SEMICONDUCTOR STRUCTURE PROCESSING USING MULTIPLE
LASER BEAM SPOTS Related Applications [0001] This application
claims priority to United States Provisional Patent Application No.
60/580,917, entitled "Multiple-Beam Semiconductor Link Processing,"
filed June 18, 2004, as well as the following United States patent
applications filed February 4, 2005: Application No. 11/051,265 entitled
"Semiconductor Structure Processing Using Multiple Laterally Spaced
Laser Beam SEM$COKNBUWETOREFRUCTUREPROGESSING 262

entitled "SemicorndstiG MULCTIPE E'ASER BEANSMOTS: Laterally
Spaced Laser Beam Spots Delivering Multiple Blows"; Application No.

11/052,01daatdled pbReaigensiuctor Structure Processing Using Multiple
Laterally Spaced Laser Beam Spots with Joint Velocity Profiling";
Application No. 11/051,500 entitled "Semiconductor Structure Processing
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Using Multiple Laser Beam Spots Spaced On-Axis Delivered Simultaneously”;

Application No. 11/052,000 entitled “Semiconductor Structure Processing Using
Multiple Laser Beam Spots Spaced On-Axis to Increase Single-Blow Throughput”;
Application No. 11/051,263 entitled “Semiconductor Structure Processing Using
Multiple Laser Beam Spots Spaced On-Axis on Non-Adjacent Structures”;
Application No. 11/051,958 entitled “Semiconductor Structure Processing Using
Multiple Laser Beam Spots Spaced On-Axis with Cross-Axis Offset”; and Application
No. 11/051,261 entitled “Semiconductor Structure Processing Using Multiple Laser
Beam Spots Overlapping Lengthwise on a Structure.” All of the foregoing
applications are incorporated by reference herein in their entirety.

Technical Field

[0002] This disclosure relates generally to manufacturing semiconductor
integrated circuits and more particularly to the use of laser beams to process

structures on or within a semiconductor integrated circuit.



[0003] During their fabrication process, ICs (integrated circuits) often incur
defects for various reasons. For that reason, IC devices 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 (dpiRisréandom access memory), an SRAM (static random
access memory), or an embedded memory. Such devices are also
designed to include particular laser-severable links between electrical
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materials have been polysilicon and like compositions, memor
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selentethliickisngonzatesiataKeathed@ iseiude, but are not limited to, aluminum,
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metal alloys, metal nitrides such as titanium or tantalum nitride, metal
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about 0.5-1 ym wide, and about 8 pym in length. Circuit element in an IC, and thus
links between those elements, are typically arranged in a regular geometric
arrangement, such as in regular rows. In a typical row of links, the center-to-center
pitch between adjacent links is about 2-3 ym. These dimensions are representative,
and are declining as technological advances allow for the fabrication of workpieces
with smaller features and the creation of laser processing systems with greater
accuracy and smaller focused laser beam spots. Although the most prevalent link
materials have been polysilicon and like compositions, memory manufacturers have
more recently adopted a variety of more conductive metallic link materials that may
include, but are not limited to, aluminum, copper, gold nickel, titanium, tungsten,
platinum, as well as other metals, metal alloys, metal nitrides such as titanium or
tantalum nitride, metal silicides such as tungsten silicide, or other metal-like

materials.



2 [0005] Conventional laser-based semiconductor link processing systems
focus a single pulse of laser output having a pulse width of about 4 to 30
nanoseconds (ns) at each link. The laser beam is incident upon the IC
with a footprint or spot size large enough to remove one and only one link
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stage positioner passes the row of links across the focused laser spot
beef, ey SO RS MBS EHE Y ERYIER a time and does
not stop at each link position. Thus the link run is a processing pass down
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s T R B AR P s e
refersdtiggese cato @miha-fiulE©difd)sener During a link run, the laser beam is pulsed
as a stage positioner passes the row of links across the focused laser spot location.
The stage typically moves along a single axis at a time and does not stop at each
link position. Thus the link run is a processing pass down a row of links in a
generally lengthwise direction (horizontally across the page as shown.) Moreover,
the lengthwise direction of the link run 120 need not be exactly perpendicular to the
lengthwise direction of the individual links that constitute the row, although that is
typically approximately true. Impingent upon selected links in the link run 120 is a
laser beam whose propagation path is along an axis. The position at which that axis
intersects the workpiece continually advances along the link run 120 while pulsing
the laser to selectively remove links. The laser is triggered to emit a pulse and sever
a link when the wafer and optical components have a relative position such that the
pulse energy will impinge upon the link. Some of the links are not irradiated and left

as unprocessed links 140, while others are irradiated to become severed links 150.



a link when the wafer and optical components have a relative position
such that the pulse energy will impinge upon the link. Some of the links
are not irradiated and left as unprocessed links 140, while others are
irradiated to become severed links 150. 3 [0007] Figure 2 illustrates a

[oodypical link-ploeessing siyaies hajelisinkhprebosrgitRlayrmednadusts the
wafer 240 in an XY plane underneath a stationary optics table 210. The
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motion stage 260 across the wafer 240 once for each link run.
Repeatedly scanning back and forth across the wafer 240 results in
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Most improvements to system throughput over the past several years

ve primarily focused upon enhancing the stage and laser parameters. .
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frequency (PRF) and motion stage parameters such as stage acceleration,
bandwidth, settling time, and the commanded stage trajectory. The commanded
stage trajectory consists of acceleration and deceleration segments, constant
velocity processing of link banks, and “gap profiling” or accelerating over large gaps
between links to be processed in a link run. Most improvements to system
throughput over the past several years have primarily focused upon enhancing the
stage and laser parameters. Improvements in these areas will continue; however,
practical limitations associated with these parameters make this a difficult way to
achieve large throughput gains.

[0010] Increasing peak stage acceleration, for example, provides only a
limited throughput improvement. Present motion stages are capable of moving a
wafer with a full field travel, greater than 300 mm (millimeters), with 1 to 2 G

accelerations, while maintaining a positional accuracy on the order of 100 nm
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achieve large throughput gains. [0010] Increasing peak stage
acceleration, for example, provides only a limited throughput
improvement. Present motion stages are capable of moving a wafer with
a full field travel, greater than 300 mm (millimeters), with 1 to 2 G
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nm 4 (nanometers). Increasing stage acceleration introduces additional
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PRF, and hence link run velocity, is also undesirable for a number of
reasons. First, there are unfavorable changes in the laser pulses that
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stage velocity requires more stage acceleration and deceleration and decreases the
opportunity to take advantage of gaps of unprocessed links in a run. These effects
diminish some of the throughput improvements from the higher link run velocity. A
high stage velocity also requires a tighter timing tolerance when triggering the
generation of laser pulses in order to maintain accuracy. Processing at high stage
velocities may also not be possible if these velocities exceed some system

specification, such as the maximum stage or position feedback sensor velocity.

[0013] Continued shrinkage of the feature sizes on semiconductor wafers will
result in an increased number of links and link runs to process these wafers, further
increasing wafer processing time, while future system throughput improvements of
significant magnitude are unlikely to occur through improvements in stage
acceleration performance or laser PRF.



[0013] Continued shrinkage of the feature sizes on semiconductor wafers
will result in an increased number of links and link runs to process these
wafers, further increasing wafer processing time, while future system
throughput improvements of significant magnitude are unlikely to occur
through ingpr@iygAIgNts in stage acceleration performance or laser PRF. 5
Summary [0014] According to one embodiment, a method selectively
irradiates structures (e.g., electrically conductive links) on or within a

[oommicondnwra@tr%e osEd srthiiRrianer keametihe sislektiesRrarradiates

arranged in a t)%ura ity of substantially parallel rows extending in a
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on or within the semjconductor substrate at a given time. The first location
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progtyatibe eshloesiing Hysoonel aixieuntidshedeagtbvisridiestion ohtbe within the
rows. The method moves the first and seco?‘ﬁ laser E{e@rg axes
r

seMicHALGRAINSHPSHRE #H the IBNGMHRE dird AR re6F QaOR15e ggher on a
strudﬁ@rﬁeﬁmiaogdu@mds@ubsﬁatg?]@am?moseiewmmdir\?aﬁia@?)aﬁémtsfﬂmtures in the
the first a second rows with the first and secon aser ms . .
Sec)0g S SO EE AL d T LRSSl kee and, Gigsgecond focation is
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Th semjconductor subst at$ usin%imulti e Ias?%r beams. The%s%ructtur sare . .
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selenmiaRPHrasam RIARagalion PRI R 355N d JaserPRAM Dtk 3R8Y3Y; and second

laser beams respectively.

[0015] According to another embodiment, a system selectively irradiates
electrically conductive structures on or within a semiconductor substrate using
multiple laser beams. The structures are arranged in a plurality of substantially
parallel rows extending in a generally lengthwise direction. The system comprises a
laser source, a first laser beam propagation path, a second laser beam propagation
path, and a motion stage. The laser source produces at least a first laser beam and
a second laser beam. The first laser beam propagation path has a first axis incident
at a first spot at a first location on or within the semiconductor substrate at a given
time. The first location is either on a structure in a first row of structures or between
two adjacent structures in the first row. The second laser beam propagation path
has a second axis incident at a second spot at a second location on or within the
semiconductor substrate at the given time. The second location is either on a

structure in a second row of structures or between two adjacent structures in the
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path, and a motion stage. The laser source produces at least a first laser
beam and a second laser beam. The first laser beam propagation path
has a first axis incident at a first spot at a first location on or within the
semiconductor substrate at a given time. The first location is either on a

secSHYEHIE M Tystend RHWIS edtRRPTrBRTWRSRirsiRAdiaRanhel-EdEIRE Bt ation is
the first row, The second laser beam propagation path has a second axis
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amount in the lengthwise direction of the rows. The motion stage moves
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lengthwise direction of the rows relative to the semiconductor substrate,
sQ as to slgtlfcti[\f/ga/ irradiate strl}chturesi the first and second royws with
[00HHL frst arkPSRITAE Intr RARNRGe o BRAT RS 1 6| hoCBiIRRF Lo AGRRSSeS @
sem@tbhadistansud shetieonavingesssiaralise oTiedndicies Jehplrale diaeily onductive
. lurality of structures (e.g., electrically.conductive links) to be selectivel .
ik} R PG H A SRR DU LA AR e A Snaane M KS Rifafjanged i
a plofsinpginstiplyapicaleperaltce xiavs mgendirgg e atie iengilywiasgehimeigindirection.
The method generates a first laser beam that propagates along a first
The, e e IHIA B (55 236 RNk RACHAGR S G NG I aser bearm
axissgraicionshseiorssalfisatergBnegvetiondotiseropnkiiatiaseecioondasesr substrate.
beam that propagates along a second laser be xis that intersects a
The JIESRAAR ARG Oh DR RAI RS LeRREB LRI SRAIRLSS. FiR00 a second
lasesetwahiargat lottaitorinscosiseisfrem saedmsl taigpst Idogttnnn airectiovithin  the
erpendjcular to the lengthwise direction qof the rows.by e, amount
sermlgRRONOT SR ot AT g SRS GATREh LR PSRN Jpe first target
locasinciturg litbetvecpeepmgriuReaiiorh s lesitholige dirdetioeen tho rows by some
adjacent spructures on a second row distinct from the first row. The .
am AL ST HER 3 S ERLTEIRV BN S, AR frst row of
strustresd lhgersaxemih &adgectionation is a structure or between two adjacent
structures on a second row distinct from the first row. The method moves the
semiconductor substrate relative to the first and second laser axes in a direction
approximately parallel to the rows of structures, so as to pass the first target location
along the first row to irradiate for a first time selected structures in the first row, and
so as to simultaneously pass the second target location along the second row to
irradiate for a second time structures previously irradiated by the first laser beam
during a previous pass of the first target location along the second row.

[0017] According to another embodiment, a system processes a
semiconductor substrate having a plurality of electrically conductive structures to be
selectively irradiated with multiple laser beams. The structures are arranged in a
plurality of substantially parallel rows extending in a generally lengthwise direction.
The system comprises a laser source, a first laser beam propagation path, a second

laser beam propagation path, and a motion stage. The laser source produces at
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approximately parallel to the rows of structures, so as to pass the first
target location along the first row to irradiate for a first time selected
structures in the first row, and so as to simultaneously pass the second
target location along the second row to irradiate for a second time

leashtEUfEYf easRlierintphatitrdiatesbhy 1Bedigidager reanfirsiuERe rrH@ Bepagation
ass of the first target location along the second row. éOOl?] According tg

p .
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beaRP\ARE R4 Mityrabelecligalty earsbiclysasisHCies tofithireteetivwhiconductor

irradiated with multiple laser beams. The structures are arranged in a
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the disasidoRdUdIersysitaemititbema lassscocriseiitséianeskieamat intersects a
sec Sropagation path, a second laser beam propagation path, and a motion
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len gl B FREHSL QT P T R P Yo MY BMBHNithHE thi&im deforirst target
locasigbsigate . stesreond RIasbeaw pfofagatiesspatiegessofigndiftas®yation is a
source t?g the semico%ctor substrate and has a second laser beam axis

Strughure REREME SN JWD ATIRHGRE RIEATESH A RisRAARE L RISHAGE{EPm the first
row SUDRH aitstiore stegench daege thiocaiinrcsnafiseifisupndhaitrsblanget foaatofirst and

in irection perpendicular to the lengthwise direction gf the rows. b
seogl SR ARRSILA ML ABR HTa BRI PHAIALIPiNe doNR B Srugtures, so
as tirgpaew tistiustumgdhosatonddggt losaficon ivw struatadans betvwednst time
two adjacent structures .on a second row distinct from.the first row. T
Sele S S o R AL P et 5 TRV B g Fisoe e second
targeedondiiasenixeg ithe dieegiinh apprasinaigliataradieldosbeomavdioie structures
structures, so. as,to pass. the first target lqcation along.the first ro .
Prev S AT A L EN e U AP LDLANUTaE FIETIGUS SASS S be,first target
locasionudrmepinglyspasadhewecond target location along the second row to
irradiate for a second time structures previously irradiated by the first

laser beam during a previous pass of the first target location along the
[00t8cond romccording to another embodiment, a method is used in processing

structures (e.g., electrically conductive links) on or within a semiconductor substrate
using N series of laser pulses to obtain a throughput benefit, wherein N = 2. The
structures are arranged in a plurality of substantially parallel rows extending in a
generally lengthwise direction. The N series of laser pulses propagate along N
respective beam axes until incident upon selected structures in N respective distinct
rows. The method determines a joint velocity profile for simultaneously moving in
the lengthwise direction the N laser beam axes substantially in unison relative to the
semiconductor substrate so as to process structures in the N rows with the
respective N series of laser pulses, whereby the joint velocity profile is such that the
throughput benefit is achieved while ensuring that the joint velocity profile represents
feasible velocities for each of the N series of laser pulses and for each of the

respective N rows of structures processed with the N series of laser pulses.



[0018] According to another embodiment, a method is used in processing

structures (e.g., electrically conductive links) on or within a semiconductor

substrate using N series of laser pulses to obtain a throughput benefit,

wherein N ? 2. The structures are arranged in a plurality of substantially

parallel rows extending in a generally lengthwise direction. The N series

of laser pulses propagate along N respective beam axes until incident

upon selected structures in N respective distinct rows. The method

determines a joint velocity profile for simultaneously moving in the

lengthwise direction the N laser beam axes substantially in unison relative

to the semiconductor substrate so as to process structures in the N rows

with the respective N series of laser pulses, whereby the joint velocity

profile is such that the throughput benefit is achieved while ensuring that

the joint velocity profile represents feasible velocities for each of the N

series of laser pulses and for each of the respective N rows of structures

processed with the N series of laser pulses. 8 [0020] According to another

embodiment, a method selectively irradiates structures (e.g., electrically

conductive links) on or within a semiconductor substrate using a plurality

of laser beams. The structures are arranged in a row extending in a

generally lengthwise direction. The method generates a first laser beam

that propagates along a first laser beam axis that intersects the

semiconductor substrate and a second laser beam that propagates along

a second laser beam axis that intersects the semiconductor substrate.

The method simultaneously directs the first and second laser beams onto

distinct first and second structures in the row. The method moves the first

and second laser beam axes relative to the semiconductor substrate

substantially in unison in a direction substantially parallel to the lengthwise

direction of the row, so as to selectively irradiate structures in the row with

one or more of the first and second laser beams simultaneously. [0021]

According to another embodiment, a system selectively irradiates

uctures,on or within a se conducb ubst ate usin Iur aser

10030 e, TAECHErO OO QLR RRD o ARGy Traciates
struttoasbvigsg.distmtteisally conductive links) on or within a semiconductor substrate
using a plurality of laser beams. The structures are arranged in a row extending in a
generally lengthwise direction. The method generates a first laser beam that
propagates along a first laser beam axis that intersects the semiconductor substrate
and a second laser beam that propagates along a second laser beam axis that
intersects the semiconductor substrate. The method simultaneously directs the first
and second laser beams onto distinct first and second structures in the row. The
method moves the first and second laser beam axes relative to the semiconductor
substrate substantially in unison in a direction substantially parallel to the lengthwise
direction of the row, so as to selectively irradiate structures in the row with one or

more of the first and second laser beams simultaneously.

[0021] According to another embodiment, a system selectively irradiates
structures on or within a semiconductor substrate using a plurality of laser beams.

The structures are arranged in a row extending in a generally lengthwise direction.

9



9 The system comprises a laser source, a first laser beam propagation
path, a second laser beam propagation path, and a motion stage. The
laser source produces at least a first laser beam and a second laser
beam. The first laser beam propagates toward the semiconductor

ThesiRtteainpadEs AnsisasebbrRAMNPIRRERER e - prdlaliEridASSAth, a second

beam propagation path has a first laser beam axis that intersects the

lasegHERBhATRRFIANS BRI, aNft<? IPBTIoTh&18g€ond i dASRIaRpurce produces at
leasPr@RRERIgSSOBEseh tedsansisenstitiarsulsifmte PN Orat 9868 bR propagates

beam propagation path. The second laser beam propagation path has a

towaleh 4R ISRRHERNAHCIRNS THRSHPs8R8aHE it JASGEBPaTbRFaRAgGRHON path.

TheSaepnakepWedhedisiapaticnpile Rasand spoissinbbianegus/YHatNin@esects the
upon distinct first and second structures in the row. The motion stage

SeMiGEPALEHY MuPsiialeRbAd ek ePBEam a8 TRNtiVRSRS ReadL piicBAgRIES oward

the Si¢hicaivisehstadiisdlydreunisng ia adiesdonsebyeatialpropagieida Peh. The
len Jhwi?j&direction of the row, so 55 to selec(:gtliq\@l irradiate structures in
I

secoRd lase ﬂ%ﬂe%‘??ﬁ@?é@?tﬁ@tﬁr a8 SEG axis that intersects

the simitanaausly. d00e#hiceprdisgdorrnepar emeotligtespod amreiited second spot
selectivelﬁ(ir.radiates structures (—;'[%r electricall C%Qductive Iinksa on or
i

SIM ARG SBEOARHPLILSIPHRC URG AP RSB Sr PUKEHER P E&eW-  The

motibhe stegEureR aee atrengadtinantbveedrtdingdn aoganeralclengiwiee to the
i a@er beam t

oS S RIS U, B ami prae

the ReTyibAiskiciDeSidsbrid andva Secasdpsidectiasiyrinaaintthatropagaieshe row

. halong a secong Es?r bearg axis th Einter ects the se%]icondu?é}or
WIth O PLEOTROTHRTHUS! APEPE TRSEARE RRAAP RLLACSUEYs from the

first and second pulsed laser beams onto distinct first and second
uctures jn the row so as tq,complete irradiation of said structures with a_ ..

100Z8] e T ACGEIEL o1 AR T B RHBA IncRe DVt 5P LUE I aciates
strutigesHgary . axdsciezdie dortteceaiboksiustoo sulistiate ssuisemiiadiomsubstrate

._unison in a dire tior] su iantial%/? arallelgtﬁthe Ieréﬁéhwise direction of .

T t

using 2 RIHalYs @b BUSEEL 7 FraRatd SrrudilPe S ERPS RIS GH N @ row
extelrgingr ithe secendllfasendtavisel Heettwmg $tep masthitsl igenspetes thdinst pulsed

Iasegr%aetaerrnthﬁwnat propagates along a first laser beam axis that intersects the
semiconductor substrate and a second pulsed laser beam that propagates along a
second laser beam axis that intersects the semiconductor substrate. The method
directs respective first and second pulses from the first and second pulsed laser
beams onto distinct first and second structures in the row so as to complete
irradiation of said structures with a single laser pulse per structure. The method
moves the first and second laser beam axes relative to the semiconductor substrate
substantially in unison in a direction substantially parallel to the lengthwise direction
of the row, so as to selectively irradiate structures in the row with either the first or
the second laser beam. The moving step results in a speed that is greater than
would occur if only a single laser beam were utilized to irradiate the structures in the

row.
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would occur if only a single laser beam were utilized to irradiate the
structures in the row. 10 [0023] According to another embodiment, a
system selectively irradiates structures on or within a semiconductor
substrate using a plurality of laser beams. The structures are arranged in

[00ZBJOW extensliBeHiRg genarithdengtviRABRELRN. sffieByseMctively irradiates
comprises a laser source, a first laser beam propagation path, a second

StrUEIMER S QRN MG aR TR IMFIO F RS T alS g S Te At Ay ek laser beams.
Thepsgtutineatateastranijsbpiseddasexkerimgnd a e Rulsagtastie direction.

beam. The first laser beam propagates toward the semiconductor

The SYERCABRESFR FraSEEaPHERMA IS RRROASHUhPIaRaARI9ARAth. a second
lasePaRsBAreragaganidrRiiainsmirst larsiopesmaris ThatlndersestidBeproduces at

semiconductor substrate at a first spot. The second laser beam

leash B i5hieu! f5HaRPRe RA:BRGL B SESIPSRIESABGIRE BERGN 1488 first laser

beaREPIdRIGRRGAIGNNANhEhecpsicond 2ser BaBBIrAIEPAMAPIHRAHYStam8er beam
second lase bﬁgm axis that intersects the semicon(?]t_lJctor substrf%te ata

ProORAQRHRN IR THE ArSFSE (R AnRERY KICBRITNR iRth 8% B TiskRRt RRgM axis

thatdntbRSSEIB IS weiimies nd tiator @b dihgt e atienfitagssrovehshesliih@ngser beam
second laser beam axes relative to the semiconductor substrate
LS Ssbsiiatay AR

ProRagRiER KA AHRRUER s KakRy ARG freond laser beam

propegativmissatirective aidberneWwaser asdameeeiefstivadiaie stataresdond laser
the row_ with either the first or second laser pulsed beams such that any The first

beagy, g dUSSREE MERSELB) HCHERUPHIAIN A2 195080 Fofle.
spot:; hadMeiéo 3e_aftagle %@@ffﬁﬁﬁliﬂ”@fb I@p@mméﬂn@m?peirédaaséiﬁg@ﬁb&grwm%s in the
equired if only a single laser beam were utilized to jrradiate the .
row gy TR QA 046, OS5 eI St BRb A D st to the
semsedectivsly igEsiatele stbctantal(z.o. Lelizcindally doadish\wtbsksitallpparallel to
ithin a.semiconductor substrate using a plurality of laser beams, The .
the (GRS SCIAANT AW R 25 IRV KFAAIE SHMEILESS in the row
withdéigesiothel fissietked@aneiste pallics! lbeamdesushhhtioyagaietiadoingthe row
.. afirst laser beam axis that intersects the semicondquctor substrate and a
s in Al BYl% B0l o BdAReL BiR BUSEont YRLBPIGR FIaGs: tryprses the
length of the row in less time than would be required if only a single laser beam were
utilized to irradiate the structures in the row.

[0024] According to another embodiment, a method selectively irradiates
structures (e.g., electrically conductive links) on or within a semiconductor substrate
using a plurality of laser beams. The structures are arranged in a row extending in a
generally lengthwise direction. The method generates a first laser beam that
propagates along a first laser beam axis that intersects the semiconductor substrate
and a second laser beam that propagates along a second laser beam axis that
intersects the semiconductor substrate. The method directs the first and second
laser beams onto non-adjacent first and second structures in the row. The method
moves the first and second laser beam axes relative to the semiconductor substrate
along the row substantially in unison in a direction substantially parallel to the
lengthwise direction of the row.

11



intersects the semiconductor substrate. The method directs the first and
second laser beams onto non-adjacent first and second structures in the
row. The method moves the first and second laser beam axes relative to
the semiconductor substrate along the row substantially in unison in a

[00ZHection %&%ﬂiﬂ@llw@a@ﬂﬁh@t@nlﬁmtﬁme diragdesnof degc@Welll irradiates
[0025] According to another embodiment, a system selectively irradiates
S"“%H»U%ﬁjﬂ% Bh %F%M%%%%ESHSK%&“Q&H {%tﬁ%@%ﬁ &H[ﬁﬁ&f&ﬂ?&%rbeams

ThebgamRfurdh @ &raabreRarm airaweaskia ioiny X aaneri ReReialge direction.

lengthwise direction. The system comprises a laser source, a first laser

Theb’%’éﬁ?’f!ﬂ‘r&ﬁﬁb‘éﬂﬁ?rﬁa{ﬁsﬁr%ﬁ& AdEFHlaseT HepERiRRREaleLRAN, a second

Iasem@@@mskﬂﬁﬁaﬁﬁﬁdﬁSSQﬁQl’éﬁﬁ RIOfdEeR ajtdgast Fhiesidaserdirateandaduces at
cond laser beam. The first laser eam ropagates toward the

'easé fE?}n'&éE{oP%B‘sﬁH% 2SR BeahBrifdatieh pRAm Rippagates

towdirgt inses e riioorRyasighshat: fmragfntﬁblaa@t haesn d¥argropagation path.
intersects the semiconductor substrate at a first spat. The secgtgld laser

Thejushi3i8hagamsIaRaRAIAR BaMidGRdiEH JaBE BRATLAY SHE L IREPects the

senmR@ioDERSN IBBRARICR RAifst pvtseThBkRssTd aBrIseRApiopatrites toward
has a second Iasuhgeam axis th%nter sects the sogmlconductor substrat

the SPRCRNHFIIoBUPSE 4t 3PBRAINE 1RE D IREES ReRRpiRGPAEaHC" paih. The

sec@@ﬁ@@cbebhﬁspmphg@ﬂ@ndp‘amqﬁaeea I@éb@rf@%&s'@ﬁeo@mﬂpaﬁéaﬂ%t intersects
oves first and second laser bea axesr Eléo e to the se ducto

the §SH§'G8 LEEB&% RligtH ﬁh%oﬁ?ﬁ?ﬂ #88fion Efﬁhﬁ&@&& Pt&?ﬁé?”d spot
|mpllﬂg@tbpoaendjrﬁaumsﬁtth&rmd[Qéeﬁﬂwé\@mf@h@@m@mnéwvem‘mdlmeﬂbn stage

electlvel jlates structures |caII condu tlve
movfR S S] ARHGE QB EoRARET SRS AR s o A PRI Reipr substrate
subsgtalseallpaarosiddreistauclivces ariesabystagedllp paciebxder@dngrigtwise direction
of ﬂ%enerally lengthwise direction. The method generates a first laser beam

E’ropagates along a first laser beam axis that intersects the
semiconductor substrate and a second laser beam that propagates along

ooy SR B S BB T R SRR ot
structures (e.g., electrically conductive links) on or within a semiconductor substrate
using a plurality of laser pulsed beams. The structures are arranged in a row
extending in a generally lengthwise direction. The method generates a first laser
beam that propagates along a first laser beam axis that intersects the semiconductor
substrate and a second laser beam that propagates along a second laser beam axis
that intersects the semiconductor substrate. The method directs the first and second
laser beams onto distinct first and second structures in the row. The second spot is
offset from the first spot by some amount in a direction perpendicular to the
lengthwise direction of the row. The method moves the first and second laser beam
axes relative to the semiconductor substrate along the row substantially in unison in

a direction substantially parallel to the lengthwise direction of the row.

[0027] According to another embodiment, a system selectively irradiates
structures on or within a semiconductor substrate using a plurality of laser beams.

The structures are arranged in a row extending in a generally lengthwise direction.
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laser beams onto distinct first and second structures in the row. The
second spot is offset from the first spot by some amount in a direction
perpendicular to the lengthwise direction of the row. The method moves
the first and second laser beam axes relative to the semiconductor
The$iRgEeAIAPAIES sowseigartially st iBeé‘iﬁib?QB@d@%@@#ﬁ”é{ second
parallel to the lengthwise direction of the row. [OOZ%ccor Ing to another
laseg REaHIIRP208JSr MBI aite R MabRteSadfuctlis BISer FRtHireaProduces at

leastefTiesNAdeiobsHRBHALE AFBecn @ adeidasemprafinst IA5sr BaHR®pagates

are arranged in a row extendin% a generally lengthwise direction. 12

towae G REFCRRFHSIY SHARRIFAIGLAENY fIRG 1A 1sam RRBPAGNRBAGRHAN Path.

ThedisgiCRREr |@§th9?¢’@é{§@ﬂéﬂaéi§l'h pi8 2f Bl aReliaresiagexis A daselersects the
sourcegroduces at least a first laser beam and a second laser beam. The

SemycanCdeion SHRSHRISBh bRk thi'ScPRcoNARRS RRRMRECRBA R IOWard

the Behiesadbesn puesaassicidrrithd kedbsidasseperanprorauaiisivhadath. The
ha ffirst laser beam axis that intersects the semiconductor subst% at
secoaJﬁ, f

$BbPSHD IERAIFHLS, BN BRoBaRRieR % RERd RREDeftiSoiticersects
the sehstiairiatnng sopsiesendilasesbeathdpopagaiofirsaipdifengarensecond spot
.__laser beam prq ag?tion th has a second laser %ﬁ%m axis ﬂﬁ%iﬁ]tersec S
'MPYRCsHRRCO ﬁﬁfﬁ‘b‘r U ANearanS SIS LREE Fhi <ot and second
spoeanndspataistpingedmeriisines finsa ankstoanskaieiedicamindtheolngthwise

oo AR A R B AT PSSR 5% we

relativeves thiadirsemidsegocdlasebbaare agebstataialy tarthasiesncandectairection
subsirate subst ntiaIEIByi unjson in @ direction substantially parallel to the
subglaRATRARIEH G P REILRSS iESEPROL G R Wein: 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 does not imply a high degree of closeness;

and the term "adjacent" means next to or next in a series (e.g., the letter
"F" is adjacent to "G" but not "H" in the alphabet) without implying physical
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contact. [0031] Additional details concerning the construction and
operation of particular embodiments are set forth in the following sections
with reference to the below-listed drawings. Brief Description of the
Drawings [0032] Figure 1 is a diagram of a row or bank of links being
selectively irradiated with a laser spot scanning along the lengthwise
direction of the bank. [0033] Figure 2 is a diagram of a link processing
system. 14 [0034] Figure 3 is an illustration of link runs on a
semiconductor wafer. [0035] Figure 4 is a velocity profile plot of a single
link run. [0036] Figure 5 is an illustration of various two-spot
arrangements, according to various embodiments. [0037] Figure 6 is an
illustration of two different cases of two link rows in relation to one
another. [0038] Figure 7 is an illustration of two laterally spaced laser
spots processing the two cases of Figure 6, according to one
embodiment. [0039] Figure 8 is an illustration of two-spot and three-spot
examples of on- axis arrangements of laser spots, according to two
embodiments. [0040] Figure 9 is an illustration of a two-spot on-axis
arrangement of laser spots for processing a row in one pass, according to
one embodiment. [0041] Figure 10 is an illustration of a two-spot on-axis
arrangement of laser spots for processing a row in two passes, according
to one embodiment. [0042] Figures 11 and 12 are illustrations of two
laterally spaced laser spots with relative steering in the lateral direction,
according to one embodiment. [0043] Figure 13 is an illustration of two
cases of a four-spot arrangement with both on-axis and cross-axis
spacings, according to one embodiment. [0044] Figure 14 is a set of plots
of laser pulse power versus time, according to one embodiment.

[0030] 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 does not imply a high
degree of closeness; and the term “adjacent” means next to or next in a series (e.g.,
the letter “F” is adjacent to “G” but not “H” in the alphabet) without implying physical

contact.
[0031] Additional details concerning the construction and operation of
particular embodiments are set forth in the following sections with reference to the

below-listed drawings.

Brief Description of the Drawings

[0032] Figure 1 is a diagram of a row or bank of links being selectively
irradiated with a laser spot scanning along the lengthwise direction of the bank.

[0033] Figure 2 is a diagram of a link processing system.
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[0045] Figure 15 is a block diagram of a multiple-spot laser processing
system, according to one embodiment. 15 [0046] Figure 16 is a block
diagram of a two-spot laser processing system, according to one
embodiment. [0047] Figures 17-24 are diagrams of various

[003alemenfagans DiRdWASORAtIBASST IACASEYBrEYSIemirAieiDe Wafer.
various embodiments. [0048] Figure 25 is a diagram of a system for

combining multiple laser beams, according to one embodiment. [0049]

[0035yure 26 g diagras WiladysEraTifeusnsratsladgruliiNedaser beams,
according to one embodiment. [0050] Figure 27 is a diagram of a
multiple-lens laser processing system, according to one embodiment.

[003B8951] Figeieg.78 5ia dirgnasirafierup-Faeb (RSaNErasesamarysiesnitAccording

error correction capability, according to one embodiment. [0052] Figure
to vaIOUS,RNRALIMSR R two-spot laser processing system with independent

beam steering, according to one embodiment. [0053] Figure 30 is a

lagram of a two-spot lasef processing, system with energy caljbratior )

100 ity RS cindPt G b BB E IS0 R G355 Blagtallofows in
relaBoViy I8 lseherocessing system with position calibration capability,

according to one embodiment. [0055] Figure 32 is an illustration of a

calibration target and two laser spots, according to one embodiment. 16
[00333tailed Drgariptios ehEmsedinvents fRESREMINY refeiests taseiNgpots processing
above-listed&gr_awin s, this sr,%ction describ??s (ﬁxarticular embodiments and

the e CASERIRL dHLE Se R NG QS TREIIRRBDles, methods, and

systems disclosed below have general applicability for processing any
ucture an or within a semiconductor substrate using laser radiation
[003%5 %Tgure IS an |IrITl]Jstrat|on o? wo-spo? and ghree-spo examples of on-

axis arrangements of laser spots, according to two embodiments.

[0040] Figure 9 is an illustration of a two-spot on-axis arrangement of laser
spots for processing a row in one pass, according to one embodiment.

[0041] Figure 10 is an illustration of a two-spot on-axis arrangement of laser

spots for processing a row in two passes, according to one embodiment.

[0042] Figures 11 and 12 are illustrations of two laterally spaced laser spots
with relative steering in the lateral direction, according to one embodiment.

[0043] Figure 13 is an illustration of two cases of a four-spot arrangement with
both on-axis and cross-axis spacings, according to one embodiment.

[0044] Figure 14 is a set of plots of laser pulse power versus time, according

to one embodiment.

[0045] Figure 15 is a block diagram of a multiple-spot laser processing

system, according to one embodiment.
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for any purpose. While the examples and embodiments that follow are
described in the context in which those structures are laser-severable
links on or within an IC (e.g., memory device, logic device, optical or
optoelectronic device including LEDs, and microwave or RF devices),
other structures besides laser-severable links can be processed in the
same or similar manner, and the teachings set forth herein are equally

[0048] licabld 18U RdP Fdeskitias BiePydhdWorRAldaRes RgeRsRing system,

acc@grigeel st etmtssdiffdecome conductive as a result of laser radiation,
other electrical structures, optical or electro-optical structures, and

mechanical or electro- mechanical structures (e.g., MEMS (micro

[004#gctro-meghianisal pLRUCtNEe WiagMMAE MOV AMILS PRcpieeiatBIeSRAACAlo-spot
structures)). The purpose of the irradiation magfbe to sever, cleave,

laser RIS RS I iRk ASS ARSI YRRRUR GRERPHHFIERTR: or its material.

For example, laser radiation can induce a state change in a structure's
material, cause the migration of dopants, or alter magnetic properties -
10048 S niod e et QDT S A SRR T BRI b seibeams,
acc@lgriteal s Wit ediméer: structures. [0057] As one skilled in the art will
appreciate in light of this disclosure, certain embodiments are capable of

achieving certain advantages over the known prior art, including some or
[0049) of the fBlwvinge (i) angregisingdheosgdteut, fopspibbrayngmitinlisiatieeer beams,

factors, e.g., by a factor of 2, 3, 4, etc.; (2) decreasing floor space
accQringda R??%%%‘g@&mg equipment in a fabrication facility; (3)

decreasing the time elapsing between scanning alignment targets and

mpleting. link processing, . thereby (a) allowing less time for thermal. drift
10050 contiGhi it s HIAdFAD: Mo THILBTRIRRS: BeteRiigosing system,
accseyditgmoresslengovdimieanced system accuracy, (b) enabling larger wafer

processing fields, which results in longer link runs and an additional
throughput improvement, and (c) permitting less frequent rescanning of

[005tignmentRRy@geiLB/iwn diagrahshifistae sede tiedoprabessing Bystem with error
elit)sed Sinﬁi' 17 their rev'%ous scaabgeaom%ﬁ too large, thus further

corrgRHaR GRBARIBY AT ) Ui TP REIMSE! of operations necessary
for accurate link processing; and (4)

[0052] Figure 29 is a diagram of a two-spot laser processing system with

independent beam steering, according to one embodiment.

[0053] Figure 30 is a diagram of a two-spot laser processing system with
energy calibration capability, according to one embodiment.

[0054] Figure 31 is a diagram of a two-spot laser processing system with
position calibration capability, according to one embodiment.

[0055] Figure 32 is an illustration of a calibration target and two laser spots,
according to one embodiment.
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allowing beneficial relaxation of some present system parameters, such
as XY stage acceleration and laser pulse repetition frequency, while still
processing wafers at a rate that is equivalent or faster than present link
processing systems. As an example of the latter advantage, lowering the
stage accplgfaiisy MRAFDMeNT Gangediserfze thermal energy released
into the system environment, reducing thermal shifts that occur during
wafer processing; lower acceleration will also improve accuracy by

[0038Fucing thatRxFiRIIEA IWSIBR MSONANSRSIABFVIRTgEONBIdesebilg itescribes
smoother, gentler, more stable system operation; motion stages can also

Partigula | eRRAMR S naPLodh e REEHIRH nRAIRHEL PO Rispration.  The
pringfater FistAticisy. and rysenskiaisabdiaryseinnaystemadral rageaedoility for

acceleration is acceptable. As another example, a laser source with a

ProGERRP® RRY RHHEHES QB PFoV HIEL Ay CRNIAUCEIR BURRIEALS 4T laser radiation

for AMPEYeDHslIspinpaitesxeueples ariasribedimenenfrncRildwisee described in

stability, increased peak pulse power, and shorter pulse width; lower PRF
the SERIRtE, i R SHURPIRR iy BSct R AR QARG Bodbdiin an 1C

(e.g§u@ti)éig§r§h@le®&!_@,émgidef§vmtoﬂih@§ﬁ<§ll@b@cﬂéﬁh cﬂﬁb@ﬂgt%ﬁ&:ﬁfmamﬂﬁg LEDs,
embodiments e apparent upon reading the remainder of this section.
andTRIBNAYE 7 LT Ui Babea e L D S B A SR e ke can be
prodéeatiofiiyipieab &R\ viifeila rsheam ] thed time tegxeayte 8K fovis herein are

countifo[grhe majority of wafer grocessi g time. Aggroxipatﬂ‘yé%% of h
eq”?é | HPBLEa8IRg “r‘n%ﬁﬁé DRt IBAURN PHAR T IHRCENDT W& RingHCh as
electiCalisanenirerfvraingovebeeshhisitiveund asmavingthaseafeadmtion, other

hift th? cuttiﬂqqﬁlase - from th?eg}i]d c%‘?ﬁne link run to the start of the.n

r e

t
eleciiga e AP I62LShg! Rl G REA electro-
medthamicalnstroetopenéaigof MENRtaksiv @ nieomigicaticapshuexeesiiog MOEMS

. link , signifi t reducti [ f ing ti It f
(Mg ABIRe IR R R AT Rl HA TRR hunk RSO R3PS I dAgiatch may be
to skvierunlgelasitynpikdilendif) coteespliffuiey tintieal pecessity s a liskucture or its

420. As.used herein, the term "velocity profile" means 18 . ,
material. TQf(L)lr examrﬁ'e, faser radlgﬁonI aR m'd%ce a s?ate change in a structure’s

material, cause the migration of dopants, or alter magnetic properties — any of which
could be used to connect, disconnect, tune, modify, or repair electrical circuitry or

other structures.

[0057] As one skilled in the art will appreciate in light of this disclosure, certain
embodiments are capable of achieving certain advantages over the known prior art,
including some or all of the following: (1) increasing throughput, possibly by
multiplicative factors, e.g., by a factor of 2, 3, 4, etc.; (2) decreasing floor space
required for link processing equipment in a fabrication facility; (3) decreasing the time
elapsing between scanning alignment targets and completing link processing,
thereby (a) allowing less time for thermal drift of the components and structure of the
semiconductor processing system, resulting in enhanced system accuracy, (b)
enabling larger wafer processing fields, which results in longer link runs and an
additional throughput improvement, and (c) permitting less frequent rescanning of

alignment targets when thermal shifts are detected or when the time elapsed since
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velocity as a function of time or distance over a span of time or an interval
of distance. Link run execution consists of a number of different
operations. While processing a bank 430 of links with a tight pitch spacing
(e.g., the center-to-center distance between adjacent links in the same

theibasHeViBIRs lasi assrshissadyanggdelaiive truHiwaiahahaimgaitoughput by
constant velocity 440. Note that, although Fitg@tl{re 4 shows an example in

redyginentfife YREEH Ol IREEFIANS 9 8cES2ARE Il BSeHTRK haliPrasssainge and (4)
alloWitgrue Helibidl ifchocsible draiofiftesratEnk HaRkmMASE anyter s dEfEERXY stage

constant velocities, such as when the pitch spacing differs from bank to

. k
accRgrliANAN S AsENiRK R "eRRERIRdredeneYodVhip S5 BaGrssing wafers at a

rateHBSRSIBQONMEIEAtIBRfEBte M taiS SySIR MRS eEEAJ B FERIEE A8RAIN example
450 in less time and then decelerates near the end of the gap to reach a

of the kiRl IREAFIRJOWEHRY FIRSIRLR RPSRGH LAY RAULIETIRHS c&ruce the
therfhe PR MsENeréfhspthenliokvelegityapnolile #dAnfeithecbeginginacrhealidhifts that

run, the system undergoes an initial acce!eration 470 from a resting

ocCoSHBRIONGIRI R SE5SHUE OP WetIiAGRER)T AHPthaVeh & 5P Y, Afeuracy by
red YA Ihe RE@IgRRMa0H /SRRt ars 4 AATREK SleaViitPatRyAsy ewsilinghinssmoother,
ﬂqe %{iical ogﬁ{rqtions that the system performs dur.in% exicutign ofg link h
genfigt ifRiBeS aRIBiIRY SRRSO LA PIRIGE 0. Y PAroCeseiRg with 2
lowdinks it peskirimitic| atiyh aricelTRHNGUIGAIR I ofidam rasiaimiaitjargedigadheed for

T D Y U T

exarlah\@klbk\)(milll(aébe §Ohrﬂmbv|4i2]§) B Iﬁia%cuekm H?:lmﬂkﬂaigwﬁ%e fti’r:pr@tES?(hHQﬁ&fwer PRF
ink banks, it is possi or the banks of links to not be.in line. Link run
lase]S A, RS B RIS R BFAPSELR L S T A 4SS T, 1B P aed pulse

stabifitg, Jyisteasiwansevkmparns mwedusmpdhirempexsswidthtitoacrrP RViteI¥rs may
from the following simplified throughput prediction model. The mode
alSo 3 S SR M A R SR AR SRR HONGE HRRLAS gt generate
lessalkeutateTissabsodi s hioneapieditigasbet aasio itsdeasooaimiiytonode sl apparent
ystem behavior, suc 82§§nge rofiling; however the relative impact of
i

“poﬁr{Sﬁ‘gi]H& Hi‘ﬁerl%w Sﬁ %mgters Is correct. According to this

model, the time required to process the links is

I. Analysis of Link Run Processing Time

[0058] Measurements from the repair of typical DRAM wafers show that the
time to execute link runs accounts for the majority of wafer processing time.
Approximately 85% of total processing time may be spent executing link runs, and
the remaining 15% is spent performing overhead tasks, such as moving the wafer to
shift the cutting laser from the end of one link run to the start of the next link run,
alignment, focusing, and computational overhead. Because the dominant
component of link processing time is typically spent executing link runs, significant
reductions in wafer processing time can result from reducing the time spent

executing link runs.

[0059] Figure 4 illustrates a link run velocity profile 410 corresponding to the

processing of a link run 420. As used herein, the term “velocity profile” means
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D () TLR =NCR ~ +T "d +TettL +T~Ced - gaQsav~gs 1 cn 19 In Equation
(1), TLR is the total link run execution time and N"t is the total number of
link runs. The terms in parenthesis can be lumped into three categories:
(1) time spent to span all the link runs at constant velocity, (2) time spent

velo@itpcas!efafgnctilcopilithdeseleigtarbe irgdplaryparmd (hhims savadterval of
by gap profiling. [0061] The aver_ag; time spent on a link run at constant

distyjafSeinyHE HAURBEECHADL RONRSIR b GeThRGH alsAileceah PRerRlARs. While

procasingedipa funuatositinkigie@eiphispieicaibadihg 1B HnkhSenter-to-center
. wherelihk is fundamental link pitch spacing and F~Ser is the laser PRF.
distaReg P AWSEPAdETRIM: 'c'ﬁ‘fﬁérieﬁ*hﬁ’s%"&%%%ﬁmﬁa(i'jffh'étsﬁér%ﬂ% axis advances

relafea st cliMafein aeiopity S @uashattthe sdd) time. spesteateanataiugh Figure 4
velocity is T O t NIRDLR - = D-1 - This can be restated as follows: The

Shoys Aisa PR R WEIEP S PRV RIRGIK HERI SN S8R (%l&gﬁhignk bank

430thettdaldiokuia 2estansepdsitsieyiged Siffdhentnkniibamtecatyo [ARE3hE®E different
the simplified throu%gput odel, the time required tP accelerate to the link

consianl B ARIGS aSHER AR & RN SBRRPE SRS 2k jg bank in the
sam&hgiR rirtag@VhAstagecietie StRggacraicadiioneanddhaesadddmisitinmgks in a link

rﬁ%l;ired to elaé)s at the end of the acceleé on Thase. before processin
run,“

R RIS AHRRISEAES Jonthad T2 faP ik dialRh iR ARRJREN lerates
neac@nepidactetey i tencbdereienatinih ar biesitp ueitesagalihsinenak acceleration

oo P, A SR Tk b A AR b, e
begpitifiin@f Aagikprofilito@rsistian ivedrgsesceelaratiag adeskieiating470 from a
oo e e R e A B i o, e
system undergoes a deceleration 490 back down to zero velocity. Thus, the typical
operations that the system performs during execution of a link run include ramping
up the stage to constant velocity, settling, processing links at constant velocity,
accelerating (gap profiling) over any large gaps, and ramping back down to zero
velocity at the end of the run. Figure 4 illustrates the effect of these operations on
link run on-axis velocity. Note that while the link run 420 is depicted as a straight line
through co-linear link banks, it is possible for the banks of links to not be in line. Link

run 420 would then contain lateral position commands as well.

[0060] Insight into system improvements for reducing link run execution time
are evident from the following simplified throughput prediction model. The model
approximates the time required for link run execution. The model is not accurate for
absolute time prediction because it does not fully model all system behavior, such as
move profiling; however the relative impact of changing different processing
parameters is correct. According to this model, the time required to process the links
is

D —
TLR = NLR ( % + Taccel + Tvettle + Tdecel - Tgap savings j " (1 )

LR
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upon the quantity and spacing of large gaps between links, the
acceleration capabilities of the stage, the settle time, and the link run
velocity. A greater time 20 savings results on products that have many
large gaps in link runs and a small link pitch, hence a lower link run
In Ew@ﬁtau-([ﬂ@%% TORHE RANPISIRS S DR BURSHIARTS e funBen & number of
into the Importance of different system changes. The timée spent
link zigoeleratingtammas deqedseadngsis wanskatlampeddniblitikeansategories: (1) time

oxjmat %: of the ti lj . Hhedime it

spe R oo iy (IR, 3B & Boeterate,
settigaaoddeselprteusidrirgbinks tarmsy elodity) Tiee s aveadey gagrprofitiety for

different types of wafers. Workpieces with few or no large gaps between

links will not receive any benefit from gap profiling. On the other hand,
[006¥bducts Vitle aparageotiragdmeninkis dokreseiat epeatanbealeiitydmdescribed

p profiling. Il. Parallelism in. General 6],Parallel link prgcessin . .

R e T R 1 VR
veloBityalenigpIiang o diAmAlicaliyiaigpue RySRBatfEanRk BRGT1dPacing and

one implementatiof, th&"usé“of two foclised laser spots allows one

F,  physitalpessriRthe wafer under the lens to result in the processing of two
rows of links. Equation (1) shows that when processing multiple laterally
spaced link runs simultaneously, the link run execution time is divided by

[0068F NUMbey Al SPokydrRbR: B‘f_"’i‘r%’?éﬁﬁt%mE@?aﬁgnséﬁ‘g?r%ﬂ'bé‘r‘?&ﬂﬁt@ constant

traverse the wafer by NLR/2 times. The total link run distance that the

link stale MelGiEyeShHoWRidERby theo, el thbmsunspendf aécetensiant velocity s
decgleration, ang settling events at the beginning and end of each link

Ty 1952 ts?éiv'rded” o. Althisugha it apepristitatetimassdoliayssmaylbe total time
divided By a“humbér that approaches two, depending upon link layout, the

requitidesulbréd gt thiaseiksystenavibrivtanatestdlyispreatespsttd naskIirgs distance
about half the link run executjon time. [0068] The throughput

D inS YR EHEY B4V F9R hultiple spot systems

[0063] For the simplified throughput model, the time required to accelerate to

the link run velocity or decelerate from link run velocity is T, =7,,... =V% where
stage

A is the stage acceleration, and the additional time required to elapse at the end

stage

of the acceleration phase before processing links is the settling time, denoted T,

ettle *
In actual implementations, more complex acceleration and deceleration profiles,
such as half-sine or trapezoidal profiling, are employed.

[0064] The final term in Equation (1), T

wpsavings + 1S @ Measure of the average
time saved on a link run by gap profiling. A gap profiling operation involves
accelerating, decelerating, and settling to travel between two links in less time than
would be required at constant velocity. This magnitude of this term is dependent
upon the quantity and spacing of large gaps between links, the acceleration

capabilities of the stage, the settle time, and the link run velocity. A greater time
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are much larger than can be accomplished through improvements to
motion stage performance and laser PRF in a single spot system. In
addition, these throughput 21 improvements occur without any of the
undesirable consequences of pressing the laser and motion stage to

saviRgeeAArOENABRIUNGGARMNEIRIESRe) PEA§E RS MaVHRKERBaING a small link

_ditferent forms, with laser pulses being delivered to links with a different
Pitcii, ReRCR &ML NKSHRING I QfHérent on-axis spacing, different on-axis
and cross-axis spacing, or no difference in link spacing. Each of these
different canfigurations offers different throughput and processing

[0062]} antagd 'GnELREE iR indre 4167 Gt o0 fith tWikiendBsight into the

imp&giiesS. dPO0dMidrintresy siepicteakgdeing prrcesarsl witsoraesdigiating and
ossible spacings of two laser spots. The two Iase_rgs&gts are denoted "A"

decgleratina atiRe riarbantradeL il (4o PR TR arrarfeiR e spent
on |BRotidS qc;h@ l?h*f@ﬂ?ﬁ%%ﬁ@p@flﬁh@@@%@pﬁdﬁl' 0 |F$@k ggloly 80% of the time that
rresponding link in a different, typica arallel, ban .Because

wouliS e VRciiked (RraNaRP RS oL RORE L HEIRP or LS8 THiRDerS vary
widélyniob Hiffanshb2(h&s oenigtersin Woakkpidcdewine RRetsroad Regwighpe between
., be displaced relqtivelbo onF nother in theiﬁross- Xis dire(ﬁtio , Wit .
'mkwﬂé&%%%va.m A5t &36?%&?&1?991 B9gH-0etaG\PHRa!  Rgglycts with
spaB@dvaangsrenokhejouerpasieegiiokteankhehiefrisnadagwesidiagorthand.

More precisely, a spot results from a laser beam when the laser beam is

on. In the case of an intermittent laser beam, such as a pulsed laser

beam, the/ke Ritiakespnt bnGeadaivorkpiece comes and goes as the
laser beam turns on and off. However, the laser beam propagates along
an axis of propagation, and that axis always exists whether the beam is on

[0068] not. Thesdlebelipleqisecedsisey hgarpradsoingyeamdongthagwkindepdhdently
anf(.égiven H]mfa qurine aél)irEk run, the axis intersects the Ig%gvorﬁgiece i
conlRioo Y HREOPSERFBSHS b Ad/AkehHARSSTABSATIN oY HT (Ve system

throungarsscts a link that has been selected for removal, the laser beam is
energized to sever the link. When the laser axis is moving along a bank of

regular spaced links (with the approximately uniform pitch),
[0067] In one implementation, the use of two focused laser spots allows one

physical pass of the wafer under the lens to result in the processing of two rows of
links. Equation (1) shows that when processing multiple laterally spaced link runs
simultaneously, the link run execution time is divided by the number of spots. For a

two spot system, the XY stage only needs to traverse the wafer by N,,/2 times.

The total link run distance that the stage must travel is divided by two, and the
number of acceleration, deceleration, and settling events at the beginning and end of
each link run is also divided by two. Although gap profiling time savings may be
divided by a number that approaches two, depending upon link layout, the net result
is that a laser system with two laterally spaced spots requires about half the link run

execution time.

[0068] The throughput improvements that result from multiple spot systems
are much larger than can be accomplished through improvements to motion stage

performance and laser PRF in a single spot system. In addition, these throughput
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the laser beam can be pulsed periodically at a rate equivalent to and
synchronized in phase with the axis's crossing of links. The laser pulses
can be selectively passed or blocked to sever a given link or leave it
intact. 22 [0071] While the spots A and B are illustrated as having a

impRVaHRsRBagSclr Witthsatoaa1Yd STRRES UMY d1avh SEyLRINEERNHBRAESsIng the
that a laser beam can produc%{qO?Z] As already mentioned, an
lases AnshiBghosy Hagai BIRIPSHRETIEnes: wafer processing can be

accomplished with fewer link runs, resulting in much greater throughput
without any laser or motion stage enhancements. Thus, from the

[006%;s pectiVd AR -SRAhPEARSESIMSLIMA 12%py M echiRrest Jarmeidih laser

pulsdweies, dedallelsro tardakrrn yaligbtaitfosmasamoies saixielfepeiityisdifferent
advantages. [0Q73] In an on-axis arrangement, spots A and B are

ON-&ifife Rt lHQs AR A RR Btk 8%%@&'&1&6@'@%%%@%@%& in link
spaéileqg tagHisop! srdnaisierAltbonsgusRatNé MM adﬁfdr@ﬁteldn@mghput and
adjacent links in the Figure 5 illus ratlo that need not be the case; for
Procgestidle’ Wtﬂ%ﬁﬁﬁ‘i&éﬁo‘f@smao'ar%%?éqfnaet%t QeRd Y, reference to
FiguMdgntages of on-axis spaced laser spots include the following: (1) link

run velocity can be increased to enhance throughput, because the spots
can advance twice as far between pulses; (2) multiple laser pulses can be

[ooxtqlivered mgaurbnlﬁddéip@t@n+th|eSflb@m@epﬁcbegs¢s§hiowmp§@&fw aflitke possible
un; an évgo ulses w dlffere ropertles can eselecy
I

Spaﬁﬁﬁﬁea 6"?&1 $1ybHAR B‘P"B 8Fo§e 15 €% FOMCLEES ﬁ%fﬁ "B”in the
figueye mso@mhiﬁye(m Fnovgrdrisyeplicsithtive eyameles 4pdtigure én 1 link in one

e e e S S p AR L ypicaty
paralegIbawmam@m@b@emmmm;aemgbmam/amgm beigen horizontally
Ao R ARy s AN arer SRR hi Y e L R s g be said
to berd@médoﬁwivmtamb@immegemaetcmmkgﬁdq&f@hpwm*fmremct to the
direg%?lr&r sﬁQéngb(?ﬁf(?)Puin It%Rngbs\?vtel nsgiletﬂgfas),%%g rﬁcgﬂg %S a¢ vllaﬁbée glong their
respective link banks, that is a linguistic shorthand. More precisely, a spot results
from a laser beam when the laser beam is on. In the case of an intermittent laser
beam, such as a pulsed laser beam, the resulting spot on the IC workpiece comes
and goes as the laser beam turns on and off. However, the laser beam propagates
along an axis of propagation, and that axis always exists whether the beam is on or
not. Thus, to be precise, a laser beam axis moves along the link run. At any given
time during a link run, the axis intersects the IC workpiece either on a link or between
two adjacent links. When a laser beam axis intersects a link that has been selected
for removal, the laser beam is energized to sever the link. When the laser axis is
moving along a bank of regular spaced links (with the approximately uniform pitch),
the laser beam can be pulsed periodically at a rate equivalent to and synchronized in
phase with the axis’s crossing of links. The laser pulses can be selectively passed
or blocked to sever a given link or leave it intact.
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an on-axis offset between laterally spaced spots on adjacent rows can
also result in better laser energy dissipation in the vicinity of the two
spots, especially when pulsed simultaneously. Note that processing in the
on-axis and cross-axis configuration is possible with nearby link banks

[007hRt are staggiRrede asHoPBNAAdNE AnRcaNisstRHed M PRfidgSa circular shape in

. configuration of Figure 5, or regularly arranged as in the layout of the
FigutRoss-aR Qiisrar) BuidlRY iR e st YoM BOsERRGNAH &h Besiidpeam can
prodiggdiguration, as shown twice in Figure 5, spots A and B can be partially

or substantially fully overlapping on the same link in the same link bank
570 (full overlap) or 580 (partial overlap). Advantages of multiple

[0072erlappeddagre saptmarritiid 1 hlnspivepeigwitl (hlierant eptiead spots is that
roperties can be selectively delivered to a link and (2) combining laser
waf%r g@/\f

URIESRRSINGF30 ResRGRAT IRV ENE A HEtHBE st igiuch greater

thro/a_\@npgng Mmegeqﬁiw qggdgir@d li:tdﬁ@npﬁliii'@ [@W@hﬁbﬁﬂb’hﬁés_laselﬂﬁmtﬁrom the
and B may be processed simultanequsly or sequentially. Simultaneo

PerSHEEAR Rl RGP ASUTR RSP USRS, S A 2 GrgIE" SRR BE TR HOWever,
pardisligpiecsipotakes rigaestpdividriaseviereaihaiftbe eaiadiadantages.
Simultaneous delivery means at substantially the same time so that the

time delay between pulse A and pulse B, at a link run velocity VLR , does
[0078]t result in drifopfdxs blennpesiims $pGIdcCA aneBeatdhat ihigfehdihidiaks in the

supstantia| fraction gf the focused beam spot diameter. For example, with .
samg K A B 2B S ST LR e A 101G e AR, S0t Mmotion.
Althd0eh & s rx:zéagw mgt%dﬁ%ﬂ@ﬁs@?feaﬁ}dseﬁtafﬁwﬁlglﬁw'éﬁh’lgb 1226 glfu@ﬂ@tion, that

nother wou e considered simultaneous. Minqr diffetences In the .
e Hgh RS a6 e RATHR oot A A SRS B AmgER fnks, or
vicetharsare Auveimiegedhefnoifiaxialspateldabetegsoteanaboatthe fidkaving: (1) link

[0077]. Sequential spots, either generated frgm a single laser pulse that is
run YRIOGN RS 10 LEAPARIA pBIAD GeluPHGtNT mdRCATE a8y Sbots can
advanigesnidthas daebebebeagpultgge() impinge luxer hedksavitbgrsitesred to a

ime separ ential s be utilized with multiple

Iinkt Hggb)?g—iﬁ%%wsgﬁﬁic?ag%%ﬁﬂ%iiewahng a link run; andb ?@)n]aser pulses

with different properties can be selectively applied to a link.

[0074] Hybrids of both cross-axis and on-axis spacing are also possible, as
shown in two illustrative examples in Figure 5. In one arrangement, spots A and B
may be offset along the lateral axis while remaining on the same row or bank 540 of
links. Advantages of that single-row on-axis and cross-axis hybrid arrangement
include better dissipation of energy in the area between the two spots, as they are
separated by a somewhat greater distance than in the case without any cross-axis
offset. In another arrangement, spots A and B fall on different banks 550 and 560
and are offset in the on-axis direction as well. As IC feature sizes continue to shrink,
an on-axis offset between laterally spaced spots on adjacent rows can also result in
better laser energy dissipation in the vicinity of the two spots, especially when pulsed
simultaneously. Note that processing in the on-axis and cross-axis configuration is
possible with nearby link banks that are staggered, as shown in the on-axis and
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the focused laser spots on the target semiconductor wafer such that the

focused spots are properly positioned when pulse generation is triggered.

[0078] For multi-spot processing, the triggering of lasers to generate a

pulse may be based purely upon timing signals, or may be based upon
crosRCHIM, BaARIIRHI0fSIMRIQEHOSCUP FEiifigr PaFHARR@f AsSPOth@8ayout of the

workpiece, or the workpiece 24 relative to the spot. Pulse generation may
crossre i iGN PPHOLERlBBI P85 rage positions or estimated positions of

multiple spots relative to multiple targets. [0079] The subsequent sections

describe various aspects of the various forms of parallelism illustrated in

[0078%ure 5. MUTHRSFANESJARY QEItEROBROILIELNY AFoSOMBrEHSELLRfIgure S,
spol8sRI=FRPIS that eningeaIposradipeetitiaipmilly (Svesapbiy) spagrdsame link in

anks of links is gne configuration for improving system_throughput. B

b ( .
the 5p5Red0KPANE BY thiH! RYeKEB} R\ RSOIMRATHALBYENRRNe éﬁgeﬁ\t@gesyof multiple
overabpiery lakbnlspans ardithe distares Sppts \Wintifersagepival Basirties can be

during wafer processing is requced by the number of laterally focused )
SeloER L SR BRI AE 205z (rRTIBLLE A Ry 0 Tk ATFEGuth STghtly
differefingltnspoisceulithbthppdesserpyalgniyrihduptex dffsdtine, ¥dmiined pulse

ach duplex link run results in the processing of two laterally spaced
@nks of links. Cutting the number of link runs in half results in a similar
reduction in the time required to process the wafer. More generally, the

e of N laterally spaced spots results in.an throughput improvement on

100261 orcier ol YSDUS Fahly 2t B ety BEHiPRESHR SOUIRRUSY o
seq@ﬁmmthhan&ﬂn@wtamﬁwrm‘ﬂgue@&ﬂé@oﬁurhﬂeempfer t@mmm@vsyngﬂiltﬁhg a single

throughput poses no new demands on the XY motion stage.260 or laser .
lasel AR TR S et BB WP BOERte SR e rearEe tme.
Simaianyooessaihasy sepanatait aubssimudianansisiymghtithe sameatetosityme delay

440 as a single-spot system. However, when, processing multiple rows
DCOERIRDURE TR PH e L iR T 5 Ot por OIS L G 1 it of the
blow PlesitibHAidSseRmBATBIGMINAI FAWIRRIRY PRRsstaRtaf RTPAEH e focused

beam spot diameter. For example, with a link run velocity of 200 mm/sec and a

prof

desirable spot shift of less than 10% of a 2 micron focused spot size, pulses arriving
within 1 pusec of one another would be considered simultaneous. Minor differences
in the lengths of optical beam paths would result in time delays between pulses that
are much less than this value, typically less than about 10 nsec.

[0077] Sequential spots, either generated from a single laser pulse that is split
and has long optical delay paths or generated from multiple laser pulses with a dwell
between triggers, impinge upon the links with greater time separation. Sequential
spots may be utilized with multiple beam paths by adjusting the relative positions of
the focused laser spots on the target semiconductor wafer such that the focused

spots are properly positioned when pulse generation is triggered.

[0078] For multi-spot processing, the triggering of lasers to generate a pulse
may be based purely upon timing signals, or may be based upon actual, measured,
estimated, or commanded positions of a spot, the workpiece, or the workpiece
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velocity profile for N distinct rows to be processed jointly is a velocity
profile that is feasible, practicable, suitable, or appropriate for all of the N
parallel processes. Issues of velocity compatibility typically manifest
themselves in three primary forms. First, the constant velocity 440 for

relafVBCRS$HY spilin|paEalRlHem S Shankl baseop @it mthislsebthipon average
processed rows. That can be ensured by utilizing a joint constant velocity

PoSHRRSOMESHRRIRHR O HIRNE RITUIRIACRALS ket tRENHHIRIBIEI98Eink

runs. In the typical case in which each row of links has the same pitch
é)acing, the constant velocities for each run is the same; thus, ensuring

S
[0078L; the jolte:SHEREAUEBIRASIONS HeSSHRRNMAEIHE RERRS e oRARI®US forms

of pReIRIENPRERG edmPFRiliRg5should be compatible with all of the
processed rows. That can be ensured by employing a gap profile 460

only where all processed rows have aligning gaps. Third, in cases in

which the gpnstastvgiSiyce¢0Spassdiffer for different link banks 430
within the same link run 420, a simplification results from restricting link

processing to constant velocity link runs, rather than allowing link run
[008@)OCity taOraatiritpmvens: linlRankcAseddasurtkpott temneiddidg@inbon adjacent

ate a8 AR ) SRR RS N B BB L AT e PR pg s vstem

th roggh{sjaterempdrpuf@céam higum:wim_hn@@pmt@f@nﬁ_az _@_iggﬂﬁ_@i@wm, the effective
ramp- nad ramp-gown lqcations, an eclific Individual link run velocit

U R ST i ShC TS A A R LSt GG o el Caring water

prod@"@éﬂ?giiﬁreﬁe@éwb 'k kitner&;:h'@mi@eorelaté]trmllyu@g@@a%éh@@gt@ctﬁrﬁ example,
should also be taken, into unt. [0082] According to one em iment, a

a Wik DL B Rt G R Sl SRRl g oy ocessed

withpsefiles0ordeqtbxchnstiuent whena ghuduplest ek stiicdsalesjtnthe processing
velogcity profile that does not exceed the.smallest maximum. velocity. valu

of Wi A SRR AT Bl K e O T R b IR A e resuts

in aesianlacdacticet inwhaushbe ¢iairessty @otassnhesaefassose generally, the
S nt, and a second row must he processed at 100 mm/s or less i

use e Al e SRR SR S i R LR B e Bt A order of

N. orless in that segment.

[0081] Laterally spaced spots typically improve throughput more than other
spot configurations. Furthermore, the improvement in throughput poses no new
demands on the XY motion stage 260 or laser pulse rate requirements because
laterally spaced spots on separate rows can process those separate rows
simultaneously with the same velocity 440 as a single-spot system. However, when
processing multiple rows during one link run it becomes more important to perform
the run at a velocity that is compatible with all rows being processed. A compatible
velocity profile for N distinct rows to be processed jointly is a velocity profile that is
feasible, practicable, suitable, or appropriate for all of the N parallel processes.
Issues of velocity compatibility typically manifest themselves in three primary forms.
First, the constant velocity 440 for processing multiple parallel rows should be
compatible with all of the processed rows. That can be ensured by utilizing a joint

constant velocity that is the minimum of the constant velocities 440 for the individual

25



[0083] According to another embodiment, a joint velocity profile is
determined by computing the velocity profile for a single set of master link
coordinates. The set of master link coordinates is generated from some
or all of the link coordinates in the N rows being processed in parallel.

link FltesoffiretfecrpeaahcamasiariiflcRasiginaéoytefainikk cee e algnie 9O’ spacing,

or all of the N rows being processed jointly is determined, as well as
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mechanisms, information derived from the set of master link coordinates
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intelli ent layout of the links on the IC can fa iIitateI teraII aced,
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ate ace ts do u1re INCr n stage ve

dlffeéﬁBEanqp rBﬁ g&% qo}/e plﬁuﬁﬂaﬁegﬁ% ?ﬁose factors

shodﬂmm@k@gmw@@wmﬁa smgle beam system. For this reason
laterally spaced spots, which may also include an on-axis offset, are a
preferred method of increasing throughput in systems that use high PRF

[00823ers, sumcasoﬁhgsmeuneeelmcow#ém ,%sjamexrent)plw hefiasis ldmimputed by
p trun veI sm fﬁ‘rl?lin PR IaS(?rI an?l qusetﬂltchtls 120 m tﬁn q
irs ,gpg@g %I i JY§locity profiles OF SAoh Constituent Tow in the run, an
constructing a joint velocity profile that does not exceed the smallest maximum
velocity value of any of the individual profiles at each point along the profile. For
example, if a first row must be processed at 125 mm/s or less in a segment, and a
second row must be processed at 100 mm/s or less in the same segment, then the
joint velocity profile should be at 100 mm/s or less in that segment.

[0083] According to another embodiment, a joint velocity profile is determined
by computing the velocity profile for a single set of master link coordinates. The set
of master link coordinates is generated from some or all of the link coordinates in the
N rows being processed in parallel. The offset from each master link coordinate to a
link coordinate in some or all of the N rows being processed jointly is determined, as
well as information about whether each of the N pulses will be blocked or transmitted
to a target coordinate. The offset from the set of master link coordinates to one of
the N rows being processed may be zero. One way to process the parallel link runs

is to use information derived from the offset coordinates to command motion of the
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with laterally spaced spots would use the same link run velocity. However,
a two- spot system with on-axis spaced spots would preferably employ a
240 mm/s link run velocity, which exceeds the stage velocity limit of
present semiconductor processing systems. [0087] Laterally spaced

beafPOétediitnalS P EIRARISh ) OiRIAN HBSrONHEYAB PIRSANItREMECANGHCIARSter link
link layouts. A number of semiconductor device manufacturers produce
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common. These types of link layouts presently result because the width

blockppIsgBaration distance of traces within semiconductors are typically
smaller than the 27 width and pitch spacing of laser severable
semicond§ctor links, Offset or staggqered fuse designs result from trying to

[008sHcK the 1RV 3EIBoARICHRIMINRS RS SHLRRIE JASURIARISRAS, 4% a preferred

metBbevsn domiguiedaljprrVe cditheseriesigns, the links have a purely
lateral translation (shown on the left). In other designs there is also an on-

axis offset (shown on the right). The benefits of multiple-spot link
[00gBPpcessingavitnaximpire QonaxiseipatiNgtasccapRitie mragessingsvhath be as

an on-axis and a crgss-axis spacing. [0088] While the Jayout of many .
SR SO IRICES GOSTRIE o Bro e SR SR SPacing should
be WlaesssingRfdeirsalingpbaakdiok diffiekentesigsiRi rareutiyingntd Ishnkk and gaps

the dimensions of laser severable fuses to elimjnate the offset and.
shoul RSLTETR LRLURSRE of Ty TISINGELLIAIGLA A S8 gtes on the IC
can rdfacilithis watdebtiphapeedarougbpigs oot pliesentrRibgisisgotibigstemsaximizes the

0Q89] To,take greater advantage of multi-beam li rocessing, IC
thro{BRHEA) IS Lt VLI CERTRBRARRI TR layouts b3 be

compatible with multi-beam link processing. Creating products with a link

outs targeted towards multi-beam processing, and in particular
1008R e KRS g T CUEHRHY 20BN Gl )Y Rt sPets do ot
requiraranatindnssgase istdyovehpityywheroppassessed on-axidispaaedsystaswhich, for

Desirable link la o%ts f8r use, wit IateraIIP/ Sﬁ)ac?d sspotﬁ irg:lude link bank% .
examp[e, may require doubling he stage velocity of a single beam system. For this
reason laterally spaced spots, which may also include an on-axis offset, are a
preferred method of increasing throughput in systems that use high PRF lasers, such
as those exceeding 30 kHz. As an example, the basic link run velocity using a
40 kHz PRF laser and a 3 pm fuse pitch is 120 mm/s. Processing multiple link runs
with laterally spaced spots would use the same link run velocity. However, a two-
spot system with on-axis spaced spots would preferably employ a 240 mm/s link run
velocity, which exceeds the stage velocity limit of present semiconductor processing

systems.

[0087] Laterally spaced spots are also a natural choice for use on many
present semiconductor link layouts. A number of semiconductor device
manufacturers produce products containing parallel link banks separated by a
distance of less than 200 um. Center-to-center separation distances of 10 um or
less are common. These types of link layouts presently result because the width and

separation distance of traces within semiconductors are typically smaller than the
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nearby center-to-center spacing, typically 10 pm or less, but possibly 1
mm or more. Itis also desirable to maximize system performance by
laying out the majority of links and link banks such that they can be
processed with laterally spaced spots. [0090] In one embodiment, a

widthiRglg [5iseh Bplsary eplibuitisbad e serai odalieseditR SP@ifsendrhatiggered

to spot B. The use of optical switches can independently select whether

fuseyQesigRe SaFMIHEIRINYRG R RAGK Ble| et S aTRiIeRAfkaARkEKS (o a short on-
axisPepRarysexsredolPR ] Figure 6 shpwsdnew of dnplsx tiakipis Migdtiinks have a

pro%rrgess. A pair of laser spots A, and B, correspond to a first laser pulse
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B2.. Optical switches can select which pulses reach 28 their target links. )
Purg AN CRRSMBIES AR GRISEE S NA WAB, O33N BN-XIP s d SaErpss-axis
spaéing.remove their target links. The other pulses are blocked, so they do not

reach or alter any links. [0092] In some cases, it is desirable to process

links twice. Making two or more passes along the link run to blow the links

[0088] or mmﬁimesmnlbs?cﬁnsil?f ﬁﬁwwp“i%%ﬁﬂddmhtﬁ:mﬂlti@&-igl?@ ligk presently
processing, system. Because of the , parajlelism inherent t tiple-spot .

cor AR Lt Sy RRTRO AL B35 S RIS ORIV 1 sioners

are Wifihg sthgleriprotninkiipiepesaiRgcyBiea. sSudstruanbpaserelatiingta the offset
given ban include g lateral shift of the focused laser spots

f link if
and SfaA0RHR R SoTAERGE it G5 LB QR s e ingle row.
Thisawnsis tehaader trougkpinde prétirmassgdospa Spktiemsmay

selectively hit the links with spot A, and a second pass along the link run
may hit those same spots again with spot B while spot A advances along

[0088hew linKTivina k0§ dtonayvasndee usahulitbsanetiakvafetessing, IC designers

R e e
link glieyoestintpr dbaging podriizagonitis potispaltisgo disttirgioad Ipotside, multi-beam
procvg%\s‘lﬂs,n%hd Pnuggrﬁgﬁgqym%rltﬁg}%n%ir%% srsq 8 "t iﬂPifaf erFa fy spaced spots, may
result in a dramatic increase in throughput when processed on multi-beam systems.
Desirable link layouts for use with laterally spaced spots include link banks with a
nearby center-to-center spacing, typically 10 um or less, but possibly 1 mm or more.
It is also desirable to maximize system performance by laying out the majority of

links and link banks such that they can be processed with laterally spaced spots.

[0090] In one embodiment, a single laser pulse is split, with half the energy
delivered to spot A and half to spot B. The use of optical switches can independently
select whether the pulses will be delivered to A or B, allowing the desired links to be

properly severed.

[0091] Figure 7 shows how a duplex link run might progress. A pair of laser
spots A; and B, correspond to a first laser pulse that has been split and applied to
two links. The next pulse emitted from the laser would impinge upon the next two

links as focused spots A, and B,. Optical switches can select which pulses reach
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optical properties can also be achieved by using different laser sources.
[0094] Since semiconductor wafers typically only contain one link design,
the use of spots with different optical properties would most likely be
applied in a double blow scenario. The first blow would partially remove

theith@rijek ARksthersaroRldvanfEtd fpricdit hssBP WD K AQTRINBIVEY, and B,

the first blow may be passed or blocked and the second blow would be
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readh®liakef Risygigiesirable in situations where different link properties or
orientations make it preferable to process with different laser spots. For
example, if it is desired to process links with a polarized spot where the
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y qudad itional” optical elements for changing polarization, spot spatial

distribution, spot size, wavelength, pulse energy, or other optical property. Different

optical properties can also be achieved by using different laser sources.

[0094] Since semiconductor wafers typically only contain one link design, the
use of spots with different optical properties would most likely be applied in a double
blow scenario. The first blow would partially remove the link and the second blow
would clean out the blown link. Alternatively, the first blow may be passed or
blocked and the second blow would be passed or blocked, resulting in the
application of one or the other spot to the link. This is desirable in situations where
different link properties or orientations make it preferable to process with different
laser spots. For example, if it is desired to process links with a polarized spot where
the polarization direction corresponds to one axis of the link, spots A and B can be
configured with different polarizations and applied to links with different orientations
on the workpiece. Application of spots with different optical properties will be further

detailed in subsection VI of this document.
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with all of multiple blow coordinates taken into consideration for, e.g.,
minimum pitch, appropriate areas for gap profiling, ramp-up and
ramp-down locations, and specific link bank velocity profiles. Computation
of link run velocity profiles is known to those in the art. [0098] Figure 8
depicts a bank of links being processed by two- and three- spot
implementations of multiple on-axis laser spots. In gne implementation

[0095]5ts A afnee- ibris RSSaIRIECIO disPolRERoRPHER 11 SRS s siepgiade multiple
late RN BFAEREIIPBINGitk SLTFRSE Bif S A TRBYRD RATDSHENBIOBliIRRoNfigure the

switches controlled by the link processing system allow some pulses to
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a single link pitch can prevent simultaneous processing of adjacent links.

It is undesjrable to simuyltaneously process two adjacent links because of
the increased éﬂfé%(@népﬁfﬂﬁﬁsé‘/ﬂét be absorbed by the workpiece in
the area between the adjacent links. This increased pulse energy can
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[0097] The velocity profile of each link run should in most cases be computed

with all of multiple blow coordinates taken into consideration for, e.g., minimum pitch,

appropriate areas for gap profiling, ramp-up and ramp-down locations, and specific

link bank velocity profiles. Computation of link run velocity profiles is known to those

in the art.

[0098] Figure 8 depicts a bank of links being processed by two- and three-
spot implementations of multiple on-axis laser spots. In one implementation, spots A
and B — or A, B, and C — can originate from a single laser pulse and arrive at the
work surface at substantially the same time. Optical switches controlled by the link
processing system allow some pulses to reach the surface and sever links and other
pulses to be blocked. In the two-spot case (top) shown in Fig. 8, spots A1 and B¢ are
processed approximately simultaneously, then A, and B,, then Az and Bs, etc. In the
three-spot case (bottom) the three laser spots together advance in increments of
three along the link run (A4, By and Cy; then A, B> and Cy; then As, Bs and Cs, etc.)
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case, link run velocity can be doubled while preventing the increased
energy that could result from adjacent laser spots. Figure 9 illustrates
on-axis spacing with an increment of three link pitches (two links between
the spots). This technique can be generalized to more than two spots
where all combinations of spots have an on-axis separation greater than
the link pitch. [00101] A second way, to process wafers with on-axis spots

[00992ced byMAGEEERNE 1ifiKGHcHTRPBGRTRN W p R sSLE8EREs BeRhanism to
tran8fdiBkfagdh exRmpIey 04 thigtsrbesipiatoin fHahra EngidirshrRagidiitan prevent

selectively blow every other link with two laser spots with a spacing, o

f
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proddey the inkgjeais e iaksdeat yeeist IWenadreadhe fisls@asheRECaEE must be
the link run velocity is four times the velocity of the same laser applied to
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and removed link struct renghe other pulses were bﬁ!ocked, ut could

not RERREAERY SHTUIRIRAUE Mink FRRMRGIGHHIREEIR ARIF0RREMBRAE spots is a
mu|?®Edamiegr:i@amdrmdé@th@pinﬂssps]@ﬂgl,ﬁ@vgd}@mh@wﬂewvwprocessed
ink runs in the same direction. [00102] Multiple spots with an an-axis
at the SATHE NP L SR ISRy DB AR RIS DIBOBSRIARS: For
example, some semiconductor manufacturers prefer to provide one pulse
ever the link followed by a second pulse to clean up the area an .
100180 al itk Al RS, AT SR B o MR B D01 the link
pitcisiecititpisiaseeépoivdaNaypisndeliyrimkatiplerelsamwathoanddlongriks 1 and 8,
second link run, as would happen.jn a single-spot system. [00103] An
eto SiEEie ARG VR R hrse AoVP RS 1o Thke ARgygne spot can
prodeasstedewergdetkink the. IBkcarsevtile linothevetatipriscgesaietiie dodd” links.
ultiple-spot system than,a single spot system, a multiple-spot m is
SuCl] &raPAE KGRI csP Bl B SO P SRR SUBBS Bed g Sher of
links tyatviraiiotiseobiitse(rrithodyrmm ganedendeittsprigvigie bvewrmorser. In this
casg,lqm tPuﬁa\(/:e (l)lcrzlllt()’/ %%% aé: hdglﬁbvve@a\k;hrilleévgrtg\?enting the increased energy that
could result from adjacent laser spots. Figure 9 illustrates on-axis spacing with an
increment of three link pitches (two links between the spots). This technique can be
generalized to more than two spots where all combinations of spots have an on-axis

separation greater than the link pitch.

[00101] A second way to process wafers with on-axis spots spaced by
more than one link pitch is to make two passes across a bank of links. An example
of this is illustrated in Figure 10. A first pass can selectively blow every other link
with two laser spots with a spacing of twice the minimum pitch, for example. The
second pass can selectively blow the interspersed links that were skipped on the first
pass. Because the link run velocity is four times the velocity of the same laser
applied to a single spot, two passes may be completed and still improve system
throughput. In Figure 10, on the first pass pulses A;, A;, and B, reached and
removed link structures. The other pulses were blocked, but could have been
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same pulse property or different pulse properties. [00105] Different optical
properties can be achieved by inserting additional optical elements for
changing polarization, spot spatial distribution, spot size, wavelength,
pulse energy, or other optical property. Different optical properties, such

appRéd f)Y RrRENPIEydvisR UitiditareAtShRe @ kireetdNs usieweifereatiias®ure 10,
sources. This can be particularly useful for applying multiple blows to a
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spaced links of the first example in Figure 6. Processing a single row at a
time with an on-axis and cross- axis offsets of the focused laser spots
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same pulse property or different pulse properties.

[00105] Different optical properties can be achieved by inserting
additional optical elements for changing polarization, spot spatial distribution, spot
size, wavelength, pulse energy, or other optical property. Different optical properties,
such as, for example, pulse width, can also be achieved by using different laser
sources. This can be particularly useful for applying multiple blows to a link. One
scenario would be to apply a first pulse to a link, say at a higher energy level to blow
the link, and then following with a second pulse of lower energy to clean out any
residual material. Application of spots with different optical properties will be further
detailed in subsection VI below.

V. Combinations of Lateral and On-Axis Spacing

[00106] Different methodologies for spacing multiple laser spots with on-

axis and cross-axis offsets offer different processing advantages. The dual-row
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links may vary throughput the link run. Spot adjustment may also be done
to compensate for detected errors. While adjustment of the beam spacing
while processing banks of links is possible, the beam spacing can be
most easily adjusted during a gap between banks of links in a link run. A

configura8mRies WhsSHfinmRPBENKS b0 th@nse0s ANt jess-axisididethe same
traversing a gap between banks of links are depicted in Figure 11. An
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these different processing modes. 33 [00109] Figure 12 depicts another

WW'%WBHQ relative spacing of two spots could be adjusted to
process links. In Figure 12, spots A and B are two spots processed at the

e or nearly the same time, and the lines and arrows in the figure .
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com%%trﬁ]s%?éa)f((i)sf A SIS BB RPN adjustment of the beam spacing while
processing banks of links is possible, the beam spacing can be most easily adjusted
during a gap between banks of links in a link run. A few examples of shifting spots in
both the on-axis and cross-axis while traversing a gap between banks of links are
depicted in Figure 11. An unlimited number of useful reconfigurations of beam

spacing is easily envisioned in light of the teachings herein.

[00108] Shifting from processing using cross-axis spaced spots to on-
axis spaced spots, possibly combined with an increase or alteration in the link run
velocity, results in enhanced throughput in sections of the wafer where link banks
have intermittent parallelism, as shown in the bottom portion of Figure 11. Shifting
from processing on-axis spaced spots to processing cross-axis spaced spots is also
depicted in Figure 11. Readily changing from any multiple-spot processing mode to
any other multiple-spot processing mode is feasible and can be advantageous. A
suitable joint velocity profile can be computed that accommodates processing the

link run in these different processing modes.
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[00111] Processing links using an arrangement of cross-axis spaced and
on-axis spaced pulses offers many of the advantages of both on-axis and
cross-axis spaced pulses. For example, the number of link runs can be
reduced, dramatically improving throughput, and the link runs may be
processed at much greater velocity. In Figure 13, pulses A, B, C, and D
all arrive substantially simultaneously at the links, As shown in the first

[00198)mple in Figure!94 BsAGvAEBIC R SRANBEIWRY tifk Whisk &he fRiptive spacing of
two ReRRs SR REReste @ &igrdceRBOMREONR qaig e appligsbteat and B are two

elegantly match different device link layouts. [00112] Processing

[ ,
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the RgOtEHHioHIainER PoRMilROPHSITiBAIAGNEHdEsAlstABRArf olPBNAHeS iRk run. A
the generation of the Iiné@un trajectoerg and velocggﬁprofile. All link blow

fast GG EhBRIBEAGNY, BRAUSIGLRUB IIRMWBEN ifiaBHRE Mg iRam(s) and

theredsidhied tH&isdREreatRMNespRITIAR BB Gidhe nenpLiasiopstiveenirkibsequent
.. run velocity, gap profiling segments, and ramp-up and ramp-down
I'nk%@tﬁj@‘srxﬂt VI. Multiple Beams on the Same Spot or Structure [00113]

Another category of multiple laser spots arises when the spots are all

directed to overl t a single target structure. Two advantages,of
1008l ocsing somLARLGHL RO LA CARNE ARSIESITY Do Logusagupon the
credilorspAtENgHEpAIRISE lIDRlGA (HOPatiSy stamBe brlgstivelyl e esan ittsdinknay be
rocessing and (2) small time delays cap be used for temporal pulse
turt e S ST S B TR, OL 1At & LHURAA B spots. Such
mulfieigiaihoyeriap be tuntiguredinkitamanaarpadhegesliehiiyobhagings, and also
severing without incurring a throughput penalty. [00114] When starting

both, A& n@?@ IFESER SBRGIB YT different optical properties can be

applied_to a link by u;ing additional optical eler_nents to alter the

00 e o ST G LS o anc
on-subsprietydesbirstsanavgrisinthik siivaldtatrss uf botacbihakadustiatiess-axis
spa g A O e L e L0 BB RGP Hmaticaly
improving throughput, and the link runs may be processed at much greater velocity.
In Figure 13, pulses A, B, C, and D all arrive substantially simultaneously at the links.
As shown in the first example in Figure 13 (shown on the left) below, the spots are
not necessarily arranged in a grid. Configurations can be applied that elegantly
match different device link layouts.

[00112] Processing numerous links in parallel with various on-axis
and/or cross-axis focused spot configurations may require the consideration of more
information in the generation of the link run trajectory and velocity profile. All link
blow coordinates, spot locations, and large gaps between link banks must be
considered. This increases the complexity of the computation of the link run velocity,
gap profiling segments, and ramp-up and ramp-down distances.
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elements can be used. [00115] When the multiple laser spots can be
independently switched to reach or not reach a target link, the link can
then be processed with any or all of the beams. As an example, a system
with two optical paths could have one path with polarization aligned with

the X-axis\anquieip Beratz WihirerSianaBiss: digsedenyid the Y-axis. If

it is desired to process a link with X-axis polarization, then the optical
switch controlling the X-axis polarized beam allows the laser pulse to pass

[00#rB] the optical syiiethgp\ritzigeriheftiatfipiesialiéy apie Arves N ithe spots
setto a blocking state. Alternatlvely, the link could_be processed with a

are gl GirSTiSa o AN 4R A SHY RARPEN HRSBIat IR AT IRReS 0! Processing
senﬁ@ﬁ'f&%tb@ﬂhﬂ%ﬁ@bﬁ)ﬁé@hﬁwgvﬁléﬁaéﬂ%méoa@@ﬁh‘a'ﬂ@{h‘) @fpeshwith different

Opﬁé::qularlzatlons to the link. This could be done to apply laser pulses that do
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deld}@kéafﬂ@é l@dﬁ itdp t@?ﬁﬁ@ﬁht@@@b’ SraeRss orlBpariihspoe sHapmguiipithermore,
S ots re rom mciy)end ntly swijtched, shut ered or ﬁlockeﬂ}lase

usin geu ﬁ%ﬂ?d\/ SPPiRERABGSHERE fiRliability of
link %Q@Mlﬂﬁm@‘iﬁ m@rmgitwtar@m@ﬁpm pehakgessarily impinge upon the

same spot or link. It is advantageous to not require the overlap because
the precision with which the laser beam paths are aligned may be

[00TeHxed. In the cwaervhetr@rﬁhg muhialgmla@n@uimpigg@tg@twwmﬁ optical

o A SRR L AR SN AL  tor o

progeitieshat tM%deﬁumélep@@mwmﬁwpomtbﬁf@trgetwn&:fﬁﬁeﬁxaas@e fleads can
oo SR e s A BB B8 oined o
ove|¢abbr&iﬁIthmﬂdcakéorbéOnd@@rmmEaUMtEbtarl’ﬁdhﬁgjﬁﬂmeddI0k$aad1|u1|éflectors
e A O R P B AR B s i oteat
elenhenadierad iy iseerting additional optics into the beam paths of a
multi-beam system. Inserted optics may be: (1)

[00115] When the multiple laser spots can be independently switched to reach
or not reach a target link, the link can then be processed with any or all of the
beams. As an example, a system with two optical paths could have one path with
polarization aligned with the X-axis and the other path with a polarization aligned
with the Y-axis. If it is desired to process a link with X-axis polarization, then the
optical switch controlling the X-axis polarized beam allows the laser pulse to pass
and the optical switch governing the transmissibility of the Y-axis beam is set to a
blocking state. Alternatively, the link could be processed with a Y-axis polarization
by passing just the Y-axis polarized spot. And, if desired, both optical switches could
be opened to apply light of both polarizations to the link. This could be done to apply
laser pulses that do not have a preferential polarization or have greater pulse energy

to some links.

[00116] If it is desired to only process a link with one of the multiple spots

resulting from independently switched, shuttered, or blocked laser beams, then
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polarization altering elements to create or change the polarization state of
an optical pulse; (2) attenuators to change the pulse energies; (3)
beam-shaping optics to change the spatial distribution of the pulse (e.qg.,
elliptical, gaussian, top-hat, or doughnut (a spot with less energy in the

proéé%é‘iﬁ@ mﬁved&nﬁtsﬁm{’adfeau@nswpmgIt{n@i%@et.icsw ﬂﬂ@”gﬁéﬂgl case, the
wavelength of a pulse (or different source lasers g}roviding multiple pulses

MUltiplgifpeR A 1ok gRSLIEREN A AR PO ek MRCTRAT OELlB It TS
advaRRigEdes ab thetlirkgand R nsespedalay QREcsréisRInORtEalvhich the laser

properties that, can differ between the multiple beam paths will be
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impitigatennase epieal fsepestamk[OMIRS]HeenonedsRIobnuUtipg $RetPositioning
me eliverin%%{energy to one link is terrtg(oral pulse shaping. Temporal pulse

REEISLRERBRLIY Yy M SPISSE: THIAINKS L3 i dactsed laser spots

suctintHtiplehbegessdapt priluapiigesiaorctemenigeandkre FuniRirgphe it may be
ms at a link structyre. Tngough this,fbechnique, a pulse that has a fast

'be i . .
desifBla i RRACSSH G diration Bl W WHECRUENP STLIRIA RPRLR @Rk -axis link
run rigkh timanst loRtRIPRe dpEaon. AReiayssHprisRE MK BRAIENARE0IAUTe to

be cregted with beam splitters of varying ratjos to offer additiona] flexibjlit
det6FTUAE NAMLE (RIS WRAIERIES JAbGTo] RiolhEsL Io SR SRR PO, the
link efimsiisaphepigdsseampisirg delayeith prsersstuetior gpab. depicts a

single laser pulse 610. The second graph depicts this same pulse 610
plus a second pulse 620 of lower amplitude that has been delayed by

[001|amut 8 nﬁ/lé’rﬂ]meddiﬂ@ft?dngd@f@au, W&ﬂ@e&ﬁw@alww@imﬁ@értigg additional

longer. The third gra epicts the primary pulse 610 with the secon

OPtig B30 o7 RS TR e F0 DAGRELR 1VRIE Ao OGRS PGS Ty be: (1)

polanzagiasingtdetay eldmenstitant atelditivh avryeethepoladtesianangtpuéan optical

widig of gbout 20 nii\%/ith the fa%tbrise ime of the ori%algpulse. This ics 1

pulsgy )sﬁﬁﬁglfé LSi%h (e Y7 o A SRS o FIELGIGRe ol LR TiIiAPING  optics to

chastie cthice SpAHI20]strdayieanobetlasldagldey (etmdusingiealdienaisiisiancp-hat, or
an optical Eath A delay of about 1tns resu{ts from fﬁ%‘éh foo

douigqardmo 3 %%? Ngﬁgtﬁgﬁelgpergy In"the center) pro spoEsSE (4) frequency-

multiplying optics to change the wavelength of a pulse (or different source lasers
providing multiple pulses of different wavelengths); (5) beam expanders to create
different focused spot sizes at the link; and (6) lenses and relay optics. Other optical
properties that can differ between the multiple beam paths will be apparent to those
skilled in the art, as will be the appropriate optics to create those optical properties.

[00118] A second use of multiple spots delivering energy to one link is temporal
pulse shaping. Temporal pulse shaping can be accomplished by taking a laser
pulse, splitting it into multiple beams that include time delay elements, and
recombining the beams at a link structure. Through this technique, a pulse that has
a fast rise time but a short duration can be effectively stretched to have a fast rise
time and a long pulse duration. Delayed pulses may be attenuated or be created
with beam splitters of varying ratios to offer additional flexibility in shaping the pulse

amplitudes.
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may result from, for example, simple beam routing, reflecting beams back
and forth between mirrors, or dumping the beam into a length of
fiber-optic cable. [00121] Pulse shaping can also be achieved by
combining laser pulses of different properties from two different laser

[00 BBy CES. %&@W'@@pﬁh@fhpﬂl@%éﬂﬁw@ 9Ui§l§ fé%%ﬁmg %@/ndiﬁnbining delayed
combined with a Ion%er pulse of slow rise time to create a fast-rise
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overlap on the same link. In one preferred embodiment, the two spots are
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small, as a single small spot may not reliably sever a link. Rather than
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achljeve the sa reliability of severance without incurring a 50% .
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link BtARAgASE.along respective distinct beam axes that intersect the same

link at different locations offset from one another along the length of the
link. Furthermore, the lasers subtend respective spots A and B on the
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portion of the total region (most likely the overlapping region). The energy
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[00122] Referring back to the partial overlap configuration 580 in Figure 5, the
two beam spots A and B partially overlap on the same link. In one preferred
embodiment, the two spots are offset along the lengthwise direction of the link. That
configuration can result in more reliable link severing, especially when the spot size
is small, as a single small spot may not reliably sever a link. Rather than taking two
passes with a single laser spot to blow the links a second time in order to ensure
severance, the partial overlap configuration 580 can achieve the same reliability of
severance without incurring a 50% throughput penalty.

[00123] As can be seen in Figure 5, two laser beams propagate along
respective distinct beam axes that intersect the same link at different locations offset
from one another along the length of the link. Furthermore, the lasers subtend

respective spots A and B on the surface of the link. The spots A and B are non-
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along the length of the link in a partially overlapping pattern. [00124]
Utilizing multiple spots in conjunction with multiple beams delivered to
each spot is also a useful technique. For example, there could be three
laterally spaced focused spots with two different beam paths being

conEShMRT ehéPRARTE P bvENSHRIAY PEJON SoiereaMiine shaBHUiPUST both spots

benefits of multiple spots that do not overlap with the pulse creation and
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shaping, spatial pulse shaping, or having the ability to select beams wit
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. one focus lens, as the block diagram jn Figure 15 shows. Figure _
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the-Wjthrmneciaseint20aant o nss dpbeaiie RS chhailangriheanarmuigivinke MNote that
the IaSﬁr 720 is d?ir[ected lllo a beam splitter 745, Whicf].ZStBI'ts the laser

the GRS RIFEHAY, FAGEIRBATS SPP I RAIHRHEGRPTR!4LCIP BRERR Rbmore spots

alongerspliste)tii45 prRSkeR e pahtialsndesr Eppingisitiean. selectively pass
or block the beam. The output of the switch 750 goes to a beam 38

steering mechanism 760, which may be fixed or adjustable. The beam
[00124¢ring WOEkhiagisMiAtfde dpets thectdlividtianbrétmsroltibtefoesiendelivered to

730, which focuses eams onto N-spots on the semiconductor devic
020 ST RO ALSEeR (RS Uh AT o T (BB GRS e LTS Taterally
spadéd foeuseriespbly dyitlanviealyfraistaldamtipeyrsayehefidelivéddd 26] dach spot.

. special case of the N-spot system occurs when N.= 2. A block diagram o
Thiss AN B U LyoiBho GO0 RN A e Fessls et do not
ovettiap-apidt systpuiEO0risdikmthed swottiystenddtget oaymdtipiénspots focused
upo%%dgfﬁafg I%%%?%n. Thus three spots could each use multiple beams for temporal
pulse shaping, spatial pulse shaping, or having the ability to select beams with

different polarization states.
VIl.  Implementations

[00125] Parallelism can be accomplished using separate optical paths that are
delivered to target links through either a single focusing lens or multiple focusing
lenses. The separate optical paths may originate from a single laser or from multiple
lasers. One implementation of parallelism results from one laser head and one focus
lens, as the block diagram in Figure 15 shows. Figure 15 depicts the basic
functionality of an N-spot link processing system 700 with one laser 720 and one
focus lens 730. The laser beam output from the laser 720 is directed to a beam
splitter 745, which splits the laser beam into N beams, labeled beam 1 through beam
N. Each beam from the splitter 745 passes through a switch 750, which can

selectively pass or block the beam. The output of the switch 750 goes to a beam
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elements 755, which are optional. The components of the N-spot system
700 and the two-spot system 800 may be implemented with bulk optics,
integrated optics, or fiber optics, for example. The order of some of the

elements in the block diagrams may be rearranged (e.g., the switch 750

steeMay Prderatpshalteschavadditiong erficaleglomeriadiablsl themeaBam steering
paths). [00127] Figure 17 is a more detailed depiction of the principal
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The laser 720 is triggered to emit a pulse of light that is delivered to the
Althgugh, thsiReR SISO SARFRANIRINY 46 QidIFeR ¢RI PRl SYRRGaly adjustable,

theyseizg/ die fxdees that will independently be delivered to the work surface
740. One laser pulse, shown as the solid line, travels to the work surface
740 through a first, fixed optical path. The second laser pulse, shown as a
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. path. Two switches 750, such as AOMs, are included so, that either Buls$
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two-slscsgdiethaourionike 3rani dfttegs towarodcaganagavhiarr 468itibheal optical
elerﬁéjlse recombined in the beam combiner 765, r?fl cted off a final
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the wﬁ&p?ﬂé%whea)mﬁyaiy;w@;uﬁpl@@?ﬁ?ﬁioﬁn%bgmrdbﬂrhcs,ﬁidwgm@ld optics, or
. optic elements 755 may also be included in eam path to change the,.
fbe o BRASP JFOpEFAEUAT i % RSO0 FE8) P ELIES 7 BB dSpigine Dlock diagrams

maycbapeaeatretitiie.gystea KMhasconitgl e lgetatideanor enecatioftitheal optical

workpiece.740 and the laser spots, the triggering of the 39 laser 720, and
elen&%ﬂﬁ%ﬁéﬁﬁﬁ%@vﬁ@ﬁ@% If“)‘?”b%],sgl'(:cording to one illustrative control

architecture. In particular, the workpiece 740 is mounted to a motion stage

that moves the workpiece 740 in an XY, plane (the laser beams bein
10015 S ient ubSH e (v B IR RSO DR GEnRRRAN G Porlents of
onedensous fitdtaensporitesertpeoveysipip oy stétnisoatittoreferendeotd Figure 17,
e laser be ositian data to ller 690.

the o R SRR IR RSl ER % B GHemal aaser 72018 SHghered to emit a

pulse of light that is delivered to the beam splitter 745. The beam splitter 745 divides
the pulse into two separate pulses that will independently be delivered to the work
surface 740. One laser pulse, shown as the solid line, travels to the work surface
740 through a first, fixed optical path. The second laser pulse, shown as a dotted
line, travels to the work surface 740 through a second, fixed optical path. Two
switches 750, such as AOMs, are included so that either pulse may be passed to the
work surface 740 or blocked. Each pulse is reflected off a mirror 762 and directed
toward a beam combiner 765. The pulse are recombined in the beam combiner 765,
reflected off a final mirror 725, and focused through a single focus lens 730 down to
the work surface 740, where they impinge upon semiconductor links. Additional
optic elements 755 may also be included in the beam path to change the optical

properties of the pulses.

[00128] Figure 17 also depicts components of the system 800 that control the

relative movement of the workpiece 740 and the laser spots, the triggering of the
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which contains data indicating target positions on the workpiece 740 that
should be irradiated (e.g., to sever a link at that position). The target map
695 is typically generated, for example, from a testing process that
determines which circuit elements in the workpiece 740 are defective or

lasePtTVisthtp@drerbrashafin swatiedls apg00 M LPHindR R aneeParfdBitive control

alignment data. The controller 690 choreographs the pulsing of the laser
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elerBRA] Lo LD, T R D8 e O S TS TS BFEALn. as well
as fﬁ)gunayﬂdxmal@nwlatgaggm|;zca1rgﬂlrrw'¢hdacéurerhee@nﬁ'twcbfregorrmmngraphs
followjng drawin to not obscur the othe

t
the PSS e AT T e SOty oo UtoRES At dnghg the moving of
the ehderniscandiBaatianshaome oﬁ‘gémbéam%pdt@mfag@rée@noaéneéacarmrget and

Jpossible. First, one can rovide stable e bea
emiCBRET BHREE e oA E TR A0 a1 RS B, Marhtg spots o
this ubadib(emm@mehﬁﬁz)m L2 15 lb@aappﬁaéh! hasl@work@aﬁa&wﬂh@ with any desired
dynamijcall ust Y beam st erin pable of
rola gl SIS B o A Bl (5eiS), BiRgosiage 660.
Thetbahtratier 69€ pﬁemﬂgecshtrws m‘etbsaseehd 8Iu)mebH@erelertcptmtwnraata as that
surface 740 through a fixed o tlcs ath, while the second 40 laser.pu
PP RO 3o die, SEHATE AT TEAIS boilh g mEshalgiant No.
6,1785325 el sigrethsd sheedpgigne®nfintbemsmst pave siothairid éfooysadted in its
entirety herein by reference, describes laser pulse-on-position technology.
Alternatively, the controller 690 can control the system 800 based on timing data.
Although a control architecture (e.g., the motion stage 660, position sensor(s) 680,
controller 690, and defect map 695) is shown in Figure 17 for completeness, control
architecture are omitted from many of the following drawings so as to not obscure

the other components involved in the illustrated laser processing systems.

[00129] Many different configurations, some offering more advantage than
others, are possible. First, one can provide adjustable steering of one beam in XY
space, while the other beam is fixed, as illustrated in Figure 18, in which the fixed
mirror 762 in one beam path has been replaced with a dynamically adjustable XY
beam steering mechanism 764, capable of steering the beam in both the X and Y
directions, and a relay lens 770. In that case, one laser pulse, shown as the solid

line, travels to the work surface 740 through a fixed optics path, while the second
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laser spot may be translated by a desired location in the XY plane of the
workpiece 740. Second, one can provide steering of both beams
independently in XY space, as shown in Figure 19, which depicts XY
beam steering mechanisms 764 in both optical paths. This potentially

Iase@ff9m§é1, PeyiRReass dealdyiaegavne sroahediabiftarpf ﬁ@ﬂ@@émﬂé’&n steering
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a Y beam steering mechanism 768 in the other optical path. Beam

optichh HAlESmddHS MEHREHR IR, RO HpaFR R ke oSS saaller shifts of

eacheseasiesinaotechphisms Tadbareffyeferdly exalindied Hya goniral separation
archit%cture( uch as.the one illustrated in Fi%re 17&.&)0&0
[

30] In .
betweaib e MARRAE R FRY 8 ettt fadngSARL A8 é@ﬁ]e%@/ Qply 20 um'in
diffef@Bt YTasHs.FigHesidB-gnifie relauliens Todsioptetl.disteriay &b improved

770 works in conjunction with a beam-steering mechanism to adjust th
focuS Rl SR GHAHEY 1a bRV GeaRe SRR IRR MR BEAMY SR A BCIOR A the other

beaf?inaindeysamstont- dhehdilfirrenFipotd @ationziefdbpitie oL asedim steering
he wafe Q are attributable to the be different angles of incjden

meqRE I (4eRa TeRe AP IO R e RS AMSIER NG, DTSRI 1dog in the
otherasigtappans nBaaacaiccmanyraaranfnexanedasdmneeapoipsyp@gation paths

depicted in Figure 21 is an alternate _configuration prqviding XY steering
(¢ ot Bk BRAM MERHR WG A Be AR e RGISRaNaGaRT QR fe control
archarsies(Bg ddeanpnethanisted bRigatker han one with a relay optic

770, results in a system similar to the system depicted in Figure 18.

[00132] Another implementation of the two-spot system 800 is illustrated

[00180Figure [A2imyiehehietisres psafplogihgnabbdumestéedngatee cetaisim 764, 766,
or T R L oo G et SR R e 77
work#h whigbrodyrnchvdthge Beamisteering mechanism to adjust the trajectory of the
laser beam such that both beams strike the final mirror 725 at the same spot. The
different spot locations of the two beams on the wafer 740 are attributable to the
beams’ different angles of incidence into the focus lens 730.

[00131] Physical implementations of each of these configurations may occur
many ways. For example, a two-spot system depicted in Figure 21 is an alternate
configuration providing XY steering of one beam relative to the other beam. That
implementation, which uses two steering XY beam mechanisms 764 rather than one
with a relay optic 770, results in a system similar to the system depicted in Figure 18.

[00132] Another implementation of the two-spot system 800 is illustrated in
Figure 22, which shows a preferred embodiment in greater detail. In that
embodiment, the output beam of the laser 720 is preferably linearly polarized. The

beam goes through beam forming and collimating optics 722, which may change the
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beam size and more importantly produce a collimated beam, before
reaching a half- wave plate 724 and a beam splitter 745. The beam splitter
745 is preferably a polarizer that splits the beam into two separate and
orthogonally linearly polarized components A and B. Depending on the

beaffgitanah@rinbiatigipelieigRiieayisetd bWikrlfatayeptntecfdld teadhliy a half-

of power_in beams A and B can be ad]

adjusted continuously while the total
wavgoRlaiq s @%@sﬁ?ﬁmvew%r@é& FIMexReRIR, SRAILRE #42 dashigferably a

poldfizéogihtiepltedneis-en thedWeik sepacadidrolicrlgBitamptimeafly polarized
angle of the half-wave plate 724 can be adjusted such that the tw 5)

0 spots
COMBRRNL S orR: B RGN MBS SRiRTRRIESHAURBR HeRPHGafs of the
half thearohlHtebetveemitherfitie kerapaashsin aedBs[00133HBBAaA Ak Ohdjusted

the splitter 745 then goes through a switch 750, which is preferably a fast
CO”WW‘HEU%%&%%%W%M pneitRs YRS BLRRNVERitchiRg example,
whe$§¢le§ @l@&iﬁ?@qna&_rb@ﬂﬁg@{lﬁ@dﬁéal o Msbﬁ;lm&éan?ﬁn%lgwl\ﬁ@té ?é)_tlc_itr‘éiglwa), the optic

. may be em immedjate ore an er the o facilitate

s G0 DU TR IR 2 PR DAL UM usgets on the
workasisiiten e gecthas imelestinepptie spagulataatibRMircandeower throughput

employed. Obviously, the switch 750 can be omitted if independent
betv&%ﬁﬂﬁ%ﬁ% %r%galﬁ;@ ié F?E'fpo%sired, in which case both beams will be

switched on or off at the same time. [00134] Continuing down the optical
h A, beam size control optics. 75 n, be employed to change th L
100 BBl B RS T RE G A A GRe R OHSL A Z0, which is
pref%pigieibﬂosﬁ?clﬁngﬁdﬁei@pﬁggl‘ﬂmsmahleg@mn ueane&ﬁhﬁgn?ﬁrthﬁ desired
..(ZBE) can be implemented to vary outpyt beam size and therefore the
SwithfEI SR oL e GO UL ORI RS, RN ab S dpshown)
mayche kensioyddyeshdepiansling sioibe ddsifest shet AT sityfpuiitet@ndisitte beam
._[00139] In this embodjment, itable beam splittey 754 can be employe
Sizey 05} LIRS, SO e o8 TAT el PG (R MRS ACh as an
eleckroroptignmpteiuiatbe ([BONENt aatbe @ ppliyed! bioiddyt theaswitah BE0 can be
omitﬁlﬁv tﬂg?(ss,%gaébé%'ﬁﬁﬁf@?&ﬁﬂéj&%%&%ﬁ? risfhr?ortngggll%g?i%nv%hich case both

beams will be switched on or off at the same time.

Q

[00134] Continuing down the optical path A, beam size control optics 752 can
be employed to change the beam size such that the desired focused spot size is
produced at the workpiece 740. For example, a programmable zoom beam
expander (ZBE) can be implemented to vary the output beam size and therefore the
final spot size at the work surface. Alternatively, other beam forming optics can be

employed depending on the desired spot intensity profile and size.

[00135] In this embodiment, a suitable beam splitter 754 can be employed
before or after the collimating optics 722 for power monitoring purposes. For
example, in the incident path, a portion of the incident beam can be diverted to an
incident detector 756 to monitor the magnitude and fluctuations in the energy of the

laser pulses.
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42 [00136] Optical signals reflecting off the features on the workpiece 740
can travel backwards along optical paths of the system. Beam splitter 754
can direct the reflected optical signals into reflected detector 758 for
monitoring. Reflected and incident optical power levels are useful in

[00 1B¥PratingIhecRPiiihe Hedideaneedsnak fearfRIRIA. PUi@&piece 740 can

alignment process, the focused spots are scanned over alignment marks

travelDaekWarK'S @'Rie OREARRAINSo NP R F¥RIGRd HREaHDS s(rérfentgirect the

refleRfedissstitaraignale theopasidercef hasnet rekgivertonbrivaRgRieReflected and
740. [00137] In the implementation depicted in Figure 22, the polarizing

INCidecQRIGHOMESIGHIS AEALTEH LI FRIGGIHS PRFICH LNsalgetped spot,
for SxampRositopaiy Bhusligimieiegionssyodusaddstie spdteni-begtarhed over

to travel back up the solid beam path B. Likewise, the reflection from the

AligRRARInBILS (P4th BEWilVRLYPBEERUp tHASUEEIRE BAWR p NS TR position

medSstdindnte eessiutabtbalisiestek aralen‘oprréesisst rsatedfo the workpiece
operation when comparing incident and reflected signals is to use

740getectors coupled to opposite beam paths. Such comparisons may be
useful for calibration and measurement purposes, such as determining

o0 o e PSR cavo

the is‘ogmblaamfmediﬁﬁ ﬂfesifﬁﬁrd?@mewh@miﬁﬁa%%aakQ?tf@%ﬁ@o@wm. Thus
spot location on the work surface., This is preferably a fast steering mirrqr

the e OSSRt BB Kol BeATE chs LAVl PG it agesold beam

patfﬁ%%iﬁbﬁtﬁéﬁmmghmbmf&)mrmmwem w@m?@ﬁarl?(vﬂﬂingébback up the
can be employed, each scanning in one direction only, The ,one-mirror,

dasi) RS Balfsforr S dES Ao L e S preferred

modxes e éhetiveawhvhity mpiriamingidcsiatoaryfienter sifrefrtivnatdle detectors
near the mirror center. Alternatiyely, other scanning devices, su S . .

coufBa A0 DO BB BT ol o HOTEA TARBe RN DERPLdor calibration

andspeadar¢dfdiaA inpeseiiy Wiatio s wishermuiltiplg tearniag)hearpeopastsr of optical

spollISHAD R SHRIRRURR 105,13 1 denlgiis,o piace all beams ator

[00138] The next major component in the beam path A is a beam scanning or
steering mechanism 760 that controls the focused spot location on the work surface.
This is preferably a fast steering mirror that can move the spot in both X and Y
directions on the work surface, although two scanning mirrors arranged in an
orthogonal configuration can be employed, each scanning in one direction only. The
one-mirror approach is preferred because it can produce angular changes in both
axes of the beam while maintaining a stationary center of rotation at or near the
mirror center. Alternatively, other scanning devices, such as AOMs, can be used for

relatively small scan ranges but at high scan speeds.

[00139] In configurations with multiple scanning beams passing through a
single focusing lens 730, it is desirable to place all beams at or near the center of the
entrance pupil of the focusing lens 730 throughout the scanning range for optimum

focused spot quality. This is especially true for focusing lenses of high numerical
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entrance pupil of the focusing lens 730 throughout the scanning range for
optimum focused spot quality. This is especially true for focusing lenses
of high numerical 43 aperture (NA) and with input beam sizes that nearly
fill the entrance pupil, as commonly encountered in link processing

apeRYSEEMSAYItAfP ol B aR B0t BEadessizaanthiar Axampla)l thikee dmemte pupil, as
beam wavelength. A common attribute of these hla‘SSNA lenses is that the

comgnani @NGaHMTE R MdinkipERESHRIHS IRREW sk igas IRt Aisoless than,
or éXRASEHDIenteditiptsigadibakthelRgan sgannindceprmmenettablite of these high

therefore advantageous to use relay lenses 770 that can re%roduce the

NA lenseints dafidrornuadeaifd L dRARIGIE38nISniEsh e WAL LTS very
dlffl(ﬂMp”Ff-H@ﬂ l’ﬁ‘iébs!ﬁﬁhé77(9m\/bﬁi?sméwcamﬂf@%éwﬁl@@ﬂmﬁ@&iﬁm@ﬁ@mts. It is

ositioned between the steering mechanism 760 and the beam

ther@ iRV 2BEBAHR IR AHRCPERIOIRGTT HO 3] AT PRIOHGsthe scanning

angRefformazes, assthﬁtcgmﬁhﬁfghﬁémmIrmrasm@@kma@@q@@@nat thee relay
nter oft e entrancegb%sof tﬁeﬂﬁelaﬁ en 770 while the ex
f R SRS SR

it of
lensy i ol PIERSTA IS (oOsREdehetween the
stee?ﬁ@ WEbh ks i raegednenth &b reane Ged e MQi@mﬁﬁ@ﬂ@%@UplP@%thQnmg of
73 remal s substantially stationary pver scan, there
the (RIS LGNS BB AL, SR AL e ARG T Star should be
Iocawé@f W%dﬂ%l@ﬁﬁ@@ﬂmm%@mcﬁriﬂﬂyﬁifhmemg, @il &/ ?Iﬁ)algxr[ pupil of
e collimation, eam through, the lens be res rve
the (R S ad G RIS M s B DG R e R DO e With
this mgiage;aﬁm ttlhém@@m@lom@rf%mm TW@@@L@%@%WM@H@S 730
utput of the re s.770. However, wit erent de the out
rom e SR SIEHG A LSSl PR pal BB hghpotndm bearn
quamrtﬁstperfdmmi@Mem@uglﬁouhtleer@aaﬁmmthe deswed colllmauon.

For example, doubling the beam size out of the relay lens 770 is likely to
half the output beam angle. This arrangement may be useful in certain

[OomnpmstaAth@redétsimd@imbt@etweﬂumthelayaemqleoaisgmatnlme state of
ol G B B AR S B P hpament
the dlemscairengmdirtoe magnitude of the beam angle relative to the optical axis
remain unchanged between the input and output of the relay lens 770. However,
with a different design, the output beam from the relay lens 770 can have a different
beam size and correspondingly different angle while maintaining the desired
collimation. For example, doubling the beam size out of the relay lens 770 is likely to
half the output beam angle. This arrangement may be useful in certain circumstance
when it is desirable to reduce the scan angle range at the focusing lens 730 to
enhance the positioning sensitivity of the spot on the work surface.

[00141] The relay lens 770 can be replaced by the addition of a scanning mirror
or mirrors to the aforementioned optical train. With a minimum of two independent
scan mirrors and by suitable manipulations of scan angles, it is possible to produce a
scanning beam that is stationary at the entrance pupil of the focusing objective and
with varying desired scan angles, thereby optimizing the spot quality throughout the

scan range. The disadvantage of such an arrangement is that the total mirror scan
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or mirrors to the aforementioned optical train. With a minimum of two
independent scan mirrors and by suitable manipulations of scan angles, it
is possible to produce a scanning beam that is stationary at the entrance
pupil of the focusing objective and with varying desired scan angles,

anglbsreky QRiETHzinthhesPRiteal Wit ipeohady thesSeardanss. ddif be a factor in

disadvantage of such an arrangement is that the total mirror scan 44
fast-$¢g/eainge @hf@ﬁﬂl%%bﬁ%ﬁ%%@&'ﬁmﬁ HBSEAP fePAR RIS Uit a
factor in fast-scanning, high-resolution mechanisms where the scan
moé@fe is limited. [00142] For the second beam path B out of the beam

it

er 7450tHEBSREANE AT ABH AR KhR b S UpRRAM AN IEIifP ulfie optical

trairfOdb® PeASh RO BRI/ G fsiaaeRBNdRmilawiighing ane seéamingdmbiner 765 if
desired. Optionally, a half-wave plate 724 mayﬁﬁtli (énr?gloyed if necessary

independerics e RgiRhSRAVURN' S BBRIFRSs. | Wiefrdiplf-wave plate 724
maﬁbﬁ)@ﬁim@lﬁd:ﬂﬁr@dﬁ’é_ _ mamﬁﬁé@bu'b%lgw@@éé?ﬁéé por l‘ﬂthhWW‘prop?]rties. In the
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Pt TR EE 00 G BRGSO BB RS A AR e rtnogonal
poldeRaticd @irédumm ﬁh}?ibl W%lsp&cﬁlm_ ii@ﬁ&ﬂ%@ﬁ%dmwmtﬂdfmltﬁﬁ seaput beams
mirrors are adjusted for overlapping spots on e w surrace. € pea
Nt 8 Ol S B L TP E S B SR NS BN STl the same
Iocaﬂ@i&rﬁﬁ,dlﬁé?]tm‘m?ﬁégﬁfﬁ@@wﬁ?ww_@wilﬁ@%Ql@mghl' eﬂ@rrtml Eaﬁ_ﬁih‘g spots on
arrgngement t advantage o a wer loss, althou itIs .
the BTl B BF B LA Ao, 28 It 2RI eugube polarizer or
a thﬁieﬂmﬁnma@eh rmaprzl%rjzmwn @r?nﬁiﬁhefeliﬁemmmwk?@tml esbifieeg. elements.
. Moreover, the jnput beams tq the combiner 765 m e nop-linearly, -
This LSO Ko AOVE DAde LT A AR ORS AN s gnvisioned
that 7@bethbenitratorirndire dachedsedlfimtnivardptiedbelsntenss/ 30.nBrepolarization
lrror 725 may optionally be a s i mir'{é)r or an Figl, inseréeg into

Sengy g RN T Yot PP iR o he MBFERY 8 st PG Deams to- the
compiataraBly plaged aicheiestranpelptipd@f the focusing lens 730, again for

optimal focusing. This scanning mirror may be used for beam positioning

error correction that is associated with the motion stages or other
[001ABjitioning feerotheobecassTive scabingd iy dhelseamaycbenbiest #58nthe mirror
725%%8%“%% beams toward the focus lens 730. The mirror 725 may optionally be
a scanning mirror or an FSM, inserted into the optical train for additional scanning.
The center of scanning is preferably placed at the entrance pupil of the focusing lens
730, again for optimal focusing. This scanning mirror may be used for beam
positioning error correction that is associated with the motion stages or other
positioning error sources. This scanning mirror also may be used as an alternative
beam positioning device to one of the beam steering mechanisms 760 for beams A
or B. In that arrangement, the beam steering mechanism 760 of beam B may be
eliminated, for example, and the motion of the scanning mechanism 760 of beam A
in conjunction with the motion of the mirror 725 produces the desired spot positions

at the work surface 740.

[00144] In most link processing applications, it is desirable to have focused

spots of nearly identical size and intensity profile. By measuring the size of each

45



beam positioning device to one of the beam steering mechanisms 760 for
beams A or B. In that arrangement, the beam steering mechanism 760 of
beam B may be eliminated, for example, and the motion of the scanning
mechanism 760 of beam A in conjunction with the motion of the mirror

spot78|500%1{l:‘§1‘ﬂ$gmﬁéj§éﬁﬁﬁ§E@tdﬁ?ﬁmfb'§)t@fsﬂ7§2V©flﬂ$é“’tf@§%ééﬂﬁ He4kpots of

In most link processing applications, it is desirable to have focused spots

neagy nideRiIcRn &R sPRNaRPinEERRI8 brofiftle) e NuriHP VS - DeRBsc1Fan  be
recothtinet aaflardimetinghifthbsansrige £opyiakplican®2eé the pmeeRrMBeam sent

aths, spots of nearly identical size can be created. Alternatively, the two

p h
throygh e ORe DRABAIRKPaHE! BRIISRRGIREELLIRY A SRRz & SREARE time. The

use cemetachbpamesgnt dirugthe@NBpiceeanbsike eAsLA onlissdefiarlsy identical
they are split a second time. The use of common beam size control optics

foc QSR NS OKRI4IBG8entical focused spots at the work surface.
[00145] Intensity profile(s) can be controlled by the adjustment of

half-wave, plate 724, through drive signals delivered to optjcal switche
1008 o S Mo L D SRS P B oA LT Ah Bh gpalt-wave
platén7Z2Mukrhesinosveieigniis ay iepdietadiavaloseiicHes 2se, dt reoh the use

focus simultanequsly and exactly on the same plane (parfocality property)
of OQE'OWTI?@BH{H%%(%W%M'B?tﬂB%('&ﬁjective lens 730. Despite substantial

similarity in the optical paths, normal tolerances in the optical components

prevent perfect parfocality. It is therefore desjrable to introduce focus

100148} o1 o B - BRA oS XRIE Bt el iR RS DR FRe G dgenave all
beasanfbeuywited i iee ietpa o @xiiety banbe dafineptaedqpakideaktylpwperty) at

also possible to integrate this focus contrgl function. into the beam size . .
O NGRS SNRLEIRRC B U PRSI (208D elEBlI SHESaRLanfarity in the
optickffesarisontbgumalti osle@nd csn e then@biderd afomptiplenspansysterosere perfect

ossjble. Variations can, arise with different sical implementati .
partBEaTs KLk BISTE O f A N B s S L Otk o in each of
the optigaineniscizey] Glthishghreodisavfstiassisn geaeatss detatiled if the focus from that
branch defines the focal plane. It is also possible to integrate this focus control
function into the beam size control optics 752.

[00147] As the preceding examples illustrate, many different configurations and
implementations of multiple-spot systems are possible. Variations can arise with
different physical implementations such as bulk optic or fiber optic implementations,
the types of optical components used (which are discussed in greater detail in
another part of this document), the ordering of optical components, the number of
laser pulse sources, and the desired configuration. Those skilled in the art will
readily appreciate that a multitude of optical configurations can result in two-spot and

multiple-spot laser processing systems.

[00148] A wide variety of optical components can be used to implement
multiple spot laser processing systems. Described herein are many bulk optic
component choices from which these systems can be constructed. Other options

will be evident to those skilled in the art. The primary components pertinent to this
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another part of this document), the ordering of optical components, the
number of laser pulse sources, and the desired configuration. Those
skilled in the art will readily appreciate that a multitude of optical
configurations can result in two-spot and multiple-spot laser processing

invePRIBFe [A3EA8hLAradde MasrsplivtticabcamrMRINESao REISY@Hrators, and

implement multiple spot laser processing systems. Described herein are
beap HPHL% PRS- component choices from which these systems can be
constructed. Other options will be evident to those skilled in the art. The
rimary components pertinent to this 46 invention are laser sources,
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roperties in multi- beam laser processing may favorably imProve the
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S . es may || ol S .
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.. VIQronic lasants sucn as alexandarite . , an r.Ll .
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wavBRsneniowpRlesiothe s@raugirshmuelide aunwasassofeniaeisr wavelengths
harmonic conversion. [00150] These laser sources may further include
thropaf e s TR PIBERSS AL RNLRRET LASFROBR oIV es ik

mode-locked Nd:YVO4 lasers capable of producing pulsed picosecond
r output. Mode-locked solid state lasers may inclyde

100185 ror S sl At SHHIRRS: T JURTETo M GIHEE: Siecarpymped mode-locked
solig¢osfigardtisnss, ThefunsgmeESAVAveletgiocksguiNg VE¢eR ldssessnasipable of

e converted to harmonic ,wavelengths thr the well-known process of
Proqh Ao FaFnBESE e HE 2 il SHRRELOSKEF AR Tochle Tasers may
inclurhérpedifails e eyt cativien dmspliftysterd otilbeorgeoweatamiffier configurations.

femtosecond (fs) laser qutput or may, alternatively include other puls .
The BT A Bk BOLo A AL OT PR RORRETS (kPR PRI L FipLe, Brmonic
wavelengths through the well-known process of nonlinear harmonic conversion. The
laser sources may also include chirped pulse amplification laser systems for the
generation of femtosecond (fs) laser output or may alternatively include other pulse
stretching and compression optics well-known to the art for the purpose of
generating pulsed femtosecond laser output.

[00151] These laser sources may further include pulsed rare earth-doped solid
core fiber lasers and pulsed rare-earth-doped photonic crystal fiber lasers. Pulsed
rare-earth-doped fiber lasers may include g-switched and oscillator-amplifier
configurations. Further, a wide variety of oscillators may be employed, including
broad area semiconductor lasers, single-frequency semiconductor lasers, light
emitting diodes, g-switched solid state lasers, and fiber lasers. The fundamental
wavelength output of these lasers may be converted to harmonic wavelengths

through the well-known process of nonlinear harmonic conversion.
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generating pulsed femtosecond laser output. [00151] These laser sources
may further include pulsed rare earth-doped solid core fiber lasers and
pulsed rare-earth-doped photonic crystal fiber lasers. Pulsed
rare-earth-doped fiber lasers may include g-switched and

[00 152 llator-apitideia casbe WalRRS MmdffHarfewidelvaselyRicereiliersiasers, gas
may be emploﬁyed, including broad area semiconductor lasers,

laseg dnclhdieetQe i asanlidtst 1a8ers; AgACERMEIJaRBERs, g-switched
solid state lasers, and fiber lasers. The fundamental wavelength output of
these lasers may be converted to harmonic wavelengths through the
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can Astlipesal GreE bSO Hise BBy d iRy neldt e 36 npisondlsdet|agersulipBeam laser
lasers, including CO2 and argon-ion lasers, and excimer lasers. [00153] A
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this writin )ependin the laser sources employed, the pulse ape,
SR R e e A
wavelength may be tunable or selectable. _[00154] Laser sources with
100 B o B e S Gr A UAE FReioR P R 2R, drsirable for
mulﬁobwdﬁm@wu@dtmsedhsaéimf.d\dww f&awmenmwml )‘rs]:@ruritlia}kd delivered
rocessing, systems can pro e agdequate ener er se lor . .
to i IRI8 HKRIBRE IRRERGIs AR FreihmHp S SFRRGYRT it grocessing
systetnctose fpaddiecsizase (RRIo Gty fpst Iatase, Yohichudelxeimuimglensentations
ulses in rapid.successjon to. process a link, are also applicable to
due,io i1, 8R1F RIS FBEBKAAE T ISR I (RARLSOAER ke any

other laser source, the generating and blocking of pulses in a system

oo B R0 SR B R R A ssin

procesapliek, are also applicable to multi-beam laser processing. In addition to use
in the system like any other laser source, the generating and blocking of pulses in a
system employing an ultra fast laser can be coordinated to allow different pulse
sequences to be delivered down each of the multiple beam paths. For example,
more or fewer pulses may be permitted to pass down one of the beam paths for
delivery to a link. Pulses may also be delivered in bursts or delivered alternating
down the different beam paths. An offset or adjustment in the laser spot location
relative to the workpiece in one or more of the multiple beam paths can also be
created by allowing a temporally different set of laser pulses to reach the target links.

[00156] Beam splitters may be bulk optics such as polarizing beam splitter
cubes or partially reflecting mirrors. AOMs, EOMs, and switchable LCD polarizers
may also be configured and driven to perform beam splitting. Alternatively, fiber
optic couplers may serve as the beam splitter in fiber-optic implementations.
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more or fewer pulses may be permitted to pass down one of the beam
paths for delivery to a link. Pulses may also be delivered in bursts or
delivered alternating down the different beam paths. An offset or
adjustment in the laser spot location relative to the workpiece in one or

[00187]e of theghedirierapantht o canmsmmbebeErntetboxBIPWINGes to propagate
temporally different_set of laser pulses to reach the target links. !00156

to tBeaWoLkIigEFiasRy B bk BRLLLSER A0 FHRRZinG B » Ripelee! cells,
switehasidialCBflgssiae 281 0r $n AEPMISicEO Msu Bkt swalshakins-Chigh-speed  beam

polarizers may also _be configured and driven to perform beam splitting.
deflaHara sHRNASiISEHRETNE PRers may serve as the beam splitter in

fiber-optic implementations. 48 [00157] Optical components for switching

beams to allow pulses, to propagate to the work surface 740 or be ,
(00148l ked iRRATB: ASRHIE SRS RNRICARE JRIERDIIN ABpoiassed rotation

gen8rgehaniadeshditarsl pstdtalsPiniicePsrRE hegibeie IS Bd§htRS actuated with
steering mirrors. 00158{,Bea steerin ,mechaniﬁms aregrép)ically in the

PiezagleckiGotificho SHGrsCIAELRSIIELY FotQfoRLNREI AEL 0T g ARlYBROMeEters,
tilt mﬂgr?gy bﬂdicélmai?gl Pﬂhﬂi&ﬁi@@lﬁlﬂ@?@s Q*ﬁi?tmmagél@tifallﬂh‘rfﬁtioﬂ’i@cwegory of

r other actuators, Galvanometers, tilt wedges, and arrays o .
meqRRGHIRABSIRIP61C Stso PN ERHEAL BB Bt RRCHARICIFBegRical beams
inclutsdl acons. SHBEFORtE:al elements that can steer optical beams include

AOMs and EOMs. [00159] For some applications, it may be possible to
implement multi-beam laser systems with fixed beam steering

[00 188 hanisFsr irsierd g pieticerpangive)ihdnpaksibimaniapfdxeshormulti-beam
manually adjustable optics can be used tqQ configure a, lin ocessin )

lasel, SRS S e B e A e e e, st S R rsapgsive to
inputhabmaiahes.linkispaaings anupditicdiasradlspigstes h Bechstystmsonfigure a
. would benefit from having some fix aths that are used on X-axis link .

Ik S G 1B B UM OGBS SPOLS 150 LB avifative position
spaeisgptimenhafordditionalspeaingsternganitetamaobigpiecksieton tiguch systems
wougcg}‘:an'é’fﬁt?%nﬁ"Wé'%a"é’é%ed'IF%%”&%%E%“%”&% Mav ke yssd o ditterent 1ins and

other fixed paths used for Y-axis link runs.

[00160] A wide assortment of additional beam-altering optics may be included
in the optical paths. Similar and/or different elements may be used in different beam
paths. These additional optic elements may include polarizers, polarization
modifiers, faraday isolators, spatial beam profile modifiers, temporal beam profile
modifiers, frequency shifters, frequency-multiplying optics, attenuators, pulse
amplifiers, mode-selecting optics, beam expanders, lenses, and relay lenses.
Additional optic elements may also include delay lines that can consist of extra
optical path distance, folded optical paths, and fiber-optic delay lines.

[00161] In the case of the full overlap configuration 570 or the partial overlap
configuration 580 (Figure 5), the implementation can be simplified. For example,
Figures 23 and 24 are diagrams of systems 900A and 900B, respectively, producing

the partial overlap configuration 580 of two laser spots. The system 900A comprises
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paths. These additional optic elements may include polarizers,
polarization modifiers, faraday isolators, spatial beam profile modifiers,
temporal beam profile modifiers, frequency shifters, frequency-multiplying
optics, attenuators, pulse amplifiers, mode-selecting optics, beam

a laSEPFRderrolRNSAG, AMssE delanseavinylditil PG aleaeHatpasalgfough an

include eI}gSY lines that can consist of extra optical path distance, folded

X-a 3 ihGafed hd Bee AMudRs, 1RRd 98858 113R PRIRSeAANBGA Workpiece

7400 VERBIXCOXEINGIIONEA 7 ot hRd Ritial @éeiiain Slellig Ll inpBR (e Wd beams
direg@g'e implementation can be simplified. For example, Figures 23 and

24
i Gilerent SjeeinBeainhahodomRpetRNs ABMdA des the same
alorigpttal vvaxiap cRIisuGAtigHRBlyObKP drRe LSRR ATIRISYEe A R80783 would be

_comprises 49 a laser 720 producing a laser beam _having a series of )
actiyR@ §@|‘¥?Bat§§'%('%|9éﬁea 3)&%%%@3% G AN gbﬂﬁ%@ &3ying both in
seri@ft?mmzth@f@ﬁmcwwtw%@jﬁc@ o?ﬂ%nﬁ@%éﬂéﬁ_a?gs%@%gﬁﬂiﬁﬁﬁection in

. the las e Incigent at its input into two beams djrected In different
eith R B eon T TSI HORPLL PR P toRos o Lo Z40.  In
plac¥é Qkimémgmiéﬁwmymzs thtﬁmMYﬂmY%gTﬂ@%ﬁw@érbbe used. In

Ccu given e igure shows the Y-axis active),
the AN B AT es SRS TSl BBoA: S B T AhEs g pon the
chateo@hetiss dyieciioraiioeithedibacy o(RF Xcdiigeliopighhiouhbavirmion).  More

ition th kpi 740. | | f the AOMs 761 and 763 .
speglfallte e SBIRERE G8Y B WP B DSeR G OB R SR 76 1% stion of the

freqﬂ@wgyoofetﬁesm?tbrgmp autﬂnlilhbealﬁi@ dﬁ@ﬁ@tbﬁ;&mimthﬁemémﬁ?lﬁtiﬁ%%s is a

radig frequenc F) cantrol signal {(not shown). More specifically, the

tun g G R oMk e B el Ao BEL FRALEN FLBLBIERA Y VArioS between

zerdrendeney. oAtharRbpsignat, ’nallsbepwsisiadé eodrgiesléndhtetap eletpeht 731, such
beams is . a function of the power of the RF signal. That energy rati .

as o TN S BOAFLEN, SR DEAT CRIANS T BlaiEInGt e aTLa o dag,ptics 735

includensletethingionscle frealtfdddsisgclerasantiehalptie oo stoaitieyl @ements are

d beam relative to the other. Finally, the optics 735 include such things as a
SR focusing lens and whatever other optical elements are desired.

[00162] The system 900B is an alternative implementation to produce two
partially overlapping beam spots. The system 900B includes a wave plate 725 and a
beam splitter 745, which splits a laser beam into two beams, which pass through
respective diffractive elements 767 and 769. The diffractive element 767 splits the
laser beam at its input into two beams directed in different directions along the
X-axis, while the diffractive element 769 does similarly along the Y axis. Like the
X-axis AOM 761 and the Y-axis AOM 763 in the system 900A, the birefrigent
elements 767 and 769 provide flexibility to handle links extending in either the X or
the Y direction. The outputs of the diffractive elements pass through a combiner 765

and optics 735 to reach the workpiece 740.

[00163] Multiple laser sources may be used with multiple spot laser systems for
greater flexibility and performance in the processing of laser links. Different

configurations offer different advantages. For example, Figure 25 shows one
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[00162] The system 900B is an alternative implementation to produce two
partially overlapping beam spots. The system 900B includes a wave plate
725 and a beam splitter 745, which splits a laser beam into two beams,
which pass through respective diffractive elements 767 and 769. The

conﬁ@iﬁr@@@f? Q{ﬁiﬂﬂ@t ﬁﬁﬂtﬁﬂ@ﬂé@@réa?%bﬁaﬁh@t TsonpUbIntiestvig PRANTER2, beam
directed in different directions alonlg the X-axis, while the diffractive

combitR AL 3680 SHEABAYTIIEAG fré -y MkRNE IogR: ok SRRIgiSM g multi-laser

confg\eh&tiery -axis AMiZed itthpaysies 49 efteethicelrigent relostgbls fae. By
and 769 provide flexibility to handle links extending in either the X or the

compigiRgtBR. THAREIRSET Meadif IR EeRAAAOPIRY tReRPhad sequentially
trigRATGiNRE 185 M QRIS [Fnr a6 Putbesvenkpisieschidl. SO petition rate is

Multiple laser sources may be used with multiple spot laser systems for

increasser AsISAHGNE AR REHIOR SR fagd Miniout any increase
in tHaiffeprntticantgesadpiscolifRidiieierisadyapiaseplopetiesnate. fresseved. The

25 shows one 50 configuration utjlizing multiple lasers 720-1 and 720-2, a |
puist; ShaeoPH e Wil REFHIHSS DS O ARLBLSR SARY S0 Al Giemaintained.
Increiisgotrapesgie ndbetifiinti rase byc eitfighgaopicgle badiseditaintggeasgte would

. the effective laser repetition rate. B mbining the multiple laser heads .
InCr s B WP LRI A <BALARE PG, ENF e ASeTeakagle of this

techpfiesatevpuisasine séiecting Rseserpriitinsarate isuissreasedp&iatedhe 80 kHz
. he}lfgé:tive laser. reEetition rate is in%ﬁ%ﬂed without any increase in the
with, 06 SRGIPraRICBY RNRRREHGRIAS T 6&?3??[)roperties are preserved.

The pulse shape, pulse width, peak pulse height, and pulse energy can
| be maintained.  Increasing the laser repetition rate by driving a single
100 TRAT7 2t 2 PGIHRISIGIR FHOSILE BB N i SR8 B e Some o all
of theulseernerg- Asrah 226U gienaltthie degsipraaidehsve Hekbzipseutses wmbined
used to create li|88_§t ain operating at 80 kHz with the same optical

to in&rgﬁlgﬁi CRVA! Y&8ef! ﬁf@i’&] A multiple-laser configuration may

also be operated to fire some or all of the lasers 720-1 and 720-2
imultanequsl| nger ave their putput pulses combined to increase the .
[Ooﬁéﬁfable &J@ZJ@H g§§er conf?guratlgn may argo be opera eda f:'o create optical
pulses with different optical properties that can be fired simultaneously or with small
time delays for temporal pulse shaping. For example, pulses from a laser with a fast
rise time may be combined with pulses from a laser with a long pulse width to create

combined pulses that have a fast rise time and long pulse width.

[00166] Lasers of different wavelengths can also be combined in a similar
manner.  Multi-beam pulse shaping techniques previously described in this
document can also be applied to these lasers to further tailor the input pulse train to
a multi- or a single-beam link processing system. For example, a system equipped
with lasers of IR and UV wavelengths could selectively use a pulse from either laser
source to process links. Alternatively, the different laser heads could deliver pulses
with different temporal shapes.

[00167] Combining continuous wave and pulsed lasers offers additional

advantage in link processing systems. If the two beams overlap or have a known
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[00165] A multiple-laser configuration may also be operated to create
optical pulses with different optical properties that can be fired
simultaneously or with small time delays for temporal pulse shaping. For
example, pulses from a laser with a fast rise time may be combined with

diffePeiRes fFPmbeusesr Yt adeatoridlse WgHtiHusRARaceMAled Elpese used for
that have a fast rise time and long pulse width. [00166] Lasers of different

aligRmeaiAyHARrAYRB BRLErRISE IRSeEimAd LA ARE AiRkieeRPSiag. Such
an dfanieereshoiekeraiRibgdesciierhtl thist 8eonian ¢awalad|BSer is better

_applied to these lasers tg further tailor the input pulse train to a multi- or a
suiteth e AN BRsbealNG LR BREFHSCH ARV S PRARL MR iable than a

typiddtlasessi@&dR and UV wavelengths could selectively use a pulse from
either laser source to process links. Alternatively, the different laser
heads could deliver pulses with different temporal shapes. [00167]

[001e8NbininyoaiiBUassMREIBNE HUIsed lasensordiesnasditiorat thﬁre are one or
or nave a

advantage in link processing systems. If the two beams overla
MO GaF BE RIS, RRITSAL B ol ORI SRR R CORVIALG may be
repeafddlia ased taslcapomsrtandscalibtaipsfuttfadussaddssesprhbe a separate
used for IinkB%rocessing. uch aqba}lrﬁ%\,nﬁement can take advantage of the
laser;0f ifge’s BALRRYILRYEEBI WG U RIREER? WisPment and

calibration because it is always on and more stable than a typical pulsed

100188T0ne of WACHETEEHS GEACHEE-AE QAo P o P IAUEBL A AL cpots and

margondgeratieadsay Benirperigctdr dinkuliiespmgysieesicizdnabeadiicially be
'ocused laser spot has a separ laser qr lasers that grovi ulses with

con{G R DIt A ARSI PEL T A e dIRa i IO o b BT ains and K

focugeadalzeshotsnamespdls Mndnohnyragaeheasigresoricoaduetegliakio one.
processing systems can beneficially be configured using an arrangement

of M laser heads to produce N beam paths and K focused laser spots,
[00170¢re M, As anstd< asd oviegensitirtatessbesn anpgdmbtabdrihe [68i]tvse and/or

... hoted.above, multiple lasers may fire at the same time and/or
dlfferenﬂlmes ?O comBme or aIterr?éIeebe'iween pu?ses. ?ﬂe ?asers may be of the
same or different optical properties. And laser pulse trains may be further divided
and delivered to multiple link structures simultaneously or sequentially.

[00171] Figure 26 depicts an optical system that combines pulse trains from M
input lasers into N output optical beams. That optical system can be created as a

functional unit of a link processing machine.

[00172] Many of these functional optical system groups can be combined into
one link processing system. The inputs to a beam combining optical system may be
either laser heads or the output from another beam combining optical system.
Similarly, the output from these optical subsystems may be delivered to focusing
optics for processing semiconductor links, or may serve as the input to other beam
combining optical subsystems.
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different times to combine or alternate between pulses. The lasers may be
of the same or different optical properties. And laser pulse trains may be
further divided and delivered to multiple link structures simultaneously or
sequentially. [00171] Figure 26 depicts an optical system that combines

[ooTrage trainmBopadViting UirlaskrointaddronBud PRHER Aeamsertiaheetisal through
system can be created as a functional unit of a link processm machinge

Opt'%bﬁﬁfmﬁ%ﬁ}%@?utw&ﬁdl%ﬁ faseah Jrxihjliteale 1&0%%519 optical
pu|s@§0wnﬁQi@@k@d%ﬁﬁféﬁﬁe%yémﬂhﬁcmmg%w@mw@mgbgpf@@ucmg the

system may be either Iaser heads or the output from another beam
”U”Hﬁﬁb% HERHES LeQdined SniRiRg e BuR{BPHBFn%Hgsé‘SEﬁ%%PQ the link run

velosithsystems may be delivered to focusing optics for processing
semiconductor links, or may serve as the input to other beam combining
optical subsystems. 52 [00173] The resulting mesh of laser heads that are

[001‘mqrconnm@mmmm&ah@ypt@mﬁﬂ@dnubw@ taegetilekmbastgreanfigure a

fl lit t tical pul h d d erti d (2
sysi Lo (L st opical pses wih dested pbertes 2 Bl onto he
worutpmuéexdzto DIRAsgs & ﬂﬁylyqbaug IB6EEPSONY Hm/werum |s/aI|@©ityoBé%Jéltb utilize

R IRERE: BeeimFof 0 LB Qe B th Bl AR o i

spadinty theryverkiiecspadh§reugbtia single focus lens 730. However, it is
also possible to utilize multiple focus lenses. These multiple focus lenses

can be arranged with an on-axis spacing, a cross-axis spacing, or both.

[00196175] Multipiel dirfaldbcosUe ey sgsiemarcha weateshvgth wumamuerous lens
ens conflgUﬁiuons The sgstem an contain two or more lenses

the
con 691“5%&98% R I IE/GRRIGRGHE MO0 ERRR S A EN s&ﬁé?;x's of a
link bercemitgoreslong thegulessraxitgemarntink s@atgge;r@rmbee"anggzrb@ﬂtmﬁ@ured in a
ndom arran ent, Itis alsp possible to have an arrangement o
ro EHASHIEIERN3 SIFHRE 0 TS B 0P AT TeRIg gl 1 i also
possidiebie usakfanXaazsisgikennshlmhecdiffierantsyiiast @nfiguration. A subset of
the multiple focus lenses can be used for X-axis link runs and a different subset of
lenses can be used for Y-axis link runs. The above mentioned lens configurations
are a small subset of example configurations. Many other lens arrangements are

possible, each with different advantages.

[00176] Implementing multiple lenses with a cross-axis spacing allows
processing multiple link runs simultaneously. Thus, the number of times that the
wafer must be passed underneath the focusing lenses is divided by the number of
lenses. This can result in a dramatic throughput improvement. Additional
advantages of laterally spaced spots were previously discussed in Section Il and are
applicable to multiple-lens systems.

[00177] Implementing two or more lenses in an on-axis configuration also
provides throughput and hardware advantages. The on-axis spaced spot
advantages previously discussed in Section IV, such as multi-blow, are applicable to

multi-lens systems.
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lenses can be used for Y-axis link runs. The above mentioned lens
configurations are a small subset of example configurations. Many other
lens arrangements are possible, each with different advantages. [00176]
Implementing multiple lenses with a cross-axis spacing allows processing
multiple link runs simultaneously. Thus, the number of times that the
wafer must be passed underneath the focusing lenses is divided b)gs;le

[001/&hber oPRASIRE MRS et APAA AR ARSRidih RS RBR S AdRRKe each

link AdritshsrterdvadagsaarfdricRly soases spaiscdeIspreviauabart will allow the
discussed in Section Il and are applicable to multiple-lens systems.

ProgeBsiAg) ImilenTamiNG o B hitYe THASEOA aFFoRLARRSEIb At Qs Relative

motiiPEQsiteraeiaian prsbBasdwairaadpatagres cehrpfaie Wwakedeseahe wafer
advantaggqsdareviously discussed in Section IV, such as multi-blow, are

diamaiaf divlded by iRrIBHE SR 8HIENE8500178] Spacing multiple lenses

along the axis of link runs can also make each link run shorter. For

xample, two lenses spaced 150 mm gpart will allow the processing a
1005 o WA T RCRR ISR T80 KRG SR bed from the
singlBosisut IESEERRVESEP Araegsmadinine naiubgorerdeurs thesvfaharehorter link
the wafer diaglﬁjt%r divided tf;y@tge number of lenses 5%0179 With this
0

runs, A8 SAg A enakti% b dhe idraKeh&Hes AbADE fiogesiapgs may be
redzase, hawewedl R dretzgéicvil e saddetienais Wisstiugne o phriterlitk potentially

.___runs. An additjonal benefit is that the trave] range of the motion stages
inores §06 ARRIBEE U0 A ST AL R G0 BB BRF footprint. and

potentially increase the acceleration and bandwidth capabilities of the

e. [00180] Due to the size of each focus lens, and the short fqcal ,

100 THT LR o oA e P A AL o1 [elagath used i
typiGgios dressintidgdanassyistemiiwolyidiavehe [dsgaded theorsdar of multiple lens

tinche%ﬁpﬁraﬂon t the workpiece. However, it i rgossible to create a kDI
SYSHDIP BCIRYENR FHEMTHA r&fggésoo%c?%& GRAGLOR Rl Workpiece.
Howeswployingsspakisidienges (ecaiteUY lemsitiplef 2o3uschiess system that produces
overlapping spots. Systems employing smaller lenses (e.g., UV lenses of 2-3 inches
in diameter) may also accommodate more lenses than systems employing larger
lenses (e.g., IR lenses of 3-5 inches in diameter) to achieve small spot sizes. For
example, a UV system capable of processing 300 mm wafers may be able to employ

up to about 6 lenses.

[00181] Figure 27 shows one implementation of a multiple lens semiconductor
link processing system. Many alternative configurations are possible. Such a
system can be positioned above the workpiece 740 (shown as a dashed line) that is
on the XY motion stage 260 (not shown in Figure 27) to perform link runs.

[00182] The multiple-lens system in Figure 27 includes a single source laser
720 that produces a pulse train with beam splitters 745A-745D and a mirror 775 for
delivering optical pulses to each focus lens 730A-730E. Optional steering mirrors
764A-764E or fixed mirrors are included before each focus lens. Independent AOMs

752A-752E or other switches are used to block pulses that are not meant to process
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in diameter) may also accommodate more lenses than systems employing
larger lenses (e.g., IR lenses of 3-5 inches in diameter) to achieve small
spot sizes. For example, a UV system capable of processing 300 mm
wafers may be able to employ up to about 6 lenses. [00181] Figure 27

linksshopigcpn eiRBPiESDANTINE afsd préiBlalphesmicesluctafetiRlnism and a fast
processing system. Many alternative confl%urations are possible. Such a

Steeé&%iémr&h%%&&%h@ﬁ@%%%ﬁ%%ﬂ% HREHOGAIQE a dashed
line) that is on the XY motion stage 260 (not shown in Figure 27) to
erform link runs. [00182] The multiple-lens system in Figure 27 includes

[00183hgle sHlirBe RiEPI9IBMRaB YR idlcds £ pBRRTHARSAHS toamsSpiRersY beam

steefitief'dédRie andin arirser FEMfor eldmithendptedldigleesdereassuiPm@ss to make
lens 730A-730E. O tionéal steering mirrors 764A-764E or fixed mirrors are

smal g RIS QLB LASYSRY. TRALH LM BEREIRBINIROFHIOR- 9851 tRcyfRY spot at

the gediebeIatfetsiad. talded phisetkiti @iainersEamAtgerBcess SutidtkSor minor

. Each lens 730A-730E also preferably has a focus mechanis al%g{af st

irreqUiALiy M 16 ALNERREh Ot HIRCRITESE L p%%%??ea@ﬁ%i&%ﬁaﬁ or focus lens.

TheB¥dRringmnbieledens sy sigmsddscadvanteaeats iy Y$E warYreeaiah relative
s.teeri%g1 device such as an Fg)g/l or steeritgg mirror before each focus lens

to the AYRDISHANkIShIEIRRNE biAKRUb AlSESs gt te IR QBRI UG HEIPIularities,

calisragib hokeitsert spohiat fHtodesiad/ tarofitink thised fhefiieerdingseitieraafer, and

() BT B A B BRSO LRS! P23 SldeAy RHapd spot.

shogastalsingertipeastsoncanpelsatedoy (huiplerieviatinocelaing $gsteen to properly
arrangement of lenses, (2) layout offsets, rotations, geometric . .

pos AR TLRAE Gl Aok a CLLRn B NE RHERY BIFCAEhdgstant which

maydifégjuae assitoe vealisrtiuh (Sardynaidis eimeliogr esrpgtisatioayohayech focused
differtfent impact at each focused spot. In short, steering mirrors may help

Sporolpgﬁ))?ﬂultiple-lens processing system to properly position all spots at the
desired location on the workpiece at the correct instant which may require

(oo AT CHTRE R BARGE 6T L &G MRS 8REEE &7 R RS beMRMited by
packing loss. Packing loss occurs because not every lens is always above a region
on the workpiece 740 that requires processing. For example, referring to Figure 27,
when processing near the edge of the workpiece 740, the lenses 730A and 730E at
the top and bottom of the figure may have their focused spots land off the workpiece
740. Because not all focused spots are usable in such a case, some inefficiency can

result.

[00185] The asymmetrical configuration of lenses in the multiple-lens system of
Figure 27 (with alignment along the Y-axis) makes it natural to use an asymmetrical
motion stage and different processing modality for X and Y link runs. The wafer 740
is moved about with a planar XY motion stage that has a long travel axis and a short
travel axis. For example, 300 mm travel in the X direction is required, but only about
60 mm travel in Y is required. This contrasts with the motion stage in present single-

lens systems where a 300 mm travel in both axes is provided. Reducing the travel
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[00184] The advantage of using multiple lenses may at times be limited by
packing loss. Packing loss occurs because not every lens is always above
a region on the workpiece 740 that requires processing. For example,
referring to Figure 27, when processing near the edge of the workpiece

requifénBiftdeisere’ 30Aa80WciNE pbdiicstanantdiitem ehE Sadreodayint of the

have their focused spots land off the workpiece 740. Because not alll
stag@cused spots are usable in such a case, some inefficiency can result.

[00185] The asymmetrical configuration of lenses in the multiple-lens

system of Figure 27 (with alignment along the Y-axis) makes it natural to
oo e

an as{iteticd MR stalR%ehdWirerdiffeieit s&ingRfbddiinPRFmance
charitteYidtitdsthig. dreenettreRitls e vedagouiprddea i aioliImMesie desirable

stage that has a long travel axis and a short travel axis. For example, 300

and QHP3ERIHARR RAAIIASESs LHG I SHRIR 'BRMATIEHELN $age that

has isreardradprope tiertrasis withdheraioties siagadn gyerent singligulen®7.  In an
systems where a Sgg E{:m travel in both axes is provided. Reducing the

ImplEmRNtaon of SIARERE MAMRNSIRGE vl if TetriEMRLGRRIGHS FRELES P Y-axis
motieetetiyef the ssiage [00ABGIdEe0 Mestiaristagstivtiiseiterepdi¥aipdnas less

Y performance characteristics that are matched with the dy, )
acoRS Bl A RSO HESHLUSE Lo e D dRfindl 1k asdmelien stage.
yet wdi%v;mmsm%ﬁ@awlq?wmaﬁa% tlhah@a@hrberwmmm?ti@a vl;v,ﬂage can

.Sulted for use In the system of Figure . In | ementation of stacke
de"‘éﬁbt@ﬁ?éiﬁbe%‘?‘iﬁ%%i@!ﬂs ﬂﬂﬂifgg%‘ﬁ@éhrrijg‘&new’v%?%e Mot %ek??nf“”her
redutedh ibarsipfigehaiiptratist Pamgdsiseiiqnireige typically has less

acceleration and bandwidth because it carries the mass of the Y-axis
motion stage, yet it may have an extended travel range. The lighter

[0016Zis maTihis SagbiceionetyeropeatRysaiccaleliasiteantbbasevidih. thbemultiple-
o R A B ARl AP B ovs
motibwe rralgjelewitbnsherospisingatystesuadf Fguredsstapiefeaedlelism reduces the
num Oer}figp Irlﬁklor%sst Oﬂlwign\(t-g?(i%(_ﬁa])gﬁon stage is aligned with the optics table for on-
axis parallelism. The many shorter link runs in the Y-axis are processed with the
higher performance Y stage, and the lower performing X-axis is used to process

fewer link runs.

[00188] Because typical DRAM wafers are often asymmetrical in the number of
link runs and link densities along each axis, there may be a preferred orientation of
the workpiece 740 to a multi-beam processing system. Typical DRAM wafers have
one processing axis with many more link runs and greater link density. The other
axis has fewer link runs, but sparser links with more gap profiling opportunities. In
that case, a desirable processing configuration orients the wafer such that the axis
with many dense link runs is processed with the slower axis (the X-axis in the
stacked stage described above) using cross-axis parallelism. This reduces the
required number of link runs. Because there is less opportunity for gap profiling in
that direction, due to link density, the lower performance motion stage in that

direction is appropriate. The faster axis is then used to process the sparse link runs

56



motion stage with the optics table such that cross-axis parallelism reduces
the number of link runs. The Y-axis motion stage is aligned with the optics
table for on- axis parallelism. The many shorter link runs in the Y-axis are

processed with the higher performance Y stage, and the lower performing
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workpiece 740 to a multi-beam processing system. Typical DRAM wafers
have one processing axis with many more link runs and greater link
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either X or Y axis link runs, it would be necessary to rotate the wafer. This
can be accomplished by designing a rotation mechanism into the chuck
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requirements can be relaxed in comparison to present systems since it need only
laterally advance between link runs and make small motions for X alignment scans.
High accuracy may still be required in the X axis, however high speed and

acceleration may not be as important.

[00191] Semiconductor ICs are typically fabricated as a regular grid of
nominally identical rectangular die disposed upon the wafer. All of these die contain
the same arrangements of links and link banks, and therefore may be processed
with a similar pattern of link runs. However, the specific fuses to be severed on each
die are the result of a testing process and therefore usually differ. The regular
arrangement of identical die on wafers motivates a preferred arrangement of lenses
in a multiple-lens processing system. It is natural and desirable to adjust the focus
lens and moreover the focused spot spacing to be integer multiples of the die
dimensions. Of course, small correction factors may need to be applied using a

beam steering mechanism to account for calibration, scaling, and orientation
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[00190] One advantage of processing all link runs in the same direction is
that the motion stage can be optimized to process in that orientation. For
example, if all link runs are done as short Y-axis runs, the Y axis can be
optimized for high acceleration and bandwidth and low mass. In that

diffefantebAUBMaiSRINoR ¥R atRMETEMRBIN AR5 DS R tHederyaiaAa/i focused
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because focused laser spots hit the same corresponding link on multiple die at the

same time.

[00193] It may also be desirable for the lens spacing to match an integer
multiple of the wafer mask size (focused mask size). This allows for die that are
patterned on the wafer in one patterning step to all be processed by the same lens.
Small step and repeat errors that occurred during the mask steps can then be
calibrated out more easily.

[00194] A multiple-lens system that simultaneously processes multiple different
die may have fewer opportunities for gap profiling in comparison with the single-lens
systems. Single-lens systems have an opportunity to save time by gap profiling
whenever it is unnecessary to process links on a die because they are unrepairable
or perfect. Since multiple different die may be simultaneously processed with a

multiple-lens system, there will be opportunities to skip over a complete die.
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simultaneously. One advantage of this technique is that coarse lens and
focused spot locations can be adjusted once for each link run direction.
Adjustment between link runs to ensure that all focused spots would be
able to fall upon links is unnecessary. A second advantage of this
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system that uses less gap profiling is that less heat is generated by the
motion stage. The motion stage specifications may even be relaxed
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spots from multiple focus lenses. These combined advantages are possible with on-
axis and/or cross-axis spaced focused lenses, each delivering on-axis and/or cross-

axis focused spots to the workpiece.

[00197] Other important aspects of multiple-spot processing are the software
methodologies for determining links to be processed in parallel, the joint velocity
profile, and conveying link run data to the computers or circuitry controlling the

hardware.

[00198] For multiple-spot link runs where a nominally fixed offsets exists
between the spots, it is not necessary to transmit all of the link coordinates that are
to be processed for each spot. It is suffice to designate a “master spot” and convey,
from the system control computer that designates link runs to the hardware

controlling computer, the offsets of other spots relative to the master spot. Then the
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dimensions of die on different customer products. Perfect placement of
the focus lenses is not required as a beam steering mirror, such as a
FSM (fast steering mirror) can fine tune the spot locations once the
lenses have been mechanically adjusted. [00196] A final aspect of
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PO GRS AP e N AR SRS U VKR Ere i systom
also senses the actual position of the workpiece relative to the coordinate position
and produces an error signal indicative of the position difference, if any. A servo
control system associated with the XY motion stage produces a position correction
signal to compensate for the difference, thereby more accurately directing the laser
beam to the target location. A similar servo control system can be utilized to direct
multiple laser beams to multiple target locations. For example, in a two-spot system,
the relative positioning errors due to XY motion stage error will impact both spots
equally, and the inclusion of a final XY beam steering mechanism 772 may be used
to redirect and correct those errors for the multiple-spot case, as shown in Figure 28.
Errors caused by XY stage rotation will not impact both spots equally, however any
sensed rotation errors can be corrected in a similar manner using a rotation

coordinate transformation and the two beam steering mechanisms 764.

[00200] Moreover, a system configured with steering mechanisms on one or
more beam paths and also a final steering mirror offers additional flexibility for
commanding spot motion and correcting errors. All of the XY beam steering

mechanisms and any final FSM beam steering mechanism may be collectively used
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[00199] U.S. Patent No. 6,816,294 describes the use of a FSM to shift the
position of a focused laser spot to correct for relative positioning errors
that occur in an XY motion stage. The art described in that patent is fully
compatible with the multiple laser beam processing systems described
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may be used to redirect and correct those errors for the multiple-spot

case, as shown in Figure 28. Errors caused by XY stage rotation will not
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can also result in less distortion of the focused spots.

[00202] With some optical configurations, an additional FSM XY beam steering
mechanism may be unnecessary for correcting XY stage error. For example, if both
beams have steering mechanisms allowing them to shift in both X and Y directions
(e.g., as shown in Figure 19), and if these steering mechanisms have sufficient
bandwidth and range to correct stage error, then a final output FSM for error
correction is redundant. The steering mechanism commands used to shift the two
spots relative to one another can be combined with the commands necessary for
error correction. The resultant steering mirror motions correctly position the spots
relative to one another at the wafer surface and also correct for relative positioning

errors.
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pm, and no actuator imparting more than 20 pm of motion. One advantage
of such a configuration is that the amount of displacement imparted by
any beam steering mechanism can be reduced. Furthermore, in concert
with generating spot offsets, all the beam steering mechanisms can also
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independent steering mirrors for the two beams additionally allows for the
correction of errors or calibration and scale factors that impact the ability
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patej) jcation”can also be corrected using steering mirrors. ~For example, the

pointing stability of the laser, AOM switches, and components in the laser rail can be

detected using optical or mechanical sensors, and corrective action taken by the

system’s steering mirrors.

[00205] Figure 29 shows an example of using the independent XY beam
steering mechanisms 764 to: (1) create offsets of one focused spot relative to the
other focused spot using relative offset commands; (2) correct for positioning errors
of the focused spot relative to the workpiece detected in an XY stage servo system
784; and (3) correct for additional relative positioning errors detected with other
position sensors. In this figure, PSDs 780 are used to measure beam motions
resulting from laser pointing stability, AOM pointing stability, and mounting of optics.
The errors measured in each beam path due to AOM pointing stability and motion of
optical elements may be different in each beam path, so the figure depicts
independent measurement, signal processing, and commands being delivered to the

XY beam steering mechanisms 764.
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die on the wafer, and beam steering can correct for these differences.
Alternatively, optic-table resonances, optic vibrations, thermal drift of optic
components, or other changes in the system could cause different
relative positioning errors between each focused spot and target link
structures on the workpiece 740. Independently driven steering mirrors
coupled to sensors that detect position errors can make independent

[002Q8]ectiont RDAHEtirR raRledelial RRAT SIRGTIBESMEANANSBIS BNdRseferably be
adjURpsiga cRiIeORRY StiHesfarRRRIAES a Rt ais 63U U SEMRO Fb raMEHE RISIR ruNs to

sensors, capacitive position sensors, linear variable displacement

cregignaRim@RANIAH LS GSStEH seialiRrsaineashqpaD JeMpRB Jogused spot

locativfd PRALPARIRFEDr ik MBI REam metioaxampleer sess®rsadjDynents may
usin%}wo steerini; mirrors provides more, flexibility and benefit than a

COMARRRARINGYRIREY RIF RFoPRENASRR HRGaLIiGRRIGH 808 Y3 ERIRe callbration

par&ifeiees YoRnsiiiting cainasotidiotethinnRg appig-teferaced diedestt locations
application can also be corrected using steering mirrors. For example, the
abobgfﬁ

ﬁﬁ’&agﬁibility of the laser, AOM switches, and components in the laser
rail can be detected using optical or mechanical sensors, and corrective

lon taken by the system's steering mirrors. [0 205#3) ure 29 shows.
10087 mp 6t SRE A TaBlRRER: RYHERR SEer iR TedHadis iliiple spot
prodeséhgrepirnffsely alleperéefliredripet iativedoateohssifiosisgd This need
. Spot using relative offset commands; (2) correct for positioning errors of .

aris R i R D B G TSR S GO BBt U RSEE) O M EEcLs Gl outable
to shyateangifar asitb6d3 asveech felguiiiidenadbieiatiernosBingiegspisormachines only

detected with other, position sensors. In this figure, PSDs 780 are used. to
e Bl o e SR ToRIRIRG TP BRITRLRAb G TP Kpiece wher
a lapeinpogsstabilityygrddnodittiengah opéicachldedrivit measuxed iraasgkition of the

beam path due to AOM, pointing stability and. motion of  optical element ,
WOr BB AIREN B oh LR BUART St SR T RE TS Sie SRR rotation
errorgeasMigtipgat, spghahprsirssingcune ctmimahdsgoein dnalsiligreddorththe proper

XY beam steering mechanisms 764. 62 [ 0206].It sgwoulc*.be nPted tpat
Iocaﬂggﬁ]@{ggﬁn\%o éﬁ%%i?,lﬁ?ﬁ%ﬁ}?ﬁ Nia |9rb% ixed contiguration of spots, small
rotation errors will prevent all spots from simultaneously impinging upon the correct
workpiece locations. This is particularly true of multiple lens implementations where
the spot separation is larger, however it applies to single-lens implementations as
well. Control, and in particular feedback control, of the workpiece relative to the
multiple focused spots in more than two degrees of freedom is more important in
multiple-spot processing systems than in single-spot processing systems. This
control is relevant to planar motion involving X, Y, and theta (yaw) coordinates of the
chuck and wafer, as well as full three-dimensional control further involving Z, pitch,
and roll.

[00208] Sensing mechanisms may be useful to control and correct for errors
including abbé offset errors in multiple spot systems. For example, putting an
interferometer or other sensors in line with each lens in a multiple lens system can
be a useful technique for error reduction because the positioning error near each

lens can be detected. Furthermore, a central processor or FPGA can be employed
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adjusted before the start of link runs and also during the performance of
link runs to create and maintain the desired relationship betweens
between focused spot locations and target link locations. For example,
these adjustments may compensate for system errors and also different
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focused spot location and the target workpiece location. Other pulse triggering

methods may also be implemented.

IX. Calibration, Alignment, and Focusing

[00210] Use of multi-beam path link processing systems can require calibration
of the beam energy parameters and spot position parameters for each laser beam.
One way to accomplish energy calibration, as shown in Figure 30, is to tap off some
optical power from each beam and use independent pulse detectors 790 to sense
pulse properties, such as pulse energy, pulse height, pulse width and possibly
others. Having sensed the optical parameter(s), configurable hardware in the beam
path or laser can be used to make adjustments. In one implementation, information
from the pulse detectors 790 can allow the independent tuning of configurable
attenuators 792 in each beam path for energy control. The attenuators 792 may be

standard optics, AOMs or other attenuators. Feedback from the pulse detectors 790
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63 to combine data from many sensors and to determine the geometric
relationships between different system components such as: focused
spot locations, steering mirror positions, beam path position, lenses,
chuck, links etc. Having determined error between desired and measured

can tAgsgeEnalEdreRlinogMP e RN OMBPRABIH INSSIIATING RIERES CARis offers
then be mitigated. This mai{[_be through multi- dimensional control of the

addifjgna)iaduanig MISgdNHINRRSFE RN GEH BER &SR Errors can also be
compensated for using one or more FSMs to move the spots in the
on-axis and cross-axis direction. [00209] The geometric relationshi
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light output to deliver to the work surface 740.

[00212] To focus in a multiple-spot system, a target is scanned at several focus
heights and measurements of contrast or the spot size at these focus heights are
used to predict and iteratively refine the focused beam waist. Because a multiple-
spot system involving a single lens has only one lens-to-link structure or alignment
target separation at a time, it may be necessary to pre-align all of the focused spots
of a multi-spot system so that they all have substantially the same focus height. One
method for doing so involves directing multiple laser beams onto targets at one or
more focus depths, taking focus depth measurements for the various beams,
determining relative focus depth differences based on those focus depth
measurements, and adjusting the laser beam’s paths in response, preferably to
reduce the relative focus depth differences. That process can be repeated iteratively
or by means of a feedback control system to achieve relative focusing pre-alignment.

Thereafter, focus in a live wafer processing environment can be accomplished using
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attenuators 792 in each beam path for energy control. The attenuators
792 may be standard optics, AOMs or other attenuators. Feedback from
the pulse detectors 790 64 can also be used to modify the generation of
the pulse in the laser. This offers additional advantage when multiple

just 1R8I SPHiECR Bk &1 88 &7 (ck P eres Iy Mg SYRIp B @ziiom SRYREAIQh a single
with multiple laser spots is similar to present single-spot calibration.
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. relationship between the focused spots and the target links. Both of these
fieldg 1 2iBndMis EAMBHIGe M By ‘SekimiRg dibhmbninargiissntniocus target

locatigfer. This scanning process involves delivering either continuous wave
or pulsed optical energy to the surface of the wafer and laterally scanning
the XY stage such that the light reflects off alignment targets with known

[ooZmBYdinatenendhe watailtipleritating shenamainbeie berenreiireadolfosading or
the tar%$ts and the stage pzsitiz&,sensors aIIovf\g the position of the laser
movingd [aSHFe B W' MBiitméRPIAFIE 0dse WeRIRRhANRIAT SRARidACUSed spot
bearth@ags B oritaretheioaissaidbabamasitasingiéon afrthriospot sized with
the present Z height separation between the lens and the alignment

structure. A system for doing so is illustrated in Figure 31, in which a

[002eHM splittead@fcantbansifigcieddigion deiepond&l@ doeranasdidsdeiect focus
t??ﬁ reflected signal. A ?uager-waée Elateéﬁg ma o%onaé\laege . lati
contigl ABled & SRR R ARSI ArDGHS RIRDLRD & RSP T M gisheelative
to othstageot4@o [0ARAREd eHedusus anethltigteesyot Bysteanaitigraet édignment target
... Scanned at several focys heights and measurements of contrast or th
Wit e, 4 (LSO B FORT SR udBB 1@ B FarAfuBl beriaveled to
achidbecfaseise b herwnvalBirEeoausera THotipte-sprnt sysidie s@lviogpeedict not just
ingle lens has pnly one lens-tq-link strycture or alignment target
the QR AT BHRETR LS I LS L U ore-align il of the focused
spots of a multi-spot system so that they all have substantially the same
00%?(9&;8 hei%.ﬁgee rtnethod fortd ing so involves directing multi%le Iflster |t
[00%{ims orfedRIR5ts'SPHHEDr AIAGHELLNENRS, BIIAY rERlgeRtnTave! focus
adjusteaswenezls fenthandrigusiiifam®arse Z adjustment that can be aligned to
approximately one wafer thickness and locked in place. This is preferably
implemented on a system with a substantially flat and level chuck so that the lenses
do not have to be shifted up and down to correct for wafer tilt while processing link
runs. This greatly reduces the amount of focusing work that must be done. Focus
then only has to track small (generally less than about 10 um) deviations that occur
due to dust particles under the wafer or the chuck not being flat. Because each lens
may focus upon a different part of the chuck, a piezoelectric actuator can be
implemented on each lens to allow it to be moved vertically by a small amount to
adjust focus. Focus can be adjusted by these piezo actuators so that the focused
beam waist tracks the local wafer topology under each lens. Of course, alternative
implementations of this focusing technique are possible such as using voice-coil or
other actuators rather than piezoelectric actuators.
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determining relative focus depth differences based on those focus depth
measurements, and adjusting the laser beam's paths in response,
preferably to reduce the relative focus depth differences. That process
can be repeated iteratively or by means of a feedback control system to

[00Zrd)eve repii/e igrsHeh PreRIEsINea!. fdhemalieiiiprishde IyEwater involves
processing envirgnment can be accomplished using 65 just one of the
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technique involves small range of travel focus adjustors on each lens and
a single coarse Z adjustment that can be aligned to approximately one

[o02nater thiCHmﬁrSgah Gﬁdm&@d” lﬁE@ﬁf@lrﬂlhiillﬁﬁd?mk@&mh Lativmll@rrwm?homer wafer
stem tantia at an chuck sot att enses on

XY PAOERAE il Cretl G S aBf A RSt athe. manner
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ne. Focus then o to track s ener Ies tha 1
10 OB SRR 5 SR B RIS 3 Ao D E MR e, oG, S BP e target ink
structueks nahbemgﬂathenapWQabeBenmw fepus mlarwff@ianbpaatpphed to

premséﬁlyecf&lé(r:rlﬁlﬁep ﬁéop?c')%?tt%% %?t aetorreg ntb t%e system’s focused spots. Then the
XY beam steering mechanisms and focus offset mechanisms can be sent positioning
commands to precisely position all of the focused laser spots at the desired locations
for link runs and link run segments. This is preferably carried out by creating three-
dimensional reference surfaces which define laser-to-workpiece calibrations in a
region of the workpiece. Target link coordinates and the trajectory commands of
stages, beam steering mechanisms, and focus offset mechanisms can be generated
from CAD data of link blow locations, the reference surfaces, and any additional

calibration information.

[00218] Some XY and focus calibration can be performed with only one of
multiple spots on at a time. However there are other procedures where it is
advantageous to scan targets with multiple spots that are simultaneously delivered.
For example, scanning an XY alignment target using all of the spots at the same
time can verify that all spots are focused and that the relative offsets between spots

have been removed with the XY beam steering mechanisms through the calibration
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implemented on each lens to allow it to be moved vertically by a small
amount to adjust focus. Focus can be adjusted by these piezo actuators
so that the focused beam waist tracks the local wafer topology under
each lens. Of course, alternative implementations of this focusing

prode8lRsqUR SR RRFFIBIGrRHSHASHING yeirmeaitargethes aefyREN saFBBEF to have
than piezoelectric actuators. 66 [00216ﬂ One alignment procedure for a
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relationship. In the simplest |mplementat|on an XY alignment target is
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withtBen XY spiaisheiep allybs efets of these spots relative to one another.

Then, the relative offsets may also be measured at different focus heights.
This procedure may be performed on a single target, or many focus
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n spat locations when roce ifferent areas of the wafer, [00217
bet%ﬁ Br%f?&tftéﬁéﬂﬁ’ t&ﬂéq Re6iI8R0esSlo ﬁ@ﬁ&&tﬂéérv&ﬁ?éﬁl)ﬁ?ms can
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analogous to single-spot sys ent target or t can be
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ons ca pplied to re(:| etermine. the position of th rest of
the SRRl e GpoR Ben I R edi HecHRRREL A the
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ositlo&all ofthe used laser. tF t the desire Iocatlags fleln runs
ave K RSP AHR e BIURTE KR AT O R jaTadi tRFAE Securacy
of tménwaﬁmr@lblte/femwemmhemhmhejeﬁaa kalsecﬂonNoA@leneexample assume

librations in.a reglo of the wo ce. T et I| coordinat the ,

that B B39 AL o ORI, LESHTOTS v e SR ENe AP ecanning
of spliset meehaheraagmném gerguaietd produces a maximum reflection intensity
when the X position is 10,005.020 um, and that scanning of spot 2 over the
alignment target 810 produces a maximum reflection intensity when the X position is
10,000.000 um. Then, after taking into account the known offset and then averaging
the two position measurements, the resulting position would be 10,000.010 pm.
Because that average is based on more data than a single measurement, it is a

more reliable result.

[00220] In a system that can determine which reflections were caused by which
incident focused spot it is possible to practice this averaging procedure with fully
overlapping spots. Time slicing and exploiting different spot properties such as
polarization or wavelength are some techniques by which a reflected spot can be
associated with an incident spot. These techniques may be useful when the spots

are partially overlapping or fully overlapping such that the relative offset is zero.
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from CAD data of link blow locations, the reference surfaces, and any
additional calibration information. [00218] Some XY and focus calibration
can be performed with only one of multiple spots on at a time. However
there are other procedures where it is advantageous to scan targets with

[002ny{tiple SpOtHENsEesAGIFAEAREHIRdRIFRIGD J20rtREaWE!ecarRABAIRGOts have
an XY alignment target using all_of the spots at the same time can veri
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then multiple possibly overlapping reflection signatures will be observed,
or the reflection signature of large spots superimposed with small spots
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be lﬁsE&th@ éa_ah‘Ithﬁbofrf@ﬁaué@@tigﬁéiﬁpabﬂiw%ligmm%mtsdsdmgv\ﬁﬂend Then the
.can be precisely set, then two (or more) spots can . be set up to have a

Cal A ARG RIALE S SR eheb S i O AL arasts 810-620

withalignewmisdaryat 8&avikleesagnnedhihpmapisilerseat Addhbiignnenivith the

XY tar@c&t, coll_ectinggref ected sensor data and stage pgqsition d

ta, c%n be
oPRSLAN; LRGN SRR ORI Qs B%f&@%% e gy beam
steetipybinedhaiticthe cammanged spotatisets tthdetrrarneptitadargeis possible to

., location with enfgﬁc d accuracy by ayeraging the two,. spot Ipcations.
Indop AL R ot FLGLRA 56 LSS QA dh e S st agls. One
targeneanodeciminedsicaX dittkiiamofieamkiyampte, tasgens! 0Feohie etfaahed in Y
.., distance in the scan direction is 5 m. Assume further that.scapning qf. . .
Wi G AP (e G AR B0 DS IBEE e I EBHHch i the ¥
signialteridity canebditXepbgitiithésid§, HRbERGemiratibtbpbreanBivecificsfreblencies
._aover the glignme targa% 810 produce amax'*mum reflection int(ﬁr]lsity .
using.an p8§itf§h‘?§ enuator t0 change the energy, and then’ using the
frequency information to determine which reflected signal comes from each spot.
Alternatively, scanning the alignment targets 810-820 with spots moving at different
velocities can be used to associate components of a reflection signal with a specific
spot. Spots can be also be time-sliced or modulated at a high rate such that only
one spot is on at time. Then reflection signals can be directly separated using time
slices to allow scanning multiple targets, or an X and a Y target simultaneously.
Separation based upon an optical property such as polarization or wavelength may

also be appropriate for some implementations.

[00223] If multiple laser sources are used on a semiconductor link processing
system, proper alignment will result in the highest quality link processing. One
technique for alignment of multiple laser heads entails producing continuous wave or
pulsed emissions from laser heads, measuring the propagation of beams relative to
one another, and adjusting the beams to a desired overlap or relative position.

Measuring the beams relative to one another may be done by scanning alignment
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10,000.000 m. Then, after taking into account the known offset and then
averaging the two position measurements, the resulting position would be
10,000.010 m. Because that average is based on more data than a single
measurement, it is a more reliable result. [00220] In a system that can
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These multiple measurements are useful for determining absolute

positioning on the wafer even when the alignment target 820 is not
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° efFé8W(§n E)/ iffStmation to determine which reflected signal comes from
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[00226] The alignment of the laser beam paths may be adjusted during
machine set-up and then not require further adjustment. However, there may be
situations, such as to correct for thermal drift of focused spots, where dynamic or
periodic beam adjustment is desirable. Actuators may be placed in the system for
beam adjustment actuators and a control system can be put in place for configuring
these actuators based upon scan data from alignment targets 810-820 or PSD

measurements of beam position.

[00227] Actuators may also be used to reconfigure the alignment of beams
produced by the different laser heads at times during wafer processing. For example
it may be desirable to shift the positions of focused spots emanating from different
laser heads between the processing of X and Y axis link runs, or between the
processing of link run segments that require a different spacing. Furthermore, when

processing with multiple spots through the same lens, it may be desirable to make
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Alternatively, scanning the alignment targets 810-820 with spots moving at
different velocities can be used to associate components of a reflection

signal with a specific spot. Spots can be also be time-sliced or modulated
at a high rate such that only one spot is on at time. Then reflection signals
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beapsiRRIIRY BIRCBABIFIZE-and adjusting the beams to a desired overlap or
relative position. Measuring the beams relative to one another may be

done by scanning alignment 69 targets 810-820 on wafers using the
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medasal headsremitidhgdie digidualdy ordimolanemsly sifidgs] Gnetaajseddeed or
beam alignment is such that the emissions from h laser head, . .
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rodu the pulse. Likewise, a two-hea e roduce.tw
Moo R ek Ao (6558 Rn b HCTEDIE B A e i rasable.
progranmiedttiendk Onaxislaszhd/orerrness-axiriratatiyaaiftsedofdptidacutiells or tapes.
spqts produced by different laser, heads, Such an offset may be .
Exe R GH B 5 TP BANES A S BTSSR TG o AR5 Rt are
signittkstindtila prasasutemsyieniakestegdsr impngggupooomputer program can be
configured to access, including signals downloaded through the Internet or other
networks. Concrete examples of the foregoing include distribution of software on a
CD ROM or via Internet download. In a sense, the Internet itself, as an abstract
entity, is a computer-readable medium. The same is true of computer networks in

general.

[00229] The terms and descriptions used above are set forth by way of
illustration only and are not meant as limitations. Those skilled in the art will
recognize that many variations can be made to the details of the above-described
embodiments without departing from the underlying principles of the invention. For
example, structures other than electrically conductive links on a semiconductor
substrate can be processed with multiple laser spots. As another example, not all
link processing is for the purpose of severing a link so it does not conduct;

sometimes the purpose of the laser radiation is to make an otherwise non-conductive
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other rows of links. [00226] The alignment of the laser beam paths may be

adjusted during machine set-up and then not require further adjustment.

However, there may be situations, such as to correct for thermal drift of

focused spots, where dynamic or periodic beam adjustment is desirable.
“linkAcsgAList@Ydretplasp@dinite spaiege far Infesn @\@Hém@i‘t aThAlgEppe of the

and a control system can be put in place for configurlnﬂ these actuators

invepioaqShRHes dapr alaLeien daigRmIBecRgM ¥ 1018I0 claims — and their

equivgiastsempnisHitiveamdansiliare ROBE7lAwvaiese Mathaisbieadeed ieasonable
reconfigure the alignment of beams produced by the different laser heads

sensg HNESSH IR Wakinstisateding. For example it may be desirable to shift
the positions of focused spots emanating from different laser heads
between the processing of X and Y axis link runs, or between the
processing of link run segments that require a different spacing.
Furthermore, when processing with multiple spots through the same lens,
it may be desirable to make 70 small adjustments in the relative or
absolute positions of the spots throughout a link run. For instance, there
may be some dependency of focused spot XY position based upon Z
height. If the beams are sloped, focusing at a different height due to a
sloped chuck or changes in chuck and wafer topology may cause the
spots to wander. Such errors can be corrected by using multiple beam
actuators and/or beam steering mechanisms. [00228] The methods and
systems illustrated and described herein (e.g., the computation of a joint
velocity profile) can exist in a variety of forms both active and inactive.
For example, they can exist as one or more software programs comprised
of program instructions in source code, object code, executable code or
other formats. Any of the above formats can be embodied on a
computer-readable medium, which include storage devices and signals,
in compressed or uncompressed form. Exemplary computer-readable
storage devices include conventional computer system RAM (random
access memory), ROM (read only
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memory), EPROM (erasable, programmable ROM), EEPROM (electrically
erasable, programmable ROM), flash memory and magnetic or optical
disks or tapes. Exemplary computer-readable signals, whether modulated
using a carrier or not, are signals that a computer system hosting or
running a computer program can bgagRfgured to access, including
signals downloaded through the Internet or other networks. Concrete
examples of the foregoing include distribution of software on a CD ROM

1. K \igelhigdnesrdevielangdy i seRIMJGhentainss itselforswiihiabstraeimiconductor
entity, is a computer-readable medium. The same is true of computer

SUDHIERIRo A IR0 M!S 38R 1 PR Sn B sERHRBHE 2 SRR AREanged in a
plurgkfyf@trsbynaniaflylivateiednanly aaddmyahracgenharaliniiatigittvise direction,

Those skilled in the art will recognize that many variations can be made
the RaOASRTPHFIAG: above-described embodiments without departing from

thepipgatitigriineplessf Heam\aotgn ittt preagkaicirpatiraaaiies first axis
.. than electyically conductive links on a semiconductor substrate can b§ ,
incidegt 8L i HAUIRBIO T OB LRI, e SHBIREPAUSIRRRUBRITaIR 14D at a given

timepreseSHBD IsdardheduirRPttiot s eringaltilkigo i doesirstot®andiiciiructures or
sometimes the purpose of the laser radiation is to make an otherwise

betvﬁ%‘?ﬂ%a IREEY UM AL ﬁ/é’r&tf(?\ﬁiherwise change a link's
pr?@gpﬂ@gatlﬂii@ S0 Iﬁﬁtménwmﬁd h’ rafdieyld lﬁw@ﬁqr@)ﬁa?d}]ga?rmirpgih having a
on / the following claims - their equivalents - jn which all terms are

secQI AR RABRASR A AEBRIIRGALon ShAe " ReDispnslirder Substrate

(740m<ﬁt:ﬂr?@dg W/’érCﬁM\gfawé- sédvsmmd:mibaelmﬁge@rth?act?at:agsmnumwaa Ensecond

or.within a semiconductor . substrate (740) using multjple laser beams, the

row G ITLRGTESi95 BRI UG SSVACHRD SYUREn RIS SRR, the second

row éxdenylidigting genertlly fesgrowisaorstiome theonethrtatonpissvifset from the

first JoRBT0R B SoME amount in The ferbihwice GrBation of fhe tows. nd ™!

moving the first and second laser beam axes substantially in unison in the

lengthwise direction of the rows relative to the semiconductor substrate (740), so as
to selectively irradiate structures in the first and second rows with the first and

second laser beams respectively.

2. The method of claim 1, wherein structures in the first row are offset from

structures in the second row in the lengthwise direction of the rows.

3. The method of claim 1, wherein structures in the first row are aligned with
structures in the second row in the lengthwise direction of the rows, but the first
location and the second location correspond to structures, in the respective first and
second rows, that are offset from one another in the lengthwise direction of the rows.

4. The method of claim 1, wherein the first and second laser beams have respective

first and second sets of optical properties, and wherein the first and second sets are
different from one another.
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incident at a first location on or within the semiconductor substrate (740)
at a given time, the first location being either on a structure in a first row
of structures or between two adjacent structures in the first row;
propagating a second laser beam along a second propagation path having

5. TheatandgsdnraitentialpSesomnprgagon on or within the
semiconductor substrate (740) at the given time, the second location

beip@FhE HRIQZ R Hhe first ldses e amviransiiereiag S Hifideralinn: and
adjgsritisENCHIcRRI Hytiesases it e fseane oran M ARt IS eelaMbcation.

the first row, wherein the second location is offset from the first location
by some amount in the lengthwise direction of the rows; and moving the

6. MebandmrePi aahbeamrremsunstanialy dn sedorm ik enevisRich the
direction of the rows rﬁlati_ve to the semiconductor substrate (740), so as

workpiece &b RHPRIBMIR M RIRUAGO #PHRHRG and second rows with the first

and second laser beams respectively. 2. The method of claim 1, wherein

ructures in the first row are offset from structures in the second row in ,
7. RS O Ao oM RIS, b Fth QB IACIGR R A first time

selestiaiftdtrsctnige fiistliewiase Algnethyitihestsaeibiias lstie segendrawdtes for a
the lengthwise direction of the rows, but the first I&cation an%the seﬁg\rllﬁ
S ghot ér’st laser

SeCONChHSECSHESHERE {5 MECHFERGH Y RIGYRHHY rIFr ALl

beathat are offset from one another in the lengthwise direction of the rows. 4.
The method of claim 1, wherein the first and second laser beams have
respective first and second sets of optical properties, and wherein the first

8. Trmedond settaare 1 dftietent dompesimgnother. 73 5. The method of
claim 1, further comprising: selectively blocking the first laser beam from
e R PO e R PEISHITG, G <Elia 1 S0BE il etween
the froideanttitagdhe sedoaditstadnsecontidasetisshal cre® dnwiherssmibenductor
first ar;?] Ag@cond laser beams reach the workpiece at a substantially

SUbgimtﬁt us time. 7. The method of claim 1, wherein the first laser beam
irradiates for a first time

9. The method of claim 1, wherein the structures comprise electrically conductive
links and the irradiation of a link results in severing that link.

10. The method of claim 1, wherein the semiconductor substrate (740) comprises
multiple dies, and the first laser beam axis is incident upon one die on the
semiconductor substrate (740) and the second laser beam axis is incident upon a

separate die on the semiconductor substrate (740).
11. The method of claim 1, wherein the first and second rows are adjacent.
12. The method of claim 11, wherein the first and second locations are separated by

a sufficient distance to avoid a deleterious concentration of energy absorbed by the
semiconductor substrate (740) in the vicinity of the first and second locations.
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selected structures in the first row, and the second laser beam irradiates
for a second time structures in the second row previously irradiated with
the first laser beam. 8. The method of claim 1, further comprising: during
the moving step, dynamically adjusting the relative spacing between the

13. inaidgpstlaRatinns bR drptinadiaaegndtlasaieashayesmthiiea semiconductor
semiconductor substrate }740). 9. The method of claim 1, wherein the

subgtatgukédVoipinge BiellipiealfSInBEEINE 1ARs StRECIHESH RENDAGRged in a
plurkinty resWidiiaaraNNdRaIdINeWS ckinmatad af giaigralyWeRERHWIBE direction,

semiconductor substrate (740) comprises multiple dies, and the first laser
the BYSIRMCRTPIRIMENt upon one die on the semiconductor substrate (740)

and tae sesondirprRINRANY ARSIl ARa ba e RAA S shedttRtser beam;
semiconductor substrate (740). 11. The method of claim 1, wherein the

firsB 413 SRRBHAGBINS AR AHRINPED PRV Bt HER BSR4 MeRdifst spot at

a firdeldeationdoseeprwlilpentivnsaraicenanated bybatstdiqradigtanepvh time, the
void.a d Ie,teriouﬁéoncentration of energy. absorbed by the

first SORAUBRRRIAY SIBGFR8 @ AVNUAUHE ViRt D Eﬂ)ﬁ’fﬂglsirmté’é%rﬁf between two

adjdesatisnacitfds3inftisystemriw selectively irradiating structures on or within
a semicon%i tor SLébstrate ((ggf% using mLE'tiEIe laser beams, the ., . |
stricEQHEIRF SIrBRGRY RPN, RALAEURG ATy SR Alfsincident at a

secendesptainagReidllydanehvise divaeivnhdhefistaidenoiosisbitrae (740) at
laser sQurce Hroducini least a first laser beam and a second laser

the QaR. UM Grst 3¢ a]t%%B%B RIND SRR FHSCHKE ifbRSRAA row of
strubtstespolr avednfisehlacaiiomjorantvdthictihe semicendectndubstyatee(é4ebnd row
. at g.given fime, the first location being, either on a structure.in g first row .
peirgs LN OB IR JLeh oty AR G SRS e WL Fo SE LAt first
localésebyesumprapraatian tashdngiingsesgieotibaxis theidewsahadsecond
PO g 992 7580 hal Hoved e P She" 2e2ond TS Bam axes
substantially in unison in the lengthwise direction of the rows relative to the
semiconductor substrate (740), so as to selectively irradiate structures in the first and

second rows with the first and second laser beams respectively.

14. The system of claim 13, wherein the laser source comprises:
respective first and second lasers (720-1, 720-2, ...).

15. The system of claim 13, wherein the laser source comprises:

a laser (720); and

a beam splitter (745) disposed in both the first and second laser beam
propagation paths between the laser (720) and the semiconductor substrate (740).

16. The system of claim 13, further comprising:

a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser
beam from reaching the semiconductor substrate (740); and
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the given time, the second location being either on a structure in a second
row of structures or between two adjacent structures in the second row,
the second row being distinct from the first row, wherein the second
location is offset from the first location by some amount in the lengthwise

direcHepdid it fieass aner(Tatiodistased6aGhiabmne e ishdmnsropagation
second laser beam axes substantially in unison in the lengthwise

patryifBErsRAONHOPURR! BMIRT (6RL CaRAIG R RAISEY BRSO lgsking the
secdP @M I A e SABKHY ead s ERidbpiduitosespsd@NF 40ih the first

and second laser beams respectively. 14. The system of claim 13,
wherein the laser source comprises: respective first and second lasers

17. (TRE-8ygidnof. claikh- TB)aVIsHEIR 1ECIRET At WEesA dpidasensienss (750) are

comprises: a laser (720); and a beam splitter (745) disposed in both the
AOMSst and second laser beam propagation paths between the laser (720)
and the semiconductor substrate (740). 16. The system of claim 13,

further comprising; a first optical switch (750) disposed in the first laser
18. b8 SR b, HRTRECORRAF Blieh 50) capable o
selgctiyptyollass6909rddnnkiciedhifitise 1fisst BrrPEREON repibiNGiieches (750)

the GREBEIA IR0 SRR e PEm oA A FCBRE <ot Sftiches (750)

so BWtdh§dritkeatinldelefteelestivelyrpessing or blocking the second laser
beam from reaching the semiconductor substrate (740). 17. The system of
claim 16, wherein the first and second optical switches (750) are AOMSs.

19. Tthel bpstysiernopiataid, farthathinepnymiging: a controller (690)

(69D ST B P BTTRel At St Bprl o LIRS D) et e

beaaspipeagidth @ayhs elbeiebgtistiirssiotatibhe sytberaditistaiin 13, further
comprising:
20. The system of claim 13, further comprising:
a beam steering mechanism (760, 764, 766, 768) disposed in the second
laser beam propagation path, whereby the second location can be adjusted.

21. The system of claim 13, further comprising:

a beam combiner (765) disposed in both the first and the second laser beam
propagation paths; and

a focus lens (730) disposed in both the first and the second laser beam
propagation paths between the beam combiner (765) and the semiconductor
substrate (740).

22. The system of claim 13, further comprising:
a first focus lens (730A) disposed in the first laser beam propagation path;
and

a second focus lens (730B) disposed in the second laser beam propagation path.
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a beam steering mechanism (760, 764, 766, 768) disposed in the first
laser beam propagation path, whereby the first location can be adjusted.
20. The system of claim 13, further comprising: a beam steering
mechanism (760, 764, 766, 768) disposed in the second laser beam

23. PIORRGABANTERBrOMESSRRY dheerhrondiRtsticnisandbe erinstRevidl AhRurality of

system of claim 13, further comprising: a beam combiner (762{)1 disposed

Strugiuseeh it Bgise!sRHvEY g&@ﬁ&%ﬁé@F%@%ﬂimﬁomtRﬁ?Hﬁh Qs 4ctures being
arraff§ets lansa7gRrdivposedsimaeahiBmfirpbambtheosesoagdarphderma generally

propagation paths between the beam combiner (765) and the

lengifyRe, G s IR MRLPRUE9 BRYISIAG: system of claim 13, further
coryeristaging HratderisclensiPAl gisperrRdds Hery s faserdeaBeam axis that

. . propagation path; and a second focus lens (730B) disposed in the second
mteﬁaegtsbae&ﬁ%t ﬁfﬁﬁ&&ﬁ%'ﬁﬂtﬂf‘ OBWHNIA SRR R tdEL g sirate (740);

seyiatiey asybstiatE 4640 )daarinthatniop iy et Stustigresdedemd laser beam
IectiveIP/ irradiated with multiﬂﬁ laser beams, the

. S structures bei g
axis Jfiah LA SPGB ARG P 8 UL ey G2 ctor substrate
(74meneealbedongtnaise st theimelbisctompTising gesetatina Adestion in a

oo SR AL R B AR et s

thatgeviesating afissceady@srichgiam Had wepegatedalendgikisesandflasrictures, the
beam axis that intersects a second target location Qn or within the
sec iﬁ %%

el IO AR ARTYPRYS Mo IERT Mg RSB HAL taRsep @ second
row dErbeffost taeghidoestioand a direction perpendicular to the lengthwise

o R B PO TR o seco
laseloexideniis a girgctive appeswieemdlyorutikenostnettyrs @i stpeciomnds, so as to
pasgot\ﬁed If?Ps Cttafrrg(])é? }ggaftl{gltl rg%ﬁgnt%e first row to irradiate for a first time selected
structures in the first row, and so as to simultaneously pass the second target
location along the second row to irradiate for a second time structures previously
irradiated by the first laser beam during a previous pass of the first target location

along the second row.

24. The method of claim 23, wherein the first and second laser beams have
respective first and second sets of optical properties, and wherein the first and
second sets are different from one another.

25. The method of claim 23, wherein the first laser beam axis is offset from the
second laser beam axis by some amount in a direction parallel to the lengthwise
direction of the rows.

26. The method of claim 23, further comprising:

selectively blocking the first laser beam from reaching the first target location;
and
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moving the semiconductor substrate (740) relative to the first and second
laser axes in a direction approximately parallel to the rows of structures,
so as to pass the first target location along the first row to irradiate for a
first time selected structures in the first row, and so as to simultaneously

PaselE&iseRPMbENGR! tIRC R PR Hreneeea oA da drratec¥eond target

second time structures previously irradiated by the first laser beam during
locagiofevious pass of the first target location along the second row. 24. The

method of claim 23, wherein the first and second laser beams have

respective first and second sets of optical properties, and wherejn the first

27. ahhesBIRA A A iRereNPRIGHH dRE didhimtd SECANY HAsRbAFRDRIAFach the

semiconhereinsiisstirsid a3a0baam AUt tarifsgtiomthee sesainttlaser beam
axis by some amount in a direction parallel to the lengthwise direction of

the rows. 26. The method of claim 23, further comprising: selectively

28. bitpekinetHrl iustlaseracamtfontseashsnggthe first target location; and 77
selectively blocking the second laser beam from reaching the second
tar ot G M9 Y S AR AT ATLTAM SSINHER ThhOIRVE-GRaAiBAPetween

the |nERIPEAGRINIBAS OINMIESABICNG deion Tl etei® ¢4Ah ke subsiad@ticonductor
simultgg ous time. 28. The method of claim 23, further comprising: during

subﬂgﬁ Iy 'step, dynamically adjusting the relative spacing between the
incident locations of the first and second laser beam axes on the

miconductor  substrate (740). 29. The method of claim 23, wherein the,
29, SR e GHL BBt BIBtR O RGN T ARSI ALp AR UCtve lnks
and neruiteaidi styedie ek HeduROinmbeveratigath & Idkim 23, wherein the
semiconductor substrate (740) comprises multiple dies, and the first laser

beam axis is incident upon one die on the
30. The method of claim 23, wherein the semiconductor substrate (740) comprises

multiple dies, and the first laser beam axis is incident upon one die on the
semiconductor substrate (740) and the second laser beam axis is incident upon a

separate die on the semiconductor substrate (740).

31. The method of claim 23, wherein the incident location of the second laser beam
on a given structure is offset in the lengthwise direction of the structure from the
incident location of the first laser beam on the given structure.

32. A system for processing a semiconductor substrate (740) having a plurality of
structures to be selectively irradiated with multiple laser beams, the structures being
arranged in a plurality of substantially parallel rows extending in a generally
lengthwise direction, the system comprising:

a laser source producing at least a first laser beam and a second laser beam;

a first laser beam propagation path going from the laser source to the
semiconductor substrate (740) and having a first laser beam axis that intersects a
first target location on or within the semiconductor substrate (740);

a second laser beam propagation path going from the laser source to the

semiconductor substrate (740) and having a second laser beam axis that intersects
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semiconductor substrate (740) and the second laser beam axis is incident
upon a separate die on the semiconductor substrate (740). 31. The
method of claim 23, wherein the incident location of the second laser
beam on a given structure is offset in the lengthwise direction of the

a setbHIUERJEATHERRIOR BAeHt Wﬁﬁ'ﬁipfh@féémfﬂéﬁlﬁﬁﬁbbgaﬂwat@ﬁgwﬁﬁhe second

structure. 32. A system for processm%éa semiconductor substrate (740)

tafgﬁhlﬁﬁa@mB%ﬂﬂﬁfsgﬂt{mé@&@é ARlipsRiion AL GRIOM Aemendicular to
the |@REEHGRESIAEEIBHUSTURRSIBRIS byasEREashid @ srRin s whrsandi@ltirst target

parallel rows extending in a eneraII lengthwise direction, the system

Iocagg,q,ﬂﬁﬁ@”é!‘?&ér@r 98u?cé" ofR¥iR éFI\i,‘é{Ef%Shrgﬁa%P%%ﬁ?% Aocatlon is a

struserenskpsar8eamvadipidaneisheatn ewpadatiroathroangdiemt them the first
laser source to the semiconductor substrate (740) and having a first laser

rowiath axis that intersects a first target location on or within the

seraiﬁmcbrcﬁmég@Rﬂ@@t)etlﬁé%%%a@qw@éag@bhaamgmu@g?ﬁw (Paw) relative to

oin m the laser source tQ the semiconductor substrate

the ﬁ r%d"g SECER |£?§é%’ AR Hid e iiRnsBRR W&%Xoﬂﬂré% efo the rows of

strutGESONsONRr i e sha s et endiet tiycatipsiraleny 499 finst seaonsl ineigigte for a
location |beln offset from the fwshtargﬁet locati Hpn in a directio

first JURGeRAIEA! té”fl‘fé%‘ﬁ%ﬂﬁ\/\}i@% R AMASRHRS £ §6Pr'|%t3’ﬁ‘?8b‘rﬂy pass the

seconghdhpst woetidheafsabtaneaielnaiiopviste Fradinteefon @ Sssormiohe structures
structures, the seconﬁ a} E%et Iocagtelél is a. structure or.between tw
&

PrevIeH i AR &Y § EARPIRF AL O A BIEIPYS rB@ossaﬂﬁth first target

locatwiansigaes(860p taptowoves the semiconductor substrate (740) relative
to the first and second laser axes in a direction approximately parallel to

the rows of structures, so as to pass the first target location along the first
33. rocteyistediots Muim Sestvimecialdntadsirugiures totherdigesrow, and so

oS R SR H S SR IAGISL. SATOUs) nraciated by the
first laser beam during a previous pass of the first target location along
34. ﬂﬂﬁesgggpem o\fvclalm 32, wherein the laser source comprises:
a laser (720); and
a beam splitter (745) disposed in both the first and second laser beam

propagation paths between the laser and the semiconductor substrate (740).

35. The system of claim 32, further comprising:

a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser
beam from reaching the semiconductor substrate (740); and

a second optical switch (750) disposed in the second laser beam propagation
path, the second optical switch (750) capable of selectively passing or blocking the

second laser beam from reaching the semiconductor substrate (740).

36. The system of claim 35, wherein the first and second optical switches (750) are
AOMs.
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33. The system of claim 32, wherein the laser source comprises:
respective first and second lasers (720-1, 720-2, ...). 34. The system of
claim 32, wherein the laser source comprises: a laser (720); and a beam
splitter (745) disposed in both the first and second laser beam

37. rReagatiem pribIaiReBmeairtherlasaiprshite semiconductor substrate
(740). 35. The s% stem of claim 32, further comprising: a first optical switch

(750)9R 6 ek (R3AL sranasiadhixihe sl i s pcend meticat spiiches (750)
the éWﬁﬁm(érB@g@p@éiﬁr@ aelestively ppssingret bleglkdeadha Wistidasewitches (750)

beam from reaching the semiconductor substrate (740); and a second
80 g5 Rt QYIRS BRI HHEPSecond laser beam propagation path,
the second optical switch (750) capable of selectively passing or blocking
the second la é)rier beam from reaching the semiconductor substrate (740).

38. JerReleah A tant 38 RPRMRAS ALt and second optical switches

(79)oram SMdsindP Réch BkiSYSITB0f ANy 86, L6RIediepastsingitfe first laser
controller (690) cogne ted to the frst i\nd second o§tlca switches (750)

beaf PIRARANI ) W ﬁ'@me“%?a LS CPERYGRS Hhtical

switches (750) so as to irradiate only selected structures. 38. The system

claim 32, fu ther comprising: a beam steering mechanism (760, 764,
39. %I %‘%tfaqs% %JWfr%}gqéggmBgﬁwgpropagatlon path, whereby the

flrSal(bmeSI@@rb@adw@t%h% (MSWM@IM%MHWd in the second
e BRSE G PR b A D AUeRl | A7 MR/ L0 BBaa-
can be adjusted 40. The system of claim 32, further comprising: a beam
40, rréggg géﬁéﬁ%rﬁ?dfmt %tpctgr%grr%tlﬁgd the second laser beam
a beam combiner (765) disposed in both the first and the second laser beam
propagation paths; and
a focus lens (730) disposed in both the first and the second laser beam
propagation paths between the beam combiner (765) and the semiconductor

substrate (740).

41. The system of claim 32, further comprising:

a first focus lens (730A) disposed in the first laser beam propagation path;
and

a second focus lens (730B) disposed in the second laser beam propagation

path.

42. A method for use in processing structures on or within a semiconductor
substrate (740) using N series of laser pulses to obtain a throughput benefit, wherein
N = 2, the structures being arranged in a plurality of substantially parallel rows
extending in a generally lengthwise direction, the N series of laser pulses
propagating along N respective beam axes until incident upon selected structures in
N respective distinct rows, the method comprising:
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a focus lens (730) disposed in both the first and the second laser beam
propagation paths between the beam combiner (765) and the
semiconductor substrate (740). 41. The system of claim 32, further
comprising: a first focus lens (730A) disposed in the first laser beam

DfQﬂ@!@ﬂﬁiﬂﬁ‘im@Joﬁﬁ@élé@ﬁ?'ﬁéﬁ@%bﬂﬁw(ﬂ@ﬁb@@l@%@@iHgth?tﬁécl@ﬂ@thwise
laser beam propagation path. 42. A method for use in processin

. las ! g .
directiop e NoR SRR LIEMRIPRIGEIR S iRt 7&blYS g RS sieaaigenductor

sub&RERERUIEPSIE O 1RIN ¥R SHDLieseAtHENRTRINS W tHBe SHBEEHRSN series
being arranged in a plurality of substantially parallel rows extending in a L
%@% benefit is

of Iageh 4P fNIRIASY HiRIBh Y BIRGYSRIRILG B SUSNHIREL 1

achi@lesg WhirsBAStvie & eaan e iR IfE promen sglestadstamiviesvdlobities for
respective distinct rows, the method comprising: 80 determining a joint

eacheRiciPollifefGSsitUIBSSERILIFIHRMY IRTtRARhRhWS: MBFeeARKEHY ews of

strutAsRENB AT WIS tRtiRllydnaisandelasivieds. the semiconductor
substrate (740) so as to process structures in the N rows with the

respective N series of laser pulses, whereby the joint velocity profile is

43. su?:é] (ﬁ*il@lhﬂfﬁélﬂtﬂa@ﬁﬂltﬂ, Iogrnsie rliﬁtf%fhéﬁmw&s@ﬁ@?mﬂﬁhgéébe joipt
velacit rofile represents feasi velocities for. each of t series or, .
PR P BB P HL RS B RIS S eror Thoving in the
|engﬂﬁ§n§ésameagbﬁhmél s@swcqwfp@s@ub@gnﬁ&xweei?aﬂmdcﬁmi@ri]ge%onductor
wherej etermining step comprises: determining for each of the N
SUbSEE VARSSE B OGSO U BTG e ek appser pulses,
ther&gp%ﬁhdadgsarMMvmdalremduﬁwmbﬁI@@r(mi¢ondmmorl substrallte (740)
SO as to process structures . with the respective. series of laser pulses, .
N7 R 7 Ol M o R S

velobityn@iatlieal velocity profiles (410) to determine the joint velocity profile.

44. The method of claim 43, wherein the joint velocity profile is the minimum velocity
value of the N individual velocity profiles (410) at each point along the profile.

45. The method of claim 43, wherein the joint velocity profile does not exceed the
minimum value of the N individual velocity profiles (410) while a structure is
processed with a laser pulse.

46. The method of claim 43, wherein the N individual velocity profiles (410) include
aligned sections (440) having respective constant velocities, and the joint velocity
profile includes a corresponding section having a constant velocity that is the

minimum of the N corresponding constant velocities.
47. The method of claim 43, wherein one or more of the N rows includes a gap

(460) having no structures to be irradiated, and if all N rows include gaps in
alignment with each other, then the joint velocity profile includes a gap profile.

81



44. The method of claim 43, wherein the joint velocity profile is the
minimum velocity value of the N individual velocity profiles (410) at each
point along the profile. 45. The method of claim 43, wherein the joint
velocity profile does not exceed the minimum value of the N individual

48. VRS RIS (@hth udlevhsraiftiig idimr 0eRsE8ApYBNIA |AsRIdR4IFhe or more
46. The method of claim 43, wherein the N individual velocity profiles

sectigngoheRniagiiygiaftections (440) having respective constant velocities,

and the joint velocity profile includes a corresponding section having a
constant velocity that is the minimum qof the N corresponding constant

49. e met o ORI IMetRo AR R AR SIAG ein one or more of the N rows

inclysiesr atigaRhet B0 Eraeener Nl peilders thhe irradiated, and if all N
rows include ga ?in lignment with each other, then the joint velocity ,
prdﬁ%"uﬁ‘&dﬁf?% SQS%M%.%@Q@’TH@%{%W&W@? ihenksRHe ative to

the iRtivelnierelissnatedgsionarasteicasreliig dheqoisanéeiacitrofile, so as
49. The methaod of claim 42, further comprising: generating the N series
to sglaglie!yUicedi Al FIHEIHE TthiR {Fsmé/" jé}?oﬁeﬂ%eﬁ“l‘é%é}' 5E5gS of laser

puls@es in unison relative to the semiconductor substrate (740), in
accordance with the joint velocity profile, so as to selectively irradiate
structures in the N rows with the respective N series of laser pulses. 50.

50. T medihed off driih 42, Wieseih e dRIRImImtg SIRp CUNMPIRRSS:
generati(ln@zia set of mtaster coordinaIeS' determining for each structure in

the RNBALRY 8&%%%%%%&88%{ Qﬁf% offset coordinate from a master

coqigisatenmadideteanhninaiatinitivelosity poofdetbobiheaberoadiased anelative
aster coordinates. 51, The method of claim 42, wherein the

the set of m
Offsﬁir%%?&?’@’éa& BHL8 BleL SRPINAIR B inks and the irradiation of a
linkdestenttsnimg ey ésing Vedddink profile for the N rows based on the set of master

coordinates.

51. The method of claim 42, wherein the structures comprise electrically conductive
links and the irradiation of a link results in severing that link.

52. The method of claim 42, wherein the semiconductor substrate (740) comprises
multiple dies, and each of the N laser beam axes is incident upon a separate die on
the semiconductor substrate (740).

53. A computer-readable medium on which is embedded a program performing the
method of claim 42.

54. A method for selectively irradiating structures on or within a semiconductor
substrate (740) using a plurality of laser beams, the structures being arranged in a
row extending in a generally lengthwise direction, the method comprising:

generating a first laser beam that propagates along a first laser beam axis that
intersects the semiconductor substrate (740);
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52. The method of claim 42, wherein the semiconductor substrate (740)
comprises multiple dies, and each of the N laser beam axes is incident
upon a separate die on the semiconductor substrate (740). 53. A
computer-readable medium on which is embedded a program performing

theggniRamh §ilodtohd. lrdef A RTHEIRENRY KIBHRENSToHeIUERSr beam

on or within a semiconductor substrate (740)_using a plurality of laser

axisyjBghinterRestR BRI RUPHI3Ie ¢ Rending in a generally

lengithvigmeBasHoairdiAe ihed fIRMAAEIRG ARETAS0 Beiivld asetobamiinct first
that propagates along a first laser beam axis that intersects the

and SSEAUhETHEPEH . PWO RS generating a second laser beam that

propagaigstatofigsh SAE0SECGAETBSaMbEXiA thréintelaaets {bahe semiconductor
semiconductor substrate (740); simultaneously directing the first and

SUbglkatshd 149ar FAFHRNBALY dIStrHRISAR: ARy SHESHAR1RIRSHRAIRIMPRIRNE! to the

leng@indigeovinadiienfiest sied 2RE0BH lasabbesiatavesy refatvatéodtictures in the row
semiconductor sub?_trate (740 substantiagy in unison in a direg}ion
r S to

with O AR R 1SRRI SRERNGISE - EERASF RE BN YsS
selectively irradiate structures in the row with one or more of the first and
second laser heams simultaneously. 55. The method of claim 54, wherein
5. mrdl i cOn oS HETHiT ML, S RS sh HiERare no
adjagentyherein the first and second structures are separated by a distance

sufficient to avoid a deleterious concentration of energy absorbed by the
semiconductor substrate (740) in the vicinity of the first and second

56. SThustnethol ofTdgime3Bod/bé edainmiebfivheitindbesadssmactuikanapsaseparated
stru#ture between the first .and égfond structures. 5.5[8 .The method

f
by 2 QStRgFe, SHIHGI thdcn NI L ASIRIBHAUS GERGEB AU el SREQbaRsprbed by
the stmitareiuistanseNrate(Pe0)98 tRbeisietiyost thelumm dnflisdesnd structures.

comprising:
57. The method of claim 55, wherein there is more than one structure between the
first and second structures.

58. The method of claim 57, wherein the number of structures between the first and

second structures is an even number.

59. The method of claim 1, further comprising:

generating a third laser beam that propagates along a third laser beam axis
that intersects the semiconductor substrate (740); and

directing the third laser beam onto a structure in the row.

60. The method of claim 54, wherein the first and second laser beams have

respective first and second sets of optical properties, and wherein the first and
second sets are different from one another.
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generating a third laser beam that propagates along a third laser beam
axis that intersects the semiconductor substrate (740); and directing the
third laser beam onto a structure in the row. 60. The method of claim 54,
wherein the first and second laser beams have respective first and

61. SEEORGEHRER ff ApdieRlTaroReities caRthrdaEein the first and second sets
are different from one another. 83 61. The method of claim 54, further

corrpRSiEIERIBRNG HlaRKIKg RSHSS8E} HEAM fiRARMERCAIY Bggniconductor
subseaicpneyctandsubstrate (740); and selectively blocking the second laser

beam from reaching the semiconductor substrate (740). 62. The method

of SRIRFEEILRIGKEIBRSRREUNSH RSP B LRI Sefs A HBgh gy emiconductor
sub&@istra e relative spacing between the incident locations of the first

and second laser beam axes. 63. The method of claim 54, wherein the

structures comprise electrically conductive links and the irradiation of a
62. IMkereseltoth evarnnehau imlerebrmpsigstgm for selectively irradiating

structyres on or within a semiconductor substrate (740) usin%?a gqlurali

n

t
of IAUEPG A0 UG, St 5hre ARG ARHSING 156, EXENRnSARGING between

the BRREsAtYOCMNYiISEIHE¢REDANthecRYFiEMasenpsianaix@daser source
producing at least a first laser beam and a second laser beam; a first

laser beam propagation path, along which the first laser beam propagates
63. tOwarch&ieofictfusrsHbesiatene’ 4tchedisidassideea®ctrically conductive

. ropagation path having a first laser beam axis that intersects the
ik B AT R S 5 455 QLS Fr S SBLS acer bearn

propagation path, along which the second laser beam propagates toward

the semiconductor substrate (740),.the secopd laser beam. propagation
6. , B HARG JOLROIRT A0 EAIALRE ARS8 e BRI oA caRponductor
subsuwhrirara (Y 4Q)reg a gstaadlilyspbtiasbetsiarisg finet spatandshsesegenthinged in a
rowse%)énding in a generally lengthwise direction, the system comprising:

a laser source producing at least a first laser beam and a second laser beam;

a first laser beam propagation path, along which the first laser beam
propagates toward the semiconductor substrate (740), the first laser beam
propagation path having a first laser beam axis that intersects the semiconductor
substrate (740) at a first spot;

a second laser beam propagation path, along which the second laser beam
propagates toward the semiconductor substrate (740), the second laser beam
propagation path having a second laser beam axis that intersects the semiconductor
substrate (740) at a second spot, wherein the first spot and the second spot
simultaneously impinge upon distinct first and second structures in the row; and

a motion stage (660) that moves the first and second laser beam axes relative
to the semiconductor substrate (740) substantially in unison in a direction
substantially parallel to the lengthwise direction of the row, so as to selectively
irradiate structures in the row with one or more of the first and second laser beams

simultaneously.
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simultaneously impinge upon distinct first and second structures in the
row; and a motion stage (660) that moves the first and second laser beam
axes relative to the semiconductor substrate (740) substantially in unison
in a direction substantially parallel to the lengthwise direction of the row,

65. Sthassisaateei\iimeadiniepsinathiagdartbe ur WHhﬁﬁ@e%r: more of the
first and second laser beams simultaneously. 84 65. The system of claim

64 GRS e $h88ds2RrREL RBsE620dsfeive first and second

lasers (720-1, 720-2, ...). 66. The system of claim 64, wherein the laser
source comprises: a laser (720); and a beam splitter (745) disposed in
66. JdiR BYSIRIEt Ahclgt 6dq YKreiL NG IBREDSPANER HAMR ISS%veen the laser
(720) 5 treemiepnductor substrate (740). 67. The system of claim 64,
further comprising: a first optical switch (750&dis$osed in the first laser

be A IPaSRIBR A DI BRASGidEl SRMtHN P55 apaBiessFoNd laser beam
profsietiveEpapassiegvee hlatking sne 7o) ase theessmitomdigaehisgosieate (740).

semiconductor substrate (740); and a second optical switch (750)
disposed in the second laser beam propagation path, the second optical

67. SWHtchy(ste) eaprine 64 shietidraly mpsiing or blocking the second laser
beam).from reaching the iconductor substrate (740). 68. The system of
T GG SR D RRBRE BB AUnr e o3 5 & festion path

the Akt opRisastRNteH ¢kB0) Caphitbasfossyuiniey: paeMpierd@RIng the first laser

ted to the first and d optical swit 750). the controll
Do QL7 NG L1856 B HECARMBSERH i dbiar Siches (750) So

as ansia@@h@tef%aBﬁﬁtﬁﬁd%ﬁ@pﬁlmsw;ghﬁ?@)zﬁée%mQf;gG?éﬁJg@érﬁWagation
(o{0) riIsing. eam steeri anis , , , ISPOS n.
Pt i SO0 SRR S S A SR AV AR O Blotking the

sec@guisiest: beam from reaching the semiconductor substrate (740).

68. The system of claim 67, wherein the first and second optical switches (750) are
AOMs.

69. The system of claim 67, further comprising:
a controller (690) connected to the first and second optical switches (750) ,
the controller (690) setting the states of the first and second optical switches (750)

so as to irradiate only selected structures.

70. The system of claim 64, further comprising:
a beam steering mechanism (760, 764, 766, 768) disposed in the first laser
beam propagation path, whereby the first location can be adjusted.

71. The system of claim 64, further comprising:

a beam steering mechanism (760, 764, 766, 768) disposed in the second
laser beam propagation path, whereby the second location can be adjusted.
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71. The system of claim 64, further comprising: a beam steering
mechanism (760, 764, 766, 768) disposed in the second laser beam
propagation path, whereby the second location can be adjusted. 85 72.
The system of claim 64, further comprising: a beam combiner (765)

72. diseoseddmbsitbiHhe 195t aRrthEicsageisiigser beam propagation paths;
and a focus lens (730)_disposed in both the first and the second laser

bednPEHEHEBARIGS &ireeRafdhai tumbirkrret)caprrrd laser beam

proERjaen @aeke: sydpstrate (740). 73. The system of claim 64, further
compyrising: a first focus lens (730A) disposed in the first laser beam

propdQ5tiEnBath /At Sisantd it REhNG 68 Gepot fetdelasss beam
progasetibramapiepaeaiesntatiy Kedrinediadifrseimsriyveindradistis8miconductor

structures on or within a semiconductor substrate (740) using a plurality
subgffaiadédQiser beams, the structures being arranged in a row extending

in a generally lengthwise direction, the method comprising: generating a

first pulsed laser beam that propagates along a first laser beam axis that
73. iﬁﬁﬁs’%’&?fﬂé’fsgm%ﬁéuﬁﬁ&gfﬁ E'S'T40); generating a second pulsed
lasgrfireao it RIPITIHS) adnssbasesanthdasiest essn Bsienthptopagation path;
intersects the semiconductor substrate (740); directing respective first and
second pulses from the first and second pulsed laser beams onto distinct
firsh asuteraoid s& sy ¢330 B)adfoposediniaoBrieir] iigeiabiearn si@dagation
structures with a single laser pulse per structure; and moving the first and
patr’éecond laser beam axes relative to the semiconductor substrate (740)

substantially in unison in a direction substantially parallel to the

lengthyyis qirection of the row, so as to selectively irradiate structures in
74. t%e%lﬁx},]o or selectively Irradiating structures ‘on or within a semiconductor

substrate (740) using a plurality of pulsed laser beams, the structures being

an

arranged in a row extending in a generally lengthwise direction, the method
comprising:

generating a first pulsed laser beam that propagates along a first laser beam
axis that intersects the semiconductor substrate (740);

generating a second pulsed laser beam that propagates along a second laser
beam axis that intersects the semiconductor substrate (740);

directing respective first and second pulses from the first and second pulsed
laser beams onto distinct first and second structures in the row so as to complete
irradiation of said structures with a single laser pulse per structure; and

moving the first and second laser beam axes relative to the semiconductor
substrate (740) substantially in unison in a direction substantially parallel to the
lengthwise direction of the row, so as to selectively irradiate structures in the row
with either the first or second laser beam, wherein the moving step results in a speed
that is greater than would occur if only a single laser beam were utilized to irradiate
the structures in the row.

75. The method of claim 74, wherein the first and second pulses are delivered

simultaneously to the first and second structures respectively.
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with either the first or second laser beam, wherein the moving step results
in a speed that is greater than would occur if only a single laser beam
were utilized to irradiate the structures in the row. 75. The method of
claim 74, wherein the first and second pulses are delivered
simultaneously to the first and second structures respectively. 86 76. The
method of claim 74, wherein the structures comprise electrically

76. cHhrRERO SR Clae thd VRGBS atwvéeﬁ|99m%r&réﬁﬂ@c{ﬁa%lkhwonduct've

links’ AndRBeMeHstRICEH I ik MbareimtkergurRi fARIPrise potential
electrically conductive links and the irradiation of a link results in making

an electrical connection in that link. 78. The method of claim 74, wherein

77. then8rah @i gesiopdiatr FafUeRar R e cagiartited Loprisetpotbafislagnectrically
78, wherein the first and second gtructures are separated by a distance

conduitveits ARsid Redsiatiater RbAdiasHIDI MAaRtLARE R Fannection

in thsgmikonductor substrate (740) in the vicinity of the first and second
structures. 80. The method of claim 78, wherein there is more than one
structure between the first and second structures. 81. The method of

78. claine Sphaensdent tariminTeer whetisigtuies ieswegid the dosicantetsand are not
. structures is an even number. 82. The method of claim 74, wherein the

a Jaﬁ%‘i”and second laser beam axes intersect the semiconductor substrate
(740) at respective first and second spots, and wherein the first and

79. TR BO0LOL RN de GGG Heh R SR O SO GG gparated
by aga:swg]om‘mféleﬁt:lmranidfami@remngmmtmh Itm@tﬁéhéﬁtblﬁsmsorbed by
eam Ira laser pea al InNtersec
the SERTRORAUEISE SHRSTaR TG e Seond sgtures.

structure in the row. 87
80. The method of claim 78, wherein there is more than one structure between the

first and second structures.

81. The method of claim 80, wherein the number of structures between the first and

second structures is an even number.

82. The method of claim 74, wherein the first and second laser beam axes intersect
the semiconductor substrate (740) at respective first and second spots, and wherein
the first and second spots are offset from the one another by some amount in a

direction substantially perpendicular to the lengthwise direction of the row.

83. The method of claim 74, further comprising:

generating a third laser beam that propagates along a third laser beam axis
that intersects the semiconductor substrate (740); and

directing the third laser beam onto a structure in the row.
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84. The method of claim 74, wherein the first and second laser beams
have respective first and second sets of optical properties, and wherein
the first and second sets are different from one another. 85. The method
of claim 74, further comprising: selectively blocking the first laser beam

84. framdeadiishthss seaNronduciie felhstrte(&4 Oanand sedeetivabebloeddRts have
the second laser beam from reaching the semiconductor substrate (740).

respgstivRel iRl oPRPARH 736 i HePRHRRHRIABS HIS T oARE MBERRY St )ﬁrSt and

secéhBaatsalls anfesERgfBemreladiymenasing between the first and second
spots. 87. A system for selectively irradiating structures on or within a

semiconductor substrate (740) using a plurality of pulsed laser beams,

85. tAsHmhaobeinin Fangesdnc rvriskgnding in a generally
lengthwise direction, the system comprising: a laser source produ%at

leaSEE FHYENUIBPIIRE 8 Sh RSl 06N JTREBJRREN BEaliasfaticonductor

sub&saE1?a0);piagagation path, along which the first laser beam propagates

toward the semjconductor substrate (740), the first laser beam ,
SR ORI e He LA BRI iheang g semiconductor

subsesusnictor substrate (740) at a first spot; a second laser beam
propagation path, along which the second laser beam propagates toward
the semiconductor substrate (740), the second laser beam propagation

86. b hstingdeoserant Taseu feancapipriBrigntersects the semiconductor
su(tsxftrate 40) at a second sﬁ&ot, wherfin the first spot and the second

pSUATSNEE (MRANHSHIRR fiFHNATR RB6 RPLEPLRR DS felAl YEwRRaRng Detween

the finstigndstrg@feicéhdtat moves the first and second laser beam axes
relative to the semiconductor substrate (740) substantially in unison in a
direction substantially parallel to the lengthwise direction of the row, so as

87. tossalgsteralyfor selectively irradiating structures on or within a semiconductor
substrate (740) using a plurality of pulsed laser beams, the structures being
arranged in a row extending in a generally lengthwise direction, the system
comprising:

a laser source producing at least a first pulsed laser beam and a second
pulsed laser beam;

a first laser beam propagation path, along which the first laser beam
propagates toward the semiconductor substrate (740), the first laser beam
propagation path having a first laser beam axis that intersects the semiconductor
substrate (740) at a first spot;

a second laser beam propagation path, along which the second laser beam
propagates toward the semiconductor substrate (740), the second laser beam
propagation path having a second laser beam axis that intersects the semiconductor
substrate (740) at a second spot, wherein the first spot and the second spot impinge
upon distinct first and second structures in the row; and

a motion stage (660) that moves the first and second laser beam axes relative
to the semiconductor substrate (740) substantially in unison in a direction
substantially parallel to the lengthwise direction of the row, so as to selectively

irradiate structures in the row with either the first or second pulsed laser beams such
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irradiate structures in the row with either the first or second pulsed laser
beams such 88 that any structure in the row is irradiated by no more than
one laser beam pulse, whereby the motion stage (660) traverses the
length of the row in less time than would be required if only a single laser

thatbgamstrateurtlizeehe toadiate iheistadchiiaso imbie rfn88nd NasHSERIBM pulse,
of claim 87, wherein the laser source comprises: respective first and

whegeRy 8. 820UqR 81896/ 4869) vy seRdlagsiengty ehifesov iR igasHine than
wouldsse sed(fraampies sindpeeadér B andve e amisedteritr4fihtispesefuctures

_in both the first and second laser beam propagation paths between the
in thedBW720) and the semiconductor substrate (740). 90. The system of
claim 87, further comprising: a first optical switch (750) disposed in the

first laser beam propagation path,  the first optical switch (750) capable of
88. %ﬂ&cﬁ%@%é’éﬁ?@%r%o%ﬁ&iﬂéhﬁé?ﬁﬁe?gH&ﬁr?mr hing the

serrdepadtivtofisiksitnée ¢6A8)laaedsa BeooNd7eptizal switch (750)
disposed in the second laser beam propagation path, the second optical
switch (750) capable of selectively passing or blocking the second laser

89. ransjsteniedchiio B2, seneirsinddetRissukiate (@@@prbsthe system of
clag}] 87, )\ijggﬁ_in the first and second optical switches (750) are AOMs.
Aeyst

. ' Waim 87, further comprising: a controller (690)
conrnpesdachtapiietdirs| 246) seiepod epticalsicties (fe0)atte seotiatleraser beam

PrOrROR ARGl SR GaBolee BrBbA120) S50 TE SySIET B n Eoo ka7 40)
comprising: a beam steering mechanism (760, 764, _766, 768) disposed in

90, tjl(ﬁ Sflsr?sgalﬁl?g%ropg%ripn pé??ﬁﬂﬁygrnc%%%rivsvi%r:eby the first location can be

a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser
beam from reaching the semiconductor substrate (740); and

a second optical switch (750) disposed in the second laser beam propagation
path, the second optical switch (750) capable of selectively passing or blocking the
second laser beam from reaching the semiconductor substrate (740).

91. The system of claim 87, wherein the first and second optical switches (750) are
AOMs.

92. The system of claim 87, further comprising:
a controller (690) connected to the first and second optical switches (750) ,
the controller (690) setting the states of the first and second optical switches (750)

so as to irradiate only selected structures.
93. The system of claim 87, further comprising:

a beam steering mechanism (760, 764, 766, 768) disposed in the first laser
beam propagation path, whereby the first location can be adjusted.
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94. The system of claim 87, further comprising: a beam steering
mechanism (760, 764, 766, 768) disposed in the second laser beam
propagation path, whereby the second location can be adjusted. 95. The
system of claim 87, further comprising: a beam combiner (765) disposed

94. i'FI#@EfF/ﬁ?@rﬁréi ahiig7sacanerlasaidiaang: propagation paths; and a
focus lens (730) disposed in both the first and_the second laser beam

prddRFABNPafB MR HEB LAk onfindPere 5y BhdlitResed in the second
lasePHBIHANSHepRGSdRsHRle, (WHEIeBP i sy SRIMoRREGIR ST bbiRBRIsted.

comprising: a first focus lens (730A) disposed in the first laser beam
propagation path; and a second focus lens (730B) disposed in the second

95. |[Tper dyeaempopPRagAtign, RAthe? Comprrihgd for selectively irradiating
structures on or within_a semiconductor substrate (740% using a pluralit

| Y
of BREHBHATRMNCEH( BRI ASBRRRPARARIRING ArFbA EXIBRRRGIAG 'aser beam
profggpaiatyplemeathvige direction, the method comprising: generating a first
laser peam that p ates along a fijrst laser beam axis that intersects
PR OB SRR} g BRI oty il Sbctic IHEesBea drger beam
proRigangatesaghendetreesndhasaidaamcenisitRat messeetsdhéne semiconductor
semic?il ctor substrate (740); directing the first and second laser beams
n_

SUb%tﬁ?(T)en jacent first and second structures in the row; and moving the
first and second laser beam axes relative to the semiconductor substrate

(£40) along the row substantially in unison in a direction substantially
9. RIS OB Le TNCG SOBRI i, 56, The method of claym 97,
furthedirspfopusingnse(e80Ye ookt ihaHisstiteseidwrabeionprepalagon path;
andthe semiconductor substrate (740); and
a second focus lens (730B) disposed in the second laser beam propagation

path.

97. A method for selectively irradiating structures on or within a semiconductor
substrate (740) using a plurality of laser beams, the structures being arranged in a
row extending in a generally lengthwise direction, the method comprising:

generating a first laser beam that propagates along a first laser beam axis that
intersects the semiconductor substrate (740);

generating a second laser beam that propagates along a second laser beam
axis that intersects the semiconductor substrate (740);

directing the first and second laser beams onto non-adjacent first and second
structures in the row; and

moving the first and second laser beam axes relative to the semiconductor
substrate (740) along the row substantially in unison in a direction substantially

parallel to the lengthwise direction of the row.

98. The method of claim 97, further comprising:
selectively blocking the first laser beam from reaching the semiconductor
substrate (740); and
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90 selectively blocking the second laser beam from reaching the
semiconductor substrate (740). 99. The method of claim 97, wherein the
first laser beam irradiates a given structure in the row for a first time, and
the second laser beam irradiates the given structure later for a second

timge|befvdyeorBering Bic!sdbont 1beraleansaloferbaitHIY s seenievhductor

is irradiated by either the first laser beam or the second laser beam but
SUbWi?onWhereby the moving step can occur at a greater speed than

would occur if only a single laser beam were utilized to irradiate the

structures in the row. 101. The method of claim 97, wherein the first. and

99. Hae medhiediaiedaim Sepyhaiing) e liRkaReY fareiradialRs@ given structure

in tHEElRRTRYSEChREantatian@ftre saycrREbed Byatheratinieendvstgiven structure
substrate (740) in the vicinity of the first and second structures. 102. The

later @t 8ase8d; 1, wherein there is more than one structure between
the first and second structures. 103. The method of claim 102, wherein the

number of structures between the first and second structures is an even .
100 NS BaC RS Bl s SHISLETY &S UFEI SHCHLE dhd Golii s LB piated by
eithGeane Ies lnierseeliline Gemneossteter fBEtrptanf40Nahmspedtyveviigieby the
and second spots, and wherein the firsé a&g secﬁ&r%%?)ots are offset from
ir t

MOVRE i8R fBthaCHY s8R SHeaLRt SRECHirEtaIbNY Ry only a single laser

beapevrsgediclitesdadhe denghwisetiietiies of the row. 105. The method of
claim 104, wherein the first and second spots are separated by a distance

sufficient to avoid a deleterious concentration of energy absorbed by the
101 seThisonetieiar siudisirate 1 7dbecheinvernithe Hral spdsetendcpess &k separated

106. The method of claim 97, further comprising: generating a third laser
by SRRl BHIABIIC AU Ao e T AT oSt dy ABSorbed by
the semiconductor substrate (740);iamaediietiingahthéhindiaser becondstauatures.
structure in the row.
102. The method of claim 101, wherein there is more than one structure between

the first and second structures.

103. The method of claim 102, wherein the number of structures between the first

and second structures is an even number.

104. The method of claim 97, wherein the first and second laser beam axes
intersect the semiconductor substrate (740) at respective first and second spots, and
wherein the first and second spots are offset from the one another by some amount
in a direction substantially perpendicular to the lengthwise direction of the row.

105. The method of claim 104, wherein the first and second spots are separated by

a distance sufficient to avoid a deleterious concentration of energy absorbed by the
semiconductor substrate (740) between the first and second spots.
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107. The method of claim 97, wherein the first and second laser beams
have respective first and second sets of optical properties, and wherein
the first and second sets are different from one another. 108. The method
of claim 97, further comprising: during the moving step, dynamically

106 2dHstiRG thed @P@M@rﬁm‘}iﬂﬂth@wm&ﬁ and second laser beam
axes. 109. The method of claim 97, wherein the structures comprise

el FREIIh AR AARHDEAMHB A RIPRASRISS HAR JeRURY th l8s6e gpm axis
thattiéltetd 1he BepnaeHmit@irdaimaiaic(hatyintie first and second laser

beams are pulsed, laser beams. 111. The method of claim 110, wherein
theHREURQ Bt lasar Reams oo sLRIEF LR iARR 58%y on the first

and second structures respectively. 112. A system for selectively
irradiatirgg structures on or within a semiconductor substrate (740) using a

107510/ )y BRIAOSH BEAIRMNR /st YBRIRE Hafd AR SRCRNRSKteREMYS have

respBcigeriaallyiengewyag diegstion dpecaystepeeiap!ising: dlseisaHEdirst and
roducinagﬁaet least a first laser beam and a second laser beam; a first

seCoRd SRS e HIRIE AT DA eI Ghich the first laser beam propagates

toward the semiconductor substrate (740), the first laser beam

propagatign path having_a first laser beam axis that intersects the
1080 R LA P LA Ik OB, = second lacer bearm

projagadian @atiovahenetamicy insieatndlgsetihgaie pepngatesdomgrdetween
h he se icondﬁ%&séu?strate 740), the second laser beam propagation
the ﬁ@hﬁﬁ/ﬁ?ﬁ% d ' axis that intersects the semiconductor

92 substrate (740) at a second spot, wherein the first spot and the second

spotimpinge  upon pon-adjacent first and second structures in the row; .
10030 4 Lo 080 {6605 B 1oV A6 8 G A mGE T lectrically
condeletive litkharsethicoralisitsrsobstiatie (@40)siibstamrtially thattision in a

direction substantially parallel to the lengthwise direction of the row.
110. The method of claim 97, wherein the first and second laser beams are pulsed

laser beams.

111. The method of claim 110, wherein the first and second laser beams are pulsed

simultaneously on the first and second structures respectively.

112. A system for selectively irradiating structures on or within a semiconductor
substrate (740) using a plurality of laser beams, the structures being arranged in a
row extending in a generally lengthwise direction, the system comprising:

a laser source producing at least a first laser beam and a second laser beam;

a first laser beam propagation path, along which the first laser beam
propagates toward the semiconductor substrate (740), the first laser beam
propagation path having a first laser beam axis that intersects the semiconductor
substrate (740) at a first spot;

a second laser beam propagation path, along which the second laser beam
propagates toward the semiconductor substrate (740), the second laser beam

propagation path having a second laser beam axis that intersects the semiconductor
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113. The system of claim 112, wherein the laser source comprises:
respective first and second lasers (720-1, 720-2, ...). 114. The system of
claim 112, wherein the laser source comprises: a laser (720); and a beam
splitter (745) disposed in both the first and second laser beam

subﬂ%@ﬂ@ﬁ&%@@@%@ﬁoﬂb@vﬁé@ﬁﬁtﬁ@fﬁ@ﬂ'é BRI ¢RE oA spot impinge
substrate (7402. 115. The system of claim 112, further comprising: a first

upog APLIRRENE758Y 3 eseaNd BlrARdr¢sdorBedRY b @pdgation path, the
firsh qREfishsyyigh (680) aamablevesselesiivehnepssttmhaniieshiearihne st relative

laser beam from reaching the semiconductor substrate (740); and a

to & oRABISRAIUSIACHSBD AR pd£80)in $HEBRHANadRr pBiFAN In a direction
subSERRRIRtioar MRIothieSepenREE AHSMEINGTHR) rAmable of selectively

passing or blocking the second laser beam from reaching the
semiconductor substrate (740). 116. The system of claim 115, wherein the

113firshans/sreans eprlieal sitanesdiroPl aicch Odlscd Eonhesegstem of
claim 115, further co grising:?contr ller (690) connected to the first and

seéSﬁH%itY@a (S AR MAr EdbFsetting the states of the
first and second optical switches (750) so as to irradiate only selected
stryctures. 118. The system of claim 112, further comprising: a beam
14 b AR b2 PRHTB, R e A FERT S o bearn
propagssiofy athamdnereby the first location can be adjusted. 93 119. The
system of claim 112, er.comprising: a heam cambiner (765) dispgsed
o o FAE R A SbedRARSE) HE R by g HRbrr PR e et beam
propagasidensaifisM«tispenat éndxsh (reolrahanbshe steonduesrrsubammate (740).

propagation paths between the beam combiner (765) and the
semiconductor substrate (740).

115. The system of claim 112, further comprising:

a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser
beam from reaching the semiconductor substrate (740); and

a second optical switch (750) disposed in the second laser beam propagation
path, the second optical switch (750) capable of selectively passing or blocking the

second laser beam from reaching the semiconductor substrate (740).

116. The system of claim 115, wherein the first and second optical switches (750)
are AOMs.

117. The system of claim 115, further comprising:
a controller (690) connected to the first and second optical switches (750) ,
the controller (690) setting the states of the first and second optical switches (750)

so as to irradiate only selected structures.

118. The system of claim 112, further comprising:
a beam steering mechanism (760, 764, 766, 768) disposed in the first laser

beam propagation path, whereby the first location can be adjusted.
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120. The system of claim 112, further comprising: a first focus lens (730A)
disposed in the first laser beam propagation path; and a second focus
lens (730B) disposed in the second laser beam propagation path. 121. A
method for selectively irradiating structures on or within a semiconductor
substrate (740) using a plurality of laser beams, the structures being
arranged in a row extendin? in a generally lengthwise direction, the

119, LG avsiemp R PehbralidNS iFAMRIE B&am that propagates along a
firsh |ps@ibeamisiis: tRsSNErspReisdhe Bermieradstoird s decortPlaser beam

generating a second laser beam that propagates along a second laser
Propgaiion,Raisi 3rsects the semiconductor substrate (740); directing the

firshanitigsoend [#P80 pemspd sutoidisier tinel ainst SBEONMEPSEBOAT laser beam

respective distinct first and second structures in the row, the second spot
ProRagAoB Ao EINGRL: P6t (RPaBINEARIIDRE i Zdikedfich the semiconductor

subgespsAi@)lar to the lengthwise direction of the row; and moving the first
and second laser beam axes relative to the semiconductor substrate
(740) along the row substantially in unison in a direction substantially

120paradadyistthe ngivyise 2lifeetir ebinprieing122. The method of claim
121, further comprising; selectively blocking the first laser beam from _
o) SRS ABRES Aty CIRRSRSES 15457 et SeREibelg BiGKiRRgion path
andsecond laser beam from reaching the semiconductor substrate (740). 94
123. The method im.121, wherein the first laser beam irradiates. a
TGS o i

a segoRd fagR g FBPSEAH R RGeS QRN ASBLORG TR ALPBRGRON path.
irrqdiates the givgn structure later for a secpnd time. 1.24.. The; method of

12 R e B S ST B B B R Bimiconciuctr
substrate (740) using a plurality of laser beams, the structures being arranged in a
row extending in a generally lengthwise direction, the method comprising:

generating a first laser beam that propagates along a first laser beam axis that
intersects the semiconductor substrate (740);

generating a second laser beam that propagates along a second laser beam
axis that intersects the semiconductor substrate (740);

directing the first and second laser beams onto distinct first and second spots
on respective distinct first and second structures in the row, the second spot being
offset from the first spot by some amount in a direction perpendicular to the
lengthwise direction of the row; and

moving the first and second laser beam axes relative to the semiconductor
substrate (740) along the row substantially in unison in a direction substantially
parallel to the lengthwise direction of the row.

122. The method of claim 121, further comprising:

selectively blocking the first laser beam from reaching the semiconductor
substrate (740); and

selectively blocking the second laser beam from reaching the semiconductor
substrate (740).
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whereby the moving step can occur at a greater speed than would occur if
only a single laser beam were utilized to irradiate the structures in the
row. 125. The method of claim 121, wherein the first and second
structures are not adjacent. 126. The method of claim 125, wherein there
is more than one structure between the first and second structures. 127.
The method of claim 126, wherein the number of structures between the

123, 5{ N NRIBBAI YurBidied 4 aVEGERR URD I ST D8SehPRRTN T igigma given
struditte N eRRINAe firsh aNdtsaerRNhABIsALR SORARISSH e andlistabRfes the given

sufficient to avoid a deleterious concentration of energy absorbed by the
struglyfdatRI AR SHSOPSETRI0) between the first and second spots. 129.

The method of claim 121, wherein the first and second laser beams have
respective first and second sets of optical properties, and wherein the first

124 3nd NG BRI LAERferbat fr¥NESRE albiGthar SERSI9RSHIEHER Il oW is

irradidfedvbgreithiée slsuardiemsempeametactiealiecepier ugtive Baksanditheot both,
irradiation of g link results in severing that link. 131. A system for

WhegaRy-HBIAYaRMER FABL ARG IRb AHFRIS! SSRRREHUER ST OB ARy i only a

sing(é483 estihmplaiivin &by PeaingettieStumtiesheingaganged in a
row extending in a generally lengthwise direction, the system comprising:

95 a laser source producing at least a first laser beam and a second laser

125bedme anbitsiddser BRaM NRNagHERBipathe Hiestg analcieibentritlastlires are not
. beam propagates toward the semiconductor substrate (740), the first laser
ad]at?@&rtn propagation path having a first laser beam axis that intersects the
semiconductor substrate (740) at a first spot; a second laser beam

propagatio th ai%n %’gﬂch e second laser bea ropagates towar
126 R A2 A B £ (A6 St Ottt TAGEH oA B oo pUUaisg Detween
the patihdmavirgansespodtiaser beam axis that intersects the semiconductor
substrate (740) at a second spot, wherein the first spot and the second
spot impinge
127. The method of claim 126, wherein the number of structures between the first

and second structures is an even number.

128. The method of claim 121, wherein the first and second spots are separated by
a distance sufficient to avoid a deleterious concentration of energy absorbed by the
semiconductor substrate (740) between the first and second spots.

129. The method of claim 121, wherein the first and second laser beams have
respective first and second sets of optical properties, and wherein the first and
second sets are different from one another.

130. The method of claim 121, wherein the structures comprise electrically

conductive links and the irradiation of a link results in severing that link.

131. A system for selectively irradiating structures on or within a semiconductor
substrate (740) using a plurality of laser beams, the structures being arranged in a

row extending in a generally lengthwise direction, the system comprising:
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upon distinct first and second structures in the row, and wherein the first
and second spots are separated by some distance in a direction
perpendicular to the lengthwise direction of the row; and a motion stage
(660) that moves the first and second laser beam axes relative to the

Se@léﬁ@?%@l‘c@?ﬁé@j@lﬁ@"@ﬂ ISR st 2 LB BN AresEORd laser beam;

substantially parallel to the lengthwise direction of the row. 132. The

sySefirsk dRHRT 13¢2WMnh&QRaBR!98eP&lrcaleampwaich r@?pé‘!{ﬁ&e'ﬁﬁf beam
proﬂ@bﬁ@of&déﬁ?r&ﬁézosém_f&hauctbr1%@1b'§hﬁt§y3(¢m)?f cledm fi@t, laser beam

wherein the |aser source comprises: a laser (720); and a beam splitter,

ProRag3Hiefs LR VBN HY Fhf Sl *%%%%&’Fé%é? %Wra&%agaﬁoﬁ%awd uctor

sub&eaeenitheaieagir{y 4gpand the semiconductor substrate (740). 134. The
system of claim 131, further comprising: a fII’Sm%[ICBJ switch (75

dusBo%%%PmdtH%SﬁFsP%%@ B@%Rﬁ%BB%g%ﬁan ) W?Hs&*@pﬁ@&&é\ﬁ ifgser beam
profgd§8ieeanatigral satecibairdasstiorosbsidng thabnst inéevsdaﬁﬁm fraser beam

reaching th semlconductor stratEéMO) and a second optical switch

ProRagayfispBLLdaY HE38E5R aéér% A oHs JaRbINBERACHR G aEAICONductor
sub§ipaRa| Be0Cht ({ HRcempiéie 0 vastestivehe TrsSklbe b ehingdbendegsstdmpinge

laser beam from reaching the semlcond ctor substr 740 35.Th
PO REh AT S e STt A KL ST U Epe second
spo@@p@@@&@a@édﬁ}em@maéawml%uﬁgm peppiigirgl & eortiellehgthwise
90) nected to the first and second optical switches (750) the

dire B?\ﬂ'(?llég%@dy < ng the states of the first and second optical switches
(7Meties ém@@(:we ohbt sedeetethetficiuaes d8abrid rsyslesanl giaisrelative

o Bt Tar AR R HRLeS R oy R & drecton

subd;watiahqur@l@ﬁrbuh@tlbngthmse direction of the row.

132. The system of claim 131, wherein the laser source comprises:
respective first and second lasers (720-1, 720-2, ...).

133. The system of claim 131, wherein the laser source comprises:
a laser (720); and
a beam splitter (745) disposed in both the first and second laser beam

propagation paths between the laser (720) and the semiconductor substrate (740).

134. The system of claim 131, further comprising:

a first optical switch (750) disposed in the first laser beam propagation path,
the first optical switch (750) capable of selectively passing or blocking the first laser
beam from reaching the semiconductor substrate (740); and

a second optical switch (750) disposed in the second laser beam propagation
path, the second optical switch (750) capable of selectively passing or blocking the
second laser beam from reaching the semiconductor substrate (740).
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138. The system of claim 131, further comprising: a beam steering
mechanism (760, 764, 766, 768) disposed in the second laser beam
propagation path, whereby the second location can be adjusted. 139. The
system of claim 131, further comprising: a beam combiner (765) disposed

135in PREhdPsrdirstaneldie 38e0whHarsh hpamirdrapagsdeserEpticldwitches (750)
focus lens (730) disposed in both the first and the second laser beam

are f@NSyation paths between the beam combiner (765) and the
semiconductor substrate (740). 140. The system of claim 131, further

camprising: a first focus lens (730A) disposed in the first laser beam
136prBB§g°‘X§§?f’b9€kﬁlaéﬂH1§§eMH6efo%@Fgf%r@"BOB) disposed in the second

lasgr simare P PeYRtiedmMBted o the first and second optical switches (750) ,
the controller (690) setting the states of the first and second optical switches (750)
so as to irradiate only selected structures.

137. The system of claim 131, further comprising:
a beam steering mechanism (760, 764, 766, 768) disposed in the first laser
beam propagation path, whereby the first location can be adjusted.

138. The system of claim 131, further comprising:
a beam steering mechanism (760, 764, 766, 768) disposed in the second
laser beam propagation path, whereby the second location can be adjusted.

139. The system of claim 131, further comprising:

a beam combiner (765) disposed in both the first and the second laser beam
propagation paths; and

a focus lens (730) disposed in both the first and the second laser beam
propagation paths between the beam combiner (765) and the semiconductor
substrate (740).

140. The system of claim 131, further comprising:

a first focus lens (730A) disposed in the first laser beam propagation path;
and
a second focus lens (730B) disposed in the second laser beam propagation path.
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