METHODS AND SYSTEMS FOR POSI TI ONI NG A LASER BEAM SPOT
RELATI VE TO A SEM CONDUCTCOR | NTEGRATED CI RCUI T USI NG
A PROCESSI NG TARCGET AS A METROLOGY TARGET Rel at ed
Applications [0001] This application is a
continuation-in-part of U S. Patent Application No.
11/ 213,329, entitled "Methods and Systens for
Positioning a Laser Beam Spot Relative to a
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U S.C. 120. Technical Field [0002] This disclosure

rel ates generally to the use of a laser to process a
sem conducRelatedid@gliedtRhsCi rcuit during its

manuf acturing, and nore particularly but not
exclusively to positioning of a | aser beam spot on or
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ynam [=Tal menory), an SRAM (static
élgwrg%%reggongggﬁﬁor an y)errbedded megmry. Such
devices are al so designed to include |aser- severable
i nks between el ectrical contacts of the redundant
circuit elbegitieal Figldch |inks can be renoved, for
exanple, to disconnect a defective nenory 1 cell and
to substitute a replacenent redundant cell. Simlar
[000RNi quesThisedisalosureisethtte geawaally itokthe ruser dératlaser to
r?r%ggésa rg %Eemciggr];&t?c%re inltggrla%ec? rc?r%ld%tt gﬂlrir?gucftlg manufacturing, and

maore particularly but not exclusively to positioning of a laser beam spot on or

within a semiconductor integrated circuit.

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, 1Cs 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
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as gate arrays or ASICs (application-specific
integrated circuits). After an IC has been
fabricated, its circuit elenments are tested for
defects, and the |ocations of defects may be recorded
in a data file or defect map. A laser- based |ink
processi ng system can be enployed to renpove sel ected
links so as to nmake the | C useful, provided
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t t havi t t th
Sees R bA D ol fEUt; SepBres et b 9 Belateony the
idehiives bﬂ@ef@t@h@ﬁ@élr@goﬂdéa% $aam fir or aém%ewmg;\ laser-
| aser beam spot h

e net hod enerates a netrol
passst Ii@éammlr@rw@ntw bﬁe_enmépveﬂi é@yems'@rsedﬁgﬂd flinks so
n
34 Qe Bp A oPBl By SR AL BF e o
off ree S ethd fH@idmtlbﬁCbﬂﬁtB/eB”cmlh@Iérﬁéﬁll‘s b@ﬁhowpth sufficient
relative to the sem conductor substrate such that an
PG velocity of the seniconductor substrate about
its center is less than a quotient of the speed of
the | aser beam spot relative to the sem conductor
subst r at e Sumindy ofilye Bisblisswavce bet ween t he
sem conduct or substrate's center and the | aser beam
spot. The nethod detects a reflection of the netrol ogy
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structure to be selectively processed. The method moves the laser beam

spot relative to the semiconductor substrate such that an angular velocity of
the semiconductor substrate about its center is less than a quotient of the
speed of the laser beam spot relative to the semiconductor substrate divided
by a distance between the semiconductor substrate’s center and the laser
beam spot. The method detects a reflection of the metrology laser beam
from the structure, thereby generating a reflection signal, while said moving
occurs, and determines, based on the reflection signal, a position of the

metrology laser beam spot relative to the structure.

[0005] According to another embodiment, a method accurately sends

laser beam pulses from a processing laser to selected processing target
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row extending in a | engthw se direction. The nethod
generates a netrology |aser beam and propagates the
netrol ogy | aser beam al ong a propagation path to a
nmetrol ogy | aser beam spot on or within the

sem conductor substrate. The nmet hod noves the

sem conduct or substrate relative to the netrol ogy

| aser beam spot predom nantly in the | engthw se
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substrate. The processing | aser propagation path

Rieceassgtaget siucius@®r source to a processing | aser

beam spot on or within the sem conductor substrate.

The notion stage is configured to cause relative

[G006PN bet peedrdinte ®eramsinducémboslihsht, ake syStem processes

structures on or within a semiconductor substrate using a pulsed laser. The
system comprises a laser source, a metrology laser propagation path, a
processing laser propagation path, a motion stage, a sensor, and a
controller, which is connected to the sensor and the motion stage. The laser
source produces a metrology laser beam and a pulsed processing laser
beam for impinging on selected ones of said structures. The metrology laser
propagation path extends from the laser source {o a metrology laser beam
spot on or within the semiconductor substrate. The processing laser
propagation path extends from the laser source to a processing laser beam
spot on or within the semiconductor substrate. The motion stage is

configured to cause relative motion between the semiconductor substrate
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and both the netrol ogy | aser beam spot and the
processing | aser beam spot such that the processing

| aser beam spot intersects said selected ones of said
structures. The notion is in a substantially straight
direction. The sensor is positioned to detect a

magni tude of reflection of the netrology |[|aser beam
spot fromthe sem conductor substrate as the netrol ogy
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hut
styuctures in the portion as the metrology laser beam spot moves relative to
the semiconductor substrate, thereby generating a reflection signal. Based
on the gathered data, the method determines where 1o direct processing
laser pulses onto the semiconductor substrate so as to impinge upon
selected structures in a second portion of a substantially linear second row
of structures on or within a semiconductor substrate, wherein said second

row is substantially parallel to said first row.

[0008] As used herein: the term “on” means not just directly on but
atop, above, over, or covering, in any way, partially or fully; the term
“substantially” is a broadening term that means about or approximately but
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4 does not inply a high degree of closeness; and the
term"adjacent” nmeans next to or next in a series
(e.g., the letter "F" is adjacent to "G' but not "H
in the al phabet) w thout inplying physical contact.

[ 0009] Details concerning the construction and
operation of particular enbodinents are set forth in
the followi ng sections with reference to the

el ow| | sted gﬁamnn s Brief Descrlptlon of

%%m"ﬁbﬁ“?'@o& gheggree 9F Flosanesssnd thedt Qﬂ%g’i‘%@%ﬁ H‘eans
j t agfai bl gy
o T BT B, e PR (P dfaerito S bREhot " i
{reodphalbetywithoBt inspliymg mWwabtoatasém conduct or wafer.
[0013] Figure 4 is a side view of the sem conduct or
waf er of Figure 3. [0014] Figures 5A and 5B are
[ddoggtrat i B@?algfc@}{d&ﬁaﬁg%e QRPEALERAS ant B FabSslioe ?bﬁ%ular
al'ignnment targets ure 5Cis anillustration
embadrmemtsm@dsafeﬂ)rﬂamed alfp gt seationgewith[reference to the
E l%u" 6,1,S air]Jl illustration of link runs across a
? b%’i%&’{%"}’ 93i e. [0017] Figure 7 is an illustration
of a segnment of a link run across a nunber of |ink

banks with_a gr ocessing | aser beam spot. 50 [0018]

Fi gure 8A PHERHEEECI rawvl egnment of a link
run across a nunber of |ink banks with an alignnment

| aser beam spot. [0019] Figure 8B is an illustration
[o4egl ti pl Biguad driala sinmpifies diagnatnrafl 20liyk protessimgsystem.
across a segnent including laterally offset parti al
link-1ike structures for lateral netrology. [0020]

044 e 8C FiRupd 2 Id UShibgk idialyrahn & Tké NidkOshocksdikg '$Rtem of

cro

Figure 1

[0012] Figure 3 is top view of a semiconductor wafer.

[0013] Figure 4 is a side view of the semiconductor wafer of Figure 3.
[0014] Figures 5A and 5B are illustrations of alignment operations

using dedicated alignrhent targets.

[0015] Figure 5C is an illustration of a malformed dedicated alignment
target.

[0016] Figure 6 is an illustration of link runs across a semiconductor
die.

[0017] Figure 7 is an illustration of a segment of a link run across a

number of link banks with a processing laser beam spot.
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segnment including a reflection target designed to

convey lateral netrology information. [0021] Figure

9A is an illustration of a segnent of a link run

across a nunber of |ink banks with both a processing

| aser beam spot and an alignnent |aser beam spot.

[0022] Figure 9B is an illustration of a segnent of a
link run across a nunber of |ink banks with nmultiple
I@r ocessi ng_| aser. beam spots _and_an alignnent, | aser

0AR] spot . FiggR 3P i8i ublesiration of actsHpent P AdnKAHN Avsoss a
l‘ﬂmeelsglglﬂﬁ(r‘ISalﬂ(s @it#'aﬁkali@H%er@‘Fééé?%e%n‘i”s‘ >r of |ink
banks In one row o inkKs wth a processing |aser

beam spot and a segnment of a parallel link run across

er of. link__banks in a _nearby _row of |inks wth

BOT8IT g nnehioUSis 8P BRadh s bR R RitiRles Herallly Seced
RBoldgy Uik Bhs AeFos a 8eFRBME Nci®ing IhtePly Sifset FRMHPAFINR-like
nunber " of |ink banks in“the same row of I'inks with a
girunturssifoglatérad eretisdegy. spot and an al i gnnent | aser

beam spot. [0025] Figure 10 is a graph of reflected
alignnent |aser energy as a function of X position

E@OQO s t herigueslist lid in Nasitatibn 'ﬁf%"rﬁétr@logf/_lﬁ*rk fun across a
0026] Figure 11 is a graph of reflected alignment

jasseenteineluging @ eeflection tawet stesignass iq iceRvey: faiseal gnetrology

ilg%oﬁ%a%ﬂk havi ng a synchroni zati on pattern. [0027]
I'gures 12A and 12B are graphs of reflected alignnent

| aser energy as a function of X position and Z

I;éosi tion, respectively, acrgoss the mddle |ink bank

p2t] gur estiguER 94 is[qmﬁig?trp’p%pg a1gegraent %fr%ﬂ)'ﬁkd’f-m across a
d:.al i N n ngL LGN ' -
HARECF ™ EBERE] Mth oot B esRig gt bRy oot and an
atgnhoeht deserkeiang spot.one  enbodi nent. [0030] Figure 15A
is, a flowhart of a nethod according to one ‘

[0022] Figure 9B is an illustration of a segment of a link run across a
number of link banks with multiple processing laser beam spots and an

alignment laser beam spot.

[0023] Figures 9C and 9D are illustrations of a segment of a link run
across a number of link banks in one row of links with a processing laser
beam spot and a segment of a parallel link run across a number of link

banks in a nearby row of links with an alignment laser beam spot.

[0024] Figures 9E and 9F are illustrations of a segment of a link run
across a number of link banks in the same row of links with a processing

laser beam spot and an alignment laser beam spot.

[0025] Figure 10 is a graph of reflected alignment laser energy as a
function of X position across the middle link bank of Figures 8 or 9.
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enbodi nent. [0031] Figure 15B is a the graph of Figure
10 | abeled to show a threshold for use with the

nmet hod of Figure 15A. [0032] Figures 16A-16C are
flomcharts of methods according to various

enbodi nents. [0033] The drawi ngs are neant to
facilitate understanding of the principles described
herein. As such, the drawi ngs are not neant to depict

cale or relative size accurately. Detailed .
oz pt i of i BireEhbSURrIAPS ?fo@gﬁfte@lv ploneenl l@seeengroy as a
KR BRRY % PORHSH SIS otk S d ey BRRaliAE Batern.
and 7 operation. The enbodi nents descri bed herein are

orth wa il rati on only. Thos kille
102700 b« PlauTed, o ght, 128 i SRR ot nlSSRd Sidhmd raser

. T : .
B P o By Posior) e R tRElyTeklces the
poddieding bamdk cftftigusss 8 er Blade to  exhaustivel y cat al og
al | possible enbodi nents and all possible variations
of the described enbodinments. [0035] For the sake of
porgIty an#igieaci 3 enasgraphesit riflacret aidriméht laser energy as a
conmponents or steps of certain enbodi ments are
pedientaddintiritaBut  undue detail where such detai |
woul d be apparent to those skilled in the art in light
of the teachings herein and/or where such detail would
[0028jcat e &iguresded sisardiflogobbrimof ea pekcthote rdccastingt o one
of the enbodi nents. [0036] As one skilled in the art
@MBodYpePkci at e, certain enbodi ments may be capabl e
of achi eving certain advantages over the known prior
art, including sone or all of the follow ng: (1)
[pa2d]er pofigurenabAais;ua atyweitket i aferi methad eaccording to one
ra% tion to a selected structure; (2) less reliance
GMPOgENERLt ed al i gnment targets: (3) nore robust and
| ess sensitive alignnent;

[0031] Figure 15B is a the graph of Figure 10 labeled to show a
threshold for use with the method of Figure 15A.

[0032] Figures 16A-16C are flowcharts of methods according to

various embodiments.

[0033] The drawings are meant to facilitate understanding of the
principles described herein. As such, the drawings are not meant to depict

scale or relative size accurately.

Detailed Description of Embodiments

[0034] With reference to the above-listed drawings, this section

describes particular embodiments and their detailed construction and
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(4) sinultaneous determ nation of both focus depth

al i gnnent and on-axis alignnent; and (5) increased
overal |l throughput. These and ot her advantages of
various enbodi ments will be apparent upon reading the
followng. [0037] Figure 1 illustrates a typical link
processi ng system 100. The system 100 conprises a

| aser 110, which produces a | aser beam 120. The | aser

beam 120 propagates al On% a propagatjion path unti] it

P@%r_@ﬂ@@- aThﬁoﬁF@’th@é@e.ﬂf@O, SHAl ifser?\?pﬁﬁ%lﬂei/ fgrth by way of
r , . . .

S R0 G RS oSl TBEY sE R (BRINZS o ght f the

twaichtgs edreiretitas variaidnsdcary be miade do tHdenddiraents described

ocusi n ens 160. The, posjtion of . the |laser beam
bSiein 289 Bt aHBenBr S LB T ean s #RoBbIE AN G aTBy R i Mgde o
Eausdive (55?8!0?&1 p3&sibR &RbSdirmeRBad BE 85§§§Fe P&@fons of
120 being incident upon the workpiece 130 in the Z
thier dezdribey ambedineaish a stationary optics table 105,

whi ch supports the laser 110, the mrror 150, the
focusing lens 160, and possibly other optical

[wwafar e. Fbe ther kil et didhtcandbeontivatbssinsRidieaddtails of
|

n the XY plane by placing i't on a chuck (not shown)

eomponentscel sieps dycestaibEnapodiments ar presmie] witheut undue
F I ey Il HoRE bR BRSRAT I fdsRidliefijp the art in light

stechs eachings hppsh shdvoe Whete rauchs detdiion@uid folsfatcate an
axis and _is supported by a | ower stage that noves

dndpgtanding ebrwraRetingst gepacte Afdhe emhadimentsst axi s.
Such systens typically nove the workpiece 130

relative to a fixed beam position of the |aser beam
[0036] 135 Asdommgkilied rieftee raatl wilb apprextiatek edrisinagmbodiments

ositioning systens because th | ower stage supports
D EPPRHIe i eShIBK Bl P peToGRRF AV e, RaGHR Pror art
ﬁﬂﬁﬁqdiﬂ%réﬁi’h@‘?@r Hi0of B4 NoREWirlg: ONi N Igkedre pbskidRah&¢uracy
desirabl e positioning accuracy because )
deliveringr tarereradialian tippiac selected estrudteiey @iclesaxiglianse on

&%@g?fgg}[]glgtgﬂﬁ?rztgf?%%se (ﬂoﬁwiotré Cfgbﬁgt §R% rf‘essst ggr?sitiJgia?lg nment;
(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

foliowing.

[0037] 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 propagates along a propagation path until it reaches a
workpiece 130, which is typically a semiconductor wafer, at a laser beam
spot 135. Disposed along the propagation path may be a number of optics
elements, including a mirror 150 and a focusing lens 160. The position of

the laser beam spot 135 on the workpiece 130 can be varied by moving the
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preferred for |ink processing because the size of the
| aser beam spot 135 is only a little bigger than a
link's width, so even a small discrepancy typically vy
bet ween the position of the |aser beam spot 135 and
the target link can result in inconplete Iink
severing. In addition, the high density of features on
sem conductor wafers results in small positioning

errors potenti al I{{ causi ng | aser danm %‘ge to near
workpiees 430 imaneXiplane|(iie lases beaa 12¢) belig tn%ar& upon the

ﬁ/&ﬁ{p}ié%‘ Lag ﬁyt%%'ireﬁg&ﬁ)?ﬁ H&%rn@%ﬁg? disi omryscg;?%gag% /105,

moves T ndepen

Whithweupores @1@3@5961 tayr theethimjr a50f |tinetfoau$iag densti&ge and
whil e optical ele such 3sthe mrror éSO angthe
persiBiyngthainoplied), alr Wakg-r i diConvarkiiesecdABl §3nsbgr moved

g@&%eaﬁpiri tth@&mimé'ayap[}icgfgzﬁyéﬁ h@él@éiﬁ&%?ﬁb\ﬂrﬁ) that is

advantageous as e ove e and weig

carriegi mca snatioorstage 170t i 1 i zi ng | onger and hence nore
massi ve stages. As yet another alternative, the
notion stage 170 may be a planar 9 positioning

m i nTH@'rﬁ&:drh@ta‘@%rkm ﬁ'i-‘eﬁl BS3Bhhactaizddesly XY aransiation

single stage that is novab by two or nore ‘actuators
tabilesin whi phheoezomp@ecieaéae Imaamredri@tamgppeé Riaesthiah mpves

bst itally fi t
SPBBeRa el g 20d % s BR e ot o o el i e ton @
S¥caRPads pipéaitinar tetHeofitss afis. t%m@sxémrt?pic%ﬂmove the
pl anar positioni ngpsystems may al so be capabl e

wgfmle%iﬁﬂéeiﬁ@w e%éxeﬁibieiaaﬂueﬁﬂilﬁatofﬁasi I%@f *i%)%f?m spot 135
B SRR el b et e SRR Sy Pt Because e
tolm&ermgﬁ) sep@oris?ﬂiebmenmmimgss h"ethie&q:epertsmge sybicth &Gﬁports the

one nor.e ctigons With actuated, opti

yarkns%ré@@r s%&FﬁnB%'ii%”'”Ge?i@é%'”érF@/"oPag? oﬁwaii@e pRgitioning

E?éd?@bf%c]a%@e' it RS oot BRY %r@'tggﬁ:éllfﬂ?sed Bray HaRhsSaxis to
I'ts  form the notion stage 170 typically noves

détenyine sklnm@beolmims:mm@f mch $tegieof Thisnleyel &f accuracy is

Pge'i%rﬁiﬂ SR BP0 Her RS BTt 52 bealf o o5 i

Ay tdrty ar Iﬂﬁé‘%@égéﬂthﬁﬂtéi ligk’ stvi?i@tH apeévdreanrhal discrepancy
Iko)eettwméee?inthe posﬁli?)ﬁrof the laser beam spot 135 and the target link can
result in incomplete link severing. In addition, the high density of features on
semiconductor wéfers results in small positioning errors potentiaily causing
laser damage to nearby structures.  Alternatively, in so-called split-axis
positioning 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
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and the workpi ece 130 may be a nunber of optics

el ements, including an acoustic-optical nodul ator

(AOVM) 140, the mirror 150, and the focusing | ens 160.
The AOM 140 is responsive to a radio frequency (RF)

i nput, which changes the direction in which the |aser
beam 120 exits the AOM 140. By selectively driving

the AOM 140 with an RF signal having an appropriate
anmpl i tude and frequency, the AOM 140 can be confi gured
pesitiaieg sysieny, inbivbick e werkpiackel 3R it Fabieshen 2osipgle stage

fhae IWJV%E’)%@? t}n} metm%étﬁﬁ I%dble‘;ggt c%;g Ad 18&r beam

wor Kpi'ece her WOT aves

dpdte1 30 rémnalts fwiat ehbstanﬂdﬂlyt firsd Ipmsithm lasewnideeagnsa. Such
propagation path. It |{s additional I% 0ssible to
difen§

IR MONANRAE Ahg WalkpIege! {34 i aAMERSOBE Aeceg/dinating the
Qﬁdrré Jhge tﬁ%ryfos‘@ﬂrﬁé‘ﬁuzﬁo Oé:t:@ﬁm %ﬁ@ﬁ“s maB/ualso be

| S node 1's ting,
mnabdmmﬁlretaﬂng thleowlorkygece, hadtHoamyr thahmaymm ttehaecessary or

BB Syt et i ! SREb BRI LOBAGAL R ABL: 0 spot

| 1335 Félﬂtl\ﬂi toStHe! WBFkpi&@ 188 bysrﬁgwh tﬁé@&@er@eérﬁ%pﬁ%5 in one
An el ectro-opti c-nodul at or and a liquid

@rr yiﬂraldlmdqnat\mth actlaied rapties ijchsamaémmeters or moving

ORI 5 B b OB RSB e Bpctons.

Regardigss o forhftheansiiory skeel 1T@lt5)cf)|§ﬁwsﬁl%vbb%long a smgle
| ocation of the notion stage 170 an gorts t hat

POSi UHrARTeWtd linkeonitd BMedp a aulstaniialysiraightRatine

or nore conputers, processors, circuits, etc.). The
controller 190 uses calibration data to determ ne

(0020 t he FigukepResea hRGkidiagraal af thee lihlo pravesisagesydierant 00.

BPu1bs PaRRGRISE RA R AL RsohRe: 190 beigen the-aser 110
R tid Wb?léﬁgcéh‘%o Wﬁﬁé%%u%rt&a& tfc!%oélb%etfﬁs including an

Irradi ate to sever a |ink at that position).
a'd:mjsltla{cgpémahmdu%or ADYDI A, the garer Ab8dand dhe focusing lens

BT AT Tl RERSRelE THIS bl D
changes the direction in which the laser beam 120 exits the AOM 140. By
selectively driving the AOM 140 with an RF signal having an appropriate
amplitude and frequency, the AOM 140 can be configured to selectively
block or pass the laser beam 120 to the mirror 150, through the lens 160,
and onto the workpiece 130. In other words, the AOM 140 behaves like a
light switch or shutter in the laser beam propagation path. It is additionaily
possible to use the AOM 140 in a partially transmitting state by driving the
AOM 140 with RF power of reduced amplitude. This mode is useful for
attenuating, but not completely blocking, the laser emissions that propagate

| along the laser beam propagation path.
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defective, logic that determ nes which links to
process to di sconnect defective elenents and swap in
redundant el enents, and CAD (conputer aided design)
data or other data indicating the nom nal or expected
positions of the links to be processed. The
controller 190 typically choreographs the pulsing of
the | aser 110, the shuttering of the AOM 140, and the

movi ng of the notion stage 170 so that the | aser beam
K01 135 t Aavedasiee sepableaRfhfunclipyn ama ligntsyviieh) aisghutter

: kpi®cC
HLDE g, i FRIERT IE AU PAGS ot S o pa PRI, FoW
bageal laquighosiystabnmodalador aset dedmplesr ohcdompe osucke saiternative
({gr_g accurate placenent of |aser pulses. U S. Patent
VIC@S.172, 325, assigned to the assignee of the present
invention and incorporated in its entirety herein by
reference, describes | aser-pul se- on-position
[09dihol ogyA [0GsIIN Asensed 1RO elwhichhenplir e oheser more

beam spot" is actuall shorthand expressiop for t
BT B i rEReeRef dnef RFR SERIREIRbGHon bedstS the
REaHG aF L nfbh dta§en 7o idperieahkppesitord dta oa kentroller
precise, a |aser beam is on sonetines and off :

tPnéwhigbsmagdie eramsireore peRMPOIrg4rosassesoikcuitshete.). The

L3 40 LB AL HRENO 955 0

@hatbrdtotiie i&sEmbadranspdte] 3RmseThdeantroBer 080, albowecesses a
the spot at which the axis of the |aser beam s

Fladian otPPparhich ppetains idata nidiating tareeh ggsitions on the

- e . g
RS 19954 AR Ao U A8 iy postion.
Fhgueeget alago 1@Episctiypicalhe gensmtet) dor 86nghel from a testing

BPcERs gk dEttes e et Srmades 3R BE HEGbiseH, 138 are
dbecnis Kpbgie e tihal0 dardniifedTBgBidhe lihkat toefRbe¥ss 1tB @isconnect

typical X or Y alignnment scan (sonetinmes referred to
defeptivenciemantskand BRAPR it edindankelenseis, BednCAbb{conputer-

T R T T N T
dPthe links to be processed. The controller 190 typically choreographs the
pulsing of the laser 110, the shuttering of the AOM 140, and the moving of
the motion stage 170 so that the laser beam spot 135 traverses over each
target and emits a laser pulse that reaches the workpiece 130 at the targets.
The controller 190 preferably controls the system 100 based on position
data, as that approach provides very accurate placement of laser pulses.
U.S. Patent No. 6,172,325, assigned to the assignee of the present invention
and incorporated in its entirety herein by reference, describes laser-puise-

on-position technology.

[0042] As used herein, the phrase “laser beam spot” is actually a

shorthand expression for the spot at which the axis of the laser beam's
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exanpl e, a photodetector. The reflection off the

wor kpi ece 130 passes through the beamsplitter 196 to
the refl ected energy sensor 198, which conveys its
readings to the controller 190. The refl ected energy

readi ngs correspond to numerous position coordinates
fromthe position sensor 180 or from position

commands sent to the notion stage 170. Differences in

the received reflected power when the |aser spot
pegragatipd pagh @TQWSIEQF%@HWOWQQ% 30.a8 tt%ere&#% a laser beam

Ecéﬁ gg%rt@%sé ?ﬁcig%f‘ %]ﬂ%ﬂﬁwe&f?f}é’r{ %xarﬁ%l% 'tﬁg ﬁ\"dM SR block

Sitl
fchmra@enbtaam ?q 20 fided mmm@tﬁmmrkmece dBOt hﬁks ahotpemexample,
eature in e coordj ste e .
adnisad lesgr E@@mﬂﬁ@ a@@“ 930 é tl@ﬁ [3sgg beam is

Bt BB, Er?@&b‘éteat'v?hiﬁﬁrtﬁe Qk&%ﬂ&herlﬁé%drﬂ S ﬁraéé‘ge}ithﬁ\ path

area surround t he ignment feature, resultin
mhensea@etheomnkpwcep‘b?ﬂbls alwaygs peesdnt aridemoges et;:tr@othe surface

eper ensor 8 the.las beam spot 135
8€§ﬁ§%3 pwqehﬂgtﬁ@s%] @%Htﬁ?%%t%pé“ O%6tpar i son of
the feature | ocation determ ned through the alignnent

scan process with reference positional data
[Qﬂﬁiﬂatl ng thh@et%lr@@t) depjalsi anbeamy splitere 108 gad ajgflected

%rgty %%%ggl %vrﬁc%{]g%ﬁ g%sﬁ%g SUﬁQQfWS\ ’ é}ﬁ mode o collect

I%flé@t@il leﬁérgirl ﬁtbmfﬂhleo.lvorl@l‘&ﬂeoﬂ 30ther topne@asu r@ﬂwaltlleghegy In a
or der )% ) three dinensional) calibration terns

ty@.lr@ér |‘h"th raélgnfs@aﬁuszﬁanoﬁsqrﬂ@tm@ﬁkfﬁf%@d 19385 oeaTRo-work
E s) Nl C%%reijl%%%‘? sEQﬁrE’é@Sa%?Oﬁo an alignment

Foc SSI ng 'syst em Stat'es Pat ent
fedidre, O8he worlgdiecs 180¢ o"ﬂmareite@mbm eneigy skgnsor éﬂérreay de, for

SRIPIn R PIORIEENEr i g Tt b EEEReE T3P Risses
rbggﬁmtﬂé 5&4m P&y Ift‘tler 106 USR8 kﬂ@&@dngne@dséﬁéoro’(&lj@rwhtch

types of posi t| onal or spatial orientation or
camvetysam maadlpgma]thmcmttd’alat 1|910 i é’ hemeﬂtaetadaenwwme@dmgs

GoSerana 0 BB BpitpReRe Siglag Dbt tuf Wsition sensor 180
gggrﬁﬁsp@%}l?@{éﬁg?ﬁ?ﬂzd§§émm thk rﬁ”@N@H@fﬁgebW hoDiffdredt€sin the
received reflected power when the laser spot falls upon the alignment
feature, and the area surrounding the alignment fea_ture, are interpreted by
the controller 190, along with the position coordinates, to deduce the location
of the alignment feature in the coordinate system of the position sensor 180
or the motion stage 170. Typically, the alignment feature is more highly
reflective than the area surrounding the alignment feature, resulting in
increased optical power received by the reflected energy sensor 198 when
the laser beam spot 135 overlaps with the alignment feature. Comparison of
the feature location determined through the alignment scan process with
reference positional data indicating the target location (e.g., the target map

195 or CAD data) can be used to calibrate the location, scale, rotation, skew,
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required is the | aser beam spot 135 and the workpi ece
130 nove relative to one another. For exanple, as one
alternative to what is shown in Figures 1 and 2, the
position of the | aser beam spot 135 can be varied over
the workpiece 130 by hol ding the workpi ece 130 stil
whil e noving the optics hardware on the optics table
105. In that case, a notion stage like the notion

stage 170 nmpy be provided to pove the ertlnen optics
Whrvmwaseoﬁm%@oap? tostienymand/epgther ;Pés'??dl Py h'Q or Order (i-e.

ﬁ?@éﬁﬁﬁéh%ﬁé’l%ﬁélﬁﬁbﬁ@ﬁ tefmis gbﬁﬁé‘rgm”ﬁﬁe I&%ﬂtloﬂr@thérworkplece

alternative optics har
W80 kopitbe dad indhe btmordmm:l siystepr of ithie lasdrapriocessingi system

| b .the . Kpi .
$6 " Ve iaids Harbet Flar e 102 Bhichas inboincRaBe uerein by
fcherenver @E‘séﬁ@esl%@n’@lh@ﬁersérkj& ’ca%idti%nsf&ﬁhicﬂﬁas As used

mrrors are used to nove the |aser beam spot 13

ersity thiretanor kqjlgemrms@ncammeaéﬁ Ql Y edligmmens, (CH both), Z
st ag ve.the pertinent opti

FebbrRosSBl ) gt Hnte TP 5 b 8H o Whefidh o

@gmram{l on, and the notion stage 170 nay nove the

wor kpi ece 130 in another direction, such as the Y

direction, to provide relative notion between the

d@iﬁj beany fé"ttp%ngﬁt 00k DG lk@hﬁﬁw‘érlﬁ% I&%ar[ OI%)5]and its

alsot pur pose 0 er irradia

asydicihtbe optivgt Arengstativotary ustd 1thakwbitkpidorg 131|Jhmqmspa;srewce
of the irradiation nay_be to drill

&Iy OF SRIMEROMbIRAIoN of mpnemeRlidy bﬂfé\g@%} Ig$ P@PU‘”S "Wl that is
r@qﬁfr@&‘ﬁs RO RRRY bea Hgﬁaﬂ'ﬁ @né tﬁérw&k#‘:%%eolrw ve relative to

material . For exanpl e; laser radiation can 1 nduce
e dpothieangeoriaxampe r ax poeaernativer toavhattiaugdwwrhn F:gures 1

G Bt panied i ale AREPTEN Snbey AN BBoiide] over the
W&ﬂk@ied@%bmy ﬁbldl‘ﬁ%@hé \ﬁd)r%téckecﬁfeo Gitifl Gpthiter Yncﬁfn@tthéfoptlcs
structures. ur is a top view of

ﬁv@@ﬁammﬁ qnaf:%rtab |1@ﬁ i & et caﬁestatrycpﬁlcu’alstalgﬁ fike the

RS P 5585 g e (BB B8 B e o
thegmtafs feret0s, dypically in substantlally straight X-Y directions. As
another alternative, both the optics hardware and the workpiet:e 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 170 may move
the workpiece 130 in another direction, such as the Y direction, to provide

relative motion between the laser beam spot 135 and the workpiece 130.
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arrangenent. A group of contiguous dies in a typically
rectangul ar pattern constitutes an alignnment region
220, at or near the corners of which are dedicated
alignment targets 230. There may be additiona
alignment targets (not shown) on or near each die. As
nmenti oned above, the alignnment targets 230 can be
used to align the | aser beam spot 135 to the workpiece

Al i d t h d f h I i
otbasa, &' OB s Pl B pLtoss o dhp aseh e dglion ool be
SADIRE YRR AR ISR eTHOPupRSLIGANS 1RbciliBhmaPblto arl

processed thin each™di e i he al i gnnment regi on.
maanlnmes, trimusévere scf:bexmagk allepms, mﬂie deat balteapgiffued, altmeal

t.t dat "t .
DTSR & ek b7 A DAt T Bl sk, Jadiatipg can
m&enhystafeef&]@hgé P 22 8trDeRird’s OMaBRMIE IoaYisE Ofthiee i @fion of
(PGC). While such techniques are useful, they are

dpﬁén@uquea't&rr oragnedict qumﬁlrwg—f @nyapkmthich could be used to
ti ) e i.cat ed_al i ar a
Fbied, PR ckd) 1l SR e R4 RS 6P ot
atruaasés_l ndi rect indjcators of the positions of the
links in the interior of the alignnment region 220.
For exanple, a dust particl e underneat h the alignnment

L%b;jnt 220p W%ro‘%%tsﬁetbgqﬁ R %E idadRor %f‘ére%}hléﬁ‘is the

hat ts o certaln interi
ETosn‘deplcalsfdJm of ctbeswnmplesdet 480t h&h® marigbiese of3Q Iu:entains a

0047 q
LS D pibich 980 geperallolaid 9ut o, taddien geometric
Eﬁﬁhgéﬂ%tt @?g?&d&ﬁf‘%ﬂhtlé@d&eaésaﬁ% @Wc@lﬁy ré%ﬂﬁ'ngtﬂar pattern

fact“typically are, on a different |ayer “of
mm%ﬁu@ceau:f@lgamrttrf@ngﬂéoatat @rdmarett'ancomerhellfgwhtch are

f rﬁjgp ege?ttdngrife?r&#nﬁggtﬁ S %% elr% raér%%sq%cﬁ{z?na éali%ﬁment targets
(st eBbR) onBrtiedr ddth digf 33(%tm&Hﬁén@ﬁaBé@@tthb%dtgﬁﬁ’fer@targets
sone msalignnment in the Z direction nust be

28@@9&1 kel uaad toriige 4bedasqihbeam: sieoll 22t the warkpiece 130.

er aﬁf@aég’ oﬂé? él'doﬁamzt[htetﬁi@'ﬁﬁféﬁ té‘%}gzsl %?8% e%h %Brnefr of an
angwem fagyion [B20ka@s de used &b icalttldtasibe p@@ﬂom logmn’remtto be
Spo%efsgg W:gnn ea{crhog1 eet Pnethdeeglgr?r%ggt region. For example, surface
fitting algorithms can be applied to the known corner alignment target data to
fit a surface model to the alignment region. This process is commonly
referred to as position geometry correction (PGC). While such techniques
are useful, they are also suffer from the following fundamental limitations:
(1) the dedicated alignment targets are limited in number and (2) the
alignment targets are at best indirect 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.
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alignnent targets 230. [0048] Figures 5A and 5B are
illustrations of alignnent operations using a

dedi cated alignment target 230. In Figure 5A, an
alignment |aser beam spot 310 traverses back and
forth across the alignment target 230 in an X

al i gnnent path 320. The beam spot 310 traverses this
path 320 at a nunber of different focusi ng hei ghts,

BRTAI'T: onEidise d S e Misve G ey usee 1als ‘gioure 4
finSrateki+A8 '?E&tthétaé%eéhﬁ%%% t'tBrdjéth Y58 M5y bbhﬁné W’F’act typically

process 1S repeat rection al ong
alte, grna rdifferenh (3380 . of Whe rwarkpiegki t3tand tharejete 3129 different Z

PP IOBt e R e M PV o TR SRS gt gmiighie Aignment
POABTH tcjgn‘I—"l“‘ﬁOﬁ‘l(i' SNFRALINgY Fthed AR Bﬂé’ethﬂustﬂﬁ@%éjounted for or

[0049] Al though the alignhnment paths 320 and may
Webr@lsqdlgnrrmtlly tﬁ!@réutgmctlonh@wsérb@ bﬂ@ff’aéedablljﬂ some cases

TR TR 1erd of e WMot o ralg e s ERR o fifustion of
Iaterghb(eﬂtpoérment heanbes pepoddble MYyromdrit hesmintdor thickness
angul ar novenent of the workpiece 130 about its

RioNSobagsdr éli@pﬁaﬁagla@ﬁﬂbramr fasyst Hatan frgAndire dedicated
referably negligible and ideally zero.

%ﬁﬁougﬁgrﬁ%ﬁ %% @e straight-line notion of the

wor kpi ece 130 and/or the ali gnrrent | aser beam spot 310

15 be ;’alccon‘p“{jér shed % rrbl nati on o[ rotation
O03E1 Une BRKies Facgiisteations aialignmesi operations
L@H&@@Edﬂfatédi‘%h?ht heﬂmelt 389 REFRERMA, 3é|9 aAth%nt laser

Is preferably no nant novenent node.
bearatsmiaa“lwwmnsey bagk aritkfatir piassethe30igabuant tatget 230 in

duri n i ghnent _oper at i s erably
#2 & g Baftedh’ e Pretl SideefirabrsRahi e s20 at a
lh@’ﬁﬁér bf—‘@iﬂ‘eréﬁpfooaéﬁagfﬁél?htsV%nHOthfeh@cm@zhbmeﬁgm Brfucing the
di vided by the distance fromthe center of the
%hﬁrﬂﬁﬁfe@élgﬁsb'aﬂél_ﬂpﬂé gl vepAnetat register theamvgporostions of the
él%‘sﬁ nc%rétgfr? teafo.' n %drlelﬁ,t fnt éé)rﬂecgrol:éég(isr }Qﬁ%a?é:cf frthe Y
direction along a Y alignment path 330. When the alignment target 320 is

malformed, however, as shown in exaggerated form in Figure 5C, then the
position data produced from scanning the alignment target 220 may be

flawed.

[0049] Although the alignment paths 320 and 330 may not be
perfectly straight, they are preferably substantially straight, resulting from
essentially straight-line motion of the workpiece 130 and/or the alignment
laser beam spot 310. Any rotational or angular movement of the workpiece
130 about its center or approximate center during the alignment operafions
is preferably negligible and ideally zero. Although relative straight-line

motion of the workpiece 130 and/or the alignment laser beam spot 310 can
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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.
Crcuit elenments within a given die (which are
typically all the sane on a given wafer) are
typically arranged in a regular geonetric arrangenent,
as are the links between those el ements. The |inks

usually lie in regular rows in roups which are
perasepmplishirdblyika , conmainatien Lof agam@yuab@uéltbeuwmsf @f  the

t
Pl SO Lo By BRBH BRI GHREIA b opot 310
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se and t ere ever a
spbte 8t Goreiaawgeto |tm5|w<)rbplemheh3@ hivitled vy tleardigpoce ifom the
on the pos a one O
Snee S Hotelecetidrtadng udhisert laser Rfpa st al®.
links, while others are irradiated to becone severed
or ot herwi se physi cal | altered. The process of
[ﬂﬂﬁ@]essu ngigace dsis soriistration| ofolink hms/\@cnopsazéemnductor

A2 84S0 RBEHSE B, LU e R Pred] BBk 070

én@kv HUBCtIdrP NG rifi Yalomg Qﬁ@sﬁdiﬁ@cttdiﬂtré}ecvmlesmw) are shown.
ypically are in either the X direction or the

@i'rﬁ%tQ'%fﬁe”tSme]n Asgiyen é@%r(“ﬁéﬁl@%éyp'ﬁﬁ%é‘"r@ﬁaﬁm% on a
pReb VR Bl e, I BTea R el i geifeh, ao

A e Iinke hﬁ%@eeﬁl‘h!nessQemmmas h Teerinka ks uatiy ie firoregulardows in
illustr din

grHps B i@pe et@émgﬂ E hfgﬁ\@r?‘gg ?@V'%@nsgaﬁmxgﬁﬁt%v Atriform

ey c n r
SHRSE e, BSOS, kg gty ) bkt X no Y

diepttios. mﬂ"ocremogetsmectadwrme Inj gi link paobnﬁiaj@eem apot 135
Si Iesan ath. iI e n_Figure SC

Bt ouRf7 S aRCes, g b i Bnls "ol Bl BfoRua BBl winirorr
shedd Wifle tHee(a$ePr 110 @h’ht%cbm@@s tACESISSHNYNE rémover hks. The
di es 210, perhaps even across the entire di aneter of

laser 110 is triggered to emit a pulse and thereby to sever a link at a
selected target position when the laser beam spot is on the target position.
As a result, some of the links are not irradiated and left as unprocessed
links, while others are irradiated to become severed or otherwise physically
altered. The process of progressing across some or all of the workpiece 130
and processing selected links with laser radiation is termed a “link run,” more
particularly a “processing link run” (or simply “processing run’), which

typically are in either the X direction or the Y direction.

[0051] As a laser beam spot moves re.lative to the workpiece 130, the

laser beam spot traverses a laser beam spot scan path on or within the
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wor kpi ece 130. Agai n, each such segnment can be

considered to be a scan path, or sone or all of an

entire sequence of such segnents can be considered to

be a single scan path, in which case the velocity

profile of the scan path can be said to include

stops. In usual circunstances, however, a scan path

has a |l ength no | onger than the dianeter of t he

wor kpi ece 130__ between stops or ot her

wptkgiens dR8. bl saps Pathagan ;tﬁk%a?na@céwnm%u s illustrated in
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WerkplaGe 1 3 e fyscal Rt TBAY Ncbde-adioameongRtas well 130
and thereby sever or otherwi se alter selected |inks

i n accordance with a processing plan (e.g., nenory
[085@tt repahe rpbaaments diesessmycto da@f:empllls'le thenbmly runs are

ave connecte dant . ones
areraar ARt fansBlongTHEMeE i<t BRReusS with no
ffe tSSE PrRYligintk ‘i'dildaltlgniall Bdﬁlﬁpbﬁehheﬁlriynibtm oﬁ%ﬂ@ Wékpiece
been severed, whil
130 about its center durlng a !lnk runs is ideally zero and at least preferably
less than the local absolute X or Y displacement divided by the distance from

the center of the workpiece 130 to the laser beam spot.

[0053] Figure 7 is a more detailed illustration of a segment of a link
run along a link run trajectory 370 across a number of link banks 420. Each
link bank 420 consists of a number of more-or-less regularly spaced links
410, which have a length extending in a lengthwise direction. The link run
trajectory 370 is preferably at least approximately orthogonal to the links’
lengthwise direction and therefore parallel to the link row. Gaps 430 may

exist between link banks 420, as shown. As the laser beam spot 135 moves
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first, fourth, and fifth |inks have been left intact.
[ 0054] The nost efficient path traversed by the | aser
beam spot during a link run is one strai ght and
perfectly parallel to the direction of the link row,
as illustrated by the link run trajectory 370.
However, other trajectories are possible. For
exanple, an angled link run trajectory 372 is not

perfectly parallel to_ the direction of the row
plomgsthedinkirewodyring theylink sirathe lasgr beang is g@,lgph\@ly turned on

BB neficb 140 S HERRSCLOMOr 37 81RS6hdd Bhéisselected

ers erw se varies Irn rec

tinkd mgatdt&dam sithoh pirbeessindj pixett {eog., Inarkory defeot\segmt plan
ano her exa?fe%la arcuate link run traj ectorg 376 i

FINEChAIeTeHigh MERENN GRIENaPAeCHIAG BEdeq%) connected
%Hiﬁfo%ﬁ?%n%ssi‘ﬁa Henr ?La%tegonla&r g?é(r‘ﬁ%?!]t%s o irt BRgUrENK the

run. I'n any event irection 1 nk run
Bemmtand)thlrd llnhseddhedmkt lbana%ﬂ@ hawe beagtsevefed, ivéhile the
t different rpendi cular to the
ép s ﬂ%ﬁﬁﬁg F%H§V8PeFﬂé¥ﬂ"HE [ 0055] Accurate
processing of the links 410 depends upon accurate
ositionin% of the | aser beam spot 135 on the |inks _
4t t he Thppnoptrefiicient pathetravessed by de lagsi|bsan spot during

S5b Y BEE oB B e PR e B ek ro,
Beqlistefied byl theadmkesinf Phjebey I7aNdHPARVET, asthep n"a]dwﬂles are
to shrink on sem conductors due to smaller _focused

ppStibisi z ESr expmplier an Argledalink wrgﬁ'teéectpm@?& Bchelsperfectly
%Q%ﬁl@] to iR Qﬁgc:tﬁ:{;‘lt of fRESTHWPE A% Bﬁﬁ%g@&%ﬂnryaé smajl angle. As

ositionrn I mproved by USI I nk
aheimelmnple neet ciolvpghnkt augetrajectorpl at¢ oécilldt8s odithars, or

dition to the dedjcated al,i nt targets, 230, ,One. .
othariiss irash M e flgaeiiors QUfng T cabbes Ph s godERaR link
W, Cﬂs?@?%o&e%&é Jﬁ?é]ya bARRte hfin HBRICtOFBT6 is possible, as .

traversing a link w al ong one of the linkK run
tigiteatoor Mé@nsthe wakpjece3iEd) underg?es arposll totatona mavement

HiFl B kv, el dyBhofin e B, 86 HBRink upfgeiectory is
BrdcRphinanthpf alo'h@ |’th8k Iérﬁ{}%l IolﬂOWRé/eiink fiw t [, splie differently,

clarity and not mtation, only the link
pafpendicular to the Eength|se directions of the links).

[0055] 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 becoming increasingly important as the required
tolerances for focus and position continue to shrink on semiconductors due

to smaller focused spot sizes, smaller links, and tighter link pitches.

[0056] The present inventor has realized that positioning can be

improved by using the links 410 themselves as metrology targets in place of

18°



trajectory 370 will be illustrated and di scussed
hereafter in this docunent. As the alignnent |aser
beam spot 535 noves over and between the |inks 410,
the reflection pattern is neasured and can be used to
perform alignnent, at least in the X direction of the
link run and/or in the Z direction. A simlar
operation can be perforned along a Y direction |ink

At T eERbELE the ASdispfach RlomapnbtrBRE 200y Ohdiersion of this
QQ :*da'cﬁn‘é |ﬂﬁsﬁ'51@d|fhr1k|§uf’e1@AaW|9ﬁ éHEﬁ\/é’VerJﬁBtrSFb%y]@Qer beam

ative to the netrology |'aser beam spot 135
amte‘i% tradersing edinkabwoalbng lsvss@f@ﬂthedmkgenftra]mtanes 370 372,
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BB R Bor Aeiring 1o fianerSah Hhe SRatartdifonf Hiayeoe any
ﬁajéetdryrthét has EhereaBRMSAAtC I HEEE AR the GMBEEOM BF HFAMSK row;
may be able to further refine the calibration or

hewAYeT yor tier eate ehelpritreichBehby sway of limigatiand @nlytheglink run
Bl I &0 SAF e e R S BB IR REHES Wyment

Abethki atlgmeitt laser beansepot 535 mpd@é evenihdnpétiveah the links
ngéjel s utilized for alignnment and focus. For exanple,
4 I(],;%t Fefleston - Baktern; gﬁ]rmﬁﬁs%'@gn§”@aﬁaﬂe bgseged oto perform

Rithént, B naq% 4898 5e ?Kfc#gédﬂé%@%eQWﬂsﬂfﬁcéﬂ%/BLﬁeﬁ% Z direction. -

Varlous emati ca ar e 0 possi
Atsimilar mpec&rtlcmacam beveerfahietcaiemy afY divectiodhls rbmdregectory

- dat | d da I
S8R o BRTTR e Rl & e ciein WEun Bk g tnaa the X, v,
09 A ipdaltRhsCantikRe IMRPRC Hgd/og th@%oﬂﬁﬁﬁ;%'eﬂ% ralat¥ to the
to properly process |link coordinates. Alternatively,

netoingdysiasan e 2pail138anag e determined. alt macalmm gsaful to

e ¢l S t.o _be. ro 238
et SRR e Ry B o ek i< 6768, i Rerom an
lighimerdOrun idfi sené he deftﬁéeém@fhrikshﬁﬂ gy @pgbsftélQilrectlon
nearest scan. This techni que can a[ggl i ed

@989%?1995% yNaY e gkl te rﬁértbaweflae | @@Jibaag IQFh or identify
?| {liro'ﬁ%ﬁ C?Qa'be hkggﬁsslng{gﬁoh@?egﬁﬁg ﬁl%tl%y 35{3 g Iﬁ% data

S an XIS near ever
dathkring onethodofogy. within 1-2 mm |l aterally of each | | nk

[0057] One way to use the metrology data gathered from the links 410
is to use it to update mathematical models utilized for alignment and focus.
For example, data gathered from alignment scans can be used to update
PGC models of alignment and focus fields. Various mathematical models
are also possible. [lterative 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
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| ocation. [0058] Alternatively, a nmetrology run can be
perfornmed every so often, e.g., every 30 seconds. The
time period between netrol ogy runs can be chosen
based on such system paraneters as thermal drift
characteristics. Link processing systens, such as the
I'ink processing system 100 (Figures 1 and 2),

typi cally experience slight positional drifts over
time, usually attributable to thermal expansion

@tﬁ@ﬁdheé@hpﬁa@tﬁm@ beigptsyefi thainassegisisant sl hinieahmigusagan be
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great that they affect the accuracy_ of proce @é %
¢xivisoneah e Vet ?ﬁako&gf exaEp! %éwmlgp%? Atgfalhe dfpgach link
I§89Eo@S the processing |aser beam spot 135 as the -
sane’ l'aser can be used for both netrology and

pr ocessi ng. Che technique for doing so is to operate

I0D%b1 gy AlerPalielof TapRo Fumes Sedheriorgisd very 28 Gien

é’ | se&geryoste sHebhdy FHY AFRSPERED Héflved GREFHIBEY rhﬁs can be
at technique, metrology runs can be inters

r
mctslenpba@@is shngyahusysters paenetets e ﬂ:\@rmatdrlﬁechamadgystlcs

Bk Rieteslly SRS eanutn 25 B dnk g ivtrsuaiStely o8 tes 1
andk2y, Ufyplcaﬁw ekpatiened YShglh\t\DpésiﬁérhélCHrlh‘t@S evePedfiE, nmually
have the sanme or substantially overlapping |aser beam

aidigablgrie thermal @xpangiorhandsgonackiri pbp wcalr@mp%ents
Al |
Gurehd’ gPvRE IRy 3%0ke,) &) MRkiOflte, 35 Moy, rn

peibalitally] ¢ek sgsten’alclan a’&f]uetltson‘.aIthre bgﬁoré dhe qjdsgmmmldrifts
while 20 o atin nmul t aneously in a pu] sed node
*?%ﬁo%%e&sf%gﬁbat g Pawra&w bRERRSREYInave one

or nore optical characteristics (e.g., polarization or
wavel ength) to differentiate its refl ection fromthat
[0058he pul Ted npetoclegyilaser bmrspﬂaﬁ% mayt be thetsaoiogy the

proceg r.ﬁg assérngeallﬁalss?;gotbF ?’:ETB as ee S%Hé ?e{s%?tcan be used for both
metrology and processing. One technique for doing so is to operate the
laser 110 in a continuous wave (CW) mode during a metrology run and to
operate the laser 110 in a pulsed mode during a processing run. According
to that technique, metrology runs can be interspersed- with processing runs
as desired to collect metrology data. It may even be possible to switch laser
modes between metrology and processing modes during the same link run.
Alternatively, two distinct laser beams may have the same or substantially
overlapping laser beam spots, one of which may be used for metrology and

the other for processing.

[0060] Alternatively, some versions of the laser 110 (e.g., fiber lasers)

- may be made to leak a small amount of CW energy for alignment while
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wavel engt hs, an appropriate optical filter before the
reflected energy sensor 198 can be utilized to
attenuate reflection of the processi ng beam whil e
passing reflection of the netrol ogy beam In other
cases, the optical characteristics may be unchanged,
letting the system 100 -tol erate occasional erroneous
alignnent reads caused by processing of a link. By
aver agi ng over a suff|C|ent nunber of |inks, th ose
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The | aser described in U Pat ent can
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%Fér%@'g@gév% abgﬁlﬁfc'ié?ﬁﬁp LEWIF)?# ;b\; i [(l) ﬂéf‘;th%@é ec;c;rcaﬁro%%ﬁ’ aek}l'c%eous

Plctoksfy RGdantecorge aasigaifichk. ( inkenaatre)y, bewr bad metrology
nmet r ol og% The techni ques described herein ay be
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beam fromthe sane |aser used for link processing is
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AR e Nong et MR O Lo, L0
alternately opened and

[0061] The laser described in U.S. Patent No. 6,593,542 can also be
used to perform processing and link-based metrology as described herein.
That laser is capable of producing both a UV (ultraviolet) beam for
processing and a green or IR (infrared) beam for metrology. The techniques
described herein may be utilized with any wavelength of laser radiation,
including, for exémple, IR, visible, and UV wavelength ranges, specifically
including about 1.34 pm (micrometers, microns or 10° meters), about 1.064
um, about 1.047 pm, about 532 nm (nanometers or 10 meters),_about 355

nm, and about 256 nm.
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closed at a rapid rate so that the |laser emts nore
rapid, less energetic pulses than normal pul sed node
operation. If the pulse rate is sufficiently high,
| ess | aser energy reaches the workpiece 130 so that
metrol ogy can occur w thout appreciable damage to the
wor kpi ece 130. The AOM 140 can al so be commanded to
attenuate the anplitude of the | aser energy that
reaches t he wor kpi ece 130. Pul sed BTW netr ol ogy
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@jl; td%gver geWherPDQi‘ﬁﬁgﬁ‘HJ%dplaggfsf F%%rtﬁ?v?éc%é?ngggnd metrology,

processi ng erences polarization
ey EHsengtild) and Hhe AQM aheo‘;ambelropmmdt {w indermmaribe states of

i dto d t,
Eeiﬁéﬁeﬁgéﬁwévofeo R erkblass Badifol HorPaTing At lower
ﬁ’eéeﬁmgy%éw&%le@éoq% NSy ?r?etPB%b@¥p| e"l"h@ssel*nay be

are diSclosed 1n US. Patent Applications .
aawﬁpum wmn/a)mk PGP by VBIGiBg the 4aserl? Uhs polss repetltlon rate

at B 2140 S erabrdngSramdlanale 1 20

[0064] In another embodiment, the metrology laser beam spot 535
and the processing laser beam spot 135 may be distinct and separate. If the
offset between the metrology laser beam spot 535 and the processing laser
beam spot 135 (not shown in Figure 8A) is known, that offset can be taken
into account when positioning the processing laser beam spot 135 for
operation. This may be the case, for example, when the two beams,
although produced from the same laser, have different or divergent
propagation paths, perhaps due to optical processing differences (e.g.,
polarization or wavelength). This can also occur when two or more lasers
are employed to produce one or more metrology beams and one or more

processing beam simultaneously. Methods and systems for producing
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Those applications teach techniques for using nultiple

| aser beam spots to process nmultiple links in various
paral l el configurations, including "on-axis" (in

whi ch the spots are distributed in the direction of

the link run), "cross-axis" or "lateral” (in which

the spots are distributed in the direction

perpendicular to the link run trajectory) and

hybri ds. The same arrangenents_ of beam spots can be
oultinle etpsi t heams @re néasgb@ﬁdtwe HeamPiets &Fﬁqhﬁgtlons Nos.

fo%‘?'rz‘%’ ﬁF/Bﬁ‘l,z‘éEOHSl/oéé)@’?E] 1'1!@)53105690 C?ﬁgég,’ohé 11/061,263,
0 y eam c¢an’ neasureé cross- axi a aé we
4$/06n-968, sand dav@s1,F6t1, akiphes nl’?cr;cgpbmt&ﬂi heremnby reference.
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structures 440
on fagech peer spats dre nkstiibitedsn the tireesor aDthedinkie n) pEeaseeaxis”

HERSTIGgniing g satesys AciaBdie aihCs Wbl PaRerutar t

e’ 1K Mrﬁﬁaﬁu%ﬂ:r@?bhﬂﬂybﬁ@@n HeOs Mk arrdiiRnSaite dieR@m spots
serial |l a progressive |lateral offset for each

saabe @tnllzeslcwﬁhm@ o toreaftthpl keansapots hepar matwiogysbeam
%Eq ) prow des cross-axis netrology information. For

A the m ddl e beam spot 535B produces a
reflectlon off the mddle structure 440, while the top.
beam spot 535A produces a reflection off only the

F0068] (| ef lrhﬁgm;e edsascthereelfapoyhrpmHan f@@@%ﬁﬁ pogRaxis Y

t [ f l;
B 0, B DT L oA 49 8 ion o
mullt;am@ ebmtemuyosp?de{eihmmngw e ) aldreetrajentisis D@ 3705,
18 D5 B0 A SeHmEnb AT IGuInaHENg daterally StaetBasieiginiclice
ét'i‘@ctuF@ EQbOQYhQQ%@IW%ﬁééﬁpaﬁm finRlikeCYRkctSidsUEAQ RSy be

can be utilized unber and arrangenent of
pllaeesitmmtgapeéwm slnp\ﬁnguSQarBBngda‘@rgily pffseksmemomy beam

5 o] o oL LN TR U RS scanning v
ﬂhlet 8&ieNGediesefidlIgSivith an p%grbhgwbelat@rép etfsS3for BHdMEcan, or
scanning with multiple beams in parallel as shown) provides cross-axis
metrology information. .For example, the middie beam spot 535B 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 timing of the reflections off the
structures 440 conveys information about the lateral position of the

metrology beam spot 535. More or fewer structures 440 can be utilized; the

‘number and arrangement of the structures 440 in Figure 8B merely

illustrates the concept. If the metrology beam spot 535 is steerable in the Y
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single link run can al so produce Y netrol ogy
information. [0066] O her arrangenents of nmultiple
netrol ogy | aser beam spots are possible, such as for
exanple, multiple on-axis spots, nmultiple cross-axis

spots on separate generally parallel |ink runs,
cross-axis offset wwthin the sane link run as shown
inone illustrative formin Figure 9B, and hybrids of

. sonme or_all of the above. - Such other arrangenents of
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Saiel & AN Xhdidmeebi 08ucH ftﬁh@ﬁﬂrrﬁﬁ@én@ﬁié’\@ﬁmdlfﬁe hifiklogy
banks 420A and 420B contai ns an al |0%nrrent structure

lagar Hwanm ool may ikenden dre nerpess iof ecallectin@né position data,

SARRBLPL a& e Rl Wb R S kR abEBE piner

plploskbe X position of the break conveys information
about the Y position of the netrology |aser beam spot
535. In particular, as the netrol ogy | aser beam spot

cans n
BERTICE" PERERSC BEpEh B MY iF it b aata rom
iaitintargdie linkes I4d@t and eslsgrmlgnma;ntastmctsr(esdanat i ®he alignment

f ol | owed

t ud
$iEHGtEEaS ﬂf‘igél’%‘éﬂ'x%{/ﬁ n:é“%’i"@&é!yq\‘%l ] By %39“3 any shape,
PeRRAMY 'tﬁHcﬁl?orfE‘gﬂi' hH%trt%f%]&%t | qiheS P8Gfic fé?lbnﬁwe?ﬁcﬁﬂfbtures

duration. The st duratTon and/or the seCond
asadht molfr‘rgwavégz |aﬂa®imm odltexbative tway Yto wﬁecﬂ ofh metrology

b 208G pdrEruRael wgiten, e Uik AaA Piyeen the
- K BAEKE aPOACAREAPDRECHREINSOAn afign@eft sBdcture 444 having two
triangular reflective sections separated from one another by a non-reflective
break that extends across the structure 444 at an angle such that the X
position of the break conveys information about the Y position of the
metrology laser beam spot 535. In particular, as the metrology laser beam
spot 370 scans across the alignmenf structure 444, the reflection signal will
consist of a first large magnitude reflection signal for a first duration, foliowed
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
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such section alone can provide the desired Y
positional information; however, two such sections in
t he arrangenent shown in Figure 8C better utilize the
avai |l abl e space in the gap 430A and can provi de nore
reliable Y positional information via redundancy.

[ 0068] Figure 9A shows one desirable on-axis
arrangenent in which the | eading beam spot is the

netrol o m spot 535 ndthetra ing beam spot is.
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é%%?”é%@e fricadiicd &R RIECAY 19 detorflfie BIERIseIBcation for
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550B, | ai d_out ||

SRS pBRSR T SeSa RS blocs2bheosiy 8RR efagy’ Beam

§50th n§A\P8IRBIbDlisdE | BB th Flgond QBDURItﬁ&JgH"'i@ id yRif6REd that

rectilinear regularity of sem conductor | ayout s,

ﬂﬁematrmkoqyoéaaeiro@f@arﬁe%ﬁmré%ﬁ dyad re@dwﬁier mr@@smﬂawweam
ARt R P g SRR B Tl 9 rois. S Rlsplife Tt tre

proctbsingdasdy beam 55O day md\whe Oﬁé‘@@!bgy IMEereamyspot(s)
be determ ned for exanple from CAD and/ or ot her

%?ﬂgnnﬁnt data, can be taken into account in the
on-axis, cross-axis, and vertical Z directions. 25

[0069] Figure 9C illustrates a cross-axis arrangement of a metrology
spot 535 and an processing spot 135. The metrology spot 535 traverses
along a first row of links 550A, and the processing spot traverses along a
second row of links 550B, which is generally laid out parallel to and
preferably nearby the first row 550A (e.g., the next closest or neighboring
row). Due to the typical rectilinear regularity of semiconductor IC layouts,
the link positions measured by the metrology spot 535 in the row 550A
correlate closely to the positions of the links being processed by the
processing spot 135 in the nearby row 550B. Any known offsets, which may
be determined for example from CAD and/or other alignment data, can be

taken into account in the on-axis, cross-axis, and vertical Z directions.
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[0070] Figure 9D illustrates a cross-axis arrangenent

of a netrology spot 535 and a processing spot 135

with an on-axis offset. As shown, the netrology spot

535 in the first row 550A | eads the processing spot

135.in the second row 550B by sone anobunt in the

on-axis or X direction. [0071] Figure 9E illustrates a

cross-axi s arrangenent of a nmetrology spot 535 and a
rocessing spot 135 within the same row. The netrolo%

EQM 0]535 aﬁtﬁttrﬁeg%ﬂlbt%@é@%@ gP6s-aKEsagpRIsEeat f egmetrology

pOrTb835a0A BFSeiing S5 3380 bR Al GHIRCIALEGN, the

r avel fon a respecti

ma[cﬁ@gwspﬁsswwherfdst&mwﬂﬂgﬁs ﬂﬁleg:u‘oee%ng spot 135 in the
illus ratgg % cross-axi s arrangenent of a net r ol ogy
SPERNGHYY aRf ?W%@ﬁﬂwté%@e eR=X PhXAresionxi s

offset wwthin the sane row. The netrol ogy spot 535

-and the processing spot 135 are separated from each
[Q0vd] by séigurerSiuitustratesia ofodsteacst avangeesd a metrology

I X d { t | X
Pones drchpongersunganeld B el SPeiw. dihg metrology
339B53Nmcp 2 Prasshty LPDE 135" HRISEBMaNS®TRA SshchOother by

the pure cross-axis arrangenment of Figure 9E or
ggm@ ommmﬁsnameaf(gdﬁentlomfas Hieyutrave im shiendr dm@@twn along

e processing spot 135
%% Cﬁée er%é‘ﬁiégﬁ/gg(gg@“?g‘g]d%e advant age of this
increased spatial separation can be |essening of

interference by the processing | aser on the netrolo%
@ss. | Em? Y iljustraiafy a8rogenaxie atianagment of ianretrology
;}& 558 8 ?@s%%égﬁt 1é§%hh“5h'dnzé{ag et %fi‘hx‘?%’i@game
|gnnen S oné for several reason
rovel THe ngetrd:bogujespscﬁasw asehtid pwdassing Epatnd 36 mn’ehseparated

edi cat ed al i gnnent tar ets cl oser spatia
E’BF}%? ¢t PHIP 5 S8R aMe %"I‘f‘g}ﬂﬁ??'@%‘?‘@‘e?@aéﬁ’a‘ ﬁg‘ount in the
Rfcﬂﬁé%%éh% ﬁw@g%%lv%l iMthkNe aifection él'&ﬁp%sﬁe&weeﬁé eBidries 370A
and (3) the ability to average ove ar ge n nber of
ahdg&?%t fees advaptage ©f | thisc eedngeimskit ycompaeed to the pure
| ow. n ar agr arﬁhs El abor&ée upan t hose advant age
E@SS -axis arfange of Figure or the pure on-axis arra Jement of
Figure 9A is increased spatial separation between the processing spot 135
and the metrology spot 535. One advantage of this increased spatial
separation can be lessening of interference by the processing laser on the

metrology process.

[0073] Performing alignment using the links 410 can be more accurate
than utilizing the dedicated alignment targets 230 alone for several reasons,
including (1) decreased sensitivity to flaws in the dedicated alignment targets
230, (2) closer spatial correlation between the alignment targets and the
processing targets in the X, Y, and/or Z directions, and (3) the ability to
average over a large number of alignment measurements collected quickly.

The following paragraphs elaborate upon those advantages.
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[0074] First of all, the dedicated alignnent targets
230 are typically qU|te sparse on the workpi ece 130.
A typical sem conductor DRAM di e has an area of
approximately 70 nmm2, contai ns about 2,000 to about
20,000 links, but only typically contains 2-4
dedi cated alignnent targets 230. If a dedicated
alignnent target 230 is defective (as shown in Figure
5%&, one nust travel a relatively Ionﬁ di stance to
&] Bise feraesy

an al Festhat pllethrededicatad alipp @q@a{ypically

o e TSP 120 AP el P o e
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m ssed. However ese and other fine feature$ can

apt drwl by relalively iong distanacetenfind chosalktematee md:cated
renments at

The te i qu descri bed t ake as,

IASE" BBt 308 oy e sl s S CARER e Thag Mt be a

@i@ﬂéatbm Qf?ﬁm%ht RS TR Mo B 6f $hé JinkBr £f@rBM Yieed to be
hin at Teast one or two orders of magnitude of the

r@r@ﬁ§$$€;d oFO gHPRRYONaR oI th@r&}suc'ﬁ@@nﬁﬁ andhZffaews height must

b d e Vi
el Ele S Sl P vl Mo P bPRE SRR k) Sy to @
particienghderithe bafer, eady alsba;teerrmsddweHmek@ tosseldid athér fine
reduci ng conplexity of the workpiece 130 and jts

: fﬁamfﬁx%acfafbrbep%%%%%@y taking ﬁoq%ﬁaﬁﬁsuﬁ%eﬁﬁs gloser together.
fﬁ@ cHIqudL T RR%Rbed lHe%l %ual 'a‘sg &%tf é’tn¥ar|ous 0|nts on

aciTTtage processi ng hd
ﬂlevwolnlq:ﬂec&u‘t?a(f rwheaalmvaher deﬁ@@?ﬂf mmgauremenis pomts is

hhinlal Bash R Sbhra cudermast atitids af dReaEnsiy of
Iﬁ@@ubntﬂ% wotkSEEST 130, tRef4R01iAR-b22RdUslidiinent can in some

mat hemati cal nodels. Taking nmeasurements ~ at or near
inatanees hebyialec §us inggdwidr| dedicatedi sligivnenhdargeta @30THeereby

iy 2 f e B P FRo PRI 137288 [Paind Baronisrty of

thenebXKpRstaN 0B, arfd ity FhvtcRiont P deksks, didh BS |&/EA 4y thask
accurate than bouncing a beam off the surface of the
Gieatign e Moreggel dinkthased ahgnment can facilitate processing individual

dies 210 after they have been cut from a wafer.

[0075] Secondly, it is fundamentally not as accurate to scan at the
cormers of an alignment region 220 and then make inferences about the
interior of the region 220 using mathematical models. Taking measurements
at or near where the processing will occur is more accurate. The links 410
are the closest optical targets at or nearby the location of the links to be
processed. On a related note, focusing on the links 410 is also more
accurate than bouncing a beam off the surface of the workpiece 130 or the

dedicated alignment targets 230 for focus height determination due to
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dedi cated alignnment targets 230 for focus height

determ nation due to 27 variations in the thicknesses

of the intervening |layers. Those thickness variations

may be uni form across the wafer, or may have a

| ocati on dependence. [0076] Third, scanning a row of

many |inks 410 allows quick data capture of nmultiple

targets, averagi ng of many target |ocations, and a

redundanc thaé illninat S problens due to defectlve

varguans | ﬂ"g‘%et tekngesa iof gt NEVERRENIAYEEY a LRSS dNickness
finsu [ [

PR, I8 o S dnBRalEs Sarm Qi o' iBcation

dependentashi l e the notion stage 170 noves

continuously in one direction, predom nantly in one

of the X or Y direction. In fact, in sone cases it may
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moves rela during” a

ona@e tifie Mnor dlrettid®. tafsct] i sdmatca2ed |tm§s beqmsable for the
conpared to pi cal speeds of about = 5-20

MstioR %tagﬁs%?al BRAAPYP AL FRIUHnREIESSIAS $F§Pe§’(§aﬂ‘i%8 metrology
éétraol%Sco‘lIQ@tedc*ﬁg'hQﬁé %Hk@h“i@nqﬁ@th%r"’w&%‘s @r?éo ol n@ can occur

Moreover, it Is inpractical to ace rrany
toar gidves ﬂyn awithraaly incurtieqg i angr Btgnlfmrana threupleostu penatty for
Pe ext errel val uabl e, wor kpi

h
HEEH DY S sH8Rs s iRiof SiaBE Tr ka5 Ve e or more

bid¥es cﬁ&naghutwwert auggd s F?dbe%@ﬁl@' Rirc P WheAdd@nning a
capture, and neasuring the ocation of many |inks

d@d@ﬂ@doﬁ@rt%ef&vféfémj dhe Pssentpriypicat epeedshahuwhighsa laser
Bearn, ttrﬂg\z%a{é n%‘t v%f totf?1 %Brlép?&caet H%%uhﬁg%t rLIn ra%%e from

a posittion
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 alighment target 230.

[0077] Moreover, it is impractical to place many alignment targets in a
row in the interior of a die because of the extremely valuable workpiece area
they would occupy, but using the naturally occurring rows of links as
alignment targets can enable copious data capture, and measuring the
location of many links allows one to average the location of tens, hundreds,
or even thousands of target locations together to get a position estimate.
Furthermore, the problems caused by a defective dedicated alignment target

230 are mitigated using the links 410 as alignment targets. A defective
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Furt hernore, the problens caused by a defective

dedi cated alignnment target 230 are mtigated using
the links 410 as alignnment targets. A defective 28
dedi cated alignnment target 230 nmay be incapabl e of
providing an accurate reference signal, regardless of
how many tinmes it is scanned. In contrast, if the

| ocations of many different links 410 are assessed and

veraged,.the i npact a few defective targets i s
Apicathc ajaent Brach 650 hns BF GRatpiaict Py Eiiaan accurate
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lmﬁ)?cglr%%\/&te&cﬁ?fg?t"@ {f’ég‘?ﬁscﬁé‘ﬂg'n&ﬂd a uniformpitch of 2

m crons and=t hat the beam spot has a Gaussi an spati al
distribution with a 1/e2 dianmeter of 1.5 m crons.

Y8 nunefiotse \haisuagraphiafgefeetedmligpment laser energy as a

FREEE PR 5Thaoton UEHeBs SR TR Rn i B3 R ary " Figiyes © or
br ofigarke uiD-13 Yet® padindedBoyTsietaton dsstiminght®at the links 410 in
techni ques_ descri bed herein take rretrolq%éﬁ/

e barkAeBIave qypaiome Wigth; 6ftls/ micieas : & pnéeen pigh of 2
REARHE e ARG o 3 RSB Soe MgfbubGASinn o
dlef edidyneteh es el Bamiesnar e Téegechetietioal vhluesk wiile peesently

future., At the tine of this iting,, small-spot UV . L
e Eritafis dserriasendeb e sake of Hldkyfiam, ALBresent, ink pitch
fypitaty i raRges fidmkaRivk oNg tyhasdutvd WickRYl TRus 9tRA@hniques
system acCuracy. The required accuracy | nprovenments

describeidmberaiy take miedomgyarieasarementse ag idistiniot qeaintsnon the

FO L3 P B B
shigrordst as mnnmgm.sngtno@@ affexdly tth@se Malleshaglexpeerd to

can quickly and efficiently gather a set of spatiall
e inpb& futhre-and\tr bra dicte obf HiaswrbRgnsmalhspotc Y laser

q f. ' . Thi | i :
B4l ST el oBSLATEH AE T R roqure
tieatdresystomiaturry. tTree tayuged ddaskscyiribrofregents A primarily
%h%\/\g, otnr-]g;istgr% ez%re?gﬁlldirections, which are the easiest directions

ascertained through metrology link runs.

[0079] 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 of the spaces between

links (average location of two adjacent links). Thus, application of a peak

29°



maxi ma and 10 mnima in the reflection signal. Mxim
can be used to locate links; mnim can be used to

| ocate the center of the spaces between 1|inks
(average | ocation of two adjacent |inks). Thus,
application of a peak 29 finding algorithmto this
reflection signal and CAD data of |ink coordi nates
can generate 21 estinmates of laser-link alignnent.
Curve fitting to a reflectivity nodel, rather than

finding alogréthr to dois igflactur sianel ameyCHEodatRe of §nksosrdinates

C 80Q]_,.Av. I the resy o] -1 -
PEE AR e A ey MR et Tk "Bttt s e o @
wiflebtivigt hridel esnhait tram LAY Prre&nfindmglgentnt, smaly provide
one target for two reasons: First, the quick capture
PeadArIWWIBE reflectivity signals allows the capture
of many nore reflection peaks than traditional
repetitive scans of a single target in the sane anount
[0080] mre. SaAgermding e reésuitacdf miltipledietatadd peaks nmayi determine

he m dst of a row of fect link b
oo S PhGPS BUAET Yecs et habspaments o
@ﬁep't'.{\"r‘géplf@rﬂ\% RafdehsOf Firdtnkise glickne gtﬁt@bf‘seriéﬂl%d ik Btivity
410 may have uniform spacing and wdth, or may have a

signalsualidves rthe peagitung ahdiany morenrefiectian meskst thanThiadigonal
nmet hods nmay be appljed ta [ tiple bank f.lin

(RPEACE seaty oL senhale Gig Rdheisale BRI & thte "SBeeud. the
iR lof landeeEBvE ARR n Al Milondl a irdlvasfribhe eyt ks can be
required to correlate the reflection sighal produced

pduged dyieuigh aferaginds with the CAD location for the
correct links. For exanple, reflection data out of the
center of a very long string of identical links with

[odsnfi cal Fhesé myetheys 2oé dpplicatbibao drikshof links of any length.
ﬁrod,uced whi ch reflectjon. Thus calibration may be off
bei“l’i'f‘ég‘_bw ”_fﬂb(ﬂab‘ﬁe'én'fﬂ*mc ﬁ_@a‘F'Pﬂka%a‘B‘ijWg.or may have a non-
- [ r s C ;
SARFAS 5800 BRI FORKOIEI MGbEC YR UIRRLRSD 1S b
BAD ultide | anksoof lirksamithegaps oh@wenpat vamning sirels batween the

I:E);g:%kks? code, may be provided on a die

[0082] In some cases additional information may be required to
correlate the reflection signal produced by a segment of links with the CAD
location for the correct links. For example, reflection data out of the center of
a very long string of identical links with identical spacing may not indicate
which link produced which reflection. Thus calibration may be off by integer
multiples of the link spacing. Synchronization or correlation techniques can
be employed to definitively overlap reflection data and CAD models. For
example, a 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
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210 or between die 210 to produce a unique and easily
identified patterning in the links. This may include

a known nunber of links, with a known space, followed

by a known nunber of |inks. Alternatively, a pattern
inthe link pitch 30 and/or link wdth can be used

for synchroni zati on. As one exanple, Figure 11 shows

a graph of reflected alignment |aser energy as a

function of X position across a_|ink bank having a
aod/oelink ivgdthpean denusadhfarsyscpenieation. aAs\gngeexarpRrle; Sigure

cal t 0S} t i : ] h '
1P Bl aReBSt 1R Aanfiert 185 BREGVIES % Findion of X
pbsiion predsty adirobahk tavig &oralalins pattdny. on thisl patfern, a
t hese can be used to insure that the correct |ink 410,
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E‘Prﬁ‘ﬁlgf%ﬁ‘ﬂtt#‘ e cofpet ellRCUYLSYHAR TEsi ng machi ne vi si on

techniques to initially find alignnment targets,
possi bly followed by BTWscans of dedicated alignnment
[0833t s 23 some gasémit meyi he ddrirghdsite|ivitialdy theiter. some

o bR ol o s 2 808 e i
PéhkefEriabydernedfdtefhinkl frdligfindiyansdeboBinkl Ibéateii. | This can
accurate to sub-link-pitch tolerances, then the

ke iomeownsinatmaehise epsige dechngdeateveitigly fingdtaligament targets,
- 084] | t ' i, ght [ t§.a i

AR ol P TV NcaRs BF ol oY alliich i 250 1o

fooisict irefinel ehe pusitiain estirmaie. f Dhisspiminghary model of link location

determ nati on, as shown in Fi %ures_ 1C£A and 1%8, Whieijh'

el then e refined by| ther methedsy ARBRTP§A dereiBnerigieaRrejminary

L on of C o o c Lo

TRAEL PR 1ol IS ST BRRIA subSIRGFIH Bletances,

ibea thaysyhohrodsdien dtep uescsbedabhem gyt het B hetegsary.

whil e traveling down the row of |inks and capturing

reflectivity data. In Figure 12, Z height is noved

foosay - 3 t 0Stewing ther 2Heightl WRileX tlavefhgd dvan @Okt Wf links can
noved from -15 ?o + 15 mcrons. The )

allow simultaneous on-axis position determination and focus height
determination, as shown in Figures 12A and 12B, which are graphs of
reflected alignment laser energy as a function of X position and Z position,
respectively, across the middle link bank 420B of Figures 8 or 9. One way to
assess focus is to change the Z height while traveling down the row of links
and capturing reflectivity data. In Figure 12, Z height is moved from -3 to + 3
microns while X is simultaneously moved from -15 to + 15 microns. The
links and beam waist are co-planar at a Z height of -0.4 microns. Figure 12B
shows that the largest reflected energy, corresponding to the tightest spot
size, occurs at a Z position of -0.4 microns. Examination of multiple peaks

near focus can more accurately determine the best focus height, in particular

- 317



i nks and beam wai st are co-planar at a Z hei ght of
-0.4 mcrons. Figure 12B shows that the | argest
refl ected energy, corresponding to the tightest spot
size, occurs at a Z position of -0.4 mcrons.
Exam nation of nultiple peaks near focus can nore
accurately determ ne the best focus height, in
particular 31 when the focus height faIIs bet ween two
[ i nk i ons Int? folatlon aver
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- showi ng the maxi mum and m ni num refl ected energies,
over a bank of links, as a function of link pitch. As

[Msgr aphs Fsnaw, 13 fs ’af‘g?abhrdf efieeted §I|%'mﬁéﬁt laer energy as a
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nparison wmth link wdth, there ma nsufficient
Etmﬂpaspf Hiakweleh. ndkengrarthdneiugesy @ fUrRs ed showing the

flefdrH pwngl%d n’ﬁﬂ?ﬁdrﬁ%eﬂ'&‘é#é‘bs etr’é‘?%leﬁalﬁveg%1 a{g&WBgﬂﬁ]% as a

cor spot size, Tin
fumatioh oft hiek rmfdheCtAS)m@q:rrapastshcm, dotee fifle pltch is small in
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ASERrars wily Ik andtn oRtbsaayche PanTicant satiras s kptween
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RRAFRONE BhEminiTOR? FoRENBTUriiBy © 2BoBA A8 4R the peak

tadingrerocess. [feoeslinglygspet dide] bnlapfttlmmrlmhhnk ofidtn aII impact

00 di to nbod
P50 EebR BtRst 67 ok PRovateraLEp! Beameiaipoy Beer beam
Bh@RBE ahariaf2and IR thRkAEsHRBYL RYWRRR N Wihfdf bHStR@tion.
t he wor kpi ece 130. ~ The netrol ogy | aser beam

These sasameters casr kpi eribnized ter 0at higfr avalily refleetion data for
W&Q%‘PE;{%’ whi ch at tinmes passes over 1inks 410,
as 0 6

00 noves (625) the | aser beam spot 535
relative to the workpiece 130 along a

[0086] Figure 14 is a flowchart of a method 600 according to one
embodiment. The method 600 generates (610) a metrology laser beam and
propagates (620) that laser beam towards a link 410 on fhe workpiece 130.
The metrology laser beam intersects the workpiece 130 at a metrology laser
beam spot 535, which at times passes over links 410, as the method 600
moves {625) the laser beam spot 535 relative to the workpiece 130 along a
path on the workpiece 130. A reflection of the metrology laser beam is
detected (830) and measured, resulting in a reflected energy signal, such as
the one shown in Figure 10, for example. On the basis of that reflection
signal, the method 600 determines (640) the relative position of the

metrology laser beam spot 535 relative to the particular links 410 over which
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path on the workpiece 130. A reflection of the

netrol ogy | aser beamis detected (630) and neasured,
resulting in a reflected energy signal, such as the
one shown in Figure 10, for exanple. On the basis of
that reflection signal, the nmethod 600 determ nes
(640) the relative position of the netrology |aser
beam spot 535 relative to the particular links 410

over which 32 the netrol o%y | aser _beam spot 53
fhesmetrologyelager beaimepel 83% pasaes.cdhe driepaining ﬁ’@ﬁp 640 can
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dim@mm& foraprcessiag €66 @3thosayselecipdt ki allihg processmg
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perfornmed sequentially or simultaneously to sone

 dedveenicabpeniiisigbleotisplreemantiodsatieady indicalpgnthaisteps of
| ﬁeoﬁ'{ettfrir(gdélﬁﬁb il bUAEL @B mdd Segﬁ{eﬁt%qlg é)rosﬁ"fmt ously to some

using a variety o
de@rfelegtdeﬁerﬂgig Hdwzlthdl I‘ﬂ@th(fte 6Die s I;TblErnembeldm ra particular
Fi gur es and 2, exa e 0087] Figure 15A i
pitERtoRar thef mﬁth%l@g St rtlﬁ‘ PeEpmBed Lf?élfggw@d"%%ty of different

ﬁ&x%%é?b%nz gLi%rﬁ%Eelnc gy ?ﬁes il U%tr%ﬁhﬁqzl (s 1 and 2, for

generat es met r ol aser am and propagat es
€620plet hat | aser beamtoward an estimted position of
a link 410 on the workpi ece 130, as the nethod 700
noves (625) the | aser beam spot 535 relative to the

ppudmi ece ERQiral18Rdisa flowchart of a “pulse-on-reflection” method 700
according to another embodiment. The method 700 generates (610) a
metrology laser beam and propagates (620) that laser beam toward an
estimated position of a 1ink 410 on the workpiece 130, as the method 700
moves (625) the laser beam spot 535 relative to the workpiece 130 along a
path on the workpiece 130. The method 700 is preferably utilized in a case,
as iliustrated in Figure 9A, in which the metrology laser beam spot 535 leads
the processing laser beam spot 135 during a link run. The path traversed by
the laser beam spots 135 and 535 is preferably a path that crosses the
centers of the links, as preliminarily determined by a model or preliminary
calibration data. The reflection of the metrology laser beam spot 535 off the

fink 410 produces a reflection signal, which may be an optical signal or
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path on the workpi ece 130. The nethod 700 is
preferably utilized in a case, as illustrated in
Figure 9A, in which the netrol ogy | aser beam spot 535
| eads the processing | aser beam spot 135 during a
link run. The path traversed by the |aser beam spots
135 and 535 is preferably a path that crosses the
centers of the links, as prelimnarily determ ned by a
nodel or prelimnary calibration data. The reflection

ginvertedriptaroelegiia toser Tbéd’ﬁﬁ%'\%w@%getﬁcfs {AR0) risingkcropgings

t
& BB of S Lot oot e Diodipgidees e
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e or
GRRLPERECRE yidpodtefictal BrodRectie [EHEcMEh 4-0dsiREeq by the
thr&dhold Begssingpas ek, i8ane linkt he position that produced
the reflection as detected by the threshold crossing

- i.e., tothe link. [0088] The nethod 700 can be
tO%@gf‘t ed afhs WELBH Ald cér#l KSrebBafed Q{r’]‘%?rﬂ\érérnéﬂl finikd Ka row

In that case, the reflection si conprises a
dwiniea lofk ruref Ihedhabnaa;mxhh&&"eﬂednmmgma‘! lcootprises a series of

T S5 el o Bt LB Hirs 10
r'@?%cmdégiqufiéme $9ltas5§ﬁ|r{&\6ﬁ%f§t aR%Adeas v Rietidl beam

maxi mum i n the reflection Si gnal represents t
sttt B35 ofioves aldng tred rewcdi linksi machepesdanmsin He reflectlon

S8 tabRettnee) Frdeha o o abeectidriol @i stdRnts the
¢é‘nté|h et eetwesn Sﬂmﬁﬂ“&id&a@?ﬁ ifke. CRigues PERli Algooshers the
[ 0089] The net hod 700 preferabI%/l%accounts for the

mww nvdioreewhat bglavethe i prRpksnin 1the detpetian: signal, and the
iy t he workpi ece 130 after a | aser

$?r%85d)g’?' gﬁ%ﬂﬁ%%“?% i ssued. One nethod to account for

the delay is to position the processing | aser beam

spot 135 | aggi ng behind the netrol ogy |aser beam sp
K9989] The | ?ége dnethedcE0hgrefetakdy meepanisvier dhe el %WO!\@C* in

ééhé'}atmg the laser pulse and propagating it to the workpiece 130 after 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 ihe threshold T and the time when the processing laser
beam spot 135 is properly positioned over the link. ldeally, 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 centered on
the target link or within any desired on-axis tolerance. Alternatively, zero

delay may be added between the detecting step 730 and the geherating step
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time delay between the tinme when the reflection from

the nmetrol ogy beam spot 535 crosses the threshold T

and the tinme when the processing | aser beam spot 135

is properly positioned over the Iink. Ideally, the net
result of any delay is that the processing | aser beam
spot 135 noves the proper distance along the

wor kpi ece 130 to precisely deliver its pulse centered

on the target link or within any desired on-axis

TN .elmpede gasas; the plasepsingdpser Bearmysnaiyl 3ecaidi¢ad ahead of

8% YBE0 0o el BBt BRE. [ ocessing | aser beam spot
135 can | ead ahead of the netrol ogy | aser beam spot

535. [0090]_ The selection of an _appropriate threshold _
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R cRRY ERE ensdhd 9t82,eth%a°\?é1'b&§/n5i {vrRY inl flYEsRe pBAormed,

nmet rol ogy I"aser beam Spot 535 the processing

anad the bpacing (fibany B betwirers thesiietrogyyi lasehkeamtspean35 and the
sel ect. appropriate settings for a given.scenario, in
PIOGRESIBE  Hive t RS AR Haer n Moy aRHEdTirt e Algcaboselect
MApropraRSséttings fomhepRehR¥narie, ihaight op e fedichir@saerein.

|'ar ge degree 1 ndependent of any position nodel for
precise targeting of the links. This

@mg on-r %%ﬁ'ﬁ%ﬂ@%@ef% Z)E&érlréeét%egflfn%s\fvﬁ&% ﬁ%\{/aé}ggfgﬁngfand is

iacy in rol'ogy sensing’o
foad ferigesdgapek tindepatitknt iof anyrmesitier npdeT fart priesisediasgsting of
can further enhance processi n? accuracy, as, the
Bpdinkeni t Jhifopulssseri-refieation: teghnigiscefferendng i avantgge of
FHES60n 3P LRLOSEH hObDyRAURECr Aot jatn ana s
pioaessingc ahhabimesdcy daor furder cerdlaneer prosessing heeccuracy, as
t%lalibration i tion

5 SBRGEUNGY PRI nOt rueenC R (s P Tdelboy and
%rﬁ:gbsﬁhg i8lieglbby. NS REIRA a¥ehnfiRRt BEthidBRY-a8feMction
technique is that it can compensate for residual errors in the calibration
model, errors in the CAD link position database, or fabrication errors
resulting in links that are slightly mislocated. Yet another advantage of the
pulse-on-reflection technique is that it is largely invariant to the path of the
laser beam 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.
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pul se-on-reflection technique is that it is largely

invariant to the path of the |[|aser beam spots on the

wor kpi ece 130. The techni que can work well wth

sl anted, curved, and rotational paths, for exanple. In

fact, in a two-beam enbodinent, if the nmetrol ogy

| aser beam spot 535 and the processing | aser beam

spot 135 are locked in a fixed relative offset, then

the ath of those spots is irrelevant. 35 [0092] _
Ees 16RigueEs 4PA-TGGreh Apweharts af iptherise according to

@%&Q&dé%aéw@ IR B3 $O8 SR ThY e AR bed
ém/e’r@hi@cﬁfer%k FiaiE, ette hpathiRic ef Figless mab\emc imbodemlbed
per-run basis. In particular, Figure 16A.is

b@'@Wcﬁarﬁ RAr-r4IN hawﬁodlrswm@rlabeﬁigatﬁ J&A 8 @rﬂowchart of a

5
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inpgrnaxed laynone procassing (L&ikﬁ) chueerrmthmrbﬁ@m hsegtnalby optionally
SeETGNE SRR G o Hivte SH AL Rt S W g i ipciude
ﬁ%ﬁ:ﬂﬂesvi%%ﬂ tecﬂ_ﬁ]ﬁﬁéﬁbhﬂ r s@bhﬁﬁ‘) diéfEeh @El@Hﬁr‘én? ?d“rgets 230.

so conprisée | ased netrol 6gy runs pérforned
‘Bherigitiehalignment dexhigrestdam aiscajoemmlseehnlebasm dhetrology

irobafohee 40 Frohh SioRo ko BRGR RT S 8L aor -
HirdionOoWajddlofide 28di r g6t icanang %éﬁ’@lb?y rﬁﬁﬁbérongf a small
equal Iy spaced link rows in the Y direction may

awnbet of rgegily aovally swecedi v rows épltla%éhtimﬁm §B¢rp’=l gmall

k
SRR Sa BN SBened JReedie 8 e, ¥ diblighpay be gble to
drateP B QUERIE Y rephssaitathg samsle ofink poudtidrizefor tmpsrpose
830& whet her a realignment  is needed. The_criterion

phointidaplignment dNexthéhe Haethgss 8081 pareme84WbaRE Obmore
biBRes SRR L0 MR R0 hans S bt pen

isuteedeaineT ¢ lcaterioni foe realighneentsmamebe d:tmrtaplsatof@g wenamount
nnent .i s _ne

Sty g s bt sPRet 55 PaTHER ssbpnfs E0 W that has
heEW She dubjéet! SRhI gidreRfetiofodi@hlitdsome other criterion, or some
combination of one or more criteria. If no realignment is needed, the method
800 continues to perform (820) processing run(s). If a realignment is called
for, the method 800 performs (840) a metrology run along a row, which is
preferably the next row to be processed. In so doing, the method 800
collects actual position data for some or all of the links in that row. In cases
in which the method 800 utilizes a positional model of the workpiece 130 for
determining the positions of links 410 and other features, the method 800
can utilize the actual positional data from the metrology run to update (850)
that model. Details for performing the updating.step 850 are described
below. In any case, the method 800 adjusts (860) the position of the

processing laser beam spot 135 relative to the workpiece 130 and then
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for, the nethod 800 perforns (840) a netrol ogy run

along a row, which is preferably the next row to be
processed. In so doing, the nethod 800 «collects

actual position data for sone or all of the links in

that row In cases in which the nethod 800 utilizes a
posi ti onal nodel of the workpiece 130 for determning
the positions of |inks 410 and other features, the

nmet hod 800 can utilize the actual p05|t|onal dat a
f&%\@@ﬂw@ﬁfﬁlfﬂwwg@%np[@%ﬁw@t sung50)he gtustBgat. may be

e e 5
HECEbRRHY BA 4N A0 HoRELAR AoVt 82 dyBlEment of the
(ithidh btagepdB0 torostarfringhef aalbefaﬁssie@gngas;emcdbeammmtm the
135 rel ative to the workpi ece 130 and then 36 resunes
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8f e hhdVenidif dn tﬁbﬂﬁeﬁBWg?rtasé%%drh @ﬁbﬂsas)fshsa@q%sﬁak@a into
l'aser pulses) or some comnbination of both. If

ad¢austtnent is by novenent of the notion stage 170 t he
subsequent effects of that novenent on the netrol ogy
| aser beam spot 535 should be taken into account.

[0U833] | n ihehessimpiesitcans & pasitisrsdl imedwtifo Orné@é features
wor kpi ece features involves a mathemati caI for

mvglvaSaa n@ih@m@tlcglu&\ﬁd@kfca qnp!fmr O@u%t‘é slch aﬁua:ﬁlaﬂar disc in

BN b EYeBien thEPERRE oF Iy T mpd St B pgsidy by X

ah&/oltm‘deltredslaltlnh tmsorrtlmaﬂhy tiit thee mocksdr b Ipcmktlons to the
ositions_as determ ned by one or. gore metrol o

Hrethelit's . PRAIRNS 098N CBETRYDRY s ;Qnsc&’urff‘gy% ofnetrology
HéatsuPéméHt% pM%Pé‘ gdv@ﬁb?&tm&ﬂelg hﬁaﬁﬁ@@@urﬁ& fbp%i[t'dfntht% planar

Even nore advance may account for non- p anar
ebjeet vs thenshapmdhtheatinical Even fracre. adwrisedfedels may account

?C{‘lgrgilquaa E@gg’tﬁ‘loﬁwe%ﬁg{lqetsgqr%%cgla%ﬁﬁacgy 4 ﬁrla%ciegt% include
warpage or deflection caused by underlying dust particles. Alternatively,
rather than a surface model, a three-dimensional object model can by its
very nature account for depth effects in the Z dimension. Given a
mathematical model, regardless of its type or complexity, it is characterized
by parameters. One version of the updating Step'850 adapts or adjusts
those parameters to cause the link positions according to the model to better
matich the actual measured link positions. The adaptation or adjustment
algorithm can take many forms, as those skilled in the art can appreciate in
light of the teachings herein. For example, if the workpiece model is linear in
its parameters (which is possible even though the model itself is nonlinear or
non-planar), then a least squares algorithm can be implemented to minimize

the sum of the squares of the differences between each modeled and actual
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rather than a surface nodel, a three-di nensiona

obj ect nodel can by its very nature account for depth
effects in the Z dinmension. Gven a mnmathematica

nodel , regardless of its type or conplexity, it is
characterized by paraneters. One version of the

updating step 850 adapts or adjusts those paraneters

to cause the |link positions according to the nodel to
better match the actual measured |ink positions. The
a¢apud drositiomnd] uBhigemel-kaioyar i algafitun cake bgardplemented

e H B A S 8, AR T2 10 oo
yehkwhace ABdhtages! oheds algorithihs ipdudeetituton ohielrense or

possi bl e even though the nodel itself is ngnlinear or
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metslogydrupo o tesmoftdini suchedsd akthmendlafer metmolagnrueto jointly
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erroneous neasurenents. This algorithmcan be iterated

e eelpeity ofrihes matim stagasi 80 ahtletheepracgssingkcgpabilitiesnof the
neasyy e t Ls . taken ring a - metrol run, or |ess
S tafe? THA; whib SrefetaBl pétrths TEIGHOM T on ¢ o

jointly take account of nultiple link position
neasurenents gat hered during the run. The algorithm
[994be i npThaeardat iobfuns ageerding tothregietbed B0HuMRY be all X-

rs v Cist : [ - 7 . '
GPBOE AR, LS ¥ kbR RS B0 PEcisd” el
thlai rabthodes @0 atlyyalfenhtlypetitien abgwr XidiractibAQ0ds thihresome Y-
order of runs according to the nethod 800

radel he al |
siregionectnon ANIEMIXIBY | SoRiEpobiPnarynsy-ang eXrliglpnnins can
L\ . td | . - . .
AR o PO ISt B0 5k i e
directioni periadicadly. | nt ermi xi ng X-direction runs and

Y-direction runs can maintain current calibration in
both X and Y di nensions, by updating in each

fioosfti on pPRk@dER 4 Yiowchart of a method 900 in which metrology
and processing are alternately performed during the same link 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 assumes that the row is divided _into
segments where processing is required and segments where no processing
is required. The latter segments are referred to a “no-blow” segments in
Figure 16B, but it is understood that the purpose of processing need not be
to destroy or to “blow” the links. Segmentation can be accomplished by any
means from examination of the processing plan (e.g., link defect list or target
map 195). Most naturally, a no-blow segment is simply a contiguous

segment of the row in which no processing is planned. Because typically
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[0095] Figure 16B is flowhart of a nethod 900 in

which netrol ogy and processing are alternately

performed during the sanme link run. The method 900

first perforns (810) an optional initial alignment, as
descri bed above in connection wth the nmethod 800.

Then for each row of links requiring processing, the

met hod 900 assumes that the rowis divided into

segnments where processing is required and segnents
ahlgraboud Wéan‘slmkagequu;e Eqaessiny, iTireekpected thalginene will be

bl ow'
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s@g{rﬁhnﬂo IPhot el methcsl pDansietly Becfarae (OB0) pabdassirdBalong
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hapseemenitndt ittinéy aoﬁlq*w S@@"“%T‘gﬁ] ﬁ@om#farms (940) a

nw Qn Sk q r%eﬂ? éF’d\r%\ﬁlﬁ QHEQF niBHesOtif n shsary,

spec ose t structurés, suc
frsmi ﬂ)ﬂdmessmgetd metrolEgg)J rcgﬂlo&llipnddatés REGa e peSItlthl' model

h -b
{°é§'i‘§ Do carhandtivas: 0B} thegpostion or I, Piiseapg teser
ot 135 Flﬂétlvé f@tH@%ﬁ@bl@@@ 1%0'%5)(9&3&'1 9 'ﬂﬁet&%@ scan.

proceSS| ng along that segnent. is ano-b
$hgnoathod RE0Nst hwitakdd Coper fswhem (r@avo)g @verﬁpplago@fyldentlcal

I th t tch
RECeLEr T brfes iR PR v gDV RS Rshater by the
shdatiase( AP dahte pegiffer@ntalmeddel  for the workpi ece
130, and adjusts (860) the position of the processing

| aser beam spot 135 relative to the workpiece 130

on t hﬁcggég pg I‘Fé}é%re c-lqgf‘cleg% 208 ik ?ormulaﬁmg the

bl e for av ng overl apping or iden

ﬂmdeehmrgyp@ndlnprebmssﬁ Wg|dhasaES i e spotcs phssiblenegundant
be generated b

alerieitie rﬂreta%%tetd{]%dﬁﬁg%t 8 506 deBhbre Serpent, then the
ShALES TdrPpBemBBE Sl MalkithPk! @l 8Ze! &%d/or distribution of no-blow
segments across the ‘workpiece 130 or to produce other desirable
distributions 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.

[0097] 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 performs (810) an optional initial alignment, as described above in
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processing plan in ternms of which ones of the various
possi bl e redundant elenments are activated or |left
intact to replace a defective elenent, then the

choi ces can be made to maxi m ze the size and/or

di stribution of no-blow segnments across the workpiece
130 or to produce other desirable distributions of
no- bl ow segnents and/ or processed |inks. For exanpl e,
it may be desirable to distribute some |inks runs and

enngabianswimahe snethodod®). tTHenxthenmethed d@@@s@@f@ofmé?eﬂ 020)

ey HOAGAEIoh i P GABoRENEAEU 1 ooy

alehgukied eshmé Nopadriother rofo! @pdétmgm (860) Zthet besitional model
required to align and/ or process the workpiece 130.

poEudingt gunecesseny)saad ROBEsIRar(B6B} th@ pesitier of thsopiagessing

U 5L 0 04 O PR BB 958 520, 1090

85m,stancie$6@qras dpptopricte, epei epabtadifei ehclal rognoerdinksas The
descri bed above | 39 connection with the nethod 800

PRéPd HEOReEhBta® IOp eSO (EoRFPT SOt RyTAIgsgents
éﬁlﬁNﬁ@rY‘F ulrég %r%wgousl y perform ng (1030)

nmetr ol og al’ong the 'sanme or anot her row, updating
(850) the p05|t|onal nmodel accordingly (if

d t] 86 f the
BiEsBIce; ) vafills Metidded Hietsthlhar Rt ohéd oﬁ'w%etrﬁ%ﬁ'%w of
§RStliEess od s WitisiRSa 1@3ficoddldfer s@5&rat@anel=iRe. tods Igrser beam

appropriate, are repeated for each row of I|inks.
srathodhes® netodsigetsirater @rflrats@sﬁrtmm@nda@@pas@mnthe first

r%gggggg{?gpoggqggéé%%@o escrl tg\g{hﬁwe?% fsgrtm Wo@ substrate;

derict b esfiedion ¢ftthd Girstaserdiesmh fraink blfrnstaetmm r@Q:ﬁrddr:Mhm the
substrate relative to a | aser beam spot.

PRIIfeNg uglon subelate, ﬁhﬁ?@byIwa%ﬂﬁ%ﬁ%ﬁ?ﬁi@ﬁa‘&é@eg%%mte a
%éﬁc{oﬂd Iés@?%%an’?gﬂ?:lgpﬁgé?éﬁéetrhe n%lpi%tsePB Fn W 5hb&er beam

e sem conduct or ate; etect A ref ect| on o
st b rat withBethd samitomdnciof isubstrate; ulstectea oneflection of the

WJ;W L [qtsgg bpéﬁg rggggF%%gﬁg%%g@@%t\ggwg%pgﬁéin distance of the
first structure on or within the semiconductor substrate, thereby generating
second reflection data; and process the first reflection data and the second
reflection data to determine a position of one or more of the first and second
structures. The certain distance may be, for example, less than a side
dimension of a die 210 or closer, such as about 1 mm, about 100 microns,
about 10 microns, or even the same as or on the order of the link pitch

spacing.

[0099] Various methods described herein 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
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second | aser beam and propagate the second | aser beam

to a | aser beam spot on or within the sem conduct or
substrate; detect a reflection of the second |aser

beam from a second structure within a certain distance

of the first structure on or within the sem conduct or
substrate, thereby generating second reflection data;
and process the first reflection data and the second
reflection data to determ ne a position of one or nore
oethors gepetatemnes et spare lasendiqanes. propagate the ene or more
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ofibetdemsdy ofieaisicstructwesber of | aser beamreflections
froma nunber of respective reflection targets within
a given area, thereby generating reflection data; and

poaoess the reflgabi®mettiatia dedcAbédmedeihasies on a laser
W th respect to the sem conductor substrate.

leami spet tatives to) @risemiesndupier suesmte dhdeg  Bructures on or

\ghpﬁndtf\g dé@?nltcg %&té?gu t?éfle 13 beogelgpﬁve?fg]e os38H l:?u delivering

ensi of sal res on

a/lpirhcesssmguaseerhaeenmhmt ;mrroces@ag Naser imfammsplmt n Tcmase methods
or three orders of nmmgni tude . of th [
@%n%ragq A RetRlegy 356 PeEM \PIPPBYRIE HhE MaRIE a%s_e,?éﬁ 2m along

%?&Sﬂé%%aglcﬁopé’cﬂstbté %tmé@é Riser BRAM $PAor 8F AkhY @ dthucture to

uct’or substrate Vi Nng structures on or
bé t bélectivaly spracessedictroove uthet rlaser theabe spodtecelaliveyto the

%rﬁﬁ:@%ﬁp%@?y :°.| rlaﬁ?g | n%&&ee%r oﬁ'%g%cst ﬁﬁ%ét%n %?E{H]et r?le?rology
laser beam from the structure, thereby generating a reflection signal, while
said moving occurs; and determine, based on the reflection signal, a position
of the metrology laser beam spot relative to the structure. The speed may
be, for example, at or near‘a processing speed, such as from about 40 mm/s
to about 200 mm/s, and in particular faster than about 100 mm/s, about 50
mm/s, or from about 25 mm/s to about 30 mm/s, but may be as slow as

about 3 mm/s.

[00101] The algorithms for operating the methods and systems
illustrated and described herein can exist in a variety of forms both active
and inactive. For example, they can exist as one or more software or

firmware programs comprised of program instructions in source code, object
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generate a netrol ogy | aser beam propagate the

nmetrol ogy | aser beam along a propagation path to a
netrol ogy | aser beam spot on or near a structure to

be sel ectively processed; nove the | aser beam spot
relative to the sem conductor substrate at a speed;
detect a reflection of the netrology |aser beam from
the structure, thereby generating a reflection signal,
while said noving occurs; and determ ne, based on the
pede, vecoiabis gage or pthersiormats. Any ohéherabeve 68y beaeyabodied

B GOk TRante o GLRE e e P B B iamals,

ms cohfpresdsitt o QineBhipressedaliorh. 200xamibiary abdmipater-readable
particul ar faster than about 100 mm's, about 50 s

soragomatierr ipsluger sonyertna comprisy, shaiemmRARL (a@ndom

T th
opera??ngt neﬁhw (ag%&) ! nsnﬁeﬁqg@gltra?g ana(erasabie,

degcambrebid Q@IAN, EEPR@MS(EEecmchIyarammepprdgmanmmahm ROM),
ctive and ipactive. For exanp|le, they c exi st as
e Ash MARRIEHE G OPUCALIRKE O toRE S EXE BT <Binputer-
%‘ad%b@é@ﬂél‘sn%%ﬂ?éﬁ rﬁBéuI‘aféosﬂ’éiﬁg% EAAer oPFIbte%tre s&ﬂaals that a
---------- execut abl e tode or other fornats.
mmpoifertslyeteantomnngmmenmn’gmjceMputﬁT program can be configured

Ro RS ot & aap@rals HouiiRstabek dbralioh, ther SEe pr other

hEWBrk=X e R ¥teC AYRHIRES r(ﬁaﬂ@é”i%reém A ABRIARY Idig&tBbution of
i ncl ude conventional conputer system RAM (random

sefture oo Rcm\mr( viedatesnet dawinag | I'eprRemse, the Internet

LSRR 5P  r ERERbBE et same i

Bg 0 tompaterativorts idi gdirerall t apes. Exenpl ary

conmput er - readabl e signals, whether nodul ated using a

carrier or not, are signals that a conputer system

WPQSQ Or THYRBIRY aﬁd%&HPﬁé&é’ﬁQ&f ﬂ@«’-ﬁﬁ%r@%et fort 0‘1 by way of
onfirgured to access, Inc I'ng signals downl oa

iibstoatggn ohlg dnut areneot meaot s limitatoner Hhos€mkitestia the art will

%é%g.ﬁ;zgsth%t[ rﬁgﬁy fv%rn% 8||1§1 gcalnngtle ur%gdg It%t {Hebate{a?lg C?ff the above-

described embodiments without departing from the underlying principles of
the invention. - The scope of the invention should therefore be determined
only by the following claims (and their equivalents) in which all terms are to
be understood in their broadest reascnable sense unless otherwise

indicated.
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software on a CD ROM or via Internet download. In a
sense, the Internet itself, as an abstract entity, is
a conput er-readabl e nedium The sane is true of
conputer networks in general. [00102] 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 ments wi t KekIMBparting fromthe
underlying principles of the invention. The scope of
the invention should therefore be deternmined only by
1 he A odystaindoc|prosessirmndstiitiese ol \oal @hhis) al sewhic@itductor
all terns are to be understood in thejr broadest
sukaieiabising 8 psseghpegrs the RESIRM 6OMPHEINGat ed. 42

CLAI MG 1aber Ascingd ﬁé‘i‘tof:l%in@r ac tdleg%itléé‘&t %‘é‘éﬁnsg%oora pulsed

within a sem cond or ubstra ing a pu
pagessingHaseyls¢@mfcoimpingingdpon $esetedsmesad saicddinactoes,

a metrolo | aser beam and .a pul sed rocessi ng | aser
beam RoMGHAIPAGi AEETL FERPEEABE] GRlBnEeoANS Apger source to a
fetrefddy 188er Beamididt 8aYor vt@iﬁﬁfm thé @Pﬁﬁ@édcﬁ)&tcﬂaédbs%fé?

the I'aser source to a netrology |aser beam spot on or
Wi t hi a praseseinge tasgucpropagabenr pally, fronpribeelssengsduiserto a

ropagati,on path fromthe l.aser, source t,o .
BiesEaelp 3o pheam 565HPR SEWIlT he SEHiondpDr substrate;
semi CQnﬂMﬁl’b_ﬁf sﬁi@@sbbﬁﬁ%jrea E@Ma@@eﬂé&ﬁ‘;@é@ﬁéﬂicﬂﬂﬂﬂ@w&@n the
cause relative noti on between the sem conductor

%@BW&U@%@WE end bethr Breogipticheest ‘%@érﬁeﬁﬂ@ﬁp&h@ﬂd the
E)l%%esgih ¢ %'rngeérgsgﬁopga?ﬁst‘?\%tt tﬁgcg{ddégginéhﬁa er E)e%'n spot
D selecte

rocessrng | aser eam spo InterseCts sal

inbkErseots saidd selecteal wnes, oS ahill BUUcturedesaid motan being in a
substantjally straight direction; a sensor positioned

sPsiapiirlty siraiglyidiresdienof refl ection of the netrology
'tf]‘zerabgéﬁ?s&p%sft{o‘ﬁ%ofﬁ Q5tclPrS BhghRide Sbi YefidtiRh ¥F the
metrology laser beam spot from one or more of said structures as the
metrology laser beam spot moves relative to the semiconductor substrate,
thereby generating a reflection signal; and

a controller, connected to the sensor, configured to determine, based
on the reflection signal, when or where to generate a pulse of the processing

laser beam so as to impinge upon said selected cnes of said structures.

2. A system as set forth in claim 1, wherein the motion stage moves the
semiconductor substrate while the metrology laser beam spot and the

processing laser beam spot are still.

3. A system as set forth in claim 1, wherein the motion stage moves the
metrology and processing laser beam spots while the semiconductor

substrate is still.

43°



metrol ogy | aser beam spot noves relative to the

sem conduct or substrate, thereby generating a

reflection signal; and a controller, connected to the
sensor, configured to determ ne, based on the

reflection signal, when or where to generate a pul se

of the processing |aser beamso as to inpinge upon

said sel ected ones of said structures. 2. A system as

set forth in claim1, wherein the notion stage noves

fheA systrimcanaeicionh is wiaimy htwhesin the mi@ttﬁmstaﬂeakgquégéfed to

SEf% 868 HGhoS pekBEE RO RBRCLPEP Ry P both the

rivgr Y RReBbagM m%ﬁs}dﬂh@ prﬁ@éés}h@%e@mﬁaﬁi Qp@l&ﬁlaﬂ@irectlon
| aser beam spots while the sem conductor substrate is
§t‘th990ﬂa130&al%s’fé?lghbﬂﬁ%%ﬂ%t forth in claim1, wherein
the notion stage is configured to cause relative

noti on between the sem conductor substrate and both

BheA syetenokegiet fadiein bizsdm 5 peterairdtienmationctage cgmprises an
| aser beam spot in a direction orthogonal to s

id.
EPP%‘“ §iRICANE &t loWier SEIRSUPRPRIRTAE S HPTGiRge: Wﬁ@Teéﬂ @ne of
Y}‘Bﬁ%ﬁéﬂ& BN (et ior %tté’ﬁ rtUER ihS&std %‘Pra@?ﬂ&ﬁ:’ec%ﬁ%d the

stage supporting the upper stage, wherein
ot’r@roﬁ the hppelpﬁtegesirag@edoweh stdgewmioves dige dineetisn ionthogonal

aid strai rection and the other of the upper
Syd s‘,;%gl'{qﬁﬁrq h%r stage noves in a direction

orthogonal to said straight direction. 7. A system as
set forth in claim5, wherein the notion stage

€orfbrsies aa set fordh i clag® . hwerpiythe Medionatags 6gypdses an

5035864 B30 A AT oo P Bl Bt ane
secdid siagelthhnmovesdits sbmiddmeiuctorstorkpiage. noves in
said straight direction and the second stage noves in

a direction orthogonal to said straight direction. 9.

g‘oal}(igéf%g%lﬁ;arssgét fH th bRk 2 BhdreiRRE §ir&t {B6e!RSGEs in said
straight direction and the second stage moves in a direction orthogonal to

said straight direction.

9. A system as set forth in claim 1, wherein the laser source comprises:
a first laser generating the metrology laser beam; and
a second laser generating the pulsed processing laser beam, wherein

the first iaser and the second laser are distinct.

10. A system as set forth in claim 1, wherein the laser source comprises a
single laser producing both the metrology laser beam and the pulsed

processing laser beam.

11. A system as set forth in claim 10, wherein the laser source alternately

generates the metrology laser beam and the pulsed processing laser beam.
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a first |laser generating the netrol ogy | aser beam and

a second | aser generating the pul sed processing |aser
beam wherein the first |laser and the second | aser

are distinct. 10. A systemas set forth in claiml,
wherein the | aser source conprises a single |aser
produci ng both the netrol ogy | aser beam and the pul sed
processing | aser beam 11. A systemas set forth in
clai m 10, wherein the | aser source alternately

tner/at systeme aretgadl &yih | iamsewiaitma‘rﬁ andnerdip phe skeger source

r essm | aser 2 ste as _set
FRERRERISy, SRRemiFs Tnp MebBlodioliey” ReiTI AlHedlS  puised
ﬂ@@ggghgqsagép%eerol ogy | aser beam and t he pul sed
processing | aser beam 13. A systemas set forth in

claiml1, wherein the netrology | aser beam spot and

1510 APLASERSINGL BRET, REA PROhe RUPMAR Al BRLPEEGR spot

on or sem COﬂdU or su ate

Sy tepascessing Riskh beant lspbirslibstahtalBi coihbielen®h rarl withyin the
| aser beam spot - is offset fromthe processing |aser

%%Hﬁpﬁﬁ%@tof ﬁugﬁﬁﬂest rai ght direction. 15. A system as

set forth in claim1, wherein the netrol ogy | aser beam-
spot is offset fromthe processing | aser beam spot in
. dArmtemraaomtrfertﬂun wlam 1,owhsrasird thet nmtrg:hgydllasecbeam spot

t forth
RelTSEhTG (A soassaied s hsAhsgensaid SE BhEAESHon ne
sem conductor substrate. 17. A nethod for accurately

sendi ng | aser beam pul ses froma processing |aser to
el Acaysterprascesisonl in @iagmm swhar@umﬂ&rr@tromgmasar heam spot

S issP BRI, prt S ol BR AT csRu Tl & ARefdbRRRlictlar o
sditstrayht airkytiod.r ai ght |inear row extending in a
| engt hw se direction, the nethod conprising:

generating a nmetrol ogy | aser beam and propagati ng the
{6t rAOE%%m as set forth in claim 1, wherein said motion is in a direction

orthogonal to a plane of the semiconductor substrate.

17. A method fo; accurately sending laser beam pulses from a processing
laser to selected processing target structures on or within a semiconductor
substrate, wherein at least a subset of the processing target structures are
arranged in a substantially straight linear row extending in a lengthwise
direction, the method comprising:

generating a metrology laser beam and propagating the metrology
~ laser beam along a propagation path to a metrology laser beam spot on or
within the semiconductor substrate;

moving the semiconductor substrate relative to the metrology laser
beam spot predominantly in the lengthwise direction;

detecting reflected light energy from the subset of processing target

structures as the metrology laser beam spot moves relative to the
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| aser beam al ong a propagation path to a netrol ogy

| aser beam spot on or wthin the sem conductor

substrate; noving the sem conductor substrate relative

to the netrol ogy | aser beam spot predomi nantly in the

| engt hwi se direction; detecting reflected |ight energy
fromthe subset of processing target structures as

the netrol ogy | aser beam spot noves relative to the

45 sem conductor substrate, thereby generating a
s@nnllCéxﬂduugtorﬁug)ﬁﬁateﬁh@rebumnemﬁngna reflectinnceignal asa function

PP d0 P T abe BERTGRY "B opacating the o ©
pr Ocegéh@l@tiﬁF PRSCeREMYY plldysOPATAL! PRodiising Gager beam and
processin aser beam spot on or wthin the

@mﬁa@@ﬁagg'ﬂ%pr@,@m%peisea@@%@é}rﬁpmwn padele dRraagssing
a%(et'ﬁgé énl%cﬁ' |t|\4(ﬁ%8 sEPm Jdt&r”sd rat fé%*FeeSS' ng

aser ive to senlco
substdakﬁnmungsbbeeddmmabe mﬂecnmmeﬂgmMnQMnmbsEspomnonthe
sel ect ed grocessin %ﬁt structures 46 18. A net hod
RIQSSEEINAd28e Ream five ke th %8%}'?@?%9” substrate so as to

‘ 8!ré‘<‘_:{|thégﬁ@é@és‘i’nd“ﬁhl'%é%n%é?@?&b&%réé%lnq:géfﬁeﬂsﬁlh”&ures

sem conduct or bstrate relative to t trol ogy

| aser beam spot in a direction orthogonal to said

| engt hwi se direction. 19. A nethod according to claim
17, further conprising: sinultaneously with said
novi ng step, noving the sem conductor substrate
relative to the netrol ogy | aser beam spot in a
direction normal to a plane of said substrate. 20. A
met hod according to claim 17, wherein determ ning
where to position the processing | aser beam spot
conprises nodi fying one or nore calibration
paranmeters. 21. A nethod according to claim17,
wherei n the subset conprises a
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plurality of processing target structures, and the
determ ning step conprises averaging position data
associated with individual ones of the processing
target structures. 22. A nmethod conprising: gathering
data regarding the positions of structures to be

sel ectively processed in a first portion of a
substantially linear first row of structures on or
within a sem conductor substrate by: generating a

lﬂrﬁt Folneyod ageqrdiignim Gl pr ofsaGier cARRTFNY: net r ol ogy
i t hat. :
the STRAERLRd, Sufl SBROThO0R0 PED. LBne k! SEhfonpuctor

thisstrate rela0igy tbahe rm@t@@ﬁgfi Reerredzmh ispet irvatdi@ction orthogonal
sem conduct or substrate along the first portion; and
tesalddengihydss dicestis of the netrol ogy | aser beam of f

the structures in the portion as the netrol ogy | aser
beam spot noves 47 relative to the sem conduct or

39b st matlend bbevrding fpesiainat ¥ nyirher cofrpeisingon si gnal ;

and based on th at her ed dat.a, determ ni ng where .to
o e ietmotf, W Sa sifite H8be TRENGOIE. SRaicsRuctor

SUbHt8 81280 45 the nﬁé’fﬂ:@l@&?ld&%?ﬁeaﬁﬁe%ﬁ&tt iﬁfja éiréé’tﬁin%&*éqal to a

In a second portion of a substantially linear secon
plawe aifsait sulesttates on or within a sem conduct or
substrate, wherein said second rowis substantially
parallel to said first row 23. A nethod as set forth

20. A Aigh3R actbRrIigY fo tRenf17 Sthdteit Herranting hehers a6 Pefdition

T
ortion are the sane. 24. A'nethod as set forth in
eapliPcessingHase peameppt eemprises amriting gee ondnoregalibration
ﬁé rﬁ&grssame. 25. A nethod as set forth in claim?22,
urthér Conprising: processing the selected structures
in the second portion of the second

21. A method according to claim 17, wherein the subset comprises a
plurality of processing target structures, and the determining step comprises
averaging position data associated with individual ones of the processing

target structures.

22. A method comprising:
gathering 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;
moving the metrology laser beam spot relative to the
semiconductor substrate along the first portion; and
detecting reflections of the metrology laser beam off the

structures in the portion as the metrology laser beam spot moves
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row by: generating the processing |aser pulses and
propagating the pul ses along a propagation path that
intersects the substrate having at a processing |aser
beam spot; and noving the processing | aser beam spot
relative to the sem conductor substrate along the row

of structures; wherein the steps of generating the
processing | aser pulses and noving the processing

| aser beam spot are perfornmed in accordance with the

det er rélativey 1 efnes csengicppdeeios esubgirgieoctesehyy genereting a

pul se | n the selected structures. 26. A
nmet hoEEfLesCt[ggpsé}g‘?ﬁ n claim25, wherein the gathering
and ppases Imthe ghtiesed atdeddterethg waskans idieky Processmg
simul taneously. 48 27. A nmethod as set forth in claim

ser wpidses nontRe thintsesticandugiar substats f9 ast Epdmpinge upon
g@%&%&g&glﬁﬁm Qf%]eéﬁ:}\éﬁngﬁ rfabﬂt%g Iﬁggu@ﬁgﬂﬁgw%éﬁ s%'c@hl:.]1 row
bﬁs’_&ueﬂnmésem oomlthtrsassermldoﬁyuagr @mbsnate;mmi‘aarem sald second

cal |_brlg?ﬁ| ara ters. g 29. A nethod for
i tﬁ@*'%M%%ré eliRSRIEWSE 9% ative to a
sem conductor substrate having structures on or

wi thin the sem conductor substrate to be selectively
RBochswethdy sdesetvarinmi alaimoz2swinegeinather filsé portian @and the

rocessi ng _|aser beam spot, the method conpri sing:

8%%@'?9%'&“@@35?5?8@ | aser beam propagating the

nmetrol ogy | aser beam al ong a propagation path to a

nmet r ol 09% | aser beam spot on or near a structure to be
o

28 demalbry aspraidest du claimvihgvberein tiefirsssam ansbthe second
Fo“?m g]’.é fﬁee Jsé)m'éhe seni conduct or substrate

25. A method as set forth in claim 22, further comprising:
processing the selected structures in the second portion of the second
row by:
generating the processing laser pulses and propagating the
pulses along a propagation path that intersects the substrate having
at a processing laser beam spot; and
moving the processing laser beam spot _relative to the
semiconductor substrate along the row of structures;
wherein the steps of generating the processing laser pulses
and moving the processing laser beam spot are performed in
accordance with the determining step so as to cause the processing

laser pulses to impinge upon the selected structures.

- 26. A method as set forth in claim 25, wherein the gathering and processing

steps are performed substantially simultaneously.
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such that an angul ar velocity of the sem conductor

substrate about its center 1is less than a quotient of

the speed of the | aser beam spot relative to the

sem conduct or substrate divided by a distance between

t he sem conductor substrate's center and the |aser

beam spot; detecting a reflection of the netrol ogy

| aser beam fromthe structure, thereby generating a

refl ection signal, while said noving occurs; and

22t é methodyas Iset &dthoin ¢laign 26f Wwbetdintheg igghringaand processing

gﬁsition 0 thgéﬁPtrqh&gy | aser beam spot relative to
BS & RE(QFECARCR {8t hod accor di ng to claim1,

wherein the angular velocity is negligible. 50

28. A method according to claim 22, wherein determining where to direct
processing laser pulses comprises modifying one or more calibration

parameters.
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29. A method for positioning a laser beam spot relative to a semiconductor
substrate having structures on or within the semiconductor substrate to be
selectively processed by delivering a processing laser beam to a processing
laser beam spot, the method comprising:

generating a metrology laser beam;

propagating the metrology laser beam along a propagation path to a
metrology laser beam spot on or near a structure to be selectively
processed,;

moving thé faser beam spot relative to the semiconductor substrate
such that an angular velocity of the semiconductor substrate about its center
is less than a quotient of the speed of the laser beam spot relative {o the
semiconductor substrate divided by a distance between the semiconductor
substrate’s center and the laser beam spot;

detecting a reflection of the metrology laser beam from the structure,
thereby generating a reflection signal, while said moving occurs; and

determining, based on the reflection signal, a position of the

metrology laser beam spot relative to the structure.

30. A method according to claim 1, wherein the angular velocity is

negligible.
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