Ponl.nd2- 4352212. 1 50001/84:2 1 ON- THE- FLY BEAM PATH ERROR CORRECTI ON FOR
« MEMORY LI NK PROCESSI NG - | JUL 2005 Rel ated Applications [0001] This
1 appli cationsgl aisgsdspriority fromU. S. Provisional Application No.
" 60/269, 646, filed February 16, 2001. Technical Field [0002] This - jviiit 2086
relates to | aser processing of circuit links and, in particular, to a
| aser system and net hod enpl oying a | aser beam and substrate positioning
systemthat incorporates a steering mrror to conpensate for stage
positioning errors and enhance |ink severing throughput. Background of the
I nvention [0003] Yields in integrated circuit ("IC') device fabrication
processes often incur defects resulting fromalignnment variations of
subsurface |layers or patterns or particulate contamnants. FIGS. 1, 2A,
and 2B show repetitive electronic circuits 10 of an |IC device or workpi ece
12 that are typically fabricated in rows or colums to include nultiple
iterations of redundant circuit elenents 14, such as spare rows 16 and
colums 18 of nenory cells 20. Wth reference to FIGS. 1, 2A, and 2B,
circuits 10 are also designed to include particular |aser severable
circuit links 22 between electrical contacts 24 that can be renoved to
di sconnect a defective nenory cell 20, for exanple, and Ponl nd2-4352212.1
50001/84:2 2 - | JUL 2005 substitute a replacenent redundant cell 26 in a
menory devi ce such as a DRAM an SRAM or an enbedded nenory. Simlar
techni ques are also used to sever links to programa |ogic product, gate
arrays, or ASICs. [0004] Links 22 are designed with conventional |ink
wi dt hs 28 of about 2.5 microns, link | engths 30, and el enent-to-el enent
pi tches (center-to- cenﬁﬁi-ﬂ'b?p%féi\’n@gﬁ%?ﬁd%'l ERROERILCORRDAETI@Nom adj acent
circuit structures or el emenE®R 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



34, .such as link structures 36. Al though the nost prevalent |ink materials
- have been polysilicon and |i ke conpositions, nenory nanufacturﬁr h?Mﬁ
;. More ri@eenily adopted a variety of nore conductive netallic Ti kﬁ“nterlals
“that may include, but are not limted to, alum num copper, gold nickel,
titanium tungsten, platinum as well as.other netals, netal alloys such
as nickel chromde, netal nitrides such é% titaniumor tantalumnitride,
nmetal silicides such as tungsten silicide, or other netal-like nmaterials.
[0005] Gircuits 10, circuit elenents 14, or cells 20 are tested for
defects. Trubstitite a repjacemeat eunsiant sell @6tin @gf“@ﬁ@rﬁé’ﬁé&ess%hea?d@t er ni ned

dat abase or DRrAfeRAlelr piRmEE Ry ERBaRE I apL IR PR h° ©
years to seugrseverligks to brauran?a lodit Grodidd, QQ@&BG@@NPESIU%SGF SDOt 38 of

spot size diameter 40 inpinging a |link structure 36 conposed of a |ink 22

positioned 406808l a sil i—@diﬁ 2Zaesdesigred withrepryentiesal '%w@ﬁlfﬂ% ohgabpyt of a
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cross-sectional side view of the link structure of FIG 2B after the |ink

22 is renovéd, bychias lirdsslrugiurese36 [ ddtbepgkitie mpstpravgieahling @aterials hasam

osi 1 oni ng Bt ePelitaT dog TRl BN E bERRm oLl PR 16 and
col ums 18 &é@@ﬁtﬁ,se@@@ﬁe@/@vgﬂ@@ of shemncomdtaisb edetalivdik mbhgidieaiatpasy ti on
and hence the |aser spots 38 are scanned over |ink positions along an axis

in a first tnayee, utaret nefdingited s @lgmingim acnrear cg@atniehksh titgnsvmcol um 18,
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novi ng the | aser ot 38, ., _hovi the ce 12 and the | aser spot
38. [0007] ‘ﬁﬂﬁhuétsut@ﬁaﬁt%gf?'ﬂ@n%aﬁ%\y Wéﬁ’ﬁcterlzed by X-Y

Lranslationpsgghes in Shést i@,er;lwt@éﬁ%ﬂts%' Sr SARYEErd Rstl HIRRITeSsa0e

The links to be severed for correcting the defects are determined from device
test data, and the locations of these links are mapped into a database or
program. Laser pulses have been employed for more than 20 years to sever
circuit links 22. FIGS. 2A and 2B show a laser spot 38 of spot size diameter 40
irﬁpinging a link structure 36 composed of a link 22 positioned above a silicon
substrate 42 and between component layers of a passivation layer stack
including an overlying passivation layer 44 (shown in FIG. 2A but not in FIG.
2B) and an underlying passivation layer 46 (shown in FIG. 2B but not in FIG.
2A). FIG. 2C is a fragmentary cross-sectional side view of the link structure of
FIG. 2B after the link 22 is removed by the laser pulse.

[0006] FIG. 3 is a plan view of a beam positioner travel path 50
performed by a traditional link processing positioning system. Because links
22 are typically arranged in rows 16 and columns 18 (representative ones
shown in dashed lines), the beam position and hence the laser spots 38 are
scanned over link positions along an axis in a first travel direction 52, moved to
a different row 16 or column 18, and then scanned over link positions along an

axis in a second travel direction 54. Skilled persons will appreciate that



noves along a first axis and is supported by a | ower stage that noves al ong

. a second axis that is perpendicular to the first axis. Such systens
typically nove the workpiece relative to a fixed beam positiengojil 268y

- spot 38Erid2Er e"Ctonly referred to as stacked stage positioning systens

because the |l ower stage supports the inertial mass of the upper stage

whi ch supports workpi ece 12. These positigoni ng systens have excell ent

positioning accuracy because interferoneters are typically used al ong each

axis to determ ne the absolute position of each stage. This |evel of

ey bl | ey i AR RO R MRRIeRE R RobE v REprBR! e fF 0

di screpancy mngqhetmkpmbt1pgn@ﬂhé s s@p@BgSS and link 22 can result
in inconplete link severing. In addition, the high density of features on
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required for the laser tool to process all the designated |inks 22 on
wor kpi ece 1&ecpod@s]s that épper isulante thediBhaxisy Siushssysterss iiypjeallsaye i s

not support by, an es ] e ly fro th st and the
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or stage. Split-axis positioning systens are becomhr.}%gn advant ageous as the
i

ﬁver al | si zstagrIsuepeks ther inefinl ipeet ebthecupprirdage Whigh sYRPeIdS WenkRiEcand
Cystems havaZheliEec bR8TGng S ihs KR SEERRS dosiRARE BoBIRIY ARG

stage that iistefev@nberbyré wpicallynhsed aReiguadadr Sxisvit detdrieiné ged absolies in a
substantially fjxed position. _These s¥stems transl ate the workpiece in two
di mensi ons WSE@@rQﬁ@ﬁﬁ"i ?nt@g?hér his teyel of peeiraay iupisteried forlgtonyasessing - ¢

Lo UERBLPE O R spSEmeBioR el biond MaSIRlE R LB B,
("SLP") systersvenua statlydigtrepainoy between the position of laser spot 38 and link 22
| can result in incomplete link severing. In addition, the high density of features

on semiconductor wafers results in small positioning errors potentially causing
laser damage to nearby structures. Stacked stage positioning systems are,
however, relatively slow because the starting, stopping, and change of
direction of the inertial mass of the stages increase the time required for the
laser tool to process all the designated links 22 on workpiece 12.
[0008] In split-axis positioninig‘systems, the upper stage is not supported
by, and moves independently from, the lower stage and the workpiece is
carried on a first axis or stage while the tool, such as a fixed reflecting mirror
and focusing lens, is carried on the second axis or stage. Split-axis positioning
systems are becoming advantageous as the overall size and weight of
workpieces 12 increase, utilizing longer and hence more massive stages.
[0009] More recently, planar positioning systems have been employed in
which the workpiece is carried on a single stage that is movable by two or more
actuators while the tool remains in a substantially fixed position. These

systems translate the workpiece in two dimensions by coordinating the efforts



Scientific Industries, Inc. ("ESI") of Portland, Oregon enploy on-the-fly

(" OTF" ) Ilnk processing to achieve both accuracy and high throughput
Duri ng gr ocessing, the |aser beamis pulsed as a |linear ia}aﬁ
> positi Uh‘ezr“’ﬁ {s¥9"*desi gnat ed |inks 12 under the beam positio e age

typically noves along a single axis at a tinme and does not stop at each
link position. The on-axis position of be@amspot 38 in the direction
travel 52 does not have to be accurately controlled; rather, its position
is accurately sensed to trigger laser spot 38 to hit link 22 accurately.

[0011] In Cs&fatrnésécté‘é%rw ‘S*bnﬁ@@ga’rga?‘bggﬂ@%' ﬁtgh-\@rgé%aﬁ%fb@&% rbfc’f

beam spot 3 ong Cross- axes In sp |ed
accuracy asotdtindtmwpdsiiecener passes over each link 22. Due to the
inertial mass of the stage or sta a set-up nove to start

produces ri ngPi8lin th§enapee§uaszt mtsdyppe%ﬁtngé&m héwtembwitm fél,@ctrﬁ an
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or operly. - hecsarif IRERYIRG g S 3l BEBREAR, eBoBIthbioT batR- AELEIF)
t hroughput . Wkt froistssingebtdohigyedisbthyadodracy aadihigh gindlghput. Urfrey OZene  of

settling distance 60) inserted before the first |aser pulse, several |inks
22 woul d be RSP@@%%@@d”\ﬁ leReEREABUS Rifendsag R linegr staae beéfr@dmltmqrmgﬁs OTF

speed has bogd TREANARS M GRGS FE 0 pBKRon, SR siaBeliIBickIPIdaIoRS,

limting fac 5190 the &f fectlvensss I's St

requi renent & singtdaxisradestimei and @oeehbt stopi dthéachi lirk saddort.i €He omsexisacy. At
the sane tine, featére si zes,_such as link |en gth 30 and link pitch 32,

are conti nwpr?&'ttcﬁ‘ 8 E?@@gﬁ)ot@&@ﬂhg dinesting &@vebp2 gogs At SRAE tBhsci si on to
| ncr ease. Efafc%téterfcéh*ll%lfé‘?f rétrh%f]eﬁsﬁoéh&n ;%eé% AR Sefded ﬂﬁtr@?t%gﬁ]as%? 0013]

stages substantial’ly increase the costs o e positioning s
The traditi cpak 3@ty Hidlinde 22 iadeufadelyt wo- axi s defl ection of a | aser beam
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Y-axi s mrras t6é hmssn tpositehealpangeanvepeadalinipagh Dma 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 settling 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



» such a

between a fixed mrror 72 and focusing optics 78. Each gal vanoneter-driven
- mrror deflects the laser beamalong a single axis. U S. Pat. No.§44320802
of Overbhe i ses a stacked stage beam positioning systemthat enploys
° "%‘é“%@s?"?"%’%ﬁer, and U S. Pat. Nos. 5,751,585 and 5, 847, 960 of
Cutler et al. disclose split-axis beam positioning systens in which the
upper stage(s) carry at |east one fast pdsitioner. Systens enploying such
fast positioners are wused for nonlink bl ow ng processes, such as via
drilling, because they cannot currently deliver the beamas accurately as

"fixed" | asejaligadmeesidivieysaxis hiRdAb6 Pasitrobledtaldrg Bnsitiag path poch
positioners may introduce rotational Abbe errors, and the gal vanoneters

may i nt r odudzetagdintd 6xed npigor t/2anchtpcusingoeptics f8.aliachigatvaroenetesdrivanr e
nmust be separation be en, t he two al vanonet er.- ¢ rojl ] Lar t he
mrrors 'can%{rr%oqq%&is ¢ 58 PRag) alPRg @ ﬁ'ﬁgfea%'é' g'ﬂﬁl FJalth‘P‘r%@%’gc@:% ?1€
optics. Thi sOgERRIRIdISN0sES HIStackdY SKageftexph pokitibhthg HpAeml that efflogiegr ade

the quality of the focused spot. Mreover, two-mirror ° configurations
constrain t Heckn fagigospigeiar, and beSdPepINesd,7at BBérarid biB471RE0 bbCuenegt

optics, resulting, in an increased c lLexity and |im nuner i cal

aper ture of AUCFRS o foa ARREN ey &/ e Py Ehane HEPEESIAdM evabl o
spot si ze. . B¢eRy asieHsl e %fbd_%ﬂﬁjr{e'rpWsﬁerﬁ@@n%lb?in@%@!éhffgét bbsiosErsedreny.
the above-described spot quality degradation woul d cause poor quality

| i nk- sever iusgddior neobint blavdngipikcesses: sHgh asdia dsling, because thsyrcannot

Cher of ore. taratdly FEL R hbBittas fecd Bty s TR BsREboed REEHPHRE i ng
t hroughput vibo14] mai ntBhéispit-44€ weesreSdTauchgiitidners Prafmtodeicetrbational

| nvention [0016] An object of the invention is, therefore, to provide a
system and/AdberrrRed angrthecgaleanargetargmeay intioduse esisitiansd positienlitout whil e

A B A i i i U

steering galvanometer-controlled mirrors, the mirrors cannot both be located near the
entrance pupil to the focusing optics. This separatic;n 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 Invehtion

[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.
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mrror to correct for linear stage settling errors. [0018] Yet another

. obj ect of the i nventi on is to provide a positioner system enployi
coor di_ nat ed n for sem conductor |ink processing applicati onk J?Jﬂ.o@&%]
This iAW ”fmbz ]’t?oo”?“ér ably enploys a two-axis steering mrror, pivotally
nmounted at the entrance pupil of the focusing lens, to performsrral | - angl e

notions that deflect the | aser beam enouglé to conpensate for cross-axis
settling errors on the order of tens of mcrons. Although the settling
errors occur in both axes, one enbodinment of this invention is concerned
primarily  Wiggh7§or r eChhBEhe &N (86 TNhtioh i@ 15 bAoA WolhtieStdetihg 0 the
OTF direction of ™ linear stage'travel. A two-axis steering mrror

enpl oyed formirharste aorackdoi lnvear siegaestlirg etrers.axi s of the |inear st age may

oo B e R Rl R

nodi ficatio

coordi nat i orrth i fé @%F%&wf%@gﬁ@?%@@%?%g@ noI ogl Qj%ggtmge used to
tilt a mrrapplications.axes about a single pivot p0| nt. These technol ogi es

i ncl ude fast 5 §f” ng mrrors r?é" FSMSI%) that enmp a fl exure nechani sm and
voi ce coil d8Pd81ors t bhisiipyertgn prgtes ye'ﬂi‘ip&)’@e@ XIS HEEURI RE O hat rely

upon def or "ﬁ%w&%“g%(ﬁh‘ﬁé&%’[?ﬁé %hfranH@tp%@h%lf?hé Rodus |r¢egcl%n§‘ érfor%ﬁ'@ all-

def or mabl e rror enpl.oy piezoeleCtric or tros ctlve actuators
to deformt tmmgtelmamsdhat Ueﬂmtrthenasthtmnleaothhcto campmtsmts faraross-axis
Advant ages of the invention include the elimnation of

f d.
E; gsgr ail s tff‘%ler'iﬁwﬁ ORetNe IGET o 1Rysi ¢f MicEeRm sAUN U th peltiNehe Pl ar | y
for SLP systihrin 556 é)@ée'&ﬁﬁ'eoétn?bﬁﬁnérﬁcdflthEgﬁg%tldm%cﬁb‘?ﬁeﬁﬁéﬂégﬁﬁtalﬂﬂﬁb' ity

of the main positioning stage(s ue to rel servo per nce
requi r ement smtteccanneetlng Mtlstgeerrrorrsgnra cms -axandicecticacto ther Ol Frdisactiohaije
errors. [0022 this invention will be

]e |t|onaII d.a var}ta es of, )
appar ot -1 GAEEASAE TOling: HE-ariscaBEs FHSOT b8P IPErTar Mt oD e gt o
t hereof whi ¢facB86eAcakIR csfetﬁémﬂegesta@etrhay%q%aaaé\ytmaoctmak.agsrhe
Port 1nd2- 4474808. 1 50001/ 84:
beam steering mirror IS preferably used for error correction only and does not
require coordination with or modification of the linear stage position
commands, although such coordination is possible.
[0020] At least three technologies can be used to tilt a mirror in two axes
about a single pivot point. These technologies include fast steering mirrors
(“FSMs") that employ a flexure mechanism and voice coil actuators to tilt the
mirror, piezoelectric actuators that rely upon deformation of piezoelectric
materials to tilt a mirror, and deformable mirrors that employ piezoelectric or
electrostrictive actuators to deform the surface of the mirror. Piezoelectric
actuators are preferred.
[0021] Advantages of the invention include the elimination of cross-axis
settling time, resulting in increased throughput particularly for SLP systems.
The invention also facilitates improved manufacturability of the main
positioning stage(s) due to relaxed servo performance requirements because
- the steering mirror can correct for linear stage errors. |
[0022] Additional objects and advantages of this invention will be
apparent from the following detailed description of p'referred embodiments

thereof which proceed with reference to the accompanying drawings.



2 JUL 2005 Brief Description of the Draw ngs [0023] FIG 1 is a schematic
di agr antegfe-@rpor e of a DRAM show ng the redundant |ayout of. @n?{”l: 2005
programmable links in a spare row of generic circuit cells. [00Z24 |G 2A
is a fragnmentary cross-sectional side view of a conventional, |arge

sem conductor link structure receiving a |aser pulse characterized by prior
art pulse paraneters. [0025] FIG 2B is a fragnentary top view of the |ink
structure and the laser pulse of FIG 2A, together with an adjacent
circuit structure. [0026] FIG 2C is a fragnentary cross-sectional side
view of the link structure of FIG 2B after the link is renoved by the
prior art |aser pulse. [0027] FIG 3 is a plan view of a prior art beam

travel path. [0028] FIG 4 is a sinmplified side view of a prior art fast
posi ti oner enpl oyibiigfPesesiptioprof dhe duaWiRdSr - dri ven mirrors that defl ect

Che | SO o 18, 141 tmal AR SR AR R e 2

schenat y illus tes a Side Sectiona of "a pre
mrror esgiradesd layout lod apdaeroigeamnafabiid énksireatspare rgwoBgenéticciréuit cells.
schematically illustrates a partial front view of .a preferred two- axis

mrror &8yed i AlBhe s irramestamaosssentional sifopiey of eponventiongbt r at es
the eff : is ' I

1T ust r 5 02 SENEGOUABE 1 SffLLARE Beeing A [isol blise Eharabehled aEHey 3, |
pat h. [ POBe] pdrb@etdrd.s a si de sectional view of a representative two-axis

steerin 1.I'ror. 034]. FI 10 is sinmplified.plan view of a
repr eseﬁ?%ﬁ]ve tw&[@xiﬁ '§t%gﬁgﬂ§ntW3PBrV?£W@6§§ I"I%F é}uﬁtfr? and the |aser ¢ i ed
schenmat ing)de ORI Gi2YHageMer MtHEAS BBjRNt cheSt sir@f@Fe cCONtrol system for
coordinating the stage positioning and the steering mirror for error
corr ect [@M26]Por t | AdS. @fris Blragmersayoaoss-sectionalBidelienoobthe link structure
of FIG. 2B after the link is removed by the prior art laser pulse.
[0027] FIG. 3 is a plan view of a prior art beam travel path.
[0028] FIG. 4 is a simplified side view of a prior art fast positioner employing a
pair of galvanometer-driven mirrors that deflect the laser beam along different
respective single axes.
[0029] FIG. 5 schematically illustrates a side sectional view of a preferred two-
axis mirror employed in the practice of the invention.
[0030] FIG. 6 schematically illustrates a partial front view of a preferred two-

axis mirror employed in the practice of the invention.

[0031] FIG. 7 illustrates the effect of the steering mirror during the OTF run.
[0032] FIG. 8 illustrates an exemplary multi-row, cross-axis dithering
("MRCAD”) work path.

[0033] FIG. 9 is a side sectional view of a representative two-axis steering
mirror.

[0034] FIG. 10 is a simplified plan view of a representative two-axis steering
mirror.

[0035] FIG. 11 is a simplified schematic block diagram of an exemplary

positioner control system for coordinating the stage positioning and the steering

mirror for error correction.



[0036] FIG 12 is a sinplified schematic bl ock di agram of an exenpl ary

posi t i onereeomntr obovgyst em for coordinating the stage positioning and the
steering nirror for beamto-work scans and error correction. -Dt Ajil €805
Description of Preferred Enbodi nents [0037] One enbodi ment of a
representative beam positioning systesis described in detail in U S

Pat ent No. 4,532,402 of Overbeck, which is assigned to the assignee of
this application. A preferred X-Y stage is a "Dynam x" nodel avail able
from Newport Corporation of Irvine, California. [0038] The beam positioning
system preferably enploys a |laser controller that controls a stacked,
split-a) 0e3spr pl api@. ORI 4 bmmﬁieawmambl@@mﬁthe@mﬁ bhemgiérlyec't ors to
target and _focus |aser systemoutput to a desired laser link 22 on IC

devi ce dosiiangsicopdrol systenefascaprginating #ie sipos/resianies anddhestesingvenent
bet ween | ] Fay ' pieces 12 to effect unique
l'ink- sébgﬂﬁﬁagé%%ﬁg%Pgﬁgggg%eda%%ghﬁégphggﬁéést or design data. The beam
positioning systemnay alternatively or additionally enploy the

I nprovenents or beam _positioners, coordinated nption schenes described in
U.S. Pat. Nos: 5, 72¢tailed DescriptigngfPrefarredEmbodigients cutler et al., which

are assiggas) {o ! N8naSShARAFA of i BoraBAlL6A bOBm dRIyih Kgtteherd or
i near or~driven conventional posrtioning Systens cou so be

enpl oyedjeszsibed|ih dasait inel) S/ Ratont Hop4d HBRH 0 of Ovefiyl, whiB0i8, assighel?ieh

nodel series panuf ured by ESI of Portl Oregon, the . gssignee of this
app! i g:att 8@33[95@?9‘]%%&7\'3.( APp! PBn(ﬁep'Ee(fe'FfP@gl%sltaﬂﬁ HaanyndAmh m@gﬁbct to
this i nvuaphibgf fréfeNeivbBR! CoipoRatib 60iviRE, ealifofs@, head system or
alternatively fast positioner 66 (FIG 4) is preferably replaced by a

si ngl e HO§A8}peed, The peaat pasitiopingveysternpreferablyramplioys arlaseyserinolieddhathat

I ncludes_a . m.rror_102 capabl.e of actuation with at |east t deqgr.ees of

{1 eedom CEIS P Sradkeith SPER, PLpBfah Bor PPRRE S Rt e DEr st il

pr ef er abkYlecteRs REtatget #hd focus 18BEF SyBtemPoiRblt &8 dekirad i£EtinR22 6n$C108.
Two-axis steering mnmirror system 100 is preferably used for error

cor r ect | dAVICPE WotigHere 1eay! Nsebeammasjiianing systeampsiraits AHigkoBe¥R®ENtI t her

axi s of JAGebhIFRS 27 4Tl BimborH ARG R WdHpTEBs 3215 ek LR 1#722212. 1

severing operations based on provided test or design data. The beam positioning

system may alternatively or additionally employ the improvements or beam
positioners, coordinated motion schemes described in U.S. Pat. Nos. 5,751,585,
5,798,927, and 5,847,960 of Cutler et al., which are assigned to thé assignee of this
application. Other fixed head or linear motor driven conventional positioning
systems could also be employed, as well as the systems employed in the S5000,
9800, and 1225 model series manufactured by ESI of Portland, Oregon, the
assignee of this application.

[0039] With reference to FIGS. 5 and 6 and with respect to this invention, the
final turn mirror of a fixed head system or alternatively fast positioner 66 (FIG. 4) is
preferably replaced by a single high-speed, high-accuracy two-axis steering mirror
system 100 that includes a mirror 102 capable of actuation with at least two degrees
of freedom. Mirror 102 has a centrally positioned pivot point 104 that preferably
coincides with an entrance pupil 106 of a focusing lens 108. Two-axis steering
mirror system 100 is preferably used for error correction, although it may be
employed for beam steering because either axis of the linear stage may be used as
the OTF axis. '



- B.JUL 2005 [0040] Because the beamis focused to a very fine spot size
- for SLP applications, the nmechanismdirecting mrror system 100 preferably
pivots the mrror 102 along at |east two axes about pivot point Sﬁ@f
* whi ch P&%Eeateé%dt2or near the entrance pupil of focusing opfi% PEhs
108. Smal| angle perturbations in the position of mrror 102 deflect the
beam enough to correct for linear stage settling errors at the work
surface, and because mrror 102 is |ocated at or near the entrance pupi
of focusing lens 108, the beamis shifted wthout distorting the focused

enbodi ment -+ DAY, 1o Bedpule 38 bepgl i ieefitie Betffihe ot sk BESPES: e by
mrror 102, ubblcatiGRti R mRcRBNRAT Akt ARG Otdd106 p@éra&@?fm b
This single axis correction allows the |1near stage interferone

feedback to méTeht03slangsaiieast bro preeabpUL B0t PighPH nyhichosdeeated wit Ok

proper coordj tian i 2 notion is
possi bl e, fizial hé}ltfac}g%ﬁ@f@'g foctising %‘éﬂc% Y5518, bR andi Tl oo
error sour Ceﬁer&@@btloﬁgm ﬂﬂﬁF@@ﬁﬂoﬁ@faﬁlrr@r ClOQQféﬂe@ﬂtrﬂéBe@mCéﬁ@fgh i carrsdt
errors are not addressed 0042] Motion in each axis of mrror 102

exhi bi ts scdioélingat @ﬁaggr&ﬁt‘rhﬂgsaétorsatrtm worksugace .ozt beeggsaigot duplis ng.

system i HoRRleCE R i el o0l et {0 cherbtards Bfiftsdyn
convent i onalwitesitafisto tlwmuséa%al AMahiikg abiiasty Of émBRy highuety100

through beamto-work (" alignments can correct for any non-linearity
and al i gnmerfiP@rrors in steerlng mrror 102. Traditionally, the term

beam t o- wor sed a r [ t
| i near stagﬁogac and @OW%?%O%%\%F rsceé(t:tt“né%?{cﬁ%%gaczgg 82%@@%%%%
power at an gki@nrenéd bargietor am2t k}mnwaﬁ@ror@rn WO okphES eiretfort FH S is hpt
Optical neasurements_of the reflection off the target are used to

preci sel y detasraated (RIgRinglendkinerEeciian @Howzsé*a@ihaﬁar sposdataniaigmetsrer al
targets V“tl'fe?a-can Be tﬂ@@ R Ee%’?‘i’asre?;cﬁﬂséé)f? ernbge MG Ve Gt bro ﬁe];o

the beam spo ascer ai n to map’ out ot

effects suajmoadmaxons on-alxizgdiredtiony1 ’smdtemslgtmmmhaﬁ mbhohnsapassuble

Por dndz- 4352a2lt%1%uéh§’98c?r%{)?cates the design and introduces additional error sources that
can degrade on-axis direction 112 accuracy if such errors are not addressed.
[0042] Motion in each axis of mirror 102 exhibits scale factor and offset
errors, noise, and cross-axis coupling. These error source can be well-
controlled and calibrated out in the system, with noise and temperature stability
effects controlled through conventional design techniques.
[0043] Calibration of mirror system 100 through beam-to-work ("BTW?”)
alignments can correct for any non-linearity and alignment errors in steering
mirror 102. Traditionally, the term beam-to-work is used as nomenclature for
the process of scanning the linear stage back and forth, while directing the
laser beam spot at low power at an alignment target on the wafer or workpiece
12 (FIG. 1). Optical measurements of the reflection off the target are used to
precisely determine target and hence wafer Iocatioh. By scanning several
targets with BTW scans, 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 distortions.



© 10 -, B JUL 2005 [0044] After mrror system 100 is added to the | aser

. system traditional BTWtype scans can be used to map out any
i naccuracies/nonlinearities in steering mrror 102 response. This i

» acconplrshéd by s¥of¥g a BTWscan with mrror 102 in the nomihal J@erﬂﬁﬁ
offset (in either axis) position. Then mrror 102 is tilted, and another
BTWscan is perfornmed to determ ne how nuglp | ateral offset of the |aser
beam spot is inparted by the tilt. By neasuring the offset caused by
numerous mrror tilts in the U and V axes, mrror system 100 can be fully

h teri 045 i ' .erni ned
fo ouff1 o o4Ar ne RET LGN TRERTRA el o A e el Gh 4 o
back and foptiy tie s6am9eah Wecudar UsMap dutnysinat et/ Metlinsabigesient BTW
type alignnment scans. [0046] FIG 7 illustrates the corrective effect of

two- axi s st eeheieniggrm'rrzangngsﬁp@ms@odr hisfs a@ccmﬁpltsl\r/:edrbmdomgl a BV ssangeth
inging i 1i,ngi .M 102 def |
[ aser beam | TesoL02 T nPruta 0 S8t HE ohep: abish PBRIBY: s ke 10F

curve 122 t hattiljed, bRE 4ritRESBTIV sthAG ParfofHEY € HBrming HoRs Huchnatehgam
position is the sumof the |linear stage notion and the deflected beam

]E)osi ti ](c)n andoffsetrafihe sasrrdeeay spot '&mnart@l by e plat By roeaseringthe ofiseth is
T S 0AT LG g . . .
System 100 1A sacainlleset8 S HiFim e YRl bR, PP s BB 12 kg

the context ®flylchakactég¥&d.ing to further inprove the speed at which |inks

are blown. In a preferred node of operation, MRCAD scanning is done in
cross-axi s di00481i on 10mogHhegesponss gl alivagsystesw ABE determines! tv32.  MRCAD

beam al ong = gttRIbY ThaPteedT et sty FPreiinhiR S 4€5hek Bickcent
rows 138 wi tiaetht ithepdEsiold @ U8 enirrbheystbane0 fomeaiseiobhoB T agse i n

cross-axis direction 110. This is possible because not all the links in
each row necdliane"®d 9980%n. Li nk processing beconmes far nore efficient with

e W SROHEE | haFle Sl 1HATAE P Qffse it PRGHBAER fhoSHfitE
~ 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,



scans can be substantially reduced. As integration increases and | ink

Si zes, PRmaeatdoens@dz44748 0 8.1 50001/84:2 11 - | JUL 2005 spot__sjé\z,g‘ﬁ%J ﬂ@d
pitch di stance decrease, MRCAD scanning will becone an even nore ; Y
techni que. [0048] I n another node, supplenental on-axis dithering ("SOAD")
uses mrror 102 to deflect the beamiln on-axis direction 112 (FIGS. 5-7).
In this operational node, the beam can be quickly directed ahead in
on-axis direction 112, severing links while the Iinear notion stage
catches up. The SOAD scan ahead or scan behind the stage feature allows
the positioning systemto reduce stage velocity changes or to sever

sever al shbnkizedUahd pitoh Histehee seeretoTMRCA s Wwill bEEARE N eVgRst
t hree technol ogi es can be enployed to tilt mrror 102 in two axes about

pi vot pdneRe vialuableriesknigeéehnol ogi es include FSMs that enploy a flexure
mechani ig%%éﬁf VOl Gf aﬁ%éﬂ&?naﬁo‘d@t sgéPIgﬂﬂsﬁﬁgﬁé Gl ltrFe(?fn LOHAT AkeS FhitroPON

def or ma pi ezoe ric ma pi €zoelectritor

el ect r osjiORi totdeflectieiBéarnsin dreasigfdirestibhel 1UFI&SE 507). dAnrthis' syerafiohilabl e
voi ce coil actuated FSMs are available from Ball _Aerospace Corporation of
Br oonf i énede.dbedieado candaauwiskiytdiestedaheadin opraxis diraelionchl 2. spvariag

Pl at t or HinkS SERhE TGSy Ao Saopeaferidy T oRD i Aflag Bt gan T PI T
Kar | sr ulbehiféetheastpge[féatlé alloadi the pusiticydny systent tor edaice stage vglpcital | y used

for this application because.they each tilt mrror about only one axis
and ordi%‘é%?? %é@ée}’%%%‘f?réf@?ﬁs XWH&Q ?isdﬁﬁ'ﬁé?%%%ﬂw.m%rsé’@%% -a pair of

physi Cagplmgﬁpar at gdegal Nﬁ‘@@’i‘@érﬁ{olﬁ%éé %@ﬁebéwég{?%g@cm Rirrd 2P

actuati Is separation 1s I nconpati esire that actuation
occur alaxes abmt pivabtpointi 1i4.1 dbese teamalogies irmhydeh S8 pingit emyfloy adlesiung

lens 108 (EIGS. 5 apd 6) t intain.a hi quality | aser spot at the

sur T ace BPCNAERREAELLoics CoAfRy s duSeotigdt Tyt 838 bl o)

gal vanongifeimatidn 8EpiedoBiectd matéals harkd F!é\t@@_técﬁr'ib oPalektreyirigfily actuom oyed

in single-axis and snall deflection_ applications to maintain accuracy and
|ﬁaﬂ;

wel | f odasieiommathe syifees of paokmy. By wricecaihpciuaiady Ss e ayaiahle 10
show an chﬁY‘é AEs a%r(f&g{)ractﬁ]t r%%%ﬁ&ﬁd,%bl%%éc?%d%e%ﬁ&’t E8rpbiation

mechani cal vibrati oh génerators or transducers
of Irvine, California. However, the preferred actuator is a 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 tilt a mirror about only one axis and ordinarily have insufficient
positioning accuracy. Moreover, a pair of physically separated galvanometer mirrors
is 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, it is 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



are- supported by a transducer support platform 220 in a Portl nd2-4352212.1
50001/84:2 12 - $ JUL 2005 quadrature rel ati onship, whereby a set Z‘II‘II-

tr ansEpGensn22 200824, 226, and 228 are positioned at 0, 90, 180, b 39@3
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 hub 234 bearing a nm¥sor or reflective surface 236
centered with respect to axis 230. Mrror 236 has a dianeter of about 30
mmor less to reduce its weight and facilitate high frequency response for
desired beanuedratect reﬂatiomhipowhé%yi & sebaf wdnsduders 228y 8R4 | D2@ | arldh228

t I t 4 I I th d .
(0052} Four 219 GReNEngR ot Sk 160, B0 2315 SrerRgaral frsnoet © 2881ralis 238

d 248 ext d rh
ospocti ve BoeiRe Rl ILe ST arighis T Bheg R SR A Jhg e, TRl G

respective suppsdutembep23? I%da c2aBal portio28, huth2$h baasnglaerwirréroad | y
novabl e voi c oils r further description of it abl onvent i onal
Vol ce. oot | IS BRECe A T e WiBdeohar et 208 Sier ReaN:

Encycl opedi mo&g onal

I oudspeakereI:ag?%IeIFbEPEgIJI]ggII?anS Eg%rzgg?%@p;églrt rI’IIInechanlcglfa%Iw%IIljat I on,
decr eases t frequancy a&ﬂpmaegfor desilre@beaheccarpeatrmt uklirrdm236 [soeaatad with r or
support 232 can heneficially b de ,of a t wei ght terjal, such as
reCal (e g CS AR eBarieR einge Backenntir FedwaE st Sihse to
the electri 68farhBRY$, signals to the voice coils to be described. [0053] A
tip control generator 260 is connected to transducers 224 and 228 to cause
them to novi052]a comploemdightwsightoiigid shiuits br elingaterhstambest242, 4cdh 2d6her .

Simlarly, a ti) nt r,ol r at connecte tot 222
2nd 206 Lo 8248 Fa8R0 Ser Rl TSR RUn B A i S RE R RB S e a e

rel ationshi I%swet:hv@%hpﬁbmﬁerrﬁnbaﬁ@mohsazw?2@4I 856 eérh@QSBbeFPiéd fefl ective
surface 236 and a refl ected beam 2 IS p03|t|oned by t generators

control | i ngretsp@cbvee)ér@nésaug@rw@ﬁ%r?%s 286v ped di28umdnich arecafllectnqaéytm@vabie

travel, t . . . - . . .
+ 1O yoice coils. For a further description of a suitable conventional voice

coillloudspeaker arrangement, see Van Nostrand's Scientific Encyclopedia,
Sixth Edition, page 1786. The use of such conventional loudspeaker coils for
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. v

[0053] A tip control generator 260 is connected to transducers 224 and
228 to cause them to move in a complementary “push pull” relationship with
each other. Similarly, a tilt control generator 262 is connected to transducers
222 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.



conpensate for cross axis errors. The pairs of signals produced by each
generator assune a push-pull relationship, so that when transduce 22 1S
pul l'i ng upper term nal portion 252 of support nmenber 232 to the'rigﬁﬂ.ﬂwm
FI G Bog-382 2008 %Foni nd2- 4352212. 1 50001/84:2 13 10, |ower transducer 226
IS pushing term nal portion 256 to the left, to tilt reflective surface
236, thereby deflecting reflected beam 2788 The actuation can be
alternated at the beginning of an OIF run, for exanple, to nove reflective
surface 236 at a proper frequency and danped anplitude to conpensate for

negati ve. of 10cI A e PR Rt SR R P Rriel Pl 2881 P AR LD el

strai ght bepsfiquive. suttace 236 nkeréhadefienting reflbetedi searh@7i2n The actuation
conventional buffer zone can be processed accurately. [0054} Mrror systens
sui t abl e fofande aitemated at the/keginpinaceimO TH i, dafeeXaaPig, thmpvear ge

enough fi el 0 L gi ' I_.n_a range of
about 50 toﬂﬁ&ﬁﬁﬂgcrons; %%%g@8?%o@%@ﬁéﬁ¥$ﬁa&§§€§§gﬁ%&ﬁ%@hﬁ%dggobe

i npl ement edchRipesass f@aXineat @tdgctihginganlcyodyyaxis eiredtiog 1heathateblection in
a range of about 10 to 50 mcrons or as little as about 10 to 20 m crons.
.The m rror BEMpraing tie Jegritie ¢ftrrds oingamstags setting ms apd pueducing@ of t he
entrance pupil;: . ' n h nly and
can be. modi g7 ARG Pl Tus 38 HAP BRI ReR B INngR X B

appl i cat i ongonVé&tiial bugfeprohecaatdbhaprriesSed3@cliapelyi It Pl atform
manuf actured by Pl uses piezoelectric actuators for, high speed,
t wo- di mensi EQrQeﬁ)4]m r r oMigrior sysigms sitahlf fomgee wiRdbisdny@inmedn Pedet er ni ne

and ari ve. crpRerTnyeB )T HiereBrraleh Adua Ao RR AT R AE L TrafteR R

Ti p/ Tihl t El asfiection in aavandebf abant 5 POO weibrasist @pwever, such mirror systems
www. physi ki nstrumente. com [0056] The main advantages of the Pl Piezo
Tip/Tilt P& 694 Be é“PF?&Fe%t% fogé(ﬂséé@f'% C%ﬁﬁ%‘?'&Pg\YIRb’ BRYi]88I0eamhd has a

very conpaclcfbafrd R r&Rlbt ¥bout 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 Pl
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 S-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 ES| model 9820 positioning system.

[0057] Disadvantages of the Pl 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.



nmounts in an ESI nodel 9820 positioning system [0057] D sadvantages of the
Pl Pi ezeridi-p74bial focofthat form are that it has insufficient beam defl b 0
range for use in beamto-work scanning applications even though |3?§ Laéb@é
is sufficient for error correction applications; and nonlinear notion,
thermal drive, hysteresis, and high-vigl tage actuation are all inherent
probl enms with piezoelectric actuation that have to be accounted for.

Portl nd2-4474808. 1 50001/84:2 14 - $ JUL 2005 [0058] O course, other
vendors or other types of mrror or actuator designs are suitable for use
with this invention. [0059] In addition to all the other above-described

advant agees8]t hi s iOVeslirsenothRe V@ntdroF eihax dded oftirkdtoruutbeaesighsf or
the linear nmotors (jerk tinme, settling tinme) using the secondary systemto

cor r ect aresuitablerfer usaivgthstivs tnventianl y reduces the cost of the Iinear

not or s so r : t g 1 he
accel er i@lﬁ%ﬂl i m 'ﬁ H%ﬁ'ﬁ%&]ﬁ %@Qfggﬁ{%gébgpe's%g&géé& %%QBFQ%#GHH%%@%V\E an
enbodi Mpeimits srgh@etionose thes fsjuiimentstfenthalthesir mators (jervieme] sattifngr
coordinating the positioning of X- and Y-axis notion st&%es 302 an 304,

g [ .
and al séMLRE the sAFoRATY Sysiam tarpyest & armags ml nisosulzianiially r689F€$ oni ng
error  GR& %ﬁ&fbﬂ]'ﬂe lieaf HoRfs a{-TBta'l r %E%héﬁépéﬁﬂeﬁ&‘lo t&AMDI ned
into a single ~planar notion stage having posSitlroning control”Th the X- and
Y-axi s dhroecthipabsen the agceleratichalinhitafdhalinoanstagede, stages.axi s st eering
mrror ls used.to correct posjtioning_errors cause X- apd Y-axis
ot 1 on J0960E 505 Fk HoSOFDEREMROYTRTIGA KRN CHBHE] SYSPTaER0 of
gener at §i ¢ Y56 it i f.qr ]
o g B R B B O A o 0308,
316 to rdEpandialeo ¥e pasitivning of antwo-amissstageng soaor 300 faOositibring sl

positions_ of ,.X- Y- axi s tion st S and 304 are. sensed b

Feapect (oEregtion, DhealitfE' elphiSHo A pod s By BekithRipeBiigs shore

I epr eseryiamdr mbgoRetagd hﬁﬂﬁbtdd%ﬁﬁ)rﬁhﬁﬁcéﬁwmﬁﬁe X0 apddeaXisOdirsationsNdn a
junctions 310 and 312 to generate X- and Y-aX|sQl£05|t|on error signals. X-

and Y- adtandaydieneratiemalrppder vosaxis sfeeismiseed Ve is uredia eprrestgnal s and

e 2 A B 3G LSRR s R 55k 362 8 Posi L on. For
[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



and_Y-axis position sensors 318 and 320 are preferably interferoneters.
[ 0062] Residual error signals, such as those generated by ringing, are.
conveyed t hrough enabling gates 322 and 324 to a coordinate tnggsf r gson
gener dtof2-4328;! WRI'EA may be optional depending on whether notio g&a&@ 302
and 304 share a common coordi nate systemw th two-axis steering mrror - |
J UL 2005 w Portlnd2-4352212.1 50001/8432 15 306. In either event, the
residual error signals are passed through adders or sunm ng junctions 328
and 330 to U and V-axis steering mrror controllers 332 and 334, which

dof 1 ot For B almblén B IRt priadicps 8P el vy BBH BBt ng
errors of X-s@ﬁﬁhw% AictioAB1328Nasd 89630 302%mNd-B0¢ steBidgasirket contllegnd/ or
tilt positions of two-axis steering mrror 306 are sensed by respective tip

and tilt sersidtsnd38damdigBachiodisrodar diltrsdeediemirag30tdyaontglledi p and
tilt iti t d ' ' ' d 330
gener at o t| FARHIE PR EE oL EXa Pl g A ) I Pl g o r 1 o

control | ers 33dicHifg 3brs OF Xt WRAd NAxRY metiof istad S36P dnacd04. OTROBERR tipny
errors between the commanded and actual positions. For high-accuracy

appl i cati ongnd/eiit prsitions @étvagpxia steeringasirios 390crersaisgdaipiaspestieetipi c

(LB PSR 800 RS e UPORSeR A TA BESAUATAN fi
inductive sersitiRihst &ehetirmiesed thaddehd 6r solpsihgBmctichs 32&8nad3Rans Wil |

understand that U and V-axis steering mrror controllers 332 and 334

shoul dl be adg@pesatettip gn@\tiilt]greosi@rbertr@r gignalsol Y- and Mrexisisieriing mmohe
! o ! e ! ! 3
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gener at or 302twasn sied ectrindehded anddctugiqisitions. eF ¢rdtighcicuesdyi appifcationst her
the X or the Y axis, thereby enabling error correction for the cross-axis
whi | e | eavi BYOtads sieespaMiifRirdQisaiciespbly; & Bisgeetestria tiyErplatfeEm. & hows

an enbodi MRt pion3s R B98N 99 LR pRYEEET 3t8in gages. Suitable alternative
sensomnnayindudeopﬁcaLcapacﬁve,andinducﬂvesenﬁngtechnhuesfln
this embodiment, skilled workers will understand that 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



. for coordinating the positioning of X- and Y-axis notions stages 302 and
304 and, in this enbodi nent, FSM 236 (FIGS. 9 and 10) for MRCAD scans and
_ posi tifoHich ety #FO€Grrection. In an extended operational node, ..tlzejlﬁeﬁ@ﬁi ng
"mrror is used for error correction and MRCAD scanning. In this node of
operation, a position command generator 343 generates X- and Y-axis
positioning commands for X- and Y-axis notion stages 302 and 304 and al so
U and V-axis tip and tilt commands for deflecting FSM 236. Summ ng

bor tndz. 4352515, BegoTTaIoB iR gP Y Y8k duRieT e oA AT o
X- and Y- axings BRiHcUImehaafso 392 (RRMd3P4xd Nt ahl tiltt ddrinemeedi ment, al so the
U and V-axis tip and tilt commands. [0065] The error signals are generated

in the sane r as illetergor sipaalgare ganesategonrtbe isieore matwer agdn the

additional U, a -axis tip.and tilt— co nds e produced b ition
comand genetEROr ot solreBuRB e The SHEBREL e Poie i el ng”"
Because beandfm¥ids ardpiddatBd APt LOMPANPHERE o S4RIkS Bc¥bABlish anges
of mrror deflection, this enbodi'ment of the invention preferably enploys

voi ce coil dtewdasedsanie-arikseanning. Begsueerbeem-td-00ssEnd MREARZ al
operation, the paositiqn.commands for, MRCAD scannin re. used to .preduc

ot oss- axi 5 MARIBRTBPS HHRCHLE e ids! Tondns bRt tio o Bus shedient ,
of the noti osf thbagesntidioprRfEFablPERRI0RPRIES 2bil ARTUAEE FEMitRooRNEs niifigk woul d
benefit from on-axis suppl enental dithering to boustrophedon scanning.

[0067] The ceyste® 2@thenes depicted in these figures are intended to
illustrate t Sic i nent atian an ation of thics | i on. e
advanced conﬁbﬁgp?sche !y%i%fﬁ%ggé}{qpoége @ﬁg{t@bi%&"%{%ﬁ? ﬁW’g@rﬁ’%ﬁaﬁ%to
the notion sjregesedidp@ideeei dtgssakisahotidh bF thelaety bedm Withbliosematdrdigg i n
the art. [0068] Skilled workers will appreciate that the two-axis steering

mrror syst@asSeKis MosoN M dhe inptiaiastapes adigyreners ethel s@piigaliansnadié circuit .
board via envisioned that would benefit from on-axis supplemental dithering to
boustrophedon scanning.
[0067] 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 inventibn without departing from the underlying principles thereof. The
scope of this invention should, therefore, be determined only by the following

claims.



drilling, mcro-machining, and laser trinm ng applications as well as for
link sewvebings: (B069] It will be obvious to those having skill in the art
that many changes nay be nade to the details of the above-descri-bngUL 2005
enbodi nent of this invention w thout departing fromthe underlying
principles thereof. The scope of thigy invention should, therefore, be
determ ned only by the following «clains. Portlnd2-4474808.1 50001/84:2 17
- $ JUL 2005 WE CLAIM 1. An apparatus for directing a | aser beamtoward a
target location on a workpiece in response to target |ocation coordinate
position conmmand i nformation, the workpiece having a workpi ece surface,
conprising: a posiEoneajyaosi tioning the workpiece and the | aser beam
relative to one another 1n response to the coordinate position conmand

i nformation; firstl.aAd appacattisgos directing anaserdezmn pdvearc: @ target joostion oner
for produci,ng first and secpond sition signals indicative of. an actual
coor df nd WoRted biesipned & Btel fatiph topudBate nestiet Bomiy ladiiotea <o
per f or mig@WRRKkpiee8 haling AWorkSiete iR ePesmprigmge omand i nformation and the
first and second position signals and to provide fromthe conpari sons one

or nore error sigriapesitinoecpesitieniog the vibrkpiecerane thetlagemnbears relediveitnat e
position co d information.and th ctual. coordinat.e. position, the
Gi 11 or oRi0E SGGITS SROPPS o foRrinale meStinsh @i maPd I BRORY | aser beam
position errors atfirshgndveskdn® positiohfeRoracsimet toehepobsigbnsomkr ol | er
system pr oduci n% a position correction si nal in response to each error

Hr

si gnal predueiegfirg angbsesans pewtien signals insticativelaf @nmectaabeeasdingd? pesiag
posi ti orbqeqhé gosﬁigﬁg}.ve the | aser beam at or near the pivot point, the
two-axis steerrng m'rror, in response to the position correction signal,
inparting to the |@mseesdiegriranignyliniplementsrhtd pdrédrnebmpatisbheof tiger beamin

a nannerco%l#éi;g% Sgéitiér? cggn grrr]cf %fgrr;lgtriorg gﬁd trlugi ?i(rasrt a%%asngc%%%ipEcls%Poneéirg;gglss; and
and to provide from the comparisons one or more error signals indicative of a
difference between the coordinate positian command information and the actual
coordinate position, the difference including a transient signal component
representing laser beam position errors at the workpiece surface;

a steering mirror controller system producing a position correction
signal in response to each error signal provided;

a two-axis steering mirror including a pivot point and positioned to
receive the laser beam at or near the pivot point, the two-axis steering mirror, in
response to the position correction signal, imparting to the laser beam angular
motions that deflect the laser beam in a manner sufficient to compensate for the
laser beam position errors; and

a focusing lens having an entrance pupil and positioned to receive the
deflected laser beam and focus it on the target location of the workpiece, the
entrance pupil being set at or near the pivot point to provide a substantially
distortion-free deflected laser beam.

2. The apparatus of claim 1 in which the position correction signal
includes first and second position correction signal portions, the steering mirror
controller system includes first and second steering mirror controllers, and the one or
more error signals include first and second error signals that produce first and

second position correction signals to which the first and second steering mirror



a focusing |l ens having an entrance pupil and positioned to receive the

def | ect ednd-azet: Beasm and focus it on the target |ocation of the mnrkpiﬁfe,
the entrance pupil being set at or near the pivot point to pro%iﬂﬁ_ 0
substantially distortion-free deflected | aser beam 2. The apparatus of
claim1 in which the position correctjgpn signal includes first and second
position correction signal portions, the steering mrror controller system
includes first and second steering mrror controllers, and the one or nore
error signals include first and second error signals that produce first and
second position correction signals to which the first and second steering

mrror B?h%rbﬂ@r%‘r%@ééﬁ@,sﬁﬂd BOR&: 8haZsetdnd s%eé%? frgl%r EORFSIRIS g;&j[l{@%ond,

and the first an econd steering mrror cont rs producin

r espect ithve réspextiveritstsand adcqus position correetiph cigrs! godionsdotwhink the twéd ch
the two- axi,s steering mrro e n to deflect the | aser beam 3. The
appar at %}%?teér'ag_rﬁ"ifqgﬁem’éf‘ {Onégfg%giﬁ‘? eé.b[?&g'i"t ion command i nformation
i ncl udes ! nf or mat '(QnTh@raWéﬁJ's%T'dT&n{ 'T'F?n APRer tHE‘«.EdorEFPwa'fé’ﬁ%i%h‘é%n?Fnéﬁdis _
and Y-axis orthogonal coordinate |ocations. 4. The apparatus of claim2 in

whi ch t lifofrnationiactiidesdofedmaitioorfos pgsitibsingdbefumsitianer o fésnsctive -axinand
system qnd_t he.notion O%thhe Xis steering mrror is characterized

W th re]fye]?élﬁccgtmgo&aégg n@&ﬁ%‘%‘ﬁ%ﬂ% system and in which the apparatus

further includes & cypedippirgtus’ciTsdinl M AMEREHY firsPAng 8BY¥EHd BRBr 8ignafAst
one of the first and second error signals to the second coordi nate system

5. The &ppfrm tesadirstcgagrainate gysientand flee saation ofdhaitwpxis sigeriop|rairrordy st em

tar got - TBEAPiACE SRR LR TS A esh Horl e, Pua Bl o M beelie v, - o,

posi t i oipparatusfforthat inefuddshe cborditatertchrisfomn geptbegor fog converdingcatniéastl | ers
posi tioning tHe two-axis steering mrror in response to the mrror

posi t i oEPLlithedireAn bR HEr SAls BhtheRaopetGaoRdisAtmaYSter: The

P 12 oo OB SR AR il Qe ) Eonfom e

whi ch t Isystemoirctides fiest @ndgatondateésng mirror controllers, and in which the target
location coordinate position command information 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 the position
correction signal.

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

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

8. The apparatus of claim 1 in which the position correction signal
includes a series of position correction signal components, and 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 coordinate position command
information while the two-axis steering mirror is responsive to the series of position
correction signal components to receive the laser beam and deflect it toward a set of
the target locations on the workpiece. |

9. The apparatus of claim 1 in which the workpiece includes an
integrated memory circuit and in which the target location includes a severable link

for removing a defective memory cell.



posi tioned by at |east one voice coil actuator. 8. The apparatus of claim1l
i n whi chul@4speShobils@n correction signal includes a series of position
correction signal components, and in which the positioner scan} JUie 2005
wor kpi ece and the | aser beamrelative to one another in a second axis
direction in response to a series of jgoordi nate position command
information while the two-axis steering mrror is responsive to the series
of position correction signal conmponents to receive the | aser beam and
deflect it toward a set of the target |ocations on the workpiece. 9. The
apparatus of claim1 in which the workpiece includes an integrated nenory

Cenovi g a defect e THeabgads bPERIMON MACHARE yRSREERRIGEH8E 1o o
JUL 200életfronitheirayipsientans thudt is tdmmed tona pineddietrnimedqydeforetamcenc| udes an

electronic circuit el ement that is trimmed to a predeterm ned performance
char act&’r“'i’@ﬁ‘%f‘sév t%@eﬂg%rrb%%@m 11. The apparatus of claim | in which the

posi L1 oner. i nol udas, StidABpaidial oRERIATT AIRKN o BoSKBRKPhAANId aget on.

12. The apparatus of clal the positioner inc stagés that
ar e arr tadede ianrasgedl in 2 stacked cohfigunadibhon. 13. The apparatus of claim1l in

whi ch the positioner jncludes . a nar osjtiqQning stage. 14, A nmethod for
directing a | aser r:@ea & _BRB?'E?t‘éS BEF ip @‘c‘%{hcbﬁaﬁﬁgﬁ' 'O\WBF m}% ?tﬁg?ﬁsponse
to tar gfﬁaﬂa?é%Fria‘?i@e@i%radéﬁlﬁlﬁi@@érhﬁglﬂatiéﬁ.m”_d information, the workpiece

having a workpi ecé surface, conprising: positioning the workpiece and the

| aser beam rel ati V8. ttheoapparadus of ciaim T es\wbichdhe positioned inallides @ pfansrt i on

command i nf.ormati.on;. sensing an actual coordi nate position of the workpiece
rel ati vBog'ggpﬁ@ St@%‘r di nate position command i nformation; producing one or

nore error signals indicative of a difference between the coordinate

position command information and the actual coordinate position, the
14. A method for directing a laser beam toward a target location on a

workpiece in response to target location coordinate position command information,
the workpiece having a wdrkpiece surface, comprising:

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

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

producing one or more error signals indicative of a difference between
the coordinate position command information and the actual coordinate position, the
difference including a transient signal component representing laser beam position
errors at the workpiece surface;

producing a position correction signal in response to each error signal
produced;

positioning a two-axis steering mirror including a pivot point for
receiving the laser beam at or near the pivot point, the two-axis steering mirror, in
response to the position correction signal, imparting to the laser beam angular
motions that deflect the laser beam in a manner sufficient to compensate for the
laser beam position errors; and

providing a focusing lens having an entrance pupil and positioned to

receive the deflected laser beam and focus it on the target location on the workpiece,



difference including a transient signal conponent representing | aser beam
posi t i opret-f@fs atoshe wor kpi ece surface; producing a position %O-Mfggééim
signal in response to each error signal produced; positioning abt
steering mrror including a pivot point for receiving the |aser beam at or
near the pivot point, the two-axis st®ering mrror, in response to the
position correction signal, inparting to the | aser beam angular notions
that deflect the | aser beamin a manner sufficient to conpensate for the

| aser beam position errors; and providing a focusing | ens having an
entrance pupil and positioned to receive the deflected | aser beam and
focus i th@BniraAck PLGAbiRS 86 AMo0 e ' 1
50001/ 84:2 20 - I?r]u%ﬁ bzoﬁ%hﬁ%n%%ﬂ@eﬁz%ﬂﬁﬁgonﬁagrg% r@ltg U#Zﬁgglfythe

pi vot pdistertion-ee deflecteddaper baamagt the workpscei eee defl ected |aser

beam at the workpigce rf G f.claiml4 in .ch the one

or more error si g MERAERY Ll TR LR freufnprikln et g e

posi ti omnglade fiestiaml Secbrrl efrOEsigaRs Ahd He pasitios e6aABELHMPSighaphchfidsefirst on

signal portions, the first and second position_ correction si g_nal portions
[

pr oduce@ndrsgaesisprsition conectien pignal pertianss theliigt aad srgond POsHiosi gnal s to
e CoPe e ol T . i oh
Phe. coote e SIdR bort G bR Eel B rosddhee inEHbaRecRe oCh oobiig T ©

or t hogomratoraigials tapesitiondhe tws-axig stedrimgmirked of claim 14 in which the
one or nore error signals conformto a first coordi nate system and the

moti on of the jtvvo-%@ci §h§t@%§hpﬁ‘d3frﬁ|@iffbﬂ4ii%W%ﬁ@c@@’ﬂﬁ@@%?ﬂ?ﬂ@%‘ﬂ@ﬁ@@ to
a Secon%fﬁ?ﬂ%ﬂbﬂﬁﬁau§¥§§@é&i? and Y-%x‘i@'bﬁﬂo%n | BBrdIASte IBELESHSs. | ncl udes

transformng at | east one of the error signals into the second coordinate
system 18. The nethodhefmethaidroficlairm 14t ethichthet aiget move arfarrsigreads di nat e

position conmmand informatjog i ncl udes rror,. os'hi ?nin .in{ormation .and
e c{r)\@jt &
--dXi

the metROPTLIF ALYSY cRArdnate s¥eiem and dle Ml WOGXiR FIaREINg: 'PHEY 15
r €SPONS @HaPadtBAzedWithVefdlBRbS te Ssbdrdf Q3dFaliaes sfient, RAdNASIRILR théeor rect i on

signal. method further includes transforming at least one of the error signals into the second
coordinate system.

18. The method of claim 14 in which the target location coordinate
position command information includes mirror positioning information, and the
method further includes positioning the two-axis steering mirror in response to the
mirror positioning information and the position correction signal.

19. The method of claim 14 in which the position correction signal
includes a series of position correction signal components, and further including;

scanning the workpiece and the laser beam relative to one another in a
second axis direction in response to a series of coordinate position command
information; and

moving the two-axis steering mirror in response to the series of position

correction signal components.



s another 1na secon

" 19. .The nethod of claim 14 in which the position correction signal
- includes a series of position correction signal congonents, and further

includhg%iﬁﬁﬁggg&hggzthe wor kpi ece and the |aser beamrelative t-0fo 2605
axis direction in response to a series of coordinate
posi tion command information; and noving the two-axis steering mrror in
response to the series of position correction signal conponents.

ON- THE- FLY BEAM PATH ERROR CORRECTI ON FOR MEMORY LI NK PROCESSI NG Abstract
of the Disclosure Laser beam positioners (300, 340) enploy a steering
mirror (236, 306) thatOpeTH&-FEYBEAM RATHEERRORCORREET@MNaser beam

(270) to conpensate for croFPRMEMARYLINK PROTESSINGS of a positioner
stage (302). Atwo-axis mrror is preferred because either axis of the

posi ti oner stages may é@ﬂé{ﬁa%q of e B%Jk%r!g% ng work. In one enbodi ment, the
steering mrror is use ion only wi thout necessarily
requiring coordination hwisehbehen positibhere300s 8aQEempiiyt & @feanngmnes: (286f ast
steering mrror enploying a flexure nechanism and piezoel ectric actuators

to tip and t8PE) thed perfarors sealneagla dellpction ofeniassnaaaiv270)ir cprmassatag

ine, Teoul t10g PR Pois DL 6o 0Brs BPARRPRRLRD letle (ORI E MG =il

simplifying sosrefexéd pechusdeithesakiswithe poaioner bagayInay e wekkforng
T Or e O ning wark. [Inoms embodiment, the steering mirtor 16 uded forerror >
correction only without necessarily requiring coordination with the positioner
stage position commands. A fast steering mirror employing a flexure
mechanism and piezoelectric actuators to tip and tilt the mirror is preferred in
semiconductor link processing (“SLP") applications. This invention
compensates for cross-axis settling time, resulting in increased SLP system
throughput and accuracy while simplifying complexity of the positioner stages
because the steering mirror corrections relax the positioner stage servo driving

requirements.



