LI NK PROCESSI NG W TH HI GH SPEED BEAM DEFLECTI ON
BACKGROUND OF THE | NVENTION Field of the Invention The
w@e@emstisd nvention relates to the field of | aseeT/US2008/076694
processi ng net hods and systens, and specifically, to

| aser processing nmethods and systens for |aser
processing nmulti-material devices. Description of the
Rel ated Art Lasers can be used in the processing of

m crostructures in nmenory and integrated circuit

devi ces. For exanple, laser pulses can be used to
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irradiate a target structure without damaging
surroundi ng conponents such as the substrate and

adj acent circuit and links. Furthernore, as nore
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a given die increases. Wen a single |laser pulse’or
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process. This relative novenent may include noving the

subBeeeatls thhuyea newvnaigrialh éu%leﬁmlu@mvmog@ﬁ andlssppeat eoupled with
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ver or i en I onar egamis a cur
Ec@:mmmaxappf\o@a:berfdrinamng@m hoveadrieAsky sige Cfﬁleﬁﬁi]DKAMs and logic
Sy st ens, gr oups of arrayed m cr ostructures ar
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irradiation period is tinmed to coincide with a noving

deq1g);ag:ét fop memaovad tb@ beas giathgof leper pulses may move relative to the substrate

during the process of irradiation in an “on-the-fly” link blowing process. This relative
movement may include moving the substrate and/or moving the beam, although substrate
motion on an X-Y stage in conjunction with a vertically oriented and stationary beam is a
currently common approach. In conventional laser processing systems, groups of arrayed
microstructures are processed. The array may be links in a row, links in closely spaced rows,
links in staggered rows and similar regularly spaced arrangements. The conventional
processing is generally carried out with either an energy on demand system (e.g. pulse

equalization) or an energy picking system (e.g. pulse picking). In the energy on demand
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is limted by a m ni num peri od between energy on

demand irradiation periods. In the energy picking
wGeyBvesn1ss he | aser is pulsed in a continuousl yPCT/US2008/076694

repeati ng sequence at a predeterm ned repetition rate

(e.g. at a g-rate, pulse rate, or burst rate) and the

arrayed mcrostructures in a group are noved

synchronously with the repetition rate so that energy
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gure 2, are to reac the targets and
pr ohes sofvestiored pmctssug dystakslinkRuing @alsthate sgnéhronized. T1 and the

synchroni zed with Lin at are to remin .intact are
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are blocked from reaching the targets by an energy control and pulse picking system 16 of
Figure 1, as indicated by dashed circles in Figure 2 where the beam would strike if it was not
blocked.

It will be appreciated that the time required to process a given set of links within a
group of a row or a column of links is approximately the number of links times the time

period T1, which in these systems equals the laser pulse repetition rate. If the laser used has a



period T | , which in these systens equals the |aser

pul se repetition rate. |If the [aser used has anmaxi mum
w@eoge3rist e of 50 kHz, for exanple, conpleti ngPCTESPaSE76694

of the beam across the 11 links of Figure 1 will

require at |east 200 m croseconds. Although the above

enbodi nent was described in terns of single pulse |ink

processing, i nk blomﬁng systens have been described
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link 18 over the course t he uIse sequence. In S.
andvhmlempn@u@rmgéhér onthegh2proasses 1pre‘@9,ra§|8hg\wrey1 %guxam if the burst

has dmgn \glg or n(c?u(%s relgtlvellygnm 1r‘1ater -pu seef sp%&%@,r axe beam spot can walk off
the center of the hnk 18 over the course of the pulse sequence. In U.S. Patent Publication
2002/0167581 to Cordingley et al., a deflector (e.g., a high-speed deflector) is described to
deflect laser pulses to improve the coincidence of the pulses with the target structures in this

situation. As described in this Publication, the deflector can act to oppose the relative



defl ect | aser pulses to inprove the coincidence of the

pul ses with the target structures in this situation.
W@\200d03084 bed in this Publication, the defl ectPCT/US2008/076694

act to oppose the relativenovenent of the beam spot

across the link. In one enbodi ment generally

illustrated in Figure 5, the deflector 20 woul d be

operatively coupled to the relative positioning
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defl ector ,20 woul d nore st gly deflect the beamp
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ol T 06 s i P 200 PR nSBR 90 A B Bence n i

enfegcessi ng machine is also described in U S.

Publ i cati on Nunber 2002/ 0167581. I n an enbodi nent
desCretherd 2priERdem ofi anh 2p@FEr eaticemedulptog inea dgamapath of a laser

prfd QU ,;ﬁﬁa{?ﬁé fs MRSk kat8Eq rlrrg rtjé§.eﬁut?}&a@oxpﬁ%§]é%f'zb§i/8f G581 In an

e processi ng o an one
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be coptroll ed ontrolling the frequencies applied .
usqdgs; hBeagy RILED t%@‘f% UpcRlBFeatBs of 51055 R dR &g jpuctire at a time,
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to be processed. Al though high speed bedm scanning
applietlhfonthe alonstnaptic fmmﬂdiamntcalsmhxdmmduslaj paoditdony eMSrdsdeng beam
of contexts such as descri bed

a“ﬁﬁﬁ§¥°“§&ﬁ?@?%¥%ﬁ S%# hi gh speed deflectors in
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further reference, the follow ng co-pending U S.
hasab?gmtgﬁtzp(bnga afﬁ@ety ﬁ@@@eﬁatsgcm as described above, additional uses of high

speed deflectors in link blowing systems would be useful in the field.
For further reference, the following co-pending U.S. applications and issued patents
are assigned to the assignee of the present invention, describe many additional aspects of

laser link blowing, and are hereby incorporated by reference in their entirety:



are assigned to the assignee of the present invention,
descri be many additional aspects of |aser |ink

whb@wiosigs4 and are hereby incorporated by referPCyES1008/076694
their entirety:1. U S Patent No. 5,300,756, entitled
"Met hod and System for Severing Integrated-Circuit
Connection Paths by a Phase Pl ate Adjusted Laser
beanm'; 2. U S. Patent No. 6,144,1 18, entitled "Hi gh
Speed Precisjon Positioning Apparatus"; 3. U S. Patent )
No. 16, 18Y;572BatentnNot 15600 B cBled niylafipgeand System for Severing
Pol ar i zajdQPated-Circtt CondRRiG BathOy PPIEROPIARIAdiBALA i hRfbeam”;
"Laser Processing"; 5. U S. Paterit No. 6,281,471,
ent 2t | edU'SEnBatgyt Bof i6c14ltl 8, leasded Bikgd viethdtie@sidn Positioning
System f8r Processing Target Material"; 6. U S. Patent
No. 6,340PBB&"Sentitled "Energy-Efficient Method and
System f ors. BaRAERS 678 1 2R ISt 1Mt €5rktAIl1iddST 36 Blarization”;
Anplified, Wavel ength-Shifted Pulse Train"; 7. U S.
Pat nt NY.S. 8ae8BN@ 719986101 entigldd “Mseirdcespide Sy st em For
Precgi sel LtiQni i st.of A Mterial - Processin
Laser moldit toph S B2elied o &l Brb@ itbfient KASE UL Method
Laser - Pr geSsidigfobPtRessirgl Taegbt MatdvRy’; 2000, and
published as WD 0 187534 A2, Decenber, 2001 ; 8. U S
Pat ént NU:S-§apobNgop 34316, eptettedEasey-Htheigeiddpthgd angyfyptem for

9. U S : 604, - [ h %qﬁ ]

in Laserg%g{gé]ﬁ?%g%&% g%.r@. 683?2‘?& k}@ﬂﬁgfg%%f ) shified Pulse
entitl| edTiat hod and System For Processing One or More

M crostructures of A Multi-Material vi ce"

Th .
subflect bt t RFeRst Noh S4BT Fefisdorathod piid S¥tprgnEor Precisely

and pat ep&s'?ti&&n%@i algdt 0@ ADRIaREREPRLedsYCNidePBeam To Process
Ref erences to the above patents and applications are

ci ted byMigbgrnehues WitherA iLaserfPeodesdingofitely fdedtlbavigy 2000, and

SUMVARY OF  THE | I e epbodirent, the

i nvent i oﬂ”‘b_éIS ‘?Sggg%j%%ﬁfg%ﬂ%ﬁml}%s&dﬁr ocessing a
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| east one target structure. The nmethod conprises

pro8uci nl-5- Epteni Ve GBOLEH, entitlad FPylse Cefitradint Laser Sstamseh
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structure thereon, genérating a first pul s€ and

I rradi at bingoge Midi@trupresiooA MiiltitMaterial Device”

The subject matter of the above referenced applications and patents is related to the
present invention. References to the above patents and applications are cited by reference

number in the following sections.

SUMMARY OF THE INVENTION
In one embodiment, the invention comprises a method for laser processing a multi-
material device including a substrate and at least one target structure. The method comprises
producing relative motion in a first direction between a beam path and a substrate having at
least one target structure thereon, generating a first pulse and irradiating a first portion of the

target structure with the first pulse wherein a first beam waist associated with the first pulse



target structure with the first pulse wherein a first
beam wai st associated with the first pul seand the at

WO e@s3uase n crostructure substantially coi nci BET/US008/076694
second pul se is generated, the second pul se being
del ayed a predetermned tinme relative to the first
pul se. The second pulse is deflected in a second
direction, wherein the second direction is

n-parallel to the fir direction, and a second
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sedohdl @le@ﬁ&gg Weih e dtd Wre Ao inGfc 8th SREADE 1ML Fifst ?’Ul@é eTRe &cond pulse
second beam wal st "‘associ ated with the def d seconJl
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defl@tddogechbitl pulkd HhbreBi 4 @@doh@ ek tWBMhssochR@MWAR K 88kcRd second
substrate having at |east one target structure
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second pulse Is ected so as o Ifra
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pr%strﬂr@e?ih ngﬁe%%eﬁaﬂgsdfg PUse oy ﬂva&rﬂ%gmrvna.fgf:ﬁﬁand pulse is
deAREAND RO6LiAMaRlthd Beledk oh&aSet %H‘ﬁctﬁ@r\gi@ﬂ thl d’elﬂgétgﬂ Second pulse,

» substantially coincide. In another enbodi nent,
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di r gCtah6thers Hﬁ@b(ﬁﬁkﬁﬁ'd ndtiafdakdre laséroplobssingngtulaimitheal device
target structure as the substrate noves in a direction

inclyshiig p subsgatepada fagget sugtee qomglm sshnnipg atphyrgléty of applied laser
t I
pul?r%ﬁ 1Hca_drfrx§?té?xﬁ]1%'stg§t§al talrbﬁlgi t% Péﬁ fcggtﬁsug%?tr ete stxéurc]: re PS the substrate
mdvesiaita direetion thatas honspirde t@ﬂ]ﬁ}k&igﬁﬁ@f the REE stagurel at | ve
noti on betmﬁp ? beam pat h and a substrate havi ng
| eabObRe aét rg?ﬁea%%ﬁémf Iapaterp! dswsenaplvdigg & SPP%‘@Ee and at
lea@cu&%emlcqgsfnlu@tﬁf'é &gnﬂrrs@s Hdﬁ&m% %l%ﬁ"vel Roflod ibESeen a beam path and a
direction, and irradiatin e at | east one
suhstr@t!ed@t/mgcat lmast wetthrgthﬁmfcture;thedzehl socatngalfss puher dq:ﬂtctmg the
ﬁrsfg1 lﬁukg dF rlsﬁgn'\l\%in%%l, a Sx?’%hxg 1%? &q\,lcmo%qfa%gfe)ﬁé Iénrlgrtostlgu%ture Wlt?l the first
deﬁéétbﬂt;ﬁiﬂgelvﬂ{&éln 6 FirAGesls waﬁt 28600 d RHtESEe Ifi$st 9@@&?&4 Iﬁﬂlse and the at
t he second pul se beln Iggyed a predeterm ned t
leafstemaﬂmvr@smwtqrn éUHStaﬂml 'Phéecs@tp}d%t' ingknpeateds the second pulse

fiLgGt dlrect i t he second .
belgg del%? dganprleget%on par a? rel?tlve b g}] ﬁrfs e. 3{1}6 sEgqn grpulsm%deﬂected
in &becbR@ dirediDR, Whet€iQ Sl $ecbntl @irdcGon I rﬂﬂhﬁhﬂl&l W th® fikdiQlirection. The
def | ect ed second pul se wherein a second
at least one microstructure is irradiated with the deflected second pulse wherein a second
beam waist associated with the deflected second pulse and the at least one microstructure

substantially coincide.



beam wai st associated with the defl ected second pul se
and the at |east one mcrostructure substantially
w@oionosdes | n anot her enbodi ment, a nethod for PEFES2008/076694
processing a nmulti-material device including a
substrate and at | east one target structure conprises
producing relative notion at a predeterm ned average
velocity V between a beam delivery subsystem and a
substrate having a plurality of adjacent, ) i .
ni cFodpethes graedipral eaoﬁrzeth%% fo5) lapel Progessing| & dnwly-maferial device
inc?fdiﬂgeéi%bsﬂﬁg ah@50€4st Bhé Hi?éelt‘ Euct@8 Lot H?ersq)tréd'ﬁging rplzuiv%e:gotion at
aser output conprising a sequence of pulses, pulse
a gedetgysnedoavisiage dvefrglty g5 betwreepul banbdelsiesy sulisgstern naridhe substrate
sequence.is.characterized b m ni.mum synchroni zati o
hafigi U hED BT oy o BBt ALY tapgeng e o feast one
tar§R@ RBL ARl g heRBAS b ?'ulsgdl B@RRpu? cmptifig dlgé@ﬁhw& Pilses, pulse
relative notiton and t i is the transit tinme SV _
gravps,wewmbingd pulses anpulgrabprstsf vegrardhe saquenesty gharasterized by a
d.n this enbodi.nent .. I ks not ual _to th
minhul el BB R et 7 Wi PRbo Rl B e elibSurs arsvsmmppd by o
spdtial dikRB&s S Y he Aesitivg of rélufid moBdeaiday iy inGssii fhak W B@ween at
a substrate and at | east one target structure
leagtopist Pais<of FdpassntnBrperssgsuciutias ompodingat.stigf et equal to the
: . produci ng P | aser pul ses, conbi ned
pm%&%ﬁé@g&gﬁrggggroups or pul se bursts for each set of N
m cAasthet etnbbéisnenn ofi Passhaall f@ laaseprobesaimgwaisiilti-material device
. position over the sets of target structures. In_this ]
e Hosrate pnd af lepst onedargrt TYCHre CAmPries SI8EPIRg i qiefiructures nto
r
S R B P s So e pufeld YRl faups or pulse
- bufseriot exsbhsetmf ¢ esgdsigcrresiih tipassatfer lasdr bemw ivaest porttiordoveg the sets

substrate . at .| east e targe ryctur .
of B i@y o0 Fnpoiiiden o melpiRbiony e Hsfiod bipes gomprises
prdebsstndra RlastBn6 ELSdt %ﬂ#@&&&%%&ﬁﬁ@th@?aﬁf ocessed, determ ning

a processing trajectory segnent including a plurality

of iravgeanotiice eobodimentireemedpdigr kseronoenssiog laumnltiomaterial device

incllldfl 0 Lb¥E i hP at ICAaSP(%IAeSt getI ﬁ%%@trureogotnfplil‘ltsesl l%cg%ﬁg Eigttaeéjorresponding
co 1'SI'Ng a sequence of “pul'ses,” pul'sé "groups:;

to Covidihites oPtatgee microdtruptir&eto bid pEd @ sseddst@hiinihf @ ps@@sieiCRajectory
is at. | east partially unsynchronized with respect to

segnal ipelpdiag of yPIUrPHE 1pét et fOicEIREClEtsRpRlPRR s Tow or column of

midBHRIHIEY N el RE Xﬁg\ﬁg§ %L:r?e?z?tg@ %mﬁ'glﬁr(%??ec@@&& of pulses, pulse
target mcrostructure an correspondi aser pulse

graups,t bemiseel puises, gepelsat burgs,awtiefeire tlid saqueatarancht least partially
sequence, corresponding to the relatjve_ displacenments, . .

unERBREHh G b REPBUI S AF PSR o TB R R B Rg RGISEh deermining a

relflfke! BGACRABTIREE SO0HEHE ShibkestnReurt h@hicYRedpBhAIAR laser pulse in
bet ween the substrate and a beam positioni ng subsystem

thet gequence, generating a deflection command sequence corresponding to the relative

displacements, deflecting the pulsed laser output according to the deflection command

sequence during relative motion between the substrate and a beam positioning subsystem to

synchronize the target microstructures and the corresponding laser pulses, and irradiating

each target microstructure with at least a portion of the pulsed laser output.



synchroni ze the target mcrostructures and the

correspondi ng | aser pul ses, and irradiating each
W 2009089184 crostructure with at | east a porti onP@f/US1968/076694

pul sed | aser out put. BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a block diagramillustrating several

conventi onal conponents of a | aser processing system

FIG 2 is a plan view of a row of links illustrating

the application of |aser pulses to selected |inks.

FIG 3 is a block diagramof a nultiple pulse | aser

processi ng syraRF JHSGRIATICON DEPHEE DR AWNAGS of f set

| aser spots applied to a link. FIG 5 is a block

di aﬁl@mi of a blocksdingrpmodlesisiting ssysralemnyeartfdnglue@updnents of a laser

rrect for relative notion during |ink processing.

prqgfs(singéyftgma bl ock di agram of a | aser processing system

W t RIGIONisQY AR FRNALE D e ofl Bhitetiubiifing ARABIPILAON Il 18er Pulses to

is a plan view of link rows an columms illustrating
selggtedslinds. r el ati ve beam notion and defl ection

g 'pgfff% |n3°g§ lblo%k (&:?aﬁra%oﬁg]l\%g CIEIC p%ls% lgsera?ro ésglvr\x/ﬁ g}flstem | aser

def FRE.t4iioa plahlvisy o%f@ﬂﬂseﬁ’@p@h@p}blﬁ@maml on on |inks.

FI Gs. 10A and 10B show spat notion_on |links in another

embbifi niit 2 bipeks diagrpm afha lageR PEgssHTINg isterbh CprffgusRd to correct for
relblVorloR AARL NRE pREROApTENt FIG 12 shows -

non- or t hogon aBfT e on used to blow links in

adj BEen iy aWwbckrdiggpdmirais lasergredenghe sypass .wifhl fan-drghogonal beam

haws nu I e beam processing of three parallel rows
defiﬁ“‘%‘bf“iﬂ?‘h‘i‘ BYof target structures; FIG 14 shows

mul Files 9?%1 WEPSLEU fosah csmn%ﬁggaﬁﬁgdaxegmldaabe beam notion
rows or colums of target structures; FI'G shows

andrdﬂﬂebmredimamsm ocessing of two f anned out par al | el
8L OB TS o BB s it moton

ancf @dregorout

FIGs. 9A and 9B show spot motion on links.

FIGs. 10A and 10B show spot motion on links in another embodiment.

FIGs. 11A and 11B show spot motion on links in another embodiment

FIG. 12 shows non-orthogonal deflection used to blow links in adjacent rows or
columns in a single pass.

FIG. 13 shows multiple beam processing of three parallel rows or columns of target
structures;

FIG. 14 shows multiple beam processing of two staggered parallel rows or columns of
target structures;

FIG. 15 shows multiple beam processing of two fanned out parallel rows or columns
of target structures;

FIG. 16 shows another embodiment of multiple beam processing of two fanned out

parallel rows or columns of target structures;



parallel rows or colums of target structures;FIG 17
shows mul ti pl e beam processi ng of four fanned out
W@200a4089B4 r ows or col umns of target structur esPCHRUS008@76694

illustrates spot notion over an alignnment target in

one enbodinment. FIG 19 is a block diagramof a |aser

processi ng system configured to defl ect nonsynchronous

pul ses to targets for processing. FIG 20 shows

non-synchronous beam spot positions prior to

cor F@th Tohowgmaltinda begsy processine Of fe famsd @%aaa*Heé BRyYs or columns
%ﬁg goIIOMAng correction. FIG 22A shows

synchronous pul ses applied to a mxed pitch |ink
r owFICFI 1G.il1@@Btes kpwsnation-osymamtulignoes tpgetse snagpbodinietto

d, phas kK row .FIG 23 shows |ink sever
o FIG Lo Blobh dfoaon o 0Bt orosEi e, ot conhigured 6 deflect non-
syrichRInB6d Mlldks tﬂaﬁget@f&rmc@s@ ock diagram of a |aser

processi n% system inpl ementing nultiple |ink bl ow ng
C h abKal29. s FWGIOIES'HPEFOaOLpraWn\SP@WOQIMOQS prietio e@wgction.

il n r Qu Fl Gs illustrate

adal T Gl OFs b S el G bsme BogoRoR Fhk g pirec ton

DETAIG. ERARRSORhE bjddhionous fiul fRREpiHRRE 2 EVRAYENAK row.

Met hods and systens described herein relate to | aser

pr oEK32RBghowp pent-sygehigpeusmadses fpnigh t9 2 maadiphage likvpwes

ut i Llr'ké 523{%“&&1 HJﬂ?sevaﬁ%dLRHllﬁsa%%n ﬁ%%ért%“q vE1'8 ?]}ééegfﬁ%ﬂ]tt(}f%maje%tory
spaEK@l Teis al blaﬂddlegmmrmt @lasdri phé sy s;emrc angleraéraing multiple link
subst rat es other types of multi-material devices may

blgydng eE)r ocessed with various benefl ts including,
but pROL 51k ThlaRdidwPofl 1] a8 Huftal G i bl dghput,
i ncr eased g%curécy(,) ucgﬁ subs at eé‘g Era and

r eduted Zm%ﬁellmsaraa:dajddxtienal lim&\g'rcmpmg dpeney mla lﬁuskpewt s of

Laser Processing of Target M crostructures Many

aspects of processing links on a multi-material device

that npyTRE RIS SESARYPNIRISFUH Y PREFBR R RDSENBOSIMENT

are described in sections [01 15] to [0159], [0169] to

[ 01¥Bthodapad ppstasy dqsgnl[)e@lz}%qm atlatg g, laspapchssmg target structures of
mul?tll'I F}{alte%% fie(:;v?ceglou%%/é% %Sletlpqe laser n%tﬁseaeswg?ﬁ { 521 Pn%gnt%gfls well’%ulted for
impdk gaénts in lpﬁdcuisﬁfg slosdly Ispd’ée&i n@¢Ar and ﬁdibﬁl%faﬁﬂlﬁks bn semiconductor

pul sed | aser t he beam havi n gl;e- deternined

Suiz,srrraﬁe&aﬂeqr PEs e%mfl rppisERldsVicgs BRY Rf teggrpisseed with various benefits

lncg%dﬁx'tlgc, :)Bneﬁ g?n alfn?ltaelrdzg)?mtc%agéde%lzé/ssrtﬁf&&ﬁp\ﬁ’} UJC?e%sc‘etd Qccuracy, reduced

substrate damage, and reduced damage to adjacent devices.

General Aspects of Laser Processing of Target Microstructures

Many aspects of processing links on a multi-material device that may be used
advantageously with this invention are described in sections [0115] to [0159], [0169] to
[0175], and [0213] to [0225] of U.S. Patent Publication 2002/0167581, which is mentioned
above. i

A multi-material device may include a plurality of target structures positioned over a

substrate. A pulsed laser beam, the beam having pre-determined characteristics for



structure. An application of the nmethod and system of

the present invention is severing of conductive |inks
wobkioel3ase part of a high speed sem conduct or PERDS2008/076694

device. The targets may have a sub-m cron di nensi on,

i ncluding a dinension bel ow the wavel ength of the

| aser beam The target may be separated froma

sem conduct or substrate by a multi-layer stack, which

have several dielectric . layers. FurthernDre bot h

pf(tCﬁé"tge IBICEISCOMY SIEYSHITPS S e o learly semewe gflcashe Ppiiion of a target
strif@¥rePRnSHHRGHISH O‘Prthé:ﬁeth'bgla!n@ dyfan et (R picBst LARHARY 128 0ering of

opti cal propertles of the n1croscop|c ?arge
conthdyd ynk:;gwllnaly ere paelt @frd high Sp@ndobenmnﬂthm@emdnmynk:mnaﬂe targets

ture,. inclu

mayHege b 5@ it A S S dimkon R1BP B Ratmgiet the taser

beArAY BhieS tarde nii e RPRAQGH TRIM 8 sefmidoRBuddsrosBEttaté By Qnhi®Nayer stack,
one or nore laser pulses irradiate a general

whidhe mavigbavar sevarehelicledtiadexere Iontheimeeres bethcthar @mppral cmé spatial
ch%gagr%tlgggg theaﬁ:glé%ﬂxln r%gée (s)%lgmxfloxl Qénﬂollfg‘é/ %55%51 thg?ﬁ’]er % optical
prdpéﬁb:ls g dh HiGescopiartaet, sadé‘rtyinsg &yed ﬂﬁaﬁﬁﬁl@ ambmdlmie%ﬁnensional
each_ pul se has a rise tinme fast enough to efficiently
Iay@B'u‘bf éﬁ‘é?eg?“}cﬁ{r% naclp@lgg] Flyz spagipg et tapgst §tg\,}(§\gf:s and functional inner
coﬁh[#&ﬁ HER: The total duration of irradiation is
icrent to process at |least a portion of the target
st r Ui tnang embedigientsatf the psbend ip@ntion nefor tnfivee Hserumtlses drradiate a

is .cleanly renoved w t hout. | eavin peratlo al
ge%%r’i}}fr RGN eI ITAC e O SUPIRIBICHF. Eﬁon&en&o ighenli @p opigut from a

lasEN§sted & gbhdiRed B %Bgé&raa&huyenf:@éf ﬂxﬂ&@y}gﬁsé o0t Shnbined pulses, or

creating unde3|r | e damage to t | ayers” or .
pulse tyutstsat én stine cmbogiorcals, pahspilshbgser nspytibe fastlenaughdo efficiently

ol 236k 1153508 RS Tl SRS Belo kO msiion i

sufflfat ﬁ)tpr@ébss athleaslfralpoﬁmdjmd fideY stnRfur@ wherdhi 41aédsPA portion of the
thereof. I n sone enbodi nents of the invention, the

stristere i siqaplyviiermovesk Bithowt leaving eperatianalhy sigmificani 41@018.’1'[5 of residue,
slag,ﬁ(?x; ?éhgla&ié ?lg ?ﬁicg al rﬁ:ljn@tlé éxeeférgocig f§s|? leg&%ﬁgtopa#% creatmlg undesirable

ion O evera nano
dainhge tbalselay@sibpubstised t o process a target structure
e a series of narr -sw t.ched Gaussi an shape

ey
rectl gﬁ ingral pulss gape may o eted.dd parf,hasec Ty ifg)propertes of the
tm@&%l’(ﬁtr@&&epﬁrﬁh’gteﬁﬁé hERhES EHtRbI M%O)?)ftloh h@xex‘i’r%tl QHﬁdthlwty, or a

commercial 'y avail abl’e gswitch mcro-lasers.
combk@@®lWEVObdndemayeﬁOMMmhmKéQpEUWﬂmoneh©h©aﬁhegvsboa$rwnha
de a

S pul ses, .o irradi @e tar
singfe, BHER, P i o e B B e A 156 g Hr Sk B BRAgD of several
nafdBdInAAt IPdRS erfbddiBiént) amﬂ%éitdﬁqﬁle Qskdl t85R6cest PRz ARGucture may
fiber oPtlc amplifier Wi th Raman
be a series of narrow g-switched Gaussian shape or rectangular pulses, with very fast rise
time, for example 800 ps pulses representative of the output of commercially available g-
switch micro-lasers. The pulses may be delayed with respect to each other so as to provide a
burst of pulses to irradiate the target structure. The laser output may be generated with a
combination of a high bandwidth seed laser diode and fiber optic amplifier with Raman

shifting, or with a waveguide amplifier system. Alternatively, a desirable pulse characteristic

-10-



shifting, or with a wavegui de anplifier system

Alternatively, a desirable pul se characteristicnay be
w@e@oiosklass wi t h vari ous nodified g-sw tched sysSPENESING/ 076694

with the use of high speed el ectro-optic nodul at ors.

O her pul se shapes may be selected for the materi al

processi ng requirenents. For instance, a sequence of

cl osely spaced pul ses having duration froma few

i.cosecqgnds.to several.nanoseconds is taught jn i
AR GHAES 1Y GG RIS OIS SR BB HooueEhigh speed
eleB@ELOpEY FRLRMB. SOMSCHUISO sFBY hiay Bh&1dcaselor @Y BisterAl pfcessing
hi gh' speed sem conductor di ode. "Generation of various
requuEsents Haperstaneel asegaencon! wiosdly dpaced pulseiudvatg dmatgfn from a few
.the diaode is.considered. advantageous,. provi ded any
PicgFRids ISRl BRRRCGRI S s CBIEIIRFIS, Ude o f ve
vavef efidTembeEmentOt idH Baidwadts MOP AP&TIgLBOE & udedrth Rfiplify the
details of various aspects of pul se generation and
lasginotpyt ofzn high seepd w@igadneion fodef@merties of vamehisgoulse shapes and

o ' C -.Fi g | .
soh oo Ao AT SRR R D ARG g o st
asseyisted nwitfayariabdd welplifuild @tive ptavefoanpldoéd rRotSaffdet oberall performance.
ljf f I h ted b

oG el Ao G ISE ol Biges S4pggALBR 2 G icgican b2 found in

fErRRCS 8RAU 6L Ok , P KUt R s3Faned 3 gypdi f i ed
req-s;ﬁtchedqs%éteﬁﬁ Théﬂanpli I ed ggﬁ%ﬁ#&ﬁgipﬁgﬁﬁatched

i n Waviedeagd haboge,t érebodupents af Ranaserstyistetre thays irchudg hfiber optic
S IR RO TN T WG T
las¥aM B} BNOhiBh Shlell kémBofucdr AIHAE br MlsBHel ot GH&HodiASEE-switched
) out put |s'generally taught in 759 Reference 4. In an
sysgim. dihgamplied pytpvigesern mathieedsp evivilasgih t e snput or Raman-shifted as

m ctor, di,o and optjcal a i.fier is a .
gt P £t A FPbuf B il b4 tine 57-
colamnave gid 8l VaaiRlenfthehi MALHF £ sHpap et d-Swidchell PREr S)BEt&enerally

i ncl ude avoi dance of Raman shifting, |ower pulse
tm@h@?d@?ﬁ@ﬁ“ﬁ?eﬁhe speed of operation, and, with proper

des} o1}, :«H{Eﬂ%i@?!arrg IR thle S IQ%:T i% DIGRELFIBAr diode and the optical

ananor phic optic systemis used to optim ze coupFlng
ampbfisesnat wavegeidd andiferpAidiinedges RESsiic eddddiment iwith af waveguide

egui de anplitude and | asers. can_ pe found in_ product
am?ﬁ%@é%%‘teaﬁema_ éi%ﬁbﬁyéymﬁ iBgudg ?Y&}‘loaa?FdOfiW%ﬁ‘éh’afF%é‘P‘%er pulse
disfo%rﬁﬁ\%h@%ﬁ@édv &t Ypow hﬁgsﬂt}ﬁ)ﬁﬁgﬂ 8&idny rmﬁﬁlalfltﬁél?ﬁlfﬁl lensing. A

Wavegui de Lasers,” Beacl : Yet anot her anplifier
presigpnesnameephidiopyc ay8nDB yed rfaropianiag uowding nipgtw édnethe seed and

f usge .at 1.0%4 m.Cron wavel engt hs was devel d by.
ampfifisye PErE eSIPgn i uitse RS ama tdE opitdae fion RS dpyiein product
litePawfleg;féqvidddgisv NEaibs, hidl adibin thareld i"dey arlitha¥306lp Qledvitched Cladding

I fier."
Pumped Planar Waveguide Lasers,” Beach et. al. Yet another amplifier system including a 28
DB planar waveguide amplifier for use at 1.064 micron wavelengths was developed by

University of Southhampton and described in "A Diode Pumped, High Gain, Planar
Waveguide, Nd:Y3AI5012 Amplifier."

-~

In an alternative arrangement, for generation of a fast rising pulse or other desirable

shape, a plurality of g-switched micro-lasers can be used. The modules produce a g-switched
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In an alternative arrangenent, for generation of a
fast rising pulse or other desirable shape, a
w@bawpabiisy of g-switched mcro-lasers can be uBEHUSZN&076694
nodul es produce a g-sw tchedwaveform w th pul se
durations of about 1 nanosecond or |ess, for exanple
800 ps to 2 ns for coomercially available units. An
exanpl e of a comercially available laser is the
AQTYVO- avai | abl e from Advance tical Techngl og
Wam(@m%wgl aﬂ%@%@%kaﬁmssﬁoag% Shder SABPL %519|p§é02ns for
coﬂﬁ{eifc\{zﬁ]y%\%%l;l@ hinlt@SRE Sx&ANe RE 4 LdBURdy Wvhihbie Tablr is the AOT-
pul se at a variable repetition rate Ple mal nt al ni ng
Y\6pd&) avagdbls b alityseesd ndptidahil aghnolagy e(AOTIIrascgecren)aIIhese recently
shape e ident.on the tar m.cr uct ure .
dewl?qeﬁ\;h?i pg S%rﬁc (&ﬁ\{sfﬁé}] Qtserf‘ 8?5]9}1)6[ {rig ?]reg gz(ngnsaaﬂ"lf pultse at a variable
reRENGIOAEWATe fbRitdiRNS BpHAfled ts8b-nBRIs€oRA Gighi %}1ﬁécﬂle§eneral the pulse
met hods of mmintaining a constant pul se shape despite
shapgr ingidepnoni et teget emsestinctysawithgvant spaniSesstly rati weefition rates
fI
ap Ijézécglllr#%at%g?} o%?ﬂng%\aécr%{ge? é}lrlg 9 ate%ﬁ sg 121\?\/'@1 ?ﬁq(?fs ﬁgﬁtammg a constant pulse

shapariesgirongiatiasah [tediempatal apdcepesf fules inddddt of a2@gkiHe.g., see the
Frequency doubl ed versions are also avail abl e

(532
fighes )and Pwatchggawaof\@; diros peuiseiddisofd panopgsends available at
o PR LAY 28 K01 80y oA BRUGE AR ARLAGE . e
Axﬁmatre}rortp 808 @wipdisksswith dre Pinsltitensystemband hiphpealopow&sess obtained

avai l abl e at sl ower repetiti a e
g‘r pﬂfﬁcwoprfﬂ SERcEESn e %tﬂlqgfé’[zpfsg%%&&‘iﬁwﬁfg%é“ instance
abh\AY R MesH @SV e NTRGHERENBL ratdst 8@, %c@%ﬁ%‘ufﬁlypulses in the
devel oped | aser systems. As known in the art and

1-100I piseseeanddrange Rt escarisecribed eind. perfbingadr wath I@)yre Zpcentlheleveloped
I gr t ched waveforns may approximate (at |east to 1st
B8 982 symmetri ¢ Gaussi an shape, or a fast rising
pul 2€ Kabivh irBthe @XRAM ANRsiratkd Inaléfereﬂ&pﬁ@cg @8 1), the g-switched
stored energy. Wth reference to Publication
wayefouny 18y seRroxpnae (gtdeaspfo det\qrders a tha(b Eaa@fi@ramaithépe or a fast
nsﬂi;g ﬁ%s\'nmi %%&?grgenh%lf tqg p{i eﬁéhhé yoglotféx% as or&g gxg r%g. dé)Ylgi/ reference to
Publidagon lm)QZ/ﬂ%me,datﬁn@ﬁnérda‘heesa vaer a}qﬁ‘olﬂﬁatts dalegd nﬁfl)ﬂﬁ(ted by a
l1| se The opti ? out puts are preferably conbined
Plufality of igesing steraltor Kelgpt olcstrggen el mithotdcdanine, mpg)pe used to

gerﬁér&h@ fa QALd 68spaPdd YRAUGAHied e Pnd g;%tfc?{]gﬁtgl_ltg :/?Apé?}cn%fe‘egégl? Wbmbined with

beam The resultant addition
appvapedto bnk qptios] Qm&lzatlcfrasﬂnsmvéeﬁbémtichaxrar(avegdi@'lsito ftan'da single

oulgG it ik opadan iRt o SRuREhEEovTdR s pro&rgpatest fse tme

chibdt&r@sdic MBY rdIfiRIyOdeaRratiofl ARPIRI @mpR¥ietSihyBe aséaqamcrease the
conbi ner to deliver the output of two |asers (or the

oupyt pewerors needidngPeaped palses p!aiytbehw@cséaﬁw spanple.epy using a beam

cox%gmgrn}%géefga/grethg tf)% ntgnx?}) {5%%1 A4RL ov?tBQtrc%a acsnnélg la%QIQ Epli‘i tﬂ)}? a beam

splitter) to an amplifier or using a modulator approach to chop the leading edge or tail of the
pulse but with a two-stage or shaped modulation voltage pulse. )
During system operation for memory repair, position information, obtained with a

precision measurement system, is used to relatively position the focused beam waist of the

-12-



pul se but with a tws-stage or shaped nodul ati on
vol tage pul se. During system operation for nenory
WO 2aios918posi ti on i nformati on, obtai ned with aPCT/US2008/076694
preci sion nmeasurenment system is used to relatively
position the focused beam wai st of thepul sed | aser at
a location in space to substantially coincide with the
t hr ee- di nensi onal coordi nates (Xl ink, Ylink, Zlink) of
he .tar A trigger pul se enerated. fo uce
pubsgE b2 BF ectoriion’ I e b Tk S i amRhahe dhign gimensional
cobralndRs (Wifk, '?'hﬁﬁihﬁk)ocﬁ" tﬁé‘ %&&nw bt e %brﬁt?ated)&!ef)ﬁhﬁc% a laser
in conjunction wt | aser and assocl ated contr ol

pulse @t gitmyeywhaye th@elas;eabeafms’m;asd em’gfttowpthqunasnbswttpw coincide,
opBilsS By TRHENEH SR afs BRG g aSRE SRR T el mgnToef osystem
to pﬁa@%ﬂldmpagﬁl beam wai st positioning. Reference 7

descri bes an enbodi nent for producing an approxi mate

i Relevion’ i bt ol ek s lof Ppioton positioning,
. S 5
mcz%dgr?% ﬂ'lgé a‘gé‘gﬁ}é\ a ge%fb é\éalx§f1 ?’g%ﬁ?@ﬁ% 9R&£r§}{g) 9‘ %g%%ées( an gxﬁ?)odlment
fors psidecing ain h;lsmemﬁtmﬁﬁﬁa@mal lipisd tsponkiag with tahmnl@eam spot size

wai st. Three-di nensj onal % %gti information is
adiggimenh e > Kigpres st e WOURT B4 Ged %th@@ﬁwswtedawemﬁg@@n) and a

[ i Yy
L
(héTgle) Indoraratips 1 obtsiadd, afor msl@C@WImrfosmeMmﬁbn,aﬁddyused to estimate a

orresponding to the three-di sition of th .
suf i RS WIS 4P EREVLSs 250 of o PR Sregatpugy spec foation).
The Ea’%ér apdistdg Asspoh @ﬁl%@axﬁ@l@f&cfrfe@?ﬁ ﬁ%)to the thRE A% ESSonal position

hr ee- di nensi onal mneasur enen posi tioning are
of ths;é@kt(zihele riﬁmkséhléc)ﬂ@g Fi xgpts;g f 8phiof 284 veg ﬂmasson@ted\sewﬂwatlon)
maf%{ surfac hqum t|on variations introd
m s-a

in o S'pra tlce Fdnﬁens notnja %agurgmerét r Iag B%étlog}rg are used to

co@@&@ﬁt@ foy t(ﬁ)}églfaﬁlﬁbﬂ rva@@ﬁd)dsccalek anwsfepargest ora&ﬂernj%éltlon variations
exceed several mcrons, which in turn my exceed the

intepdpeqd ifa %yaél@s(nbff-alﬂgﬁ@wmacﬁwu vRRaons gegencrely systam or application
depPnfER 8 RSN saY) tclfo(?lg,swlﬁ PR St B %},%ﬁé&e& tl?enéé?)% of focus of

equi renents nay be re axe certain erances
thanfocnbal hael, beam.i In exthermiato-mattdmag eipphmtmui aheeSysIthﬁ posmonmg

devi ce position, ht he done w
requTENENtS Yt PTG gﬁse'%» ﬁﬁanqq%ear%e\?fr&@n%fregﬁﬁ@m%hwdware

maigilddsAh& B iRASdsitlof:; Qsml%ﬁ DOblsned R a‘ﬁh&r%tbdsﬁonm sub -system. The
posi ti oned by an eXt ernal mcro- posi tioni'ng é stem

deviee maprceupties ainnadiwre part doige silngbahc)owhlcsusrpbamdrgﬁd Liyf angexternal

.mniature part has a pr detern1 ed tpl eran
mig gt e S o BB SR bR e ReG S e . if a miniature
part ahes ﬁfé‘-‘(&tdrﬂﬁﬁﬁ lté1Brafiée tAE Ebﬂ@(ﬁnﬁg ﬁlla? 8¢ Basde Bh |§1ngle measurement at a
neasur enent conbined with a |atera nmeasur enent .

refergpceplogetonspmperbaps nau bingleedepth @lé%uei@senb ﬁomhfnéd gvith @ lgjeral (X,Y)
me%glgergggt. B ppécgglégo()q%ulllfevel devices on wafers, (e.g.: 300 mm) at high speed it

is expected that densely sampled three-dimensional information will improve performance,
particularly as link dimensions shrink. )
In applications requiring very high speed operation over a large surface (e.g., 300 mm

wafer), an alternative method is to combine information which may be predetermined (e.g.,
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is expected that densely sanpl ed three-di nensi ona
information will inprove performance, particularly as

WO powk/0slitgENsi ons shrink. In applications requi PCTIYS2008/§76694
hi gh speed operation over a large surface (e.g., 300
mm wafer), an alternative nethod is to conbine
i nformati on which nay be predeterm ned (e.g.,the plane
of a wafer chuck relative to a beam positioner plane

not i on peasured during a calibration process) with

thedwlﬁ%%f WAL FRiCKTREEY O brem PRYIPFDRRRG:ehmpUen megsupd during a
F
oo A ks Pl AFRTRloRg! i omaith, oAU ol et plit g e processed.
Fonexdmifle, xn Ui3knGilgnrek dr2, exaarpbe of tﬂwellsbélpglona& macbaldsociated with
ob a|n|n i nf.ormation |dent nlcrost uct ures
ﬁ%@ﬂb ley Sod'ePs TH) B ?>n§btammgr dpfoupgtiogs identifying
mlex%ﬁtﬁrcﬁn@sedé o%;ﬁteaqels rdnovaRt(B) hehdihiBg-0iiRBR& dMRlerence locations to
reference da generating a trajectory based on
obtain therggtimertseonahre @ncpréntg; (©hgdnerating p dnasetognbased on ajtast the three-
nd_m Grostructure sur e
dupexfélotngl 1< erenfa;giat&qa ag}ahrba tpﬁeda rSlrog d)f R reﬁnﬂ én ?%)Ist&xﬁ%e'g surface
loddBérsP Md P as®Eng thel Pekali @dn PAFink | @mtﬂvélfrﬂdtmht b&38d ohN@pdated position
updated position information obtained froma position
infeeppdiop. the updatedoprssivnrinfoanelianrobiaivas i a Pasition pengor (e.g., encoder)
[ t Y% '
oo R 5 LB B LB b TR PR AP Sy be
méagirgaént Qlﬁtaaiqutddeit alidiadal alighnsdnt tadgt er htasthanoc@pbnLaltable for an
nmeasurenent (e.g., dynamc focus). Reference 2

P dﬁ?%@mamsm eVRRIF elorusy, Brleasnst o?n diRerges 8t Rigem dherein a
réé%ﬁﬁil LAreP QB g&' g'ﬁcé%l ?’éﬁ{)&ﬁtl(ﬁt a R 48 §tp 8%&‘@\ %@i?o%f of obtaining

obtaining ft ormation with tion o
feedbankt inbmefioro meth rasoduteinest 3 ﬁadlmbﬁ)sreadnaMmemr ns disclosed wherein
terferonetric encod re. use and .such a, hj
int B s RIS T SO i o B, ebareraEangnid Topeeterred. In
ReN@&RE X falasohdi&d 1z Bﬁféﬂkb@%ﬂhoﬂaﬁ%@r irfﬂér?érf)ﬁét@x@%% 2lso be used.
may al so be used. Figure and colums 5-6 of
Figuedseit-&herd @M@B&:Mkﬁé%@éﬁ@@@ﬁé& dgperitigensprctscofshoprecision measurement
subngérj{g]#r %sggcﬁégtei 3%?\1?/3&{ gre@%\ a)gci) fl)tﬁoglllr%tagp&tra s, DA?& aona?ly, designated

refEx@ﬁ@’I Iet@t@nt 0 &el WdrEpiock (che wdlerl Mh@dh&né)eb@an x yafigfitent target or a
whi ch fy be an x,y alignnment target or a region
regiQf] pwigd ey a resdigsnsipnak mqaaﬁape%a@u?eewﬁt Ohﬁ%ﬂ%‘é appliggtions. It

shc&ﬁ’d ﬁ@@e%?edaﬂm h Qﬁ'a@&ﬁa d/l &f é:‘d?)gpbq }ﬁLWasbr%%&fydeig 'thbﬁ{u height

accuracy about mm was T eporte
coﬂédtlosl far hesérg rstarmmgr eft sannccfminctbasmfexs;&'amhkcm@haﬁ et al., Optical

en con r fers had et a
EngRrrgas Phdh Ny 10: atobgi 993 GHasin oh ePliced gEb iog epgqrgbigiped area

av&@%e'dcl"i’él gHQfikd OB gﬁ es@é&fs @mn@drﬂfe d @fnﬁﬁuca‘f&ﬁél g8skoP gL g tastigmatic
data at high speeds. Similarly, a dynam c focus sensor

sys(tqgngused é@tqundtdlsk tgzy:kmg repd gewithblf wey bptisadab obifagkheight information
prc%v%(%glﬂpg%t%rﬁ e 1S ?as enouéh {m lepport onetge 9" r%getls%lre?nel;]l? ' ght

Various combinations of the above technologies can be used depending upon the
application requirements. A combination may be based on the number and typical

distribution over a device of microstructures designated for removal. When a large number of
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provided the data rate is fast enough to support "on

the fly" neasurenent. Various conbinations of the
w@bwomestiechnol ogi es can be used dependi ng uponP€T1ES2008/076694

application requirenents. A conbination nay be based

on the nunber and typical distribution over a device

of mcrostructures designated for renoval. Wen a

| ar ge nunber ofrepair sites are distributed across a

devi.ce, be maxi m zed rovi.di o
remo%tlelg gre. %ﬁn&ﬁ(@g ]a?r)()Es a pﬁ“éfn ﬂéFp%‘F‘?‘@ thdﬂayo%/ gnﬂ@mlzednl%' providing
upaﬁ&QQ%kgﬁﬂ the target structure is provided as a part

a nultlnaterlal mul ti-layer structure (e.g.,
r edllmdlamplmtmqf tuemwcmym thh éargﬁIStmctu@ye prosn@d fas havalrt nfa multi-
|ehect ers rOVI es, spaci n

et R sy PG S e PR R RS
didRttrid fal@y proviREBatingd ®ivicen tidl linkrandtah mﬂdérws%bgfate In one type of

Silicon Dioxide and Silicon Nitride may be di sposed
myj Bl gise memory dﬁqueaplge@pat@g dapersuafeSibenyp Riogidejagd Silicon Nitride may be

t t t Ck ur ener Yl O .

dlsl?)ﬁg)egr %e?(\twrgnent lnﬁk 91%%? strﬁétpnrlél %nlrtli g térllacotg; H.I%Sé%t!i ”{%er ?ﬁ?‘%& ?_s_tchture is
gemdralBr Dcaed ﬁlyprefcmfllysemhbh siglilapsteuctess @fatred FDror 2-D array of fuses

renoval . In addition to the Iink structure underly

ng
whiehergcdesierated {yoseevals h‘pé‘i“’é“?ﬁ tq, e il RACiH [undyifs conductors
dl%b%f@bﬂs b of TR full&idndl @Jv?c)é' t f?la%1 BEid | %Iﬁxngw #8Ghd ik structure,
n anged 1 n a seriles ter S CO ere
and ellnahgedeinya tsérias c(f<;ﬁhtt]:nmnolvgnpd (hyl felaBively abim (§OtIr unhety(pmdl) Silicon

(1 mnmtypi aI Silicon D oxide materials. The
N‘Ffl"i" SQH?%” 6 P AR fﬁc%’tD‘PH’@eI"i‘Wa}?ay substantial ly

CO”&%E Thh@afteddi &B@&Jﬂ Qt”tfle' 1K G, s‘ﬁbgt&maﬂg GRS @a diffraction
profile. In anot Usef ul” enbod! beam has an
lindipdr exicnlat eGailssiaptpreflle. Gauswittan useﬁaderah@chmpntofthb ebeams has an

ced wi.t h,.an an hi.c
apio e Pl Lot e ik Pt Db et Sfred il anamorphic
opBENQGitemNbs withe AdRCIiREnt 1826254t P@SH@mN M vHO ehBbdRAD ¥ incident
ratio. Alternatively, rectangul ar or anot her chosen
beamp aitap &l ngy-wfifdrmsasnesy rhiéo- |/hlmr@4twmyede6itangalar at encther chosen spatial
prc()jtl c} mtaggg: 1m§? ﬁgnglaglﬁx cf n(%oen %k%ﬁl gfﬁéfsl\*a/eagé (?I Yiscloses
vafib@pidigntadeohi@ arthode aid of)tﬁlfal aﬁ;ﬂﬂnhscﬂ Ispz{hal]? sHEpIEY ¥f laser beams for
repair and Reference 1 discloses various advant ageous
apphiseHeRI4e BSEOBpIcPeisnd Retearmse fl ghisoloish vagaws spbyntageous methods and
d e g
oo 3500y 58 Yy Rk ETRERATDY 185 ABAI B faion
mammypmhbal Gaussi an case, the preferable m ni nrum beam

di nensi on. ] ocation approximates the narro ..
tar B theqerra s et GRRar DR et deprelsraple minimum
beﬁé&%?%n%s%ﬂ a@%cﬁ@orﬁw&é{mg@y et ardly thiig8t WidKdimension of Figure

1B, which, in turn, produces high pulse energy density at the link. Further, with this

lﬁtl layer stack having

approach, a high fraction of the laser energy is coupled to the link and background irradiance
is reduced.

A typical link used in a present memory has width and thickness of about 1 uﬁl or
less, for example, 0.6 um, and length of about five microns. Future memory requirements are

expected to further reduce the scale of target dimensions. The minimum beam waist
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approach, a high fraction of the |aser energy is
coupled to the lIink and background irradi ance is
wo edaosxdss A typical [ink used in a present nmenPCHURNS8/076694
wi dt h and thickness of about 1 mmor |ess, for
exanple, 0.6 mm and | ength of about five mcrons.
Future nmenory requirenents are expected to further
reduce the scale of target dinensions. The m ni mum

beam wai st di nensi on Wo typically overfill the
dingETIOR WY ﬂh‘IXP‘F%“)é‘b‘f‘FémgéljrS@E mlﬁmérl@géo a¥pedeerparyhsreas aspect

ratW(WxWW Wﬂ'ﬂ W%8 aafetvel\%é%lfsrﬂflﬁ 3{}& Eathe a:cﬂi"ﬂzhe cfe%rx] llnk removal.

facilitate clean 1ink renpva Itionally, rapid
Addgomellys iramdly niecrgysinieersigyydensityt tre tHed yyers arahohbstas tnaatbe achieved

ma achij d throu def ocuys of t.he high nunerica

ey oS BB St SRS B it 1 et mrge of
aboptys0 eferbRs $n me RAYE obssIt haupds qu he6d b¥&: folthd @ffécnve with a
preferred typical range of about 0.1-5 nj considered

preferfdd ypeal range gf labcml)rO kpayj @apeeamdffprenc m'ang for spot shape and

vari ations._The erre ulse d ra
PGS BT SEPTEIO PHES SHERHNEY P S dRAESpon the nominl link
thl@lﬂfégs’é iﬁe@iﬁ%&t%§ aor%se*aaﬁleéjmgﬂbl df fﬂ%dcﬁisuﬁ’iflarttﬁ?rmq (5Btic§1 properties
hermal and optical properties of adjacent materials.

of a@mt waErigises.oper enstgissepampylsh mapitbie lulilizadl wikearthe taeget is processed
sed with bursts of nultiple pul ses.
‘“ﬁﬂ%@isoﬁn@ﬁﬁﬁ g??on of the spatial characteristics
(e Blencd) @2 BdMBingionS BRME: SpteiaP OBarhdteiklicanegt hRahewnRf Shape and
rise tinme, flatness, and duration) pul se

pO@h@ga’@ﬂ & tsmpessl b ek tumel dsinesso ped duralekl) mglsef:harmrstws avoids
unlie%}/r%lg crﬁ‘lé?ll dc?f I{H Ty%r%agk; u%‘l‘? lﬁcghtt %tl raﬁWm% w1th inner layer

I nner Iayer con S su
coﬁh@aﬁdmﬂ@nhﬁ&&bﬁm&ﬂﬁﬁ@@gth near IR (Infrared)

wavel en ths conveniently correspond to wavel engt hs

whePégeﬁgl@ﬁ lgsgh e dength. asarRdinfersed) arayvelgpeths %mVéme%thacorrespond

to Wvél tl?so@ﬁéré Q1|110?hr E’:{?ﬁ@ld’m %s@r 8 %i%scé’rje A b'lé‘ Ga@kd g‘ga ﬁ{eot':]al range

' asef beam can iciently produc
wHBrekxmtlcalnzanmagam d%tharpplsecﬂ il%crsbeaifhm@eséfﬁbllemtw prodtded with fiber

ond, Sy iHyde ST RBY T Petrpurien Pt Sl e oengs Haf eaphled fer diode
oufpﬁ@qum@/a kbl mm;f@elal tpms@ kRGP CBay hiSh BE ﬁa&;@ﬁ@y m8H émea ® produce

when advant ageous. fast rise tinme of sem conductor
VISehl@d@gr outppr ¥he B@@wgmaﬁhag@%u@eft@ne @f cdmigonducgor diodes is
t har.act t
porith a8l G BRGRGRY O SR PG By b s, Furure

de‘&@@ﬁxﬁﬁh&sﬁ@yvxﬁﬁ]{e Si@bﬂ@@ﬁ@ optic £ Cimptifles €ecBARbEY hﬁgtshpﬁbrt direct pulse
the visible range. In sone systens for I|nk | ow ng,

amplificqtion in the N1$PI§ Bnge-f r acti on of one micron and the

In some systems for link blowing, the link width is a fraction of one micron and the
link spacing (pitch) is a few microns with present process technology. The link width may
correspond to a wavelength of visible light. Further, at the microscopic scale of operation,
where the lateral and/or thickness dimensions of the materials are on the order of the laser
wavelength, the thickness and indices of refraction of the stack materials can signiﬁcz{ntly

affect the overall optical characteristics of the stack.
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l'ink spacing (pitch) is a few mcrons wth present
process technol ogy. The Iink wdth may correspond to a
wowooelzngt h of visible light. Further, at the PCT/US2008/076694
m croscopi ¢ scal e of operation, where the | ateral
and/ or thickness dinmensions of the materials are on
the order of the |aser wavel ength, the thickness and
i ndices of refraction of the stack nmaterials can
significantly affect the overal]l optical ) )
chafaererpRadinent of therdpveption i@ Arafeprbredntsddl arelinsthfs selpsted in the
r
e i B P SR ploPe RO PR SBhers (e
intendereadesoo refteciien lopd) icadplgtedperty of the | ayers (e

i nt e refl 0ss)..is exploited . ..
ot R %6 608680 (Eeitrenes i AR5} bmse S ppa ity éwaponzmg a

tarp@ S8 ROGh E%bs‘t’x@{%O'Thé h{éﬁlo@ lhaﬁ&e%tpré\tlaﬂﬂgta%er Qfktén configured to
Substrate. The nethod includes providing a | aser

pragipste emlasonPigut et the “pweldngie beldvaswr alsotpion  edget plethe substrate.

vel en bel gw.a n ed t he, supstra
PoplirTioEH e B I ER oo o<t oL e Poadioh i fo processing
1ink@ V! BBgbH dfRs Wikl i SBsfirRt iPISAERAS hiddell | HaBleP Yot size and
menory devices wherein the substrate is Silicon,
shméasyr pwis¢ Wedths poecesideacawith ghropresant nvsationpiprved performance

cal b rbies B PREPHERRE nk b PE RIS S T b peptpastection.
FuRBE&BS QF tBaftg)nEbﬁ@féc@fdﬂﬁﬁ)@ﬁlbﬁﬁg\&ﬁahﬂgﬁﬂm@ﬁ@fégl dberture beam, spatial
sel ection. Furthernore, at |east one of precision
shapiag of theisnet oF tenparg Puksndrpiag iRlsa et nipwdp dermiedugsd epgrey at the
[
A 18 Sy 5 06 ISR T AL, 8 W dpoic
in thesubdtraco despie am theident t&ameinartgym&eﬂsalrpw depbgieurnif enerpgrighe target

exp ect{e{,d to be deposited in the substrate, despite an
strpgiisega we&é@maeﬂ%%egtﬁ € RECL 8Kt 0 deposit unit energy

in the %fo@@taf&kﬁﬁgttﬂé Certbldyf | dfeh&ied t i MAPOLbESats Nre, in effect,
target structure he fact©ors affecting the energy
mtdé}pit;stim; dlikewisehat sborth sisitde wamlmgthsncoebéres aabsorbing (e.g., about 50% at

| ti ive, kew se t i sibl
sl Dy e Wi Srraisk B A 1t ) Seblgtn cnsimy i peauired for
cle'iQOreﬂ{BvaﬁOa%) leBstt B €@ of\naghRORAT Bk tp@ef@x%@tldelltl‘ﬁ@& wavelength
so less energy is required for clean renoval,
cofrespandiag tar watively lowagpline abide emivey pinstted felr ¢Qﬁ@ﬁt€dflﬁl 61@ substrate
I | ALV f
is iﬂyﬁfé% éﬁ\ggfé{% og ggz{refg Q%lc‘éjr{ &%hé gpe@t(glgrlgt A é]lx d%i %(%se(? z*cyﬁ? gfbe used to
estirBat@itlishortast w’vas/blehgh wlﬂnaﬁﬁméﬂ rﬁzﬁglln(ﬂir @fspéch&d&ﬁeedtﬁu BBack, spot

A nodel - based approach may be used to estimte the
pogiHeR.ti@lgtantia{rammony end trendiggpsional epptiahmules chapgierigics.

SpPeghf gﬁg gl%l ﬁr{r: IIMSCODS 'i'rﬁﬂtiﬂeve? RRLicRO §lﬁtf1 ' %BTosntealb%’ﬁQse ®he limiting

t enpor ee-di nensi onal spatia
wavblangth tcenrcs:pbmchsg toFaarelqmwdgé@s |vakye ofi tHei enkigy @rparteldttd be deosited in
thedsu\()lstcr:a?g (eV\é tl'?eldgviz thecl?nra]lgg t reslhol?ig may bEe Iev?thgr{ tr}?etgirereg or near UV region of
spectrum, but the use may require tightly controlled system parameters, including possible
control of the stack layer thickness or index of refraction. ’
With wavelength selection in accordance with the present invention, where the internal

transmission and preferably reflection of the stack is at or near a maximum, stack layer
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wavel ength corresponding to a relatively | ow val ue of
the energy expected to be deposited in the substrate
W@ 2009/0391B€l ow t he i mage threshol d) may be w t hP@I/Uk®08/076694
green or near UV region of spectrum but the use nay
require tightly controlled system paraneters,
i ncl udi ng possi ble control of the stack | ayer
t hi ckness or index of refraction. Wth wavel engt h
sel ection in accordance with the present invention,
dappgs, & @N@idptht ByHigrmereq ferrastigo ﬁuléﬁatepkr@fi@ﬂ% while’ simultaneously
pr V?(ill’lg %t xlegﬁ]:egfsgBh gzégﬁcﬁnﬂ ?en?tﬁ/ap atr}ﬁ'q{e xadffﬁ%dtfm rﬁmﬁ)t %:Breferred
ayer danage i s avol ded. Fur ecrea3|ng
proudzest mreddation r efd if@rctenal winidreal Sliayars t1anexﬂusl gccpptahle diimigs. aSpectral
duced spot .size for link re at or
oG VBT (bl e PEnep, GAleprb T GaeT EFiecly shgw that the
traRSmiEHBE UeQBAREs koth&Umilat LAY SFaSelefgthd. tHY réx%ﬁl%Phﬁ?l'A@\IDBOOK OF
imts. Spectral transm ssion curves for typical |arge

LASERI GEPENLE| 4Dy TECHAIQEPEN s thge tremsahw}ons reorge tof filiedweDioxide is

spdel AL R S fIR 88 4R BTRUARL Al NN LSRR e AR Silicon
Nitride érﬂaﬂﬁlﬁbrs Piotld¢ aafEnOrelfivelyC Ww bh ad JRibIS raRectU®@eém) and

as wavel engths greater than 0.15 mm The absorption
gra@@@lbrmere@%wrbqhegfémn@ licon Nitride and Silicon

I v t | Si

b S O AL e LSR8t
appdnatas oo pieerdsimftadgatsanctnas edll hawdetdegribedssi ng, vari ous

enbodi nents of nethods and apparatus for processing

target structures will now be described. Tilted Scan

Progessi 49 PRt e Ad. gl fonfiegure 6 is a bl ock di agram

of one enbodi ment of a I'I nk bl ow ng appar at us

conFigyur édisaecndi migagtam mfeormrrbmbodlrmmt of a hek blowing apparatus

copfibaeSai tyoes BT s indasion; Shir S0 S Sifer pgrecture
to Wg’iﬁ*@'}ﬂ)%ff FE9002/R87981 BbsSribed0Mh 016 A&l systhh of Figure 20 of U.S.

acousto-optic nodul ator is used as a beamsplitter. In

20850 Tefbaai arerrieoptic mpdulgpeisentd asra/ksam wpdittearin some embodiments
of ?hc Opl'}ggegt 1?1% Itlonm?)dgco%%tﬁ 0 i; 9 mo%uf‘zlif %6t1§) use\éetﬁg tehpeth%%eam axis in a
t a0 Eherther par al ¥ ot

dn@(fttdﬂo'@@ﬁ al ndithet Pg&rafi¢lndamee ndrtbogehial @6 tthe ﬁn@&mbxﬁalrmimmlbﬂ f beam
during an on-the-fly beam pass over the device bein . .
mqiiop BEEs N ORs! herdly diePmeRiSt @V s dqeEsPring diresfssedheAndyeribed in

mdTBYe3f b‘éRﬂJ AR by t)fj@e;r %&glguxgﬂlté Qenét pﬁﬁe?ﬁgeln an&le substantially

substantial’l'y equal grees to a processin
eqai its 45 ldagrsente aeprocdsing nkis,, Imrmme tinbodimaets debdileabdroond deflector is

resent or.a two- Ssio sed to swe
PreSERl BetiOn wgn%?nagﬁ‘gﬁgn% wdefTo Sty B thos 4y i Rgles that are
su&%aﬁxmydp&w@rcuw tERER oMePSId AR With L§cib it Sr6SR&AS trhjSctory.

the processing trajectory.
Preferably, one or more acousto-optic modulators achieve fast, accurate and stable

power control with a wide dynamic range. However, other types of modulators, electro-optic
modulators and other suitable modulators can be employed, where preferably deflection is
fast enough to position a beam on a target by target basis. Modulation may be combined with
other functions to reduce system complexity, for example, beam steering, beam switching,

beam blocking, chirp mode focusing or pulse picking.
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Preferably, one or nore acousto-optic nodul ators

achi eve fast, accurate and stable power control wth a
wanae/oshsam ¢ range. However, other types of PCT/US2008/076694

nodul ators, electro-optic nodul ators and ot her

sui tabl e nodul ators can be enpl oyed, where preferably

deflection is fast enough to position a beamon a

target by target basis. Mdul ation may be conbi ned

wi th other functions to reduce s{v)stem_conpl exity, for
exanpsatally siafleaeaustq-oryic dsyicht DRy PeHicHdn ablsashPiy Jeqdiment of the
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sequasenal fop bR moTiRolite adde SBIGR! e gends Hetige f drieeacpy one or
mdr®traiidb&®s ik ioR eholkd f;éqr@nﬁesn\bhlm REYpwRH! $Ee BRAVRBEEifRicted beam

~ for beam positioning. The stabilized acousto-optic
is drilericd to @ laber propesbipg pad asris wgH&knpwans thecast. sThet irequengyrof the RF

R BUSBEL b e PN L e octon

Theahiplidfleios tNERF kYO vdridd ttb €haipt theligfrdckien efitesncPbf theeacousto-
RF may be varied dynamcally to gositi on a defl ected

opliggisvicg pd mgdulatsr higj baamyspieyi eParing Patsedrprocereng and between

' : [ t

TR s e oo eIk 10 s SHE RSy Dl thegml load.

Winndi palkeistrioe nbeladnf@neo@ysind ulid R powkes8dnferropted & ognddshce with
bet ween pr oce%aiéng pul ses the acousto-optic cell

the: RNSPIOESSSIRE PB_ ¢ oy aSinEle PoR-BIOSESIIRg ptu rARESS| igigythe zero order

beh&B @b@dn'x!l %n’flpsaﬂ?p{heﬁ‘_e(ﬁg%garf &fnst@fnoﬁgsi_%'rggxmetdheABEmately, the RF
power is Interrupted in coincidence with the

freqaamcp iomEsSIpred 1p wbiseidemreatithotve aosipnggkssinpop g to @dlewi axgngle non-

ul se t ass i.nto the zer rder beam t.o a beam du
or&ishie el BRsnn A G TeaBen tp AEEHR HomR oy Bma LE e beam
to b beariduipemd eRGYtht SiedrtoRdtind RFed rédinfe@] MhleRERE /WL cycle of the
t he non-processing pulse to allow a single

REnisrippiealbystiglh gng thesmaltipstplility dustte aa ilermisicalnRF deadeis reduced. RF
roR A B AT TR R RSB AL & Ao

cell e ehamipé to nntaidtayconstalt avahgd themfaFidag. typi cal Iy hi gh
and_thermal instability due to an intermttent RF |oad

i s Medaeeepniigrralentes! araysioerifobrimtdirciont (dAD) askrow in the art
ma?é%els@s%%i.g OrHeOR mtap %@Q@in@iep&dxhﬁﬁigteotrmﬁuc%%oé{ﬁt’:gécp{%té Single or

r exanple to nmaintfain a constant averag
mtltiyde mabustio axtlls.Vakcomstse coerhitgnr zines msayobe agmuistposapbdr distributed

beam def | ect or OBD) as knqgw in the art may be used.
sereRly R By AL G G Y 9 G e A Sy ge bR Any of
theWE1ARMGH g b Ari& dAd |cBnfRurdlidht tRlaBoRERbpici searm@lgl, Such as those taught
Acoustic interaction zones may be superi nposed or
oveli he maguierraseet alorey nadyorrgernpleywht Foradxapwic aafnt fransdiker and a
seclopld ttrlﬂzligsd%’lgg%ag lbg rr]r?ou%{edltcr)] b‘é rcg—n Tc'a\rllgrr, %graﬁél?ggﬁdgoﬁﬁ}/oro{ilted on adjacent

orthogonal or opposing surfaces. Transducers may be tilted or stepped and used as phased
array configuration to enhance performance of the deflector. )
Each transducer used is mounted to a surface of an acoustic cell and is driven with an

RF signal as is well know in the field. The transducer is driven with an RF driver, and the RF
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t he wel |l -know geonetries and configurations for

acousto-optic scanning, such as those taught over the
wW@2®wb/03084/ears or nore, nmay be enpl oyed. For eRENPEm®)8/676694

first transducer and a second transducer can be

nounted to be co-planar, parallel, orthogonal, or

tilted on adjacent orthogonal or opposing surfaces.

Transducers nay be tilted or stepped and used as

phased array configuration to enhance performnce of
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cont chil led with a frequency controller. Routine
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Tefinbldzi @NREOSANIVhAE BAhKROARIdNS ofldff-dxis dEGc Bk aMYle using a
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TeOP fegystad may bsownee te ipelli¢ye abigh|tiad-eandwali prastugtu cilatesial choice and
od%%tﬁ%ofsg%%ngrgally %{E’@?dé noT rg%%rge:]gelécg%n latlI anatcg]re%ggogméx?geg%%laracteﬁstics
witf the @&ﬂ@ctidﬁ\ébﬁlecafi&ﬁ cE6MEPh g thSben 8izd, &Cknitiigy , $¥@dhing range,

be used to achieve a high tinme-bandw dth product. )
waglergth.ffieiprsycandaiber shrapieastics ps igsngge epwilishedainrnipdust literature

an(g ev'i&%di n&e llced?taht%ﬁ:s{ E%JT%%F P(é(@i%rrfeg(figg%ﬁﬁabl to workers of all skill

aracteristics w ion I cation
leveBnis thddieldof dpiiealeamgl ze, scanni ng speed, scanni ng

range, wavel ength, effjciency angd other ) )
c _ha?‘h%‘tl?ﬁ & oggr_w@éﬁé? éﬁwswaﬁglgﬁg@ e S dRGessing beam in a
dirkdtloR R W Forf&tehopBYdl %H\@Hoﬂ-gallrgl?& Bk BRlceRinkl %5 3n scgf%igclirlnbodiments,

text books readily available to workers~of al
thd defletter isrprichied Sutstattially apksSi degtees mampropggsinpiaxiat Alseshewn in Figure

7 BRSABRE R R 0 e PRI RS ity 4

de@8sk tb BBthRAE RdriBhtal hdd RIRGEpRLAGIn@%ks. | n sone
enbodi ments, the deflector I1s oriented substantially

at b5ouegnbediment, 4 Rerallck sempepenk Pk the savesh yglecity v Egtefusaaponent
7 be.. ' 1t ) f ' .
plpg 5o ST 01| S 4 bt M1 BEEIE i

spdicdtignmehtadcrén dha livier t AS shoviat GC ERmItenGAARRSspol hare deflected at a
iment, a parallel conponent o sweep vel ocit

velgpRt DU S HERD 6 G SSOHDLY Brodored Whg e ngronoe i pass
o AT BlGE L 000, B n N, Wl vt (v -
L FiYunaed)8 AHowbheersmothe mathopenatl direetcined t@hmaspot velocity A at the link
processing velocity results along the link (A = V = S/1.414). Therefore, during link
processing, the beam spot moves along the length of the link, rather than across the link.

The link blowing process may be extremely sensitive to misalignment across the link,
for example about 50 to 250 nanometers misalignment may adversely affect the process

window with decreased pulse energy thresholds for substrate and/or neighbor link damage.
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velocity Sthat is 1.414 times the link velocity V
produced by the underlying on-the-fly pass , so that
W b@osamponent spot vel ocity across the |ink LPCT/US2008/076694
preci sely matches the link velocity (V=L =95/ 1.4
14) . However, in the orthogonal direction, a beam spot
velocity A at the |link processing velocity results
along the link (A =V = S/1.414). Therefore, during
| ink processin t he beam spot nmoves al ong the | ength
Bupf it tipgeqqepteed that bl errinalaed dss linkanay bk comyiderglilndarger without
IR, X S
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| at er al Wit 45 de ree orlen ed d
oS RabaRm Infod SRS SRR e PREAEEE00uTRYns. For
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spatial spot irradiance profile. Spot elongation ma
de%@t PHsssendwe ofihegenalfirastipnsaS etnd $anRoth of gdiichyare ggiented at about 45

de rﬁ% Vgﬂ?f‘eg}t)éc( { E 4 P Hc@grrg gseCB'IE's nr?s'izln?@ de*]@crtig)ﬁi%?ilhe pulse

, eam pot swept 1n & plu
at b#14KV dotg tha Sﬁ.rst Iaﬂectﬁmeﬂ'mbsalts mSmb‘i/dmmt u@thedink along ghy @rection A;.

B,.at di nensj ef | ect or be configured to
Deﬁs?qoecqfw@w%%aﬁ LERRY oG srandaiedion Srielgin gygyement down
the lilRAidheQhe ¥RicEiB, ALe oriented at about 45 degrees with

respect’ to the X and Y processing axes. In this

i nsAppkationed] the tlitwbmn sdam fwllréepraceSSmg Mth*rmlapl@mglses per link

[ th
oGt EEle BeBSd O e "Rtk SR f oG el hE fect o
reldtfve\madeait@t tnhe fisse apediod i X5eset @n aﬁaufaﬁ%ﬁ ﬁauianbémv pARNL6a, 28a,
down the link along the direction A2 i cations of

309 pad 333 andp tBeeshsteichie Borthe fate py%sss: eeg,u }Qg?metless iwaincidgntgvith the
targ# ﬂ'ﬁ&lrn%%anl Fléaﬁirﬁle% lééstdég, ?{S 1%1% agtugeg% etﬁ:eg ?h% foérnpqxlses 26a,

exanpl e ure he e ect
284, 8Datnd/ &2 amy defateditdp@dide thé redultzmcpml@a's 285, 18bt S@esndaB2b both in a
plurality of initial beam paths 26a, 28a, 30a and 32a
Se%lﬂ%l direptifingde teiqppeseuths rshw movemel ofy heseamy gaths and in a third

dlrg’c%%)m 3%r %xﬂeﬁ&éulﬁx%rﬂ}?é ARRle }Mo(zélnérﬂe target structure
e earlier pulses (e.g., 26a). hi Figure 9B,

t hr @he obniphrllélodirecpol sey @@wrise a component that is perpendicular to the
direction of relative movement of the beam paths. The pulses may also be deflected in a
direction parallel to the direction of relative movement of the beam paths. For example, a
first deflector may act to oppose the relative movement of the beam paths, while a second

deflector acts to deflect the pulses in a direction perpendicular to the relative movement of

the beam paths.
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28a, 30a and 32a are deflected to produce the
resul tant pul ses 26b, 28b, 30b and 32b both in a
W@ ewonsPiei recti on 36 to oppose the rel ative NORENENL008676694
the beam paths and in a third direction 38
per pendi cular to the relative novenent. The
non-parallel direction may conprise a conponent that
is perpendicular to the direction of relative novenent

he bean1 ths. The pul ses may al so be deflected in
S0RS GRPGLMEN.dProLs TRHE PUlSFR e TR hepRgaitude andior the
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ForftGt PR e o B Tt B o hcird R B 285, dhe Bis il Ruse 322
ma§ IRPEfoFARRdSg 0 aWRoRer TBR BN NS Shedebordahiiariupd - 284he
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pul ses an fsiofis of the t ar get
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initigl prles. g ﬁ@emﬂaﬁp@f%ﬂﬂe BURPTIEL ggctf—f%ay ’éd‘%g‘%%‘? Ppifey Resultant

puls®s RGELABAGEoNY, thlo Q¥ ShdARE bﬁé W4l ;Rl‘féreg O Sa s b&!?xedeﬂected in a
target structuré irradiated by a plurality of pul ses

diregtigh groniparadlel &f fhgrdlremorcohtqdaﬁvetm@vetr@nabf thedgam paths. Resultant

ted by.t he pIuraI ul s
P et P e oriabial WA Piag B O pot been deflcted
in hefkttieNhoRPhaRE tbrendiraétionabt ﬂ:ﬂ’dtﬁ@&nov@hﬁnl bf tHedbeam paths. The
pul ses may conprise deflected or undeflected pul ses.

respay [PuisaY HﬁMlleCéedermyseé shePedteseinon directing n@n nmtlel fof the [digection of
relétWetrh@\le ﬁe$ ef'eﬁ Fﬁéulge% tﬁatba?ee Roto(%fﬂ ?& ?’x ve er th)graflglc&re fion. For

non- par a rection

exztrﬂi}ﬂe e amupadB ScesiRaaUh SN2 6bidnegFondRL the SEME qm‘.’tﬁll ISEatlon as initial
nore of the initial pulses that have

pulE afe, i ledeRuam PSS GRPoln B9 SRy EosIPdp ifferemapatial locations

ﬂmgmﬁgg%mgg59@1@gégktgﬁ nmoverment of the beam paths. The
resul tant pul'ses may include pul ses deflected in a

di r brtomne imtamcpartbd [dekctton otheagdninelet ofothe odefleetiomt atvieast partially
noyenment as wel | ul ses that are pot defl ected i.n .
et R b i 4P ofcihs Biepieny SR bniiet 4 pLisey e o g relative
movEfikht! BetlvediUine CoedRDPARY hES BRNSIbsirfte,! ARl BRMRpSRASH Bbtween target

location as initial pulse 26a, while resultant pul ses

locams. Bty earaplz2Bigutsr H&s shaves theeedinftiab pelses 4ppattl@hnd 44a and their
coilncgﬁggcle 03 target structure 46. The initial pulses 42a and 44a can be deflected in a first

deflection direction 48 to produce the resultant pulses 42b and 44b. In Figure 10B, there are
five initial pulses 50a, 52a, 54a, 56a and 58a. Deflecting the initial pulses in the same
direction would cause the later pulses (e.g., 56a and 58a) to extend beyond the length of the
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than initial pulses 28a, 30a and 32a. In sone
i nstances, the direction or magnitude of the
waledobestiBon at | east partially depends on one PCT/DB2088/076694
of the frequency or nunber of pul ses, the speed of the
rel ati ve novenent between the beam paths and the
substrate, and the separati on between target
Iocations For exanpl e, Figure 10A shows three initia
ul ses 40a, 42a and 44a and thelr cQi nci dence 't
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8
o057+ e SRRSE By 0500 o st Bed i o 5o
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i§ more sensiti e toirra |at r essS. sensi
papleiip ot S p! RO PR b T B abegs 8. T0o0b, 1020,
and®G84b.98he ée@@@mng]-@lg&ﬂoﬁi‘%é-oﬁﬁ %@ 130 rﬂliyafr{c}ﬁdm\bﬁﬂ)onents in the

relative to a target structure 70 in a first
dirgétioacefi matioHomaddition ttheyonmpmnéﬁ pputskiailgig, theghrect®®@aof motion.

VLTS s TR X R N A
direction of motion in addition to components perpendicular to the direction of motion.

Thus, one or more of the pulses may undergo a deflection in different direction that one or

more other pulses.
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be aligned with a mddle portion of the target
structure 70. The initial pulses 94a, 96a, 98a, 102a,
w@paoasMsd can then be deflected in defl ecting PCT/US2008/076694
directions 106, 108, 110, 112 and 114 nonparallel to
the direction of notion to produce the resultant
pul ses 94b, 96b, 98b, 100b, 102b, and 104b. The
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. WML e.twce e _cor | ink .notion. The .scan te .
i bish 5 ol 2 B Gl o O Bt Bl W B Sl aing with
thel éiedgly GriEGattll BverGhe leAdth Betha bdisscont i nuous pattern

wthin bandwidth imtations of the beam defl ector.

For Ths AQ31R scannpt may be gsechwith|cderglyaspreadkmltiple inpeinisequencies to
ISt . [ t he LN
caldt iR RRXirGRORR] dUfln firs G0 HcAEe IROK MIMEInRAF R he shaped
spdywist Ise sobisviandingy vidi atfladow oroké eectibimkn \thet Iong kis. tWhk two axis
ternln over. a dense burst. of nmm pul ses
Aoﬁ%ﬂeé%féwg R T SRYeRGYL P ReraBidetRgY S \?aﬁuegg?aa by agrpmplished in
eltﬁéi’ ﬁlel )?&%I J&aﬁ’gmg Brem%[}rc'&xes I&ﬁbrﬁ‘@D scanner may be used

closely spaced nmultiple input frequencies to
caué@ shewn lrpFeum kmltwgrmeme mytqoqzttlnécp@msntted) imeitlgpe thent or y axis

0 e be .sonewha
car e pdifesS W oG B P B PGR e S o degrees.
In Wid Bask\w liakits 1MEBRRLgIahI BREWE@NToRRUnAM hétl be ﬁx%@ib@j’ﬂ% degrees. This
i nputs, rapid spot shaping can be acconplished
alignment error can be accommodated with auxiliary beam rotation, pulse t1m1ng correction,
trajectory path planning or a preferably with secondary scan axis. The secondary scan axis
may have a small range sufficient to correct for spot placement errors of a larger range scan
axis Using a secondary AOBD scan axis can eliminate the need for any image rotation when

simultaneous processing is not employed. Since the secondary scan axis range can be small,

on the order of one or two link pitches, errors generated from separation of the two AOBDs
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either the x or y scan axis or in both axes conbi ned.
As shown in Figure 12, two or nore rows of I|inks
w@erioensEss i n either the x or y axis can be addrerEsm08/076694
with a single AOBD oriented at an internedi ate angle
such as 45 degrees. In this case, alink to link
di agonal between rows nmay not be precisely 45 degrees.
This alignnent error can be acconmodated with
.auxiliary .beamrotation, .pulse timn orrection, o
w@xpgﬁ 18i:elnag(§}atﬁ 5%?ﬂy Bﬁ;tgﬁ mmdgqedaq}s\? gl g% gggrgﬁ $eAn axis pupil is imaged
to ARCOVIEARY 18G2MeAkbSndahNROBES ARRAKD SHARE 1A ¥leSmARYAOBYCand small
a small range sufficiént to correct for spot placenent
pupil eers nedfy genérategieecptablyamalbpesition esrotsdvey the seowiagaseyn range, for
Xi S _can elininaﬁe the.qeed fo%ﬁany i mage

AOBD
exfiie B Ath, &S il ol R CerlonSieBRE Hof¥ T ot v,

en” si
Si ntRe o sleiopEaiy ssaaier iihSa kRAAN @arkp@NsebéhdaRBedannd® tan provide

. the order of one or two link pitches, errors generated

impyoyed pefRImAnForrrararedhle copyentioBDsHin: tHtnd: 2-rxrs searadigat Bor example,

e in.4 e J '

th St M 4T (36 SocoRiHg SCamnd For Rled o RERLAE (S8R RbhSauences

incdMdBEY efficiencytvedativinosith tscart frgzlérahd bAGBIhetivth s0®8s| the Wpknher input
errors pay. generate acceptably small position errors .

pupil sﬁpe’flﬁ@?%@bm £FGPNERN SCINBRIGE Pp$tﬁ““é3f§%P’ém%§F‘tﬂn6hm the optical

rr [ f S8l ' i gh

pafl AT Pl O PAMSITRAEP Aokdiad R Wi T br they may be

singibe dadeaesy Beanamingcanggmay bel ectianpirding do penmendisipods such that the
C@npared to. con entio?al non-tilted é{ xes sganqin%,.

smg e SERLIPER'S AR UG BB TGRN BINSE ni tBisCafdhs fples of primary and

secdRAH) 8fanfid tah BE VSR Q%jxers?meﬁ RRROINr MY swRESRE }h?glééﬁx% small scan

including efficiency variation with scan angl e an

rariges farmzeinple tacthergs thherisstanereel thepurimapy pran @gpedthaut| ysing beam
Y . o t f th i. ma
ol sk, &SRR S SEP TS HERLL TRl ) e Horger scan

rar@ptthdfl Ziedriibdoh&r @akiey, AriCAIdtiondl irHe&68NoVeANGE at Be bdi@hing and
may be simlar devices. The scanning range may be set

endipg of ¢Ach gracessegrmtaasbyisarisedsuch that the smal | er
Sca&ilfeﬂ@%{ih%cﬁl cdn28S .bgfus@d It(?g}ggﬁm%é: gﬂdersﬁglgg 'corlﬁgquences of
this case the roles of primary and secondary scanner

compourideangkvensdg shetehe feytsicenmee alafleddd ther bdam shedughhint Héirst scan

| ar and snmall scan r es .for exanple to change the
plagt P ¢ SO RN RG] ki od batm DX P e 19500 N Agict scan plane.

T}Q:er_@mll@x?é SeRWidFRING c@ﬁlpb{ﬁﬁgﬁlgﬁ@tvﬁkh‘%ﬁn affb& bte%tcﬁgracteraisr%ics. For

primary scan axis may require a larger scan range th
examplorin hagovationd arthegonahardl sydetictscanéld t thajwecst oasg compound angle

. overhead at. .t egi, nni and .endi ng of each
i 6t BB G pedteid R 40 daBRF RS siifedt 558 to soan the same feld
siz8 BN cBSHcothSind Angls 86arinthgis Nt MeZ@idIPSIBSH @bh @dge of the scan
consequences of conpound-angle scannlggirhere a first
fher

fielde anlgeser gampewndsanghe Weaeast dirtbe ghmicrs Beld gbascan angle have

minimal compound angles.

Furthermore, the image rotator can be used to provide a flexible system that can
selectively scan along either the x or y axes in addition to intermediate angles. Since the
deflecting orientation is rotated at twice the rate of the beam rotator, a 45 degree rotation of

the 1mage rotator permits 90 rotation of the deflection orientation, for example from the x
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pl ane and a second scanner deflects defl ected beam
t hrough a second non-parallel scan plane. The
w0 e®alsdigyg deflection is in a conpound angl e WETOSMa8$1076694
af fect beam characteristics. For exanple, in a
conventional orthogonal and square scan field, the
wor st case conpound angle is in the corners of the
field When 45 degree tiIted scanners are used to scan
sane .fj.eld, si t he case, CoO nd angl e
axis 5 iR KT L SHER TG BREES paioA S5 BaERUUBETB g Biagroduces 2
135 id84r€e rtatl BT Bie d‘e@l@&ﬂiﬁ%eﬁﬁﬂbﬁ foﬂ\ék%ﬁ%fr@ﬁl thdrve a)GQ (8 &egrees to
of The field the scan angle have m nimal conpound
theay gkie $0 ‘FSlmgr@r MYtk biditsetionahdeflactomtac?0 degnecotation @f the deflector
Lexi bl e systemthat can sel ectively scan
;mﬁy%%%%gm nakq%?nyx 8%59 axes in addition to
i Nt ¢4 bERAk ahbodnents St is JesifBlc b Battedtllest 4 BgalDihew: JF irfdpe rotation
is rotated at twce the rate of the beamrotator, a 45
to glégiy e\eawwfaieﬂewoamt%dqvw@ge be grogessed. pBihen pefegpare mounted onto a
z{;‘&tc‘ﬁh gyp(i)gall% Ii‘l?etr r@éi&ﬁa‘? pot%d e(ﬁttﬁlé h&%& axtdd)g st 003tfon of the scan
Xax axi s roug egrees
axﬁ?:aﬁ belagndae cﬁmcatfcbromudxingt éhgnmﬁﬁga@rof@tlﬁir@karﬁple dhe asis af an AOBD

35 degree rotation of the defl ection orientation,
is k%&%ﬂ% ¢ PERgECHR! 12 agRpvsorrlumn ghbinksedn thys e §p0é3<m§y P% laterally
offsérto Q%Q{cﬁi% wMﬁ&lﬂ% & xﬁbfe%ﬁli&gxailnlge\f/%lﬁﬁ kgﬂxﬁc%ltgef)rogsegﬁeet% relative
rotation of ector pernmts tion along any
xomuwWMHhemhnasmmndﬁmhbdkngﬂmnmnnt is desirable to have
at | east a smal e r ot at o ali an ..
i AT pltoBex LT en el P o ped St adu toRggiate one
or WabRr Bnigf € WD LS AnfdBlPncRtsVah @fiple1asds, béa}’xp'pﬁﬁﬂsl He L GG Raneously
is a residual rotation of the wafer and a small
preduced prshmey be tdireetedito mullteple apothen tredevics lwrg er@t:esrscdr Typically,
eachesseﬁI L B%ar%l ﬁlag rl])n%? c%(g({ rog{hgfr o %%g%rﬁeg?? > OF gqorr \e\(i:psrate | atlnﬁs can be
sir@ltanbdsH. prb(fbs§e|dl STlﬁ&ﬁlﬂtlpl& RP6ES nitybelR d Sh@e ddrget s@hidteR! or may be
to coincide with one or nore collinear Ilnks W t hout
disgribyried areens scusrabiRsgeEBICiuseS efhgrscaearinean bomigaed topecommodate to
i
GRS o5 AR R DR AS POk red WO ek brlnSingte group
of ipnlsedi Bhie i0ilmswatedron Bighienlds whetena béuas path it gk Xmimtest,lon over three

ltiple laser beam paths are sinultaneousl rod
pagzllg wg‘v ABAEs 1selibl Sy PICESSARH 8¢ G mopdobibe thge & finks along
thé’&‘ttﬂ%oﬁ’aﬁ GE83&%dn. DYRIGE the {)1%@&9 oRERM AL &F tRE&Ih GAR Rfpendicular
| ocked so that none, one, , nore separate

to th@craw;s orselvhto Ibenmlmrma;mé@msthy Wpdtb otthedik faienks at the ends of the
nulgiple spots may be on a single target structure, or
}be di stri buted anong several target structures.

The ASGi@Bd a¥4rS af@e Wigh 3bhteiIRE drin@fic NTARGRY Qsdf@l fdf€multiple beam
eonetry so that two or nore |inks can be processed
A

pregiessingzofsAdingent siagkered Bpk soves asgphewg A fijgure 14. In this case, the scan axis

along which a pair of beam paths diverge is neither parallel nor perpendicular to the rows of
links. Image rotation in this embodiment can align the scan axis with any variation in link
pitch and row separation. )

In some fuse bank geometries, the average link pitch is reduced by using fanned out

groups of staggered links. For example, groups of three fanned out links alternate in two
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of pulses. This is illustrated in Figure 13, where a

beam path in the X-direction over three parallel rows
wW@RoobiosHa84 i s split to selectively process any PCEUS2008/076694

nore of the three |links along the orthogonal Y

direction. Control of the precise orientation of the

scan axis perpendicular to the rows is useful to

nininize errors along t he mﬁdth of the link for |inks

staerbd S Dnsosh p s Ren R SR tintghe sy Thbetis Sk frays are

amrlu@ﬁﬁa@dngor%xaa% @G@MSSPM@@% 172Nk FraNvet a5 B1p@WN 15 Bhows an
gure 14 this case, the scan axis along which a

iment WHB AW PatThS sepRIaEIdglonigsa sra PRIIo PApcgHS rEInenese, or both links
ro
of ?ﬁ%@e@%ﬂ%ﬁé& (ﬁ{ h (l:ﬁa ﬁ]%aalngags I.r?l%%é 11302%%11 an!)(ﬁﬂ?fﬁ? n %gc% agg V!/lﬁl different
comdinatibnsodst lirks Im fannpd bahgeontttiiaw B paaaplep mguiemfs {ilstrates a three
fuse bank geonetries, the avera e I|nk FItCh is
eiue &a@esnlw"as}t AF RTASRSHRE HYR ¥ aglgsem@osmglﬁ Rags. Figure
stx%fi‘:@g@lllr%e b&ﬁﬁ)gﬁﬁ ex?x‘ao&ﬁ‘[eﬁ?fo; ﬁf%]gmg 1 JoRKSf fanned out links in a
alternate in twostaggered rows arrangenent
sngkuthmm in Figure 15. These types of I|nk arrays are
2 SO0 AT p B G S Sl BV it one ot o
to §FRIAE BRNSr MhieNink¥eh p@@é@ie(ﬁ?ﬁﬁ'ﬁ 8t 8eksah MR RFANARBLAA pulse is
to process none, one, or links of staggered pairs
likewisk ispkis aridndftﬂ@eted rtp atyseulmhgl@up of dinkon Aesgcaidi gw Gs sc digure 22).

Rl g4 il AR BB st g RrdgisedpaBiy and four

row§)l @€ fikf gl faishspainhad ldéHEtItecf BACKP IO AR SHIsN Gow WO doRMBueO4 repeating
fanned out links in a single pass. Figure 17

sequenesst Fhe pses qapbeesphedye Phspote bt Ment tof pradiate all structure in N
f
roxg% gg gr? ?Jhrg])g rll\gglg ;vxéﬂr’_?%}’*ger ng g%gtvs)elék &&(hﬂ)% Sorl INFo ?é(ﬂ.lgéiﬁltlg address

ocessln ows of
links.r st pulse is split along a first rowto irradiate
one_or more ljnks in a selected group of links in

t he
fi r dOup grhen Rulse SRIHENDHIT cBWIGyEd WitheaR; A BQ;}P.Stmtaﬁaeously process 2 or
md€lihgee h{%@g&@ aft 1%@-&%?@ AR A axld Hi% ABBD, %ﬁ‘(ﬁﬁ’rﬂ%e r&gﬁon may be

(as In ure . efring to figure 24,
uséfomotaﬂlgp messestsam muﬁmler binksredpadedl ly edtee dmﬂn)plb lhnksdaramdt located along

rthrﬁ% g@ %gﬁlsgglt and defl ect ed bac 1

“E“& TR A AEPeqIgRUIPD SRR T ¥ an ‘éﬁ%‘éet“?tﬁbspé’éa??é‘iﬂ?ee“%@ ative to

thP WidBSofCE 1Rfk. SMnhfe kdthtbnMn Npq{o?e BehRGRirdd-NhkR muluﬁle links being
irradiate all structure in rows of an array,

preggssad aredn @ sigte wapamdyetaiier gengrasespsnallgplesabyle grors along the length of
erndantIy address links. Thus, when pulse splitting

thlg enpl oyed with an AOBD to S|nultaneously process 2

or It will be appreciated that in mutli-beam processing embodiments, single beams can
be split or multiple beam paths may be combined and critically aligned to process links. In
both of these cases, delivered pulse energy is preferably controlled to provide consistent
processing. Beam splitting and beam combining generally require power split calibrations.
Splitting can reduce available energy by a factor or 2 or more and splitting or switching ' may

affect beam polarization control. Reference 10 discloses various advantageous methods and
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nore |links, the spots are |ocated along the scan axis

of the AOBD, and inmage rotation may be useful to align
wo b@ospass to nultiple Iinks especially when nedT/U§1008/076694

links are not |ocated along a single row and hence

rotation error of the scan axi s generates spot

position errors relative to the wdth of the |ink.

| mage rotation nay not be required when nmultiple Iinks

()ggiqgtgroqp§s q:are jgﬁa §in%J$ row nd rotation P le i
PUEH T SPRY USRI AP, PRl E T RIS RO MERET ERGYH [y example in
addifién td tkn plate Wf bdambietalipRr €ci ated that in mutli-beam
processi ng enbodi nents, single beans can be split or
mul ti pl e beam paths nay be conbined and critically
al i e | n..bo .
el PRkl GRS Tnlch ey Do sPlc AR RS Tectors o a 2 axis
defdectoti Wedetlectsths themh iprmeesthamgne BeamIaphist2 bxig dafiectbreant, linear
conmbi ning generally require power split calibrations,
scaggng; tj4elegEess PhaL b SpfHetagyPeReriorngd ay fessribed for the
img%”%g&gnggg'splitting or switching may affect beam
pol ari zation control. Reference 10 di scl oses vari ous
adv &opihgeos sf petdisd defertophn bakedaystt it 4 bidegnee doemring and a small
swi,t ching for applLicatjon t repair, for :
seGRUHS PP i DOAER Eifottol i dfssEToRR gt b s seiges oy opics may
be RRBP U WRAYScRh dehbdorl RURIBL. OR fIRY dUB&RiR Windew GR4EHe imaged to a
single axis deflectors or a 2 axis deflector to _
seqpafl |defecterher besamnrplric eplimdet bpticsomay b ised. | Fortehinsple amximage relay

defl.ector ¢ nni

1 S lin aq. C .at 45 Qq re slor at Pn h

mayripclide Mo $ O o rb e iods Baen &P apie gl AL SuiiidsEelaying cac

defl@tort WiRdbWRGRpEReAly. OThE RS- mBH Bk iRIfdersphéHcalsiical@éments, for
defl ector can be reduced with 45 degree scanning and a

exayppleto gldew A degal sebafsryssed ehiaders ielenentsue de psedagleng with a spherical
cddesferi bed below). In other cases, relay optics may be
used to i mage each defl ector window A first deflector
W ndbw spasm € Higmged of dJ.8. Baeaarthblieftloac2000/0167581 described above
ananor phi.c cylinder optics may he used. For exanple an

maynBgisphiByOnTagr MHEF FERPOFiRFéRrS B EVERBy dY|atnigast one other
crhERPER, M B AT el BLIR oLy Bl G eams nd
mdyngéngtiée sphe rthaatwoptigitll delemmenbsamd. orThexbenpisentag be generated

srgua PN B BRI 10F dRBSHCS oPRs Lyt uhfig) comesponds to
a drivel tRqaéhcOfin b rimgeRBhteBta SN pegdinkaB o2 ML FaBlignal frequency.

descri bed above may be used in one or nore enbodinments
The positiprsof aaglesnat srpropatienal taths drivenelrespreay. enbodi nent ,

t h.e(ﬁﬁrl &glga(r)r %gﬁcﬁ %ggtilofcis lflﬁc’a% € tu(s)etge%%g %%aemglte, lcaesgzic’cfedzacousto—optic
slig y divergin eans a
modulators or a single crystal two axis modulator can be used to position each beam without
using a beam rotator. Furthermore, any type of beam positioning system with sufficient
bandwidth to accurately locate a sequence of pulses may be employed.

Zoom optics may form an image of the acousto-optic window at the entrance pupil of
the objective lens to minimize or eliminate beam input offset errors at the objective lens.

Optionally, fixed relay optics may be used between the acoustic window and the zoom optics

to form an intermediate image of the acoustic window near the input of the zoom optics. For
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may generate nore than two slightly diverging beans.

The beans may be generated sinultaneously or generated
w0 poog/03aguence. The defl ected angl e of each beRen/US2008/076694
corresponds to a driven frequency in a range that is a

smal | percentage of the center RF signal frequency.
The position of each spot is proportional to the
driven frequency. Ot her deflector configurations naybe

used. exanpl e, . c d acpustqg-qptic nodul ators.
B AT oG PRt TS Y BTkl R o iion and e
miB Qdirti REveAGRe RERARtMWIRMIMS 3fSdadB daviee By B Mi42ed to the objective.
Furthernore, any type of beam positioning systemwth
Posgitipring icepis dyarﬁ@msm%hl angleaerony eaneteydetasmines usingaajutiakieg or system
es enpl 0 | n.
B £y T 08 B PRGOS BT vt or i

firlupOBDOSan the émaggdedits W Windswtod the sicoid AOBD @fiththé18dcénd window
beam i nput offset errors at the objective |ens.

imagsd; yniglaygd optoxiae inmut &Y trnEqoEs telessonseusing Y mERGR cand{oR gpherical

clRRANSkinGentihdow and the zoomoptics to form an
I nternedi ate i nage of the acoustic w ndow near the

I npWhenf twohstngi@axis oprced-aparFAOBIs @k used\OBDp@dmnnifithe selay beam

ai.r of AOB be stacked i crossed S
CXRAF ra@f@i IR ifee W%OfﬁWPr@OﬁQt%§%Wi frdo Hhecpfgqtiye lens. For
exXthMEOWSHRS AeIby devies R bR | MRARdpdsRiddte, MM 864 Rpander is
Positioning errors due to residual angle errors can be

adgeteé priale th wwigngitherythe k acithegy 6OBY simtomnerds theerbpertive. The relay

Alternatively,a pair ,of AOBDs may be.spaced .apart an
begieKRRREbTHY bF HET ST cPur e O ERGCo] RS HRE G change the
oriéhtBE6 PAOBNEscaRGIAER d MICBReW schhst gy E@Em RfeMthe adjustment to

I mged or relayed onto the input of the zoomtel escope
acepaimeplags Tepiduzli Rositioaind /esiorss plicthiscwty Biesieipmscapde precisely adjusted
' d ) ' e- axj - t r
ol SR AR DIRuPL RO B SRR ARG, ARy e
adj Tht ecorh optic¥ags kenevdihble \MephaBtaldsoslaWeitiDhke driigps of elements.
obfj ective lens. For exanple, if two AOBDs are used for
The fyptang s5eQiich HEuRs: Man PR Gnelenertisehfirmspia fad thg tird group may be a

doBSEUSERG, g&gh,?'m tf)e?mb{?@cgﬁld@;&élhé{ug{ Dot tot dé(egﬁﬁﬁ%a g/ositional

W ndow on he obj ective. The rel ay beam expander
daaeogupuidt edeltuted rhgap reapassinnapdodolamaticoc eEkinregt gionps bhHthe zoom

chan the arientation. of AOBD scanni ng. .Ali gnnent )
opSEAHY el BLERE PoPIRRRIr GTEPS JEhAERR Sl & the cxpansion
ratfnCRMPHRAL eAligshdialr d&Réd: i RBIRIMEY aBbSeRliret RS b¥WAY centering is

the z(istem can be precisely a {ust ed for x or y beam
magtpined ot theyeniianeoprpilef thd ebyectipe lemal syst em bet ween t he

x and .t, heam defl ectors The m optics be a .

var et RO P BB At IRT RS Bhyr iR R Zofip optics may be
coRERAE RMith. auhlilgary i Beain aBehimeaonctsgaRHPS FaYotdl¢ G@nfigllgle precision

optical elenents and the third group may be a
adjustable turning mirrors or scanning mirrors. Correction values may be stored for
predetermined zoom settings and corrections may be made automatically for different zoom
setting to maintain overall system calibration and alignment accuracy.

One or more spatial filters may be used at beam waist planes of the optical path for

picking off unused diffraction orders and to block scattered energy and noise.
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doubl et. Each group may be noved i ndependently

according to predeterm ned positional data to provide
w@:2@elzase£d beam expansi on and col i mati on. El POENS$2008/076694

groups of the zoomoptic nmay be pre aligned to

mnimze or elimnate beam steering effects as the

expansion ration is varied. Alignnment of el enent

groups nmay al so ensure that beamcentering is

mai nt ai ned at the entrance pupil of the qbjectiye

| endY 1 i %ﬁe@m&menvgrat B Fosfed {hid Ggéﬁ_eqsh%%'zro@a@ntages are
pob<ihlg %05 1hde p?&:@gglr%mé}'ls?énWhéo GItER AR Wnl Be used in a system

auxi |l rary beam steering devices such as renotely
cablyntioromodd keppfeni gigoscad)fosalgdmiment ay 13i kngwmi inrtie §eldrof precision
1 scanning mrrors nﬁg&%ection W%“yes ng¥ be stoned.fgrﬂh l
a5t BpErE '%8‘&’“2686 PG  Bnd?cEAPE if?frfgo“rf‘ﬁi}“%é“ orthogona
axBRER RUSRITRLEE Mith)a diid ikERINERS tFopnl hii@ X Srthogonal axes be

mai ntain overall systemcalibration and alignnment
peefeauadaeijh 2 nglesieflpatereoricpiediabdS deareesy Whempusprewith éxpieal, orthogonal
SRR 124 RRS T AR R SR B0 BB ad Bl averse
citB@leif )k anNd NQIAEE. WertiShOGean lint tiedt ST d@etds0d BE| Aigh@ent edge.

at or rotated to 45 degrees, other advantages are
Fusbersiaspeifian alignmsat sginotseReTonged yistreph iMide of opisile comer of an

. n i br e .
o el B (AL oM el Bl S LBTREF ] 3 Bl T B G T latter i
illéstiated i0fFigarets, sihere thaberm gyov ewsss digngd)siaprmistat vélncityé, and after

same way, that scanning for processing in 2 orthogonal )
SCOREE el H@ﬂ?l@flﬁ@ﬂ taieet the Whiqdy soan geadpeed mation dgspegd V in the

difeBfbreh k&&aﬁa&ogahgoﬂﬁag'aﬁgqgg&ftﬁé%%»gn%np@f prmed with a
single deflector oriented at 45 degrees. en used

Wi t fwoy pric atannorgt frmgde@bbe alsed) fiorealigntreniy edags. 1 Aheslasdn spet can be

dlluystrated in Figyre 18, the 45 degrees scan is. abl
aibered i Br&don b freTgpmanyrgats38E ferb iRy i ons atone
thd &d}@ ah® addragtDubl@gleeB&s bPedeb@etisgnnent edge.

Furthernore, if an alignment scan is perfornmed near an

i nsiAdignaenioaspedtsiel beinientiof fogsxamplgnpdaicribed etectiensd h30], [169]

rth I : i singl e. . .

aof TP TP P HEPIERRy OREFETRT il Al ST G gy Hfems win
higppilseus Sue &Ngode Bl 1asers While @lsddichyd Mseraperagf in@he range of

scanni.ng one leg of the alignment target, the tilted

%&%M

abgtgne fylshertzeia iytrdeed Kloberty. vads leqked dspriypically sperge at many
tertrcsgcggrée{%%ﬁ#&sm VdRud E&H&Qg'&ﬁ‘é talr%g g%%m%esn@{cg%ggﬁ?ﬂe employed. Edges

axi's scannfng ca e us
canalbegnamrt as bahst rafdsewitladerse spoplicgderzed dint the betiwidthalimit of the
direction parallel to the. alignnent target,K edge.to .
defesiopisPiieL Cie T E4Be BIEIS) BAGoF MAU B Eom e o multiple
tmgagﬁ&nggggggpts of edge defects. Alignment aspects of
he 1 nvention for exanple as described in sections
[130], [169]

Non-Synchronous Processing

In one embodiment of the invention, processing speed is increased by eliminating the
requirement that the time between pulses be equal to the link to link transit time T1 described
above with reference to Figure 2. This embodiment is described with reference to Figures 19,

20, and 21. A pass of the beam across the same eleven links of Figure 2 is illustrated in

-30-



and Figure 10 of U. S. Publication 2002/ 0167581 may

al so be applied to | aser systens with high pulse rates
w@owb/ozEassrode | ocked | asers. Wiil e g-sw t ched PEBES2008/076694

operate in the range of about one kilohertz to a few

hundred kil ohertz, node | ocked | aser typically operate

at many tens of negahertz. Various scanning and target

sanpling strategi es can be enpl oyed. Edges can be

.scanped at h| s . wi.th dens depe .
FigTE e HORFUE AT Zhory RGeS [ By QurscDgretged nstead of
cldvest 1Pk SAbPAiatehNSE FiguB Yl 8R 18RAHEBESnSH A ,S}%duced at the same rate as

nult§§lexed to multiple fargets for al’ignment.

in Regwrsy.rieisr oh btz pPlso cate)s butgh¢ relasive velobidyl bﬂtwcn the behm axis and the

nventl o cess sSpe rease
ik Y5 PP, R 1B TP A ERER ol Ralel REPB Rl gy over it cleven
linRst! sr@swaeesemuglpr@dasst tieks! 102K 10@, Ardnioft & dMEH §pebd @eflddtor is used to
descri bed above wth reference to Flgure 2. This

deflens SleR PrepRsSINg beraw end pifert Wict Iaser spatrie Heedirestiqn) ¢fithe grregs on Figure

33 B g L G BTS2 5B o

Thierresuligigridus?@tedoin| Bigure 12¢. | Blsekedppillsee ®r (palse utste abyh@is py dotted
are used |nstead of eleven. In the enbodi nent of

lings g Figuses 0nd) s Bredint seigcidg yiteany Rotntiakiasget sipituygnd precise
of:fs@ttfgr césE‘inE ggfgésec 'be ?edg’cenﬁ{;%eﬁtgseﬁ Hhﬁfe Ik drﬁ)sxﬁog f(hla%mmg of
t he I NKS

relative vefocity eam axi s an
the Bulsqueasedlfstbe sdmm ﬁ} kidz putrgedseante isvadilhbls pxr thagrocess of Figures

appr evenly over, a el even | i nks
2050 2K e smiebanal <Rihi OB EECE the i egn be, camglsted in 160
m1§ﬂ>§&%n§i§ffbﬁéﬂo@f al B pRAedsgdpbdE dpl)rb%d?ﬁ OW%Mt&eﬁﬂ‘able for

and offset the laser spot in the rection of the
peefpimaing toin tehgigue i Qlusigatsd in llfmurq he é?}mngamdceasmg rik deflected spot

oftss&bshggrtrrgr% t%o Togler %'Mg e t%E earocic,]ssg]i rglji?lge gia selected pulse.

process | S Ft

ThBMgH@pGecmHﬂ&a&r gfpheydhse)ffbwf&;ﬁoceaﬁnghom by dotted
lines on Figures 20 and 2 1, need not coincide wth

any Itpl@taemrrnmth@tawge@tTlstSrleﬁttb%theAa%r Belpe to plsaspqriodgthere will be
1ns1%:fﬁ’<ﬁ§§8a{\)agaﬂwlp% S Qﬁr{h? Qe n{;‘%ﬁgee?(? r Qead Ql@ec’ %gal?a%lé I?Sr fvery link.

position an e pU Se sequence
Hdveeers aren bXenkgitary Inaseory p&ﬁa&&pphctaﬂohﬁa selaive dob éinks) fbxh@{ample 1in

rocess of Figures 20 and 2 1 as the conventi onal
loﬁ}ogweé’f%ﬁssiéﬁ g s O“t%%ﬂﬁ‘i‘é ETRAR et cliﬂiir?@r% d1ipRulgigpconstraint
of THENIOBACOITse ythréRSiton age%@réﬂ? ra%ﬁﬁﬁ:?én@ JusB&SHises arehavallable to

i mprovenent. An apparatus suitable for performng t
preesshaideiies atsani intrgssed acledity. n If-fgumxemp, thouime getween laser pulses is

ce of f term ne
Y EREORL o iy SEEH Fihabes B SebChehPr SR i denector
wis Qa@a&@bﬁ@fﬁeu@ihé @ulssz@rmhg br BRR{Ard0S 1°tht AlstABO Ui REveen each
the offset for roceSS|ng§U¢§@|s apparent that when T

link. j1g pregiise; b ah raldwelyager four pufise cpesepwiye adjasent links are
prgcw,eLsed.bthus, using high speed deflection and determined spot offsets, relative velocity

between links and a laser processing head can be increased and can exceed conventional
limits. In other cases, rather than increasing processing speed, other benefits can be obtained
by using lower pulse repetition rates while maintaining conventional processing speeds. For

example, it may be desirable to operate a laser at a reduced repetition rate for increased pulse
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insufficient avail able pulses in the sequence to have

a pul se available for every |ink. However, in an
wex@apsesy nmenory repair application, a rel atiReT/U82408/076694

links, for exanple 1 in 10 links are processed and a

majority of links remain intact. Therefore, w thout

the constraint of 1 to 1 link to pul se

synchroni zation, generally a sufficient nunber pulses

avai | abl e to process ice at an increa

to \Péfsscﬁt% 1tyy fo u%eo?lp plse Vflﬁ S P pEpmERaead
ve%lt§§%v1fh%ut1algém'g' ‘[H@‘Qr‘ep-gltltloﬁ’l rR€'sh&S a@?rdé@sﬁ AP We @dggmf a stage

adj acent 1 nks coul d 'be processed it the eflector was
tragelpaidee of deflectlng the pul se forward or backward up

to the di en each

S PR ER aEheie BoBeria e nchiol BEE B siptems hat

caagf@e@mvol drHSre HAR siECGRERARousNIUAIthothNHishhGbassPBeShghput, it is

defl ecti on and determ ned spot offsets, relative
hk@b*l tb@tu ltlyn%wméenthnsm simala ombdties @FOWB@SISE&S} qaeé)@ obtpned with

| NCr Xce onven onal
e PP RS PAREPR, fRERRH FARKT bl Guel G cpuly wset in o

se@icngil peoetidnd canrddeceobiqaireiehtd Yol sinfigtaheue rpr@wsﬁﬁg which can

repetition rates while nmalntaining conventiona
regyigaBersicamPEpriediacamygmtial spmbining thedyio frehaigyugsy gi51 wsipgymultiple
noﬂ% c%é’no }gﬂ? &l befns 8 Jl&%“v? Flﬁﬁﬁﬁﬁe‘r 'tk%u%}@hfexﬁa%ce ents.

I'n ease seto pu sta Ity, to us fer nat ¢

pul se wdths, or to acconnndate di fferent positioning

vel Qcities 'thouI altering the repetition rate such

as é@é@égggﬁgﬁﬁﬁﬁﬁgthe edge of a stage travel range.

As 43 Cliiled BB FigFElin 4! QRITHR-AR Y& HIEiMd&Hth gaps or
mul ti pl e beam systens that can process two or nore

set¢tionk of diffeenspitakl thagree A2A phovA 4 srmgg hf lurtkssmthmfferaeelsnk separations.

N A NN T T -

butHelpitch §hieNs SHALEME RS Wil 6608 $i the dRRSEE bAREerNBIyBIWR- links is an
Thus, spot offsets can be used in a sequential process

intgget redHple of dteesmaélqﬁmﬂehem Eighrsy 224, rfonl exaawday s is 3d long and s, is 2d
1o OGRS RB 6N RBHICLETPLE, EOTPhLEAL B RRAM

gfprent positioning

ng 't
mul ti pl e non-synchronous pul sed beans could prOV|de
still. further t hr pughput enhancenents. M xed Pitch
Pro ctor 130 of Figure 19 can al so be

USEeq:; u‘i’e E’ffé’ AnBiGr Bk é"ﬁ%@éﬁ%t%e&a@@ s of' ‘Bf(é R’{zasco%mon row

dif ent p| I gure OWs a series O
bowti hthedhé fsanepttcﬂ ibok arseqmaloﬁphamsmth aachormercéﬁeswslm obcuaswhen the

in Figure 22A, .the spaci,n n link dlffer
AR § P e an s e TP RS BHe ASRES el OBy such link
artAdeakbnW¥ Wére ‘Px?rfel&fonklfmlhg% ?ﬁo@&s@nqpthg ehiiYe QBWQHMuJﬁﬂ\Q bbﬂh%gﬁ of links
is an integer nultiplé of the smallest pit

wasipgeaessed 2Ma single pasartplas, as Shany pubds Iwewgnafh@e@ sp $haz dhe pulses were
synchronized with both pitches for the entire pass. Alternatively, two separate passes at full
speed could be used, which takes time to set up between passes.

With the deflector 130, the pulses associated with one of the link sets can be offset
during the pass to match the phase of that group, as shown by the arrows of Figure 22B. The

deflector 130 can thus perform on-the-fly phase correction and process such link arrangement
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| ong. The sanme nine pul ses of Figure 20 can still be

used to process this structure. M xed Phase Processing
wO-2@ans912PB shows anot her |ink arrangenment whePET/USZH08/076694

sets of links in a common row both have the sane

pitch, but are out of phase with each other. This wl|

occur when the distance s is not an integer nultiple

of pitch distance d. Conventionally, such |ink

arrangepents were tine consumng to process. If the
G o PR SR PEEESOBPoPireS Dhaeo b duser pulse
entrdy 8by8 nfifin8ziR8 Schandedl ©€ p&iSe M PLIRU SRS WaIde rddb&HE C&eliminating

so that the pul ses were synchronized with both prtches
asfogiatadisettiéngt times. pass. Al ternatively, two separate

pasigi %Rme|§ sEegqxio%ld be used, which takes tine
to . . Ty th the deflector 130, the
pul sese %&afiqaésedanMalsd BN@sQl td REver i ks S@lrhgCRdh-Bhstant velocity
of fset during the pass to match the phase oF t hat
segypNipof abcasmBRISCY - t At shavmopdigre 23 g2PRccefgration segment of a
C . | fo -t he-f
oot Plisc BRI Sl TR ey MR bEE sl BABRE peween pulscs a
diffasriteuoirtd Anthe oajeetoty. OBem 8afc 86w canffeased €Edreet b&im §ah position
be used H@ stabilize | aser pul se energy bﬁ m ni m zi ng )
to apatiligEie ling prsttioms der Bekissle bseproersedandhg aliliey iegpresess links during
SRR REARTOGPEEG Bl JedBRS pold hRGy
acDuﬁ?%g’Acceferaf%%n Tﬁése(%égﬁﬁi&ﬁg§§gghnggggég&hggﬁmunycan
reduge peeessingitmikes duri ng non-constant velocity segnents
of a beamtrajectory. As shown in Figure 23, during an
accel eration segnent of a trajectory, a pulse period T
Wi | Ivifi achdgel @rébiefsiRf 8P iR ERMARPT Spaci ng between
pul ses at different pornts in the trajectory. Beam
def [Fegiresolt andr? ShBustirstechnpthersystearandyacthods foo pragessingilmks at a faster

to match the Iink positigns for..links t € essed.
b Bl ol P s B8 1t FmBbmed” Recirbfiald 8789565 channe
14der®| of a3 it cares Bt palse AORit CRNSGIbaRdte Y prdckssB@lat tHaRSdifferent
of a beamtrajectory can reduce processing tine.

loggtipns: -Iysahiaice betyces beamysroby for pdirceptdhrandlngpniicgar egyalta the link
. [ r.at. .her . . .
Y, et BTG SRR Rt e in i
enfpodicens Nrig equahtd hi Depentiad ioneiid chahiee seledtédefor béand Sbt 152, link 154,
eleggs a channel 141 égz, or 143 that causes the
15Bupis &8 6amPe Prasesssdisdth Sk pWes ndl Preoiedseeyealap. samselinks can be
r i e fi; . 3 -
L 08 AR R O IR S IRER P BAM Snbing of
progiessgig speedllae ohlyrvns palse isoduped dort ayetyi o Igrks.ufbus] 5D a pess over M

linﬁg,l Coi}ﬂ}g: Bngu geglarr]egpr%d{léem( Where risehzlilP 0% tP\/II.S However, although any pair of

adjacent links can be processed, there are not enough pulses available to process a series of
three or more adjacent links. As described above, though, in some cases this may not be
present in a link group being processed in a pass. However, groups with very large numbers
of links may have occurrences of adjacent links even when a small percentage of links are
processed. .

It will be appreciated that information regarding the number and location of links to

be processed in a pass can be used to determine the optimum size and positioning of the link
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enbodi nent N is equal to 3. Dependi ng on the channe

sel ected for beam spot 152, link 154, 156, or 158 can
wheooposmaessed with that pulse. If the groups OREF/IUSIN8/076694

some |links can be processed with either of two pul ses.

Thi s enbodi nent provides a potential doubling of

processi ng speed, as only one pulse is produced for

every two |links. Thus, in a pass over MIlinks, only P

ul s s ar roduced, mher s hal f M. However

e R U 261y St & Bl BCRRENT s RUCH Dbl By black lines
coﬁ@s%()ﬁd 5 Gom e REHA P Y05E Sind YR lgn%pllﬁeﬁ Qoﬁésﬁ&ﬁﬁt% t%rget structures

series of thrée or nore adjacent | inks. descri
10§bove t hough, in some cases this may not be present

ar oass AR FiETA s MHEs s eRRET g el o two strctures

109C Qi £ BABSe0f05athe RGRABET dfistiGtuRY 805 WALHre FarfdiBirhctures 105b may be
per cent age of |'inks are processed. It will be

detgppined Beretxamhlet satnidrnd BOTh eash ancidegne haégtﬁ amureéﬁa while set
30%2(1) 88 tsI noort] oIludela% ar%% spruc %Cl%ﬁ’?e?n olgal 30 X le 3 of fthe 12 sets
nsed nun1S|ze an % H
cohtam ﬂd tfa@f StRsuresH 036/ &oP_ﬁlé\ 13kewsonaipl d:hlly':lbmd tyrgef structure 105b, and
structures indicated by thick lines. The black |ines
nope,pk 1B h3aefs tNtRp mqrf‘aﬂl@wn%tafamtuww 1%a, and the grey
[in A 0 e
1 102 St EBBAREtD L BRIRE Al b Cde BBl Brior 1o pprforming a
paSSnt dFos e:txsmﬁl% noﬂ?lgwm 26Cr tit sangs stt@GureiVatdigroupad hmtsestets of three
mber of str¥ctures 105 that _are target

St‘B‘E‘F‘i?ét ﬁ% Eg'%i% 85 PR OT JUBE  SURNES Ik GACe QR c bg detgrmined. In
th1§ Q@mﬁ@ dn HERIT 15AG @eis%&@?()qgkgett A RRkesS BT 310he 8 ekORmtain only 1

' e set 305a does not Include any target structures
tax’gélssm:uctuure tand alon¢ of thehdets @ntamplenr Htapdet stractd@s. s dhsrefore, grouping
contai.n no target structures 105b
RO Flogey T GE® PV Y Seb upBettaio I AT © ors se
thdnh®odld pB&UpSnCARRI T RistdFaRo QP ATE8). Hlohb ik §s produced for

105b. I'n sone enbodi nments, groups of different sizes

cagly get.cthesffivéicy pder the speadiafpneasesing pax de fpdier excasnseckwhen using
SaS%{ﬁHgﬁ&ﬁﬁgggﬁ %pgﬁa%ne structures are grouped into
Sets o 3

ree ructures. As before, the nunber of
t ar QRitalty, e tefifeesofl BroRpdB P40 dgpendnupos tﬁetpfhﬁsm @teche groups. For
his instance, none of the 8 sets contain Ot
exgmplﬁcl't’lavré52 Deghgps appthey ssoupingdpiorssisipf drfrycture, afr’fgfé%m each grouping

is §ﬁ1ﬁH&tcHﬁ]§areé‘Qﬁ thHP '1&‘ Ffurk DBCS eFerGBRL YHMe4nOr 8%;(??lgure 26C

structures erefore; gr oupt ng structures i’nt
incdﬁdetlhm%tsp)vidvnmj@sget etvmltursssﬁlst groming of higured6Dainglatles two sets with

structures ( dgan mould grou ' . .
oot iees G isBely, ey favine o5 Pedieiotyip nghigetude any sets
w19“*v§t§tak§t @fr@édﬁ'r‘é? dhdiQyt IQQ&B Z%Bt mcl'ixh@s &fof dctd RR Ywari%/ﬁarstmctures
t he speed of processing may be further increased
Thigs jarrgngement could not be processed w1th a single pulse for each set. In some
embodiments, for each set size, the groupings may be shifted in order to determine whether a
particular grouping offset provides preferred target structure distributions.
Figure 26E shows structures 105 grouped into sets 515 of four structures, wherein

each set 515 overlaps with the previous set 515 by two structures. As before, one or more

pulses 520 may be generated for each set. However, in this embodiment, any given structure
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sets of three rather than sets of two. Notably, the

ef fect of grouping nmay depend upon the phase of the
w@e@ap3oisFor exanpl e, Figure 26D shows anot her PQr/USI08$1¢76694

into sets of 3 structures, wherein each grouping is

shifted conpared to that in Figure 26C. Therefore,

whil e the grouping of Figure 26C included no sets with

no target structures, the grouping of Figure 26D

i ncludes two sets with np target structures,

mayRsi ifTRSALEH DY MR thag g &ulse Sep drrprdmeendl detlssiionyi b thisrexample,
ea lyéjﬁ Bé’ déﬁt{c&g\% G diNe 05959%1;%‘] %%Eé”?ﬁe sitd G th@Fets 515 and
ure I nc es two sets wt
thesovanlep umedetefﬁhns tharmuenbge omitlses 630 dvmdm mi@elr;admaslegiven structure
gﬁth a single pulse for each set. In sone enbodinents,
10por each set size, the groupings nmay be shifted in
or deXjiHoRgtfl @l pRaviis WHRIPRS fre Pddstritied| fF DSRYR! Bbls deflection, the
of fset provides preferred target structure
buffegng/channélimgstectmigner ean2 BE us¢rbyis mtlviple tayes sfon @Bamgpleugnedor more

|nt sets 515 c ures er in eac set
chigfisfy Bk SreRohie SHersTb (U barS iy Mo 3F B et Sosmered
ard$ oPRAIA! @n seHEcaREs tHOTifk it 8RS eBIZ QpavaY akParg eitafed i@ thuftPle rows.
each set. However, in this enbodinment, any given
Vasiopg embedimayis b this inxerition ey by Prastiecd 34 i o toig, & exgrpple one or
pen h
mégERE R Anfind FOCT oA, Ll SoBUAERAE B Gl i analyzed
befdréHaad ue dstermiine whkther odn-$yehrsads, mbedaidht Ihe(ed\phﬁdeapr channeled

can determ ne _the nunber of pulses 520 which F
progessieg Healdaprydige\ie optimpry RIPEESYDS SPoRdt FmaRpsmERetor the given pass.
\Yj e
Gl bO AR ol ERFAq ARG fi Rob bR fonHirdde and slow or
spersiethei scamuidtt i a9l requaredsin  ¢amyunebienmtith dnnesystbmnmajecmry planner while

channel s nma rrespond to deferen llnk t
mERARGE § AR U PRES: SUFe Aggerd a\%@ AdRa channels
mdﬂ&&%m@@&&ﬁa@eﬁ?hﬁksnﬂﬁﬁv@%ﬁ reReV gt cﬁ@xﬁféﬁ %ﬁoﬁ’sﬁﬁay be used to
"ocated in nmultiple rows. Various enbodi mentps of th
hif thg eamn¢ preuprey pifeh prdumnltipdaichannalhmay herpsad; taacceppa group at multiple
108X qple one or nore of, spot shaping, and |ink
%UPf%ring. In some embodi ment, each pass is anal yzed

bef aroatiiael thobeiat REdinereaheiahesls [peTeablyahs Rﬂapﬁ;edrtb Xiedeflector
pitch, m xed phase, or channel ed proceSS|ng wou

| d

W}rﬁ‘dﬁ@@é AN lés%r}emm wingcesyitheghaapd fircshRigiakhattesizgr (DDS) such
t

as I\Egd IAGTS BEFGD fr %Qﬂ?&alofechh&géa%'a)ﬁltgg ﬁlgzl gll%géjvog ‘r?ixed frequency

eterm ne the operatio
drs/psen‘ a depls oamutt@ﬂaevmbreeﬁﬂqiuerm@ dnversonawbmhsiedn Buwiffehing capability

t he system_trajector nner .mpj nt ai ni ng .
of SETRet IRt &ggvénﬁh |C§%¥1F§¥ uessaé\?erraplﬁgswatnﬁanﬁghegweprﬂbws provides

enH&Hc%@ cap%gilﬁ‘f B3 l1aeP BIOR&s g B ¥n rk@%ﬂ@é@d B eREhAE eRtquencies may
[T nk S, however ar eat er Sp ati al annel separ ations may

betsgfltuh@kjaml(mg channels of a multi- channel DDS. Frequencies may be set corresponding

to spatial properties of a work piece for example, link pitch or row spacing in an array of
memory repair links. Frequencies may correspond to adjacent links, a sequence of links,
adjacent row, non-adjacent links, and non-adjacent rows. Frequencies may correspond to a
lateral offset along or across one or more links or to a measured or predicted position error.

Frequencies may correspond to temporal properties of a memory repair process, for example,
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hit the same group on pitch and nmultiple channel s may
be used to access a group at nultiple |locations. To
wa@ledobmesd184 he beaminto different channels, prePer/akiogs/ 076694
the RF applied to the deflector when it is an AOMi s
generated using a nulti-channel Direct Digital
Synt hesi zer (DDS) such as Mbddel AOCDS 20160 from
Crystal Technologies. Alternately a group of fixed
requency drivers. or single or, nultip riable
%?Oé%ﬂfevn@ y Qerrerd ioey defay aegiategunitp Hﬁe ova%smeppfiya gylse burst
pasBERIr 3 pRIERiming R 9&’)’609&?05@1’ oV Q}nlégs%r&ﬂq Cﬁr&ﬂétgd position phase
SMAtChlng bet ween channel s provi des enhance
lags aperisrdliyt ghahoel siatsking pp@ureasraqu ooﬁhermquf tbbalwrhl«:*eeioci@@iivided by

th%ﬁ%?#q%’o&%m% n%'ﬁ%%p%}a%lé/ chrlngé %pggc%gg? ?Wlt&nng time maybe

les8 AhArE3RRNAINODE ArfRAL itak t®bORAALLBSd Bfat ActWArdvilhBE/ime of beam
for exanple, link pitch or row spacing in an array of

stegBnmRElesaphmited byivsll-kppw goeistc E@pmylon mrrawmmf th@AO cell.
ﬁgjn %ggF tgrg'bb{lkq%hts %e?c%%gc? Hé:rgmozod‘recp 1VE ?ptlrc% J\;/\n,s %E ru(seeq ! 8 8mggnsate for

therayll-kaowe %plﬂmﬂlchloleﬁsnhgﬂéﬁéoa ks e/fen S$€lbthzl agrafibn aRITASS oOME AOBD.
or nore links or to a nmeasured or_ predicted position

Whe G A@BI gt epeied imelyrenpde dirondindical dansie gffect increases with the
rfis€ r
< R S, EOTEIShE BRSPS aab B Ul o conc
astigrhaismp ahds @lt petifaod, ofaofifakis alebises penpaatedrat ére, A@BD Correctlon of
ion. tinn er orrection value or a neas
A@ﬁﬁm%@a?t&né P B gaugt da auplished G55 drasgn y‘\PPEFf‘éWﬂe%OOG/O%“gl
w}'ﬁ&’}‘l 1%‘?1@1‘e991rf381$'6fa‘§ed%y &ﬁ?&ée i digray.der of the link
velocity divided by t 't nk pitch or a higher rates
es pé&yhexl dbyrrationk OMQBD piqwsa pmoioelsdé plrom8is alodniangn tintrogluced by

: be | t Ny [ . Jtis to b .
GTRARR A SBE AN 2050 G BT oo el BB e moy
hadd BhiRviliths bf 16 t@d oPYnote | dre-KRP&YsidR QUEEdt Qed)ﬁﬁ{&@gé‘iﬂ B8 employed to

paranmeters of the AOcell. In all enbodi nen

migwige jaseal tepmptc ahegptienin the ipees @Eﬁnmiomxmd digpersion prisms
ang %?ggﬂﬁcgso% v%%r &% b‘@e\lsea lt(ngom%eg% I l%gr té]g ?grg rgfn % e?wedlspersmn of

as ot her aberr on ar

theAABD:ellW]ﬁe{ialtdm&mQﬁBBbbﬁatﬂmaﬁ@t &b bé1sigifitsnt ARG €ocubihg optics may be
indrical_ | ensing effect increases with the scan
Covgﬁt%d ovgh Hhedil faserhapdwiddy torintamesnipdli shet fizsand capsistent spot shape.

vari
121 RRUBPILASSL IR Suih 4t TBL) S dsed 0 s
poAGBDanc(blr erecgyl ad tofgemasghds ms&d fon geetlsac ameogluhotion with AOBD

El%% in published U S. Patent Application
SC% / 0256181, which is hereby incorporated by

r ef eVIRRCAe ivRst hedRNbi E&tpng GLN@E 1ﬁ%f15@hh@§eeﬁfde€&%@d in detail,
devi ces can include chro %I c aberration introduced by

thage dpravier withdhe atdo AOBD. thisipewitigh Irglatgs whll becogaizd aartbus alternative

demgrgst a%dfelrn odlmentc'sei%r prac {c(i:r?gsth\el\@nverl;]tlon 2% defined by the following claims. All

described methods and systems herein may used in any combination. Multiple pulses or
single pulses may be applied to single target structures, multiple pulses or single pulses ‘may

be simultaneously applied to multiple target structures. In a processing pass, the laser pulse
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have bandw dths of 16 nm or nore, pre-dispersion
correct techniques can be enployed to mnimze |atera
w@hooonstiBL aberration in the i mage pl ane. For BXEDF1088/076694
di spersion prisnms and or diffraction grating can be
used to conpensate for the center frequency dispersion
of the AOcell. Axial chromatic aberration nay al so be
significant and focusing optics nay be corrected over
the full laser bandwidth to.maintain small spot size
rat %, SREF OB 00 5t h e B TP InBlEt BASE gcesSing or may be
asynBRPABS Wieh $fatiRSAERARd/b! BilfeaRg. Or energy may be used
to sense position and or energy and to generate
signal s used for feedback in conjunction with AOCBD
scanning. Wile the best nodes for carrying out the
i nvention have been described in detail, those
famliar with the art to which this invention rel ates
wi Il recognize various alternative designs and
enbodi nents for practicing the invention as defined by
the following clains. Al described nethods and
systens herein may used in any conmbination. Miltiple
pul ses or single pulses may be applied to single
target structures, nultiple pulses or single pulses
may be sinultaneously applied to nmultiple target
structures. In a processing pass, the laser pulserate
may correspond to the rate of a single row single pass
processing or may be asynchronous wth spatial offsets
and/ or buffering. WHAT IS CLAIMED IS: 1. A nethod for
| aser processing a multi-material device including a
substrate and at | east one target structure, the
met hod conprising: producing relative notion in a
first direction between a beam path and a substrate
having at | east one target structure thereon;
generating a first pulse; irradiating a first portion
of the target structure wth the first pul se wherein a
first beam wai st associated with the first pul se and
the at |least one microstructure substantially
coi nci de; generating a second pul se, the second pul se
bei ng del ayed a predetermned tine relative to the
first pulse; deflecting the second pulse in a second
direction, wherein the second direction is
non-parallel to the first direction; and irradiating a
second portion of the at | east one mcrostructure with
t he
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defl ected second pul se wherein a second beam wai st
associated with the defl ected second pul se and the
waeewonsbipprti on of the at | east one m crostr ucPCF/ES2008/076694
substantially coincide. 2. The nmethod of Caim 1,
conprising inducing relative notion in the first
direction using a positioning system 3. The nethod of
Claim 2, conprising deflecting the second pul se using

g bregm deﬁl gcﬁ gr. 4. The nethod of Claim3, wherein
WEA tor conprises a single axis beam
def lject ony B@ﬁ%@tfbl\/ By &8&5@&13% trﬁuﬁlr}ﬁa@x@zﬁ' Je'vf&@'lﬁtgudlng a substrate

subsystem 5. The meth alm 3, wherein
andeff lea&st by tagget $tawsire, plmrmetabdi yornwmmmqsat es for the

relative noti i.n.the f.irst di I on between t

Govi ce. aRBopHEE e E0tpE $h o T St BeofEercn dimapath and a
whekgisiatehviah at RaS bndRkdet fluckRERRRSAL | On conpri ses

defl ecting a di stance of one or nore of greater than

about 10gsnsratmgdifireimyissn of the at | east one target

th tr ﬁgtr ugferrz}%ha%n raefa%st orra(g econgq%réet| str%fétutr NG t%"t}ge_l.ﬁrst pulse wherein a
met ligd behmGhaktmsiociaae iethnthé tmstr;ﬁmsepaaﬂalhl: ekt Ikt &6 m@ostructure
conprises a perpendicular direction. 8. The nmethod of

C aPwhstantipghyeraingide he devi ce conpri ses a seni conduct or

nmenory c e

east” ongol Besdoll phegE MR Re MR Riflcl 1PpBlteminad
theti&&rrblaﬁmlmah@ﬁrsnﬁnmy, and wherein the netal |ink

IS separ dfr mthe si|icon substrate by at | east
one | nouflSHsHNE gvér:coné Pulsh&n #recAB diggetien.avhargn thgRepudydirection

the;atonl F%@aﬁfel e E%Hfr@&t@ﬁ dn@yer conprises at |east

one oxi I ayer . . The method of daim1, wherein at

| east oneradfatinpea fsecnmti partios ex othd zpulesﬂsorttiamcrastructure with the
on of ater than about two picosecon

d t
abod e s S BUS R § Soihg R MGG RS ith the defccted

f ur t&Rhd GARPahS |tl&gseg&ﬂf—‘f)&hbﬁ‘ Of YRLatQLashBLE niérodthRtdré Efstantially
pul se and the second pul se by a node-| ocked | aser

systemtidfd anplifying the pulses with an opti cal

amplyifie ho .

conpt 1 st Mt B TP THBRE. SimAd Ypeuphl il motion in the i
direction using a positioning system.

3. The method of Claim 2, comprising deflecting the second pulse using a beam
deflector.
4. The method of Claim 3, wherein said beam deflector comprises a single axis

beam deflector operatively coupled to the positioning subsystem.

5. The method of Claim 3, wherein the deflector at least partially compensates
for the relative motion in the first direction between the device and the beam waists.

6. The method of Claim 5, wherein the at least partial compensation comprises
deflecting a distance of one or more of greater than about 10% of a dimension of the at least
one target structure and greater than about % of the widths of either of the first or second

beam waists.
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pul se and the second pulse by a g-switched mcrol aser
havi ng a pul sew dth | ess than about 5 nanoseconds. 13.
wab@onetiBod of Claiml, wherein the first and BEDUSIH08/076694
pul ses are characterized by a substantially square
tenporal pul se shape having a rise tine of |ess than
about 2 nanoseconds and a pul se duration of about 10
nanoseconds. 14. The nethod of Caim1l, wherein the

predetermgned fi is in the ran of abo 20 to )
about 50 %HB?E%‘EE’& 8‘*“1’5 I Tﬁ‘éerﬁ‘ét 6 BrPEY %i iirgction comprises a
pe%ﬁ&@ﬁl@r&fb@t]&f edetermned tinme is in the range of

about 30 nanoseconds. 16. The nmethod of Claim1,

whegei n dhe Ieethod ofieClaim tlhevliqrmstthpmeweamhnris@ gesonecbnductor
.char acteri sub tanti

mird Somb e 3t nE60 P e Ahefant, et e gpmprises o

md¥l liokeoffthé Sémidbhd@tor REknidi, eﬁlﬂG@ﬁBﬂelﬁ WheS Meta$ link is separated from the
characterized by a noncircular spatial profile 8.

silippe syhstrpig &y 8t leait anernsulaighlayesi n t he pr edet er mi ned ti ne
' S I9n t h? V\%] m%dooff (;19 gpg,l rglg tﬂg at]1%ast -lc;ne msul.ta{br (iiaeyer c?n%pnses at

erern the i'ses a
leat:cmrtsixuﬁpﬁyec. devi ce. 20. The mst hod of d ai m 1
wher ei n redeterrri ned characteristics of the fi rst

pul 48 an heymethod ofeclaig 1p hewimptelepss 9ag of hepfigst ppypecond pulses
hatyd Qﬁkﬂg& ngéf géat&%%&a tgﬁ%ﬁ&%&c@bd%‘%ﬁ m]?e%anmg

aim1 Irst pulse 1trradi
a fillst ibbe medm»d@if Gdm tturtheasdémpridng gangemngbnmmtmme of the first
nd e deflec seco ul.se irradi at es seco
PUE U G0 sy PR o ﬁ%ﬁ%é’fﬂ%’t FERIREVRA AR pulses with an
Opmﬁﬁbﬁﬁ &el ative position change between the first and
second portions of the at |east one target structure
i s lldss Thamethod®f 6faimi &, fathet h@nﬁmsmg geperatieg omgoteanmof the first
wherein the

pultE 8 s Pl P et e R Cles IBRR st tan about s

nafdseécon@s.at i vel y positioned during relative notion based
upon _t hree-di nensi onal information. 23. The nethod of

d ailén 1, Thmaretiod of kdaimi | srheprin ghe first anddrepandatudsgs agaharacterized
by??lll R, %ﬂl géuag %nqgo}al Ms%r %aBe th@%n&' d $ike Q% S8t Ieds than about 2

nanoseconds and a pulse duration of about 10 nanoseconds.

14, The method of Claim 1, wherein the predetermined time is in the range of
about 20 to about 50 nanoseconds.

15.  The method of Claim 1, wherein the predetermined time is in the range of
about 30 nanoseconds.

16. The method of Claim 1, wherein at least one of the first pulse and the second
pulse is characterized by a substantially square pulse.

17.  The method of Claim 1, wherein at least one of the first pulse and the second
pulse 1s characterized by a noncircular spatial profile.

18.  The method of Claim 1, wherein the predetermined time is in the range of 10

ns to 10 ps.
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25. A nethod for laser processing a nulti-materi al

device including a substrate and at | east one target
w@R0090susL, the nethod conprising: produci ng rECHUB2088/076694

notion in a first direction between a beam path and a

substrate having at |east one target structure

t hereon; generating a first pulse; irradiating a

target structure with the first pulse wherein a first

beam wai associated with the first pulse and a first
por tiPon Jhe fodo! (e, Shereiaihg deflectdrgeppriaes a single axis acousto-
opti@sfi@ntial Iy coincide; generating a second pul se, the
second pul se being del ayed a predeterm ned tine
r el 20i ve Tho méteod pf §aipul.seheramdprdddtérennddnchardeterscoonidthe first
ul s as to irradiate the at .| east. ong.target : .
pofipalite (s SKhopd Pt e bed op S deal BB SEe i araferig! device.
second bagapmMdicatofTIZAC], ARt fikhRudathgialesd fFRGRAMDN of the
ul se and a longitudinally distinct second portion of
at {ag8t qne thraefstrugivee anglrthe dellactadcseeondl migssradieieap sgecond portion of the
I,nci . e h 1 al m.25 erein t
o fin e e SBcndt ST EngRh Blaul BhtarcnallOFhElPor B8 st and second
poktiongiof thdi a0 &dabtyone fidrg@tstrlictara it kgs #R6 ANd @aitherahe Gfst bhgcond beam
at | east onem crostructure by nore than about 0.05%
WRTEY | ess than about 5% of the length of the at |east
OneH/ cr Ei‘ﬁg Fr%?}#(ﬁldro?'ﬁgizl I,Ipt?ergﬁttlliboﬂ IQafs} A etzéructure and the laser
wherein the deflector at’ least partially cdnpensates
befirarwdifte arcetebtivelg positioned beingerelativh enadieu | baeedaupbn bt gegrdimensional
) ists of the pulses. 28. The nmethod of C aim 25,
QB at | east one of the first and second pul ses

havesa dyhakiefidddk Cimal Whextehﬁt‘ﬂ_el_ ﬁﬁ?& Bhist MunREGQRACONAS

to about nine nanoseconds. 29. e nethod of O aim 25,

wher2di n fThe mgthod of Ctavmpl, whersinathe dindt polad isadefiecteds nor y

conmpri sing_a,silicon substr.ate, erein the. at. | east

one or GorrUEE e PRmapTsust § milEn RS g SRRE o substrat
an8 @Nle&R BAYIGERK SARIME, Yhe MBAONDEHSYisInd:he metal [ink is

separated fromthe silicon substrate by at | east one

i nsul at oPradagiag rel3tve Mesiopen Hodrfdiertigmbetyechehegmpath and a
at lsﬁl%‘?rlate%ggingfat fegs? or')é [ardet HLC%SC eo‘hhe second pul se
I's Characterized by a substantially sguare pul se. 31.
A et hod gémetatingsdirstpudeessi ng a mul ti-material device
i ncluding a_substrate . . .
irradiating a target structure with the first pulse wherein a first beam waist
associated with the first pulse and a first portion of the at least one target structure
substantially coincide;
generating a second pulse, the second pulse being delayed a predetermined
time relative to the first pulse; and
deflecting the second pulse so as to irradiate the at least one target structure
with the deflected second pulse, wherein a second beam waist associated with the
deflected second pulse and a longitudinally distinct second portion of the at least one
target structure substantially coincide. i
26.  The method of Claim 25, wherein the first portion of the at least one

microstructure 1is longitudinally offset from the second portion of the at least one
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and a target structure, the nethod conprising scanning

a plurality of applied |laser pulses in a direction
wamsoamsd al |y parallel to the length of the tBCTES$2008/076694

structure as the substrate noves in a direction that

is non-parallel to the length of the target structure.

32. The nethod of A aim3 1, conprising deflecting at

| east one of the plurality of applied | aser pul ses.

B G gt g P D S andleGS B b o7 i3BF eneth of theat as

onPhR&RSSIcAFea mul ti-material device including a
substrate and at |east one target structure, the
met Bdd cdhpmethadpf Gleianas,fvdrerge e deflepigr at feast partiplly s@npensates

ans_faor irradjati firs ortio the at | east
fmgtﬁ% reflaanrvﬁ dpotiop ?’ﬁ@%eﬁ? Q%vﬂaetV f¢ taﬂ(ib 4 ”sz“Sgd’? L}b‘ﬁﬁ p u?ﬁ?&ns f or
genegat i Me MeBiRfAOSTICIRM 96, whéteinSR ¢@RdorUb Stle iRt MEd second pulses
del ayed a predetermned tine relative to the first

hapgp daratignef greatershanabodidiogugdsergnehie abeeigner paapsesords. as

to ihpradi -NOKL | e.at | .ane .

5 G2 PSR Sy 3P EPRABOEE, e Wudle EABHEDS semionducor
mesi@y ebimptitiag hisilkon poistrar, whelengie tat tlastaddeymididsiriditie comprises a

fromand laterally simlar to the second portion. 35.
mefplinky el Besgpicendictor saemaphetndi wharsin the pstal Ainky isesparapd from the

silQQﬁEﬁ%%e%?%t RhgBhafEHaRl PR, the | ong axis of the at

| east one target structure’ 36. The systemof Caim
34, 30her dhametedofib3iimatSe whomrpr atdest iel dftlinfimnphlseandahe second

east one target structure conprises a netal |ink. 37.
p“ke Met tef‘6‘?‘{1%'a%\°éﬂ?’5tﬁ?t@alé(§§?%ﬁp‘éls‘?ruI ti-material device

i nchydi ng, AchdBSbr pEG HOks@hg heASI-RAEHAT &HRE LiFUEAHE 8 substrate
the nmet hod conprising: producing relative notion

ang) e tiyweeirstractbesathepeathodarvanpaissgtssammanges plawalifgofzppliehlser pulses in a
dir%%‘foéltes?l[’%%ﬁag% %?r%ggtrtﬁ éﬁef I%rlr)%%g ggﬂ%gg&%ﬁ%&gﬁf 'cgs{thg ssutbstrate moves in a

dildttdRahatanon-pdrathl &f the Genpiheofalie taf@sitrfige. M Crostructure
wth the first defl ected pul se wherein a first beam

wai S€- asdbe msthed ofiam; He comprsingideflestinget lpast are efifbe plurality of
ap@ﬂ% lggeréﬁge%t one microstructure substantially
oi ncide;

33.  The method of Claim 31, wherein the target comprises a metal link.
34. A system for laser processing a multi-material device including a substrate and
at least one target structure, the method comprising:

means for generating a first pulse;

means for irradiating a first portion of the at least one target structure with the
first pulse;

means for generating a second pulse, the second pulse being delayed a
predetermined time relative to the first pulse; and

means for deflecting the second pulse so as to irradiate a second portion of the
at least one target structure with the deflected second pulse, wherein the first potion is

longitudinally distinct from and laterally similar to the second portion.
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generating a second pul se, the second pul se being

del ayed a predetermned tine relative to the first
w@eiogme3oeef | ecti ng the second pul se in a seconPCT/US2008/076694

di rection, wherein the second direction is

non-parallel to the first direction; and irradiating

the at | east one mcrostructure with the defl ected

second pul se wherein a second beam wai st associ at ed

with _the geflecteggiecond pul se and the at |east one .
mi cPost r d8F SYeem b Staimt 14 Mhgread thecirgleandaisconpportipissg displaced

aldﬁ%,t@ RBhfhdd of @i ltei?]s?e la¥ e@&ﬂ%‘&dréi ng: generating a
third pulse, the thir p&ise el ng del ayed a
pr edét er haeystem mf Hamad4, weharan tthe siwstandomplises; silicon and the at

deflecting the third pulse in a third direction,
Ie%‘é"rﬁé'f‘rﬁett R %OHIP&S?SS%?F‘SHI non-parallel to the
firsy and sesen Cfoxdlarsﬁcﬂrb&@§h% angulithaeh AtdeVe til@udihg a substrate
| east one mcrostructure with the deflected third
ang gl leest phemesirestrictule, the rocihed eompsisingssoci ated with the
defl ected t:hi.rd | se and .t he at .| east ,on .
i cr ost r ety a8 R Indt eliechiafef R asubymepgvine ot leas
f or ohaseget Pae@s Her@na nMul ti-material device including
a substrate and at |east one target structure, the
syst em cé&efsFatsRmdirst puls§er system configured to
gener at ed@ﬂe%ﬁﬁgﬁl%ffﬁstghse% 2 first dﬁ’é‘éﬁ%ﬁ; groups, conbi ned
pul ses, or pul3e bursts; a notion stage supporting a
subst r at @raionippi heng lkag aic micesthangetwsh rihe tfisstedeflected pulse

sai d notioP stage configured to nove along. a
pr oS st Brase papslassoriated weh the st s flsctedpgsnand the at least one

di r%Etiog’tﬁrcc;tur@s&ﬂsfaﬁﬁalgﬁéoli&‘i:&e‘?r configured f_or scanni ng
t he sequence of pul ses, pul se groups, conbined pul ses,

or pul segbneraing abaongd aulde,rtbe tsecmnd rpeilseheingpdelateded predetermined
per.endicrlart 0 tgﬁlnption of notion stage in either
or t BBYdHANV Ao REEFHRISSn optical system configured to

i rradi at gefltifetheStéoa@ Hulse $n MdcBnd Becti8AUSREEN e second direction
pul ses, pul se groups, conbi ned pul ses, or pulse

bur g3 ron-pardishtortbe fiest disentibnigmded to control said | aser
cvster SouBER: ThaFas BILAAEPESIT o et e e
st agehers h 88cond beam waist associated with the deflected second pulse and the at
least one microstructure substantially coincide.
38.  The method of Claim 37, additionally comprising:
generating a third pulse, the third pulse being delayed a predetermined time
relative to the second pulse;
deflecting the third pulse in a third direction, wherein the third direction is
non-parallel to the first and second directions; and
irradiating the at least one microstructure with the deflected third pulse
wherein a third beam waist associated with the deflected third pulse and the at least
one microstructure substantially coincide. i

39. A system for laser processing a multi-material device including a substrate and

at least one target structure, the system comprising:
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during different orthogonal portions of a processing
trajectory of said beam spot over said one or nore
WO 2009089184 r uct ures. 40. The system of C ai m 39PCTHIR2008/076694
said one or nore target structures conprise conductive
links on a nenory circuit. 41. The system of C ai m 39,
wherein said one or nore target structures conprise
one or nore alignment targets. 42. The systemof Caim
39, conprising a second dgflector for scanning the
sequence 20fSPHUVEER cqnfipursd dp gisperatecd sequsaee plipulses. yjse groups,
pul $8mBied hals&d, 8RsLIG wlirggction nonparal el with the
first deflector, Wherein the first deflector scan
range i nel ooéent siageosuportergr @wsulstrateotempissigg one or more target
cond c%ive IL%ks,.ang t he Eecong defle%tor scan range. .
i ncISHUETEvRsIG PRSP S1agG) RBERITCY SR dURY Yeng R lrecesyag Trajectory in
The cai&tEMWObrikdgdhidd@etiogerein the first deflector is
a two axis deflector, wherein the first deflector
scans i nadirstj delectagonfighied defrscanming the sequsneripipplsesopudse groups,
nor ol um f conducti,ve._ link and.scans in ..
. sGRBRHRA s or BHe Blrsilone 5 Hirvepan AT perpendicular
adj ae eRtmadadfeiotve slagdinSeithddorthdgomil Gettioar | aser
processing a multi-material device including a
subst r at @1 fRticahsysteaneaniigyeedite iraciate tapget siucsures with the sequence of
met LShRY: ' r ' tion at a
or cdares BIRE AR BLBAMELAGS & Pt 2 bear
del i very subsiydteandigdred ts ubsticlasar! hserisyged, plidimadtiohstage, said
of ?ghacenéﬁgg§£ostructures t hereon, wherein the )
i nstgHEA e BRISSAALIRICHLSystERRetcthati Peadt 19t Si3ef FRIAlIVE @ ptage motion

the qliHg alffetont Qﬁhﬁﬁﬁoﬂgo‘?ﬁﬁé&wﬁg§?ﬁg%g ?ﬁild TRYm spot over

not be cConstant, ality'inclu east
one stidrogebr mbrevertger tructarad. gener ati ng a pul sed | aser

out p onpr.i si . sequence. of .pul ses, pul se groups, .
combi hdiepaeBe Gy B RERICral 6pf 8 it s YREBRs comprise
cEliRE @e 181k 38d niyndty BirdllitYum synchr oni zation period T,

wherein the plurality of mcrostructures are separated

by atbgdeisgiteraio Ciaire S 95wWhereintsaiddine o mosmtarget stalchres,gomprise one
Og§%§§@ﬁm§%gﬁ§g§%egﬂetpgiLsoghgd};ggﬁ{tnfgrgsflxgtures

and ghamei systerd off sClaidh 380 udnpkiginghe spé@detiefflotionefdr scanning the
seq%g:rllc%dof-li)'ulses, pulse groups, combined pulses, or pulse bursts along a direction non-
parallel with the first deflector, wherein the first deflector scan range includes two or more
rows or columns of conductive links, and the second deflector scan range includes two or
more adjacent conductive links.

43. The system of Claim 39, wherein the first deflector is a two axis deflector,
wherein the first deflector scans in a first axis through a range including two or more rows or
columns of conductive links, and scans in a second axis through a range including two or
more adjacent conductive links.

44. A method for laser processing a multi-material device including a substrate and

at least one target structure, the method comprising:
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45. The nethod of O aim 44, further conprising
irradiating the at |east one target structure within a
wo 2me039ppt wWith at [ east a portion of the pul BEHUSRS&076694
out put. 46. The nethod of C aim 45, further conprising
defl ecting the portion of the pul sed | aser out put
relative to a beamdelivery subsystemaxis with a
defl ector. 47. The method of C aim 46, wherein the

step of deflecti .of fsets the | aser. spot to irradi ate
at | east PENECHR ORI TR gt 8 pradsiermingll ayemes vgpcey §ittween o

46, pehsr AefvdrPesstspRer?t aflef b eGltshae OMESIRE S at f;bﬁnm!ys 8¢ adjacent
| aser output Trelative to a beam delivery subsystem
axi snipgpstauctyres thepenohengm die Jntardenesus ®elp¢1rya@weatae difterent points

| east o e target struct

a6 ol RREAR oL Gl Bierdirop S R IR pi abl Botsngtant, the
COr pAFHaN 4 hidnOMe aleasiBhEafdet ftuch@gahions of

irradi ation of the device; wherein a second portion of

t he pul s&enaradugra duliss@tla%,eé rquawoqmrmgoﬁ esegienppod pulses, pulse
Sec%palgg, Hlﬁ)éas d.l(?JCS I Jr giFat}ulrs%] tH(I seqngn CFI!:]I‘%&BH%’%%?& SAG Enmmum

t he “pr ern1n

nulkmnmﬁm@hnbﬁpaﬁﬁtrThe nmet hod of Cla|n149 wher ei n

the predeterm ned period Tis 2 t .51. The method of

d ai m 44 VhieEt e RIUREY OF mHeEp e tupes 204 Scparajed u aRatil distance S in

Syn(ﬂligél%ﬁ%%ealaﬂ%fngﬂon an@2. The nethod of C aim 44,

wherein t m wai st gositions of two sequentia
porti ons wikreithé, [ukieethansats 8Bme of(¥ pbdtwaere as pasi ahd ypair of adjacent

di spl.aced in the directi.on of relative notion relative
Lo PHECSGISIPEA Praln brisheeahihin at Rigietorminegpraed I
53. Ineneahdred of ciidi /8, FehdrRempHn@MrAGAMy thé ak%agr&]e target

processed with adjacent sequential portions.
strusturo ovithin aclasdr ﬁpcﬂzvlthm dgast apastien o thk pilseddpgse estsebl W t h

aa. P RaFHERn QurkeS dhiBF soRPrighe BeTEH MR Bieoptor e pusea

1@%&5@ Rilap/eit® B bed QN ey sub8igteht 8IS tvith hideBeotdr. and t he
velocity V based at least in part on_ a nunber of

st r utt e gnatipdoef Glavmy dp.avksaeip thestprgk deflestieg affsetsshe daser spot to
irpa(akalt'm IQJS'( J)ﬂqu&et structure.

48. The method of Claim 46, wherein the step of deflecting offsets the pulsed laser
output relative to a beam delivery subsystem axis by a fraction of the distance S to irradiate
at least one target structure.

49. The method of Claim 46,

wherein a first portion of the pulsed laser output corresponds to one or more
first locations of irradiation of the device;
wherein a second portion of the pulsed laser output corresponds to one or
more second locations of irradiation of the device;
wherein the predetermined period 7 is approximately an integer multiple of ¢;.
50. The method of Claim 49, i

wherein the predetermined period T'is 2 - ¢;.
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56. The nethod of C aim44, further conprising
identifying an adjacent pair of structures to be
WO peoai3Esed; irradi ati ng one structure of the BC/ESMNE/076694
pair with a first portion of the pul sed | aser out put
inafirst trajectory segnent; and generating another
subsequent portion of pulsed |aser out during a second
trajectory segnent to irradiate the other structure of
the adjacent pair 7. The nethod of C aim44, further
conp %'gi%ﬁgmﬁma ugh .433151 S¥eomlereipl e Fanstbttingh fatis gless than the
sy @R Eselg M ned velocity V2 to irradi ate adjacent
structures. 58. The nethod of Caim57, wherein the
secofidl The evethat nf ObamvE, odieton UR beand weist pbamonshe two sequential

ey o1t §sSLlaseh MR e apr b Pthd ik dsbadohof refative motion
re¥@ive iR dublyral b?&éiréd%’ter&ﬁ&ﬂ@ﬁﬁﬁl Siseh.n the direction of
relative notion. 60. The nethod of Cd aim 44, wherein

t he $3-dimgimethodref claim 3Pprvéerdimndiapent dipke lro progessednvith adjacent
i,od T..and less than 2 T. 6 1. The nmethod of d aim
“%ﬁ%hﬁﬁg?g?thhe transit tinme / is nore than 0.5 T. 62.

The swktTihe Gnediiod@fadlaimish, wiessirebme it Btpro@ss@atwithnadjgcent sequential
produced at constant velocity.63. The nethod of C aim
PU#ONSpherein rel ative notion is produced at

non- SORGL arfx‘éth&{e bPEIdi% ARG &Y@?@%gj &éegééxg]t?ﬁiﬁé/ ohé of Bfore of the

average velocity between a pair
sychrioozbtiarC pariods], the tramsitsyyiat enarfdothe lvabeity [ xsed st legstan part on a
muj ti-nmaterial devigce including a substrate an one or

nypPeE of sirydirestohgaraiged 1n 3 RASE YOPR AT AHTIIWPR L lipksans

for 5 qgGhafod of Waifty B NRRMEM S oS FRHES ¢&en@ il hs 8Rjacent pair of
pul se groups, conbined pul ses, or pulse bursts; neans

stfugtureletb|be dtraichged efrabistoyg wresudhresditt wlpgeasper vofh a first portion of

ul ses,, pul s r.oup onbj ned pul ses,, or | se burst
PRt BEE I dih R S5y ooh ESpSTALE ApgiBer sibsequent
p&ttibhl 6F PSS! 1aP outNuiRE RQEcIn@ltral RERY sdhREEHSHAGAR the other structure
mul ti-material device including a substrate and at

of thagdjaesnbralar get structure, the nethod conpri sing:
gr oupj Y W 254 éigl'inuﬁf,sfurlt}petr %o%%hg'mé) Browuéihé %%gc%glg%lative motion

at a second predetermined velocity ¥, to irradiate adjacent structures.

58. The method of Claim 57, wherein the second predetermined velocity V5 is less
than the velocity V.

59. The method of Claim 44, further comprising a second plurality of
microstructures separated by a spatial distance .S, in the direction of relative motion.

60. The method of Claim 44, wherein the transit time #; i1s more than the
synchronization period 7T and less than 2 - T.

61. The method of Claim 44, wherein the transit time ¢; is more than 0.5 - T.

62. The method of Claim 44, wherein relative motion is produced at constant

velocity.
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produci ng P | aser pul ses, conbi ned pul ses, pul se
groups or pulse bursts for each set of N
worR@po3disuct ures in a pass of a | aser beam wai BECT/US2008/076694
position over said sets of target structures, wherein
P is not equal to N, processing at | east one target
structure during said pass. 66. The nethod of claim
65, wherein Pis less than N. 67. The nethod of C aim
65, wherein N= M- P, wherein Mis an_integer. 68.
The Pretihednghodophilaimst4, whered) Frlaftve|raefiqn i§rmgoduced at non-constant
] ' 2 fy OF 69 _
REONE A A BoBE TR TR 308 B9 O air . adjacent
miebdtodtupds. Cl ai m 65, wherein N=3, and P=lI. 71. The
nmet h of C ai.m 70, wherein so of said. . .
o or Gt et 68 ek PRI DGR BN edapudiggd substrate and
0RO Gt 183 dirilteeIhe HGleH! @mpishgmenbers of two
groups.. /2. A nethod for |aser processing a
mul ti - maeapsaforduoduséng aglondymdrenoys lsequentceofipdsest pulse groups,

| east pne.target stryctuyre, the nmethod conpri sing:
recgpylWﬁdagﬁ%’ga?ﬁﬁgﬁﬁﬁ%ing to coordi nates of target

M cr ost r uehtd fF defledtifig REIREES SREL GEdaRT §8g0bmd of pulses, pulse groups,
processjng trajectory segnent including a plurality of
t ar gemnbied prlses; o8 pulse ursks taprogessasplested pingy oistardierqpramore target
r@ﬁ&@g a pul sed | aser output conprising a sequence

genc, |
of pulses, pul se groups, conbined pul ses, or pul se

bur s65 A wieeodifor lake psagbiiiice musti-aiatdriahddvigaihtiuaink \a substrate and

unsgnchronized Wth respect to the trajectory;
atdeasbPf ATRRLStRICTUET, dts Methed <oippiisiiient bet ween each

target mehpRbIELURAR0NY dGAN afiRfubaser pul se in
uence; de

t he seq ; generating a | ecti on command sequence
cor r espopridngng @ ke puddestdoubirdidspil s, eprBset grpups or pulse bursts for

defl ecti he pul sed | aser output according to the .
ot FaSob i N R S st § e e A Dot o said sets of
bet“gggs&agwgghﬁkﬁgﬁpi@&geawhggmgpositioning subsyst em

to synchroni ze the target mcrostructures with a set
of | aser pyogessng:at keagl one kaaghit straatere dughg saad pass.

Imag 2568 t'll’hg %eﬂlro% ovaicfapm %g, \!\/ﬁearléc’l% Pis BRL Fhiar? i\ of the pul sed

67. The method of Claim 65, wherein N =M - P, wherein M is an integer.

68. The method of Claim 65, wherein at least one microstructure is a member of
more than one group.

69. The method of Claim 65, wherein N=2, and P=1.

70. The method of Claim 65, wherein N=3, and P=1.

71. The method of Claim 70, wherein some of said microstructures are members of
only one group, and some of said microstructures are members of two groups..

72. A method for laser processing a multi-material device including a substrate and
at least one target structure, the method comprising:

receiving data corresponding to coordinates of target microstructures to be

processed;
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output. 73. A systemfor |aser processing a
mul ti-material device including a substrate and at
WO e@sn3use target structure, the system conpriBCTYS2008/076694
means for receiving data corresponding to coordi nates
of target mcrostructures to be processed; neans for
determ ning a processing trajectory segnent including
a plurality of target mcrostructures in an array of
m crostryctures; nmeans for generating a. pulsed | aser
out put  cOFFREINE ATOSENiNentdCHPrypiFRRER! mﬁlﬂdg’é @PBH@‘%‘Y of target
conmla%g’m&mréseﬁan%awfmr&%ahﬁes wherein the sequence
is at least partial unsynchroni zed with respect to
t he traj eotemating mtssdfleser detert mompmlgmg 7 ske@tenee of pulses, pulse

di spl ace t ween eac cr o8 tructure an

o OB oL BTeSeo R B SEBHER: Dastienicofs o Jeas! partally
gen@ﬁ@hbmn@ediwhh%bw%&emﬁe@rﬁequence cor respondi ng

to the relative di sgl acenments; neans for deflecting

t he pul sdegeciminmg agalapye dlanlemnhgetweert ¢reh dasgdtericiogiucture and at
co nd sg&eldplﬁse I(rjlltlhe ! reI ative notion between the

subSEPAYE '8 eanpo P Bni ng subsystemto

synchr ongz@ratdmg 4 alegedtion EdrMhid GbdikRte »Abxtrésﬁms@g t®fthe relative
| aser pul ses; and neans for irradiating each target
m cHiplaEemetite with at | east a portion of the pul sed

| aser ouboilvind 4he Hufbd 6P f Rlip 2SR brdRf L ¢ S MaL; d
mul ti-materi a{f]gée?/ﬁéle | nc{gﬂdl r%% a Csulbg{ a(‘t;e a% g‘imn comman
| eas¢quene ﬂarn@trelsti\reu&toubﬁ betwieens ihet eibseaanidsa gamapositioning
| aser system COE@I gured to generate a sequence of

pul SESYSIEIIQ &MGRONIFS BBl RICHOSHUFEEE Widra fshpidaser pulses; and

bursts; grikin@RadH @8t HPRXULLRSW R SUBsY 5?51%011 of th ulsed laser
Cor‘rprl Si ng one or nore target structures,

st agetpubnfl gured to nove al ong a pr ocessing traj ect ory
dof | Geroms BT GO anne s BT R AL e 8 p Srate and o
1e§glogg$drg@gﬂr§@u@r@gpﬁtengm _puI ses, or pulse bursts
along a direction neither parallel nor
means for receiving data corresponding to coordinates of target
microstructures to be processed;
means for determining a processing trajectory segment including a plurality of
target microstructures in an array of microstructures;
means for generating a pulsed laser output comprising a sequence of pulses,
pulse groups, combined pulses, or pulse bursts, wherein the sequence is at least
partially unsynchronized with respect to the trajectory;
means for determining a relative displacement between each target
microstructure and at least one laser pulse in the sequence;
means for generating a deflection command sequence corresponding to the
relative displacements;

means for deflecting the pulsed laser output according to the deflection

command sequence during relative motion between the substrate and a beam

-47-



per pendi cular to the notion of notion stage in either
ort hogonal direction, wherein said at |east one

waledobosties defines a first scan range that spaPST/USZN0076694
nore rows or colums of conductive |inks, and further
defines a second smaller scan range that includes two
or nore adjacent conductive |inks; and an optica
systemconfigured to irradiate target structures with
t he sequence of pul ses, pul se groups, .conbi ned pu| ses,
or ﬁaf@%m% rsglfsg$tgr?5t9 S?H%he%%‘i g]% ‘afg%brra?rﬁ?tw,tu%@r%ianset of laser
sai dy AL Lg@st one deflector conprises two deflectors
oriented substantially orthogonally. 76. The system of
A ai m 74 meahsefosiimadiating cath taeget tmiometnghédire eothoat least a portion of the

conprjs at xis deflector. 77. A nethod of
prgggggfﬁlmf)ﬁggt structures on a substrate

conpui Si NGSystefOdH Rk PréRbsitd ¥ RuPihbh@AaldevRe including a substrate and
non-constant velocity over a series of target

at lopst ope targss stragierefbe systan eemprispig: sed | aser out put

during sai,d relative tion; and processin arget
st ructur st S Pufbef o AR E SERRU o] B8 putse groups,

vel @6mbined puldés, bepigeibufsls; The nmet hod of C aim 77,
conprising deflecting at | east sonme of said pulses to
synchr onPz BOHOR s¥2850 SFRPOFHIZa Ad SEReH et CPBRTSNE PNE 70, Mere target

Bt ‘ oi 7" Al N ' '
e R 6 Sl B EESppT he T3U 8 R sty
st r githerrod twé behopehdiaiikectoonpy | Si ng: produci ng rel ative

noti on between a am del i very subsystem and a

subst r at & i@?ﬁeowreg*ﬁ?t%cmgmﬁ P asaergrt g SeAugyecgof pulses, pulse

Pr 0GARDENBorNBhAE inhkedT & bhiSe bRRks ialdhk WSreftion neither parallel nor
noncondt’ant velodity notion segnent; generating a

pul pegpehdisdar uthp motioo mf maiongstagesie gitbercertimigoml ldsrestjon, wherein

pul se .groups, c i.ne ul s or puls ursts, the

P e o T ons " GERuPE efies f T it b drgrapore rows or
I ePRblubin@bf'cdh@uctivE ilinds, LA MRhdrOMiHEIARBEGnd smaller scan range that
transmtting a control signal corresponding to a

pr edeahedeniwedr mereiadigcerd cordugye Wi andon and an
e s PR e
spedisesblise bips, e6Mbinsd pelsdsport fiffse bursts.
75.  The system of Claim 74, wherein said at least one deflector comprises two
deflectors oriented substantially orthogonally.
76.  The system of Claim 74, wherein said at least one deflector comprises a two-
axis deflector.
77. A method of processing target structures on a substrate comprising:
producing relative motion at a non-constant velocity over a series of target
structures; and
generating a pulsed laser output during said relative motion; and

processing target structures at different times during which the velocity is

different.
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control signal to irradiate the target position at the

| aser firing tinme; whereby a pulse, a pulse group, a
wa@eovbiosmass pul se, or a pul se burst generated atPthes2008/076694

| aser firing time inpinges the target to at | east

initiate processing during a nonconstant velocity

noti on segnent . 80. The nethod of Claim79, wherein

the step of producing relative notion includes noving

ast f t S rate.and the beam delivery .
sub gyst & gf%oéwz‘%wh o CYPPRSIRg ﬂ?f[;ﬁ“ngl\ﬂ aé §pme,f said pulses to
syﬂlﬁﬂu&fpu%%%glﬁbhmeﬂafg%w&ﬁfongeneratI ng a g-switched
pul se sequence at a predeterm ned g-rate. 82. The

met iBd oA mleﬁnpdwfmglasmp@qsmng laemsltigpatefial glemise dtdludjng a substrate

ratin sh uI se _sequence at a
an%?ﬁaaes? Stfug %ttﬁo’??et?‘g‘?go B M8he nethod of Caim
79, wher giodudifg reddtRR n@cftlcﬁlfb@ﬂﬁd@htatﬂe% del¢dry §@Bystem and a substrate,
transmtting a control gnal based on a predeterm ned

pos the §lativg meken Pharmenzvﬁ Y derersasies vapaiymraidle thit épcdudgs a non-
t he I noti on segnent i ncl udes
é‘x?sgarn‘f 0013¢; %ﬂ%ot h s%gx'tnk%

prea m hed -accel oh. 85. The nethod of C aim

79, Wwher gérerdting & luitd VieseRDiutpid @@ipeisiaki MGequence of pulses, pulse
predeterm ned positioning errors.86. The nethod of
a aBruPs, PG e BBkt BRsSs i SEBIFaEc bsipei gensrated at a

el egiysRRARLFcdihhEEs@ftion rate during the motion segment;

transmitting a control signal corresponding to a predetermined estimated target
position and an estimated laser firing time associated with the target position; and
deflecting the laser output with a high speed deflector responsive to the
control signal to irradiate the target position at the laser firing time;
whereby a pulse, a pulse group, a combined pulse, or a pulse burst generated
at the laser firing time impinges the target to at least initiate processing during a non-
constant velocity motion segment .
80.  The method of Claim 79, wherein the step of producing relative motion
includes moving at least one of the substrate and the beam delivery sub system
81.  The method of Claim 79, wherein the step of generating includes generating a
g-switched pulse sequence at a predetermined g-rate.
82.  The method of Claim 79, wherein the step of generating includes generating a
shaped pulse sequence at a predetermined repletion rate.
83.  The method of Claim 79, wherein the step of transmitting includes
transmitting a control signal based on a predetermined positioning error.
84.  The method of Claim 79, wherein the non-constant velocity motion segment
includes predetermined acceleration.
85. The method of Claim 79, wherein the relative motion generating

predetermined positioning errors.
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86.  The method of Claim 79, wherein the deflector is an aousto optic or

electrooptic deflector.
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