@ s dyrgdiateds UbRd riftal (N7 4Bvs mclude gaps in
rising plurality of structures arranged in

ahgrynanhwnth yea@h qﬂm; then tedpiny velpcHy pepide dnglyd @%ﬁgﬁamrgale
di rection, wherein one or nore properties of the
structures can be altered by irradiation, wherein at

50. | 'Bi#s indthed off claiims44r wheim dse {birineelposy prafite thchadédehe or more
said N rows have one or npore sections of structures

sectipns ¢fi amstantyelQai¥t anti al Iy match the given
. orientation, whereby the sem conductor substrate (740)
can be irradi ation processed with enhanced throughput
51. Mheusethafd dihdaith 44 skrrthiee aompriginer ei n each | aser beam
neousl incident on,a structure in a

spot i s _si
r e%@%@t\'ﬂér{ﬁﬁ\tﬁﬁ?”%@ lgFecRyiges e ons of N rows. 57.
t h i 0%‘15 : r‘g ﬁpfh%q@hgfr hwis®elirbalich (et 1a8¢r KEAhRRE. mWhﬁsEcm Felative to

ctures e p03|t|oned so as to maxim ze the
the peinitondectorisupsivatef (/46).fioracsorddnceneitiu the jaimwelecityheofie, so as

to splafivald FRuRBE T ueHtR Po P Byas R hE G Brotbe N regs of laser
pu|s\éger ein said N rows include aligned gaps having no

structures to be irradiation processed, and the gaps
are positioned in substantial alignment in the

L e

pogkheritingth oét Gitrhastblcesramateg; said N rows is
approximately identical in the |engthw se direction

safatargiRingdor ezpl steiefwedadbedt rewsser e éaS(eMU)ad@fted a relative
offs&t @doﬁfg%gte Y?’Bﬁﬁhﬁs?&l 6’06}’9[9%% &£ positioned closely *
0 er

enou 0 eac € direction perpendicular to
t hdeteﬂrnﬁmhw a5 poirsti vedotityoprofife fori theridwewsusdsddchan thdseiNof master
| aser beans can be focused on the sem conduct or

cooigliPPat e (740) using a single lens. 61. The
sem conduct or substrate (740) of claim56, wherein the
sections contain rows having adjacent structures

53. Sifecetttaquhof claym aidt, amarebm ﬂnatsétqctm*esaioamﬂriqﬁ elebtrig2lly conductive

lmks;ratgd g?q,gq?c}(gq% o o‘r{aqf b?qtsgu S in Zzégmé){ha‘illiﬁkm 56, wherein
54. The method of claim 44, wherein the semiconductor substrate (740) comprises
multiple dies, and each of the N laser beam axes is incident upon a separate die on

the semiconductor substrate (740).

55. A computer-readable medium on which is embedded a program performing the

method of claim 44.
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approximately colinear in a direction substantially
perpendi cular to the | engthw se direction of the rows.

W 30060818 em conduct or substrate (740) of cl ai PCBE6S2005/021406
wherein substantially all structures of the

56. s &hi sepnidonduntors sobsiratee ((4Aopnawbichr pimelbies @re opesitioned to be

. [ d.n the | ise.d tiQn. T, ,

raelf 6l Besr BeaBt il Wik B8 67 2 it e perm. phgrein N =

2, ah@tdher@i iRy Nbséroysars a_trb%r@e@bqqadw:mrde«m logit thatsemiconductor
740) is an integer nmultiple of N 65.

Th

subsgisatec@dQp ir @givgnwier&a@om,ﬁh@)semicw%qﬁ@w?bama& £749)taeanprising:
t i _ _ - _

PR oS e B B 28 BB i @ goneraly

length e difettion 4Whebsih thedopmor@brdpertiés batie sthecturss ¢drebe altered
structures being arra(r&?ed in arowextending in

by igeeiation, yheseigt anesst IY sueRirglSs AReCorBPARRA @@prq?g‘ti%ed so that
saic??\lpz{)\ﬁ%' ﬁﬂ/eaghbrélt rﬁ@r%e%%?ﬁﬁf@ Bpg{ruﬂu?gﬁgﬁ%ﬂ%n%ﬁ‘jﬂg sfibstantially

aser beam axis t I Nt ersect's
matskntheogivent oderstation,r atherébitthe spenicoaductgr substrated (740) can be

~ laser beamthat pro ate | ong a ,second | aser m
el RS A dBh ETRRCER o e 51 i R B beams
whérgﬁlwo)e;acﬁ' Bkt ;’:%%?E;{Xotd'ié eGhutEnédssIy | iheldeAl brd &F Wilicture in a

aser beans o stinct first and second structures
respactiveeowamfonemf said sagtienseofNrewvsand second | aser beam

axes relative to the sem conductor substrate (740)

substantially in unison in a direction substantially

57. PRl kemidohduReor! SimstiireSE49) refcélah 58, Wherdi®WheSérnagures are
to selectively irradiate structures in the row with

posiiipaedrsaas ¢0 slaximizef thesjoinfneleeityoprefileatns simuliageously moving the
i mul t L 7. Fh f.elaim66, wh [
N ieeb BepRUESS I thecbha T oY R EirFla ot ol 56 acont - 68,

The nethod of claim67, wherein the first and second
structures are separated by a distance sufficient to

58 alloe gemigenducion sustEdrcEedO) £fi daimH6e véreypinapais Hetpws include
aligfifa b UGBt Stlles St Bk rpdieiie ProkdSedd vafit e gaps are

positionetif Eubsthatial alignhesrst ih sherergtiias direetioh mimigisaid N rows.

between the first and second structures. 70. The
met hod of claim 69, wherein the nunber of structures

59 PP B ni&Shdudist s@BStrate (740) of claim 56, wherein the positioning of
structures along said N rows is approximately identical in the lengthwise direction of

said rows.

60. The semiconductor substrate (740) of claim 56, wherein said N rows are
positioned closely enough to each other in the direction perpendicular to the
lengthwise direction of said rows such that the N laser beams can be focused on the

semiconductor substrate (740) using a single lens.

61. The semiconductor substrate (740) of claim 56, wherein the sections contain

rows having adjacent structures spaced apart by an approximately constant pitch.
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second structures is an even nunber. 71. The nethod of
claim1, further conprising: generating a third | aser
whe@aiodsa® propagates along a third | aser beanP@rS2005/021406
that intersects the sem conductor substrate (740); and
62. dThessemigpriduetdrtsubdtriates €f4Hedrolain 66 awberaire the givien erientation is

row. 72. The nethod of claim66,.wherein the first, and .
appiBURlEY cobfeRing fdveiartsihaaniale pttbridigial I ind Kngthwise
dire868rsoPthefiscal properties, and wherein the first and

second sets are different fromone another. 73. The

met hod of claim 66, further conprising: selectively

o3. o Rk BBl LD a3 XA ' OBEETSE, PR substandaly
strublupsX of¢hé B@nﬁmﬁtdr@mtr@@@m@mrmﬁ@mm Ffws aligned in the
sem conduct or substrate (740). 74. The nethod of claim

lengbigwisedicgedionconpri si ng: during the noving step,
dynam cal ly adjusting the relative spaci ng between the
incident |ocations of the first and second | aser beam

64. aTAs. sethiconbactretdubdirafe ¢740)66laimh%s,ewhetdie the total number of
structures conprise electrically conductive |inks and

rows Hethe semicandyatos substratel 78k i A integeydvuitipleCk Nat
link. 76. A sem conductor substrate (740) processed
according to the nethod of claim®66.77. A systemfor

65. skieesdmicehnductor adbsiratey740) ot tlaime S6pwhereinithd struetures are links.
sem conduct or substrate (740) using a plurality of
| aser beans, the structures being arranged in a row

66. OA FEthod 1"09,s%,l&ﬁﬂ@&alrréﬂiéwtsﬁ%ﬁﬁegidr?%i\/?iﬂwinté‘%emiconductor

system conpri si ng: aser source producing at |east a
subsiratet (7483 aisirige arplaratityao sen debats the siwctures ibeing arranged in a

| aser ,.beam propagat,ion, path,. al.ong which the first
row SIS e Beopar eso Bl 4rEaTe 43K bitaed EomprShg
subghbeadtfig(d i ladt®elaink ﬁtatlpﬁié@é%éft@émdwgo@ﬁwgm Hezinh axis that
~ having a first |aser beamaxis that intersects the
intersectchedsarniconduior sabeirate46#0kt a first spot; a
22@%%@’(@%‘% sggghng Ffésoé)rat%’gnh ?Hatpﬂlogaggie%neﬂoﬂg'acgeégh% laser beam
axis that intersects the semiconductor substrate (740);
simultaneously directing the first and second laser beams onto distinct first
and second structures in the row; and -
moving the first and second laser beam axes relative to the semiconductor
substrate (740) substantially in unison in a direction substantially parallel to the
lengthwise direction of the row, so as to selectively irradiate structures in the row

with one or more of the first and second laser beams simultaneously.

67. The method of claim 66, wherein the first and second structures are not

adjacent.

68. The method of claim 67, wherein the first and second structures are separated
by a distance sufficient to avoid a deleterious concentration of energy absorbed by

the semiconductor substrate (740) in the vicinity of the first and second structures.
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propagates toward the sem conductor substrate (740),

t he second | aser beam propagati on path having a second
wo amenodselam axi s that intersects the sem condurtDUS2005/021406

substrate (740) at a second spot, wherein the first

spot and the second spot si mul t aneously i npi nge upon

69. i3 EiEibol s b TR P dhetd, Lol S Beflveon the

first! sagiese dopnetaxdsresel at ive to the sem conduct or
substrate (740) substantially in unison in a direction

substantially parallel to the | engthw se direction of
t i .
70. 1 e BAEBIL ) PR 3P SRR o st ang

sectedBBusiuned isaeeveh wumbgr. The system of claim 77,
wherein the | aser source conprises: respective first

and second lasers (720-1, 720-2, ...). 79. The system

71. Glfhé:}r% I%cg?f cl\Q‘?ﬁr1e'flg'tﬁé?%olrﬁ§rF:rln§°ur ce conprises: a

eam spl'l (745) disposed in
boglenekalrfg asthlrdndsesrebnemd tha’spropmhespatmwatthm |gstriseam axis

he | aser nd t m cpnduct or
thatgaf@gw s 4% 9aByconsyCoT S bRTRlelT DT Bk 7 urt her
bﬁhg%e fhifd I5§ér 94rh Gito §V§t|tlfclihr%7|ﬁ%e %\ﬁposed in

the Irst |aser beam propagation path, the first
optl cal switch (750) capable of seI ecti veI y passing or

72. S siaieopt Sty PT Snerd 1Tl EBohEil Fasqr beams have

respettive filsf ¥hd deeoRg asdtd rbftélﬁlcéecmaﬁehi%%erarﬂewmrem the first and
propagati on path, the second optical swtch (750)

secea@aet&ar@fdlﬁ@r@&fromeppep\agthemg or bl ocking the second
| aser beam fromreachi ng the sem conductor substrate
(740). 81 . The systemof claim80, wherein the first

73. b AREIGW oPBlkira @6, ez lempriéhf): are AOMs. 82. The
system of claim80, further conprising: a controller

(6956} eCé'MﬁWebl@th'ﬂQoth%é“?rtl leser hie@nd éc&fﬁdmﬁﬁhl'rtﬁhlthe semiconductor
i ) , the controller (690) setting the
subgii%{e Qg'%? %ﬁg first and second optical sw tches (750)
so safedtioelyr bladkiat ¢herserone llasdresbarhricmhueashing2he Begniconductor

stemof claim 77, further conprising:
subs%{'ate (740). P J

74. The method of claim 66, further comprising:
during the‘moving step, dynamically adjusting the relative spacing between

the incident locations of the first and second laser beam axes.

75. The method of claim 66, wherein the structures comprise electrically conductive

links and the irradiation of a link results in severing that link.

76. A semiconductor substrate (740) processed according to the method of claim
66.
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a beam steering nechanism (760, 764, 766, 768)
di sposed in the first | aser beam propagati on path,

wobk@cemsit he first |ocation can be adjusted. 8HCT/URE05/021406
systemof claim 77, further conprising: a beam

77. sthresysiggn rfebrsﬁiﬁcéwewscadlm streetureg NN @r spidhsinda i semiconductor

SUbgﬁe@nﬁ%%Eigh%iﬁr@ﬁw?@eBtﬁﬁ%&i?b iy B T 4 Bty Srranged in o

row@@émaidd in byeheslyd sd Hire@tidre ane e9sten edmpriskly:
di sposed in both the irst and the second | aser beam

pr @\olaggrt sQHcpRArpducing at haasbadgsu lager beayn)ang @ pesertl |aser beam;

parndRosicin e R shARRGRRAT hat Haft JRER B HbE laser beam

propa&gates ntbvedrdr tE@bSéfrﬁkt@c{u?:&Q) su&étraf@heﬁmmt ghe ofirst! %4gBr beam
77, further conprising: a first focus |l ens (730A)

rom%%@@eaahhnh@wegfa fisgt” |ﬁ§§%bea%ﬁ¥§r6}?ég%ﬁeir%ﬁpf§éhﬁ segpigonductor
sub?tré%c(? 595%?3’['53)’6? (730B) di sposed in the second

aser m propagat’i on path.87. A nethod for
selaeseaomd laser rb@énaprcmagsmbucpaih_ealcmg whichi thel second laser beam

propARALEe 1OHEKT enmemisanbhan bubisEa B L1 dPPaRGEANd dager beam
pro;?rééqéﬁ%ﬁtﬁdiﬁ'rfégld@a 3c86R8 Tadr b afh Fd%"ﬂﬁ?lrﬁé %E‘{s A8 sdri€onductor

conprising: generating a | rst aser
subbisaie (FHY) pt @p@@aoed spatngvherein §he|fastersploéaan<h>the second spot

t ' ct 740Q) :
sim{)BiecuBhiERERGS U B 280 BesRii it Fes oy s oug and
al @nBoBors SeRyed(0683 tiatiaeveFesiirshahd isBESHhE Rfde? beBfh axes relative
sem conduct or subsStrate %740) , directing respective

to ther sseraisandeciondsyhstede (F4h tsubstantially aitd lsrse@mdm a direction

L G L e A"

wracﬁalellst&ﬁdtu@sulhelﬁev\fotmw&hSdrf@bﬁnioﬁtéij theIfisst RF second laser beams
structure; and noving the first and second | aser beam

simglfanequslyat i ve to the sem conductor substrate (740)
substantially in unison in a direction substantially
parallel to the

78. The system of claim 77, wherein the laser source comprises:

respective first and second lasers (720-1, 720-2, ...).

79. The system of claim 77, wherein the laser source comprises:
a laser (720); and
a beam splitter (745) disposed in both the first and second laser beam

propagation paths between the laser (720) and the semiconductor substrate (740).

80. The system of claim 77, further comprising:
a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser

beam from reaching the semiconductor substrate (740); and
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| engt hwi se direction of the row, so as to selectively

irradiate structures in the rowwth either the first
woeoosoesngl | aser beam wherein the noving stepPCEESL0DS021406

in a speed that is greater than would occur if only a

si rajbecorakeptidad amitetr(@50) disppedd v the sechrat lmsehéeam propagation

tructures in.the row The, met hod of cl aim87, )
patfficsebarrieonicel svil B0 sapabiPatcsalrdvel Paghiag or blocking the
sec%hﬂéée%'lﬁ%%\‘rbgﬁg Reddhthd tHeE&erﬁi?:@nétl?@t_@F‘ duBstratel(RaER

respectively. The et hod of claim 87, wherein the

structures conprise electrically conductive |inks and

81 Tfir SV 51 6820, fnsi el GB35 And Ref@fobfid Wiches (750) are

AORIsr uctures conprise potential electrically conductive
links and the irradiation of a link results in making
an electrical connection in that link. 91. The nethod

L8 [ first.and second structures
82.gt%§%g%t%dﬁzf’a%¥e‘@f$§2_urq%z C&E{pﬁﬁw f claim9 1, wherein
t hea tonissllexn@98E confestetutet thicefrstbRdssitvndt Sstidd switches (750) ,
di stapce sufficient to avoid a del eterious

the conptrelier GPLdelind: e slptan ob e dryandheeewid eptierlavgiches (750)
=) %Jf?)sih’é\@fa?e ()ﬁﬁpgelé&eggﬁr Gic@i ty of the first and

second struct'ures. e nethod of claim9 1,
wherein there is nore than one structure between the

first and second_structures. 94. The nethod of claim
'83'9@]9 Wé?@‘?f L Kzn‘{'a’ SO dr es bet ween the first

an n ; : e . .
oot DeaRPStebling ThedRiieh (FBOFYEN, 7882768) Bikpolll in the first laser
beabepropmgagon paty, sdverebiidha éirdt dosadiootcan lsaibdjustace ( 740)

at respective first and second spots, and wherein the
first and second spots are offset fromthe one anot her

84. byhes SyBtemBTWMIn 77 Fubthkeebirphishigdst anti al |y
per pendi cul ar to the | engthw se"direction of the row

96.2 trRamnsiegsingomechanismB1766,ur6her66onp8) disppsed in the second

lasf YT bhebob et By T ser i Beafifd BoRbadidhed.
sem conduct or substrate (740); and directing the third

| aser beamonto a structure in the row 97. The nethod
85. ofhesystemnaf claimef 6i farthee cempsisinghd second | aser beans

ha¥eheam combiner (765) disposed in both the first and the second laser beam
propagation paths; and
a focus lens (730) disposed in both the first and the second laser beam
propagation paths between the beam combiner (765) and the semiconductor
substrate (740).

86. The system of claim 77, further comprising:

a first focus lens (730A) disposed in the first laser beam propagation path;
and

a second focus lens (730B) dispoéed in the second laser beam propagation

path.
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respective first and second sets of optical
properties, and wherein the first and second sets are
waledoboomnt from one another. 98. The net hod of PCl/asIm5/021406

87, further conprising: selectively blocking the first
87. Aamethaskden selaetivelyciirasiatinge sHBAUERH At ©6r Wihibs 8 r sgreiconductor

0),; ect b ' S l.ase .

subsirbE a8l 5 LB caiblese 1y BEA 35Sl being

arrangfeel et dobveofexteadimg8Th 4 ujdrerallyc dengthwisy: diegttiong thBe method
novi ng step, dynam cally adjusting the relative

COMRIEARI-ng between the first and second spots.100. A

 RERERHE - SFCpBK 1S 4 RECORPBHACEREE T Bropr boa
axis that e rseictyythet serntcondacton sobstvate {T40)p sem conduct or

e el R b g 5 socond lasr
bear®4kBNALNBtdr8eBisARBRNtInd RIS dWMstatd (7A/HL 1 on, the

system conprising: a laser source produci’ng at |east a
f idistctipglrespledtivectirsb @aach sacdnd pasenftoputheetirst @andrsecond pulsed

Iasertb ﬁ%anr%? ?%{’«i) {cﬁ%tg{c%ggétﬁ@& %gétg{f %g%%:ﬁ&% gﬁl :tﬁ% rg\llvogg a\ghtiocgomplete
iradia@i6h ©P BaCStATctSERSVtR bSsitglé Wser pusd pésdtri@gry; apgam
propagation path having a first |aser beam axis that

| Mheyisgdhe firgk apdnsensiduleser beans axes éelalive)todheasemiconductor

subsf A i AR TG, P AT hBRB el 0 e
lengthMses ditectuntloE e rewbsor a8 eo (séfdbtivelyherapistenstrd@e®ss in the row
ropagati on path having a second | aser beam axi s

b

with eiﬁgﬁrptﬁﬂﬁl&tﬁﬁ%wﬁéag@@%ﬁdﬁh@r@in Hemovindestep 4o5ults ina speed

that @;cg'ggféﬁﬂgﬁ woi§ folells %f'benéfg brﬁﬁ%léqgé%[%%qﬁer%e&tﬂﬁ d to irradiate
S I NPl nge upon aistin fir and second structures

the stroctunes irotlve ramd a noti on stage (660) that noves the
first and second | aser beam axes relative to the
sem conductor substrate (740) substantially in unison

88. 'ThePnflth&8df%8aim 87, wherein the first and second pulses are delivered

simultaneously to the first and second structures respectively.

89. The method of claim 87, wherein the structures comprise electrically conductive

links and the irradiation of a link results in severing that link.

90. The method of claim 87, wherein the structures comprise potential electrically
conductive links and the irradiation of a link results in making an electrical connection
in that link.

91. The method of claim 87, wherein the first and second structures are not

adjacent.
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substantially parallel to the | engthw se direction of
the row, so as to selectively irradiate structures in

Wo b@cowmsi th either the first or second pul seRCT/ESEN5/021406
beans such that any structure in the rowis irradiated

92.pyhaonathod ohelainod, Mmemtiéarﬁr@me@ seghid sbyictures are separated

oy Faed TR PaRTall oisRnaqtiateltl dbsorbed by

the IsepfiEomRATIO MU tHaté I(M@dnttﬁe VicIrii GFitRe fiRgt 2Hd s8domdestructures.
in the row 102. The systemof claim 101 , wherein the

| aser source conprlses respective first and second
I r ) 0 S [
93., 306 hbeoioil 81, Seraipline® Bynghf RETOEE gl PBween the

first{ @0 pecanbstritaresspl i tter (745) di sposed in both the
first and second | aser beam propagati on paths between
the |l aser (720) and the semnmi conductor substrate (740).

94. 1@ﬁe nT&ﬂoﬁ%?%W% ﬁh?%@érjr@ﬂﬁ nuhBE B?Etr?ﬁtﬁpt%é Bé@\gienathe first and

i rst optical sposed |
secbadmtrmncb.pegaet aoevpatniumbdre first optical switch (750)
capabl e of selectively passing or blocking the first
| aser beam fromreachi ng the sem conductor substrate

95. (Tﬁg}netﬁﬁg d? c'Fa?FrP@?j \Hﬁér‘e‘?ﬁ"{hesw& SAd (sé%ghd q‘é&ﬁ'%%ﬁin IRes intersect

t he second | aser beam propagati on path, the secon
the semicandunipn @lbs(trme)(m:&)oaueepectn@eﬂlrstand ede;copdwomg and wherein

the Jiff SOAhRePOr S8 7a: QTeHdET thESone Lot Rin%me amount in a
direetieh %U&%ntl)%;?bémérfdhﬁjléﬁ tb&he %tﬁ@%@tﬂréb@'bh%ﬁ'the row.
switches (750) are AOVs The system of claim 104,

further conprising: a controller (690) connected to

t ches (750) , the
96. ﬂﬁ? %‘%tﬁéq %Fglegﬁ@gﬁfrﬂﬁ%({%@% es of (t he) first and
sequméraiig aahirdvibsehpsam7thal pfsparaité® aldrfgadltﬁtré |88dYbeam axis
el ected structures. 107. The system of claim 101 ,

tha&lumrﬁ@?tSémﬁemq@ucg)mﬂ@t% ﬁohgaﬂﬁ'acham sm (760,
76Ad1re?:ﬁﬁg (tﬂ@ﬁ*)lr & §§ﬁ§8§m’ Jht{)]% tFle’tl?rtellh"ﬁ opeam

pr opaga oca 9N can be
adj ust ed. 108 The system of claim 101 , further
canprisin
97. The meth%d of claim 87, wherein the first and second laser beams have
respective first and second sets of optical properties, and wherein the first and

second sets are different from one another.

98. The method of claim 87, further comprising:

selectively blocking the first laser beam from reaching the semiconductor
substrate (740); and

selectively blocking the second laser beam from reaching the semiconductor
substrate (740).

99. The method of claim 87, further comprising:
during the moving step, dynamically adjusting the relative spacing between

the first and second spots.
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a beam steering nechanism (760, 764, 766, 768)

di sposed in the second | aser beam propagati on path,
wobk@cemgig he second | ocation can be adj usted. BROPUSIN®021406

systemof claim 101 , further conprising: a beam

conmbi ner (765) disposed in both the first and the

100, B aio B3t B BetR AR ProeRsa heiBa B e mghpa of claim
g87.beam propagati on paths between the beam conbi ner (765)

and the sem conductor substrate (740).110. The system
of claim101 , further conprising: a first focus | ens

(730 ' LA, th it I am. pr.o tipon.. ...
101, A Yol RO SRk v dretiBhe FEEuRRCPh R R haniconductor
subskstenq74@p elsirtf am puefisgafi pulspdt aset 1BearfisMh80glirfictures being
selectively irradiating structures on or within a
arraggfflc Shauiciow exierdingt B @ apnaidin deagipmisea ditsction, the system
.beans, the structures being arranged in a row
Cor'{ég?g{rﬁji ng in a generally |l engthw se direction, the
metah et csuurees iprgduciey extalebsi aafifst rplisdddagerbesamtdnad a second
aprolgagat es along a first |aser beam axis that
pulseshlgpeebeam; he seni conductor substrate (740);

ge'éerfﬁ‘ét]' ket E@ﬁﬁ\n r tg)?\e?ﬁﬁtltu,h%tlor&qyﬁigﬁt% Hreh9ader beam

second | aser beam axi s intersec
propagatesnthveardr tbebsemitandUtt®) ;substrats i (Tg0),hdhéi fistt dambr beam

probn AT NaHcE Fit BHADRB0N Age et i Esocth dne cagigonductor

subs@Rater(7aeRat afies spet;ati ve to the sem conductor
substrate (740) along the row substantially in unison

i n aasegansttasen beans pronagation pathaklang wbhichhibe second laser beam

e ' irection of t row., 112.The th 0
propsGites 1ipivard 18 bR ledhauol, SIBSeAEL (744 B BRGerRY taser beam
propdfationr sdth| kg eabbihd RBer e Adistthat FeshseeRdtetseimiconductor
substrate (740); and sel ectively blocking the second

substiater(740aAT ArseerNd SPRE heml deniirsb speicangt the second spot impinge
upon distinct first and second structures in the row; and

a motion stage (660) that moves the first and second laser beam axes relative
to the semiconductor substrate (740) substantially in unison in a direction
substantially parallel to the lengthwise direction of the row, so as to selectively
irradiate structures in the row with either the first or second pulsed laser beams such
that any structure in the row is irradiated by no more than one laser beam pulse,
whereby the motion stage (660) traverses the length of the row in less time than
would be required if only a single laser beam were utilized to irradiate the structures

in the row.

102. The system of claim 101, wherein the laser source comprises:

respective first and second lasers (720-1, 720-2, ...).

103. The system of claim 101, wherein the laser source comprises:
a laser (720); and
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substrate (740). 113. The nethod of claim 111, wherein
the first laser beamirradi ates a given structure in
wo b@eoasig or a first time, and the second | asepCheszms/021406
irradi ates the given structure later for a second
t i mebeamy spliitter (é4Hodispbsed ainmbothl thehfirstianda ssedrdttlager beam

structure, | he row s i i_at by either the first
prosagetiprifiains Bebverer iata {7200RRHdhs Seuftnbfiotor hbstraté 740).
wher eby t henovi ng step can occur at a greater speed

than would occur if only a single |aser beam were
104y tlihei syséemoofialaieni Gt dutther eampasinges in the row. 115.

ot et BB el ol e oot S #RBM Ao parh,
the Akioptisadelitéte (750)capapiedt salectvelpipagBrigddyr BbskihgaHe first laser
y the sem conductor substrate (740) in the vicinity

b
beag¥ fromaepching the sesteondder sihsiiaie (7406andhe et hod of

cl ai : [ i: - .
oL B SRk P40 P SRR ThEHEb propagation
pathyghéadcohd dptical dwhich (N80 ecapdbie of setetively [sdgsited or efocking the
bet ween the first and second structures i S an_even
secefifhizser bean fremgeashingdhaseaigpnduciar suftatiate f74te
first and second | aser beam axes intersect the
sem conduct or substrate (740) at respective first and
105s ebimndysipot of clam 10 neereir thd first tanainsie cacooplicad sivstches (750)
re offset fromthe one another by sone anount in a
are &Oﬁ\é%ﬂ on substantially perpendicular to the
| engt hwi se direction of the row. 119. The net hod of
claim 118, wherein the first and second spots are

106s dher sptstemiof claioh @4 igaheiuédmpiiging: t o avoid a
del et er.i Qus entrati e absarhed by, th
sof SO (PORL BRI ES to dbr THE e AR Sicnes (750)
the S660OILrS@ODS seltite thEhstater) BPthefirst latidniadobhd dptiddN@Wwitches (750)
conpri sing: generati n? athird | aser beamt hat
so gsriepagdiads onlysaiecied sirugtureser beam axi s t hat
intersects the sem conductor substrate (740); and
directing the third | aser beamonto a structure in the
107" e shgtem offemainetmdurhecednpridihg: wherein the first

and second | aser beans have respective first and. ]
se@dPrPestgedng GRRGhERISM (PR ¥ Phs /68n40RheisePsed ik the first laser

bealr 5l%'baagﬁon path, whereby the first location can be adjusted.

108. The system of claim 101, further comprising:
a beam steering mechanism (760, 764, 766, 768) disposed in the second

laser beam propagation path, whereby the second location can be adjusted.

109. The system of claim 101, further comprising:

a beam combiner (765) disposed in both the first and the second laser beam
propagation paths; and

a focus lens (730) disposed in both the first and the second laser beam
propagation paths between the beam combiner (765) and the semiconductor
substrate (740).
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second sets are different fromone another.122. The

nmet hod of claim 111, further conprising: during the
wWowiesst ep, dynam cal ly adjusting the rel ati RE€T/US2005/021406

spaci ng between the first and second | aser beam axes.

123. The nethod of claim 111, wherein the structures

| t duct | i nk dth
10, P bt S A e HE L hg that Iink.
124 filhgobBS Mok F3GAR U%béééd lﬁ\hﬁé qirst ler fHeaph p%‘ﬁagatlon path;

second | aser beans are pul sed | aser beans. 125.
andret hod of claim 124, wherein the first and second

otbnaan] gl B 280el dRAeRg0 T 130 ot Gnsr bt Biopagation

patﬁ_ubstrate (740) processed according to the nmethod of
claim111. 127. A systemfor selectively irradiating
st ructures on or within a sem conductor substrate

11 1 ﬁgé‘neﬁb(gﬁora gelelértl%lb/t ¥ral %t'nﬁsgﬁu&ﬁf’égs ont&ewﬁb HEt S fiRonductor

arr n a genera

subbt?ﬁw (MO eusiing ecpluelity Uﬁ%serﬁims;dhprstmdﬁ@’esaaélag erranged in a
source producing at |east a first ser tgeam and

rowsdeReINg 43 arganehally igngihvdse |d§§6‘i'0fb é&?f“Rﬂ?'ng
t .
P owinsTiPa i Ted Mearh Ui e ?ﬁ?%‘%?%ﬁ%s"@? ARApPe oam axis that
intersexts trtmsasmmoodag’amsubs’pateh(mﬁyi ng a fi rst | aser beam
a that intersects the semnjconduct t t
o denering 8580000 1atiolendbgt PbSRES BR0M S SROAT piser beam
axig’ Ha thidfileets {haSsethieBRdutidP §ﬁb§%ﬁeﬂ€‘(?ﬂ@)®ag at es toward

e sem conductor substrate (740), the second |aser
bewimqatmga@etﬁrsirarwasemmbliaagr bear@eomiolrmeadjae@m firgt and second
¢ E‘E’ rsect he sem conduct or substrate (740) at a
Strugiirg s ip ein the first spot and the second

Sp%o%ﬁ@'tﬁ@eﬁrﬁpgﬁd%&mﬂl ReeNbebihT akedMelatigs @che semiconductor
structures in the row, and a notion stage (660) that

substrates (740 alongt thendoweswhsiantialyr inpeaigoax s & dirgetiore substantially

perfif 378 SRR iR TP Ut ant Y i

| engt hwi se direction of the row 128. The system of

claim127, wherein the | aser source conpri ses:
112r e aEthed of glaimddd . Suthesgomuising:(720-1 , 720- 2,

s)e1ect|vely blocking the first laser beam from reaching the semiconductor
substrate (740); and

selectively blocking the second laser beam from reaching the semiconductor
substrate (740).

113. The method of claim 111, wherein the first laser beam irradiates a given
structure in the row for a first time, and the second laser beam irradiates the given

structure later for a second time.

114. The method of claim 111, wherein a selected structure in the row is irradiated

by either the first laser beam or the second laser beam but not both, whereby the
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129. The system of claim 127, wherein the | aser source
conprises: a laser (720); and a beamsplitter (745)
walkepossds i n both the first and second | aser beemUS2005/021406
propagati on paths between the | aser (720) and the
mowngi step chant occw udisargreaterseed them. wodlsl sgeureihasfly a single laser

laim 127 th i Sing: irst tical itch
bosy Bt s i ataane siroptires B ead o opagat on
path, the first optical switch (750) capabl e of

sel ectively passing or blocking the first |aser beam
11% r ofhe e@:@m@ﬁ afhelagenil dbnaharein i dirshiand peopnd agfuciures are

sor R8N BB BTk lienf 3P SElbsbflong BopERREiiqn of eneroy
abson5éd by e ebmicindiRiGICsbstiaye PREDIiNShevidincsd the firseand second

second | aser beam from reaching the sem conduct or
strugtiiedr ate (740). 131 . The system of clai m 130,
wherein the first and second optical sw tches (750)
are AOVs. 132. The system of claim 130, further
116c0Mpeimeth@d of claimh rolld, avhdreROjheto i ecdredthan ore sfructsire between
nd second optical switches (750) , the controller
the (g @NAsIQGONAFIEUGESEat es of the first and second
optical switches (750) so as to irradiate only
sel ected structures. 133. The systemof claim 127,
117 ulhbenethodpofi caingy 118, wdemeist thernumberchatmistnrgs’ 6étween the first
764, 766% 68) .di sposed in the first |aser beam
and,3eaendRHUSHTEiH aNGRYENIHMPHe first | ocation can be
adj usted. 134. The system of claim 127, further
conpri sing: a beam conbi ner (765) disposed in both the
118.i ridie anethod eofselaimdl1 hswherzianthgr iishgud sacpad Haser beam axes

inteP K8 SHB iRl SpshalD 20 b Re hled Bt bl e spots, and
whéreaMmeofifet BRE seébhd spots hReofssT fFESAHE loble SHBBEF BY @ome amount
(740). 135. The system of claim 127, further

in acdirgsitionisugstantiplly perpendiculpelesthe temgthwisesgivection of thesow.

first | aser beam propagati on path; and
119. The method of claim 118, wherein the first and second spots are separated by
a distance sufficient to avoid a deleterious concentration of energy absorbed by the

semiconductor substrate (740) between the first and second spots.

120. The method of claim 111, further comprising:

generating a third laser beam that propagates along a third laser beam axis
that intersects the semiconductor substrate (740); and

directing the third laser beam onto a structure in the row.

121. The method of claim 111, wherein the first and second laser beams have

respective first and second sets of optical properties, and wherein the first and

second sets are different from one another.
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a second focus lens (730B) disposed in the second

| aser beam propagation path. 136. A nethod for
waeloeobisvel y irradi ating structures on or w t hP@T/ES2005/021406

sem conduct or substrate (740) using a plurality of
122| d$er metaotsof ¢lhien 41 f uirthee sotiriagngar ranged in a row

ext endi in a generally | engthw.se.direction, the .

et BapelinfgReneuartay Uisuto 1S e Rfke Ahering between
the PisPBABRCRBNAIART okt BSbs. aser “beam axis_t hat

I ntersects the sem conductor substrate (740);

generatl ng a second | aser beam that propagates along a

nd |laser, b a aX| hat nter ects the . .

123 %n@&iq Ia%ren"blt Sc?ﬁHﬁtuf% GanRyjse r%ectrlcally
coné@&%@hdk@%ﬁm t*h@affadi@ﬂbﬁ dﬂlasltﬂkﬁ‘éhuﬁ:k irbsevtthgstaapmk.

spots on respective distinct first and second

structures in the row, the second spot being of fset

124, XL G SR YRR REE s e BSb B8 aro puised

lased@afia/i ng the first and second | aser beam axes
relative to the sem conductor substrate (740) al ong
the row substantially in unison in a direction
S e f
125, ﬁﬁ@%‘iﬁ&gbﬁ claﬁ'ﬁ bl k\/hgpe@ Iiﬁ? zlgféf}n%ﬂ?‘%écﬁaﬂ IE\@QF b&@8mSfare pulsed
simultamaaus|ynon tIEeﬁnstandsleyoM striucluges hesdeactiselyl aser beam
fromreaching the sem conductor substrate (740); and
sel ectively blocking the second | aser beam from
re
126] R SRIEO RO SSERACTLIO RRRRSSE Ppdfiig 19 mikifod of clim
111irradi ates a given structure in the row for a first
time, and the second | aser beamirradi ates the given
structure later for a second tine.139. The nethod of

127¢] Al §)skefy fdﬁm%seﬂvamr@d.aﬁhg%m@uﬁbéw WrQNItHInté‘%ehﬂ@bnductor
is irradi ated y ei t'her irst laser beamor the

substeaten@40)sisingra hnality elolaseobramsh dhe ipjruchiesdeingyarranged in a

row S i i e By e BRI O RET RN, M2 Syt cordifidhe’
t he |158&UsdutES produdimeat lRest 3 4itst [d8esr eirm eadaf s@écﬁidﬂeser beam;

136, wherein the first and second structures are no
adjaaélgﬁt laser beam propagation path, along which the first Iaser beam

propagates toward the semiconductor substrate (740), the first laser beam
propagation path having a first laser beam axis that intersects the semiconductor
substrate (740) at a first spot;

a second laser beam propagation path, along which the second laser beam
propagates toward the semiconductor substrate (740), the second laser beam
propagation path having a second laser beam axis that intersects the semiconductor
substrate (740) at a second spot, wherein the first spot and the second spot impinge
upon non-adjacent first and second structures in the row; and

a motion stage (660) that moves the first and second laser beam axes relative
to the semiconductor substrate (740) substantially in unison in a direction

substantially parallel to the lengthwise direction of the row.
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141 . The nethod of claim 140, wherein there is nore

t han one structure between the first and second
wateodoosies. 142. The nethod of claim 141 , wWhePCPBURMWHNE21406

nunber of structures between the first and second
128stTrhecsyater ofclaim é2&nwhenebrethe [888r squreermomisesf cl ai m

136, _wh in the first, and s n S are separated
by rgs%ch@grfggt %I"Lﬁ §<Ie%qq§inl@s?lg, @?@Fﬂ 7?%8%1 'es‘er i ous
concentration of energy absorbed by the sem conduct or
substrate (740) between the first and second spots.
1291 d/he sysiemeelidainbl 2¢) whereirsthe lager spwrcerromprisss: and
se . nms have respective first and second
EaGe! G0 2

set's properties, and wherein the first and

segobdanetsplitee (A4bY disposelir Pmbote thsofilterandl4dcorlddaser beam
nmet hod of claim 136, wherein the structures conprise

proragation; Raths Pebiseritha kel (1203 anddhersemicengiden sibsirate (740).
link results in severing that |ink. 146. A
sem conductor substrate (740) processed according to

130t Nithenmysternh affclaibail 27 ,f8ahedddmpAsimgst em for sel ectively

irragdi ating struct n or wthin, a sem conduct or .
sufs rﬁgpetlg%@y#ﬁﬂﬁ@? é’??ﬂc_?ﬁ%ﬂ ing {}eofﬂrst 3959@( BhproRagation path,
| r » u .
e B S ERES A, I CRABRSof Bl AN Onblchg et o
beam fragereasbingcthesentoondigtar sulssictte 4740), andl aser beam

D PSP el SR 37 S0 PO SR I e BB e ropagation
patrf,qnéréécbha Sistivaf SRS (P50)Sedsdblatar deldéivelyt pessind oF blocking the

aser beam propagation path having a first |aser beam

secand laseh®eanniremsigechingibe seniconduaonsubsitsie (&4Q. (740)
at a first spot; a second |aser beam propagation path,
al ong which the second | aser beam propagates toward

131t MEnS ebiepn @f elaih s3Msiidveth (Hetrst dritessasirndplicis @itches (750)
beam propagati on path having a second | aser beam axi s

are AQMsi nt ersects the seniconductor substrate (740) at a
second spot, wherein the first spot and the second
spot i npinge upon distinct first and second structures

1321 MHehsystaw, ofataimves, durthéheorhprisingand second spots are
separated by sonme distance jn a directi

y : ction . .
pe@p@?ﬂf@lﬂrdﬁgﬁ)bc@wqﬂé@d@ e fstiapd gacond apticak swighes (750) ,
the 8Bfktroller (690) setting the states of the first and second optical switches (750)

so as to irradiate only selected structures.

133. The system of claim 127, further comprising:
a beam steering mechanism (760, 764, 766, 768) disposed in the first laser

beam propagation path, whereby the first location can be adjusted.
134. The system of claim 127, further comprising:

a beam combiner (765) disposed in both the first and the second laser beam

propagation paths; and
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a notion stage (660) that noves the first and second
| aser beam axes relative to the sem conduct or
wamsomie (740) substantially in unison in a BCT/@81009021406

substantial ly gar allel to the | engthw se direction of
t hed oS lors (73d) dispoend on kothi therdist andthe rsadond laser beam

prop 8aor® AGE FMBISH" e BEFR® Fhbitar, (TRl BeEHE Somiconductor
subktrdte (MO).ei n the | aser source conprises: a |aser

(720); and a beamsplitter (745) disposed in both the
first and second | aser beam propagati on paths between

135 hend %éﬂg@éiﬂqg?tgﬁr@i%&w%mor substrate (740).

150. syst em of " cl er conprising: a

f i resfirstfocusllerswWTI0A) dsPpsed Spakedirsinlaste bidans tord ion path;

beam propagation path, the first optical switch (750
andcapabl e of selectively passing or blocking the first

G e T SR e LT

the second | aser beam propagation path, the second

oo P P BT OB Bactr R Rt

subS@&leC Gistig aublGEIR; ef (J%Q)bea%%%-thyb‘?ru%t’%grqé?ﬁg arranged in a

claim 150, wherein the first apd second optical
rowstendiag i as@pesally lrapthwise dirgeiéons ise amtbod comiprisigp,

f 1S ng: | | 690) connecgted t.o .

LR A P b B A KRB TRS 6l oam s et
intefsaitts Dld S¥micbRUctdesUbsgatenZ46);at es of the first and

second optical sw.tches (750) so as to irradiate onl

seloepeeiing a secanddasergpantibakpopegatss albagra sagond laser beam

; LSing: ] chani sm (760,
ais et RErsBOETRe SehdooR BB maRTe 10T Coar bonm
pr diragig the fisst andvdesopbyasdrebdéams ont® ditinenfigeani&econd spots

adj usted.,. 154. The system of claim 147, further )
on @éﬁﬁ?ﬁ'\éﬁ figtingt fyshanet srG0NAgSttuiesi ianthe 7o, thesecopd spot being
i %R0 i ot n r: bea j :
orsdEor, BOCHRY 4 g S50 Akt OSSR SRl 10 the
lengthwiseirectipatof e fow) amdn 147, further conpri sing:
moving the first and second laser beam axes relative to the semiconductor
substrate (740) along the row substantially in unison in a direction substantially

parallel to the lengthwise direction of the row.

137. The method of claim 136, further comprising:
selectively blocking the first laser beam from reaching the semiconductor

substrate (740); and
selectively blocking the second laser beam from reaching the semiconductor

substrate (740).

138. The method of claim 136, wherein the first laser beam irradiates a given
structure in the row for a first time, and the second laser beam irradiates the given

structure later for a second time.
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a beam conbi ner (765) disposed in both the first and
the second | aser beam propagati on paths; and a focus

wo e0vs/009880) di sposed in both the first and t hePEPUTSINIS/021406
| aser beam propagati on paths between the beam conbi ner
(765) and the sem conductor substrate (740). 156. The

y m Ia| rther ri.sing; first facu .
13&1s ezf;h f%%m?) @érgd1{3ﬁ Fﬂ‘l@f‘?l e ?aéggc@giaﬁ#ructure in t%e row is
wraﬂfa@&ﬂqﬁ't ei@ﬁbrpﬂ{é"ﬁrﬂnlésér %@ﬁﬂ@rftﬁéu%d(ﬁﬂsle(s@%am but not both,

di sposed in the second | aser beamp ropagatl on

whershy the raevpe Ftep qai AgCUraaled gaseaf@ésspte@ pthaae\@@uld oceur if only a

I t
sm@g I 31 a?‘é %8%; Wﬁﬁ?hé)@t ﬁa\(%%[? tﬁ‘%gtrﬁ St‘ﬁ r8
Wi dth and a |l ength, and the | aser puI ses propagatl ng
al ong axes that npve along a _scan beam path relative

140: o Tfiee maiBed [t daim 13 wherein fhe Jist and ancend stiectures are not

adjéc?érﬁ‘:t ed structure, the nethod conpri sing:
si mil t aneously generating on the selected structure
first and second | aser beam pul ses that propagate
eam

al ect ve. fi nd se ond .| aser
141}, 388 pEreeces Hgine T s eNe i e tBending skugture between
the?#ét%nd%o%@%‘?ﬂﬂ:tur‘é%at' ons, the first and second | aser

beam pul ses i npl ngi ng on the surface of the selected
structure respective first and second beam spots, each

1422530 SRR A e 630 Sat Bl S ptoen e s

anddsdddBdssrictaek ¥s 8hfeseh durAbeone anot her al ong the
| ength of the selected structure to define an

over | appi ng regi on covered by both the first and the

1S FAS tfA T Bh 206 bRl 8] o SRUSHE Lpbl S0 feratod by
a distiride sufficient icﬁa‘l/(ﬂdgﬁdetdﬁ@*bdsf@oﬁddrﬁﬁatlbﬁ&méi@?y ahdorbed by the
al so larger than the second beam spot; and setting

semigepiuatonaibstiate (4HY batwern t%éfsé?ndée@@@d@potﬁe first
and second | aser beam pul ses to cause conpl ete
dept hwi se processing of the selected structure across

144i t §' he dtelthd)m ofitclairagB6a wiartinrotheofirdt hend @eabnd dgs@nbeams have
met hod of claim_157, further conprising:

fesré%qt'a@ r§h@¢@ SOEPNR SRiF A oRlicRkdopertiesi aad wherelacteyfirst and
secbAd 8btL5RBiRHEFrohPone another.

145. The method of claim 136, wherein the structures comprise electrically

conductive links and the irradiation of a link results in severing that link.

146. A semiconductor substrate (740) processed according to the method of claim
136.

147. A system for selectively irradiating structures on or within a semiconductor
substrate (740) using a plurality of laser beams, the structures being arranged in a
row extending in a generally lengthwise direction, the system comprising:

a laser source producing at least a first laser beam and a second laser beam;
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cause the conpl ete depthw se processing of the
sel ected structure on-the-fly as the first and second
wo amenodseam axes nove al ong the scan beam pat hPC/5S2005/021406
The met hod of claim 158, wherein the tine delay is
suff ificstetadey beampe propagation padfel edang ovkich the first laser beam

concentratign of absorbe ner I n t {cinity of
profies) ot ¢ | SPRoncLel prbshaEndd<ll i ielslaser beam
proﬂ!{:féfti%hnpéthehé\l'iﬁéta ARt 15860 BeakEaRisSPAt Sntefscidahé Aehyiconductor
offset fromone another in a direction perpendicul ar

substsater@40pata fivitspolli recti on of the sel ected structure

16 The thod of claim:lh7, .4n i.ch,.t fi n

e Do g, BECL AERRY RSN St aloBpla G Sioy thser beam
proffiidés epaaey - thébdemldshditdrodubstratbaim )b thei Seadricchaser beam

the first and second beam spots havzhg&%r oxi mat el

propagadion) pajl hayisgns speend jaser beesy axig krygees the semiconductor
suvfts (L kB350 B 00 idEald ¥ 8Bl spot i

upohefistiraip fitst sindeseohd sthetureshio dhetow) andnabizreinithe instcdnd second
t he second | aser beam pul se has, at | east o

; ,at . e tical .
spoisy asc3enrArateds Ry apmer disiancrdn %@Cﬂ%@@rpsegrﬁug% tgdhe lengthwise

diredfioh of the 18- apd of claim 157, in which the selected
structure 1S an electrically conductive link, and the

pr acestomgtdge (660) that rppoavesthe fobt sred second taser beakn axes relative

66. Thy t hod of cl ai o i th litti ] )
to HRosaBraLder sihstiaer (74D ubstlisBly | BE oFMah i o qdirection
subsiRtiBRAPBraREPRIAE Fh HwisPHiRsRIop dTitRe fowngl e, the two

eans passi ng through one or nore optical components

to formthe first and second beam spots on the

sel ected structur lang its length, ther ._.achi eving
148; AT of it F B itein fedodr ke SRR, spot o

16 fespctiogTfiestiidcd donauBsérsaly20L1/ 4Q0-Br oy.essed

according to the nmethod of claim157. 168. A system

conprising: a pulsed laser; first and second | aser

b r t h endi d | aser
149, FHR SRR At P2 SRS Ben TR Srfphiese
ser lgoddFooyrargibstrate (740) containing a structure
that can be processed by irradiation fromthe pul sed
| agepeam splitter (745) disposed in both the first and second laser beam

propagation paths between the laser (720) and the semiconductor substrate (740).

150. The system of claim 147, further comprising:

a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser
beam from reaching the semiconductor substrate (740); and

a second optical switch (750) disposed in the second laser beam propagation
path, the second optical switch (750) capable of selectively passing or blocking the

second laser beam from reaching the semiconductor substrate (740).

151. The system of claim 150, wherein the first and second optical switches (750)
are AOMs.
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wherein the structure has a surface, a wdth, and a

| ength, wherein during a pulse the first and second
whe@aisegsot s | npi nge on distinct first and secopPdr/us2005/021406

| ocations on the structure such that each beam spot

enconpasses at |least the width of the structure, and

t first and, sec beam spots .are spatially offset

152¢ ﬁ_g‘ﬁﬁ %ﬁgerﬁr?glﬁ?ém ‘g#grﬁﬁ%??fec BRGTHI90f the structure to
debi élﬁxtﬁﬂle?\(sgd))ge&hﬁ&té@ 46 e GRYEHRE SaoRQtdpticBEshitErds (750) ,
and the second beam spots and a total region covered

the bgnioellerd690) shtting theestaiassel thedfitse eoddsdanonch epimes switches (750)
V\/ger.ei . {he ItOtil r&g&on i% | arger than the first beam
so agfgiragigte, paly Seledied STHEH$%e second beam spot, and
wherein the pulses irradiate the first and second beam
15?’sg_ots W th respective energies to cause conplete
d

heraystemsf staias14vg fiethemeomplidged structure across

1% WL LA SCHRL ol VBAeR IREILANPlne fst faser
beaﬁﬂﬁi’@?bgbﬁ@ﬁ patHyedrerelpy tHd first [ob45ipn dasimsadiugiedni n bot h

the first and the second propagati on paths, the beam
splitter (745) having an input for receipt of an RF

154%@%§yﬁ%i&%leﬁ& 7 ROMEEr ‘E@ﬁ@i‘%lﬁ?d an RF frequency,

e beam spl’ifter fracts a | aser beam
paasbeamt steergy mechamismt (WO etbvs B&har@dedisppsed in the second

edeterm ne . 170, Th t . claim169, i
lasebhear biopagaen RRUbMEPbBIG Reced Beatpriode Dot
spots is |less than about 50% of the |aser beam spot

size and is determ ned by the RF frequency of the RF
155siTieadysterpeifickimt t1 1, liertherasarsptisinger (745). 171 . The

o Bt oo eh e sishater o it the S AL EE TRl Jgser beam
pro;fagtaitiﬁﬁ pith@yarfet ween the incidence on the structure of

the |aser pulse at the first and second beam spots.
172. forne lepst @@0pfdigpegad Iedoth thatiirsh apdethss sepend laser beam

oo AR RM-PAOREE o658 Bl TR S5 bl Biconaucor

substratet{rad).one of the first and second propagation paths
conprises an optic elenment (735) that alters an
optical property so as to cause the pul ses arriving at

1561 ihel sBmBLAGERIA IR SRAbrsihg: have a dif ferent
optical” property.
a first focus lens (730A) disposed in the first laser beam propagation path;
and

a second focus lens (730B) disposed in the second laser beam propagation path.

157. A method for using laser pulses to process a selected structure on or within a
semiconductor substrate (740), the structure having a surface, a width, and a length,
and the laser pulses propagating along axes that move along a scan beam path
relative to the substrate as the laser pulses irradiate the selected structure, the
method comprising:

simultaneously generating on the selected structure first and second laser

beam pulses that propagate along respective first and second laser beam axes
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intersecting the selected structure at distinct first and second locations, the first and
second laser beam pulses impinging on the surface of the selected sfructure
respective first and second beam spots, each beam spot encompassing at least the
width of the selected structu-re, the first and second beam spots being spatially offset
from one another along the length of the selected structure to define an overlapping
region covered by both the first and the second beam spots and a total region
covered by one or both of the first and second beam spots, wherein the total region
is larger than the first beam spot and also larger than the second beam spot; and
setting respective first and second energy values of the first and second laser
beam pulses to cause complete depthwise processing of the selected structure

across its width in at least a portion of the total region.

158. The method of claim 157, further comprising:
establishing a time delay between the first and second laser beam pulses to
cause the complete depthwise processing of the selected structure on-the-fly as the

first and second laser beam axes move along the scan beam path.

159. The method of claim 158, wherein the time delay is sufficiently large to avoid a

deleterious concentration of absorbed energy in the vicinity of the selected structure.
160. The method of claim 158, wherein the first and second beam spots are
spatially offset from one another in a direction perpendicular to the lengthwise

direction of the selected structure

161. The method of claim 157, in which the first and second laser energy beam

pulses have approximately equal energy.

162. The method of claim 157, in which the first and second beam spots have

approximately equal laser beam spot size.

163. The method of claim 162, in which the spatial offset of the first and second

beam spots is less than about 50% of the laser beam spot size.
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164. The method of claim 157, in which the second laser beam pulse has at least

one optical property different from the first laser beam pulse.

165. The method of claim 157, in which the selected structure is an electrically

conductive link, and the processing is for the purpose of severing the link.

166. The method of claim 165, in which the splitting step comprises:

diffracting the single laser beam into two beams separated by a
predetermined angle, the two beams passing through one or more optical
components to form the first and second beam spots on the selected structure along

its length, thereby achieving the spatial offset of the first and second beam spots.

167. A semiconductor substrate (740) processed according to the method of claim
157.

- 168. A system comprising:

a pulsed laser;

first and second laser beam propagation paths extending from the pulsed
laser to distinct first and second locations on a semiconductor substrate (740)
containing a structure that can be processed by irradiation from the pulsed laser,
wherein the structure has a surface, a width, and a length, wherein during a pulse
the first and second beam spots impinge on distinct first and second locations on the
structure such that each beam spot encompasses at least the width of the structure,
and the first and second beam spots are spatially offset from one another along the
length of the structure to define an overlapping region covered by both the first and
the second beam spots and a total region covered by one or both of the first and
second beam spots, wherein the total region is larger than the first beam spot and
also larger than the second beam spot, and wherein the pulses irradiate the first and
second beam spots with respective energies to cause complete depthwise
processing of the selected structure across the width of the structure in at least a

portion of the total region.
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169. The system of claim 168, further comprising:

a beam splitter (745) disposed within both the first and the second
propagation paths, the beam splitter (745) having an input for receipt of an RF signal
having an RF power level and an RF frequency, wherein the beam splitter
(745)diffracts a laser beam passing through it into two beams separated by a

predetermined angle.

170. The system of claim 169, in which the spatial offset of the first and second
beam spots is less than about 50% of the laser beam spot size and is determined by

the RF frequency of the RF signal supplied to the beam splitter (745).

171. The system of claim 168, in which the first and second propagation paths have
different lengths establishing a time delay between the incidence on the structure of

the laser pulse at the first and second beam spots.

172. The system of claim 168, in which one of the first and second propagation

paths comprises a fiber of predetermined length.

173. The system of claim 168, in which one of the first and second propagation
paths comprises an optic element (735) that alters an optical property so as to cause
the pulses arriving at the first and second beam spots to have a different optical

property.
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