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BEAM PATH ERROR CORRECTI ON FOR MEMORY LI NK PROCESSI NG Rel at ed Applicationé%?)
[ 0001 ] }gﬁég@¥ication claims priority fromU.S. Provi Sicamedo2gel i cation
No. 601269, , Tiled February 16, 2001. Technical Field [0002] This
invention relates to |laser processing of circuit links and, in particular,
to a |laser system and nethod enpl oying a llaser beam and substrate
positioning systemthat incorporates a steering mrror to conpensate for
stage positioning errors and enhance |ink severing throughput. Background

of the Invention [0003] Yields in integrated circuit ("I1C") device
fabrication processes often incur defects resulting from alignnent

vari ations of subsurface |ayers or patterns or particul ate contam nants.
FIGS. 1, 2A, and 2B show repetitive electronic circuits 10 of an |IC device
or workpiece 12 that are typicall jcated in rows or colums to include
"nultiple iterations of redundant.%mm@mmmm@mgmtnts 14, such as spare rows 16
and colums 18 of nenory cells 20. nce to FIGS. 1, 2A, and 2B)
circuits 10 are al so designed to incl ti@soparticul ar | aser severable circuit

| i nks 22 between el ectrical contacts 24 that can be renoved to di sconnect a
defective nenory cell 20, for exanple, and WO 112/(11718(1 2
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ON-THE-FLY BEAM PATH ERROR CORRECTION
FOR MEMORY LINK PROCESSING
Related Applications
[0001] This application claims priority from U.S. Provisional Application
No. 60/269,6486, filed February 16, 2001,

Technical Field

[0002] This invention relates to laser processing of circuit links and, in

particular, to a laser system and method employing a laser beam and substrate
positioning system that incorporates a steering mirror to compensate for stage

positioning errors and enhance link severing throughput.

Background of the Invention
[0003] Yields in integrated circuit (“IC”) device fabrication processes

often incur defects resulting from alignment variations of subsurface layers or
patterns or particulate contaminants. FIGS. 1, 2A, and 2B show repetitive
electronic circuits 10 of an IC device or workpiece 12 that are typically
fabricated in rows or columns to include multiple iterations of redundant circuit
elements 14, such as spare rows 16 and columns 18 of memory cells 20. With
reference to FIGS. 1, 2A, and 2B, circuits 10 are also designed to include
particular laser severable circuit links 22 between electrical contacts 24 that

can be removed to disconnect a defective memory cell 20, for example, and



p~Tnsn2i 0. ~~ci substitute a replacenent redundant cell 26 in a nenory
devi ce such as a DRAM an SRAM or an enbedded nenory. Simlar techni ques
are alsoggg@?mggosever links to program a | ogic product, mgayvesoamnssys, or
ASI Cs. | Links 22 are designed with conventional [ink w dths 28 of
about 2.5 mcrons, link lengths 30, and el enent-to-el enment pitches
(center-to-center spacings) 32 of about 82microns from adjacent circuit
structures or elenments 34, such as link structures 3G Al though the nost
preval ent link materials have been polysilicon and |i ke conpositions,

nmenory manuf S t FeR@dbhy car2pired memary deyicefkuanae a
conducti ve rrgﬁg#[t?{:e ?wgﬁgﬁgrﬁi als that may incl ude,

( b%t.are notlli%qed
to, al um numDRZA&Mpan SRAMJ onaakenbeddacmemay+ SHgEaEeEChpIes Rlim®'%0s | as
ot her nmetals) netal  alloys such ni C ] itrides such as
_ titanium or ﬁ%ﬁ?‘é‘?rdiﬂiﬁiti’rﬁrﬁgr,an?r@f@gw?%ﬁ?td ést%ggt}gﬁlsés%???rllggt en silicide, or
ot her netal - Iheamat er i ghig 2 DAROERsIGhee Withscotentionallink witithssi of aaputor
cells 20 are Pes%ed for Jisfects. The links to be severed for on (e‘b g the
defects are ges etioiomedlifik Mmgdaﬁ/BQeameglﬁntﬁitté(?‘eﬁmeFh%‘t‘ﬁ'@éa@%f%' {’)'T% Lere}se
| i nks are mapped, i n a .dat abgse. rag ¥Eeeclkaiht
enpl oyed for %P@%&ga Oi@%%’ggémtcgér%sg@cg@ a@%%éaﬁt%ﬁwﬁ%graggjr@%l G%. 2A ?and 2B
show a | aser 3%9%{] ﬁ%s%ksatfﬂfct@ﬂeé%ﬁjlﬁm’ﬁi@hm_@ rmaogt prevaignalink materiale bevee 36
conposed of a |nﬁ 2 positioned above a silicon subsftr{alte 3“2 Opeet ween
conponent | aysgen pélysilipesang dike aMpepEionst AERNGH AN RGUER™S \)aeV%I yrng
passi vation | ayer 44 (shaown |n .Fl i iSink Batégls @at ma
under | yi ng pa&Seythy ?QﬁgpfﬁaﬁYé%EPfr‘Foﬂ?{néﬁ%ﬁaﬁ?@e @%t%hﬁl?l%t E},nll_:IsG 2A)}.l FI G
2Cis a fragrﬁﬁahaégb@trmaemm, akinsiauni, eappér, goid hickr!l, §taniéPure of FIG
2B after the Iink 22 is renmoved by the | ase

l.se. . 1.000 is a plan
vi ew of a beatungstent platieun, aseell éﬁpﬁ‘%d“%t@h’ (%'%%Ealﬂ)‘i’/ysasférha% ﬁctlg%a: | i nE

processing po :rbﬁ@égrgefaf!z\gﬁ@gsé @ﬁ&ﬁ%%téﬂiﬂﬁ%rﬁaﬁ%l@h%iﬁw@, padthlysiliidenged in

rows 16 and c ntative ones shown in dashed |ines), the
beam posi t i ong@Mladaiptémsilicaseor othet sned8l-likeematarigl®d over |ink positions

along an axis I1n a first travel direction 52, K noved t j r 16
or cgl unm 18, [6098]t hen ESirauited0oGiEsul @'ﬁ'ﬁ‘eﬁg%?‘%’i%r&eqlﬁl@n%egﬁfsge%@Ppﬁfég\%'

second travel _directiopn 5 i d bk btsadter dstbahmet fagm deVbe
(12/ (1071811 §H9&ﬁ‘%®§? %févfa%iﬂdsr?gﬁr%?% ﬂn%ya\éffﬁgl ude novi ng t he wor kpi ece
12, moving t hesdiamed, sibhedBeativnsnaithese titks akerkppeed intp &AREPAES Phser spot

38. [0007] Traditional positionjn stens,are t.er] <
tr an[sl ati I)n t @HOgre. nL%EﬁrdW‘W?eh@O%r E%?%@@pl%'qufgggi%%etﬁ%?%}rééﬁ%]%&ege\{setra e
that moves al ong p{issh P68 BAGHdEIBUABAIA RécP¥pet S vespst syedintendles

al ong a second” IS perpendicular to the first axis. Such systens
typical |y movemphginpa kink strectuze 86 sampases! ofi bk BR Ansfinsied; ahp Va2 ?'g%%}

spot 38 and are commonly referred to as s d : it iI-Q8} ystens
because the |mstrgtteacb%aggg)ﬁgw@gnpﬂg‘ppﬂ@P{|,%§$%n%f:ésgggs't9ﬁ@i% g’; g;‘%tcgzﬁe whi ch
supports mrkﬁ'@g&ng,?a J\b@rﬁgn@géééibﬁiﬂmgyéwﬂ eafoWraireF K 2A behnotgadili oni ng
accuracy beca in ernf eroreters are typically used. al ?@g g%ch %E SFIc2

det ermine t he 2Benidiame updsilyingmassivetienlaveads. (shewa in &lar 28U LRLMCY i s
preferred for |ink processi be e AR LS linlestryqiuicadl vy

d:é&._ %ﬁ;aﬁ 4 ﬂ%gnﬁ%@%ﬁ%ﬁ(@# sedRhhI SiBe V@WI%‘?’(H’@ inkSs

only alittle aﬁ)g SO0 even a small di screpancy

bet ween t he pqg'@ IENa@dr thadipk ZPetredfvad byl thekask? mase.result in inconplete
link severing. I'naddition, the high density of fegtur ef’r on & ﬁﬂ 6onduct or
waf ers resul t sj0006knal | Pésid iscnpleg \bew 6f 8 RPFEPNGT Qﬁgiq’?‘g Plser damage

to nearby structures., Stacked. LI ; tehe, BBeawseelinks
relatively sl oﬂ@‘%@'ﬁ’bﬁ?s y?ﬁ@cﬂ@ﬁ%ﬁb?’@é&%ﬁ%&@@ﬁgﬁgﬁge of direction of
‘the inertial mysg aTo{y Sy HragRRd iINCoWssI6 dritecolimnsr &) (TepesensHIvENeS | aser
tool to process ar tphe designated |inks 22 on rkrgr)Ficﬁe&Ee 1 r{&gg% drB
split-axis posstovemimgasies imes) HeeLeRIpSPSYPRFNG RS ulaé%r e by,\aadnd
-moves i ndependently fr . A r t etk el diesction 52amo fon a
first axis or §‘f%{5é%\r elmH#)g)Stltho ,a@t Eﬁgg&gnf%‘fjresd reflecting mrror and
focusi ng | ens, igf@ant fed 16mrtduuaadéndndsthen scamedyeverdik RAsgns along an

positioning systens are becom ng.advantag as [ nd

wei ght of wor kpkiede& %EQ“HGF%V%&”%WW %gl ngf%grpgeé%&isn@“ﬁée‘zéfcﬁgfg]ﬁassi ve
stages. [0009] More recently, planar positioning systens have been enpl oyed
in which the workpiece is carried on a single stage that is novable by two
or nore actuators while the tool remains in a substantially fixed position.
These systens translate the workpiece in two di mensions by coordinating the
efforts WO 02111Cr71811 4 PCT/ US() 2/ (LISC 1



of the actuators. Some planar positioning systens may al so be capable of -
rotating the workpiece. [0010] Sem conductor Link processing ("SLP")

syst ens [ ddosPo El ectro Scientific Industries, Inc. ("EJCTUSSR/OPOLL] and,
Oregon enploy on-the-fly ("OTF") link processing to achieve both accuracy
and hi gh throughput. During OIF processing, the |aser beamis pulsed as a

| i near stage beam positioner passes desigBated |inks 12 under the beam
position. The stage typically noves along a single axis at a tinme and does
not stop at each link position. The on-axis position of beam spot 38 in the
direction tray { pateinodethieoldsedspobddiar, its
position is gg%h'?@éerﬂyg/)??e%d%?\g%tgrtﬁsb@&ﬁgger spot 2@8 to hit link 22
accurately. [RiAd thewookpiesest2and the #sarefot 8Bce again to FIG 3, the
position of beam spot 38 al.ong cross-axes 56 of 58 ] heg within

_ specified acd0P@EY as tTH'églg@B %%ﬁ'qq'%éys%g%ssérg %véééc%ggﬁa P#’rﬁqzz. Due to
the inertial iy fatld %B?es%%ﬁcf?fhe%v@ﬁlﬁ;ﬁec@@ﬁ sedursn e anappeastagnthdlF run
pr oduces rlné %lnnt € cross-axis position, and the flrﬁj‘t | i nk 2% in_an
OTF run cannghobss plongesimstiaxiatand isisepppasd-hya W Stag A OGS PR 8

i bughput . ecRogiexs et 3 bergendicay (ot BRe oV aeRsRyaestinise,

settling dist el ; biitioh drassor spot 88,anslester al | i nks
S5 ATS 0L SL0RARBh-IERLER B e

Serious cross-axis_errors. 00%2% Altﬂ’ogeu]gh ETF
speed has beegbrhnnbyedetyd meestﬁﬁeﬁrﬁa@ﬁ@@s'@a@@gﬁ?{sﬁ[ﬁﬁs PRRUSUHY "Obfk
limting factor on the effectiveness | Seor f-bld Pehortt bldcet he
requi rement fYATEHYPPPES e et GT\(S“%%SL&{ﬂe.‘tevn\;Fﬁﬁ%@@@%@cﬁ%&?i&%?ag}. At
the sanme tiime; [ RbYE PosiEhhg /dedmanhale HixcbiergtdosRDnaglattuacy beedl 2, are
continuing to decrease, causing the need for irren&ibgnalnﬁ)r et%i SN I8
i ncrease. Ef fiptdérferomdterst drertypinaihersad @Wé‘gp@‘%{ﬁ% SIS MG ?t%%‘r’gb or
stages substantially.increase the b e d Ok 88esdif®13]
The traditi onBPSiHiay of 52k 8%936 W??%aég‘?%‘s%g}’ F%‘gé';eﬁ%'ﬁé%]f& almlkgjger ,?oelg)%
enpl oys a hi gBé§&%®th%hgéér§mﬂ%mo Rotypldatinenly(d fitletbigasyi throfiak Wid#228,such

as a pair of galvanonmeter driven mrrors 64 and .66 shown . 4
is a sinplifiedevepiaxsmet discrepapaylaiwaren dhe aPFHan Oil%%ﬁréprﬁl% gégr”déﬁ‘k?n% a
WO (12/0Gr7180 5 PCTI |1 SU2 ; I G MBE higradeasity off featusés

posi ti oned al 6A% r%ﬁ“‘t&mgéﬁjb%eg?“&kig%%ﬁgﬁ;gﬁqliﬂj?g_’d i ﬁor 782|f?and f ocusi ng
optics 78. Eagh Gahikan@u@bewatirs vesultsiinrsonalbipésitionieg erers astantiphurPesBeg a

i | is. US. Pat. No. 4,532, 402 of beck di.s d
tage beam poldsdr eSS IEY RELCGHRF oS Hoe ReSTRATER IS SREy |, o
Pat. Nos. 5, 73@%@%“%@\}\&}3@@?\9@%&55&% 8farig, dtoppihg drasenamd of axi s beam

positioning s he upper stages) carry at |east one fast
posi ti oner. Syfieelsn efffieiertial suads dfdbe stagas inerease the dme RAYEA TR6H1S nk

bl owi ng processes, such as vi rilli.n currently

del i ver the bdashd80HORIPEEH 5" &%e d?%'%@ﬁegﬁ@ggﬁﬁh&e@@gb STTI t‘(G:)%'er s. [0014]
The split-axi Bgéf[”e Of | SR8 TokitiBARTCSs yEkmb Nneaspee stageisi rmtsuppoed
errors, and t 8 at vanoneters may i ntroduce additional ﬁgesitioni neq. errors.
I'n addition, hagcawsenbhes mdependertiysicpan the lowasstageand wipgcpiece’is

al vanoneter-controlled mrrors, ,the mrror t : ﬁl]tgqq ar
'?he entrance RasTied s a fist ?6@ﬁisﬁﬁg%}ﬁﬁ‘§ﬁe %}qﬁ%&p%%ﬁ?@%ﬁ%ﬂ%ﬁl t's ilrrltﬁan

of fset of the feamd,af, 1638 [SAFRslPoR s Suedrd ssfor st oBplterkis positioning
Moreover, two-Tirror configurati é)ns tconst rai E\l&th‘?@%ﬂt&qaerpr@iq]&%@_‘lig o0 be
di spl aced f ar t sisterhs @re leeoitu8dYRB@EPUS AS tREQ | sed
conpl exity andﬂﬁtn‘i,ted @ﬁmeri c%l ug 'r‘é \Hrfzi_;ee(?f H%chwé}@&aggmb@agégjerefore
limting the sWarkPiGeSa b INGIRERCe E%t SEET el assum ng such positioners
coul d be used qu ghi “k'Smb?éPé@ntl&hﬁlaﬁbﬂg@siﬂeﬁmgisiyeténsspbavqlbéﬁﬂt%VT\FﬂOyed in
degradati on wo 8 ause poor quality linkseveri r@ct})‘r incongllgt%,tw of more
| i nk- severi ng whithrtheuvarkpiece dscarpiel eneaisingasta gt is aVaPIE Py tWQ.Qr gt
[0015] What is still nee o A et satibedThese
achi evi ng hi gh@?tula#‘?{ﬁ- "??3@%ééﬁgéﬁa?@f'g%%ﬁﬁﬁﬁﬁ@mu nt ai ning fogused spot
systems translate the workpiece in two dimensions by coordinating the effo



quality. Summary. of the Invention [0016] An object of the invention is)
therefore) to provide a system and/ or nethod for achieving higher

I i nk- prom@'ﬂ@g 8Bhroughput whi | e mai nt ai ni ng focused spotp@ueso2ioyss1  V1' O
112/ 11( [®0017] "PCT/ LS112/ U~sl ~| Anot her object of the invention is
to enploy a two-axis steering mirror to correct for |inear stage settling
errors. [0018] Yet another object of the i9vention is to provi de a
positioner system enpl oyi ng coordi nated notion for sem conductor |ink
processi ng applications. [0019] This invention preferably enploys a

t wo- axi s st eajfithg agiugtors. $omet@bhar positicndey aystehes may s be papablealf t he
focusing lens, to performsnmallangle notions that deflect the | aser beam
enough to cornptaiiegttbemrkpie§ss- axis settling errors on the order of tens of

m crons. Alt t he ' F il tobw evndipsnt of
this inventi IcmH?Q] conczgé\@édog‘r%yrergdrrﬁ'l@'( %&?Eg%'égr(?éf?r@g%ﬂfﬁﬁg gr r glr:fggi n a
cross-axi s digeetiifindastriss, mﬂ?l(‘tﬁslg)o?fi RUrtlﬂrhd,I Orezam smalpy on-theefly (“@TF”%
two-axis steering mrror is enploye or these corrections caus i t her
axis of the |linkgdpcessne toraghisye folly ageuragy apsmigh tyou B%gg%”&@ i ng
mrror is pr : t4 i f b€
coordi nati one"f’vmrB{: ﬁ@%ﬂgh‘t@%ﬂﬁ&%{ﬁﬁrﬁnﬁp GItg EE%%i én%&gtggg%gggfﬁ?%%%ﬁ%gg

al t hough suchdesignateddinksr 2itndesthbe beem paxitta]. Ahelséaga typicady nedsmiboyi es
can be used to tilt a mrror int axes  about i ngl e..piv oi nt. These
t echnol ogi es 3 ﬁ@!glﬁjéx’ﬁééta W@Wr@‘%ﬁ '?Cﬁgﬁt%p @yﬁﬁgﬁ?ggﬂﬁwggnﬁh@&rﬁ%’ﬁexur e
mechani sm and Hsc?ficﬁ‘?of:ﬂéém df%%%?ché%ir%btﬁén {rBGeIBY 86&s nBl BARSIASE 11 C.
actuators tha@ rely upon formati on of piezoelectric materials to tilt a
mrror, and dedcuratebi eontrolled sathkatitsergsiton ipiaszodtelytsansedrio trigger laser

el ectrostrictiv ctuators,Lo deformthe surface of the mrror.
Pi ezoel ectri CSQ§§ atpg?'él"%h@&ﬁrcgw Sd. [0021 ] Advantages of the invention

i ncl ude the efrdoﬁﬁﬂationlrpéorﬁfﬁ%hﬁxhiﬁw Fetb lanicB GidainTey FIGS3I the pasitiBniofcr eased
t hroughput patticularly for SLP systenms. The invention also facilitates

i nproved nanubearnepabdBialgngtradseaxesi 6 po8Y i centrgllast wikis)speglied @cerrasyed
servo perfor rrgsnﬁ”‘ee tgga u proesrlrt?onntesr p%%%gg%ger each link 22. Due to the inertial mass of
the stage or stages, a set-up move to start an OTF run produces ringing in the
cross-axis position, and the first link 22 in an OTF run cannot be processed
until the cross-axis position has settled properly. The settling delay or setting
distance 60 reduces processing throughput. Without a settiing delay (or,
equivalently, a buffer zone of settling distance 60) inserted before the first laser
pulse, several links 22 would be processed with serious cross-axis errors.
[0012] Although OTF speed has been improved by accelerating over
gaps in the link runs, one limiting factor on the effectiveness of this “gap
profiling” is still the requirement for the cross axis to settle within its specified
accuracy. Atthe same time, feature sizes, such as link length 30 and link pitch
32, are continuing to decrease, causing the need for dimensional precision to
increase. Efforts to further increase the performance of the stage or stages
substantially increase the costs of the positioning system.

[0013] The traditional way to provide for two-axis deflection of a laser
beam employs a high-speed short-movement positioner ("fast positioner”) 62,
such as a pair of galvanometer driven mirrors 64 and 66 shown in FIG. 4. FIG.
4 is a simplified depiction of a galvanometer-driven X-axis mirror 64 and a



the steering mrror can correct far lin
: ect ear stage errors. [0022] Additi
obj ects and advantages of this invention will be apparent[from]the onal

fol |l ow ng, fpd description of preferred enmbodinments t i

proceed vm(?ﬁztre* erence to the acconpanyi ng draw ngs. V~ﬂ%ngs>ﬁ22;‘?$lﬂcl;$281l 7
Brief Description of the Drawi ngs PCT/US02/O-SG 1 [0023] FIG 1 is a
scgemat ic diagramof a portion of a DRAM Showi ng the redundant |ayout of

and programmable links in a spare row of generic circuit cells. [0024] FIG
2A is a fragmentary cross-sectional side view of a conventional, |arge

;‘fImo‘r?ng'?cltoargsa'lx}d?x'f)n%étérieF%r?E(t&G@]muragﬁa mneolaumg anmpﬁcalqmathg@ by a

e ‘par anet er s Fl G
1 ki s e WA R
vi ew of the mwpr&e&l éﬁbg rﬁ%én’l%@gfet‘i @ﬁl&ﬂFYWSoﬁétWM @3@'402@16

ink is renoved by the

P A ClBubR e MR H sl ddce seahsitioeingsyslepr et o cMﬁeam

travel pat h 4 | if
lpg:;l ggg;n Slrmlr?bw ﬁgsft@op&oﬂlegfa?@ib rPl(ﬁ*:s’t%@;%ﬂS@g&% ({g Aﬁr QP t he
schemati cal | @i 8\88@ erﬁgaési%%gfég%lﬁp@rq y\s?ﬁv@g}wg@gr&g]}ﬁr‘)& St@v% Sa)X| s

mrror enpl oy
mopror emt y&ﬁ >{ Bt lehst e fdst ‘p@smbnéheSymmﬂ eroploy[rgnaelh fastpositioners are

ustrate tial f
mI Irror enpl oyesked fortriealipl ggﬁﬁéglpg@cqs]%ggtw\%ﬁ%\é g‘% di lﬁ@gff’%éﬁ% g{&@éﬂrﬁ)t
FIG o8 111 st Pa g T o e B e e T g, (- NRCAD
3 i1l ust npl ary mul ti-row,” cross-axis dithering )
work path. [ORREl4IFI G 9héspht-aiideateetdfsuah postianers alauyemr@@'&ﬁ a?tt?w ana

two-axis steering mrror
Abbe errors, and the galvanometers may introduce additional positioning
errors. In addition, because there must be separation between the two
galvanometer-controlled mirrors, the mirrors cannot both be located near the
entrance pupil to the focusing optics. This separatlon results in an offset of the
beam that can degrade the quality of the focused spot. Moreover, two-mirror
configurations constrain the entrance pupil to be displaced farther from the
focusing optics, resulting in an increased complexity and limited numerical
aperture of the focusing optics, therefore limiting the smallest achievable spot
size. Even assuming such positioners could be used for link-severing, the
above-described spot quality degradation would cause poor quality link-
severing or incomplete link-severing and result in low open resistance across

severed links 22.

[0015] What is still needed, therefore, is a system and method for
achieving higher link-processing throughput while maintaining focused spot
quality. '

Summary of the invention
[0016] An object of the invention is, therefore, to provide a system

and/or method for achieving higher link-processing throughput while

maintaining focused spot quality.



[0034] FIG 10 is a sinplified plan view of a representative two-axis
steering mrror. [0035] FIG 11 is a sinplified schematic bl ock di agram of
an exenpk‘%‘yz/&)qﬁ‘ioti oner control system for coordinating tler/esagescl
positioning and the steering mrror for error correction. WO U2/ 11 G718U 8
PCT/ US02/11~~GL [0036] FIG 12 is a sinplified schematic bl ock diagram of
an exenpl ary positioner control system f of coordi nati ng the stage
positioning and the steering mrror for beamto-work scans and error
correction. Detailed Description of Preferred Enbodi nents [0037] One
enbodi ment ofipq F1EPT €S eHAhENEhjBeRshthesiventinhig te patrioy & dwadis $188E"I n
detail in U. é Pat ent No. 4,532,402 of Overbeck, which is assigned to the
assi gnee of thirer Appoireat fostinea $pge EHIE KUY st age is a "Dynani x" nodel
D IR L R BRIAL Blleorhe ienibRlé topRivile hPeaRbnahe beam

posi tioni ng pr ef ys a Taser controller that controls a
stacked, splidzax %mﬂbyiﬁp%@rrdiﬁg@dtrhoﬂm fonsenaicondactonlinkipiegessingi t h
reflectors to°target and focus | aser systemoutput to a desired |laser |ink
22 on | C deviapplications.kpi ece 12. The beam positioni ng system pernits quick
movenent bet i nks inhd181€ BtiwathH kP sreeing Wairtoo, ef f ect
uni que Iink-ﬁ@gpj ng opﬁ%ﬁﬁ&%@ﬁgﬁgﬁrgﬂy%ﬁ)@i {éed test or desiggn data. The
beam posi t i OnipGtaRy PhUNIEBY B entatce/plipil of thadacusing &ns teRprieym SHA I-

i nprovenents ‘or beam positioners or coordinated i on i in
U.S. Pat. No.arglgBiotEss, the! dofiegihe '%@H%?%‘?’?@‘@QQ 8?ﬂ§§£§é{§?°'g¢'§%§\ﬂ?§§ch
are assigned tq,the assi | lhieRdrsO NAIKS UMY thii setttingh eadrr

| i near notor %‘%ﬂ\?@r?r&%ﬁ\f%%%oﬁ@# Eﬁ%i“?fbm'ﬁg’t ssystelnsd%‘oul d al so pe |

enpl oyed, as ¥ehlr igBotIaxsy dremembopinuse oof itnis imeerdioods copoened iM% nodel

i f act d by ESI of Portland, O .t I |
s o4 ool A o o G oL, G et bt
this inventi Oﬁr?%et%r[]s%ﬁé% 0alef UAQ\ggla{ﬁ:sf%eQiir;@.n{ifréﬁ% &epibysy Soetmese corrections

alternatively it oner is preferabl %/ reRJ aced ﬁlhsi ngl e
hi gh- speed, hpgbages sitlaayarisof the linesrr stagenmathber e3e 98 haPTHP$at "Pncl udes
a mrror 102 capable of actuation_w at_ | f dssargsm
Mrror 102 habeanceleerBgInyriess pqe&wgh@dfv&f%ﬁgfrﬁ:f\é%%sﬁfﬁ? ﬁl;B@Cenfderabl y

coi nci des with, gn e ioPURi ol R dffcaioh @ tsd higedrestagd PBsitiamo- axi s
steering m rr5?c9§ryes€(}ac§n m‘oﬁgp@ g%ler ablcy- used for error correction,

al t hough it maprigasdqathedghsucheanrdinaion WPasstdese either axis of the

| i near stage nmay be used as t OTE axi,s.. in two axes
PCT/ US112/ ( 1- 468201 004O]At%%%§[}§€een ﬁ?&ﬁB‘éS%%ssC\@é%%éééé @%%32?%"? ne spot
size for SLP luit%%ﬁ%@?iv&%iﬁ?%b&@t%d@@bbmgclnileé fast stgesingrmiron's
preferably pivots (he ror 102 along at | east two axeﬁ aﬂ%{t Qi ﬁtthQOi nt
104, which is (fRSHsBthat emplayeafiexure repehaHs® FpyPICeLOF GCIHEHG 8\;§ i'cs or

| ens 108. Snmal |l angl e perturbations. | idd hf biekodieatridef | ect
t he beam enoudhirt%s: E'@FE@(?FH o?CtP%r?Z%P“%é%@gé@?@tdte}fueﬂﬂ%e?ﬁﬁ Elga? t h(; wor k

surface, and q%gé;%%]fa@fgrmim, arsd HoforhableanirmtsrbatremploydniezaaiR@rioQpi | of
focusing | ens , the beamis shifted withouf di sftgrti.ng tgge fogfr?%ﬁﬁg spot ,
al | owi ng del i velegtrostrietivaraciuatars ¢ dgieam e © 13RI PR bir&Csodi ment
settling errors.in a cross-f§Fi§ direction 110 are corrected by mrror 102,
while notion | #FHAGHAEKPEEPECti on 112 i's not corrected. This, single, axis
correction all \@1}] he |i pgaantagagef the ievéetiaminckide heddimiratien BeCORE-RH e

source of laser pulse triggering. However, wth proper i i

on-axi s di rect satlingtimer satiting IinceaSahBIrANGHRI T '%@@fﬁ‘ﬁ&"ﬁ%ﬁgﬂ“&h it

conplicates the, design i A id naRafactlir=®ilitg eftheanainhat can

degr ade on-axighai"?@“f’ﬁﬂaqi‘}i%‘%“@%&%ﬁ@ﬁ‘?&i"&"@ﬂ earr%rs ayfe not addressed.

{0042] Motion pysigaaigarhge(@) dukto selaia sewhiperiamansrdendEeBPNBMP G P et

errors, noise, and cross-axis coupli P&:ﬁ .'rI]'heset e(rar(% rEour_ce can be

wel | cont r ol | edthenateesing BRSO §2B FOeRt R §95PEHF SUR noi se and tenperature

stability eff efmfrlont rol 'o%%r%p)%%*&scmaavéﬂagés defiginveationivglubs. [ 0043]
'% 1 thr "

Cal i bration of or system ough beamt 0-wor k g BT%V@%H nnent s
can correct foglp?apemdmfhitmwliommgaddtaﬂed@@ﬁgmthg}pbpr@ grred e pﬁge%srror

102. Traditionally) the term beam,to-work i S iHhg for the
process of scadfeiggf heh P%Epgﬂ%@fﬁgggeﬁmbf %‘?"fﬂ'ﬁpaﬁlﬁg%ﬁﬁg?l ng the

| aser beam spot at | ow power at an alignnent target on the wafer or

wor kpiece 12 {FIG 1 ). Optical nmeasurenents of the reflection off the
target are used to precisely determne target and hence wafer |ocation. By
scanni ng several targets with BTWscans, the offset and rotation of the
wafer relative to the beam spot can be ascertained. It is also possible to
map out other effects such as axis orthogonality and positional

-, .



WO | 12/ UGr1811 10 PCT/ USU2/ (1-4sl~I (0044] After mrror system 100 is added
to the |l aser system traditional BTWtype scans can be used to map out any
[ naccuraﬁjoe@ogplrgj,i nearities in steering mrror 102 resporsa/usSibis&ol s
acconpl i shed by doing a BTWscan with mrror 102 in the nom nal zero offset
(in either axis) position. Then mrror 102 is tilted, and another BTW scan
is performed to determ ne how much |l ateral’ of fset of the | aser beam spot is
inparted by the tilt. By neasuring the offset caused by nunerous mrror
tilts in the Uand V axes, mrror system 100 can be fully characteri zed.
[0045] Once the responsgrigfD&idipionsfshedra®igss deternined to sufficiently

fine precision) then instead of noving the |inear st.age h, it
i s possible t@028¢ m rrHﬁs@&%ﬁ@Wﬁag‘bﬂ'aﬂﬂﬁ Gt '%g\ﬂft%\/a%g'a‘gpgré{’l% t
scans. [0046] FIG, 7.,illustr i N feeharef rolwer-geriegicst eer i ng
mirror systenﬁhfor@dﬂﬂp?'ﬁtdaiéu%gl@%rotﬁﬁgg\%frﬁr?g)gér lYrg(tsggeﬁr‘iﬁ?lgirng is@%ﬂepr esent ed
by a ringing gWsMecdiR0. Mrror 102 deflects the |aser beamin cross-axis
direction 110 as represented by a correction curve 1%@%{;@%\,‘%?# he inverse
of ringing cuf6024]120. ThESr2AH iR NHEEAYIesEPERIE iamof the linear
stage notion and the defl ect . ii k1l N de el g3ssdredidy a

Hosgh i BE s ERTRAREN SRAGE (Bel Ry s,

resul ting beafPPHE ree. cross-axis error. [0047]
FIG 8 illustaLestatiicathsh @ebt AG pulse paresysterm 100 for MRCAD processing

duri ng boustrophedon or raster scanning in the context j ing to
furthgr i mpr O‘[EOZﬁie spe&GazBihAdrRIMERaNAIoR \B‘F‘%\Bﬁ&h? hn'gggP%@(E? régg?'ﬁr%dg of

oper at i on) D scanni i s d ' r sihSerflidireaitiseichitd. whi l e novi ng
along a row 1 e6fpulﬁen‘%{ﬁ%?A’%%egg’gﬂﬁlnﬁdigi%l o_;/s st_seeri ng mrror 102
(FIGS. 5 and Gyos® di r eFIGt be ibasfeagrnentarpcmsg-sectianakiige VE gt the Iks 132
and adj acent I'inks 136 in adjacent rows 138 w thout n | e the
sl ower |inear stmictusa of Fige2Brafter 432 lik jssremaved i eﬂrgﬁddlrgl%gbfg{]%\céfssi bl e

because not al lin iR, ; HHravbl Bathpr ocessi ng
becones far ndbgﬁgffi Ci ﬁp%'g%w}%@gﬁgﬁ@r?ﬁg@l i negy oﬂrmst_a_ges do not
have to be scggggg]aor steed idevinedifibd soe view of aepriastatt Tasl PBSIHIOBET | i nk r ow

b iall d d. As i ' ' '
i 20s, G 0amgDYBLLA palrPEuAlsBpTIt oo el SUE B RRPr oRE

di stance decrease %F%C‘A scanng w | come an even nore val uabl e

t echni que. [OOQQPgId e&ﬁ@trﬁése%@?'wg%p%%hent al on-axis dithering ("SOAD")
uses mrror 10;%0&9 def | oG, thecHueaatidally diusiretes alsidecsedional eymi@s, 5-7) .
In this operational node, the beam can be ﬁ%i ck%% difﬁ]%tiﬁge gad in on-axis
direction 112, pedersed byo-axiskairiiianaPiphed 1 HER bt Bh' St'dge ' cat ches ue%g The
SOAD scan ahea r.scan i iAlGventtview pdaidrefamr
systemto redugw%gﬂage vgﬁgﬁg@ﬁ%ﬁgﬁ%ﬁq‘gﬁﬁ&g?\%r several links during a
singl e sl owed pRYSIRMiresemlbyed POMR] pratticeeakthetifveiBioanechnol ogi es can be

enployed to tilt mrror 102 in two axes out . pi vot | 0t -

t echnol ogi es i [A034de FSI\/EIQ-h-éi"UQfFﬁfe@ytﬁﬁ %Ef{)e&ﬁa?@‘ensg‘éﬁﬁﬁé g—h{régéur\l/% g%eggir:l
actuators, piezoelectric actuators that rely upon defornation of

pi ezoel ectric fiterials, and piezoelectric or el ectrostrictive tuators to
deformthe SUff[@(}‘?z]Of a FG! 8illusGatdsabh exemiptasy cuili-raw: GERSEP h

avai | abl e fromBalI” Aerospace Corporation of Broonfield, Colorado and
Newport Cor por §iNBEASY) welk path-cal i f orni a. However, the preferred actuator
is a nodel S-3 tra-F €2%idd B&dH represeftative tea-axis Physi k
I nstrunente (" i&o#&]anH %?%05 '%%%lgér} ?éc}ftdﬁglﬁg@ﬁrcmy_ﬂf[@mm] Tradi ti onal

gal vanoneters af&s mirygri cal |y used for this application because they each

only tilt a mrror about one axis and ordipari.l \V 55%” b CJ v
posi ti oni ng acd0Padly. MfdevaP isd %@p}‘ﬁﬁfpg\w\g‘?\&zﬂ?%ﬁ%@gparé ﬂé\g ga Ahonet er
mrrors are re_cg{i red Fr@rré%rtm axes of actuation. This separation is

i nconpat i bl e wit Rt ire that actuation occur about one pjfvot 8oi nt
| ocat ed near tr[goggg} r anceF|mupillis ef sifnptifisd sgheraatic biogkdpgsem BT aR §xgNAIZYY

i nt ai hi gh ity | t.at th f ik
Rever { nel ass, "1 postionssssnbpLoxabarsr cyobiidtaiEsube R iR g anate o .,
this inventi on,?@%{iaéw}@r%& drfor@pleRy8d. i n single-axis and small
ons

defl ection appl 0 mai ntain accuracy



and well focused | aser spots. j0051] By way of exanple only, FIGS. 9 and 10
show an FSM two-axis mrror system 200 in which four electrical to
mechani ¢ od’zi/(*?.'%ﬁs’bi on generators or transducers are SupporrEUUsIN/0#S61
transducer support platform220 ina V1'O112/(1Cr7180 12 PCT/ U S02/ 0-4SG
1 quadrature relationship, whereby a set of transducers 222, 224, 226, and
228 ' are positioned at 0, 90, 180, and 280 degrees with respect to a
central axis 230 and are, therefore, at right angles with respect to each
other. A novable mrror support nenber 232 has a central portion or lhub 234
bearing a mr rorefdectiym f Haft efctk dagran e peexetplanyi s
230. Mrror iggéﬁgs a Jfl?ﬁétzelrg az%*ﬁ‘é’gﬁf? ggl(g)ian’m or | ess %]_o reduce its weight
and facil it atgodiierfoatobsystemdopooerdinainadbsisteae BesitieRBe G sn. M rror
236 is coated with caonventional | aser opti j : account for | aser
~ wavel engt h orStG@@m@;ﬁ"'BQFg}FQE@P%‘?O'YVQ % q_soﬁr?é Pﬁéﬁ#gﬂ?% rP'ri gid struts or

el ongated nenbers 242, 244, 24G and 248 extend radially from hub 234 of
mrror support nenber 232, and have respective peripheral term nal portions
252 254, 256, and 258 Bbfdieddassriptienef Preferredfmaaodmentsoo 224 226, and

228, which are electrically novabl e, voic i ) N ; gd§§5 Q& i on
of a suitabl l083d¥ent i oﬁ&ﬁ %P%ﬁn@&t Pf?égage%ghﬁaetwgarerag?] g%‘?ﬁn see(%/@né
Nostrand' s Scéj&&}rit{eidci '%fé@é!iﬁinqg.@i%teﬁ N& hi B 14020 Puarbetadichtie use of
such conventi oha ougspea er coils for the transducerg&g erform

t

mechani cal acassiihed o tecassigras ohibinappiicatiolr meretese &SBfar at us.
The floating mrror suppprt 232 can I i ifl wei ght
material, sucPY¥EMEt H%)C%é?&?fai‘%ﬁpﬁﬁ&gg{p Ogec?é'{pl%iru H@E@\Sﬁg’st@?w?@%abl i ng
rapid responsg]%]t he ehggtydafRbobilBHingSystsh préferalily eviplogs adades to be

described. [O A tip control generator 260 is connected to t{ansdgcers
224 and 228 t gostolier thhtooritmlsestadkedaspiirpiiemsianar PQINEs Gypiem an

relationship with_ each ather. Simlarly, ' t gy ddArdds
connected to PP@W&@@?@@N%'"Z%GE{WHS”}&%F{}% %‘gdufsdgk‘%r%%%g %:‘%@?@gﬁl’gltgg rmvre in a
COFF' erregt a][]}’lé%léﬂﬁnwﬂﬂ ol &t ablieahiworkpibbe dac e heam positioning bysta70 i s
reflected o re

ective surface 236 and a refl ected bea‘riaj 72 #@ P@:ﬁg%‘l’é}ned
by the gener apermits spickonpvempenhbetwessdinksizZ ORI aMe %’é’ﬁ& q 0 OTF
direction of travel 0. €O ns far S5ch <K Svidddespat desigh
signal s pr oduéggolﬁﬂe&ié‘ﬂmé’gﬁl@p%%&%négs%% a %ﬁé’ﬁ?’? 9Eellat i or?shi p, go t hat
when transducgtR2% hicheih bositiohipgaystern manbltgroativein op gdiionalip BEHIOYenber
232 to the right in FIG WO 02/ (1(r71811 13 PCTI Ugllzéio‘ts%erf\e%o’ | ower
transducer 228hé émprasiements @r ear PRUHeRR OF SEOfQINRIRS Maken ITt
reflective surface, 236,  the defdeckd loegt 8dd lBesum 88@ of Cutler et al.,
actuation can écﬂp?it”JrHgt‘%dﬁgt?ﬁohg)jb%gj?%%’i%n’gg%’fgggh OTF run, for exgrrpl e, to

move refl ecti vghisHidhaeesiddEdas tee pssigree bf tysienpicaiien. Aihee HxerpeRE We t o
conpensate for |inear stage ringi '

el i minating tHoeaeFatpdrien eeh f@g“?{]&%ﬁg@@ﬁ'@?gﬁﬁ?‘?‘}rl%%ﬁoln%é)gndd'&r' &y
produci ng a regsf]\é\,g}{@sx{h%t&;g{e%g eﬁagweaah e 5006, 98001 md 1225 modetisetiéer wi se

be in the convéentional er zone can be processed, accurg%_el . .%%054]
Mrror systemsmanufzsiiredimnr EBbef Romtliand hDsegardhe BERIORER O 'Fﬁ%PB Med with
a large enough field to do D scan r_ovi dj ion in a
range of about[0889 o 100WC1)'\ I §,nc?1gﬂ’/v§vg$;Bﬁﬁ'ﬁhéjhﬁgy\g@aﬂsg;gtgéﬂéqﬁgn al so be
| ol ement ed f of, 61055 AXirhaP ik AibPBT Sk sanisystatn g altearatidelifast i on in
a range of about t'o mcrons or as little as, about t %Ohm cr on?

s R B 9the

10
The mirror is posfienatb (FIEsi4) isopreferabhhienlagssia sigolgshigh-sh
entrance pupil of the focusing |ens. ; lgf and
can be nodifi eWQ‘@X@Ht?ert“?%"E@%rt%’rﬁ%‘%"g;ﬁ@ﬁtﬂgg ggﬁsﬁmlﬁépm%%?lggedgsi ng
appl i cations. [OPaHLNThth friebsrtvecamees ofraaaori pViifidrt1 02 kas acantrally

manuf actured by Pl uses piezoelectric actuators f.or high s .

t wo- di mensi onapositioned pivat poi.104tthal weﬁ%rgg}ys%%aés yé@ﬁ%%ﬁﬁ%%e?‘é‘?w a8
mrror position.and pr.ovide k..sd St A 100 iepetérabhy asedand
drive circuitr§f 82\0%?'@9 leg’ﬁp{%egﬂgésk,ac@él %ﬂtéigbﬁgonﬁmrtoﬁgyﬁtgdel 5 3%0 Ti p/wTi | t
Platformis avidabbecatedtion, Rthouh i ray, bevampioyesi for hearusteatiag bgrause

either axis of the linear stage may be used as the OTF axis.




[ 0056] The main advantages of the PI Piezo Tip/Tilt Platformare that the
device is comercially available and has a very conpact size that readily
nmount s iq¥§&“$§konodel 9820 positioning system [0057] D mamvsniages of the
Pl Piezo |p/ it Platformare that it has insufficient beam deflection
range for use in beamto-wrk scanning applications even though its range
is sufficient for error correction applicé%ions; and nonlinear notion,
thermal drive, hysteresis, and high-voltage actuation are all inherent
problens with piezoelectric actuation that have to be accounted for. WO

02/UGr180 14 @62{6 SU210psGlud0P=e4ph icfocused toahary fisadpos sige fot Bl t ypes
of mrror or

ctuator designs are suitable for use w this in i .
[0059] | n addagplications,dhe mﬁ@anlwrdl@@B%ITHE@E?Y%@B‘%@@QE‘?WSE@éY ?5@%#%%
invention permts el axat,i t r i f eH i Ne&itedat or S
C(jerk tine, S@ir{qriﬁbi?How)atdggﬁgwphgﬁgg\?%%E&?E?g‘gg%ﬁf {c')mcorlr ect ?or
errors. This sshishandritadce puesiusidsciding optics of lensel 08. nd@allédgét s and al so

reduces the dependency of the systemthro u t he _ac i L(mt
of the |inearpstwtpations é HifeROS! ‘%Qb?“'rﬁ?r(iwl]ge@‘?@&ge&ﬁaghgﬁél?ér@rﬂ 8%{&&

posi tioner coptr.ol syst I8 {H } ndEcdiugatmingr 1D is

posi tioning o%r%neaﬁésag-%g%(eﬁ{sﬁﬂﬁtﬁrf&égé?‘?gqé;ggfsn%Lgfzhaaeg(jan304, and al so the

posi tioni ng %i;ocatéd/\@t@xﬁéaﬁhe@ﬁtmcmpgggrofﬁgm;m lgpestiQy, e hga@ls&hlﬁed
correction. course, notion_ stages an N [ [ a
singl e pl anar WﬁbDUbﬁiSBer@@tm%fﬁ%@ggéng BT ‘g‘éh’ﬁf %P‘bgﬁ?‘?ﬂg h@ﬂ%u%&gxi s
directions. In &pstandard operational node, two-axis steering mrror 306 is

used to correé ositioning errors caused by X- and Y-axis notion stgges
302 -and 304. [68l] A posioheembodinent spitling &rers 808 C@@ﬁ’f‘e?é‘ﬁé’éref(t'o’&ﬂ

Y-axi s position conmand signals for delivery.thr : LA, | ions 310
andX|312p_t o X agmaorvegﬁeﬁsb;h%t'ﬁf%fn@%rwm'8| mefier ipgh %%%ié”?%f"‘?’e'éﬁgﬁ hoe X .
and Y-axis ot} o ol Aops. 30780 0ectBR ABahe finsht staye nferisrometbry- axi s

notion stages (i sensed by respective X- and Y-axi s_Rosi tion
sensors 318 anfge@Pdtlatothstianedls soamecafdasenplisediggaring: POYRY§oWdn fraper

conveyed to adders or sunm ng juncti 10. and. ner: nd
Y-axi s positi moédlﬂ@ﬁ*o%i%ﬁ?"§.d'r>?-c '%3?2-3%8@’9@!?% Q:%H?’?@ﬁl'gpgsg?ﬁand 316
recel ve the erfap, ahonalmpRodod e tésih Bhiitodiescaddifiondl e eoutdes that
comanded and aé Pu p05|P

Ions. For high-accuracy applications) >F§ ang
Y-axi s positi amnsdggrade cBikSxianirestion 42 ageemey dbiych ‘grf%fﬁf%”ﬁdwzﬁé £55C6062]
Resi dual error signals, such as those Falel d
t hrough enabl i[ﬁ@‘@ht es 3'%9%'%8‘ §39 ?%S'Sgﬁ@@f)@hﬁﬁg%hisrl{agﬁés or ﬁ?oﬁwggﬁiﬁat or

326, which ”Hye,P&SOQ&,is@nahd@ﬁﬁ%ﬂﬂki@@o@;ﬁliny)erm@e ewoi sourseageshesvelland 304
share a common cootrdinate systemw th two-axis s i

\ ! Peer.l ng girror ot rV\Dt bility
U2/ UG718U 15 R&SFHitdBen/adisalibraes. outin te susterdy with NQitR apdSERgIatar 3f
signals are passed thrpugh, gdder [ 1 ki i 8 and 330 to U
and V-axis st e@if§qiy CH{‘&Pg?d 999I§|C§gye§’f{§)§‘9p§%%|5§§%‘?mmﬁ?c- act to tip and/or
tilt steering 'f@g 3060R)bia@BhId Irhiger sysent $00 thrdagh deam-fewodxGRIVE,)
| aser beam 270 él 9) to correct for pgsitioni gg errors of X %‘%% i?(—axis
notion stages afhraects3en cortrct et any neR-pneady &0 t5i’||9£n"?)ed§ie[rf°c5ﬂ§n {8- axi s
steering mrror 306 e.sense Yol €, V=g ; i TRNSsHcRatdgdfeand
338 and si gnal g"rf%rp?@és'eﬁf?cﬂgo'?ﬂ@’ };{é%ﬁrﬁﬁ%a‘éﬁ%%@ﬁ?uﬁ?}iﬁfl ons are conveyed
to adders or sygihpgebsBeEtANIngWe Anehriiage bageasddoshi whiladigeeting the

iti i'gnal's. U~ and V-axis steering ni and
334 1 ecei ve ¢ niaser PoRmLsppladowRWRY S £b AGPFRY g of 10 WARTHMIPR
commnded and g5uds, @)‘?Bq')@b(?élsrg?gﬁfremeﬂ{kM%fréﬂéctﬂﬂ%ff@?é@f 6t arewseaxios

steering mrro erabl'y a piezoelectric tilt/tip platform and
posi tion sensoheciddly deterdiife drgepard beabé waderlacatieagBy scauningmeyeral

alternative sensors may include optical , capagcitive) ' Y/ nsi ng

techni ques. | ntargets With & Weitenss eI‘Pfgqt?t\?BaIfB 'Oﬁcf%lthg%glrag%yettﬁéﬁgu and

V-axis steeri n%egh{ L9581 GATbe :é%l:iéftéitnﬁé.z Itﬁ@@ls’%fﬂoéishlﬂwtd rh&p adapthed effectsr ovi de
ri o the

zero to 100 vol©t e signals pi ezoel ectric actuators deflecting
two- axi s st eer isagh rsrads ogb6gonaiigand Pesiionabdigrdeny22 and 324 inplenent a
provi sion in which position command generator 308 can sel ectively disable
position error correction for either the X or the Y axis) thereby enabling
error correction for the cross-axis while | eaving the on-axis unaffecner
control system 340 for coordinating the positioning of X- and Y-axis

noti ons stages 302 and 304 and, in this enbodi nent, FSM 236 (FIGS. 9 and
10} for MRCAD scans and positioning error correction. In an extended
operational node, the steering mrror is used for error correction and
MRCAD scanning. In this node of operation, a position conmmand generator 342

o o o, ) Y r



WO U2/f1C718(1 16 PCT/USU2/ (1-1~C 1 sumof the error signals from X- and Y-
axis notion stages 302 and 304 and, in this enbodinent, also the U and
V-axi s t%@zﬂ%ﬁsh” commands. [0065] The error signals arrcmesenasced in the
same manner as I n the standard error correction node. The additional U and
V-axis tip and tilt commands are produced by position conmand generator 342
to acconplish the desired beamto-work scdfning. Because beamto-work and
MRCAD applications typically require wi der ranges of mrror deflection,
this enbodi nent of the invention preferably enploys voice coil actuated

FSSM t wo- axi s[% or  SYSk&TARSY syERARED0NIS atisipd dathemmeatystem, traditipnel t i on
commands for scanning are used to produce cross-.ag}dts m)tiq(n af the
| aser beam wi BTllypecuansdiande ses iafiay oxiEnyinascurasiermaicaitiegd.

However,- ot her, applicati are envi-si.one gcrﬁ%- I f4 SFRAPWitAXi S
suppl enent al ﬁ??'ﬁ& GOt w%&a%qqrg'%he d%%sgcanni AS%FO%G@?H'?‘%BZZ\{\; r ol
schemes depi chfifhd A RARE ridriMBPSerardifsetlinmitadr axis) bbsitionatldentiainesdiog

i npl ement ati on and operation of this invention. Mre advanced I’ll%[ Peg
schemes, suchisditetihasd asatiiesyB Ny $@éﬂﬁ(ﬂﬂﬁ@F@eQ6%¢§Fﬁf§“98WmH§ﬁi % t ages
and steering m.rror.,. Wll be_obyj ; il | } fHe off$8168]
Skilled wor ke&s%qflth%ﬁé | gﬁbgé(ﬁgg "Itnﬁ%h?%?éﬁfggﬂt'sg,eﬂrr]:éﬁgbﬁ?g?ror systens
of this inventiepcRinimercdhedof tits intae Lhaed Shaxbss imicer Sysisar €04 Fan be

drilling, mcro-machining, and Laser trinmng applications as well as for
li nk severi ngfuly@beggctetized.l | be obvious to those having skill in the art

hat many chages, ey beBadRChochO st @i sobiciaoniovetaiangsd ked
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[0046] FIG. 7 illustrates the corrective effect of two-axis steering mirror
system 100 during an OTF run. A linear stage ringing is represented by a
ringing curve 120. Mirror 102 deflects the laser beam in cross-axis direction
110 as represented by a correction curve 122 that is the inverse of ringing
curve 120. The resulting beam position is the sum of the linear stage motion
and the deflected beam position and is represented by a resulting beam path
curve 124, which is free of cross-axis error.

[0047] FIG. 8 illustrates using steering mirror system 100 for MRCAD
processing during boustrophedon or raster scanning in the context of link
severing to further improve the speed at which links are blown. In a preferred
mode of operation, MRCAD scanning is done in cross-axis direction 110 while
moving along a row 130 of links 132. MRCAD scanning employs steering
mirror 102 (FIGS. 5 and 6) to direct the laser beam along a pathway 134 at
links 132 and adjacent links 136 in adjacent rows 138 without needing to move
the slower linear motion stage in cross-axis direction 110. This is possible
because not all the links in each row need to be blown. Link processing
becomes far more efficient with MRCAD because the linear or stages do not
have to be scanned or slewed down each row, so the total number of link row

scans can be substantially reduced. As integration increases and link sizes,
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[0049] At least three technologies can be employed to tilt mirror 102 in
two axes about pivot point 104. These technologies include FSMs that employ
a flexure mechanism and voice coil actuators, piezoelectric actuators that rely
upon deformation of piezoelectric materials, and piezoelectric or electrostrictive
actuators to deform the surface of a mirror. Suitable voice coll actuated FSMs
are available from Ball Aerospace Corporation of Broomfield, Colorado and
Newport Corporation of Irvine, California. However, the preferred actuator is @
model S-330 Ultra-Fast Piezo Tip/Tilt Platform manufactured by Physik
Instrumente (“PI”) GmbH & Co. of Karlsruhe, Germany.
[0050] Traditional galvanometers are not typically used for this
application because they each only tilt a mirror about one axis and ordinarily
have insufficient positioning accuracy. Moreover, a pair of physically separated
galvanometer mirrors are required for two axes of actuation. This separation is
incompatible with the desire that actuation occur about one pivot point located
near the entrance pupil of focusing lens 108 (FIGS. 5 and 6) to maintain a high
quality laser spot at the surface of workpiece 12. Nevertheless, itis possible to
employ galvanometer deflected mirrors in this invention, particularly if
employed in single-axis and small deflection applications to maintain accuracy
and well focused laser spots.
[0051] By way of example only, FIGS. 9 and 10 show an FSM two-axis
mirror system 200 in which four electrical to mechanical vibration generators or

transducers are supported by a transducer support platform 220 in a
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the transducers to perform mechanical actuation, decreases the manufacturing

cost of the apparatus. The floating mirror support 232 can beneficially be
made of a lightweight material, such as metal (e.g. aluminum or beryllium) or
plastic, enabling rapid response to the electrical input signals to the voice coils
to be described.
[0053] A tip control generator 260 is connected to transducers 224 and
298 to cause them to move in a complementary “push pull” relationship with
each other. Similarly, a tilt control generator 262 is connected to transducers
292 and 226 to cause these coils to also move in a complementary push pull
relationship with each other. A laser beam 270 is reflected off reflective
surface 236 and a reflected beam 272 is positioned by the generators
controlling the cross axis, which is perpendicular to OTF direction of travel, to
compensate for cross axis errors. The pairs of signals produced by each
generator assume a push-pull relationship, so that when transducer 222 is
pulling upper terminal portion 252 of support member 232 to the right in FIG.
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eliminating the negative effects of linear stage settling time and producing a
relatively straight beam path. Thus, links that would otherwise be in the
conventional buffer zone can be processed accurately.

[0054] Mirror systems suitable for use with this invention can be
implemented with a large enough field to do MRCAD scans by providing beam
deflection in a range of about 50 to 100 microns; however, such mirror systems
can also be implemented for cross-axis correction only by providing beam
deflection in a range of about 10 to 50 microns or as little as about 10 to 20
microns. The mirror is preferably positioned within about plus or minus 1 mm
of the entrance pupil of the focusing lens. These ranges are exemplary only
and can be modified to suit the system design and particular link processing
applications. .

[0055] The preferred model S-330 Tip/Tilt Platform manufactured by P!
uses piezoelectric actuators for high speed, two-dimensional mirror tilting.
Strain gage sensors accurately determine mirror position and provide feedback
signals to the control electronics and drive circuitry. A more complete
description of the model §-330 Tip/Tilt Platform is available at the Pl web site,
www.physikinstrumente.com.

[0056] The main advantages of the P Piezo Tip/Tilt Platform are that the
device is commercially available and has a very compact size that readily
mounts in an ESI model 9820 positioning system.

[0057] Disadvantages of the P| Piezo Tip/Tilt Platform are that it‘has
insufficient beam deflection range for use in beam-to-work scanning
applications even though its range is sufficient for error correction applications;
and nonlinear motion, thermal drive, hysteresis, and high-voltage actuation are
all inherent problems with piezoelectric actuation that have to be accounted for.
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stages 302 and 304.

[0061] A position command generator 308 generates X- and Y-axis

position command signals for delivery through summing junctions 310 and 312

to X- and Y-axis motion controllers 314 and 316 to respective X- and Y-axis

motion stages 302 and 304. The actual positions of X- and Y-axis motion

stages 302 and 304 are sensed by respective X- and Y-axis position sensors

318 and 320 and signals representing the actual positions are conveyed to

adders or summing junctions 310 and 312 to generate X- and Y-axis position

error signals. X- and Y-axis motion controllers 314 and 316 receive the error

signals and act to minimize any errors between the commanded and actual

positions. For high-accuracy applications, X- and Y-axis position sensors 318

and 320 are preferably interferometers.

[0062] Residual error signals, such as those generated by ringing, are

conveyed through enabling gates 322 and 324 to a coordinate transformation

generator 326, which may be optional depending on whether motion stages

302 and 304 share a common coordinate system with two-axis steering mirror
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appl i cation. gnd tilt sensors 336 and 338 and signals representing the actual tip gng(%iﬁSSI, ng
positions are conveyed to adders or summing junctions 328 and 330 to
generate tip and tilt position error signals. U- and V-axis steering mirror
controllers 332 and 334 receive the error signals and act to correct any errors
between the commanded and actual positions. For high-accuracy applications,
two-axis steering mirror 306 is preferably a piezoelectric tilt/tip platform, and
position sensors 318 and 320 are preferably strain gages. Suitable alternative
sensors may include optical, capacitive, and inductive sensing techniques. In
this embodiment, skilled workers will understand thét U- and V-axis steering
mirror controllers 332 and 334 should be adapted to provide zero to 100 volt
drive signals to the piezoelectric actuators deflecting two-axis steering mirror
306.
[0063] Enabling gates 322 and 324 implement a provision in which
position command generator 308 can selectively disable position error
correction for either the X or the Y axis, thereby enabling error correction for
the cross-axis while leaving the on-axis unaffected, or vice versa.
[0064] FIG. 12 shows an embodiment of a positioner control system 340
for coordinating the positioning of X- and Y-axis motions stages 302 and 304
and, in this embodiment, FSM 236 (FIGS. 9 and 10) for MRCAD scans and
positioning error correction. In an extended operational mode, the steering
mirror is used for error correction and MRCAD scanning. In this mode of
operation, a position command generator 342 generates X- and Y-axis
positioning commands for X- and Y-axis motion stages 302 and 304 and also
U- and V-axis tip and tilt commands for deflecting FSM 236. Summing

junctions 328 and 330 generate the positioning command for FSM 236 as the
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cross-axis motion of the motion stages. However, other applications are
envisioned that would benefit from on-axis supplemental dithering to
boustrophedon scanning.

[00671] The control schemes depicted in these figures are intended to
ilustrate the basic implementation and operation of this invention. More
advanced control schemes, such as those employing feedforward commands
to the motion stages and steering mirror, will be obvious to those skilled in the
art.

[0068] Skilled workers will appreciate that the two-axis steering mirror
systems of this invention can be adapted for use in etched-circuit board via
drilling, micro-machining, and laser trimming applications as well as for link
severing.

[0069] It will be obvious to those having skill in the art that many
changes may be made to the details of the above-described embodiment of
this invention without departing from the underlying principles thereof. The
scope of this invention should, therefore, be determined only by the following

claims.
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WE CLAIM:

1. An apparatus for directing a laser beam toward a target
location on a workpiece in response to a target location coordinate position
command, comprising:

a positioner positioning the workpiece and the laser beam relative
to one another in response to the coordinate position command;

first and second position sensors coupled to the positioner for
producing first and second position signals indicative of an actual coordinate
position of the positioner;

first and second summing junctions comparing the coordinate
position command and the first and second position signals and producing first
and second error signals indicative of a difference between the coordinate
position command and the actual coordinate position;

a first steering mirror controller coupled to the first error signal for
producing a first position correction signal; and

a two-axis steering mirror responsive to the first position
correction signal for receiving the laser beam and deflecting the laser beam
toward the target location on the workpiece.

2. The apparatus of claim 1 further including a second steering
mirror controller coupled to the second error signal for producing a second
position correction signal, and in which the two-axis steering mirror is further
responsive to the second position correction signal for receiving the laser beam
and deflecting the laser beam toward the target location on the workpiece.

3. The apparatus of claim 1 in which the coordinate position
command includes information for positioning the positioner to respective X-
axis and Y-axis orthogonal coordinate locations.

4. The apparatus of claim 1 in which the first and second error
signals conform to a first coordinate system and the two-axis steering mirror is
responsive to a second coordinate system, and in which the apparatus further
includes a coordinate transform generator for converting at least one of the first

and second error signals to the second coordinate system.
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5. The apparatus of claim 1 in which the apparatus further
“includes a second steering mirror controller and in which the target location
coordinate position command further includes mirror positioning information,
the first and second steering mirror controllers positioning the two-axis steering
mirror in response to the mirror positioning information and at least the first
position correction signal.

6. The apparatus of claim 1 in which the two-axis steering mirror
includes a pivot point, and the apparatus further includes a focusing lens
having an entrance pupil, and in which the focusing lens is disposed between
the two-axis steering mirror and the workpiece such that the entrance pupil is
at or near the pivot point.

7. The apparatus of claim 1 in which the two-axis steering mirror
is positioned by at least one piezo electric actuator.

8. The apparatus of claim 1 in which the two-axis steering mirror
is positioned by at least one voice coil actuator.

9. The apparatus of claim 1 in which the positioner scans the
workpiece and the laser beam relative to one another in a second axis direction
in response to a series of the coordinate position commands while the two-axis
steering mirror is responsive to a series of the first position correction signals
for receiving the laser beam and deflecting the laser beam toward a set of the
target locations on the workpiece.

10. The apparatus of claim 1 further including a second steering
mirror controller coupled to the second error signal for producing a second
position correction signal, in which the two-axis steering mirror is responsive to
the first and second position correction signals for receiving the laser beam
and deflecting the laser beam toward the target location on the workpiece.

11. The apparatus of claim 1 in which the workpiece includes an
integrated mémory circuit and in which the target location includes a severable
link for removing a defective memory cell.

12. The appa\ratus of claim 1 in which the workpiece includes an
electronic circuit element that is trimmed to a predetermined performance

characteristic by the laser beam.
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14. The apparatus of claim 1 in which the positioner includes
stages that are arranged in a split-axis configuration.

15. The apparatus of claim 1 in which the positioner includes a
planar positioning stage.

16. A method for directing a laser beam toward a target location
on a workpiece in response to a target location coordinate position command,
comprising:

positioning the workpiece and the laser beam relative to one
another in response to the coordinate position command,

sensing an actual coordinate position of the workpiece relative to
the coordinate position command;

producing first and second error signals indicative of a difference
between the coordinate position command and the actual coordinate position;

producing at least a first position correction signal in response to
one of the first and second error signals;

positioning a two-axis steering mirror in response to at least the
first position correction signal; and

deflecting the laser beam toward the target location on the
workpiece.

17. The method of claim 16 further including producing a second
position correction signal in response to the other one of the first and second
error signals, and positioning the two-axis steering mirror in response to the
first and second position correction signals.

18. The method of claim 16 in which the coordinate position
command includes X-axis and Y-axis orthogonal coordinate locations.

19. The method of claim 16 in which the first and second error
signals conform to a first coordinate system and the a two-axis steering mirror
is responsive to a second coordinate system, and in which the method further
includes transforming at least one of the first and second error signals into the

second coordinate system.
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21 The method of claim 16 in which the two-axis steering mirror
includes a pivot point, and the method further includes providing a focusing
lens having an entrance pupil, and locating the focusing lens between the two-
axis steering mirror and the workpiece such that the entrance pupil is at or near
the pivot point.

29 The method of claim 16 further including scanning the
workpiece and the laser beam relative to one another in a second axis direction
in response to a series of the coordinate position commands and moving the
two-axis steering mirror in response to a series of the first position correction
signals.

23. The method of claim 16 further including producing a second
position correction signal in response to the second error signal, and
positioning the two-axis steering mirror in response to the first and second
position correction signals.

24. A method for directing a laser beam toward a target location
on a workpiece in response to a target location coordinate position command,
comprising:

positioning the workpiece and the laser beam relative to one
another in response to the coordinate position command;

producing first and second position signals indicative of an actual
coordinate position of the positioner;

comparing the coordinate position command and the first and
second position signals to produce first and second error signals indica;tive ofa
difference between the coordinate position command and the actual coordinate

position; _

producing from the first error signal a first position correction

signal;
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workpiece.

25 The method of claim 24 in which the workpiece is a
semiconductor wafer undergoing a link processing application and the method
further includes:

producing from the second error signal a second position
correction signal;

providing a second steering mirror, and

actuating the second steering mirror in response to the second
position correction signal for deflecting the laser beam about the pivot point of
the first steering mirror in sufficiently small deflection amounts to maintain a

laser beam spot size and shape suitable for use in the semiconductor link

processing application.
26. The method of claim 25 in which at least one of the first and

second steering mirrors includes a galvanometer actuator.
27 The method of claim 25 in which at least one of the first and

second steering mirrors is a single-axis steering mirror.



