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Background Information

[0003] During their fabrication process, ICs (integrated circuits) often incur
defects due to minor imperfections in the process or in the semiconductor material.
For that reason, ICs are usually designed to contain redundant circuit elements, such
as spare rows and columns of memory cells in semiconductor memory devices, e.g.,
a DRAM (dynamic random access memory), an SRAM (static random access
memory), or an embedded memory. Such devices are also designed to include
laser-severable links between electrical contacts of the redundant circuit elements.
Such links can be removed, for example, to disconnect a defective memory cell and

to substitute a replacement redundant cell. Similar techniques are also used to
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circuit elenents are tested for defects, and the

| ocations of defects nay be recorded in a data file or
waledogor49nmp. A | aser-based |ink processi ng sysPERNUSHNG/032944

be enpl oyed to renove selected |inks so as to nake the

sevérQier%eiﬁ%rdeplt@\plr@@'érrP@iS icbhfigare I'o@l‘d)g")ll‘&Fu'cfé1 §u%ﬁ3ééjgaﬁa arrays or
the layout of the IC and the |[ocation of its circuit

ASI@$ éarpiicatignspraBarntagrated ugircuiisk nAftet @or lichas beendepricated, its

CIrCLﬁ{ elteF‘Eengé 32% I? Itf%% gc;ra e%%tgrAgﬁg glﬂ;% it%gﬁﬁpg%ztdl \Eg;c‘t%j b{%ﬁée recorded

ina slata ﬁl@rmiu@éfebt mabStA fseribaged dinktprocésying s;bstem cam bBigmployed
t he se uctor substrate to_be selective
to eSS a e ke40,aF o rake e Jeaiseld. praigedhbasitipralnformation

rega?diiﬁ?etﬁé'I%dt%ﬁﬁ%%a&ﬂo‘sm@ locatith BPfté‘%ﬁc@i?@Fer rﬁé aﬁ‘e known with
nmet aser beam and propagates the nmetro
sufficiepbactwrany.al ong a propagation path to a rretrol ogy

| aser beam spot on or near a structure to be

sel ectively processed. The nethod noves the | aser beam

spot reBalmgnt¢ thODis@sdganduct or substrate such that

an angular velocCcity of the senm conductor substrate

about its center is less than a quotient of the speed

ooel | hEEy REETOBE U et o2 SRR 168 b o

relatha wonalusknt c@tdm&tdrats&lbstraﬁnt Ravingd stivetures efonbesmwithin  the
ot. The pet hod detects a reflection of the netrol ogy
Sem!ég?@é’tlc

t?é&HPFV%‘i% torRe seleclivaly groqeseed by dplivering arrjogessing laser

e i
beargrjtet{oleg rtralggs,s?rh W@c{rh ; g ¢ F%H(;gt’ﬁtoégﬂ%?%%%?ateé@ Metrology laser
beamf andeprmpagaleeg;hel astrolbgatasgyobearal alongeat jprophgation path to a

e b0 SeY: GE 5B LhDS AR e SRR rocdhscs. The

metiSPARVEL Be |58 helaph §§6ﬁ%§eﬁﬂeﬁb%€%§hﬂ@oﬂcﬂﬁﬂﬁt substrate such that
structures on or within a sem conduct or substrate.

an angaKar \&e@GIBSQf the sendcidisierssulesitaie garous titsueenieeds é&se than a

quotzéxr{t gbgﬁg ;ﬂg%gqas%tr b%gtrﬁ Fﬁét{:r?;ll%ﬁlt #htggﬁﬁeetnﬁgghductor substrate

divnc@@nbyat distandeebeiezgy tHeasemidopdicn Gupsaatdsicentdriend the laser
beam al on a propagation path to a

nmetrol q | aser
beampsral| % mtBP SeSPstE Fote HoGtion oiiibeimetplagy laser beam from the
c t d
s 58 AR Jerbifig 3 FreENEpELRRY R Selddpoypo ocour, and
detelrmirss, tb@a&dmthqar@‘tbmbmnmgmqt anpaditon ef dgivdrmeteology laser beam
nmet hod detects reflected |ight energy

di i,on.
SP°?H?§H%#§E‘P%§E§%‘PH% target structures as the netrol ogy

| aser beam spot noves relative to the

[0005] According to another embodiment, a method accurately sends laser
beam pulses from a processing laser to selected processing target structures on or
within a semiconductor substrate. At least a subset of the processing target
structures are arranged in a substantially straight linear row extending in a
lengthwise direction. The method generates a metrology laser beam and
propagates the metrology laser beam along a propagation path to a metrology laser
beam spot on or within the semiconductor substrate. The method moves the
semiconductor substrate relative to the metrology laser beam spot predominantly in

the lengthwise direction. The method detects reflected light energy from the
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impinge upon said selected ones of said structures.

[0007] According to another embodiment, a method gathers data regarding
the positions of structures to be selectively processed in a first portion of a
substantially linear first row of structures on or within a semiconductor substrate by:
generating a metrology laser beam and propagating the metrology laser beam along

a propagation path that intersects the substrate at a metrology laser beam spot;
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generating a netrol ogy | aser beam and propagating the
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WO ni0eswes s t he substrate at a netrol ogy | aserP@EEN006/032944
spot; moving the nmetrol ogy | aser beam spot relative to

moVirip treemetrolutyclbeer Bedntsput eclatios to tl’f@sémicﬁindla@fdrls@bstrate along
nd detecting reflections of the mstrolg %gl aser beam
0

the 3F$t PrEiof; rand fletacting refteclionsi oh the me Y segypeam off the
v

S SRE IR HG TRVES, FRURIOAP by MBS R o e

semiRzoseldictor smimtgaiehelnaébgdagmerahwg matrbﬂelctd:et esrg“nallesBased on the

gatEaFH Sl 1B PR IeiaTENes WiSTedo GG pEoTRSING et pulses onto
the §émﬁt‘?§n%€§)r'éﬂlbétréﬁ-;cé’é“és%rlmﬁ’ﬁb@ﬁﬁ@n %'é‘?é%ttﬁd“%trgl:ides in a second

i near second row of structures oh or Wt o
portioam of ored udithstantigliy t linear Wm:l’ndl rTOWalmf sitictutes owni ©r within  a

oA P A" S S B 50 5 YRR et to i

firstpowi tions the delivery of a |aser beamto a structure
on or within a sem conductor substrate. The nethod
generates a netrol ogy | aser beam having a netrol ogy
ser b u ; .
[OOdIO opaga r':tﬁrgdt id p ﬂa%lb@ ggﬂe@r %ibrégﬁnt Sﬁ gﬁ%ﬁcgc] B50&88ns the delivery
of apawalg%mdn apalmctme bhe)rrmnmnla)gmnimelucmatmbstrate o'mhe method

or .near th ructure to be sel ectivel rocess
genSiaig b SO0y 4T | REATORAUNG: e TTGIB0b Jaspadisam Spot that
lnterl%%@ ftheMstib§irtbr %HU[E‘P%%%J!#&@b egerﬂéﬁéfopg Ié’éer beam along a

reflection s;& ect s en t l'ecti on
propsiggtian ratbde eametrok&glydaaer Reaposagdiven tas rezdrdthe structure to be

selePRdY HiGskAt o meliod S6tEs B Bheun & edbRtploih teser beam

frond fige Sstiudtire! @h%bye?ér’m?aﬁﬁé I ¢éfledtionl sighal, "Bid Ae&dts when the
beam was det ect ed 0009 used herein: the term

reflecan signal icosses tigempl@m&esmnswmtatsal.mgﬁtq@tmm the method
gené‘l%ﬁeé Hﬁ% pFHcregg‘hgylaQ@r B Sam; Ir&ﬁ) o%‘é : ﬁ\;é%lﬁ%%g?lggrlnaser beam to

the étsumjateawhem the" reﬂscta)rbofotadenehn@ogﬁ berathwas tietectedbout
or approximately but does not inply a hi gh degree of
cl oseness; and the term "adj acent™ means next to or

Xt in ul @t d
[0009& A%ol?féld %lrén'ﬁt ﬁée t%@ﬁaggt §§ it e()l:at'e%l l%p Fﬁ?ﬁ@él feationship,

mea\@lsyrmtouﬁst desetiden bytotep] abmteaudvsr c@mmnemunggm aey way, partially or
S G operation of art ar_enbodi nmen

foly B e BB RRfINT RES b Pisithg R e e PO uitE Hiagydmately

but %r@eé het heblove hight dshrele M dlaserBsE CANMRSE e F ljadéntt Rfsans next

to or nggg‘ nq ga series (e.g., the letter “F” is adjacent to “G” but not “H” in the alphabet)

without implying physical contact.

[0010] Details concerning the construction and operation of particular
embodiments are set forth in the following sections with reference to the below-listed

drawings.



[0011] Figure 1 is a sinplified diagramof a link
processi ng system [0012] Figure 2 is a block diagram
wW@Boorl24969 nk processi ng system of Figure 1. [ 0BAT/B$2006/032944

Figure 3 is top view of a sem conductor wafer. [0014]
Fi gur e @riep DasslififoryofieWraligssem conduct or waf er of
Figure 3. [0015] Figures 5A and 5B are illustrations

of alignment operations using dedicated ali gnrrent
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structures for lateral netrology. [0021] Figure 8Cis
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grment di Qg red | ect t_ ¢d
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dedicateihaligrimsmtrtatgem of a segnent of a I|nk run across a
nunber of |ink banks with both a processing | aser beam
spot and an alignnment [|aser beam spot.[0023] Figure 9B
an i f [
00E) per ISR o B RO Incoril R0 g enarget
beam spots and an ali gnmsnt Iaser beam spot. [0024]
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links with a processing | aser beam spot and a segnent
of a parallel_link run across a nunber of |ink banks
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run acr oss nunmber of |ink banks in
the same row of links with a processi ng | aser beam

[00159[1Ot an%gureaé/-{ %n usltraa 1812 o?%asrggsrﬁent of a link run across a number

of link banks with an alignment laser beam spot.

[0020] Figure 8B is an illustration of multiple laterally spaced metrology link
runs across a segment including laterally offset partial link-like structures for lateral
metrology.

[0021] Figure 8C is an illustration of a metrology link run across a segment
including a reflection target designed to convey lateral metrology information.

[0022] Figure 9A is an illustration of a segment of a link run across a number
of link banks with both a processing laser beam spot and an alignment laser beam
spot.



[0026] Figure 10 is a graph of reflected alignnment
| aser energy as a function of X position across the
wore@dioziobd nk bank of Figures 8 or 9. [0027] FiRCr/ES106/032944
is a graph of reflected alignment |aser energy as a
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pot across the mddle link bank of Figures 8 or 9. [0029]
F| gure 13 is a graph of reflected alignnment |aser
as a function of ljink pitch. [0030] F| ures 14
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threshold for use with, the nmethod of Figure 15A [0033]
W““Fﬁ'b%'l‘%ﬁ“ﬁ'@@i@(%%ﬁ‘@ SPPhwcharts of methods according to
various enmbodi ments. [0034] The drawi ngs are neant to
facilitate understanding of the principles described
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nunibef of ik pikSin ST 4R OBl S g BliesRliser peam spot and

an dligaAn’pe veser behatisgstaw ngs, this section describes
particul ar enbodi ments and their detail ed construction

and operation. The enbodi nents descri bed herein are
t for I ; ' ;

[00%}" 0" EuRY A el of ikt BiAbng HA8F Ently 28 function of
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descri bed herein and that other enbodi nents are

possi ble. No attenpt is made to exhaustively catal og
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L f] t he delzésucrrl bed e%"?gﬂl nernts axg For tehe sg“tyl
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or steps of certain enbodi nents are presented w t hout

undue detail where such detail would be apparent to

[0028]ose sIFidured 1@ ah 12Btareryrhplidbf afficttwl dlprhémdaser energy as
herei n and/ or where such detail would obfuscate an

a fungtien of ahBPsIoBANGZ qsEian, fespectively, across the middle link bank of
Figures 8 or 9.

[0029] Figure 13 is a graph of reflected alignment laser energy as a function of
link pitch.

[0030] Figures 14 is a flowchart of a method according to one embodiment.
[0031] Figure 15A is, a flowchart of a method according to one embodiment.
[0032] Figure 15B is a the graph of Figure 10 labeled to show a threshold for

use with the method of Figure 15A.



aspects of the enbodi nents. [0037] As one skilled in
the art will appreciate, certain enbodi nents may be
we apabteenf achi eving certain advant ages over PEEUR008082944
prior art, including sone or all of the follow ng: (1)
[003B]eat er Fﬁglﬁékl P6Al16T catbadyweRAltY e6f PgethegeT adaiiliiabi &0 various
to a selected structure; (2) less reliance on
emhgsineatsed al i gnment targets; (3) nore robust and |ess
sensitive alignnment; (4) sinultaneous determ nation of
bot h focus depth alignnent and on-axis alignnent; and
[0034]) i nciThesdrawings aré mbmluwmmtaf&eademmhgewf the principles

nmbodi t | |
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sze'éddd?été%t es a typical link processing system 100. The
0

system 100 conprises a |aser 110, which produces a
| aser beam 120. The | aser beam 120propagates al ong a

pr opaga '?n. par.h until| it_reaches a workpi ece 130,
whi ch immﬁﬁgﬂﬁmfer at a | aser
beam spot 135. Di sposed al ong the propagation path nmay

be a nunber of optics elenents, including a mrror 150
[0038]d a fMV¥ilsirelpreRes tocthe wheverdisiedi dravdngshehis ssaotion describes

oD, bRl 408 YOIPRAG gRRcRA, ) Shgblon.  The

embeihieh0desribgdi hereineart sgpdorti be way dhillesteatiodOonly. (Mhese skilled
Z direction) underneath a stationary, ogtl cs, table 105,
in thgRié wils Lﬁmsewzse inHwht g& ehe tffehmeﬁ@ewnrt at vagiationgan be made to

the fear gvvz'a'?%n@ e mrkpﬁg%éﬁ can cﬁﬁé‘err%m%gamgétrs neat hO SSIbIe No
attetripé |9(Yh@d!eaitm: exhapstivEingatalog mll passibdé epninddisieots pnd Mt possible
car t| on.stage 170. [0039] The notion
vangﬁ Hﬁ‘ ”6% @Héh%?é'PSP%zed by X-Y translation
tables in which the workpiece 130 is secured to an
per stage that noves along a first axis and is
[00?z4{ippor t EQr ihe sakewd clajity gadt ecpncisaness, aeitaig details ehaomponents

or s?%l SIS mi/egH me%}%(%?efcﬂ Ea%%rg@?e\ﬁ ?%gﬂ?gygtc%@wvhere such

detdilewoullobe tappareit t&tgmdseswlléwmt@att ih3gharat theytebehings herein
referred to as stac S e positio syst ens

andipr - WHSES tHHehy gl ¥ %ﬁgm@sa'ah@ dereianting wismoge pertinent

aspé&@df Erdc@iRelal ch supports the workpiece 130. Such
p05|t|on|ng systens can have desirabl e positioning
accuracy because interferometers are typically used

[Ooﬁggﬂgsf gh r%((lm gleﬁel{)gf\ ﬁl&%pﬁ@ﬁ? 4L BaROSbbamdHits may be

capable of ach|evmg certain advantages over the known prior art, including some or

all of the following: (1) greater positional accuracy delivering laser radiation to a
selected structure; (2) less reliance on dedicated alignment targets; (3) more robust
and less sensitive alignment; (4) simultaneous determination of both focus depth
alignment and on-axis alignment; and (5) increased overall throughput. These and
other advantages of various embodiments will be apparent upon reading the
following.

[0038] Figure 1 illustrates a typical link processing system 100. The system

100 comprises a laser 110, which produces a laser beam 120. The laser beam 120
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preferred for |ink processing because the size of the
| aser beam spot 135 is typically only a little bigger
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bet ween the position of the |aser beam spot 135 and
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170t he wor kpi ece 130 is carried on a single stage that is
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[0039]xedpoThkimbtion @tagd 470 VRAY Be cHEFhCIBYigéE By XNafahalation tables
t he workpi ece 130 in two di mensions by coordinating

in whieh themsrkeiese 130es secueaciosan wpper $aas dhatyoeyes @h@nagﬁ\ first axis
andz%/ %Hgﬁgrﬁg@bfe{ %&%t?&%eﬂt?étem%eé %‘oehy Q%e&gﬁd \éﬁ@ﬂ%ﬁ%ﬁdlcular to

may no € necessar
the :ﬁlrstteaxnat i Suchrsystemss tyipdeatly mosetthenmbrlkpudc@seso remative to a fixed

bealLReSIRR i ASeT 569 Sob | 35 A Bat RPN 7 [ pisiacked stage
posi\gﬁgwgts‘%ﬂt&ﬁg 'b%%aﬁ%’% e 's‘fé%@ggéﬁ dr¥s He méYﬂleﬂgnéfé‘éﬁﬁle upper

by novi ng e wor I'n one or nor
stagsi mdeh @ulppoﬂegﬂnedl\l\@a:lspie(:eutiﬂ) f oSm:htncesmmtlmg)rsyste{ge can have

oot RN TR e T, B it 1B aon
each GR#0pb ddteinine2he abdohlte postioadTatchistage rI'hl?sklevel of accuracy is
processi ng system 100. Along the propagation path of

prefeﬂéd Ifaskink pwsessipo hncaneedhe size ofdbe lager beamispet 135 is typically

I
on 511 e gy e 0o Bl BICUEIEReRey ygppeen e
position rafrthé S&seraveshrh ypot dGGSa'n’cgtHeemgéiGIﬁ)k dde réM idibcomplete link
sev%rmggogg %cﬁté tﬁ@ q-bae f?fjé%%/qrég '(:3 i |cgggqm]$tégyyafers results in
sma%XFB&tlBHi‘ﬁ A@I”oi‘é“bot@b{tleﬁ @Sﬁélﬁg MsEf Ig4rm I | tﬁ%ﬁbﬁgtrudures.

an R I gnal” having an appropriate a
Altefnadiyalyndn, soﬁallmmm@xmpobﬁomng systems, the upper stage is not

supported by, and moves independently from, the lower stage and the workpiece
130 is carried on a first axis or stage while optical elements, such as the mirror 150
and the focusing lens 160, are carried on the second axis or stage. Split-axis
positioning systems are becoming advantageous as the overall size and weight of
workpieces increase, utilizing longer and hence more massive stages. As yet
another alternative, the motion stage 170 may be a planar positioning system, in
which the workpiece 130 is carried on a single stage that is movable by two or more

actuators while the optics and laser beam spot 130 remains in a substantially fixed
8



configured to selectively block or pass the |aser beam
120 to the mrror 150, through the lens 160, and onto

w0 b@7oookpi ece 130. I n other words, the AOM 14ﬁchﬁsmmem2944
like a light switch or shutter in the |aser beam

posxponpagat |\m:e pagrba. | tSuch agiéuemsoﬁfdris]/atéoﬂfd Mcﬂk%i‘écéS@SO in two
in a partia transnmtting state
d"“%l'?%'@"%g?yt ﬁ%orﬂmt'mﬂot i € %@30 308 AcHatpELSame planar positioning

systBAR ifaydfiso WY & dfsroﬁt hel Yoridid & YatHoY Ut may not be
PRIt o Bha

not conpletely i ng, aser em ssions
necessany @dtdesithabley Otleer d@natnmmqimpsxgmmw ppsition the laser beam

spot, i Wit i i GRriEaEeE, 150 By miVing e b Hon apit 138 n ore or

moréwiiretB6hs @ith @d@até@@ﬂtléé 3lick E%I\?d%nﬁ’etbfsql# fhovingSleRbes and/or

nmodul at or are exanpl es of sone such alternative
by rgving dke waonkriere A3dpiariecer gone direcons. wRieghrdiess beits form, the

ot e RPN B o AH s, e CH P 2Pk, ot o
timennta substartipdly st@ightgatieports that position data to a

controller 190 (which may be one or nore conputers,
processors, circuits, etc.). The controller 190 uses

[0040 i bfaFlg%‘ﬂe%&ﬁ%ﬁ%ﬁ@?é@ﬁ%ﬂﬁ&ﬁﬁﬁ%&%%ﬁﬁgg%? mlgﬁo. Along

iS relative to m spot
the peopagaiionapatis wfstie tlaseyebeanp 1295 betieah thentaaens110 and the

workifedt aRBPAY L ar SUuiBer B Opliog Slerpniso yasiuding: ik agpustic-optical
moduliasr proM) i) thd harrbanget aﬁanhé%cds‘fné YaHsC 9B,y The AOM 140 is

generated, for exanple, froma testing process t
resp@@ﬁ@ﬁﬁﬁrﬁe@mfr@ﬁuenm (RF) impetavhich ichanpes the Hipbetion ib3hich the

sofEaELF nd AOS E e SEMAE St Bl 49 i an e

S!gnaled\anm@ntanelaﬁﬁmriateaéwhp%lae( gaapﬂbquemweﬂwedmmnhm can be
ot he ata indicati n(_:i the nom nal or expected
P

Confks&“r“‘i’ ?%ﬁglesﬁvw PlogkKspass the pseiceeriad 20Tadhe snirios|168; through
| t

e 16 e LT GORARE 05 APl PE ATt bonas

like ahightmwith et alyettar7d e ket bebm bmgahearpahot |t1§5ddmona|ly

posqi& 6138 B LONERED I retelh A iami tﬁ@%t'g?%é& Vmgdne AOM 140

with Wltp”oWérQif re90ced %fn%lﬁ@dié/ CIHI b e ﬁshﬁs &iTht fY atlnlg but not

based on position data, as that ap roac row
completely dbleckingc dhenleser G%@éwnputi@éspropagat@aim thie. Iaser beam

assigned to the assignee of the present
pmplgﬁvggq ﬁéﬁ" and incorporated in its entirety herein by

ref erence, describes |aser-pul se-on-position

hnol .
[0041fC no /gl%/ device capable of functioning as a light switch or shutter can be
used in place of the AOM 140. An electro-optic-modulator (EOM) and a liquid crystal
modulator are examples of some such alternative devices.

[0042] A position sensor 180 (which may be one or more interferometers,
encoders, or other means for sensing position) senses the location of the motion
stage 170 and reports that position data to a controller 190 (which may be one or
more computers, processors, circuits, etc.). The controller 190 uses calibration data

to determine where the workpiece 130 is relative to the laser beam spot 135. The
9



[0043] As used herein, the phrase "l aser beam spot"” is
actually a shorthand expression for the spot at which

W b@7ax4969 of the | aser beani s propagati on pat hPCT/US2006/032944
i ntersects the workpiece 130. To be precise, a | aser

contPSIRIP 19D 8o REBESSERS tan@t Aldp $95BWhiIERTontAhs P RIdfeating target
the AOM 140 can bl ock the | aser beam 120 from reachi ng

positinas wortheiverkpiese. 134 that should ks irrgdiateda(eqgyl tegeversatink at that

posiBf ihebRro8h i, 485 P HEPERR: vpSlaiPn T talipe "I a testing
prodele thas aetepmiasswhichPEeait deniuitd in e werigiiscé N80 are defective,
wor kpi ece 130 i s al ways present and rmvesh%lg?%n“giét he

logig hatadetenineseviisniiikecte rogess to rdiserstnes gie jgigments and
onlf 38PN PEIHE L 855 CRBREICE L ARRL Wi r oor cat
indiceting the inobpninal af ieypeeted positiohs ot otheeliniks & lbecpestessed. The

conG 190 hRaaIl e EaPERPES o HUgsan (hE dathT, b ihahe shuttering of
the ﬁgfl\ﬁ ri42d ahe lﬁé,rﬁ@@i@%ﬁdﬁ;ﬂ@ﬁhoﬁ@ﬁ% CRIG o thQﬁ?HeaFégér beam spot

amspot 135 1is s across an alignnent feature ]
135 dravengesvovéipeadte target amidemils hdasetpelserthat maches thedvorkpiece

130G ine farci 1 THR oy A8 w2 Bk ATl St sl fifl.pased on
posiliBf dAat Bs thef lapptd@@hepsmmessm?qcow&e pYatEmeho BY exSer pulses.

s readings to the controller 190. The refl ected

U-Siatﬁé‘iftj}i Neadiifgs32frassignaddta Henaseignes gidbetrresent invention and
inco%@{a?éldq% 98 EhfSy rh%r&ﬂz b}tz ! r%ﬂaréﬁ?é,oEle%grgoee%rl];%Te?—rﬂulse-on-position

onconmmands “sent he nmotron’s
techioldggt ences in the received refl ected power when the
| aser spot falls upon the alignnent feature, and the
area surroundi ng the alignnent feature, are

[Ooz%oﬁgt er pr alsegsdly hEFB?n,C%: %ﬁ%‘gggr“lé's%q'béﬁnﬁ’% ot i%haétnﬁlh/ea shorthand

sjti on coordi nat es, uce the location of t
exprgisstpmniort thiee spat at iwhichetheoaxidi ofathe daasrepearh’st heopagation path

. osi.tion sensor the notion, stage 170. .

mte%;ﬁtsc e!\gc,)r eal}i?@nﬁ{?n?e PLEGiSH A !ageﬁgpgnmsgw? ﬁometlmes and off

sonefiM e’ tForcexdmplet tHe ADRR 130ca8UNEEKthe! IBSePbéAMMET from reaching
feature, resulting in increased optical power received

the wprkniece 380 ediseanelhier gyameles ¢ pulsgd UaRat kesen isBeriodiealiy on and
off. RN witén W@Hs@ﬁée%’fg&i? otfpﬂloé\)e\/?ﬂ r{ﬁé‘ggg)leﬁf \%ﬁg tpﬁragbsg%f the laser

npari son o ure locati'on erm ne
beatrf® pedpagationtpatic intersentetie wotkpiced ¢3@ s aiwaysi preeeat and moves

data indicating the tar | ocation (e.qg., _the target
a‘oﬂgaa%e agp Wé’tf‘é?'e%%\ﬂgé@%ﬁ@d“@@%%"ﬁ%ﬁﬂ@e‘“?ﬁ%&

| ocation, scale, rotation, skew, tilt, warpage,

pi ncushi on distortion, and/or other planar or higher
[0044lder (Figure 2 dlsealepicie adicamalspliter 195 and arreflected energy sensor

198:: glﬁlwgcz{ Qi?ﬂ%@L\Ese%chﬁﬁ%\ig]?ﬂrﬁeglflgr}n‘r\]gnt%%gitgcc%llégp rec%lre&erbeenergy from
the workpiece 130 and to measure that energy. In a typical X or Y alignment scan
(sometimes referred to as beam-to-work (BTW) scans), the laser beam spot 135 is
scanned across an alignment feature on the workpiece 130. The reflected energy
sensor 198 may be, for example, a photodetector. The reflection off the workpiece
130 passes through the beam splitter 196 to the reflected energy sensor 198, which
conveys its readings to the controller 190. The reflected energy readings correspond

to numerous position coordinates from the position sensor 180 or from position
10



system of the | aser processing system 100. United

States Patent No. 4,941 ,082, which is incorporated
whenghmoby reference, describes some hi gher- or BET/US2006/032944

calibration techniques. As used herein, the term
commaandgreanitio theowiipasiage X70r Dﬁfabngesmnthe(@beh@tlhbﬂe&ed power

whe S VaREE SR Bus B dhe AlionFtent HBatig el fresras sugpunding the
alignrhents fédturs, eareaintufppéiaar b% hgel é@rﬁ’rol%}t &' dalo bé with the position

associ ated optics are stationar e 'wor kpi ece
coongiiates, terdaegduee tb@ﬂ@@tloarofstb@@hgmnbnhwatm mfthamercbmte system

o B0 L6~ e bbb 70 AL e Ahment foature

is moed hightiereflectivee trearothieedreaFirr iRy the élfgn%%t feature resulting in
e to what is shown in Figures 1 and t he

mcrﬁéq%[&&#azpowﬁé recRivqd Brdhe spinctadsnergy ws\mﬂl%owm'erthe laser
beaﬁw@p&“@'cﬁfe‘ﬂaké%m tHal g % é{?ﬁnéﬂefe% pi ?fg-?;%%gsqf’n;bl‘ the feature

e nmoving the optics dware on the ©
locatios determihed tbemgh themaligmment sgan Iprbeeéshwltﬁoltdf@r@nce posmonal

data HEFRPA 6 P BERIA (Gt dha0BroRl eaal 93 arSAD data) can be
used Ubs calitrafd |the Slocation! s&alé, dl‘dt%div\ggi?ewp‘glltar\%llb%ge pincushion

alternative, both the opti¢s har
distagiienpardler Titerc alanee arohighet orgemniede threb adimemsiwtalovalibration

SRS b LB P T RS i Bsorinate
systamr«fpﬂeclasée@rmeSsmg system 100! | Bnfé@ BthRes thern?fNSo a4 941,082,
nove the | aser beam spot 135 along t

Wh'cﬁd? HB?%’@@@?@ hesginaby referenge, ctaseribes Somerbtgf@ﬁ—wdergeahbratlon
techHEYueQeA‘éstf‘ééot RerBRY hd nPeJIbh it é’rﬁ’éc#pgﬁggos% )E%{ thg%s’ment (or

l'e 105 1 n one direction,
bOth)anE depdh rfocumng,saageﬂWGthmytypey&)ftﬂsuslﬁmfd{mre@@tm(brieﬁhtatlon or
ot her direction, such as the Y direction, to provide
calub?%,o&l ve motion between the |aser beam spot 135 and
t he workpi ece 130. [0046] Note al so that the purpose
of the laser irradiation could be anything, not just
[0045] nk bl Nefenthat Tihds damatedabivhetteri theattiser | 110 @ayg #te dssociated

oot B BT ond 8 G0 A0 BB S e s, or some

comlsmatmm lof enovernést bBRptith AodidPbeOBNPAR thh@RCfequired, is the laser
n can induce a state change in a structure's

bea”r‘rﬁ‘?@?@ andaliiseverkpiagegt mveowelafmsam ene anotiiererFor example,
as oﬁﬁﬁﬁ?ﬁvﬁ?@%ﬁ%éﬁ%owuﬁ%F%ﬁ éé!q dgf%g'gggploﬁ S thS1aser beam
spot éISéccam bel variedc aver theowodigiese SBO&W uoRting [ ddrkpiece 130 still
whlle Eh%pp? ICS ﬁgra/waervev grfm tﬁe Sb%rtrllcg Otgglléc% (5)5r \?ﬁftﬁ;t c;\l\gé Ca motion
stage Ilke the motion stage 170 may be provided to move the pertinent optics
hardware on the optics table 105, typically in substantially straight X-Y directions. As
another alternative, both the optics hardware and the workpiece 130 can be moved
to provide relative motion between the laser beam spot 135 and the workpiece 130.
As another alternative, the optics table 105 and the workpiece 130 may be still, while
steering mirrors are used to move the laser beam spot 135 along the workpiece 130.
As another alternative, a motion stage may be used to move the pertinent optics on

the optics table 105 in one direction, such as the X direction, and the motion stage
11



typi cal formof the workpiece 130. This workpiece 130
contains a nunber of dies 210, which are generally

WO 200d/021969 i N a regul ar geonetric arrangenent. BCTUS206/032944
of conti guous dies in a typically rectangular pattern

170%5?%6\9@ Eﬂnb@@"‘f?@)&mr SI% r %Iﬁ'@ctléﬂ QfchNgsthé h:edlrectlon to

corners o are I cate gnment targets 230.
providie relativey rrhmoadmmveen dhe sy baam spaiﬂ@étanct ﬂi@tW@lﬂf@W 130.
on or near each die. As nentioned above, the alignnent

targets 230 can be used to align the | aser beam spot

@5 10 Nl WEK PhACH13Gpolt | B NBssiriadigtidie coaldf b@mnything,
e alignnent targets 230 in each corner of

not wstdmkdwiowrr@gu dhe2pwpese dbdhe deadiation anay bgttgntﬂlﬂb machine, trim,
sevgﬁ?ch Onsﬁahtclé;ae\}&, g&a%%gﬁgg%ﬁgﬁsd?ﬁué@ taPm%aF rF\'\é’és‘ilré%\ structure

xanpl'e, ace

or 4 gRaickaNs Fan dxanfe) ilasbrt mcﬁét&)tkmammrmluceea state change in a
al i gnnent target datatoflt urf ce to t
strugturg snaateriabgeaiise the mlwéie& lgerrf@PSP?Qfd prgperties —

any, C\ﬁﬁﬁhtdo‘ﬁﬁh gs‘ﬂgéﬁrt}él é‘d?{rﬁgf:tdléﬁbrﬁ}%@@tunwﬂnbalfﬁ U&hrepalr electrical

nirques are usef y are al s6 suffer fromt
cwcf.lmﬂylmthgr $tnctaresnt al limitations: (1) the dedicat ed
alignment targets are limted in nunber and (2) the
al ignnent targets are at best indirect indicators of

[OOIIJrf POSiih Qs 30k éh@p'\hé\%sof' A dehsicbRdGstbPwadér, tigich is the most
gnnment “regi on 220. For_exanpl e, a dust particle

typlnaldinrmeaf thet workpiecm 78Rt Toigi workpEendy0 canting genumber of dies

2 G 8 6 I B BB A orous o

con@lbhg?% tdj,@si gn f;ﬁ*t;@tﬂé@lyofedté}?gmbn pattent cbaiigates ah OdligBiment region
si de view

22(F|ag@raear the earnee @fsWhlﬁB%f%@'ﬁdméﬁrga@Pm@{fa a'w&%?a;%%” %30. There may

be é@pg%ﬁal %ﬁgnﬁ’i@ﬁt ?rgteﬁéé@nétr ?(ﬁtﬁﬁﬁ) BM%F%%N cath dl@n As mentioned

erent fayer o l ece 130 and therefore at
abavedittid allgrnhem taegeys 230razm behesed m<ahgmthe|1eaelelsean§@ot 135 to the

5 RO Bt b it 730 i o
corﬁEF SPEE &ffigh ﬁ{er'@rreélgﬂeziﬁ gah b@nied td Balbhiatel tl b@@ltlbﬁ)@ of links to

| erated” In sone cases where the layers o
be ph@cemeupuma eam digrip the gtignmesitiegionaskar ﬁ&ﬁ@pl%rﬁuafﬁce fitting

et baf 5 B8 el Bk TG, o) PGP o s
modBHtd W%lliﬁlﬁﬁnf rgivhheThiedproatesl nalcbgfmmmly lb&rrm $o as position

230. [0049 ures 5A and 5B are illustrat
geqnegvne@mec %r(gﬁﬁ‘answml?rfgm& *Géhﬂlélaﬁwfah%&hﬂeﬂ}ey are also suffer

fro@a@%efo Ié\\%ﬁ dgh%ﬁt @'ﬁ}tamsal 'ggtgg”(?%dl@éﬁ% :ﬂ@meﬁﬁ%rgets are
limii@d Qtehumrlanda@)%alahgnnmm targets 8@Dat best mdlrec’t indicators of the
positions of the links in the interior of the alignment region 220. For example, a dust
particle underneath the alignment region 220 may cause the workpiece 130 to
deflect in a way that alters the Z heights of certain interior structures but does not
alter the Z heights of the alignment targets.

[0048] Figure 4 is a side view of the same workpiece 130. Figure 4 illustrates
the fact that the alignment targets 230 may be, and in fact typically are, on a different

layer of the workpiece 130 and therefore at a different Z height from the links in the
12



The beam spot 310 traverses this path 320 at a nunber

of different focusing heights, and the focusing hei ght
Wee@doziosy the sharpest edge transitions is USBCI/US2006/032944

regi ster the edge positions of the alignnent target

dlesiQ’(D ThisFZ offeet &dh coimplisateralighfidifiSn itise ZediRRinaibn 0 i.et,MBcusing).
irection aI ong a Y alignnment path 330. When th

E'thaﬂ rust e acppynted faRior semeimisaligamant I@&%E&mctlon must
be ﬂgiér%f&gg uceéjﬂgfégs@s' {R/hghglfﬁ? rst BEThé qﬁ?rﬁ? {% gg% vary in Z

at a rom scannin gnnent
thlckr@,ssbes fd duvection] 6D tedgral X-I’qu»@lsltlbhe |1ameg/nbenitnnwshﬂe 330properly
erfectly strai t he

accwﬂffg’r 35@*49%5'@ fioy |Rﬂ8§9raﬁ)%tallgﬂerg%nttariyfb?@qwata from the

dedieaERNdliginmentthrgeitohsdi ne notion of the workpiece 130
and/ or g?jlhe ali éﬁment | aser beam spot 310. Any

rotational or angul ar novenent of the workpiece 130

out i ter pr.OX] e cent r .during the .. .
100a¥0 " e FbEEL N B BBEAS LIRS hE B msRE dRsgations using a
deducdfe@l hbgr?rﬁém tafyéthpsEh lhel*lgtlté/SASta"naaEﬁHméhm%sgpbbﬁﬁw spot 310

wor kpi ece 130 and/or the al i gnnent | aser beam

tfaV%fﬁsﬁ b@ﬂ?b apgrioph @&sﬁﬁhﬁ. afiganasy taraebRBP i enahalignment path 320.
The et} L6t $PHLydrSes fif8Sin Sho'ie MRhbE! @@gﬁ]égéggfé‘@?@g heights,

novemnen t he gnment
and tthatfomuslrpg éafecg‘rﬂkpirgdmmng tthe sﬂameﬁ@dg@N@n@ﬂﬁns’r@&se&W register

the £397 poSoRs 15 5 AUBNGISR AeraSRLh: | BFicare DB dhasege procsss is
repéa@@cﬁlﬁﬂﬁéw Hﬁ@cﬂn&?éﬂon@%ﬁ‘?' 9e o ?%tﬁ’ﬁS(t)hWﬁ’éﬁ E'flén%@nment target

| aser beam spot 310 rel atl e workpi ece
320 ds waltdmey, hwecvestmebowwm exeggesatedr fooh inhieigure 5C, then the

posih 8i="ibgfiEgd 8k Sarthing BE% larrBRtpTiat e ny Dadayed
a sem conductor die 210. Both X direction link runs

b ong the X directjon trajectories 370) and Y
[008, ?r ect i ORNPYGHK tP@n@"Q"éﬂ@'ﬁg peis B29i eegdt P3G may not be perfectly

strmgﬁlaJtﬁ&g} gfé ﬁ?e \Agfgaq%y gpgs %@a? (3 bﬁflr%@ |ﬁ§2ﬁ)&ﬁ g\gkémaﬂly straight-

line gmtmm ofafter Wod(mectglpeﬁadmwoatheaag@mnent aseedddanti spot 310. Any
are the lLinks betvveen t hose

rotaliAl ek casuBh s e s B |"‘§Pf\<ﬁ>'§c‘? AP RRRUBAS (oReer o Approximate
centdf Q}wmg\’\’(ﬂec'él@ﬁﬁeh? ?'ahddsn\% AEHePab| f}ﬂéqhgﬁﬂérbnd |deally zero.

appr oxi mat el unlfor center-to-cente
Altheygh @l@wtf@ghﬁﬂhnﬁ miedigo md thexwarkpiace i BQ canldiméhe "édlgnment laser

ey SR8 RRESE A5 e S Rl A SRR e contr o

the ROIkpiBOTHS @ layid Uatiad roveResst mhéearghmérﬁs@éer%ne@pbﬁ 310, that
ul }g&t o selectively renove |inks. The | aser

is preieigesr 69t tthe cdpminanpungeemant thedebyAny r@éaxmnaa walcm{ty of the
worklec® $56 SBbaCIS BEIRT ORGP I EhE erbfiSS s preferably less than
the local absolute speed of the alignment laser beam spot 310 relative to the
workpiece 130 divided by the distance from the center of the workpiece 130 to the
alignment laser beam spot 310.

[0051] Figure 6 is an illustration of link runs across a semiconductor die 210.
Both X direction link runs (along the X direction trajectories 370) and Y direction link

runs (along the Y direction trajectories 380) are shown. Circuit elements within a
13



beam spot is on the target position. As a result, sone
of the links are not irradiated and left as

wanprozessed |inks, while others are irradi at ePICT/0S2006/032944
beconme severed or otherw se physically altered. The

givenrdie §@miobf arertopicamp! am%élﬁém%SorSQI”gi\/éH wé\l‘ér?(@fe w’pﬁtany arranged in
wor kpi ece 130 and processing selected |inks with | aser

a regiiargeQnelrs aErRgemant |amrre dhe finkp hetyeen ithosacigmants.  The

. [1] M a M [1] n

i BB % o Ty ST il rp

appdjxnreﬁtel)o ung{)m@éhtlegeotoa:elnwﬁmtdheq?csmhndmbeendlag a iovihogonal X
ece t e[ bheam spot trayerses

and) . UrSasBRm It IRIEaYS Salbviesh 16K dhe ik, hainen peas spot 135

conﬂiﬁfbuswbévér?éé’é #8h tﬁé"ﬂg& 5"%% %gﬁt‘&lmﬁtély uniform speed while

lustrated 1 n FigUres
the lasamme amitk plises talsegamruely rgmam/s lirtkise Ehmlas;eaﬂh@ iarteggered to

I o RN T TN EAOI 1 NI S——

beaffegidiss drqiwuh@rtatgﬁgqid@ﬁronms BerelsQit nédrﬁe“cﬂ”!ﬁé $RKkS @rétnot irradiated
si ngl e scan illustrated in Figure 6, scan

a“dp|§fth§3 fttﬂprwerﬁseduWSarvmleyptf@s|qreslrrr9@lnajﬁd tocbeeatne savered or

oIy Bepked TR LHAR RIS oS yf r an of e
workme&@né@eari@(hroémmg sekcteds links wit@master cadiabien is termed a “link

gonsi der o be a scan path, or, sone or all of an
ru"’eﬁ??rﬁepggﬁHgﬁWeaoPr%Q?@'ﬁ'”@e RYR" (QnSIEPIY oREICEERBY fuR"), which

th | t
typlér)ﬁlgaaré'lﬁ‘%tﬁels%@( H%E"momar Wé"ﬁlalr%@ﬁcgn e velocity

e of the scan path can be said to include stops.
I n usual CI rcumst ances, however, a scan path has a
ngth er. than the dianeter o he wor kpi ec
104091, 28 A VRS nd R oS SRR O IS USKABLE G, gt

beahh@;ﬁottﬁ’maaés CRBePBbBM BpSUstERphth én'drﬂﬁﬁﬁm%hé( workpiece 130.
noti on stages do not encircle the center_ of th

Thisyseappatie cadake samh fgymsh ﬁﬁylllumtadenaclzumn@emd 5B, during

el d 0108 BBSSTER: SRR ARG bac

and nfovtanaciossi thet dediXated Aighmentt talget ZWOI ItymcallVDaEVarymg depths,
t hann i gi bl e rotational conponent r ot at

Wh‘%’@ %'{ gy oedettly sonsidered asingle S&an.n?éhaﬁa lﬂustra}ﬁg in Figure
6, scanl 98RL! $6r ZRIKO nad a3t Jygg?gycgﬁr%f t vgméﬁés EﬁﬁelI B% X or Y

| ocal absolute X or ed by
direcliat anwssfongrot hmreediesmﬁf peﬂmpsoevm acmssabetemtlreehameter of

tho e RE S PG, BB S ot b 8 BB bl soan path
or stég?hbf IaJrI]Eﬁtbagfn ﬁnﬁj;réosémré?\%é & SWRPSEgAENLs Sl BaNkchstiled to be a
single scan path, in which case the velocity profile of the scan path can be said to
include stops. In usual circumstances, however, a scan path has a length no longer
than the diameter of the workpiece 130 between stops or other path alterations.
Note also that typical scan paths produced by a linear X-Y motion stages do not
encircle the center of the workpiece 130. A scan path may include a Z component

as well.

[0053] The movements necessary to accomplish the link runs are preferably

straight translational movements in the X or Y directions, with no more than
14



consi sts of a nunber of nore-or-less regularly spaced
i nks 410, which have a length extending in a

wo esoghtuasse direction. The link run traject or ypGi0S1086/032944
preferably at |east approxi mtely orthogonal to the

neglﬁ%lﬁlbsrotétﬁﬁ\% BBhﬁ)%néhf eAhyCrBtaQiéﬁ éfrlﬁée\ﬁl@lﬂ@ldb@f #30 aboliPits center

r ow. g exi st between |ink banks
duringae, Ilnécsrusamdeams zemeand\g least prafebly [Ess thaw éke cahgbsolute X

or Y B8l B LIS S5t Bl R e 151 P63 gee 100

the bbgrs@ymwr or otherwse alter selected links in
accordance with a processing plan (e.g., nmenory defect
repair plan to dlsconnect defective nmenory cells and

nnect - o
[ooﬁace). F &"%ﬁ? , as s%o{ fﬂggﬁﬁﬁﬂgafg%%gb{étrﬁy sa[elcl:noknﬁm along
a lirkncurt trafad:tdryrﬁdso iacrdgsea |numibdraoiklinle 8BnkaviObe &ach link bank 420

conSISErPR A AUMPRT GEMOTP S FGUIHRbaLR i A1 0p iEh REVE a length
extetn'blﬁiéefnsﬂjelﬂ%(h\ﬁll%% dl?@(ﬁibnbeﬁf@ ﬁrﬂ@FurﬂHé]'[e@:% 37'On||§> greferably at least

one “strai and perfectly parall ot di rection
appriximately ortlaogonal tasthiel i ieﬂgélmmﬁ dll’ﬁiltllohniknd therefore parallel to

e JHEE) B52pE 450 LB bR i BFFS 0°B  u, po th tser

beam/ 8pbt 188t mpees edbhy tharimkl lfdw tduringethd lIﬂICtrUQntth l4de beam is
row of links but is offset a snal |

seleghvglndumsehrpl 18, r%a%rumwprkme¢%ﬁ3pr a'p@ég%ﬁe;ayswer or otherwise
o Sekie! s 88 S AU B ARG PIRGLS, iy sefct repai

plarr to. discopetciantefbetiveexaembe, cellar andt eohneét rarnleave connected
ht occu

t 76 i bl ) wh t
redysfHEE P08 11 I, RSB0 557 SXaMNe. FPAOTE GG chuiiE Second and
th'm{jﬁﬁkﬁf‘, f(HéehrllR BXnk 420B! Rad el %@Veréch@mrﬂler ﬁ\‘"etflr%[‘ f@ﬁrth and fifth

run trajectory is predomnantly along t
links bage heeh lethintadtnk row (or, put differently,
perpendi cul ar to the | engthw se directions of the
links). [0056] Accurate processing of the |inks 410

[005B]pends TiheOmMoBE EfficRIng mltﬁak/@weﬂgoyﬂfhé kel d2am bpamlurmg a link
spot 135 on the links 410 at the appropriate tine

run is pag strajgt sadi @,erigqtly\mr@ﬁfelgg tla%glrgg’g@rp of the link row V\QS illustrated
by {2 ik ORa tlaar?c%@c 4ghng l—?&ﬁ%\?éﬁ'oyothélbqlga?%tpﬁes are_ppssible. For

I'ncreasi ngl tant as t tequire erances
examﬂmsaraadgladshrﬂd run cajatiomu872ds snbt pekeotly parallel to the dlrectlon of

sem ue to srml er focused spot s
the ZRRIGT SPKE PGS ORSHI by arored!| ahole. A Bel? [eadie m gurvy link run
trajéﬁtglﬁle974ld’§éﬂﬁ{é§ difhers, e@il bﬂfé,qwﬁs*éa‘é/aﬁéés'lﬁ itRe IV @iredflo&luring the

oved by using the |11 nks 410 thensel ves as
COUrgs p@ltbgthchnegt;os ik pimceAsfyadransthadgixamplet 8 afpgiate link run
trajectory 376 is possible, as might occur when the workpiece 130 undergoes a small
rotational movement during the link run. In any event, the direction of the link run
trajectory is predominantly along the length of the link row (or, put differently,

perpendicular to the lengthwise directions of the links).

[0056] Accurate processing of the links 410 depends upon accurate
positioning of the laser beam spot 135 on the links 410 at the appropriate time when

a laser pulse is delivered by the laser 110. Positional and focusing accuracy is
15



dedi cated alignnment targets 230. One version of this

approach is illustrated in Figure 8A which shows a
woredoroteey | aser beam spot 535 traversing a | i PRI/DS2406/032944

along one of the link run trajectories 370, 372, 374,

bec@mmiﬁﬁwcré‘@siﬁglﬁl inpdrtant Risstheerstjuidd tolraht@ féufocus and position
trajectory may be any trajectory that has a

Conwpl@j&n%ﬁk %rﬁ&w@mduqﬁor@h@ualweﬂﬁauﬁf focupe@ spofsizes, smaller
linkd %V,\gd tﬁ?ﬁ‘@r"lﬁ{k plfdi’]rest he sake of clarity and not by way
(Y

Ion, on the link run trajectory 370 wll
be illustrat ed and di scussed hereafter in this

h | | 535
00§36, "andhsatesent ierer s e et Resioping gan be mproved by
usm@&hquks'éﬂ U@\%’?ﬁﬁe@\%saﬁg n?éthl@%yl Fa??@tst P Paes %‘f 'Br in laddltlon to the

ignment, at least In tion of the
ded@ﬁtedoahgrwnemteta.edss 288t |Qne versgimof this apoach amllluahﬁtbd in Figure

o, PBiorCh e 2P aRaod oo Bap} 85 etz &R rly Hong one of
the lifkt urBhjeetbridees?, 3V, amd ér BPB.I cebRling té fifis |vbf§1§n 4Hh8 link run
and/ or the workpiece 130 rel ative to the metrol 0g

trajgcienyma bthaswdtajedonnilpt bas gaeredamirant qqmm;er&ursé\eo@rectlon of
the WF&% H &%rrf%rr% aﬁé bgelgﬁﬁiaﬁ‘&ﬂﬂ BY vJa' rk%‘fﬁlrhlfbtﬁpr Bhly the link

on€ direction, m an a
run trajeetmy 36'('IOI witifoet lhastszaaé andrdqscusseﬂhtere@ﬂb@snttms document. As the

a"gf?fEFPH@S?ﬁ@e% Fg@}%%ﬁ%ﬁggés P gglm?qe&gﬂ{eglﬁ{ﬁqg%m the reflection
patt&PPSHHEAGIrES dnd ddifhe! GQSH 't Bﬁoﬂﬁta'hgh?%t deﬁtléaéirln ki X direction

the data gat hering nethod One way to use
of thehinknienrandigryindhe gmctt@nedt\ fsmiartdperamcrmsambe pesformed along a

Y oo b e EIE 2288 nsiforpl Bhoutel e RunShonap wel. By

this @héioaeihe XCansarkpl F@slti@%j &Qh@nmémﬂ%nameih‘é Wbrkpiece 130
al i gnment and focus fields. Various mathenati cal

relatiey &%m_e Eplegy jasesibsiaen sppkidbirnay be delerniiede It may also be
useﬁjﬁd B@ agg ?féé}ﬁp éa% Bia@?% wPL r|1 QHEOH%G%@LO%, e, perform

sone o so us t 2CRNi ques
an ahgdmemt hawef bcame ogailecrfethe&aMe Im«sqnahelloppbeme daectilm Opposing

sin del s as_a pr.oces
scang g’E‘ oth‘ed %%{ 20 nﬁf'ﬁ@’naﬁ‘% e |‘fa|‘g a d |p§ptgya|dlrectlonal
dep Gy I e eIy [FEFRIORY ol of Mo Pate DY e fodology.
unnecessary, as one can just utilize the XY offsets or

oosdy! 9Vl RSBy JH"ob RSP 78 1B 410 s 1o

use @abidpdaté ﬁfétﬁé@n@ﬂ@éll rﬂﬁdelhtutmﬁ'@d Pdrsahglﬁﬂweﬁrﬂ@ﬂd%cby For example,
scanni ng sone |links and |Iink banks so that data exists
r

data, gatheredr from mlignment eseansl €ani bai usad Aonppdatee PBCy models of
oo ol 66 A0y B hoMa RE0BY. Kkt g gl possivke
Iterative or recursive refinement of the models based upon some new data and some
older data are also useful techniques. Once models have been generated, link
coordinates can be mapped using the models as a way to properly process link
coordinates. Alternatively, if focus and lateral calibration data are scanned off link
banks nearby the links to be processed, then mathematical models may be
unnecessary, as one can just utilize the XY offsets or Z heights of the nearest scan.

This technique can be applied by scanning every link and link bank for calibration
16



every 30 seconds. The tinme period between netrol ogy
runs can be chosen based on such system paraneters as

wao b@roedoedri ft characteristics. Link processi nBCT/US2006/032944
systens, such as the link processing system 100

infolpfatipsr. e$t darnaibo2be dppilied dlyl yc sefreliskd ghd link banks so that
ositional drifts over tinme, usually attributable to

. U ! .

dat %ﬁﬁ]ea&&yﬁﬁé]l% faneraipplegwthinde? mmd@teﬁ\ﬂysqfc%ch link location.
conponents or thermal drift of sensor response. By
performng a nmetrology run periodically, the system

[006HNn r ef Alternativelyala medtdlegy bef car keéhpedorned ey so often, e.g.,
drifts beco so.great.that they affect the accuracy

evelj; 30, 8688 nd e WHBGHEHebTUERd) WEOlCaY N &R b Gibsen based

on ?géh NB5tEA pBParRai®s ags tthérrﬁélo‘?ﬁﬁts'cﬂgrécﬁéﬁétic@?a“ﬂilﬁﬁoerocessing

, as the sanme | aser can be used for both netrol og _
systams, ppuste &si the lidkeprtagersingueystem déOnFigurdss 1t @and 2), typically

cxo 516 R e BB s A e g s

andr pongadtion @ physicap cempofeatssontherthal dARCST $Brizdr trésponse. By
that technique, metrol ogy runs can be intersperse

d
perfgiraing R MRetEpay i Rerigdically; thesystens slanetafingeits epliggtion before
_ ¢ . . '

i 434 fond BRI U5 PSS Fol Arat Aty PEs ERessia.
link run. Alternatively, two distinct |aser beans may

R eI ot i S
procisBig 168Er Bé%eﬁ?%trﬂ%& [agotﬁéésa%é RfseRichnaley usé?‘f‘@r both metrology

versions of the laser 110 (e.g., fiber lasers) my .
and nprgseseindealone deehniquerdantdoig G inée (pperate dheé dasemd 10 in a

contillouB BRYE EUEm BT AL BB 3 bl b K6 oPBfede o taser 110
a pulsEEmeRk! ditingCd presdseingsiunt SAdddréing t6 ehat tegBhig0e, fietrology runs
wavel ength) to differentiate its reflection fromthat

can die {mersparsselWith geiesessipg Iise rasheasied fo colieplemediolngy data. It
L; : dj h ,
may? B LR 554D L2 3S1choREDy IS AR mARHGL B Brocessing

modeselging dres samedithic um. b Altetndtiveyl tvo distirctiuaser beams may have
n

reflectiqgn, of. the processing beam while passi .
the BT & TURRRUAINED VR BPBINGFSBE BRAM FPRJE Hiehe S5INCh Ry be used
for rA&k6I68Y anRaR8 Gssr ok bF@ce%EMgbe unchanged, letting the
system 100 tol erate occasi onal erroneous alignnment

reads caused by processing of a |link. By averaging

fficient f ol wLh ' |
00, 2 bR LR e % R S5 8 hor)may e
maddl tter Rk \eelgmalk rambuhedf TEVY obAGyy ¢edaligAfhdi® #hi®! ¥perating

. ignored. A netrology read may be known to be bad due
smqlgan(epyswegsgrwq mpdeg, for processing. The low-energy CW beam may

have one or more optical characteristics (e.g., polarization or wavelength) to
differentiate its reflection from that of the pulsed processing laser beam. If the
metrology and processing laser beams have different wavelengths, an appropriate
optical filter before the reflected energy sensor 198 can be utilized to attenuate
reflection of the processing beam while passing reflection of the metrology beam. In
other cases, the optical characteristics may be unchanged, letting the system 100
tolerate occasional erroneous alignment reads caused by processing of a link. By

averaging over a sufficient number of links, those occasional erroneous metrology
17



much hi gher than usual reflection (caused by the
processing | aser beamreflecting off the link) or (2)

whewrioage that a particular link is targeted POI/D82006/032944
processed. Because only about 10% of |inks are

reads/Bé&cthe Yné?@ﬂﬁférﬂ?%t@lﬁlné‘ti\@ly(%o&ﬁﬂbwﬁ@ﬁdl@gy YRl can be simply

there are ih alnost a cases sufficient unprocessed

ignarechk A meetsalpgye read ey belkaomet iobediad dvgde  1hameasureigent of a

s Y AR5 (R ASHELS 350 P i rtecing
off theetnk)oop&Rf khowikdiresisatng garticllankinkaise@rgetedotooby processed.

descri bed herein. That |aser.is capabl e of praqducing.
Becguse oalyUab o i%@fol!r&S)arSetamcﬁﬁy P %@é@gi%gﬁﬁe%se%lconductor

waf%régﬁ%riegérel iR délHUsi %ﬂ%e?%ﬁmcfiéﬁt @fﬂ%ﬁéﬁ link8&to serve as reliable

ues descri be erei n my zed with any
metvalugy trgets adcordingito theltexhnmuesidesictbedderdior exanpl e,
IR, visible, and UV wavel ength ranges, specifically
i ncluding about 1.34 nm (mcroneters, mcrons or 10"6

[006H €7 S) THRPRYEr 4e8&tbedNn B UPaténPN6. BTBO RS4RI CahBlsd B used to

(nanoneters or 10'9 neters), about 355 nm and about .
perfeB® pracepsiog3andidinkasedemetrologyi asidleassribed difieing That laser is

canBbls28ERy LAY o S I (AR OR P Bl 350! i f en or R
(infrdr&dl) Bsdra A6 Mepolost | The diehnidlie8HescAb@d heesinrmay etudilized with

that technique, the Qswitch of a @w tched | aser, |
anyaweayeleagdh yofo jRses dragiiony, Jaeldmg. afor apxample; ¢ onﬁbiéi, and UV
( i . o
v 1558, ey PR SHOEASICEH Rl Wions o
10" nfctérs),eatiout DB unh eslsoltat 847 qmey ghoute5d @sn (hanometers or 10°

wor kpj ece 0 so that ol ogy can occur w thout
metg rgb?mﬁa%aas ac%&“ﬁéém-kpi ece 130. The AOM 140
can al so be conmanded to attenuate the anplitude of

the | aser energy that reaches the workpi ece 130.
[0068] sed Bfalansthe eghniayesiforpraducingan edigsmenh faser begg from the

reads of reflectivt ta WMth ' i . .
sari Py Yspideh fibmite b S AMpureby BERE P g fosbied in .S
PatBhPAppidationaNel 10798 DueQy Adcbriihgsethat i€ctarigué, the ADMvitch of a Q-

140 can be operated to interm x the states, of

swilshied dagaielp giterraieli aRpeRantbeiRpr@ aba13pidiIate Be 5'2%29? fgper emits
o RIS Y RErHE HRSSFAR0 sty e pule
ratev ds ysufficiehtly | igle 16si0'lasepuésergye pesichisisothe avarkpiedet 180 so that

AOM 140's attenyation |evels, as descrjbed .
mefiEbes TooBaIUT WS AR ORRBAARADS 111hS Warkpiess, 130 The AOM
140 8R"alB6HB EBAIMBRTER NS attBRuate the amplitude of the laser energy that
reaches the workpiece 130. Pulsed BTW metrology typically involves synchronizing
reads of reflectivity data with the generation of the pulses.

[0064] When using a pulsed laser for both processing and metrology, the laser
110 and the AOM 140 can be operated to intermix the states of high pulse energy
reaching the workpiece 130 for processing and lower energy reaching the workpiece
130 for metrology. This may be accomplished with a link run by varying the laser
110’s pulse repetition rate and the AOM 14Q’s attenuation levels, as described

above.
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processi ng | aser beam spot 135 may be distinct and
separate. If the offset between the netrol ogy | aser

whe@msper 535 and the processing | aser beam spor/ui®Be6/032944
(not shown in Figure 8A) is known, that offset can be
taken into account when positioning the processing

b ot 135 for ogperation. This may be t
looéﬂser } 209 |%ﬂb9ﬁmerttﬁm metrless Iasartbﬁﬁrgmpot 535 and the

proogei‘s\gl,ﬁe*)r@clﬁgerf BQéPnt tsl@ﬁembﬁ‘%%rdlsgﬁ %ngl %é&garr?%t 1P IEhe : offset between

gent propagation
the mem:dsgy nayambéamesrp@ééii(ﬁeagd theqiracesmhg cbasevrbeam spot 135 (not

snol 45 PSS L Rt Re gt i e i kol positoning

the peacassiiyl 1808 Béarﬁosﬁoﬂoﬁgseﬁﬁ'dkgsrﬁﬁf&fn STH! BESINg case, for
Met hods and systens @ﬁrodum ng multiple | aser beans
P

exagple, dwben othed twe lwa_ms beugmgpbdaeed cfrmm\tbe same0idser, have

diferdfioes Sifetdany aforddadbit ik, PBass 0P 11 gaicab garocessing

differenddscle. g\l polanieatipm baedekagei)n This tah ellgneecur Mg two or more
plications teach techniques for using nultiple |aser

Iaseﬁggxﬁe Sorleved tarkyedyse rﬁﬂet pbméorp. medrojagyvbeamgsand one or more
I
proc{é%éﬁ'gp%agﬁ%ﬂéb%@%l Ut |n t%ngStg |on§5?dl{({1hed\,ﬁ-‘ Lﬁtﬂ)le laser

beamsnpre "discisseduin _sU.SJr P'atenteAppI'ica(tlbnstbsh 15 15p85,s 11/051,262,
1082, o B 8. o R g 0B 80  incia, 28, T3 e B4Y, BRa' 11051 201,

which é@ﬁ@%&e@fheﬁéﬁmyﬁfﬁé%n‘één msetdddh@ﬁor‘/g felﬂlcﬁ R&ciiques for

nore of beam spot’s bei ng netrol ogy beam spots
USIHpOOBdllpllan |a§@ﬁebea®e§pptee teepragiesgy mhidtipte clinksreasvarious parallel

con@(@é@e@ llﬁ_?lgﬂﬁi@t gga,%gg\ew I\Aﬁﬁ%ﬂ} ax| Q:’[ﬁ aggacf_@nppfﬂd in the direction

of theatiokaluhy, “pessexigeior disepal! l(ll‘ikwl‘lkibﬁsth%I @ms are distributed in the
trajectories 370A, 370B, and 370C across segnment of

d'fewcrﬁksp@rﬁen@&um fouit Ereallink gpn s Eeigsion) aanqiu hl(b'llqkke The same
arraﬁééﬁ‘\‘eh’tér gfss b%é%l né@fs LA Sl }Zeﬁf\ﬁlﬁﬁtorfea%'n%re ﬁnhmel b&&m spots

structur Iace I'n a as's
beingoneatiology lheten apd)ly offset nmet r ol ogy beam spots 535A,

535B, and 535C across the structures 440 (either

scanning with the sane beamserially with a

[0068] 00 eSfi ¥6mkadeal th@fﬁi\éﬁélopf) heRR® Bafl GRas e c?SéélakBQY data as

wth nmultiple beans in para as shown) provid
well @soe-axisi X data.r ﬁ%@fammerﬂaure:ﬁl% if@n iustration of mltlple laterally

0 35 s.ar of f
spa R hEraBAT e bk ol ASERGS: TESH B0 erbuBiBe across -
segeatiotiksancietiireclateralp bffsstartiainmktlikesstridigics . ) The laterally
structure 440, and the bottom beam
offset partial link liké structures 440 may be placed in a gap 430 as shown.
Scanning laterally offset metrology beam spots 535A, 535B, and 535C across the
structures 440 (either scanning with the same beam serially with a progressive
lateral offset for each scan, or scanning with multiple beams in parallel as shown)
provides cross-axis metrology information. For example, the middle beam spot 5358
produces a reflection off the middle structure 440, while the top beam spot 535A
produces a reflection off only the first (leftmost) structure 440, and the bottom beam
spot 535C produces a full reflection off only the third (rightmost) structure 440.

Depending upon the arrangement of the structures 440, the number, order, and/or
19



spot 535C produces a full reflection off only the
third (rightnost) structure 440. Dependi ng upon the
wa@eooangweent of the structures 440, the nunberPCDUS®NG/032944
and/ortimng of the reflections off the structures 440
timig BY BY6S réflicBbAROIhedR Attty icB 4 RESH Ay sPRfdrhiaRiBndbdl §he lateral
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'ng ional alignnent targets. The
specific alignment structures used in Figure 8C enable
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a néoprefiedhive drealuthalt ieatendsadroseethestriactsieed44 abgmahgldesuch that the
zero) reflectio

(i deal | si gnal over, t br eak,
X POBIRRHEy PR RSCERIETP ARG RGN AR therY SOTB @ fheametrology

lasdr%e rshaluiatdphiculdN e tHes meliiddy RsefBEph dpe 370 scans
secon uration convey I nformation about the Y
acrgsssthe aligmhenhstruettireoUddy theaseflectionrnignaltwi 3®nsist of a first large
magnitude reflection signal for a first duration, followed by a small magnitude (ideally
zero) reflection signal over the break, followed by a second large magnitude
reflection signal for a second duration. The first duration and/or the second duration
convey information about the Y position of the metrology laser beam spot 535.
Optionally, the alignment structure 444 can consist of only a single triangular
reflective section, as one such section alone can provide the desired Y positional

information; however, two such sections in the arrangement shown in Figure 8C
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Optionally, the alignnment structure 444 can consist of
only a single triangular reflective section, as one
wG@mnos®es i on al one can provide the desired Y PCT/US2006/032944
positional information; however, two such sections in
; €

et Bifee HROSUERLIS 2PURe T 1o %ﬁ%‘%’%@gﬁéaﬁ‘aﬁwi@%@% reliable ¥
positiehéalaibfoem‘atlpoylla rammldanny or mati on via redundancy.

[ 0069] Figure 9A shows one desirable on-axis

arrangenent in which the | eading beam spot is the
[0069t I ol 0giyRE 20N SHINGWS Fne bsirBBlet bALAXI® tarkaRfBns@stt in which the

t he processi ng beam spot 135. As this row of _links is
leammbeamotn@gh@mﬁj;nlo@sabaa@n@qté%r angy e piingthegm spot is the

t @ be t 5 an
proqexsid S S¥ael e, "o MR, 40u° of clinks Tp o BETsEER, metrology
meetshmm@hts?\ﬁr?gqaihemssnong thesmietiobkayy fasetr BSdmt epot 535 and the

process a

i nk tionally, one or m)re dd|
measused | 47§ piso PEERSRETa Rl ARCTINE 0P OB oREar? forogie following
S O | t h I I
pro pre&gbreg t ae%rﬁt nri??o o@&{égge@g%e@h] s%rbé‘g“y' 6ne or more

addiiodat halllpgopmesmggl arstior Iuwmlegwtb@ea)“n 5pbtst mayl alsasbe used, as

shopPab gt adinoh if s ie st B3F Me el bRgs hegm spot 535

lead 8RE"thBSHBLESARE TAsdr Bédm é&ﬁ’(@h&@ @4 ea® ShbhUat Figues 9B, it is
a cross-axis arrangenent of met r ol og ot 535 and
alscapopsiblecthat the Protessdm lages he@m SPel§) iqa;aeéahe metrology laser

trav long a first row of |inks 550A, and the
beamge%&s?%f?dﬁspot traverses along a second row of I|inks

550B, which is generally laid out parallel to and

referably nearby the first row 550
[00&0bsest &urﬁe?%wﬁwaﬁ@s A GHgss-ade qr@ne%mgwf@ametmfogv spot 535

andréﬁ@ F&é%@ﬁ{gs%p?&LHﬁ ! Er}’le%eﬁSI'ggS? @F%@Qrtré\féréé’é’ katnﬁ 3 flrst row of

I ons neasur ed e netrol ogy spot
links r550Ae artd/vtrfé@ﬁomsrrg apet tﬂawelay along lee spowid w@MsofoﬁnkS 5508,

whith s generaly igarelt RRais) T, taerabh Searey R NEe il 550A (0.
the %)@%I@ééﬂtr@dnéﬁhbéﬁﬁgﬂ*o%f r %C@tlﬁéld{/ﬂbaloté&ﬂmear regularity of

al |gnrrent ata can be taken into account in th
seminorAUAor K tayoutsitbe Ilahdaqsetmswﬁazur@drié\tth%ﬁ@’fmﬂqmﬁqm 535 in

o LSO R BELAAT 8 PEROBE S R By Bodgsea by e
pro68ssivig spef fisetin e Ababy, ravh 508! r @Jrgg&n@mtofﬁ@t‘s iwhich may be
detéﬁéngagéa@&%?é%gk SRR AR ahBter N Gt pan e taken into

accBUhEMth8¥n-axis, cross-axis, and vertical Z directions.

[0071] Figure 9D illustrates a cross-axis arrangement of a metrology spot 535
and a processing spot 135 with an on-axis offset. As shown, the metrology spot 535
in the first row 550A leads the processing spot 135 in the second row 550B by some

amount in the on-axis or X direction.

[0072] Figure 9E illustrates a cross-axis arrangement of a metrology spot 535
and a processing spot 135 within the same row. The metrology spot 535 and the

processing spot 135 are separated from each other by some amount in the Y
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[0072] Figure 9E illustrates a cross-axis arrangenent

of a netrol ogy spot 535 and a processing spot 135
wowdniomdshe sane row. The netrol ogy spot 535 apdI/ukmo6/032944

processi ng spot 135 are separated from each other by

dlreél‘iHFP a8 eyt tré\Vbltlheth\éer 8iré et ﬁﬁnn‘ghﬁéépbbﬁ\y@'trdjébtbhés >S7OA and
direction”al ong respective trajectories 370A and 370

370B0073] Figure 9F illustrates a cross-axis arrangerrent
of a netrology spot 535 and a processing spot 135 with
an on-axis offset wwthin the sanme row. The netrol ogy

[0073Jot 53Piging IFRlublrReess s alrdhgéimens @ﬂarrﬂéﬁfdlogy spot 535
from each other by sonme anmount in the Y direction_and

and SopiocerPNg sPrh 18R Vit an pe@EXivAffer! withiy the gaee row. tTike metrology
spofgﬁ@gc%ﬁ&’%@ dﬂ%@ﬁﬁéﬁﬁgeﬁ}dtvﬂ’;é 3% Qi“etp%rétga ﬁér@(ﬁ‘gﬁ?ﬁﬁﬁ%ﬁ?y some

van S ‘arrangenent conpare

amaunt §rs trex Y disgrctien gavdesdme fanfountrie tiReXodirddtienpag they travel in the X
on-axi.s arran emsn of Fi '

dire sty 120D e BRIV En ralRt s S0 g bl U835 Uiy antage of this
arraﬁgéﬁ@n@%n@ﬁr Pd FPthe Pl é\‘é)‘é@lbtx‘?égﬁrrﬁﬁ%érhbﬁt bIFIgRRAS Of or the pure

at al ation can essenlng I nterférence by
on-axie girangessentgofl ddgureoRA fiee ineense g@pqdlebm@rat[mmycween the

P th .
progessltLShote i, ol e mmatibiBehe SHEtPaR: Qe AeiAliedE ST’ increased
spatid@lr §araficd céh%@lé&énﬁ@vﬁf flteff&@RPHE8 Dy tH@blﬂtSHe@gln@ll)aser on the

decreased sensitivity to flaws in the ded| cat ed

metm'@@hﬁ@ﬂesﬁarget s 230, (2) closer spatial correlation
bet ween the alignnment targets and the processing
targets in the X, Y, and/or Z directions, and (3) the
[0074]i | i t y Pesformiricagligravent asingrihe linksb410 abndbe gmorendccurate than

o i A S 5 S . o
decfddsgh ?xfns?’!nht fd“@la(itf%‘jlinc"tﬂéagih lgghfé’r@%?ge@oz:ﬁf eﬁ2) closer

typically qurte sparse on e 130. A typica
spatiairasiaiatian betmmm\thauaélghmrmmrgemrm theppiosessing éalggemm the X,

ai ns_abaout 0Q0 t b ut 20,000 | inks, but
Y, Sifior 4 Hilaipys  dtalns e ARiRY Bapleragh: g g8’ number of
alighmesttriedsiftement cbfidttedt gdicRiyi QWEolIWISQtp&SQrams elaborate
defective (as shown in Figure 5C), one nust travel

upondnese adv3ntRgRy di stance to find an alternative
dedi cated alignment target that may be satisfactory.
Al so, there may not be a dedicated alignnent target
[007T8Jar t o Fist off alf,hthe idelicateld etllgamelmeadrgej)s lﬂﬁo are typically quite

spa s{%ﬁésﬁgl\@w o}ﬁ%gtefg&oﬁtqugatsetnr\]l%o%gu& dle has an area of
approximately 70 mm?, contains about 2,000 to about 20,000 links, but only typically
contains 2-4 dedicated alignment targets 230. If a dedicated alignment target 230 is
defective (as shown in Figure 5C), one must travel a relatively long distance to find
an alternative dedicated alignment target that may be satisfactory. Also, there may
not be a dedicated alignment target near to all of the links 410 that need to be
processed, so guesswork about the XY alignment and Z focus height must occur.
Fine features, such as vertical displacements that occur due to a particle under the
wafer, may also be missed. However, these and other fine features can be captured
by taking more measurements closer together. The techniques described herein

take measurements at various points on the workpiece 130, wherein the density of
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Fine features, such as vertical displacenents that

occur due to a particle under the wafer, may al so be
wore@gezioeHowever, these and ot her fine featur eBCHIDE032944

captured by taking nore nmeasurenents cl oser together.

suciThmetearemente potits Cisi besfelei withiak at W@a§thoﬁ—‘|@E'HrStv¢d orders of
i.ou oi nts_on_the workpiece 130, wherein the
magfige Q) the

deesivheblitiecmie werkpiace 130y by tackdink-hases alignment
can"i‘r? {)ﬁ%ﬁhsf&%e Bb(/ ﬂtéjﬁééci% Wté&%ﬁgﬁ%ﬁw%&%@%é@’ thereby

I nks on t p| ece act
freeo yaloeble st ast\ateocma ttnetswarhplesedmﬂ ahd redecingecorhplexity of the

dedi cat.ed al,i ts 230, f
worgiet Mo 2B FE FillicatBh TFigesarrc 9 e 55 J6 adaand mask greation.
Moreevay, exkinaset él@m‘t‘@ﬁtk%r‘?%mﬁl%@e céés'f’nq "i\JRiNn Y Blés 21 0 after

processes, such | ayout and creat reo
they] h%mdwfdmr@rﬂwﬁercan facili tat e processing

i ndi vi dual dies 210 after they have been cut froma

wafer. [0076] Secondly, it is fundanentally not as

[0078]cur at Setondlgan iefurideneftaiehot a5 axBuritt 36 eAhH dtftﬁé Q:Brners of
20 and then make inferences about the interior of

an qﬁ'@gmﬁngewus?% apgttherdnalauinfairnses. abrutithg interior of the region

r r t n
2207TShY" BRI hoBER Y BEBIATRIIL B gy e
prooapsmgatnlltmucgetssrmxre accurade. bl heHimke aicldt an@nthefclbééstldptlkél targets

d f t
at of fey 308 9anas e fekScts af&oe{q%sﬁ B3R ACP e ngiEa fecusing on
the ﬁfﬁlfs 4he i8UIE@GRoRS ab&@rat[é"’t %6@ ghgrb(ﬁ?{ﬁz oqlieﬁtep@ﬁﬁgce of the

al i gnnent targets 2 rm nat
workpiece 43Q &r ithe d@dt&ated alrgﬁmem‘rcﬂams é§00‘br fdmis helght determlnatlon
tions

t g f Thos i,ckness vari
due utﬁl ?or m 5‘§ '&S@I ﬁ@'cm?%ﬁ*?% ér “ﬁ%y”ts’?é‘{%“ 19 | 'B¥Eei o:ﬁ%se thickness
varigtiopendaynoe. urifdfn Acrdsy i waransy rﬂay Ehaﬂlé\éi iBtatiGidepéitehce.
410 allows quick data capture of nultiple targets,

averagi ng of many target |ocations, and a redundancy

[007‘7:]‘at el i 8‘;3% I%' O o?'ﬁ‘?a&gph%f E‘f% aYIS\A}sailﬁgﬁ Yatd capture of

eat quant Ilgn ta can be quic

multtni@t targetsofaiveatagmg/ of maugzetsa?ge'e lbcations, Tahd éaﬁédtﬂwtaacy that
can be recorded while

AR B RER S o, S S CH S i o
be q@iW&éﬂGred’bﬁ(H)vaﬂ%Wshbfcééél\%‘f?m@ The fésﬁ&at\é captyre is possible

direction. In fact, in sone cases it ma
because dala ean |b@nr®t08§@ mettbenmaboatsta%m?ﬁr mpwesexmtlngously in

one BREEH 1L TR AL Bl of Y bt Geeh I somgycases

mayt e gosgible Viort theumdtivhustagagl 2mto Shewve ft Gagiilat fﬁrgé@é‘ﬁh’é speeds
Whllg nalty for alignment. In sone cases, the notion stag

meetrolagygata isneoliscte frembthealirkso#A10. In other words, the metrology
can occur “on the fly,” without incurring any significant throughput penalty for

alignment. In some cases, the motion stage 170 can move one or more orders of
magnitude faster during a processing run than when scanning a dedicated alignment
target 230. Presently, typical speeds at which a laser beam spot moves relative to
the workpiece 130 during a link run range from about 40 mm/s to about 200 mm/s,
as compared to typical speeds of about 5-20 mm/s at which a laser beam spot is
conventionally scanned across the dedicated alignment target 230.
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magni tude faster during a processing run than when
scanni ng a dedi cated alignnent target 230. Presently,

wo yprozavespeeds at which a | aser beam spot noOVRGT/US2006/032944
relative to the workpiece 130 during a link run range

[0078]om abMﬁreé@em‘ﬂ is itnpradiieal t2pRcehany @fﬁgﬁﬁféﬁ{“ta?@efsom a row in
about 5-20 mm's at i ch | aser

the hé%ﬁr?{afoé pde i ? o%ﬁtddh@%f%@hﬁ@&@ﬁ@ dg@kp@@e area they would
@%'lﬁﬁt @Qn@'tpgn Palfyaﬁsﬁfrrlﬁgoro[/\%%?]lml@ mbht ltac’rgets can

ractica ce man nment tar e a row
enablg demumdmalaaptwb andlmeamn’mgsthedbcatm @f)qhanyfmhk(s allows one to

aveisRl T oo o Sare Rmhiae, o s Pabandi oS tocatons
togetifrd e SgetaB BHGRbE ééti?hé’lkés %%&ﬁmréf%eg@r%r b Lk;]éd%%d by a

the location of many |links allows one to
defectivet degticaiedt alignmenintarget 236 ace emitigaded arsisg dhe links 410 as

s Erb52A PRI PLSI Atk bR Yo 230558 B cspatle o

prowtﬁdg @at fcturategref@rahcée Jiged, redardiess BF hb@ahafy lﬂﬁr‘lé&lt‘ii‘ 8canned.
10 as alignnent targets. A defective dedl cat ed

n c%nt;r@qné rfe degatiens efonaay diterent lipeof 0 are mseesstichgnd@veraged,
the ﬁfpa& Bfgféﬁfﬁg&%ééfﬁg rﬁﬁ%@ dl ess of how many

I'S scanne contras if the |ocations of
many different |inks 410 are assessed and aver aged,

R LY LR E R O
X pdsﬂﬁﬁf a&o8s We ﬁﬁd@leﬁh’ﬁ%érﬂ@&’éB >6f %ﬂg'c}f' @.ér@%@érsgt rF‘?gures 10-13

| e 1'i nk bank 420B of any of ures
werEFngdL@@dlw &rmylam'e apsantingethabytha ilinks #t1i00n thissbaning20B have a

h k 42 n
unifdgfiideitor 0 98 nibtons, Anty Bl B e o1 S KhicBimsohad bids toe beam
spotareb M@éus‘.sliww beatial shsttibligen Wltﬁaélﬂﬁzadlaﬁi@@éﬁ & 1.5 microns. These
distribution with a 1/e2 dianeter of 1.5 m crons.

numergdle Valuesr iwhile pigsrily ippresepiadiventwere chosen for the sake of

|I|ust"rftflfr§ts§gﬁ)f€o§ﬁ%? Y&?lﬁ:h“iﬂ?ﬁ%m ?%F%és{‘ﬁ%ﬁ%t&v@gl 8 )}o ragﬁalég microns.
Thus,r the mqllleSSdESCmemeSelm takenmetr'ﬂimg;/ nidesurements at distinct

. d d h t ak trolo
SRR b R L PR————

on t@@émt&ﬁepﬁsﬁhém%'ﬂ%t "A’?gn Rdtdl a%l?”?ne%%\% a}ee §;5ected to
i

on the sanme order as the pi tch. Asnote a
shrinkhiss they Btuess é‘déheﬂm@tafdhtsowghng n&miah- slpbé U\ﬂﬂaseﬂr prAt:essmg is

oxpeshil 10 FBciats s Tllbler My EChker: Rphiol WiGEAyin arepter system

accuraek mhteclfeqhuwbdcébdmédgl gt Emette ate bridsihEM the on-axis and Z
uracy. The require accurag{mﬁ grovenrents are

ac
height é‘ﬁﬁt!qnﬁ whiahraredhe gasiesd sire seertained threpgh metrology link
runsMi ch are the easiest directions ascertained through

met rol ogy |ink

[0080] A single swipe of the alignment laser beam spot 535 down the link
bank 420B can quickly and efficiently gather a set of spatially dense position and
reflection measurements that can be used for alignment. This reflection data can be
used to determine the on-axis relationship between the beam waist and the target
links 410. Figure 10 shows that there are 11 maxima and 10 minima in the reflection

signal. Maxima can be used to locate links; minima can be used to locate the center
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runs. [0080] A single swi pe of the alignnment |aser

beam spot 535 down the |ink bank 420B can qui ckly and
webdorozend | y gather a set of spatially dense pPSI/UBZING/032944

and reflection neasurenents that can be used for

of tAE! SRR behlibén rlﬁi‘k%e(é\}e%?éj%é‘aﬁ&f‘ dreniisesdjbéent links). Thus,

determ ne the on-axis rel |onsh|F bet ween the beam )
appliegition efral peak findingealgprithee ta tiois reflgetian signghang GAdatdata of link

oo 65, B4ndPAEL 2, BTl s b o o
refldedivitis @tbded, Fakat thanhasingnd peak firlting PAg@thRetmae Provide greater

l'inks (average | ocati on of two adjacent |inks). Thus,
accyppyi cati on of a peak finding algorithmto this

reflection signal and CAD data of |ink coordinates can

generate 2 1 estimates of laser-link alignnment. Curve
[00&1]t t i ngAveragimg fthe cieisuits wfmmﬂﬁlp,le Nacated péwls nwmyndetermine the

spof Gisatontiertfthdates Iraaifin B pissfraesaudiints ehoge target
for t%yréé%bﬁémm%tt e §iek daplire@df SHHERDE %ﬂébtmyts‘?gjnals allows the

resol uti on t han present measurenents of one tardget
captur@ of eagy orei reflectiah pegks dlkaméwumabre@@trtival $C_9€El§ of a single

targb€lr B shhrie” alioBF ek 1fod. oredonfla % il bf & diiefRVE fink in the

midét ¢fian@veot maagtperfect hmmb@mudedthdugmavéegmd
the inpact of a defective link in the mdst of row

of many perfect |inks can be reduced through

00 20 e STl oIS AT 1991 Wiy v e

linksuA1 @ anay haaerumgfoanckparcdtgﬂand)m@thy ohavay havea-noni-Upifonm spacing
and/ or a . non-uni form w dth. These t hods

andFR S S8R WRI: pIiESsaEEeAS Fre B aRAICG B TR banks of
ink WA Bs 1Lk A ey BBEWRRANER EBkRs.[0083] I

some "cases additional™information nay be required to
correlate the reflection si gnal produced by a segrrent

i nk the o) [ r
100y, ' 2Tttt befesceruiOa i metn i BELisEeb Fometate the
reflettibm erg?tTEG prbdided 19f aisdghidrtt df lihkiathwhe ICAD eddationl for the correct
spaci ng not indicate which [ink produced which

links. eFPé@t‘?'@S\ﬁ) e, Tallection dafpaut of theigepter afra wgryilapg giing of identical
hnk%'g\}rlttrhuﬁla el ?ﬁélﬁnnd? n[?%g ?@gﬁﬁ Qatg%ﬁ%‘%rlgﬂ{ é?&éié@:@ hich, reflectron

Thus\catibegtionahhp b us:fﬁbyi azttagemmumdlbsmﬂﬁteshnIFspacavrgtrrﬁlyechra)mzatron
such as a

known, ttern
or cgffeltighdoptyileS G BIes 1 JQANEILLUS TR FRTRsHon data and
CABRNHo88R! | ¥ordsairhpleed known pattern, such as a Barker code, may be

provided on a die 210 or between die 210 to produce a unique and easily identified
patterning in the links. This may include a known number of links, with a known
space, followed by a known number of links. Alternatively, a pattern in the link pitch
and/or link width can be used for synchronization. As one example, Figure 11 shows
a graph of reflected alignment laser energy as a function of X position across a link
bank having a correlation pattern. In this pattern, a wide link is located at a position
of -2 microns, and there is a missing link at a position of +4 microns and a wider link
spacing a position of +9 microns. Any or all of these can be used to insure that the

correct link 410 is being correlated with the correct reflection signature.
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patterning in the links. This may include a known
nunber of links, with a known space, followed by a
wop@ro24enber of |inks. Alternatively, a patt ePCI/Us20Dé1e32944
link pitch and/or link width can be used for
synchroni zation. As one exanple, Figure 11 shows a
aph of reflected alignnent |aser ene;‘%y as a _
[00 8%ﬂ|nct| ol 80ME gassistit H1AYabe clesirablei fokinkialy peafpnmgseme alignment

s 1 8GR G 855, 23 Sl o i orer

detemnme agpﬂellmﬁnaw idogek bf link |edatith. ml'%wﬁén&;@d@nw litﬁrﬁg machine
nk spaci ng position of +9 m crons. or all of

V'S'%h@gbn@aﬁs 48 initiall fied Aigoment F%rgetsqmé@hbhetq"ovwedkbmﬁdw scans
of dbalcg?éd‘%hgﬁlg{ggu't %Fq%tg"'%"@ W‘?uﬁl‘?érr ?&ﬁner ﬂé ga%tsitr 1) pstimate.  This

signature OME cases
prehrmnnanyah“loyleb@f ﬂmkrﬂnsamn wlangthmanbe sneansd dJy the methods described

dedi msnt tar s, 230 around_the d
nereliE - Bechrelimi g poqs e IKeARos B SYTHEALY Poruls tosub-link-
pitcH [tBleramsed | #ien TH SsRRArGRAZAH $18p NdedEHPRANGPVE! Ry not be
techniques to initially find alignnent targets,
necgssan-bly foll oned by BTW scans of dedi cated ali gnment
targets 230 to further refine the position estimate.
This prelimnary nodel of |link [ocation can then be

[0085%f i nedSleyihd eheex hiéi?htd%ﬂéltm%hhgr@cb\nn d froWhéf links can allow
relimnary nodel _of Tink |locations is sufficiently

simuliapgpys eOQ-aX§uBOﬁlitlﬁRpd@féﬁﬂtr@tlérlaﬁe@sfocuﬁem\elghte determination, as
h t
showd "k rlﬂ?hfe%[ Bgssfﬁgpl ﬂ?sﬁ/h eg?a Ah l’%ﬂ&c@r 3l eqnm%nt laser

necessary | ew ng el'gh V\,hl e
energy\as a furmiionfofIX pésiticamndl posiionulespoetinedy, aitrogs the middle link

e ST B! TPy Bk B ShRRE 2 ri
whild %bémﬁgfdoﬂh'tﬁarfﬁw ofl Q' arkd 85 8riA r@flé&ﬂﬁtg'd%ﬂa(’fln)?lgure 12, Z

osition and Z posi tion, respecti V acr
heig &dn@vmi e ah ko thi)mncmnswymlee& i sunulmne@wlw\mpved from -15 to

+ 3RS PR o SRR B o2 e £4EL crons.

Figuten 1EBgsh©w§2thatZtH‘83lle@bés‘d feflEewrt eherdy, o%rié%pbnalﬂg & 89S tightest
while X is simultaneously nmoved from-15 to +

SPot s, QEEUrsTRiA Kj RAGQMEr 10d mickenst l%?faémaatlm ghaultiple pepks near
focu edaglhﬁwo% cluthtdi @xcdéigﬁmn’é' %r@eéltzfgc %‘S@‘q%hﬁg&ﬁﬁular when the

ar gest Iec ener gy, correspon
focumbﬂigbtstfa@dietweea t\m:dmks pasmanz pdatdrpolatuoﬁ “Vefaging, signal
n of L%"R {)eaks near focus can

ns. nat |
prochiba UPAENG. BB ST ROy IRSHS S sghAN Derised in this
caseoar Figtré a12 V\ﬂ’é?ﬁoﬁé‘t?at&@‘:fl'\%t heiighbodables té’edé’i’éﬁﬂlnb"‘%eak location

i nk "positions. Interpolation, averaging, sig
simuffapeedsly nyithc feaus. f | tThemjpreananSarmcbrfoesm nalibra’mon can be
perf&rﬁ%@'s%'@lf‘ane%ﬂs@e (‘esd p'rgwaes a quick way to calibrate two alignment

variables.

[0086] Figure 13 is a graph of reflected alignment laser energy as a function of
link pitch. The graph includes two curves — showing the maximum and minimum
reflected energies, over a bank of links, as a function of link pitch. As the graphs
show, if the link pitch is small in comparison with link width, there may be insufficient

contrast between maximum and minimum reflected energy. Good contrast helps the
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case. Figure 12 denonstrates that it is possible to

determ ne peak | ocation sinultaneously wth focus.
wabh@ret49s®e, on-axis and focus calibrati on can PEI/US2006/032944

performed sinultaneously. This provides a quick way to
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onpari son WIthIInk wi dt ere may be insufficient

cahbfam ast between maxi num and mini mumreflected energy.
Good contrast hel ps thepeak finding process.

Accordingly, spot size, link pitch, and link width all
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mtenéegtsr thelworkpiecd [18Qcataa tmefrolagydaserdbéan spaiobdh,nghich at times

b met hod 61
pasghk P00 2407 aBabe Biitist PO HPHS fed) teniabef heam spot 535

relafpRAD theWRbFkpictd 1 Btk afbkgy #Patihen Wee kiirRsiecd A80. TReeflection of the
nmet r ol ogy Iaser beam intersects the workpiece 130 at a

metigdegiollagpy besmr iselgtrciedt(688), anﬁhmasmed,u I‘ﬁa%lltmgssﬂésa reflected

oneRYSlgh 167 40 230d Ep U DB ASERESARGR) G4 s ot

refle@hongs@nalattheomdth@d VO (K pleteenihdd . (6405 ethbecélamre (p‘ostthfh of the

rology | aser beam.is detected (630) and nea
me tﬁ%ﬁM kg heam spot |sigy EQiatéﬁeF%%%upeﬁég ularslips éiot%’@f which the

e RS s A 18 0055 e
using6ay) of like nettatiqwes describashhefein hinchaging | fogexbagde, peak (which

maygpe,%‘?ns & w??rﬁg%ﬁiﬁ tfk}‘%%]g{ggg}rﬁgétqﬁ uc%;g itti lg'ggh%’g@g%agical models,

synéﬂ?@nﬁ%@ﬁ Hatehts %%&69 tﬁérlln*R§ L, fé?fdi@ldcé Pﬁﬁsé‘ﬁ‘)ﬂvlﬂf nominal
he techni'ques describ herein, includ i ng

pos@szanatat@ supk @ CARI @aianavweo@eﬁwd g0 émemﬁsajtwﬁe (650 dhe gposition of

e BRI b LR {99 LR 8 AR procossin taser

beamisly rsrd@m/@p@d its @eledtéd linksrintere mratlemrﬂahe @unbreasf the X, Y,
CAD dat a. The nmet hod 6& Igfn adj ust s (350) 31
anc‘p?o@Ir@efftﬁIO'b?’r A REOER IS 6@5 Aese prigrted ks e processing laser

beaRPSSSE ¥35 SAd thehiibReRl REEF BEAmM S55t8535 may substantially overlap
or they may be separated from one another by a fixed or dynamically adjustable
displacement. As already indicated, the steps of the method 600 can be performed
sequentially or simultaneously to some degree, depending how the method 600 is
implemented in a particular situation. The method 600 can be performed using a
variety of different hardware configurations, including the ones illustrated in Figures 1
and 2, for example.

[0088] Figure 18A is a flowchart of a “pulse-on-reflection” method 700

according to another embodiment. The method 700 generates (610) a metrology
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bean(s) is delivered to selected Iinks nore accurately

in one or nore of the X, Y, and Z di nensions for
wEe@casesng (660) of those selected |inks. ThePCT/US2006/032944

processi ng | aser beam spot(s) 135 and the alignnent

s 2560, BER T8 RO n S BRSERELA L S8y les st of o
link dyt0am thel Wyrkpigaes 13| as thespetmen®00 movesaB2&athe laser beam spot
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a od 6 be
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prelgainanaeaibratéanyate. nkbe seftasjicasdithe saeirelagy frseseane spot 535 off
e PR} b5 PR SRABL i Pl (03| ) 6 convertes
to anoslestricd@in. The rethod DeGuetants (B3M) risihgtdrussings thehe reflection
SOTRLARES 58 POl dr abhgt GosPNaoRICaISs Hesodan of te center of
e [k U5L5315El I 4156, 81, 0B HOHED 10 GER BP0 A foossig
Iaseg Upreiany aadlp'rti)gagalleg ('Ygg) mnasir&@g? ¢d thy ptoEEiolr?amat produced the
am spot s an i refera at h that
refie g8 caciatReicady BedhishokkEossig — - B B Wiknar 1 y
determ ned by a nodel or prelimnary calibration data.

The reflection of the netrology |aser beam spot 535 _
[0088]f t he Thenkethool PR dar be repeatddeatt samne o glidinksvihiaciow during a

i 3R 9 9534, 980 1518 o SPYB 688 b BsShE ey maime
andtrivm-fefibbBer hithingd, Hzadhowit RSEighe10 lahaerepmau’&edmﬂ%ure 15B as a
Cr oSSi ng i ndi cates the position of the center of the

funqgtiopiof e gisgangeoas thesmgtnolagyream sgot F8e mevasoriongdhe row of links.

Eaof SRR, N B TR SO A, AP BERE IR B cach
mininemrrepresenit theasedier gatintcbatweth ewohadjabehlinksos Figuge -15B also

i.e,, h i nk. 0 Th t hod, 700 [ .
shops g thEsiord 3 orPWRAT BIcK e ROAks &t (o CerRe N, sigal. and the
corréEBondiH Plﬁgé gse, the reflection signal conprises a

series % reHg

ection maxi ma and non-reflection nnim,
as shown in Figure 10 and reproduced in Figure 15B as

1008035’ nov dBea Mestiofhd P et hicacceith fixRantERY: fRvolved in
genéﬁtk@cfﬂeoibs‘éir Hidde PRI BrRopalgatihg Gt $¢hE weikpiede! M50 #RY a laser
trigger command is issued. One method to account for the delay is to position the
processing laser beam spot 135 lagging behind the metrology laser beam spot 535.
The lag distance Ad between the two spots results in a time delay between the time
when the reflection from the metrology beam spot 535 crosses the threshold T and
the time when the processing laser beam spot 135 is properly positioned over the
link. Ideally, the net result of any delay is that the processing laser beam spot 135
moves the proper distance along the workpiece 130 to precisely deliver its pulse

28



m ni mum represents the center point between two
adj acent links. Figure 15B al so shows the threshold T
WG 0ot bel ow t he peaks in the detection sigPel/USENe032944
) thefcorrespondl ng offset Dd. [0090] The nethod 700
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velc%tﬁtlyadt Wci’ffﬁnﬁddmd @r@tygeﬁmmdsda, dnd abei S@Gmger(lﬁaﬁ)j)amtween the
€ generating step_75 In sone cases, th roces
metrology IBsinbeaor SRAlR5 S ANdethe reseer ioge’ BeBPDRERC 198 Those
ser.he [

skilgB iR coieloctpr SR Hfings Kird b 2odfario, in light of the
teadﬂpg@derelpon system vari abl es such as the shape and

magni tude of the reflection signal (which in turn

depends on the optical properties of the netrol ogy

[oobggef befya Méiﬁod‘@bbFiir@@é%sb@%nk@%dré@h@,&awmmw%mf is to a large
refl ected energy sensor 198), the veIOC|t

degmeahdepermwrm‘ ane pp@lltlﬂarrn@del Vi oresise sigEagting ?{ the links. This

puSf o BERET AR il ind 38R RERIOE BAmSAor i e between

mefblogyaserih@ &f aimlgeﬂywsﬁlcmeahd ritgs pfazpesaingi véhat lmmedtacy can

scenari o, [ight of th h
furiher RODBRoB PARGRSETSLECTUTARG A OB TpEloT SRRUSRRLANTG between

the! fin8s o?rrﬂgtrgl‘ag? ea‘?ltd ﬁ%%@g&ﬂﬁ n§ rea thé&dllﬁcﬂnémétﬁ)antage of this

for precisSet Ilns ‘Thi's pul se-on-ref
pulsewin- mﬁletmﬂnrtecﬂnmqoéflsrthat lite canlvcompersate formieeidualyerrars in the

el SRS o5 5B ol e P o erors

resgﬁtf?@eﬁslirﬂ@ tﬁélcéi{eaéliﬁghtl?m&ﬁ@ampof étlandthierd advamagé obthe pulse-on-
between the {ines of netrol ogy and processjn
refleetion deichmiguediithat dhnis! !am}hm@g@nbgo the §aﬁ1 SFfhe*laser béam spots

on the workpiece 130. The technique can work well with slanted, curved, and

rotational paths, for example. In fact, in a two-beam embodiment, if the metrology
laser beam spot 535 and the processing laser beam spot 135 are locked in a fixed
relative offset, then the path of those spots is irrelevant.

[0093] Figures 16A-16C are flowcharts of other methods according to various
embodiments. Whereas the methods 600 and 700 were described above on a per-
link basis, the methods of Figures 16A-16C are described below on a per-run basis.
In particular, Figure 16A is a flowchart of a method 800 for periodically or

occasionally performing metrology runs intermixed among processing runs. The
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pul se-on-reflection technique is that it can

conpensate for residual errors in the calibration
woroeel2496r rors in the CAD |ink position databaBer/Us1006/032944

fabrication errors resulting in links that are
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beamtstéelﬁ@@ bptitdleclomeht e prdpépﬁﬁ@i@ pagref tHepRedsihgdaser beam
t he nmethod 800 coll ects actua osition data for sone

135),pr 2 FOWaLener [daik<MavemRRt (w3 maginidatiom oftsiata affesting the
tlmlr{ﬁséll?@lgr EQQmHmng SfptoBessing laser pulses) or some combination of both. If

the adjustment is by movement of the motion stage 170, the subsequent effects of
that movement on the metrology laser beam spot 535 should be taken into account.

[0094] In the simplest case, a positional model for workpiece features involves
a mathematical model for a planar object, such as a planar disc in which points
represent the centers of links. That model can be updated by X and/or Y translation

to optimally fit the modeled link positions to the measured link positions as
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posi ti onal nodel of the workpiece 130 for determ ning

the positions of links 410 and other features, the
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apprecCiate in light of the t eachi ngs herein. For

exanple, if the workpiece nodel is linear inits

[0083} "™ eiﬁ%(oo\rﬁﬁ{arcgf hihsP2EHrihg tSVtﬂg Hn? hsét?ﬁwéygé'au X-direction

ar— or non- pFanar

runs(l fellodedabyg @il Yidinecton bens n@d girentegsh.t d\ltﬂrnamnd;e theemethod 800
sum of the squares of thﬁ dqllfferences et ween a&

mayp @deeatalg perform some irection runs then some Y-direction runs.

Intermixing X-direction runs and Y-direction runs can maintain current calibration in

both X and Y dimensions, by updating in each direction periodically.

[0096] Figure 16B is flowchart of a method 900 in which metrology and
processing are alternately performed during the same fink run. The method 900 first
performs (810) an optional initial alignment, as described above in connection with

the method 800. Then for each row of links requiring processing, the method 900
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actual nmeasured position. This well-known al gorithm

can be inplenented recursively such that every new
wore@3ne4ed dat a point refines the nodel somewhaPCT/US2006/032944
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es ether it 1s in or approaching a no-bl ow

workpigvent! 301 ér notprotibee netheodiestiablei distybutions of no-blow segments
and/or processed links. For example, it may be desirable to distribute some links
runs and no-blow segments in both the X and Y processing axes so that metrology
link runs can be practiced in both directions. A desirable distribution may also be
formulated, in part or whole, to minimize the time required to align and/or process the

workpiece 130.

[0098] Figure 16C is a flowchart of a method 1000 in which metrology and

processing are performed simultaneously during a link run. The method 1000 first
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perfornms (930) processing along that segnent. If it is
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the positiom foért!emprcnoessmg [aeeeb]aamhsmms‘é’éi based ongeematr@logy results.

TheSH b 5Reb1 D50, AR 585 M R HIE BCERR00 @) 8lhn ow o

linkd. eFHBAABthoRl FUBN IsSs@tdI@ddi ¥ed Qathothel 186&ér beamcépdtarrangements
repl ace a defective elenent, then the choices can be

showa e Figsirendk foreX@mmle. si ze and/or distribution of
no- bl ow segnents across the workpiece 130 or to
produce ot her desirable distributions of no-blow
[Oowgmsnt Yasinds onethods eleseribdd h&mein Betermimerpbsitions ofrafructures on
desiraple to dis rlbutela.}’%rre links runs and, n

bl
or Wi AmPANGUTAT EHESUATRTGIANE, 9ca LaSer PaaR SPgh THERS Methods
gengreatté %' i‘PrQVIdsbe éHf‘én%"fBPoﬁb?gd@é@ﬁé ifdaddt t%Hrh to a laser beam spot

di rections. eS|ra l'e di'stribution may al so be
on drawmmnhetheosemlnop@mqtoosukmmte, detechiantefiegtion oé the fiest laser beam

RAETIETNER IRY A LT ——

firstWBfl&dtioredatal ?GMeMQ APsSHRRSIaser BeanPand profshate the second laser
si nul t aneous y during a link run. The method 1000

beam tetgdasesr heamssegt an opMithimithe rﬁetmlapn@wtehﬁyhstrat@s detect a

refléhf ol rc{f bed s@?tz (gléfgbgggﬂﬁi‘&noé‘ s%%%%f?&ctﬁ?é PafirP] %Frtﬁ'é‘ distance

he” me perftor ns processing a
of thédirstogiradtutes oni oruvithimethes bgmiconridoctarnglst@84)) thereby generating

sl T S S G5 g SRLT g tecn
datf@d@f@rh’ﬁ{é Qg)ds‘?tﬁﬂl) of 5% BPPhdreOsF Bk fFerealﬁ’d Q868 Bftuctures. The

aser beam spot 135 based on the metrol ogy results.
certainedistanse aEghe, 1mB@xaeﬂme ksd tBe0,a sideagdpnenmiomtod,a die 210 or

closBl o eBPE Bt o il oRicco S, el R FRERR, SERMe) he same

as ciltnthel dtdEF 6LIhe Ik dikh spaeifgl.e. [0099] Various nethods
descri bed herein determ ne positions of structures on

or wwthin a sem conductor substrate relative to a

[001661" P&AMotRMethbBE HR2sBRBAP S ein also align a laser beam with respect

to a semiconductor substrate having a number of structures on or within a
semiconductor substrate. The number of structures establishes a density of said
structures on or within the semiconductor substrate. These methods generate one
or more laser beams; propagate the one or more laser beams onto or within the
semiconductor substrate; detect a number of laser beam reflections from a number
of respective reflection targets within a given area, thereby generating reflection
data; and process the reflection data to align a laser beam with respect to the
semiconductor substrate. A quotient of the number of laser beam reflections divided

by the given area is on the same order of magnitude as the density of said structures
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generate a first |aser beam and propagate the first

| aser beamto a | aser beam spot on or within the
w@esropreuct or substrate; detect a refl ecti on PET/UR®06/032944

first laser beamfroma first structure on or within

on égﬁi@ﬁ":t@% '%‘h?lwﬁdﬁ'élgls%h%ﬁatet B?rvﬁﬁ?{n aSRET @¥d, Ner ihréétorders of

enerate a second | aser beam and

magmitade g thee _tilaas@e«xfcrraid shueturéeam to a | aser beam spot
on or W!thl n the sem conductor substrate; detect a
reflection of the second | aser beam from a second

[OOﬁT'fIJUCt U'\/%r%%*‘r‘n@tlﬂ)déeﬂé%ﬁbé@ fbAIRal8d pdEitidr r=staser beam spot
ucture on or Wth he semi conductor substrate,

relativeer ébyageaemmcmdtg:t@recwhﬁtlwéﬁil bevingn sieciuresn Prpr O ewthin  the

sorth e S 68 HB- R 08B0 B fBossing acer

beaf'ﬁ foh pﬁﬁé’es”sﬁmf)laé@bl‘edﬁt gpéts. THds: methadngehatnaanetglogy laser
e, for ex | ess than a side di nension, of

beammr@pa@at@stbe MefielAgy ases deam alang B BERRASANON ALY 39@ metrology

s T VR 6 gl S s o s

beadespoil Mn,leeﬁoenha sdmicontiugor aubsisate atemspesd; hdetesfp@cfeﬂectlon of
a semn condquctor. su

the SROlRIDGY LESaPaGT fioMhiTF STUGHHS AT DogoRtIated 4 ieflefien signal
whl%%g?c? rmd?fmgsbéé{ﬁ’suéﬁ@ d@férﬁ‘hhé ﬂcfaé‘éd&)rﬂ#@sﬂeﬂéctﬁn sighdl, a position of

structures on or within the sem conductor substrate.
the Theeloggtlasers bgame spote rejativep to tbe estrustwe. pdhgsspeed may be, for

rQpagat e the one or b 0 o) [
erefaB 2 b PO Ll il e S P B AL about 200
mmPE3ENd /f pakicuRMFasted than aboben 00fmmes rehaiut \60 mm/s or from about
reflection targets within a given area, ther

25 menetaepayt 3@fﬂ'f@1§b bghmaxthe 2 alovhas abeyt éﬁ@“ flection
data to align a | aser beamw th respect to the
sem conduct or substrate. A quotient of the nunber of

[00fe2Er beRm a@‘dnﬂﬂ‘hs dos opératidgahbymethedgi arehsysternsi ifustrated and
t he sane order

d he d
o eB B, ST e, 2 el S, o
exa‘%ﬁl@' ﬁe?'k%n é)&é’b adbné %?%r@réﬁtﬁl\ﬁaréfor TSNS peogransh€omprised of

sald structures. [00101] Various net hods
progE&m nmsiacctlbes dih isouresocqdss iakijest epdeasxecyiahla @cpﬂﬁ or other formats.

A5 Tt HPote o 3 HABRARE, 8 CeHbiR T Tty yiigh include

sto%es Gb@l@és VA siyrlE Sipedomypretsledver Iulrngompmssws £0rn'g Exemplary
| aser beamto a processing | aser beam sp oaﬁ) Thes

computebeAdRNIer SIOEIGE REVICES o IES SPNYRAIANG) (CATRNIEE ™ RAM
cafffl B48eb 3BT BP0 (o8 °SREZ HBRAYLD SIROM  erasabe
progﬁrﬁmabW@IROmr)oEEMM (Edaetnbaliy esasmble, programmable ROM), flash
memory and magnetic or optical disks or tapes. Exemplary computer-readable
signals, whether modulated using a carrier or not, are signals that a computer
system hosting or running a computer program can be configured to access,
including signals downloaded through the Internet or other networks. Concrete
examples of the foregoing include distribution of software on a CD ROM or via
internet download. In a sense, the Internet itself, as an abstract entity, is a

computer-readable medium. The same is true of computer networks in general.
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beam spot relative to the sem conductor substrate at a
speed; detect a reflection of the netrology | aser beam
WO p@024969 st ruct ure, thereby generating a ref|BCI/US906/032944
ignal, while said noving occurs; and determ ne, based
[001&3]t he Tbél trrisoandi gasd:rlptrﬂmpoaséd omereln tdie s&tt m{wgw way of

?an1s ot relative to the structure. The speed
st RS, S b gl 1ot gy aen BAVaRoRs o Lheser Shalseom the art wil
recogviR tatirman) abastorftOcamive Fn‘éd bRuh ZQQtaBy gg%@ described

particul ar flaster than about 1
emb@ghmemm\@lﬁmm depantings from ﬂ{@olumdem'lrlgmﬂnmplﬂs mfethehavaﬁlon The

sl B R0 SePTEk S, S AL ATS b, g claims

(andd s Iehedralwn@l Ih aictesliSterms drevey bet Mn@érsdedTﬁn 'Pr%nh broadest
actbve and inactive. For exanple, they can exist

reasgRable sehsedinies Hheavise indicargr e progr ans conpr | sed of
program instructions in source code, object code,
execut abl e code or other formats. Any of the above can
be enbodi ed on a conputer-readabl e nmedi um which
i ncl ude storage devices and signals, in conpressed or
unconpressed form Exenplary conputer-readabl e storage
devi ces include conventional conmputer system RAM
(random access nenory), ROM (read only nenory), EPROM
(erasabl e, programmable ROM), EEPROM (el ectrically
erasabl e, progranmable ROV, flash nmenory and magnetic
or optical disks or tapes. Exenplary conputer-readable
signal s, whether nodul ated using a carrier or not, are
signals that a conputer system hosting or running a
conmput er program can be configured to access,
i ncludi ng signals downl oaded through the Internet or
ot her networks. Concrete exanples of the foregoing
i ncl ude distribution of software on a CD ROM or vi a
Internet download. In a sense, the Internet itself, as
an abstract entity, is a conputer-readable nedium The
sane is true of conputer networks in general.[00103]
The terns and descriptions used herein are set forth
by way of illustration only and are not neant as
[imtations. Those skilled in the art will recognize
that many variations can be nmade to the details of the
above-descri bed enbodi nents without departing fromthe
underlying principles of the invention. The scope of
the invention should therefore be determ ned only by
the following clains (and their equivalents) in which
all ternms are to be understood in their broadest
reasonabl e sense unl ess ot herw se indi cated. CLAI M5
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1. A system ( 100) for processing structures (41 0) on

or wwthin a sem conductor substrate (130) using a
w@eiogezhobaser, the system (100) conprising: a PEBEES2006/032944

source ( 110) producing a netrology | aser beam and a

pul sed processing | aser bexrARMS | npi ngi ng upon

sel ected ones of said structures (410); a netrol ogy

| aser propagatl on path fromthe |laser source ( 1 10)

1. hos?stgﬁf (§O§9§6r L@%@és&ﬁ@@t@%&imé%ﬁ%%% gF V\‘Miflrwap skRfconductor

seni cond trate cessin
Subﬁraipa(gaﬁ) tmngat ;bulSed)Iastehdhbesgetem ()w&)eco(mrlﬂsﬁr)gt 0 a

| h
e s Bt o lBee kLD Bl Bing 2 HheftBlodyn el beqmyapd a pulsed
prom@fngquéendbéémCf@umom@hgtu ‘dﬁ J8died opek\wresid ﬂ?ucitures (410);

sem conduct or substr and both the netrol ogy
| agdnetielogy daar r{rgsagatmmmmefr @ndbe dasangolusese (1 193 4oma metrology

lase B St 3E O oE Tl et RO oL PGB IR r e
(4a0proms(hg‘ma$eﬂn phspayation patilfedrantiedllhyessoard@ht(110) to a
direction; a sensor (198) positioned to detect a

ProGeeging: asey ram Pk E13% erorr wikkin the semiggndustaisubstiate (130);
spgt pdatidn) sftefgjoE;y(‘??@) c?:,ron [ueeo‘)fto @%Lg%;%tr@é(t‘lwrﬁfot ﬁl%tween the

as the net aser
semiepnoiuetar estibstnatkl ¢ 130) amdb:b:ortram% (nia@r)logy heserblyeam spot (535) and

the BEGG-Eng B S e 1 36K s0ph (Bab e GuAreshRE deses beam spot
(138 GhRIERAE satPSBRcRIY bRSs b?fst%FEﬂrQ&u?ééggﬂb% @%’l@%@ﬁ n being in a

where to generate a pul se of the process aser eam
subsigntiailyt graigh ¢itgctiopon sai d sel ect ed ones of sai d

ilt é %%%%Bfamjdif)éb@sn cﬁmed ) i%fééteﬁqpﬁa@(?ﬁ%d%@f gé}(ﬁnggf thga[netrology
lasef ibesim bpet (535 rfesratontg of MEoreesi di@ Btrdcases (h&@fﬂasacﬁé rAetrology
cond | as ré?eneratln t he Bulsed processi ng

'asebgsﬁm ek GR6) hves relativedg dhe srmieprdusionpubstEier 30) thereby
gen&aﬁhg%cﬁef|e§t| @)ﬁg{ gmy( 100) as set forth in claiml,
as

wher&in the Source ( 1 10) conprises a single
| agesoniradiend il 9Q), tmmlmettwl teetholsegyolt §:38), keafiywed t‘ohdetermine

ST R e
lasep BeAM(S383 taMfipihbe upoACRT$ é@l@cl@ﬁ%e@@@éﬁlé E%c@%@égﬁ 0).

substantially corncide on or wthin the sem conductor
substrate (130).

2. A system (100) as set forth in claim 1, wherein the laser source (110) comprises:
a first laser generating the metrology laser beam; and
a second laser generating the pulsed processing laser beam, wherein the first
laser and the second laser are distinct.

3. A system (100) as set forth in claim 1, wherein the laser source (110) comprises a

single laser producing both the metrology laser beam and the pulsed processing
laser beam.
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5. A system (100) as set forth in claiml1, wherein the

nmetrol ogy | aser beam spot (535) is offset fromthe
wEe@cesesng | aser beam spot (135) in said straP@ius2006/032944

direction. 6. A system( 100) as set forth in claim1,

4. Mhsieim (10e) BBtdet!ieaN ih atdm bemwﬁtthéﬁﬁéﬁmio@yqaééﬁbeam spot
fromthe processing |aser beams ot 8135 in a

(539)i anet theo prqnesgingdiasal heamospel; (6351) sapgtantially eeincisle on or within
forth in claim1, wherein said
the %@lcﬁapgﬂr%aggﬁt@y?%n ortholgonal Ito a pl ane Iof fhle

sem conduct or substrate (130). 8 . A net hod (600) for
accur at el égsendl n | aser bea sessts_lrom a processi

5. Pewetemd 100} aerssd TortboB<dainy Tt Mhgerindhp deliplegy(ase) beam spot
(5352?5 Bﬁsé‘ft ﬁ%@ﬂ% gi?%s%ﬂ@%@épﬁe%% 2455)(4 3814 sitighedifection.

e processing target structures
(410) are arranged in a substantially straight |inear

5T 0T Ss bt dorf o b %o et B, iy SR beam spot
535’)%I oﬁé@PﬁSﬁtﬂhBQ)rb@é’é&né Ba%e%béﬁi 9{515/( EDZ) a)aﬁ%t?d(rpﬁésp@ndlcular

propagation path to a mnetrol ogy |'aser beam spot

to said straiglitidiiestiohe seni conduct or substrate (130); noving
(630) the sem conductor substrate (130) relative to
the nmetrol ogy | aser beam spot (535) predom nantly in

7. ng étéﬁgf(m@)sés et €6ith an; cldigh eig twingre{rb4@)d nedtiodclseith a direction
energy fromthe subset of processinpg target
orthggpu@itteraeelao@m)th%emwmﬁiepmsys?tmes@ﬁ%eam spot
(535) noves relative to the sem conductor substrate
(130), thereby generating a reflection signal as a
8. A mei’n'od 11600) fdr ateumadely Benuiagl lesert evdrs g uiBeseitorinanprocessing laser

ro sIRSET bioketind thrcBh TR (PHD T e BRGNP Rg substrate

(13@' %ﬁe@.mrapmilﬂubaéh dfomé 9r&@e§mgn@aﬂgé§@nm@s (410) are
pot (135) on or within the sem conductor substrate

a"amsd)m aasithstentialiistiaight (ieaey rovn gxtending e lengthwisej difection, the
e to position the processing | aser beam
metggg%%m%hg{ . !

elative to the sem conductor substrate

( 13hefdatings(6110) dimetbdlogi¢agerbeess and muﬂ)awmgn(EBZO) the metrology
selected processi ng target structures ﬁ410

asqieRemil 3le09)a REQRAGAtRG Rash dpaa merolegy dasar f&ﬁfﬁrwtr{a%) on or
wﬁh%’iﬂgé ﬁ:%%ﬁb)ﬁto‘l"'shp %‘t‘e%?g ing step, nmoving the

sem con uctor subs relative to the
rretmmlrnngy(669$ethetmmcspdﬂctoﬁaﬁlbstratea(mm)eoelatiwe to the metrology
|aseor|rl:>terao %BS‘! (SIS%) %?eéjominanﬂy in the lengthwise direction;
detecting (640) reflected light energy from the subset of processing target
structures (410) as the metrology laser beam spot (535) moves relative to the
semiconductor substrate (130), thereby generating a reflection signal as a function of
distance in the lengthwise direction;
generating (750) processing pulses of the processing laser beam and
propagating (760) the processing pulses along a propagation path to a processing
laser beam spot (135) on or within the semiconductor substrate (130); and
determining (640), based on the reflection signal, where to position the
processing laser beam spot (135) relative to the semiconductor substrate (130) so as

to direct the processing pulses on selected processing target structures (410).
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| engt hwi se direction. 10. A nethod (600) according to
claim8, wherein determ ning where to position the
wEe@casesng | aser beam spot (135) conprises noRPCT/YE1906/032944
one or nore calibration paraneters. 11. A nethod (600)
according to claim8, wherein the subset conprises a

| ur.al i f progessing target structures (410) , and

9. A{)WS'EM @qg?ﬁcﬁﬁrcg@%ﬁp 5%%185 eAFeMIgisitP:posi ti on dat a

assiafliginedudhyt With "Giiy | |

target str Hgftyu\?gg r%'lei{ d—e W}h% %%WQ{OH’L@E {%3%@%%@'&%3”*’3" ate
(130 gelative to the megphigy Iahfr bmmrsr]ubhtfrﬁfﬁl)sim epdifeadion or’fhogonal to said

ises. finding peaks in the reflection signal. 13.

Iengﬁ&ﬂgéﬁﬁg&d%%o) according to claim8, wherein the

determining step (640) conprises: fitting a

themati cal surface nodel to structure positional

10. gaingthrd (BAN) aocerding o claimds twhatein determining whenethpdsition the
(ol clial wherein e determnin o
proceBaNb BSer ey st bl i Rac ivinie; Ghe: b ore calibration
parametérsct i on signal to data indicating noninal positions
of the structures.15. A method (600) according to
claim8, further conprising: noving the netrol ogy

11. h%@fho*éie@@%gggzori@m d&ShaB! \X/ﬁe];egn gﬁ;l?e?éﬁ%@gcc ﬁﬂg’?ste%ra plurality of

substrate n~a direction opp
procgssing ttarget shndturepddat Ong ahtiehgedeteatininy 6&b Bdmprises averaging

. t] 20).,...and. det ect i 630) st _ th
posifl P BBHE A528GR RN S b0% B9 il cae suctures
(4108) in said one of said rows in said opposite

direction. 16. A nethod (600) according to claimS8,
further conprising: adjusting the focusing depth of

12. the I I ; .t trol L aser . beam
2. | RepERALIOR), BESSLIN AT 081 URRETL IR, PRt Sep o40)
comyrgse®) conprises deternmining a depth of a structure

(?ﬂ]?%) in the s m'Cﬁ&d{ucto,r substrate (130). 17. A

cdMSinEperisindhedetiesiionsignal. use with a system (100)

for positioning a | aser
13. A method (600) according to claim 8, wherein the determining step (640)
comprises:

fitting a mathematical surface model to structure positional data derived from

the reflection signal.

14. A method (600) according to claim 8, wherein the determining step comprises:

comparing data derived from the reflection signal to data indicating nominal
positions of the structures.
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beam spot relative to a sem conductor substrate (130),
t he conputer-readabl e medi um conpri sing software
w0 p®v02u969 ons perform ng the nmethod (600) of ePECTIES2006/032944
claim1 or claim8. 18. A sem conductor substrate
j 0 iLH00) of
18. gﬁ%@t}cﬂ{: al %%egﬁﬁ'g‘?g‘magﬁtsﬁm%@mﬁggg{ ict or
submvirg ¢heg m8elrolagy daskmbeam speti (5322 retadivei o tre bemdgonductor

i d st t (410) . ar. d i
subSiPaR (T e HT RT I PSRBT 395 A et hoc
( 6QéPetiPEPtheShdHbrating WO)n?raﬁg@tihgqud),rwqd Betecting (630) steps
ositions of structures (410) to be selectively . ]
as the seeiraledy lasea beppssp Bbmayes acsessstinkis (4di0) yn paiderite of said

rowésir{§éidrog)\gg?fteﬁ¥rég§(§ﬁ4reS (410) on or within a

em con or “su rate (130) by: generating (610) a
netrol ogy | aser beam and propagating (620) the

1 AR s L ity 2
e%tH]L%Egg)tﬁé%EUSIequ%ﬂ? &gztsﬁlgmﬁggrﬁmr 858P%ehAs 85 th8aMktrology

spo relati tor substrate
lasef baam spat{§3bhmovessangorti on; anddet ecting (630)

flect.i th trol b ff th
G TNl AelSHENBER: PO S64Yh EOMBRBE ol oraLing fgigpih of 2
struétepé (4 fHI thd¥emiddridattoreubstrafee(18eyi conduct or
substrate (130), thereby generating a reflection

signal; and based on the gathered data, determ ning

( r [ Pl e -1 h
17. R ePplRT Bab ot sbBaE i i3 WS 3Rl RN Ty Wity a taser
beafelspot aglativeuts W eentiddidudtor aubsiraied (P30 ithe odbmputer-readable

substantially Linear second row of, structureé gn or . .
meqiMFONRIsiRgSetwalR tnsirusiiong P@&fw'msébl? Mgibedi(P0QLfgither claim
1 or585iANE row is substantially parallel to said first

row. 21. A nethod (600) as set forth in claim 20,

wherein the first portion and the second portion are

the sane. 22. A net hod 0) as set forth in claim.20
18.  Acsinopsiicer SuPSHaR tia HreSsit acuting © fedmBii (e00) of
eithéBelain T3 ¥4in{ 800) as set forth in claim20, further

conpri si ng:
19. A semiconductor substrate (130) according to claim 22 wherein at least some of

said structures (410) are arranged in a predetermined synchronization pattern.

20. A method (600) comprising:
gathering data regarding the positions of structures (410) to be selectively
processed in a first portion of a substantially linear first row of structures (410) on or
within a semiconductor substrate (130) by:
generating (610) a metrology laser beam and propagating (620) the
metrology laser beam along a propagation path that intersects the substrate
(130) at a metrology laser beam spot (535);
moVing (625) the metrology laser beam spot (535) relative to the
semiconductor substrate (130) along the first portion; and
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processi ng (660) the selected structures in the second
portion of the second row by: generating the

w@e@ces®rng | aser pul ses and propagati ng the peCBHES2006/032944
al ong a propagation path that intersects the substrate

b movPRiPnd' el gfeaiond of e, HEELEY] iskPobeam off the
r ek@tibiifed antihe pertionoaduihcometrdicgy daser(béan apohnd35) moves

D 0 et LU D 558 GRERBIRL) Hotector

| a eqg spot (135) are perforned in accordance with
th% nédtli]’erm ning step (640) so as to cause the

pr baessi oy thasmthereldsdatat deterpiinigg (896N wiherestq direelgprocessing

t t .24, A hqd 0 t 1 n. el ai
Iase%yfu?%%&&%ﬁhp@r@g{arﬁ qqg%élg?égarg? Zifi@sﬁgg ?Q gb?m?tegjpdéﬂn selected
stru%ﬁﬁggﬂ(ﬁériﬁ%dséém soRibAldr v stibatritiang insaysedind ww of structures

00) as set forth in claim23, wherein the :
on gat héthimga asemigopclestorngubgiraie 76630)s : Wheredn eS8 SEFARY row IS

al terpatel y. 26. 600) for positioning a | aser
SUbﬁ{?Qﬁ?E%B?raﬁlgng?@éﬁ%t}gg’sém cgnductgr substra?e (130)

havi ng structures (410) on or within the sem conductor

substrate (130) to be sel ectjyel rocessed by.
21.d/é|mef@pplr(§89) 9% gebipgthyig ql%égbl?gb‘@éﬁﬂpedfbﬁ%{? ﬁfrsgé’Qg‘é%@”d the second
porg%igﬁea&%ﬁ%grﬁgot (135), the nethod conprising:

10) a netrol ogy | aser beam propagating
(620) the netrol ogy | aser beam al ong a propagation

path to rolo | aser bea pat (53
22.0% mattnd (B0)cgs Set il B JisbRotie i3 Fou ! e second
rowl &2thelddfnd aser beam spot relative to the

sem conduct or substrate ( 130) such that an angul ar

velocity of the sem conductor substrate (130) about

its center. is_les : [ speed of the

23, hiuftguholfar SRRV P et 4 FltherohBiRg a
subsioeas€ing ¥86D) tHevseledtedystrudtinesandhe etcond partien of the second
sem conduct or substrate (130)'s center and the | aser

rovheyim spot (535); detecting (630) a reflection of the
met r ol Og%(erhé’]’%ﬁﬁ btﬂ@ﬂ)ifcfc%%ihﬁglla%lr 48€ ahd 1opabhBRgtie pulses

generatifig a re I'ec on sign ile said rmwn% )
occalbay anpropagation path that intersects the substrate (130) having at a
processing laser beam spot (135); and
moving the processing laser beam spot (135) relative to the
semiconductor substrate (130) along the row of structures;
wherein the steps of generating the processing laser pulses and
moving the processing laser beam spot (135) are performed in accordance
with the determining step (640) so as to cause the processing laser pulses o

impinge upon the selected structures.

24. A method (800) as set forth in claim 23, wherein the gathering and processing
(660) steps are performed substantially simultaneously.

25. A method (600) as set forth in claim 23, wherein the gathering and processing

(660,760) steps are performed alternately.
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determi ning (640), based on the reflection signal, a
position of the netrol ogy | aser beam spot (535)

WO 200an249e9 t 0 the structure. 27. A nethod (600)PCT/US2006/032944
according to claim 26, wherein the angular velocity is
negligible. 28. A nethod (700) for positioning the
delivery of a |aser beamto a structure (410) on or

26. yAtmethos G9) Jenpasitioningud daseitkeam 3wpt relaévende ogemiconductor

subD (COTNRIC Sy BRREL U100 ohEFE RTINS SLBRohARTEr substae
(130)ntcerl@|&e@bmldtihelysghﬁdseléd bﬂwliyeﬁn@p?g@bbég?iﬂéfﬁkteth heam to a
ProGRSEIG ST PAATBISPBLAISIPE ISP G isinGar the

?ggg@é?ﬁ?\g&éi@ aﬁﬁetﬁcflo?}ﬁia%%? b}éSI—r%gpr ocessed; detecting

I on e netro y laser beam from
t hprogagatingr (620) like abgtroleggriasembeamr albhgcd ippopagagioal path to a

oS 4555 hOh 4590 BT 15, ELE 2CLligt ot SRTDL 6 9 Saectvey
prodeé38y; generating (750) the processing | aser beam and

propagating (760) the processing |aser beamto the
st Mpting éGE’&)lme VaRarcbears spatl idativentothe semieendiaiery substrate

oA R B8t SR LSRR 658 100 about

centar isiege dham aayuoltiehtbf the speesildfih@mideribernpapat (58b) rekiive to the
extending in a generally | engthw se direction, and the

semiganewigtqr7erhstedadr Bk sivided iqyga  éistancenetmaencthsy gemiconductor
' : ' duct
SUbésu s{(ggt:e Eé@%&aﬁ?ﬁﬁ%lél rrg)tgtlaﬁgﬁﬁg}u(gg?éﬁ?imaﬁ); ggr glrl el
t o detextihgn@BB)ss eftiictient afotheometiodogyolaser deany fome thé structure

ajd rows; repeating the generating (610). propagating
@1§)5sye0) Grne aliaa Rlgointinel Snulted mdvind peRagsand
| a%@ferﬁﬁfﬁﬁgs(eﬂ% (Badel SPYRS rétfidclss didritfSa igdsiindofo@ metrology
of said rows, erein the reflection signal is a
laser hram spetdb3pbrslativento; thetstiwictusagt hwi se direction; and
novi ng the processing | aser beam spot (135) al ong
substantially the same path as traversed by the

27. nretethed) 00 Secoltiagts plim 283 Wherdighha@anphrr W@tdcﬁ}l Kegligible.
| aser beam spot (535). 30. A nethod (700) as set forth
in claim28, further conprising: delaying generating

28. LATRHhBER760) r RiflonRif R BeiVery BF aB8&EEEAM%0! 286 icture (410)
on or within a semiconductor substrate (130), the method (700) comprising:

generating (610) a metrology laser beam having a metrology laser beam spot
(635) that intersects the substrate (130);

propagating (620) the metrology laser beam along a propagation path to the
metrology laser beam spot (535) on or near the structure (410) to be selectively
processed;

detecting (730) a reflection of the metrology laser beam from the structure,
thereby generating a reflection signal; and

detecting (730) when the reflection signal crosses a threshold; and

responsive to said detecting step (730), generating (750) the processing laser
beam and propagating (760) the processing laser beam to the structure (410) where

the reflection of the metrology beam (535) was detected.
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beam spot (135) is in a position relative to the
substrate such that the processing | aser beamhits the
w@reao249®e (410). 31. A nmethod as set forth i nPCI/EBI906/032944
28, further conprising: propagating the processing
| aser beamto the structure (410) only if the
structure (41 0) has been identified as one to be
29. progesthed. (700) as set forth in claim 28, wherein the structures (410) are

arranged in a plurality of substantially parallel rows extending in a generally
lengthwise direction, and the method (700) comprises:

moving (625) the metrology laser beam spot (535) relative to the
semiconductor substrate (130) in a direction substantially parallel to the lengthwise
direction of the rows, along one of said rows;

repeating the generating (610), propagating (620) , and detecting (730) steps
"as the metrology laser beam spot (535) moves across links in said one of said rows,
wherein the reflection signal is a function of position in the lengthwise direction; and

moving the processing laser beam spot (135) along substantially the same
path as traversed by the metrology laser beam spot (535), behind the metrology
laser beam spot (535).

30. A method (700) as set forth in claim 28, further comprising:

delaying generating the processing laser beam until the processing laser
beam spot (135) is in a position relative to the substrate such that the processing
laser beam hits the structure (410).

31. A method as set forth in claim 28, further comprising:

propagating the processing laser beam to the structure (410) only if the
structure (410) has been identified as one to be processed.
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