LINK PROCESSING WITH HIGH SPEED BEAM DEFLECTION BACKGROUND OF THE INVENTION
Field of the Invention The present invention relates to the field of laser processing methods and
systems, and specifically, to laser processing methods and systems for laser processing multi-material
devices. De&¥AFBHBY e Related Art  Lasers can be used in the prof&3&ing*8¥Mférdstructures in
memory and integrated circuit devices. For example, laser pulses can be used to ablate conductive
links or link portions in a memory device, such as DRAMs in order to substitute working redundant P
memory cells for defective memory cells during memory manufacture. Recently, the use of new
materials, such as aluminum, gold, and copper, coupled with the small geometry of these devices,
have made the problem of link removal more difficult. Economics and device performance goals have

driven the size for the PR V@O HEdsgiaieiTes HovR 'y Eial phydicalkimecgiens. Thus, it can be
increasingly difficult to irradiate a target structure without damaging surrounding components such as

the substrate and adjacent circuitr)ﬁ% %Lﬂﬁtggrﬂ%mwgrgnks need to be processed for a

given area of semiconductor circuitry, the time required to process a given die increases.
Field of the Invention

The present invention relates to the field of laser processing methods and systems,
and specifically, to laser processing methods and systems for laser processing multi-material

devices.

Description of the Related Art

Lasers can be used in the processing of microstructures in memory and integrated
circuit devices. For example, laser pulses can be used to ablate conductive links or link
portions in a memory device, such as DRAMs in order to substitute working redundant

» memory cells for defective memory cells during memory manufacture.

Recently, the use of new materials, such as aluminum, gold, and copper, coupled with
the small geometry of these devices, have made the problem of link removal more difficult.
Economics and device performance goals have driven the size for the DRAMs and logic
devices to very small physical dimensions. Thus, it can be increasingly difficult to irradiate a
target structure without damaging surrounding components such as the substrate and adjacent
circuitry and links. Furthermore, as more links need to be processed for a given area of
semiconductor circuitry, the time required o process a given die increases.

When a single laser pulse or burst of pulses is used to irradiate and sever each link
designated for removal, the beam path of laser pulses may move relative to the substrate
during the process of irradiation in an “on-the-fly” link blowing process. This relative
movement may include moving the substrate and/or moving the beam, although substrate
motion on an X-Y stage in conjunction with a vertically oriented and stationary beam is a
currently common approach. In conventional laser processing systems, groups of arrayed
microstructures are processed. The array may be links in a row, links in closely spaced rows,
links in staggered rows and similar regularly spaced arrangements. The conventional
processing is generally carried out with either an energy on demand system (e.g. pulse

equalization) or an energy picking system (e.g. pulse picking). In the energy on demand
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When a single laser pulse or burst of pulses is used to irradiate and sever each link designated for
removal, the beam path of laser pulses may move relative to the substrate during the process of
irradiation in an "on-the-fly" link blowing process. This relative movement may include moving the
substrate an®/8r#EIHEthe beam, although substrate motion on an X-Y BtESH E8Hf#Attion with a
vertically oriented and stationary beam is a currently common approach. In conventional laser
processing systems, groups of arrayed microstructures are processed. The array may be links in a
row, links in closely spaced rows, links in staggered rows and similar regularly spaced arrangements.
The conventional processing is generally carried_out with either an energy on demand system (e.g.
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an irradiationsperis iytimediiusoptisEbeiilza sreringdargeidridibiatprosassiag rade: isnkirgited by a
minimum period.between epergy on demand irradjation periods. In the ener icking system, the
laser is pulséd & 3\6%%11%3{? erre‘ﬁé’é?[ll 4 o %yaﬁ reéegn‘%/medm
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is illustrated in Figures 1 and 2. A repeating sejg‘_snce of laser pulses, for example pulses from a
g-switched |88¥15 Blesksh e ey sEqleARsBRS U Bihdiateo PEedqUbRR PHIEIBD AT ded pulses
is generated ghehRrgdatespined repetition rate. A group of links 10 having a characteristic spacing d is

put in motion relative to a processing head at a predetermined velocity V by moying a stage 12 under
control of a control EOnTRRYER RS AREHPR rgcﬁ%{femgféﬁ%féje fB?H%“B”Po{ycégg%-g léeé)a?'?ﬁére is an
associated traqsintimest Tades pahdf) dbradtamplp eribes dnualatq-Fbj thedslabstratés dsafomaveduepan amount
equal to the sharaciafisle spaciag.afbe:ais: L Anotariia, Ihe i je, N petadahugiecty V
relative to thé p‘?ocessmg head 1s™TT. I arconvent nalpprocess g system inks an pulses are
synchronizedefklitanoratee pegiocbaff thekiasbhgyiige rbpatitiontiatpa@ng. dhenpuisenegipuksdapesiod of a

crswitched Iaser 6onlalied b Gust SRR IO AR, OIS AMPHSLADPARIDALR £AuRl, With this

method, a pulse Is available to process every link. Pulses that are synchronized with links to be
processed, stifFralsapmaREnd 41005 4AUCEof Briksguraeoreiravalfoviied R ressite therdaleis AP process

the respectivgdinks.Piisas thal are.sehr arized wity ks that aredeunamaininiachamnblacked from
reaching the targets by an energy control and pulse picking system 16 of Figure 1, as indjcated by

dashed circlé&FRiGIHI I WHE P HRSIA WaTRE SHRY i Y ad Rotbked™ el 'BdXbpreciated
that the time gegudred ¢bgitptestat givehaabotditishadthinE group of a row or a column of links is
approximately the number of Jinks times the time period Tl.. which in thesge syste uals the laser
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controlled by trigger signals from the control computer 14) are made equal. With this
method, a pulse is available to process every link. Pulses that are synchronized with links to
be processed, such as links 10a, 10d, and 10f of Figure 2, are allowed to reach the targets and
process the respective links. Pulses that are synchronized with links that are to remain intact
are blocked from reaching the targets by an energy control and pulse picking system 16 of
Figure 1, as indicated by dashed circles in Figure 2 where the beam would strike if it was not
blocked.

It will be appreciated that the time required to process a given set of links within a
group of a row or a column of links is approximately the number of links times the time

period T1, which in these systems equals the laser pulse repetition rate. If the laser used has a
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Although the above embodiment was described in terms of single pulse link processing, link blowing
systems have been described that apply multiple pulses to each link to sever the link. Figure 3 shows
a system which applies a burst or sequence of two pulses to each link. In this embodiment, the pulse
selector 16 S¥R&MURNES of pulses rather than individual pulses for link pFOEESEIAY*IFPSbme
embodiments, the laser itself produces separated bursts of pulses where the pulse to pulse separation
within the burst is much less than the separation between bursts. In these embodiments, the pulse
picker 16 selectively passes or blocks pulse bursts. Other known embodiments use multiple lasers or
split and recombined pulses to produce a variety of intensity profiles of the laser energy applied to a

link for proce8akigum Rislsthiare ffré0ddiapioraeiaiierarl g B area s&iths hsou 8ot Bid document

related to appiyingripiies artaisetsieatone fRicRiResssing includes applying a sequence of pulses,
pulse groups, combined pulses, or pulse bursts, or any other irradiance intensity profile for performing
a complete or partigt{APYER pitscABEHTg FARRHBAE! Wi HesRTbsdvahesgRd R s df?ﬂgﬁtil,’\gue pulse
picker 16 is grvaetgidaptinh wingwlatinn lewdeshdtsnaledehanspiegtiaddplicpaivticty es¢hsindteering
mirror or any Otheerrtéﬁ%% fo 1‘Iicgel §v&i\tchswi§h tSlljﬁ‘fiwc'e&tg eh%ga Lgrsgl%(r:grag Lo o therlﬂseeS (;n addition
to pulse picklﬁﬁ’eiyor acous b-o%ﬁc mo l‘ﬁa?orgs, fast steen MIrrors, or StRer forms ocﬁ’ilg speed
deflectors haashalstibdarntidesorivdin@ndlruphyseicfor beasegeositiomcofrpetion ratbergthhe direction
of beam motjpp, f 8 long RLISE,05RUISEBNERLIS BEING, ARlGHH IR RIRCe TR0k WUt Frrection, if

the pulse or pulse burst is short relative to the transit time of the beam spot across the link during the

pulse or pulsesgredduration, i sdirs st it RS S Wapeeiabiahn § e WEeved described

relative bearg,gnehlink mation sleritg thgaN-the iy PLoRssaiRch AWeyRk. FhrepPWN A &igiug 4, if the
burst has many pulses or includes relatively long inter-pulse spacing, the beam spot can walk off the

center of theNfiReY SRk REator YRR kod s SRRt B BRI B E15IRh 280570167581

to Cordingleyghsthe@ figftectairiage avhighysiesdieileesanis fnstibe diedefiptilbser pulses to
improve the ¢oincidence of he.ﬂu es, with the tar?et %tr ctur&s Ptthi Situation.. As qlesct:rlged in this
Publication, 195 RERENBRcah Wt (SBHPSRotARIERTIGS RO HENSE PO ARE BER RS S8 &  the link. In
one embodindentgeneskiydilo smatekin frigune 5, tthedefledior RO procdshibe mpbridivaplylvogpled to the
relative positioning.system. The deflector 20 is. preferabl lj d b ' IS
acousto-optié'e 3?/%8 Séttﬁgnpsi%’agufs %/gﬁo/ gagétc'q’r%ﬁt)r%ge'Vﬁ:%g’s?t%%aé t%ﬁ%%,oghﬁé t?é%i Ieénp?cééed
electro-optic dfedrarodlg foanprieinimgindexpiiiceipadiapsgibiys esmafingtodeflector) may be used.
The time-bandwidtfypraduct (Qumberof ShaSkcaRRe Fadsddorgrgponge img op.aR@Rpiration

basis. Alternatively, an electro-optic modulator may be used with a separate acousto-optic deflector
operated in d"eHAGHEIcEe Rt HABAF ShAeR aBifptEEd 8 faih SRR 2EcreTer Aol S SPSchronized
(triggered) b@sggtgmmtmwﬂgmm&mm@gmdﬁw@@,A modulator 22 may be used for intensity
control and pulse gating/selection, to select pulses 24 at times ti, t2, t3 for target sfructure processing.
As the beam path fBVELTE TeP HLFBES R B P & Ui 1 5 P SHTERIRe HEkiTEE Bveop of 4
multiple pulsexpprasessingciuietion thighdeftedtdefROtwe bltedse steondiyedeftie cOtveshaamepath in a
direction oppgsing the relative movement. .Thu lurality of pulses. wauld irradiate ap, Bg}%'[nately the
same portion%ﬁ%é“{ﬁ?g%?&?ﬁ&ﬁ%ﬁf%‘}%ﬁ |g§§t£r}1n ?J!)mg er]%gb%égv@?g%f@sﬁgrrggy gl)ncorporated by
reference in s teingeanplied tamothess apiicatiiivhiaarstisn Spbe pubdiamrsa buséasshetih of a

laser procesging;RAcNe JSRIBaHe seiRe i sy RUBicatonNUmBE! 4R021Q17 58k, B0

embodiment described therein with reference to Figure 20, an acousto-optic modulator is used as a

beam splitterdainowtr &350 caes Y spstectRmGIRbafyErs trcthracteactiibrd e Bebi#Pbaths of

the resulting heamms meuehaeaptind ea iy aontalinmihafrequansienapplies to:the Aeistesoptic
modulator to simultaneously position each resulting beam accurately on the targets to bg processed.
Although highPSEEH B SEARFMIEH MM ASRB AT RIS-REIE] P HBA G RSl utlized
in a variety ofiechigustchiag descibead abave cidilitinia sepsrmothighlsSe fdicafRdttestionlink
blowing syst e useful in the field, For further reference, the following ca-pending U S.
applications %ﬁ?@géi%g%é?e%eg&anée s%tié?ri’eec‘j Sﬂtﬁcetozfls&éié’ﬁeae{n fﬁ%e%%eclgﬁ%tﬁge}%g%ﬁ, gcs?g?ibe many
additional asgefitst dédersar$askdiowingg tinganeitenretyf ieangsrareithiler bfgee sbudhraselr Bitirety:

situation. As described in this Publication, the deflector can act to oppose the relative



WO 2009/039184PCT/US2008/076694 1. U.S. Patent No. 5,300,756, entitled "Method and System for
Severing Integrated-Circuit Connection Paths by a Phase Plate Adjusted Laser beam"; 2. U.S. Patent
No. 6,144,118, entitled "High Speed Precision Positioning Apparatus"; 3. U.S. Patent No. 6,181,728,

entitled "CortBIHG 13844 Polarization”; 4. U.S. Patent No. 5,998,759, entititd St 488/ 5?8 cessing";

movement of the beam spot across the link. In one embodiment generally illustrated in
Figure 5, the deflector 20 would be operatively coupled to the relative positioning system,
The deflector 20 is preferably solid state and may be a single axis acousto-optic device which
has a very fast “retrace”/access time. Alternatively, a higher speed electro-optic deflector
(e.g., a gradient index reflector or possibly a digital light deflector) may be used. The time-
bandwidth product (number of spots) can be traded for response time on an apphcation basis.
Alternatively, an electro-optic modulator may be used with a separate acousto-optic deflector
operated in a “chirp mode” {e.g., linear sweep as opposed to random access mode) and
synchronized (triggered) based on the positioning system coordinates. A modulator 22 may
be used for intensity control and pulse gating/selection, to select pulses 24 at times t;, 1z, t3 for
target structure processing. As the beam path moves further across and beyond an edge of a
target structure during a sweep of a multiple pulse processing function, the deflector 20
would more strongly deflect the beam path in a direction opposing the relative movement.
Thus, a plurality of pulses would irradiate approximately the same portion of the target
structure. U.S. Publication Number 2002/0167581 is hereby incorporated by reference in its
entirety.

Another application of an acousto-optic modulator in a beam path of a laser
processing machine is also described in U.S. Publication Number 2002/0167581. In an
embodiment described therein with reference to Figure 20, an acousto-optic modulator is
used as a beam splitter to allow the processing of more than one target structure at a time.
The beam paths of the resulting beams may be controlled by controlling the frequencies
applied to the acousto-optic modulator to simultaneously position each resulting beam
accurately on the targets to be processed.

Although high speed beam scanming within a dominant fundamental beam trajectory
has been utilized in a variety of contexts such as described above, additional uses of high
speed deflectors in link blowing systems would be useful in the field.

For further reference, the following co-pending U.S. applications and issued patents
are assigned to the assignee of the present invention, describe many additional aspects of

{aser link blowing, and are héreby incorporated by reference in their entirety:



5. U.S. Patent No. 6,281,471, entitled "Energy Efficient, Laser-Based Method and System for
Processing Target Material"; 6. U.S. Patent No. 6,340,806, entitled "Energy-Efficient Method and
System for Processing Target Material Using an Amplified, Wavelength-Shifted Pulse Train"; 7. U.S.
Patent No. 6W8300%43%#titled "Method and System For Precisely Positiohing RAEIET61a

Material-Processing Laser Beam To Process Microstructures Within A Laser-Processing Site", filed 16
May 2000, and published as WO 0187534 A2, December, 2001, 8. U.S. Patent No. 6,300,590, entitled
"Laser Processing"; and 9. U.S. Patent No. 6,339,604, entitled "Pulse Control in Laser Systems."

1. U.S. Patent No. 5,300,756, entitled “Method and System for Severing
Integrated-Circuit Connection Paths by a Phase Plate Adjusted Laser beam”;

2. U.S. Patent No. 6,144,118, entitled “High Speed Precision Positioning
Apparatus”;

U.S. Patent No. 6,181,728, entitled “Controlling Laser Polarization”;

4. U.S. Patent No. 5,998,759, entitled “Laser Processing”;

U.S. Patent No. 6,281,471, entitled “Energy Efficient, Laser-Based Method
and System for Processing Target Material”;

6. U.S. Patent No. 6,340,806, entitled “Energy-Efficient Method and System for
Processing Target Material Using an Amplified, Wavelength-Shifted Pulse
Train™;

7. U.5. Patent No. 6,483,071, entitled “Method and System For Precisely
Positioning A Waist of A Material-Processing Laser Beam To Process
Microstructures Within A Laser-Processing Site”, filed 16 May 2000, and
published as WO 0187534 A2, December, 2001;

8. U.S. Patent No. 6,300,590, entitled “Laser Processing”; and

9. U.S. Patent No. 6,339,604, entitied “Pulse Control in Laser Systems.”

10. U.S. Patent No. 6,639,177, entitled “Method and System For Processing One

or More Microstructures of A Multi-Material Device”

The subject matter of the above referenced applications and patents is related fo the
present invention. References to the above patents and applications are cited by reference

number in the following sections.

SUMMARY OF THE INVENTION
In one embodiment, the invention comprises a method for laser processing a multi-
material device including a substrate and at least one target structure. The method comprises
producing relative motion in a first direction between a beam path and a substrate having at
Jeast one target structure thereon, generating a first pulse and irradiating a first portion of the

target structure with the first pulse wherein a first beam waist associated with the first pulse



10. U.S. Patent No. 6,639,177, entitled "Method and System For Processing One or More
Microstructures of A Multi-Material Device" The subject matter of the above referenced
applications and patents is related to the present invention. References to the above patents and
applications & XM teference number in the following sections. SUMKRPEHE P INVENTION
In one embodiment, the invention comprises a method for laser processing a multi-material device
including a substrate and at least one target structure. The method comprises producing relative
motion in a first direction between a beam path and a substrate having at least one target structure
thereon, generating a first pulse and irradiating a first portion of the target structure with the first pulse

wherein a firdbbESrAFR IS SBISEARBISHHIR BHESHIEIANYISENG 1N the SRCRSS e feree e
substantially eeingigisLbsmeanrihpidseisdernane dnibe:peiend pulisaliring deayedal pigdetermined

time relative to the first pulse. The secand pylse.is deflected in a secand directign, wherein the second
direction is nién&ﬁﬁﬁ%ﬁ%ll?o"tﬁ%c‘ﬁ?getif?@gﬁg’n‘,’%ﬁrﬁ% gc%ﬁangoﬂfgﬁ%?tﬁeng?_l%aﬁﬁ %ntg Fn?c%lrggtructure is
irradiated wittirthecdefledtedssrednpopiisectviierein lease condriieashwaist associated with the deflected

second p“'S%egIJe‘étethse%%%ﬁ”%@Q”iHQe%ﬁ e laastong, mic %Jssééyat 'giavbsansRlv Fangide.  In
another embodiment, suc B method comprises producing relative motion in a first direction between a
beam path apielsa @bl ateohapiertat 6 dut s heastogemicnasiurdnh srbsianigahvareinade first pulse and

iradiating a first pogig, AL AERLLEHIENARING fist RV SS MBS A EShhRATh Waiskassociated

with the first pulse and the at least one microstructure substantially coincide. A second pulse is

generated, tRESEEBRI PGS sefayad a PR ARTHEOHNSESFBEIREEY HR'FIREE RASO N this

embodiment,thg secong-aysedareiiesiachsa astedirdisterbaratieastonalardst sikugtuse with the
deflected secaond pulse, wherein a second beam wai%t associatedlr\évith the deflected second pulse and

a longitudinalf UrSHACSEREMY WariGr araid 2tk s SRt RAlSSt e Alrs st BREARIFII U6 MEide.  1n
another embagdimenilia teibidd. fonlases:drgedssioeanarutti mate sialode iiodsén blisindeligidbstrate and a

e PR AL S L e niop el
the length of dbiéetérdjet strietmratiate the at least one target structure with the deflected second pulse,
" Wherein a second beam waist associated with the deflected second pulse and a longitudinally
distinct second portion of the at least one target structure substantially coincide.

In another embodiment, a method for laser processing a multi-material device
including a substrate and a target structure comprises scanning a plurality of applied laser
pulses in a direction substantially parallel to the length of the target structure as the substrate
moves in a direction that is non-parallel to the length of the target structure.

Another method of processing a multi-material device including a substrate and at
least one microstructure comprises producing relative motion between a beam path and a
substrate having at least one target structure thereon, generating a first pulse, deflecting the
first pulse in a first direction, and wrradiating the at Jeast one microstructure with the first
deflected pulse wherein a first beam waist associated with the first deflected pulse and the at
Jeast one microstructure substantially coincide. A second pulse is generated, the second pulse
being delayed a predetermined time relative to the first pulse. The second pulse is deflected
in a second direction, wherein the second direction is non-parallel to the first direction. The
at least one microstructure is jrradiated with the deflected second pulse wherein a second

beam waist associated with the deflected second pulse and the at least one microstructure

substantially coincide.



Another method of processing a multi-material device including a substrate and at least one
microstructure comprises producing relative motion between a beam path and a substrate having at
least one target structure thereon, generating a first pulse, deflecting the first pulse in a first direction,
and irradiatif§@B&P&PIESt one microstructure with the first deflected pulngﬁ%ﬂ?f}%{7ﬁF§f beam waist
associated with the first deflected pulse and the at least one microstructure substantially coincide. A
second pulse is generated, the second pulse being delayed a predetermined time relative to the first
pulse. The second pulse is deflected in a second direction, wherein the second direction is non-parallel
to the first direction. The at least one microstructure is irradiated with the deflected second pulse

wherein a second Heawptheistabedanstsd et Jindenst BEksiRinguisa kit 1d58i%Sne

microstructugg. sidistantiair£o R de east ol aRQIharemkRodIMeREsproibiag faulasenqiacessing a
multi-material device including a substrate and at least one tgrﬁget struﬁuref comprises.producing

relative motiBrPECS PrRtEferiTHiet SRRy VRIOLHIV SR SR Y B AR HER R SubSYSteri-and a
substrate haniRga Ppsiality of adjacaninioicsostruets bsdheromitheipl iraligingchedingahert least one
target structure, and generating a pulsed laser,Qutput comprising.a sequence of Rilse groups,
combined puféEg Sérruptﬁlfgéaﬁ'én g‘f??%/ "é%‘cgiﬁl{%%dsgaﬂgﬁ%&?sg%ﬂg%?t%ﬁze %%rf/gg by &#%%SF#
synchronizatiomupericanBindhewhesality philssicrostsuctiesiardscpavared by diapegardistanée Sin the

direction of sl IMGUOR SR I5 SRS e RMeernALIERL 0 0L Al adiage

microstructures. In this embodiment; ti is not equal to the predetermined period T. Another

embodimentsptiehséstaoer & indbe dispeber siglatrmicHpterdt devhe At ding & EhseYe4ind at least

one target StugIUER CRMPHBSREOMPIRGBUFHeaHUCtURSHINQ AetRRld SR UTES @Rsl REoducing P
laser pulses, combined puls_es,fulse groups or pulse p. bursts for each set of N microstructures in a
pass of a laseietRamincigerssition over the sets of target structures. In this embodiment, P is not

equal to N. The methpehéurtharaanprisesPraenssinmgraldeaspobadargel sicldinrecdaridgvibe pass.

In yet another embodimé%r%}, a meéhlgc:f for Iaster go?essirégcgmmrlljsl;teiémra%erljgl dm?{\;’;ig%\iﬁ%ye%i? A substrate
and at least SHEEPg I G & d GBS QLS BLET iy Cata e Responding To coordinates of target
microstructutess tof be progesseshddeteluining aserqedssingirhiestqrylsegméset tnolpslirrgealpturality of
target microgiiuclyes alend Q. ALAGMN.OEMISIRSUHE e ARUSRT fasRraURIbS arperated

comprising a sequence of pu , pulse groups, combined pulses, or pulse bursts, wherein the

sequence is af tergst prutiatiy-ubsynekmdridioeoith reapaaue & rrdjecirpot Harba tRIBPRither
comprises defRimining.AdLiathe diparemenikabysep.cach target microstructure and a

corresponding laser pulse in the sequence, generating a deflection command sequence corresponding

u
to the relative displdteftentheerabafigme surdrhier @ﬁ?blﬁf‘?f@éﬁ?@iﬁg’%lfﬁg%ﬁlﬂc A€ommand

sequence dupiggdRiat vesRRkiombeines vihasphsiater bahbampesitigring subsyrtetmto
synchronize the target microstructures and the c%gres ondi fl‘aser ulses, and irra%%{tlgn each target

microstructur® SANRERASR S PHSHIBIS P RE Wit S P PaRSS Situt™ EREHERIE HE

DRAWINGS segment including a plurality of target microstructures along a row or column of
microstructures. A pulsed laser output is generated comprising a sequence of pulses, pulse
groups, combined pulses, or pulse bursts, wherein the sequence is at least partially
unsynchronized with respect to the frajectory. The method further comprises determining a
relative displacement between each target microstructure and a corresponding laser pulse in
the sequence, gencrating a deflection command sequence corresponding to the relative
displacements, deflecting the pulsed laser output according to the deflection command
sequence during relative motion between the substrate and a beam positioning subsystem to
synchronize the target microstructures and the corresponding laser pulses, and jrradiating

each target microstructure with at least a portion of the pulsed laser output.



FIG. 1 is a block diagram illustrating several conventional components of a laser processing system.
FIG. 2 is a plan view of a row of links illustrating the application of laser pulses to selected links. FIG. 3
is a block diagram of a multiple pulse laser processing system. FIG. 4 is a plan view of offset laser
spots applied¥® ®IMIE%184 FIG. 5 is a block diagram of a laser processingsy&tEHedifittired to
correct for relative motion during link processing. FIG. 6 is a block diagram of a laser processing
system with non-orthogonal beam deflection capability. FIG. 7 is a plan view of link rows an
columns illustrating axes of relative beam notion and deflection directions. FIGs. 8Aand 8B is a
plan view of a laser spot on a link showing vectors of motion and deflection.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating several conventional components of a laser
processing system.

FIG. 2 is a plan view of a row of links illustrating the application of laser pulses to
selected links.

FIG. 3 is a block diagram of a multiple pulse laser processing system.

FIG. 4 is a plan view of offset laser spots applied to a link.

FIG. 5 is a block diagram of a laser processing system configured to correct for
relative motion during link processing.

FIG. 6 is a block diagram of a laser processing system with non-orthogonal beam
deflection capability.

FIG. 7 is a plan view of link rows an columns illustrating axes of relative beam notion
and deflection directions.

FIGs. 8A and 8B is a plan view of a laser spot on a link showing vectors of motion
and deflection.

FIGs. 9A and 9B show spot motion on links.

FIGs. 10A and 10B show spot motion on links in another embodiment.

FIGs. 11A and 11B show spot motion on links in another embodiment

FIG. 12 shows non-orthogonal deflection used to blow links in adjacent rows or
columns in a single pass.

FIG. 13 shows multiple beam processing of three parallel rows or columns of target
structures;

FIG. 14 shows multiple beam processing of two staggered paraliel rows or columns of
target structures;

FIG. 15 shows multiple beam processing of two fanned out parallel rows or columns
of target structures;

FIG. 16 shows another embodiment of multiple beam processing of two fanned out

parallel rows or columns of target structures;



FIGs. 9A and 9B show spot motion on links. FIGs. 10A and 10B show spot motion on links in another
embodiment. FIGs. 11A and 11B show spot motion on links in another embodiment FIG. 12 shows
non-orthogonal deflection used to blow links in adjacent rows or columns in a single pass. FIG. 13
shows multip¥eF8&H38Htessing of three parallel rows or columns of targ’é@g"ﬂjﬁé‘?ﬂ?’ 2669 16, 14
shows multiple beam processing of two staggered parallel rows or columns of target structures;

FIG. 15 shows multiple beam processing of two fanned out parallel rows or columns of target
structures; FIG. 16 shows another embodiment of multiple beam processing of two fanned-out

parallel rows or columns of target structures;
FIG. 17 shows multiple beam processing of four fanned out parallel rows or columns

of target structures;

FIG. 18 illustrates spot motion over an alignment target in one embodiment.

FIG. 19 is a block diagram of a laser processing system configured to deflect non-
synchronous pulses to targets for processing.

FIG. 20 shows non-synchronous beam spot positions prior to correction.

FIG. 21 shows non-synchronous beam spot positions following correction.

FI1G. 22A show§ non-synchronous pulses applied to a mixed pitch hink row.

FIG. 22B shows non-synchronous pulses applied to a mixed phase link row.

FIG. 23 shows link severing during a non-constant velocity segment of a trajectory.

FIG. 24 is a block diagram of a laser processing system implementing multiple link
blowing channels.

FIG. 25 is a plan view of a link row illustrating link groups.

FIGs. 26 A-26F illustrate additional link grouping options in a link row.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Methods and systems described herein relate to laser processing target structures of
multi-material devices utilize multiple laser pulses. While this invention is well suited for
improvements in processing closely spaced metal and non-metal links on semiconductor '
substrates, other types of multi-material devices may be laser processed with various benefits
including, but not limited to increased process throughput, increased accuracy, reduced

substrate damage, and reduced damage to adjacent devices.

General Aspects of Laser Processing of Tarset Microstructures

Many aspects of processing links on a multi-material device that may be used
advantageously with this invention are described in sections [0115] to [0159], [0169] to
[0175], and [0213] to [0225] of U.S. Patent Publication 2002/0167581, which is mentioned
above. )

A multi-material device may include a plurality of target structures positioned over &

substrate. A pulsed laser beam, the beam having pre-determined characteristics for



FIG. 17 shows multiple beam processing of four fanned out parallel rows or columns of target
structures; FIG. 18 illustrates spot motion over an alignment target in one embodiment.  FIG. 19is a

block diagram of a laser processing system configured to deflect non-synchronous pulses to targets
for processin§CR/E818hows non-synchronous beam spot positions priot &/ ESHEMIGIEIG. 21
shows non-synchronous beam spot positions following correction. FIG. 22A shows non-synchronous
pulses applied to a mixed pitch link row. FIG. 22B shows non-synchronous pulses applied to a mixed
phase link row. FIG. 23 shows link severing during a non-constant velocity segment of a trajectory.

FIG. 24 is a block diagram_of a laser processing system im Iementing multiple link blowing channels.
processing of microscopic structures, is used to cleanly remove af least a portion of a target

structure. An application of the method and system of the present invention is severing of
conductive links which are part of a high speed semiconductor memory device. The targets
may have a sub-micron dimension, including a dimension below the wavelength of the laser
beam. The target may be separated from a semiconductor substrate by a multi-layer stack,
which may have several dielectric layers. Furthermore, both the temporal and spatial
characteristics of the pulse may be selected or controlled based on the thermal and optical
properties of the microscopic target, underlying layer materials, and the three-dimensional
Jayout of the device structure, including the spacing of target structures and functional inner
conductor layers.

In many embodiments of the present invention, one or more laser pulses irradiate a
generally rectangular target structure or microstructure. In one embodiment, an output from a
laser system is generated to produce a sequence of pulses, pulse groups, combined pulses, or
pulse bursts. In some embodiments, each pulse has a rise time fast enough to efficiently
couple energy into a highly reflective target structure. The total duration of irradiation is
sufficient to process at least a portion of the target structure wherein at least a portion of the
structure is cleanly removed without leaving operationally significant amounts of residue,
slag, or other debris. The fall time is preferably fast enough to aveid creating undesirable
damage to the layers or substrate.

The temporal pulse shape may be selected, in part, based on physical properties of the
target microstructure, for instance, thickness, optical absorption, thermal conductivity, or a
combination thereof. In some embodiments of the invention, the processing will occur with a
single pulse having a fast leading edge relative to a selected pulse duration of several
nanoseconds. In some embodiments, the laser output used to process a target structure may
be a series of narrow g-switched Gaussian shape or rectangular pulses, with very fast nise
time, for example 800 ps pulses representative of the output of commercially available g-
switch micro-lasers. The pulses may be delayed with respect to each other so as to provide a
burst of pulses to irradiate the target structure. The laser output may be gencrated with a
combination of a high bandwidth seed laser diode and fiber opfic amplifier with Raman

shifting, or with a waveguide amplifier system. Alternatively, a desirable pulse characteristic
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FIG. 25 is a plan view of a link row illustrating link groups. FIGs. 26A-26E illustrate additional link
grouping options in a link row. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Methods and systems described herein relate to laser processing target structures of multi-material
devices utiliZEGMAHRIBEer pulses. While this invention is well suited for ImBroYeents in processing
closely spaced metal and non-metal links on semiconductor substrates, other types of multi-material
devices may be laser processed with various benefits including, but not limited to increased process
throughput, increased accuracy, reduced substrate damage, and reduced damage to adjacent
devices. General Aspects of Laser Processing of Ta,rgge%\/licrostructur.es Mar} aspects, of

S

processing ITRY B RIAAERT i idherat svRSHER RSy BB DEIETY e SOEIY ki L SRe&tion are
described in Mﬂp@&@ﬁﬁht@[&l@hg%ﬁ% Pk 7hhyahd (O3 tefORR25habtikiSyrPatsntdPublication
2001 L RIS S, ISl ey oyl of o
characteristipg:feeconds to several nanoseconds is taught in Reference 5.

In one embodiment, a high bandwidth MOPA configuration is used to amplify the
laser output of a high speed semiconductor diode. Generation of various pulse shapes and
duration with direct modulation of the diode is considered advantageous, provided any affect
associated with variable amplitude drive waveforms does not affect overall performance.

Further details of various aspects of pulse generation and amplification can be found in
references 5 and 6 (e.g., in '471--Reference 5--Figure 5 and columns 14-16).

As indicated above, embodiments of the laser system may include fiber optic
amplifiers which amplify the preferred square pulse shape generated by a seed laser. The seed
laser may be a high speed semiconductor diode or the shaped output of a modified g-switched
system. The amplified output may be matched in wavelength to the input or Raman-shifted as
taught in References 4 and 6 (e.g., in Reference 6, Figures 12-13 and column 14, line 57--
column 19, line 3). Wavelength shifting of a short pulse g-switched laser output is generally
taught in 759 Reference 4.

In an alternative arrangement the seed laser is a semiconductor diode and the optical
amplifier is a waveguide amplifier. Advantages of an embodiment with a waveguide
amplifier when compared to a fiber system include avoidance of Raman shifting, lower puise
distortion at the speed of operation, and, with proper design, minimal thermal lensing. A
precision anamorphic optic system is used to optimize coupling between the seed and
amplifier. Basic description of waveguide amplitude and lasers can be found in product
literature provided by Maxios, Inc. and in the article "CW and passively Q-switched Cladding
Pumped Planar Waveguide Lasers,” Beach et. al. Yet another amplifier system including 2 28
DB planar waveguide amplifier for use at 1.064 micron wavelengths was developed by
University of Southhampton and described in "A Diode Pumped, High Gain, Planar
Waveguide, Nd:Y3AI5012 Amplifier.” )

In an alternative arrangement, for generation of a fast rising pulse or other desirable

shape, a plurality of g-switched micro-lasers can be used. The modules produce a g-switched
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processing of microscopic structures, is used to cleanly remove at least a portion of a target structure.
An application of the method and system of the present invention is severing of conductive links which
are part of a high speed semiconductor memory device. The targets may have a sub-micron
dimension, iNERLAHE3 Hitension below the wavelength of the laser bearh CTHSTHRYEEATAY be
separated from a semiconductor substrate by a multi-layer stack, which may have several dielectric
layers. Furthermore, both the temporal and spatial characteristics of the pulse may be selected or
controlled based on the thermal and optical properties of the microscopic target, underlying layer
materials, and the three-dimensional layout of the device structure, including the spacing of target
structures artRTSRETORANAMET SURHORSSF RRYatd. nanopgersl o e FamROf e pieéhdivention,
one or more JaseicRuisESnadiRi Qg eneallynieetang UamiageiiBirueilabl O 143UE O SHRIGIAre. In one

embodiment output f, laser system is ge ted to pr a sequence,of pulses, pulse
groups, comBingd éﬁ@’éﬁ?@? %"%’a@%ggﬂ}%%@.@R%&%?‘é%ﬁéé’&p%?e%@e W ‘ﬁm[.i;e gggar?%gth;r)ne fast
enough to effierelaydcehapl @ésergyivnte-awhighhseafiective tingetdstmibta BT T beltotaladunaildn of
iradtation is syfficient 40 Rigeess;abieas' aarlion, e fis (arget e herein:at Isesl,aportion of
the structure’ie ¢ eanly remove without | aving operatlonaTIy signlﬁlga’nt amotints of residue, slag, or
other debris.sHirs faictifend ismpréferatiyt fasicmsbughreo wibidateatingiurubsirhbleretiivagates the layers
or substrate. , ... L JGHIRRI RIS RNRPRAIRY PRRFIECIEI IR I RRSREHON BiEispLRIAPerties of

the target microstructure, for instance, thickness, optical absorption, thermal conductivity, or a
combination e eSTHcHHIRSRIB NG Se BrkRARE Af M sHid 15 S8y AP O SFRADS single
pulse havingr fast ieddisgetaapalativade) assiestre Rubsa sual T Phavershinnasasends. In some

embodiments, the laser output used to process a target structure may be a series of nayr
g-switched GRBELSFAHE! FOrEHEG ?&ngggt,’\ﬁ?tﬁqgﬂﬁﬁ? ﬁ@@ ﬂ‘r‘ﬁ%’?‘% r(éggr?ﬁﬂe bs pulses

representativergdritierepdps 806 9o murey cisdytisy bitablieegayreichumdibiohl assl pohlre pulsbsimaly be
delayed with respect to e ther so as.to provide a b E:%{ pulse to irradiate the target structure.
The laser ouff’olﬁapfn‘i)éef} %rgpg@h’rclae(grig?e \f\ﬁ?ﬁ%%%orrr% eigng%%% %[fa |gtl1él§%ne Hﬁ?‘?@%%’?%e‘? %ﬁ)nc?g and fiber
optic amplifiesbaiti Rewn&msshittingilarioitslawravengtiite aateslifiesoysterrssiiteyithvisks ia thssirable
pulse characiefific: Ay e AIRIRT WLh vationsad itk dsauahncaysiersar Wi igis.pise of high
speed electro-optic modulators. Other pulse shapes may be selected for the material processing
requirementdareopifistahice, a sequence of closely spaced pulses having duration from a few

picoseconds to sevg(aljaanqaeroRdads iauahidnRriecance S ., MuORe RMNbpAEHRKEgh
bandwidth MOPA configuration is used to amplify the laser output of a high speed semic(c])fnductor

. fy
diode. GenerdBGioBPYARBLEPBIEESHalb daM d U P L ABTE N it PR T TR Bh DERfe iBddSs
considered aghagtpgeousthpravispehamiaiatiictdapantiat e with varda biecam plitide ditvenveareforms
does not affect qverall per . Further details. of variQus aspects of pulse generation and
amplification%éoﬁl%ig?&?zr?)é{ %Jpgé%gncaess @n ?63 gf{éﬁ?,s’inwﬁi}l@ae?éqraerewcc{ee%ﬁFfa%?g eé}n%ycglumns
14-16).  Ashirdivaté tigbove spmbibdimddeyodfhdrigger Sgerbmitnayitiolide. fiber tsptiedimplifiers

hich amplify the pref b
which amplify ihe pIe/RUe 89&@{5?%5%%@;%5 gﬁgﬁgﬁsﬁ RipuCart IFeflthe:3RBhESEIMmay be a

high speed seémiconductor diod > sh u f a modified g-switched Séstem. The amplified
output may bepprrercredwikatiedRgiT izt PR TR R Ay qeide in REIceHES 4 and 6
(e.9., in Refergnee Quakigvesarda: 2ag SN 4. Rt -FRILBIhd FrdiiRd)s Wavelemah shifting of

a short pulse g-switched laser output is generally taught in '759 Reference 4. .
charactenistic and relatively short duratioh. An optical amphfier may be used to increase the

output power as needed. Shaped puises may be produced, for example, by using a beam
combiner to deliver the output of two lasers (or the output of a single laser split by a beam
splitter) to an amplifier or using a modulator approach to chop the leading edge or tail of the
pulse but with a two-stage or shaped modulation voltage pulse. i
During system operation for memory repair, position information, obtained with a

precision measurement system, is used to relatively position the focused beam waist of the
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In an alternative arrangement the seed laser is a semiconductor diode and the optical amplifier is a
waveguide amplifier. Advantages of an embodiment with a waveguide amplifier when compared to a
fiber system include avoidance of Raman shifting, lower pulse distortion at the speed of operation,
and, with proRPHEERIAS4minimal thermal lensing. A precision anamorphi& SPHE EERIE used to
optimize coupling between the seed and amplifier. Basic description of waveguide amplitude and
lasers can be found in product literature provided by Maxios, Inc. and in the article "CW and passively
Q-switched Cladding Pumped Planar Waveguide Lasers," Beach et. al. Yet another amplifier system
including a 28 DB planar waveguide amplifier for use at 1.064, mjcron wayelengths, was developed by
University oP88etniasinstoh ]é’i‘iﬁinﬂﬁs’é’riB@&qntoﬁ’%ﬂgiﬁ;lfnfﬁé‘&‘%ig‘w%é\fﬁ fgfggﬁg%%%%%ide,
Nd:Y3A150 13 Adaplifierilink, Yairalieyndtive amangementfotlgenaminedabapfadiaisingseulse or
other desirable shape, a plurality of g-switched micro-lasers can be used. The madules produce a
g-switched \W§ ot A ?ﬂ%é’ 8E%foﬁ%fwamblﬁ] knar eésweigg}n 08%:“ emsg,l Sot?netiag&f) (lené%%’ps to 2 ns
for commerociatyaayailabiguactits: Adtlettariuste ofdasoiatet caliyohvailuible inSer rsthaieeny0-1Q
available from Aga/i%%ca%dm%%tp%;léechnology (AOTLasers.com). These recently developed short pulse,
active q-swit@hp [asers can be t?igge'red with a '11L pulse at a variable repetition rate while maintaining
specified sub-nanddefeesnaetimhing ﬁtttqscﬁbgéﬁéiéal??ﬁérﬁmgé Iuhpetrige RS HItEPRifdetine,
microstructugg will varv-significanii et eRelitionstesanp rRaching-thaitianBe um datRdRelsrence 9

teaches methods of maintaining a constant pulse shape despite variations in the temporal spacing of
pulses inciddft GFPduEirgetTe?gPresaaifc ﬁﬁ@?ﬁ%"&nB%%ﬁ&%c?‘%ﬁeﬁ’%aﬁidﬂjgﬁéﬁr BRER pulsewidth
of 2 nanosecpRds:RYAIaBIcFRhadePotisiow (uesos 20 (Khg. mieguenay taidoipstiResions aie Also
available (532 nm). I%RA America reports 8.0%553 é)utlses witp{}lhe?PicoLitets tenjd.%rég m’g&rﬂ peak
power was oBERIEFWiTHHBR %‘Eﬁ%ﬁﬁ(fgﬂ{?ﬂ%& PEEHSH F&t8s Up t6°Th KikZz. Shorier puisewidths, for
instance abotitiking iafdess;arésantaimble ftrSiowecaepétitions atesctias eng roedssirgtitke pulses in the
1-100 picosecond range has been described r it re aser
systems. y rsg %Sﬁv‘%gfﬁ‘ ?Baéeaart ?ﬁ%ﬁﬁsﬁ%ﬁﬁ%ﬁeﬁ%@f&% eﬂgq%?zlaé%%ggt% \éﬁé%% %gg\'/vitched
waveforms nTay approxinistbatat leatorosdstordaly eosyspandifis © Msdiga-dingasiont p9adioising pulse

with an expopegliahiaik AaPending ARNE Stared:8NaRY. MVbraigrapaa do Reblicalinmi#R§2/0167581,

a series of devices, with appropriate delays introduced by a plurality of triggering signals, or delays of
a trigger signal witHa BERiFsindhe A seiyBerr i ge st NER G BpRAINEp 4FF pﬁ?gés.tel'he optical

outputs are Rigfskabli gaMmingehpth.pPRaRsiRteRIIK QpliessRalazatianeseasitive v diteioaptics, or
waveguides to form a single output. beam. The resultant.addition of the -swittched walveftorms
produces a FASFHREAHEAHARR EHSIRIERA T 0T LHEH A AR EA O SHEATARh SRREFIRRY be used
to increase tliependpuit pawer azdeeded:Shsipedpulbies mayrbespyocuestihfodedaniplenbyising a
beam combiner to deliyer the.output of two lasers (or the output.of a single laser split by, a beam
splitter) to ar?h éemt%ﬁﬁseeré/ (ﬁraﬁ%n%ezggmg%uﬁ%?& énﬁforlgoag Btlgig o%?%g é‘giéin%geﬁge glr%é\)%%f th%epulse but
with a two-stageiomshapednioduatioh oitigia sellgences mmwgﬁ_émb}fe%w}féﬁﬁ@%w repair,
position inforaliaf, b IRINAR K3 6R dsiaTMeRRIALE SYSIeEp RSSO R pesiton the
focused beam waist of the pulsed laser at a location in space to substantially coincide with the
three-dimensierist EobTARTERESS XAk Parhiks-&f fheeladjet. whish Gepqstlisaed BRariai®Pbroduce a

laser pulse afa time MRS i Rserbeamwaishankdatgatiidibcpasitionsibstantalieircide,
operates in conjunction wijth the IaseE and atshsociated control é:irguitr in thellaser subs%sttgtrg to
produce an Cﬂﬂé ﬁg‘&dctermmed tolerance the positioning may be pased on singie measurem

reference location or perhaps a single depth measurement combined with a lateral (X,Y)

measurement. For processing of multilevel devices on wafers, (e.g.: 300 mm) at high speed it

is expected that densely sampled three-dimensional information will improve performance,

particularly as link dimensions shrink. i

In applications requiring very high speed operation over a large surface {(e.g., 300 mm

wafer), an alternative method is to combine information which may be predetermined (...
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References 2 and 7 describe details of a method and system for precision positioning, including
three-dimensional beam waist positioning. Reference 7 describes an embodiment for producing an
approximate diffraction limited spot size with a range of spot size adjustmentéé}%. ., Figures 7-9 of
WO00187534 83499438 #e associated specification), and a method and Rfst 2%fﬁ/fﬁ%é%-dimensional
positioning of the beam waist. Three-dimensional (height) information is obtained, for instance with
focus detection, and used to estimate a surface and generate a trajectory (e.g., Figures 2-5 of '534 and
the associated specification). The laser is pulsed at a location substantially corresponding to the
three-dimensional position of the link (Xlink, Ylink, Zlink) (e.g., Figures | Oa-b of '534 and the
associated sipedifieatiss) wafer ghpphcsiaByere ahesdrEHaTRIPMRIJOPERTEREANEDILRhing are

used to compaisAEPrdROARNIGRLYANIMI GRS RYRIA VRIRIEUrAGe::0k gthefonesHisrsabations
introduced in a system (mis-ali nment)}. These variations are generall ?_[)I/?st%rg or %[%%i(gati%n
dependent aFRl &P REcHeq Se FdERIGhlctoAd MR G RA)CE IRt THE R BT G4%f the
focused lasefiheam).|IFspraeumlitio trachiping:aplicatientthetsyisiem positariing idegtifkéments may
be relaxed if certain toleragces a{edr?aintaine , &{r il;n %xt%wnal Qq{%ﬁ/gerteo%%@ép%ggq&g%% Igse%/cjce
position, as MG BE HE e A Fhi 5 B S BN iRY Lo L e The HoVice may comphse a miniature
part (e.g., singeidibjesddichuisipositibmett byjatn ExEnvadimicrd-positioiimgbubsl/stshthtotlree-
predeterminggefgiRAcRcAion. P RBL BRI BAhNA%:E RS- ARIRBIGRlEFnCe the

positioning may be based on single measurement at a reference location or perhaps a single depth

measuremeneesiisinatl vtatintateraP(divyon cHEmS ARty F BRI SS5H BT FROHRE RIS ces on
wafers, (e.9.;, 3005 %Jﬂg&&%%@ﬂt&% Sxpacieshibatsiensel aapRIRd teres-dipeasiona)
information will improve performance, particularly as link dimensions shrink. In applications
requiring ver§PHigh §oBed¥peicAiFOVEFEEale dEAe mogorsobihmdiben! A IBHakfe method
is to combingrigfermatiorarhishuray:baipresrienpines(e:gst Hatpiareloftimaiaishisdkralative to a
beam positioner plane of motion mea ured_dufrin a alf'.brationngpcesl)sg with dimenslilonal information
obtained frorfPE&Eh PEATIE B (G e YRS é’ﬁgﬂip SRS 4 FIGUTRE -2, AT AL (ON Of thé tilt of
_region 28 mgydagiqss&ﬂatetﬁgvith f\hxwrimgﬁ_,oﬁdmequﬁe, etheighemeﬂdaykimﬂdﬁ_(d) abtainiag
o L Al cedeRanatey [RLSE oYl RAMERRV DO gl alfpference
locations to obtain three-dimensional reference data, ('c generating a trajectory based on at least the
three-dimensiserireierin coatdtastamsbtand.agrbdiction dfigfearesirerst srsthadicrosuciensk dorface
locations, (d)yipdatingthe predicliondring. elaivrmelianbased RRmedaiedpositon infegmation, the

updated position information obtained from a position sensor (e.%., encoder) and/or from data acquired

during the refigvEsfotiofndrebamgitdhel Refdsmrauiesidsairsriont amraetionsatudtitonal

alignment targgtpieat Qihistilacatians suitahladon g aptieakmepautemerdadalty nreindedus).
Reference 2 describes a system wherein a recisior}V\szf%r. %tg{%e g used tog)ositiotr} a v%aferaat high
speed. A mefRBEFBIEIBEAITGY . RSB ERITRIS FratiB T WITA FRIEI RSB ARERBR oF S Nahometer is
disclosed wheggif wiiesdekomelie-@hnadérsahrecasedpamchsycheattdfoprecisicrappbthtbehis freferred.
In Reference 2 it noted that.other. conventionallaser.interferometers may: algQ. Figures
9-11 and colﬁgﬁﬁis\(.ljvgf o%elilggg‘?ettﬁgg%l qé%s%?ﬁauéa%sgg% 1& 'Et}h?e “&e‘&%glo%pr%%&a%sﬁ]rerﬁrﬁgr% zlét?_)%)}stem
associated withrthgoprefsisidrsquositioning a paraioendhelditioralys. dedinrenbel referdnc&®ations on
the workpiece (8,0, WafeR WIGHITRY B ML YA GNBERl RERL AN RISEIPR SUHSHIRLA arca

three-dimensional measurement may be used for various applications. It should also be noted that

height accurdesreedobrighs. dattnsinigh sperded S AP HBRATRIEPEESISFPRSF Iser RUFRARG of
semiconductgyuafersed Nikeginhadist ahaGitisn] Engiearnde\obdid, oainlkkiScioheni b, wherein

an optical position sensor obtained area averaged height data at high speeds. Similarly, a dynamic
focus sensorR@HIcA SR fARHAIE JSiaThe Qe T BRUL aT ik %c%‘??@g’é €Bbntrol) may be used to
obtain height informatinroribied:ite ddteheaibos:fashacioggh tarsbpportl” deptheifly "upreaterement.
Various combinations of the above technologies can be wsed depending upon,t eﬁgp%ggn
requirements‘e.lp %ccgtrknoginlgﬂlcl)'ﬁe%gifsbeﬂbacsoéng%nﬁ%ﬁ% r%a%k;%er agﬁsde(g/p%a?%str?gbbtlén over a device of
microstructurdistdegignated fdeyamolmiciitventartadssignatad &ragfmoval. When a large number of
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repair sites are distributed across a device, the throughput may be maximized by providing updates
"on the fly."  In an application of the invention, the target structure is provided as a part of a
multi-material, multi-layer structure (e.g., redundant memory device). The multi-layer stack having
dielectric lay®f& B8URE¥ spacing between the link and an underlying sub%??é{fgzpr%/sé%gﬁgﬁpe of
multi-layer memory device, alternating layers of Silicon Dioxide and Silicon Nitride may be disposed
between a link target structure and a Silicon substrate. The target structure is generally located in
proximity to other similar structures to form a 1-D or 2-D array of fuses which are designated for
removal. In addition to the link structure, underlying conductors disposed as ag of the anctionaI
device circuitfpainsiiFbaF BRI ARCHE IFVISE &%?W‘gr%ﬁg%rﬁ?’g’ggﬁ DLPERRERSs covered
by relatively thins0ch o typical) Silicon Nitride and thicker (1 um typical) Silicon Dioxide materials.
The irradiance disttibution at the link. may sybstantially conform to a diffraction limijt ireular
Gaussian profile. | a?’?o?ﬁ%ﬁcﬁ%%?u({}gpﬁﬁrg(’d%rr}r{\gﬁt?%?g‘%gg%ﬁﬁcanslr%hs gﬁ%’rlﬁgrﬁgtaepgﬁ{lpﬁ%a éﬁhssian
irradiance profiteriels migiRue produce@. witredundama monoriciopticaBystei-byewitiek haringrcular
laser output Qeam..In one e i ncidant;heam LN i
AIternativer,B lrce%r%%cgaygrl%&%ﬁgi%%gﬁjgs%grﬁ%gt% %rofiles%ﬁ%?%%%%ﬁd@?&é%gf
dimension. ForkixamplesRetederice dtcaiainssexerafotidicnnRinsgesad MatAn S EHIBEtES systems

for spatially shaping etiaser Reamsinl.arplicationte memesy Iepair.andretargacanlcdicinses
various advantageous methods and optical systems for "non-Gaussian" irradiance distribution of laser

beams for apiSEEia e bim R ERRItC othap AR IARSHTEEIIFY R SEMoh Iinits o ENiBTioal Ghtisian case,
the preferablgininigry mdaamivaistdirandiondaiitoaatonappioximaies thdspimvedadgabwidth

dimension of Figure 1B, which, in turn, proquces high pulse energy density at the link, Further, with this
approach, a ﬂi@@?ﬁﬂ&%&%?ﬁ% e|£‘§é°|1‘8a%ﬂg H ec%ﬁgbl te%’ tr(?%eelih’%ﬁ%ﬁ%ﬁ%ﬁ%%ﬁeﬁéﬁrSrtz%ElltaurE(e:’e is
reduced.  Adypieaidihknusedries apresentsnereony hasaidttatdthickidess: o pbdutSilioen- or less,

for example,lg .um, Ekd ng?gé&%tabougfé\{ﬁcml %Q;Sde':z}f% Ire_ nemory requirements are expected to

.6
H c an 1C, 1Ca - . . . .
further reduce the <c4le's ehSIoNS. The minimum beam waist dimension Wyo at will

typically overfil the%inﬂ«ﬁmng!idlstttﬁastimgade@d@%eyeaéﬁwédm&@fmmwdﬁmm% afew
microns along. ety SRl el CigamlnisemarRl AddtioupbodRRIAl fieciRanng:enalay density
on the layers and Substrate may be achieved through defocus of the high numerical aperture beam
portion.  Peisxieresitisticel{eapsvire iondibotn mofite ssupishyRepuefrfsing e R mirca

preferred typigal fan0&.af AP0 < meil fansidesadosyiiicienatmar enfenspahhapgandipsacess
variations. The preferred pulse duration m%ﬁ;gbe selected based upon the nomina link thickness

specificationd=ar BxSet BR-4THiode Sr e HOsiHEPHE el SSIHTNHCAT BPSPET Y St A Ent

materials. LoywgriRpeRgiesnaiphiieateaay beauiirethwhaont iotargehideprudessed ithidirsts of

multiple pUIS%g.i'ious advantageous methods and optical systems for spatially shaping of laser beams for
application to memory repair and Reference 1 discloses various advantageous methods and
optical systems for "non-Gaussian" irradiance distribution of laser beams for application to
Mmemory repair.

With the nearly diffraction limited elliptical Gaussian case, the preferable minimum
beam waist dimension at location approximates the narrow target width dimension of Figure
1B, which, in turn, produces high pulse energy density at the link. Further, with this
approach, a high fraction of the laser energy is coupled to the link and background irradiance
is reduced.

A typical link used in a present memory has width and thickness of about 1 pm or

less, for example, 0.6 um, and length of about five microns. Future memory requirements are

expected to further reduce the scale of target dimensions. The minimum beam waist
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Hence, a combination of the spatial characteristics (e.g., beam waist shape and position) and the
temporal (e.g., rise time, flatness, and duration) pulse characteristics avoids undesirable cracking of
lower layers, avoids significant pulse interaction with inner layer conductor, and limits substrate
heating. WY Yaser wavelength, near IR (Infrared) wavelengths'¢onVeiBt@drrespond to
wavelengths where high bandwidth laser diodes are available, and to the spectral range where optical
amplification of the pulsed laser beam can be efficiently produced with fiber and waveguide amplifiers.
Those skilled in the art will recognize that amplified laser diode outputs, having a desired temporal
pulse shape, may also be frequency multiplied to produce visible laser outputs when advantageous.
The fast risedim@gpadiaranuiictsr eaby ¥ P Ahe i Aer ARSI f5ERo ARSHG £18% rise time,
square pulse-ghasagievisticwivtwadersiopiprmtsdpisieidiodenndinaticaleampliiestesanology may
support direct pulse amplification in the visible range. In some systems for link blowing, the link
width is a fraéf?gﬁlﬁ?%ﬁer?ﬁfﬁﬁ%ﬂeﬁﬁﬁﬁ?ﬂ% ?f?ﬁzgé’p‘fea%a ) zi%y%r?é’%g HeFOAS Wi %?géléheg %‘Flocess
technology. Tredifkiefidia aidy torhaspaniddoaparraedlemgioofouisible light. Further, at the microscopic
scale of operation, where the, lateral and/or thickness dimensians of the materi re qQn.the order of
the laser waveleng?r\ll ) il Riate %é%?’gn %cdf({geggg’fﬁrgfgaign“ of the gfggk{%g%e??a S 1(é'rgthWsilltg%lnfe#icantly
affect the overaftogticgliciiaragieristibsun fthessphclonsidertd onffigmbadirpentoofsive svpntiod, a
preferred reduced wavelength.is selected in the visible or in [ rej .
non-absorptieg%epsﬁggi—’ f)éﬁgzﬁ)ge'r Qeo?rﬁﬁkgeﬁ%%yglrdss é?ugrfﬁ%rtienr}tg rgfg;(%i %géélhe%g(ﬁuﬁ%;{g% ?’s{%{}(ﬁ]olﬁg}a. uU.S.
Pat. No. 6,30Di698stRefeieraterB) eiesurabes awydtnf drediisrntisd forvabenzimicitargrardefucture on

a substrate. [hae;meiogincludes Rravifing 2 [Asen Y SiaHEQRiguiahia BIOdKES A Iaseiquiput at the

wavelength below an absorption edge of the substrate. Furthermore, Reference 4 discloses benefits of
a wavelengtiMidssurssrof muliipledrisescessing links on memory devices wherein the substrate is

Silicon, namely smajler.spptsizgiandshartee lasas HUES- NG Y agcosdanceaithihse pissent

invention, improved performance can be realized by exploiting the non-absorbing stack properties with

wavelength SSISERBh AR ETIRGFE Gide 55 SMe-J1giratisiod faalt iﬂ‘dSSfcgaﬁ{i‘ﬁf%ﬁs&ﬁ?earlf%‘#apertu re

beam, spatiahsiaping:of-ibeaspef, iontempergl puise sizaffinghaisdswithprostide foitkaduaeyenergy at

the substrate. Tge result ﬁrg])rr.esg(%ntgg etg a relatively low value of energy expected to be deposited 7. in
[

the substrate5< gf)tff& 3?1‘1 BB A eéar%’élﬁjy necessary to deposit unit energy in the target structure

sufficient to vaporizRdirediaggetestrusticagth, ndendRdbibrsdifectingtibserergnidetosietinhe
substrate are, i gffsel, MUIRICAYE silenise ALSBRISRISHRYSIEARIS GRPRELIRARARIbing (°..
% 1

i : .
about 50% at 50( rm, e near UV, compared to 2% at 1.064 gm) so less energy_is required

for clean remulrete aptisasemplisradpoPhiihe mise |are hsrsicite dsddAtratPaodsrbi EofREponding

to a relatively,jowyolde:@f 1he BRI IRXPELIBEhM: hRedePasitectinihe adbsirpteris witiniadsible of
near IR region of the spectrum. A model-based approach may be_ used to ﬁ:ﬁlﬁ]imgte the shortest

wavelength \WREPSSHITEERE TR SFIPLRL BHISHSIRRRAIAY 250-Re SsarpsimB RO SR8 fporal and
three-dimensiggsespatiabpiplae Gheragdesigtigsous. The fast rise time of semiconductor diodes is

particularly advantageous for producing a fast rise time, square pulse characteristic. Future
developments in visible diode and optical amplifier technology may support direct pulse
amplification in the visible range.

In some systems for link blowing, the link width is a fraction of one micron and the
link spacing (pitch) is a few microns with present process technology. The link width may
correspond to a wavelength of visible light. Further, at the microscopic scale of operation,
where the lateral and/or thickness dimensions of the materials are on the order of the laser
wavelength, the thickness and indices of refraction of the stack materials can signiﬁcz;ntiy

affect the overall optical characteristics of the stack.
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For processing on links on multilevel devices with Silicon substrates, the limiting wavelength
corresponding to a relatively low value of the energy expected to be deposited in the substrate (e.g.,
below the image threshold) may be within the green or near UV region of spe , the use may
require tightW%&ﬂ‘f?gﬁé’Bséystem parameters, including possible control of t g%%ﬁ r(ngl(z'?)gé%['shickness or
index of refraction. With wavelength selection in accordance with the present invention, where the
internal transmission and preferably reflection of the stack is at or near a maximum, stack layer
damage is avoided. Furthermore, decreasing substrate irradiance, while simultaneously providing a

reduced spot size for link remaoval (at or near diffraction_ limit), is preferred provided irrgdiation of
functional internal 15yR8 RN AISPEABIS HiRRs? BISEETFS) rﬁiﬁ}%@}%@\{sﬁf%@ge S?tﬁap’fég Yarge

bandgap dielggkie sralesialsigenataly shemithanthebansitissigitdgsrpasesEdmdwbat (atg)V
wavelengths, For exam Iegﬁ HAI}IDI%OOK!O.F é_ASER SCIENCE AND TECHNOLOGY, the
transmission TERGE BFSTiEBIT DSk e §5RETEY as wavelengths greater than 0.15 gm. The
absorption coefficidnsoP othn JilRe6MitiRidcamdeSH)i desikioxicry stenn ands e e fsivianarininge visible
range (>400 ). e QAP RCIERSaS I DRI\ IARGE providh i EaPISHcal et basa tarcet
processing, vafious embodiments of methods and apparatus for processing target structures will now
be describechr¥itted SclaseP rotpgsitigtn AR EREENbelow g FhseTRiianhrdER dhghanibrBe:

embodiment,gf.a link hlowing.appaiatus LORIgUIR AGCRECING 46, 008 RPLsimE R, Qiaesiayention.
This system Is similar in structure to Figure 20 of U.S. 2002/0167581 described above. In the system

of Figure 20 b#lts. on 200pam G758 aheriaubi bR JaTHieMs Rty a 8 IRIasRoL it A0 some

embodimentg;pf.ihe RECSERL IRVARLIOR, REAEAUSRIAPHR Medulaiorafds usprbiedpeRmiiccbeam axis
in a direction that is neither parallel to nor orthogonal to th%fundamenta directjon of b agl‘u%motion
2

during an onS@ebRy HLRT Bi SR B SRR IR RBE YL SERFAT HAN B RE N SFE dit

ail below,
the AOM may.haganfiguiedn seflechpises pisiivainglefsubigtantialiyi@tuxirtord bedegspesado a

N B S e St Tetboral Totee 0 00 HEagi oL i LeRe LA s dimenpional AOM
may be used t5RH &b e BEaRl S A ANy that &ré Substahtally perpendicular t6-each other and
tilted with resplstrie tidqrusckssimeprajscionyelatively low value of energy expected to be deposited
’ in the substrate, despite an incident beam energy necessary to deposit unit energy in the target
structure sufficient to vaporize the target structure.
The factors affecting the energy deposited in the substrate are, in effect,
multiplicative. Likewise, at short visible wavelengths, copper is absorbing (e.g., about 50% at
500 nm, 70% in the near UV, compared to 2% at 1.064 pm) so less energy is required for
clean removal, at least an order of magnitude. The preferred identified wavelength
corresponding to a relatively low value of the energy expected to be deposited in the substrate
is within a visible of near IR region of the spectrum. A model-based approach may be used to
estimate the shortest wavelength with sufficient margin for a specified dielectric stack, spot
position, tolerance, temporal and three-dimensional spatial pulse characteristics.
For processing on links on multilevel devices with Silicon substrates, the limiting
wavelength corresponding to a relatively low value of the energy expected to be deposited in
the substrate (e.g., below the image threshold) may be within the green or near UV region of
spectrum, but the use may require tightly controlled system parameters, including possible
control of the stack layer thickness or index of refraction. ’

With wavelength selection in accordance with the present invention, where the internal

transmission and preferably reflection of the stack is at or near a maximum, stack layer
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Preferably, one or more acousto-optic modulators achieve fast, accurate and stable power control with
a wide dynamic range. However, other types of modulators, electro-optic modulators and other
suitable modulators can be employed, where preferably deflection is fast enough to position a beam
on a target B S3@(BHSE. Modulation may be combined With other funcl&hd’ '}‘@(J%E@)‘éystem
complexity, for example, beam steering, beam switching, beam blocking, chirp mode focusing or pulse
picking. Thermally stable acousto-optic devices may be used in at least one embodiment of the
invention to reduce beam pointing instability or to reduce optical aberrations. A thermally stabilized
acousto-optic device may be used for pulse picking from a continugus pulse sequence or for beam

positioning. PREagaHRI A idebUEHUSERC Ge ARBRS TRV SIPHIABN & 8RSFe WAHEARIERIERTWY or more
frequencies ywithiREpoWaLIhediistiarder difirastes eamos slaflectpstinm asey, irqeessisg path as is
well-known in the art. The frequency of the RE ma Pe varied d namicaII}/ t? pPsittionf d fl?cted laser
spot to a preagﬁ‘%ﬂrkrﬁ@éa%c%ﬁdﬁf‘cf’ﬁﬂa}slﬁfﬁﬁ’ﬁﬁ%e %’fefﬁelﬁzé"lﬁ‘é”y BECAAIEG (0 L angETHE diffraction
efficiency of thesadesstoaptiesdiaviegiand amedbiaiedhaibkramcenergya Dewingibysedv ot absing and
between processing pulses the acoustq-aptic.cell receives RE power and .a ermal
load. When ér%lbsfgég?s% %o@ﬁggﬁféds ?&eg%ﬁ:eaésﬁ%,Yﬁ‘ée%%g%gw%e(gig )fﬁltnepr{éd 6?e%ﬁfgﬁcﬁo%nm er:(g_g with the
non-processingJiiRs8 CHENICH ANIMJECIINPLOSESsihg putseniesigassmatothéibierd dreidseim to a
peam dump ghdiiane RERhER0YANLRER (oM drAltaralRiin R MEAPAH 806y sl upted in
[

coincidence e non-processing pulse to allow a single non-processing pulse to pass into a

different ordé¥ibidsndng SilieanmRiokids sems o BHEetedBedths 4 B@k e AAY Hoh AR near

constant RF isxeayngdredfetgiaeuthaudy cycle of the RE is typically high and thermal instability
due to an intermittent RF load is reduced. RE power may be modulated hetwee Iaslgégulsgs to

control thermal loadhBtoeieRol et SptRd LuRetSFaxaiiste’ O R FRART I eUN ERE RIS 458 thermal

load.  Varigpgsopiigyaienmetasausianpliohieasvdeftesicte{AOBD) as know in the art may be

used. The AOBD may use single or multiple transducers attached to a single or multiple acoustic cells.

Acoustic interaction zones may be superimposed or distributed serially along the optical path and may

be in the same plariglodiSdiaRsvesapiadesigimesf the well-know geometries and configurations for

acousto-optic scanpiag: Syclh.a 1195 iAbh WP ARRARNEATP Or fHRT8JUA b FIRIRyed. For
u nd frans n

example, a first transducer and a seco ucer can be mounted to be co-planar, parallel,

orthogonal, oronligtremhasehadinatoprogehrtioes sy daeigventi e Shis ASHUS SH IR SEHATSE or
stepped and ysed.as pPhased arrmsendigiiationieanivice nerdurmanee afthadefleetoy.s. Each

transducer used is mounted to a surface of an acoustic cell and is driven with an RE signal as is well
know in the fRAGHY ttinsadcersegRiemosttialn REStHiTRP A8 SRVKE BrinsraSRBetiBal with a
frequency coptraiefreRautinepimizationtol dhe: AQRRiachideuseaxinsiziag Beagaretfidiency,
increasing modulation depth, increasing fime-bandyidth prodyct (to scan a large numbher of spots),
and aligning 8458 g 'ﬁaﬁ&eéﬁﬁrg%ﬁetg = 8%/%%8%5 t%)e s?é?na Al ‘g"%‘é’au‘?%%%
amplitude anaaidiedjuancyntocdryiisrisate fasBragyteffitice\psiagatioresnd pdintdeggubid. in - The
AOBD may be constructed with a ic materi Il reddn. commereially avpilahle products
such as fused' gfﬁcq:?t[aglurz;%esg?%’e@f gn th%%&%rgc%lr?l %%%?t?ﬁ '{I%/ee%%ﬁgé%s, l%lglEOgf and otherngn axis

device or an efbabs Hedigectstexammskssingrigia TaoPepOHBES Mose themenrelrdlsctog it
time-bandwi%@mﬂ%&/@zﬁ&i@mtmg@m%}em&ea i geasyally samalier of sapineselstion to
e

match performance characteristics with the deflection application considering the beam size, scanning

speed, scanrivyEaHgRy RraREIdsgl, efichopbsand Birdralcrtehiibe BOGEHRRIRIS M shed in

product literature angdfervemeshindestinicalariclanianbdaxthoaksiteadily, aailaiie:in wabters of all

skill levels in the field of optical scanning. .
power control \QIE a Wcl: e dyngmic range. However, other types of modulators, clectro-optic

modulators and other suitable modulators can be employed, where preferably deflection 1s
fast enough to position a beam on a target by target basis. Modulation may be combined with
other functions to reduce system complexity, for example, beam steering, beam switching,

beam blocking, chirp mode focusing or pulse picking.
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In at least one embodiment, the AOM is configured to sweep the processing beam in a direction that is
non-orthogonal and non-parallel to a processing axis. In some embodiments, the deflector is oriented
substantially at 45 degrees to a processing axis. As shown in Figure 7, the AOM may be configured
such that the*@bHéefiét¥ngle is oriented substantially 45 degrees to botf?ﬁ%%?%ﬁﬁé%nd a vertical
processing axes. In one embodiment, a parallel component of the sweep velocity vector
component produces motion in the direction of a substrate positioning axis, and may be used to
maintain spot alignment across the link. As shown in Figure 8A, the spot may be deflected at a velocity
S that is 1.414 times the link velocity V produced by the underlying on-the-fly pass, so that the
component spot velBertyatyreall eeonsteLRie BRI mardresaddniridsrsl samFRpadipent ofithe 4y

However, in the.qrthageaal distiopeadipanapntyeloeibedual Spadinknaesrssing \@losiyesults
along the link (A =V =5/1.414), Therefore, during link processing, the beam spot moves ?Iong the

length of the f#RIFeAnBOHTHHCRBROSEYR Y. De U85k MNIPBISWRIG DI AR A& BR S MER, sensitive

to misalignmentaekoss thevlink, fosiexanplaabeubdiodd Ko0snanaineksisanisalignnbgninmay adversely

affect the process window with decreased pulse. ener, resholds, for.substrate and/ ighbor link

damage. BT TERHERS B e ST AT (A FOdE bel Lo I et

adversely affieciifigethé protess mincong forteramprel Hormws to Baaicrobs: Freutipk bloherigprocess

window is i, RISTAILG iR ARG &f SiRkAMBNSE ARERL BB sisLiaR alger neighbor
versely aft

link damage may not be a cted. Furthermore, an elongated spot along the link may

improve the phscurplidrioiiheRiareriibhn saoet intrhangs teghdbastendbcrarsabhmasPitiprove the

process winday.by.slonagling dagiseokasaiagrated OvanthsbpiRde frsmssitemparatwebaped
spatial spot irradiance profile. Spot elongation may be increased with an increased Im%ly{%lgmty, an

increased irrAHEETERGHRHES BrecomitPRitfors!! recqiy SIRTPSHB S, (e BRERTDY y be swept

in a plurality ofidirectiaesifier axaiepier apilusiates RINgwe 8Bnakwacdinensiodahdeiébtor may be

configured to deflect pulses in two ort %vonal di{ectio_nsési and 5 ththaCs)f \{vre(i)c{gea{groriggetred at about

45 degrees With EEPOSETIAEHSE Y ¥ PRt L8!R § BB TR s T a AR SRS PO tRE Bulse at

1.414*V alongethe dirst sieactivmpiaebtilts: ithmovennentap RE nkeatorg.théltirestibn e BéEflection of

the pulse at 1, 414*V alonxt% the S
[

d directi Iis i li th
i HHeTTD ?‘?{Cﬁ%n%mgkr%ééd&“uﬁ% ﬁ%%mgg%\%ﬁégg%g%lm'th@é%n e

. . frequenc .
direction A2- Klpgllca oNns’o eam scan for ng with multiple pulses per link
are illustrateghier &g evls; Lpanihie, Fffesahnpler FRigurts oRdHustume LT e rdetisioe e

movement ina figst diteclion.A%hatmese.2 Rialibrefiniial-heam patis 268, 489,308 andd2a and a

target structure 34: the later pulses (e.g., 32a) are less coincident with the target structyre _than the
earlier pulsedtfeity typisally |high vk thesmal rastaritive Bei als Bt RFIoadsi 49558 dreteflected to

produce the residfanidsasigahadby2ahand02k: Rothina sesand dipglionidbdousappgse the

relative movement of the beam paths and in a third dirtgctior] 138é)erpendicular to the relative -
movement. ¢l for example to maintain a constant average thermal load.

Varjous configurations of acousto-optic beam deflectors (AOBD} as know in the art
may be used. The AOBD may use single or muitiple transducers attached to a single or
multiple acoustic cells. Acoustic interaction zones may be superimposed or distributed
serially along the optical path and may be in the same plane or in transverse planes. Any of
the well-know geometries and configurations for acousto-optic scanning, such as those tanght
over the past 30 years or more, may be employed. For example, a first transducer and a
second transducer can be mounted to be co-planar, paraliel, orthogonal, or tilted on adjacent
orthogonal or opposing surfaces. Transducers may be tilted or stepped and used as phased
array configuration to enhance performance of the deflector. ’

Each transducer used is mounted to a surface of an acoustic cell and is driven with an

RF signal as is well know in the field. The transducer is driven with an RF driver, and the RF
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The non-parallel direction may comprise a component that is perpendicular to the direction of relative
movement of the beam paths. The pulses may also be deflected in a direction parallel to the direction
of relative movement of the beam paths. For example, a first deflector may act to opgose the relative
movement of" & H§aths, while a second deflector acts to deflect the‘%ﬁ@égﬂ?ﬁ Yfitéction
perpendicular to the relative movement of the beam paths. In some embodiments, two or more
pulses are deflected. The magnitude and/or the direction of the deflection may differ across pulses.
For example, the relative movement between the beam paths and the target substrate may cause a
first initial pulse 32a to be further from the target structure than a second initial pulse 28a. The first

initial pulse 3Paemiapdherbedrsitmtérgocacsirontel vefeativs ertimirticeebiy inftBPJuRYSBa. The

number and{gy frEOMEN Gy ngﬁﬁé@“ﬁ/%@%ﬁ%“%@Qﬁ&f thedargatsisupiuremeTanak least partially
determine the direction of deflection. For example, the magnitude and/or direction of the deflection

may be detePFHEH(A HABGHERTEUMRT RISHR b SRA GHRIIR FOHATSE (1 PR 3iF FRRIFE it Sbiated by a

plurality of puisepRNHORIN SR e cantiohéhaiatabaiar inddia®eibynthaphoafitysafeivlses.  In
some instances, a system or method herein may. produce resultant pulses from initial pulses. The

initial pulsesHF OIS AR R F MRSt ad pulses. Resultant pulses may comprise one, two
or more of the initiafhpulséBhamhaveeheemnsdafiettedtn acdistictionatwialp geitekiy thadbdotion of

relative movernent of N, peAR AR ReRUianulpem o AO G BIIPR, 01 Mih @iare of the
initial pulsesct%a{nﬁave hétbéen deffected in a direction non-parallel to the direction of relative
movement of thinblegies S The edeuitafrpuiselvirgyometuelé Pritsdey iqe fiec riamnla ik fon

non-parallel g%&epgiga@qgmferﬁé@&ws 5@8\4@5“?H@%i%%lb%d%@?zi%@kéfw&%ﬂﬁsﬁ%j&mthe
|

non-parallel direction. For éxample, in Figure 9B, resultant pulse 26b carresponds to the same spatial

location as initiepiifseio senalifear SRHEAR JONES s86CHh A TSI RSHREEBSAFIEHIFE R spatial

locations thag;igitia) BuieesR8RpBORAaNdo32Rering tH $RME inslaneasniheeitectinmiar magaitude of the
deflection at least partially depends on one or more. of the fre%ﬁégnc%,or n(tilmber 8f l}u?es the speed of
rll ah oduct 11 ratP

the relative niGVelsTgHY SERRIERTY GS SEFHATHECHAYTHE SRR BNa e R &5aration between target

locations. FoxxampladRigwandiof shius, thieadnitiabislsedii0aydRbiand Yakandithdisidbincidence

to a targetsstructure g&% lQﬁd(-:‘o%nitialgulsesAZa and 44a can be deflected in a first deflection direction 48
At

to produce t &St pulsegpﬁlﬁ SRA4%5. In Figure 10B, there are five initial pulses 50a, 52a, 54a,

56a and 58a. Defleltinigetseomitiat prisemintthe\ Sddrie dinfgtion teoudcpdbspronessaie Pismses (e.g., 56a
and 58a) to extend bevond he lengih 4T Ihe, JAaehRI e IR A8 h D aLe{Ois stheSE-biliahprises S0a,

52a, 54a, 56a and 58a are deflected in a second deflection direction 60 that is different from that of the
first deflectiofhelifeftattpr ipgpriented substantially at 45 degrees to a processing axis. As shown in Figure

7, the AOM may be configured such that the deflection angle is oriented substantially 45
degrees to both the horizontal and a vertical processing axes.

In one embodiment, a parallel component of the sweep velocity vector component
produces motion in the direction of a substrate positioning axis, and may be used to maintain
spot alignment across the link. As shown in Figure 8A, the spot may be deflected at a
velocity S that is 1.414 times the link velocity V produced by the underlying on-the-fly pass,
so that the component spot velocity across the link L precisely matches the link velocity (V =
L = $/1.414). However, in the orthogonal direction, a beam spot velocity A at the link
processing velocity results along the link (A = V = §/1.414). Therefore, during link
processing, the beam spot moves along the length of the link, rather than across the link.

The link blowing process may be extremely sensitive to misalignment across the link,
for example about 50 to 250 nanometers misalignment may adversely affect the process

window with decreased pulse energy thresholds for substrate and/or neighbor link damage.
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The resultant pulses may coincide with portions of the target structures that are spatially distinct and
partially overlapping. In some embodiments, the portions are non-overlapping. The portions may
extend across a length of a target structure, wherein the length of a target structure may be a direction
perpendicul ¥ g2tA¥ldN L tion of relative movement between the beam pathd Mt &M strate.

Figure 11A illustrates an example in which initial pulses 72a, 74a, 76a, 78a, 80a, and 82a are moved
relative to a target structure 70 in a first direction. The initial pulses 72a, 74a, 76a, 78a, 80a, and 82a
are aligned in a second direction perpendicular to the first direction to be aligned with an end of the
target structure 70. The initial pulses 74a, 76a, 78a, 80a, and 82a can then be deflected in deflecting

directions 84886188, guoznierd Ahabribiamim alonte B detlomar e tontesblulEsetiitant pulses
72b, 74b, 760y, £8bn SRR AR PR SIMRIISIARCR SIS ABHeStDS ditgctionTR4ifkGs18%iR0, and 92

are the same across pulses, while the magnitude of the deflection differs, In oqtrer instances, the
deflecting diRSRESREBACRAS BT drRt BoRiRHAPePhETREEIIBH-ERTEY B SHOSRILRETE r example,
if the middle sfithentasgii-Struciue sy merbesasitve idféttadliation or is less sensitive to
misalignment. E;lg Figure 11B, ir11itial lpglsest 914a ?ﬁgi.gg?ﬂalqgna r1\()@2{7}&ang{xl’(2;4“ari a&e\;imilarly
moved relative to QI AL OB R R AR E TS A R SV TIRS hitiBl Patses Baa 08, 98a,
100a, 102a, it daiaresalig neth idease cormhtdi ektfiontgenpandigute ttheherdrstsdirsdtion th be
aligned with g middle portion, of the t C [nitial 4 a, and
104a can thé%]og agneglg%tegggl&n ﬁeﬁ%%:]agg%ég%ig%:o izogé?o%ﬁil%t%%%ﬁgg% ﬁg%%%&g%él%gﬁo the
direction of rivotitunee profilaceStrt ”lengaiionpuksebeosroass vEh, avosreeozh lisha o4l Phe

deflecting dirgclions; 106108806119 mawiagiige components in the direction of motion in addition
to components per(fpt;:;ndicular o the direction of motion. Meanwhile, the deflecting directions 112, and

114 may include canisErerrbeipsaite 15 (Pradi rBEtiBI O PHISHEH h 28REH ©f diFHsRenteT
perpendiculasignifie dsaationRlimptinprEs, eneeamensiefdhespulsasmaaydndargaradefiection in
different direction that one or more other pulses. In,.some odiments, it may be desjtable to
increase or FEUEAREISS4R SSHYHIRSTIAL ’f&?ﬂﬁ%ﬁ‘aﬁyaé’ﬁa%ﬁegogi%}tb‘l?’gé%;aaﬁ%%nﬁrnoﬂ e taa(l?j’r(fHet:gf{eg(j(ltended
irradiation petigassvitierasiag & shiagleatéfieptoceasiogimage IrofatidmtdRefedafter barckithHigise 6, by
using an image 1A(RIGr 27, 24ehas g dove ism inorisnt he.Aeliestioneagls, thegeliestian orientation
angle may be arbitrarily g8t relative to the positioning system. Inthis case the spot alignment across
the link can HeBermpentdtedilse cbrisidétiigiins vexserardrperint Of aretiv M aeeyeaeHelie (sinO*S =
V=1L)and tt}ﬂgg@t@g&g%%gmgg&djusted to increase or decrease the lateral spot motion along the
link (cosO*S = A). For example, if the deflector scans at about 26 degrees to the link axis, the lateral

motion along the lefgestiaTe RGBS MRmestar 6 Bk @RRRTE SMBhmultiPlHRSES RIS I0ng the
link can be ngrlingakAsiShowpudar expmplgy in Figureddihigriaginbe a disaentnueusipattefn within
bandwidth limitations of the beam deflector. For example, multjple scans.along a link, within one burst
may be possTB‘I%t?Véf‘E:?)"ﬁi‘%@‘H’éﬁy{‘éfhQﬁ’?fé‘ff&%%%oﬁ%’ %%s%i%ﬁ;‘ér#gﬁyiﬁ?éalr%%&egpg %hsg)%gg\;g?fh long
bursts. The enrrgndpainted omihe Hmicwiihhi shy pe:opydatteingn G dyerraldensenbidest sfitndey pulses
provides spof Sh‘"%‘piﬁ% W‘”Mzt‘netﬁngéﬁf’ J”Eﬁ%&‘&ed oyenthe lenglb gt tti%e%ﬁhe fous PRsAORD scanner
may be used g %:os%ﬁ?space mu ﬁp?e inp %‘ﬁ'équ hcies fo cause multiple simuftaneous output

spots to merg8aritbeasinglesshdginttsp it pTodshhp e ot nrsp oo eniéab With & flattop
cross sectior%z;,@o% &%&ﬁ%@s%%ﬁ%@ﬁ% AQRR. defiegtion rdquutifiesurncydnpuisuiapid spot.
shaping can be accomplished in either the x or y scan axis or in both axes combined. As shown in
Figure 12, twéitertitmPs RSMSISiImmSiHETRRIINE BIVEPHRE X or y axis can be addressed with a single

A013D oriented at gRinigApSHiale AROIRSYRE ABAbrie ol Rempbh thistkask, peijitkddink wiggonal
between rows may not be precisely 45 degrees. This aé‘ii%n ent error can Flt]e a[?:c‘%%m%%ateg with
auxiliary beafiTFOtafioH, ISIALE NG Eat 8Lt PEAT ;ngfﬁ %‘I’gﬁ‘? M oP prererably With’secondary
scan axis. Thirsesanganigaaniaxisraayhaveatsmalbrangst suffleidrtto pokse cFdorspoplplacement
errors of a larger ra scan axjs Using a secondary AOBD sc is.can elimi for any
image rotatiofr%%égﬁ%l?% uftah S(gutéj 8 P&éeséill ol gr?ﬁ;gr]]\(’)t Ié]r%\bﬁ%lgreﬁd%gﬁ%gefﬁ% %%%%n(ﬁ%/%gg%&a%gs range
can be smalldefiethe erthetoofefinet drewaldiskipchestiorrpesgeherarcd fherrelatiyaratvmsrtid two

AOBDs the beam paths.
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without intermediate relay optics are reduced. The main 45 degree scan axis pupil is imaged to the
objective lens, the secondary AOBD is located close to the main AOBD and small pupil errors may
generate acceptably small position errors over the secondary scan range, for example position errors
resulting fronfY @ fR/EHEYS in focus height.  Use of a tilted primary scantieF Wit/ 8t range
secondary scanner can provide improved performance compared to conventional non-tilted 2-axes
scanning. For example, the smaller range of the secondary scanner can reduce undesirable scanning
consequences including efficiency variation with scan angle and beam motion across the scanner
input pupil especially when the secondary scanner is upstream of thefrimary scanner in the optical

path. The scannerdmiapdEBMsris. AR REAagrasubirdial W ledtrdradge meemsysiag Wetsmilar

devices. They5eafiing (abIeIBAGPenae IRESORAING: thueRNANG:SigMS BUGRINRE thewwmalier scan
range is a sub-range of a larger scan range. In this case the rolei%fgc')irimar an secondag)y scanner

can be rever2g &3 the B5aR RR0S A6 IF8F (e P IR I S8 st P RYES 167 & dple to
change the quigréatiomafitharprinaiyseahaxissastho uhitiaing: Be @se pathesivitchinglgrilseati rotation.
The tilted primary, scan axis, may re%uire _gelﬁlr er sgan é]%nsgg H&aln.fl or}Qé)%)ar_lal scanner, and

additional trarféaértor%}’eo\‘?reerﬂréaecriggtatﬁ% B%eélnnlre\g ‘Jhden INg 0 eagh%rgléessing pass may be required.

Tilted 2-axis scanniftg caniadserdéuSegdutnanioimide undisirtioldicenseyuentesiotdotmpsurd-angle
scanning Whels %ﬁfé&s?%%&éﬁ?é%ﬂ%&é%@Qﬂgat}&'io&gﬁeﬂaiﬁﬁ?t TeRRRIARR and f366a0d scanner

deflects deflect eam h a second non-parallel scan plane. The resulting deflection is in a

compound anedéondirshtieanchfferdplestire marsdie fstranimst Bxarepiianks SEBrReHIBRSTBFfogonal and
square scan fisller VRTGH RS SATPRUBR AP SIRNG GPRRIS ahife il When dsderee tited
e

scanners are used to scan the same field size, the worst case compound angle scanning is at the
mid-point of &idRteHRger ortAiseddy hepfurlbx eEPElSAipound angle, whereas at the corners of the field

the scan angle havg miRinalseamRONNgseRg|es methdduRbiermare, fhelinagsuloiatenkan Henused to
provide a flexible system that can selectively scan along either the x or es in addjtion,to
intermediate‘&ﬁ'&fe%‘.‘%%c??ﬁératéﬁe%‘ﬁﬁﬁ SHentatish 18 ?8%%(3 a(%rt\lilvr?g% %’é} )éa]i’é”’ 1% “the ?%rgﬁ?trotator, a
45 degree ropatien ntihevinpaige sotatonparmitseOff tbtabiddabptheddfie dtion oreandefionsdonexample
from the xraxis ta the y axis uagh 45 degrees. 6.2 degree rofa ' NQ J{H@Q JQigiqr produces
a 135 degreé§ 5 g‘ﬁ%n“o? the. %E‘?é}(%%n%ﬁ(gntgtfgn{é}%}vgx[agmpfg from tﬁ% X g%(? to 45 %egrees tothey
axis to -45 deglwse nwithissidiveptionahediectomaeod thegreatondsisrihst Haeedetidemrdséasing deflection

along any azjmythy .43 SOME.LM0dIMENIReilisdaskanledmbeuadt lsaslarmalbamogntof image
rotation to align an axis of deflection with a device to be processed. When wafers are mounted onto a

wafer chuck, Epltatpissienaa Pelidf ar ISR teirortna warscdor 2eemupiddridie mteesh axis can

be used to coiapidorJREMHNG: UGN RPULE S FOhex@Npledtheiaxisopipan kDB isalighed to be
orthogonal to a row or column_of links. | spots may be laterall ofﬁet to coincide with one or
i G

more colline&FAMREWRHGHIEigHied ‘(hE? t SCOCI%%e ?%0 SERRES SRR L dRANE hIHY device
geometry. pulse 26a, while resultant pulses 28b, 30b and 32b correspond to different spatial locations
than initial pulses 28a, 30a and 32a.

In some instances, the direction or magnitude of the deflection at least partially
depends on one or more of the frequency or number of pulses, the speed of the relative
movement between the beam paths and the substrate, and the separation between target
locations. Tor example, Figure 10A shows three initial pulses 40a, 42a and 44a and their
coincidence to a target structure 46, The initial pulses 42a and 44a can be deflected in a first
deflection direction 48 to produce the resultant pulses 42b and 44b. In Figure 10B, there are
five initial pulses 50a, 52a, 54a, 56a and 58a. Deflecting the initial pulses in the same

direction would cause the later pulses (e.g., 56a and 58a) to extend beyond the length of the
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Image rotation is useful when multiple spots are used simultaneously to irradiate one or more links.. In
these embodiments, multiple laser beam paths are simultaneously produced and may be directed to
multiple spots on the device being processed. Typically, each separate beam can be blocked so that
none, one, tXKS YOPFB8eparate locations can be simultaneously procested P FHEffite spots may
be on a single target structure, or may be distributed among several target structures. The scan axis
can be aligned to accommodate to the geometry so that two or more links can be processed with a
single pulse or a single group of pulses. This is illustrated in Figure 13, where a beam path in the
X-direction over three parallel rows of links is split to selectively process any one or more of the three

links along tiesgsttrodeel26- direesatsie. Chsperoior e ssretliac Stieritatién BrRdasa deliadsdefpendicular

to the rows ig ysefid fedRinimizsaikaTsRNG thasrdsitnahine lirkfonlinkemtiia endsief tge scan path.
A tilted scan angle with controlled orientation can be useful for multjple beam rocessi%? of adjacent

staggered link rows B8 SHSUAPERGEDACHNTE b P TSR 0% BISRy STHIWS &% SFbeam
paths divergepigingjtiiediparakiel netABrpeadigplag. tolthestowsntidiikentage patadienae tis-
embodiment carLaIi n thi,scan axis with an v(iariation ine)linkhpitgh %nd row sc%gr%ravgiﬁ)en.ei the!n some
fuse bank gedifiPRRE thd X/ RPRGE TR IR &H0EEE 1y EiSing farned out grotps of staggered links.
For examplejegetiups of tivpee fanmnad outylibks:alierriate reipvodistdgytrétk rdns:iOnefsittiarrangement
is shown in Figure 15..These fli illustrated, for example, in U.S. Patent
5,636,172 tol@’r\gﬁneetn al |gea?e fg %F?Bév%%%ggn%?g?n%%%wi;h two beams separated along a scan path
to process none, ofeguss bbthilinstniss stagrgamels parbioh inika!linures ddmy4anitie Tatih andy align a
scan axis witydifferant ComiRatoNSALdinks infanned Ll oaAURRIHETHE Al GXABRIS TEigtg, 16

illustrates a three beam path embodiment for processing two rows of fanned out links in a single pass.

Figure 17 illulifatse-0araaddamrpaiBnsBotrsent Breproedesnspdisurr Wb o P iieg St finks in a
single pass. pe alipheNQ REANBIG TRy esessinad.rons ofiinks:ia tigtdaulss irsaplitaleng afirst row to
irradiate one or more links in a selected group of links in the first row. A second pulse is likewise split
and deflected4® %&%Bﬁ&%ﬁ?ﬁ%? ﬁhf?gt? C&“@e%??&%@vgfasg %n %%U% %g%%%‘lr}?%aﬁgﬁfaésg 24, third
and fourth pmsea;afﬁosmﬁtdeﬂMemwmrmmimuﬁuerm .7Abtiﬁ&bp&ﬂ$e_«eis_ds$ﬂii. dmndwatlected
back to the first row tot]%?@é@e%% a r(g%%ggnsggae%e%egﬁ ge d%ﬂsf‘?% &%nsggesg}%gﬁ?%é%ﬁgvhere

M=N to irradiAta all Stiuctire i NFrows of an array when there are gaps between groups, or >N
to redundantiicadidgessdinidthe definctmnhiferpulvectistitinstpisasnibtodadisaiiig direroBFo 86,

simultaneously Ripcsss,? IO lRelB PR losalRd ARRIh S SEANAHFRNIRRQBD, and

image rotation may be useful to align the spots to multiple links especially when multiple links are not
located alonghs SiE§leFaeREH dOrE OB BRIEBYE oo RiRD SEANSRRCHEIG: R eR EY8PPGEltion errors

relative to the widthioftbe-dinkslmage sotationinesanedbe seguives whensmuliinenliaks being
processed are in a single row and rotation generates small tolerable error allon tpe gng)t of the link.
aggg 943 96a

It will be apprERAYEFAAIRFITHEBEA 1Brd S E M od IWENTS, BiEINH BRI Al B splitor multiple
beam paths may bezorbingdand dificdliy aligoed tdprtoeseiirkdiciiabothlef fing sraasestedelivered
pulse energy.is preferably contrglled ta provide consistent pregessing. lighin am
combining gebr?e;jé%e(rﬁevﬁ{%lrea 5‘(1)(\;@}9? %% |J%é1|};)t?]aet%rr%.% §Bﬁ%§}£§9§aﬁ%‘a@’uﬂé§é§§%¥?§% eé%gnge%%d?%% a factor
or 2 or more &@th.splittifgeoraswitolindefieacdifedtfinsting gokatizatidPocbPtrdll (Référendcel 4 oaliscloses

various adva%?gf%?%tﬂ%e&ngcgﬁ)ﬁggmotion to produce the resultant pulses 94b, 96b, 98b, 100b, 102b,
and 104b. The deflecting directions 106, 108, and 110 may include components in the
direction of motion in addition to components perpendicular to the direction of motion.
Meanwhile, the deflecting directions 112, and 114 may include components opposite to the
direction of motion in addition to components perpendicular to the direction of motion.
Thus, one or more of the pulses may undergo a deflection in different direction that one or

more other pulses.
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optical systems using beam switching for application to memory repair, for example in addition to or in
place of beam rotation. Embodiments of this invention may use a 2 cascaded single axis deflectors
or a 2 axis deflector to deflect the beam in more than one axis. In this 2 axis deflector case, linear
scanning at XPQEHHEEEYr at an arbitrary orientation can be performed ad GESEHBET8%he image
rotation case. Pupil errors of cascaded deflector can be reduced with 45 degree scanning and a
small secondary axis (as shown in Figure 13 and described below). In other cases, relay optics may
be used to image each deflector window. A first deflector window may be imaged to a second
deflector, or anamoiphic cylinder optics may be used. For example an image relay may include two
sets of crossed cyliidemrAERdmER S DBy Bfigruitrls Rdar et &Y AT BA RS oo
independentiymphalrelauppaymiserianbsdespieriad ppiicshelemedisidapxamphkhiie aliow a weak set
of crossed cylinders elements_to be used algpng with a spherical element. The system of Figure 20
of U.S. PatefPsESHSR d%é??gi“de%%%%ﬁ 35%%%3 rﬂ‘gillr%éegfj ed i ShE {r:r)%#émerr% odiments
of this inventiach ha atdeasp:ime otheerenhbakinaniy thede flectioflsysterisntsed togenerals at least 2
slightly diverging beams and.m enerate mare than two sli ' ing. ms may
be generategr g?%aﬁ r%ﬁoﬁs%vgﬁ éegfll% A 2%" in & gésc?ﬁnelhté%. %%p#gﬂqe{g%g Qﬁéﬁggggﬁ%ggﬁ
correspondsifokacdrivenciregersatsyl ibvacrasigeritmtls assinnlFpareasmhgé optiee csrrs RE &¥nal
frequency. The, pasitiap 0ofisagh SROSRIPRRLILOA (R theudlyap RERHENGY decrefthsE dflartor

configurations maybe used. For example, cascaded acousto-optic modulators or a single crystal two

axis modulatictsrben deeetihe dakisrrEEenbaamiRTssRSing R dsfirctetasrsrtithethidte, any

type of beanyggsitioning Jutamwvith suificienbhandwidiiie Resur el orateval Seataseenel pulses
may be employed. = Zoom optics may form an image of the acousto-optic window at the entrance
pupil of the otjBEHGE feK&G Aimimize or eliminate beam input offset errors at the objective lens.

Optionally, fixed relpy-@piictmayhanisad beiwe aonlheacouationyifd exurapid, tiheFgmosi thties to form
an intermediate image, of the acoustic windaw nean S RYLSLS 2998 BRHSafibior. For

example, multiple scans along a link within one burst may be possible. Of course many other

patterns are possible for integrated spot shaping with long bursts. The energy painted on the
link with this type of patteming over a dense burst of many pulses provides spot shaping with
the energy integrated over the length of the burst.

The AOBD scanner may be used with closely spaced multiple input frequencies to
cause multiple simultaneous output spots to merge into a single shaped spot. The shaped
spot may be somewhat linear with a flattop cross section in the long axis. With two axis
AOBD deflection and multi-frequency inputs, rapid spot shaping can be accomplished in
either the x or y scan axis or in both axes combined.

As shown in Figure 12, two or more rows of links oriented in either the x or y axis
can be addressed with a single AOBD oriented at an intermediate angle such as 45 degrees.
In this case, a link to link diagonal between rows may not be precisely 45 degrees. This
alignment error can be accommodated with auxiliary beam rotation, pulse timing correction,
trajectory path planning or a preferably with secondary scan axis. The secondary scan axis
may have a small range sufficient to comect for spot placement errors of a larger range scan
axis Using a secondary AOBD scan axis can eliminate the need for any image rotation when
simultaneous processing is not employed. Since the secondary scan axis range can be small,

on the order of one or two link pitches, errors generated from separation of the two AOBDs
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two axis AOBD scanning a pair of AOBDs may be stacked in a crossed configuration and the mid point
between the acoustic windows of each device may be imaged to the objective. Positioning errors due
to residual angle errors can be determined using ray tracing or system measurement. Alternatively a
pair of AOBIORMYHEpaced apart and the window of the first AOBD cdif B&MAHEE Bito the window
of the second AOBD with the second window imaged or relayed onto the input of the zoom telescope
using cylindrical and/or spherical elements as mentioned. When two single-axis spaced-apart
AOBDs are used, the position of the relay beam expander may be adjusted to image one of two AOBD
windows onto the objective lens. For example, if two AOBDs are used for x and y heam o%itioning,
the beam exPHRPRATSHRFIEET ARV TG Esthel BHEWIBAhECs ROED iR asH 6%{3‘%% objective.
The relay begnmexpaReor leay, e adjustas, UOBD psaceasihgiafcaprbeessing Sikbtarchangi the
orientation of AQOBD scannin%l. Alti nmthchangl{’nag.be %%rgosrrgv%g %ﬂgé ctgn%géj,iucsatnrr}%\t etogo
accommodafRE TSI BESRIGRIAG &0l TR WY The Syeten Ban ba precisely adjustad for x or y
beam deflectirgnpithmuitaretayoptickngyfstensihatweers théocmrdighieam deflectors The zoom
optics may be a vayiable.Keplerian.telescope wi e t f] second
groups may be singq%eo%tﬁ:eéﬁ{%%&%]ﬂgésng t cé %ﬂ%%@?ﬁ%ﬁ%%%%%%&%@gcg%r% 1r??ay be
moved indepemndevedypadonrditng typretdterrmmsenperioanitiieth Inpotide ise BEt64HRiM

expansion a%%ﬂﬁ@%%%ﬂ?%%%%ﬂ% af e 200 QRES Mavshs Rr e aligned-iasayninyge or

eliminate beam steerin% effects as the expansion ration is varied. Alignment of element groups may

also ensure fRelLBBEAIEESRSHNGTETARI M S RAsE G R pRRHBr HHEBHIREHFEIAIIPY Residual
alignment vagigfinng dirayeihazoeradangecalibe vonm-ontiesin dyinergecsante thuithopuadliary beam
steering devices such as remotely controllabla&rgcisi n adcju table turninrg mirrors, or scangéng mirrors.
Correction vaXiBs higy HE 0 o RURHAT iR B E I8 Bni SO R RoFEH SRS Tay Be made
automaticallyfefiditfierkrt. z0nescatiing tanprainiabe cxeralbsiistem catitbraticizasd skyrihaefteaccuracy.
One or more spatial filters may be used at beam waist planes,of.th tical icki ff unused
diffraction orﬁlﬁ ggﬁa%rﬁggﬁys%gf%%n %%Q?%/r fhd Roise > é%%s%%gﬁa% tﬁﬁ%g]ﬁﬁ-gétl n o(?iented at
or rotated to #5widgnessnoth eardolvantagddntbepussibleomrallastr pridedsityssaéamafirsafited

deflection eap, e s, SYSICEARURRRINMALE I8 BRIRARAE,SCansah lionmegnica s known

in the field ofr%%us[on_ aser processing equipment. In the Same way that scanning for processing in 2
orthogonal azed s eEnBeITOrRIEE TientilfBer dBECBmMAth YR A IAIGRATERERT 2 HEIEJGAAl axes be

performed W%ﬁe%ﬁ(ﬂ%ﬁ%ﬂﬁ@é%&%fi&aiﬁ@r,a&xﬁﬁééaﬁf&%-t%%@&ﬂﬁ&ﬁ@rméih trpicabeprhagonal alignment

targets 125 such as illustrated in Figure 18, the 45 degrees scan is able to traverse either an x ora'y
edge, where SRS FRTEPROHEIBERAGT Y 1 878 4ifGnment edge. Furthermore, if an alignment scan is
performed near an msidecixauisigereeroar alarnaligatnenthiaigete thededribbgonakeeagesscah be

scanned in a single sweep. The latter js illustrated in Figure 18, where the be .Spokmoyes along a
scan axis at \987%%?{?’ -%% %%?lggaﬁh?ﬁ% aogésﬁesﬁagfl eggﬁacﬁ%t\élﬁt%t%aﬁae%rﬁg filted scan produced
motion at spedohd/ainl theedindctiommsr tixSeandafioss! iranrtimoygnasksgrdimpreralighrRsat Rirget. Two

axs scanning,ean alsg e red I o TGRSR S IASELARCRRAR dilisiRding digeton
parallel to the alignmenttarget edge to sample multiple locations along the edge and average out the
effects of ed@@@f@cg’ga conventional orthogonal and square scan field, the worst case compound angle

is in the corners of the field. When 45 degree tilted scanners are used to scan the same field

size, the worst case compound angle scanning is at the mid-point of each edge of the scan

field, a lesser compound angle, whereas at the comers of the field the scan angle have

minimal compound angles.

Furthermore, the image rotator can be used to provide a flexible system that can
selectively scan along either the x or y axes in addition to intermediate angles. Since the

deflecting orientation is rotated at twice the rate of the beam rotator, a 45 degree rotation of

the image rotator permits 90 rotation of the deflection orientation, for example from the x
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Alignment aspects of the invention for example as described in sections [130], [169] and Figure 10 of
U.S. Publication 200210167581 may also be applied to laser systems with high pulse rates such as
mode locked lasers. While g-switched laser operate in the range of about one kilohertz to a few
hundred kiloW&®9998%&4ocked laser typically operate at many tens of megaNaHZ *\4Tidus scanning
and target sampling strategies can be employed. Edges can be scanned at higher rates with dense
sampling depend on the bandwidth limit of the detector response. Using fast pulse picking, a pulse
sequence can be multiplexed to multiple targets for alignment. Non-Synchronous Processing In
one embodiment of the invention, processing speed is increased b Iiminatinq ¥he requirement that
the time bet\%‘éﬁoﬁﬂ%%"b‘bﬂgﬂﬂﬂ] {3 7&K O Mk (SHSR i?ﬁﬁE"f’l‘)géEs?c‘ﬁ‘baéa Above m%creesférence to
Figure 2. Thiszembedifresibis dese dbRd wuiihriefersncddodkigurrsitn B0, xemds24 4Adegss:ofthe beam

across the same eleven | of Figure 2.is illustrated.n  Figur .Howeyer. in Figu nly nine
laser pulses %r Sbfﬁéset%ﬂjg‘gt%%?% l?gveﬂgl i%nlsféeéztfl D a}e%\f/fgﬁl?rl? tﬁ?‘i?ﬁ%{f& ilrrr%t(\eéﬁtdg?) Igtéj% réeg%%;%ﬁg laser
pulses may perpitdisfectiab tHengamearatetas in Figure 2, (e.g. 50 kHz pulse rate), but the relative
velocity between tig heam misandng IVksiadneieasrdeadie dna e Atk srard

n

approximately evenly over all eleven finks. To successfully process links 10a, 10d, and 10f, a high

speed deflecionlien aeeripdeiBestine Fibecdwing BasmrarrishseY e rader sporpiass aRtection of the
arrows on Fighie, 20,8 Soutbal e snghaad adinkasbsianilucoindida mbenaaiveniiokito be

processed. The result is illustrated in Figure 21. Blocked pulses or pulse btgsts,, as_.sho dotted

lines on Figutdis 5% BRy49Y IheREFFJPEBTLINS AIRAY SO APTArTERA JREAES A BPid8 Bttset for
processing pilagsneamohe predatarminaddaseddamihedinkkpoditiaisanskibediming bé themplijse

sequence. If the same 50 kHz.laser pulse rate js availgble in the progess,of Fiqures.20 1 as the
conventional EREMpIBE Fgﬁ”ﬁ‘éﬁﬁnﬁ'@rﬂ%%rg Sglr{ll & ca;}f)lrﬂn('f:)l‘érg1 ‘fg %%IB ?ﬁ%ﬂ%@é%é&%} fora %ﬁt a 20%
processing spagibibproyementisAndappdeaicessgsamatrle for performing this technique is illustrated in
Figure 19. During processing, a deflected.spa ti ing -%I{Q&gm%@]lg{ fareagh link to be
processed relative T gac %% }Bff s?gﬁefﬁ]ee%fé@g%%éé%%%gér a%plies the offset fgr processing.
It is apparentthatoreh&nkTi is lestthamthedimertpuseltiplpulasipbevn, b i BEYHEFIERNt
avallable F’U??o%me%‘%ﬁeﬂ%%Qedff%&@y?oml@?e%}éa{@metﬁ@rﬁﬁ%@fg blewaver, mpngxgmplary

[

memory repair application, a relative few links, for example 1 in 10 links are processed ang}? majority
of links remaRidheserran bramran M bk LU BEGt B9 1801 TR eEe SRS AOSRIBRT #4301, generally
a sufficient ngmbeRWSRSAse-2ailahile faRiNseps amgyiceoat Atrglerease divalneiforifndpbexample,

the time between laser pulses is 1,25 times Ti, a sg][h?s of up to ab%létaﬁlg%i‘é djacent Im(ﬁ ctould be

t
processed if e REHRAABIONR LB O F TR g B BIMEE YSAR d Qesegrag

ofward orbackward up {0 the distance d
between eackhlinkotitpyactiae, iisaetadiediykara thapevendowitrfisiegiopsecutivsiaghacewwlinks are
processed. ThuS, using o speed defieetion.and determined saoh lfarScislaliys, vslgfydetween
links and a la%ef processing head can be ifcreased and can exteed conventional limits. In other
cases, rathertiraitelinoreasiniglprcadiityssisebekl pirerdse navienes bersibihedusy lskspleter pulse

repetition rates. while mainiaining:6enventisnat HOsRSNDIARRALS: FOREXGMRISs PpardRemesirable to

operate a laser at a reduced repetition rate for increased pulse_ to ;j)'u'Se stability, to use alternate pulse
widths, or to scisramedatechitieertisisiFRpReR e dedhrbedin-fog Rk i ksieRAs PASuch as
processing ng%tlg%edge of a stage travel range.

A tilted scan angle with controlled orientation can be useful for multiple beam
processing of adjacent staggered link rows as shown in Figure 14. In this case, the scan axis
along which a pair of beam paths diverge is neither parallel nor perpendicular to the rows of
links. Image rotation in this embodiment can align the scan axis with any variation in link
pitch and row separation. )

In some fuse bank geometries, the average link pitch is reduced by using fanned out

groups of staggered links. For example, groups of three fanned out links alternate in two
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As described above, recent developments have included multiple beam systems that can process two
or more link sites simultaneously. Although this increases throughput, it is likely that in most
applications, a similar or better throughput increase can be obtained with the non-synchronous
processing d¥6cHB¥EPSein. Thus, spot offsets can be used in a sequen®AFOEREL%AY can reduce
requirements for simultaneous processing which can require more complicated beam control.
Combining the two techniques, e.g. using multiple non-synchronous pulsed beams could provide still
further throughput enhancements. Mixed Pitch Processing The deflector 130 of Figure 19 can also
be used to process rows of links with gaps or sections of different pitch. Figure 22A shows a series of
links with diff$A8BRRA KBS APARSHE! A SR CA QRN B RilUrd B5A DS gﬁﬁ%‘ﬁ?d‘ﬁ‘é%\ﬁéen links is
different in diffesantaraas, foutshenpitchnpbiaserigpongant whistPaill actur fighe distdnes hetween any

two links is an |$§% er multj {%o the srgalletsetdpaﬁgh. Insgi ur??l% {Z)Aiﬂggésgxatrpepledesl ;sbg%/:g&%and S2is
2d long. The% ﬁ?é% S85°0 %Susré)%' cah St hEUs8 o p‘?ocessrfﬁls’s?rub?ure. ixed Phase
Processing of figumed?2irshbliskanothe pimk alireggertrinnvwimerel igvoasems ekinkghirddfesmmon row

poth have the same MK AiaTs ol RiRseaitleach gt Fisill e il INe fistance s is

not an integer mu’ltlp e of pitch distance d. Conventionally, such link arrangements were time

consuming td g cads eifhdineniréor puptasiing fycbows sdtierdthral Waks proceisskediisa Sighfe pass,
twice as many;RilseWEIBREAUEESkSChal dhe-RUSSS WelGrsyREReMzstmiblntipitshes for the

entire pass. Alternatively, two separate passes at full speed could be used, which takes time to set up
between pas&@gle Passwyith the deflector 130, the pulses associated with one of the link sets can be

Offset during the pass igeeRish bR PhaseahihAteraws RESATHA Piiibe spiwmed Figwrecd2B. The
deflector 130 can thus perform on-the-fly phase correction and.process _such I'nkeglrrrl n%?srgl%nt much
faster than céﬁ%ﬁﬁtﬁﬁngﬁt@r?fg.lﬁﬁﬁé’éacﬁ%&??oﬂ%‘ﬁ’nﬂl&e‘g {%e:{%%m%\g.la%& Bugs% ehiergy by
minimizing chixegas pliuse tefindsd pencdscatgragueinignbs alimistating @ssdaiatedsettBRy times.
Referring to figure 24, third and fourth pulses are split and deflected to third and fourth
rows. A fifth pulse is split and deflected back to the first row to continue a repeating
sequence. The pulses can be split into M spots where M=N to irradiate all structure in N
rows of an array, M<N when there are gaps between groups, or >N to redundantly address
links.

Thus, when pulse splitting is employed with an AOBD to simultaneously process 2 or
more links, the spots are located along the scan axis of the AOBD, and image rotation may be
useful to align the spots to multiple links especially when multiple links are not located along
a single row and hence rotation error of the scan axis generates spot position errors relative to
the width of the link. Image rotation may not be required when multiple links being
processed are in a single row and rotation generates small tolerable errors along the length of
the link.

It will be appreciated that in mutli-beam processing embodiments, single beams can
be split or multiple beam paths may be combined and critically aligned to process links. In
both of these cases, delivered pulse energy is preferably controlled to provide consistent
processing, Beam splitting and beam combining generaily require power split calibrations.
Splitting can reduce available energy by a factor or 2 or more and splitting or switching may

affect beam polarization control. Reference 10 discloses various advantageous methods and
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Link Severing During Acceleration These techniques can also be used to sever links during
non-constant velocity segments of a beam trajectory. As shown in Figure 23, during an acceleration
segment of a trajectory, a pulse period T will produce a different beam spot spacing between pulses at
different poirtLirttf@¥ i ctory. Beam deflection can be used to correct b%%?&%’c? B8ton to match
the link positions for links to be processed. The ability to process links during acceleration,
deceleration, and other non-constant velocity portions of a beam trajectory can reduce processing
time. Multi-Channel Processing for Link Buffering Figures 24 and 25 illustrate another system and

method for progessing links at a faster rate thar%oconv ntionalfﬁrocessin . Inithiﬁnen;;{bod;@eﬁ]t, the
deflector 130RIBLE ORI P4 8P S Th RESILEE (RSBt R the S UBSITARLE being

processed abtidigendifaransitoeatibasn Thetidistance between beam spots for adjacent channels can be
set equal to the link pitch d. The links are assigned to link groups | 50a-e, each containing N links,
where in this embodiment N is equal to 3. Depending on the channel selected for beam spot 152, link
154, 156, or 158 cdinthedmuotsstdinitahizpuiseuds the agrorss evaierrisoriecirkotan Besprocessed

with either of fw pulsess Fbis embadimen ovides A RatRNtRl deubling oiatasessiag saesd as only

one pulse is produced for every two links. Thus, in a pass over M links, only F;&gls_es are produced,
where P is hatRoting Howasicealtcigh aryimaT Sieatiaes senhesPeaimsd Ao ssedbrdi®idbre not
enough pulses availaisigRrocess a series of three or more adjacent links. As described above,

though, in some cases this may not be present in a link group heing processed in a ASS, '5'1 wever,
groups with very lafg@herobeet Grtaed ATE5 TR b RATFIEH g”ﬁf %%B{’éé?ﬁﬁ?ﬁﬂ%‘%éﬁ WiRen a small

percentage ofelipkgasy expy 0easoah in Figuwill banadpradiatestihal. itforthatiacsegrgintichermumber and
location of links to he processed i ass can be used tq determine .the optimum si ositioning
of the link g?%%H§?S:f8dPéa%ﬁagﬁgﬁé%t%ﬁlﬁéﬁf/%f S%L%f%r%%ﬁieﬁ: icated by t‘ﬁ‘ﬁ?ku‘ﬁ%é’é‘%@?;%%ck lines
correspond teenami tdefietrstructuresciiiba caimeith@pjiey ine bcoseds porcterplgensmasaiday1 05b.

As Hlustrated 1o, FIgYIE, 308 SIS EN RS OTaNRe iR SRIS AR AL AU IR Tac VNI

each set 305, the humber of structures 1 at are target structures 105b may be determined. For
example, setd<g@BdranidBosnéspehdentiviod bneckey geystercinrbdosohimm setisdsensss (¥t include

any target strctyres 1 0nBs19 tal for hisexampie. d:Qfdiba e 36 15caripinAo ag e stusrtres 105D,

8 of the 12 sets contain only one target structure 1056, and none of the 12 sets contain more than one
target structufEETeH6. |
The system of Figure 20 of U.S. Patent Publication 2002/0167581 described above

may be used in one or more embodiments of this invention. In at least one other
embodiment, the deflector system is used to generate at least 2 slightly diverging beams and
may generate more than two slightly diverging beams. The beams may be generated
simultaneously or generated in a sequence. The deflected angle of each beam corresponds to
a driven frequency in a range that is a small percentage of the center RF signal frequency.
The position of each spot is proportional to the driven frequency.

Other deflector configurations maybe used. For example, cascaded acousto-optic
modulators or a single crystal two axis modulator can be used to position each beam without
using a beam rotator. Furthermore, any type of beam positionihg system with sufficient
bandwidth to accurately locate a sequence of pulses may be employed.

Zoom optics may form an image of the acousto-optic window at the entrance pupil of
the objective lens to minimize or eliminate beam input offset errors at the objective lens.
Optionally, fixed relay optics may be used between the acoustic window and the zoom optics

to form an intermediate image of the acoustic window near the input of the zoom optics. For
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In some embodiments, groups of different sizes are examined prior to performing a pass. For example,
in Figure 26C, the same structures are grouped into sets of three structures. As before, the number of
target structures in each group can be determined. In this instance, none of the 8 sets contain 0 target
structures, 8%@1’{?8%%%?5 contain only 1 target structure, and none of the'Seta coRtain 2 or 3 target
structures. Therefore, grouping structures into sets of three provides fewer sets containing no target
structures (0 of 8 sets) than would grouping structures into sets of two (5 of 12 sets). If one pulse is
produced for each set, the efficiency and/or the speed of processing may be further increased when
using sets of three ri:['g than sets of tw otably, the effect of grouping may depe on the
phase of thetgf’oﬁﬁ% r’r‘)e?(%\%?é fﬁ?&’i‘j Pg%ﬁ*% gf/@%&%ﬁ%ﬁ%}}oﬁ B%’]Sgsefﬁﬁg%fé%s o s&t?%%%?es,
wherein eackhgtgupingdsvehifthe eonmparednt that iy e 26 G1aT Her afouedvihibadigeduping of
Figure 26C IRglugion% 3555 DI IRIORL U S Sl G- HAURINALLEHINS £A0NDGHdeR A sets

with no target Structures. Additiona y, whi e grouping of Figure 26C did not include any sets with
two target stracterematiat StEins2DHCNidEIRNG Bakswimad trgctsibeiigdorms Brangement

could not be fpcesaer Withea AR AMSRSWRRRN Sethdbame LOMONMEMS stobRpeihastsize, the

groupings may be shifted in order to determine whether a particular grouping offset provide; preferred
target structireagrdtapuiared onto theiraub G SRR HRIEHRS YoRegriEEh A atsBIE & four
structures, whskeineaGh-a8bRk0 overlaps with the previous set 515 by two structures. As before, one
or more pulses 520 may be generated for each set. ever, in.this embodiment, a iven structure
may be irradiated bY) HiBr& %ﬂﬂg&ﬁ%‘ﬁlﬁg%c%%ﬁpagpgéﬁéofﬁ% Bh ’fﬁeéi’d%ﬁésc TRl r%lsé éagr‘fgog@each
pulse may bexjefleatathibirsdfiate anenafdane sifucturasBPhesize obihietisetdbibvahdthdoverlap can
determine the number_ of pul 20 which,may irradiate any given ctyre .Atbaugh the
previous exaemx%fflg);iearg ‘gjg,c%@%(? for & gﬁr?glrgogés %‘gﬂ%glt)i%ar]l},{ %ﬁ%aﬁ‘géﬁhtgfgh%%ﬁ_ieﬁﬁ% technique can
be used in madfipledaxesfdr eragnpigionbor mche eHsABBSindgcontedpo Alli toltttfefdSURIH types in a
set of links in,g,[anpedaut sig0geredatay SLATKS-RSOMP sPseaiieiis ate Lneyaly Raced and

are located in multiple rows. Various embodiments of this invention may be practiced at the same time,
for example erentitinbes HOBRGCaMEpIg Hermmk samery . hh rofresiBidithe Al siernb &8s is

analyzed Befgrehanddo.detarming whethgr-nen:syachionaysheanivashpieh bopred piasguaechanneled
processing would produce the optimum processing speed enhancement for%?E%%?fﬁass Groups of

links may be BhAIZE B AEHRERTB N BedY SPera RIS HE ShiF Sibil '8N rate as
required in conjunctrga Mt tpeiGystaBa ettty Riplunan whiepeaintathiaggacopnsiahtiaser pulse
rate, severing a single link per pulse. Adjacent.channels correspond to.adjacent li owever
greater spatii?'gh%nrr%@‘ Sﬁé’flﬁi%%?%%i gjetlssgﬁhl%o ?%ﬁ@%%mrﬁ%%%%%ﬁlgn%ﬁcgﬁgﬁg rr%%%ﬁ%'ig channels
may be useddsubleteSchgzoup atan bltipleviotatitspsndent lFelsiidiogtte vedaismiocdittertivnghannels,
preferably the RF, applied t ! ibis AR AGNhis generRlgdusingR Biultkchapnel Direct
Digital Synthggtl%? %%%%e%%%%i@%ﬂ%%% A .%Hé%%fé_o%%m Clrystal Techno ogllgs. Alternately a group
of fixed frequentisy mpiéespsr alisprgidcominimipteoy SHama'f G S HRY SEerRp LR USRI ffering
capability of sgyeralpreset frogHaRrChARRGkMRIYRSANGHEIPEsWishingHaeiaenchafngssprovides

enhanced capability for laser processing of mem_or%{ devices. For example, frequencies may be

switched am&PEnasAIhe FAAGREERL AR BICBIE I fdqlitncies may be set corresponding to spatial
properties of a workpighaifan @xamparditionitaiaphowspasingipaniatiayeimmeptosyngpair links.
Frequencies may coyrespond {0 adjacent links, a sequence of links, adjacent.ro pon-gd_@cent links,
) b
and non-adja%%ﬁ?cF?)%\/éylg‘reaaﬁ iitle eﬁ%yskegﬁfé%p%:ﬁ%? oA gtgsraf%? s%kly afgﬁgog\ir\é‘agr 35 one or more
links or to a méjastbés mnpnedisisdrpasitisanmingr . Fregsendiesaviay corhespory tbetetapdrabproperties
of a memory {)?é%!%{g Jhe Sz%ofmo & t%%&pégd corrections may be made automatically for different zoom
setting to maintain overall system calibration and alignment accuracy.
One or more spatial filters may be used at beam waist planes of the optical path for

picking off unused diffraction orders and to block scatiered energy and noise.
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a frequency may correspond to a delay associated with an inter-pulse period, a pulse burst parameter,
a position timing error correction value or a measured or predicted position phase lag Generally,
channel switching occurs at rates on the order of the link velocity divided by the link pitch or a higher
rates especi®if WHHMI-pulse processing. Switching time maybe less tRSAISRASINEHBDS driver. It
is to be understood that actual switching time of beam steering angles is limited by well-know acoustic
propagation parameters of the AO cell. In all embodiments described herein, corrective optics may
be used to compensate for the well-known cylindrical lensing effect as well as other aberration artifacts
of the AOBD. When the AOBD is operated in chirp mode, the cylindrical lensing effect increases with

the scan rate, and ErHsEEGh e RIS aR IR BOb YAl B iR ctihsh A YR &
astigmatism gaditilt artitagiseelptic-axisdevieas. genes ateedatitiecAsBan Gerreeiiom of ARRBR

aberrations is generally taught in published U.S. Patent Application 2006/02561 hich is hereby
incorporated“@%h’@f&’ﬂémf’gk?[r%(ftgeé_ﬁﬁ?éﬁgée SCE Y %%%naésé %gb%gl\%/?c%g%lgr%ﬁ%ﬁ&g chromatic
aberration intsegtugecekyngdispaifsientof ihé:A QB viagpbaiatynnity roacdasdgni thdidegtasér sources
which may haye bangeiis. oLy &M, aTPienRiRd RA(Ian ERIEFLICENSIGHRR Al R epanioved to

minimize latetal chronvatc aberration in the image plane. For example, dispersion prisms and or
diffraction gratirignrad Wahussdde deinpensatatédrtifé degmess frdtheaneyddiseraisnlopthesamicell. Axial

chromatic abgrration, may.alseshe sigeificenteRdfersingsopics mayhe careced ayenteadull laser

bandwidth to maintain small spot size and consistent spot shape. Auxiliary detectors responsive to

beam positiofithtid @r &rirgy nedebevhsen e stiBelpssifich 4ndisrareigyindiggsmei&ssignals

used for feedhiagleimGeNiNGIANMNIHEAQBY SCaaRiRded neWhile iigibeast saages fomearsying out the
invention have been described in detail, those familiar with the art to whjch this in?’gtilon relates will

recognize vaRoHeSRe AL F8sTIHO%RY SHH5S SR RSP AnTPHE ERtion Ss A&findd by the
following claimssttedeseithed methedsanstaysigms hereilvngaysuseskin arvglocmybinatioafttultiple
pulses or single pulses ma applied to single target structures, multiple. pulses or.si ulses may
be simuItane%‘ifgﬁ/‘%%’f%]cfgo&rﬁﬁfﬁ%fé"trgr%ﬂefaé%egt%r%zﬁﬁn apr {:Oeds?s?i?w(!gl%gé% tsté; %%djsp p%ﬁgg rate may
correspond tdithaivatd of singtessoie sitigieopalss prddessiggnsnhiaszdie asynchronous with spatial

offsets and/or bUﬁeﬁi\Qrg' axis scanning can also be used for alignment scans. The laser spot can be

dithered in a direction parallel to the alignment target edge to sample multiple locations along
the edge and average out the effects of edge defects.

Alignment aspects of the invention for example as described in sections [130], [169]
and Figure 10 of U.S. Publication 2002/0167581 may also be applied to laser systerns with
high pulse rates such as mode locked lasers. While g-switched laser operate in the range of
about one kilohertz to a few hundred kilohertz, mode locked laser typically operate at many
tens of megahertz. Various scanning and target sampling strategies can be employed. Edges
can be scanned at higher rates with dense sampling depend on the bandwidth limit of the
detector response. Using fast pulse picking, a pulse sequence can be multiplexed to multiple

targets for alignment,

Non-Svachronous Processing

In one embodiment of the invention, processing speed is increased by eliminating the
requirement that the time between pulses be equal to the link to link transit time T1 described
above with reference to Figure 2. This embodiment is described with reference to Figures 19,

20, and 21. A pass of the beam across the same eleven links of Figure 2 is illustrated in
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CLAIMS: 1.A system for laser processing a multi-material device including a substrate and at least one
target structure, the system comprising: a laser system configured to generate a sequence of pulses,
pulse groups, combined pulses, or pulse bursts; a motion stage supportiré%&a substrate comprising

one or moreWYgev&ti¢tres, said motion stage configured to move alontd ProtEeiiY trajectory in
either of two orthogonal directions;

Figure 20. However, in Figure 20, only nine laser pulses (or pulse bursts) are used instead of
eleven. In the embodiment of Figure 2, the laser pulses may be produced at the same rate as
in Figure 2, (e.g. 30 kHz pulse rate), but the relative velocity between the beam axis and the
links is increased so the nine pulses are still spread approximately evenly over all eleven
links. To successfully process links 10a, 10d, and 10f, a high speed deflector is used to
deflect the processing beam and offset the laser spot in the direction of the arrows on Figure
20 to so that the spot and a link substantially coincide when a given link is to be processed.
The result is illustrated in Figure 21. Blocked pulses or pulse bursts, as shown by dotted
lines on Figures 20 and 21, need not coincide with any potential target structure. A precise
offset for processing pulses can be predetermined based on the link position and the timing of
the pulse sequence. If the same 50 kHz laser pulse rate is available in the process of Figures
20 and 21 as the conventional example of Figure 2, the pass can be completed in 160
microseconds, for about a 20% processing speed improvement. An apparatus suitable for
performing this technique is illustrated in Figure 19. During processing, a deflected spot
offset is determined by the controller for each link to be processed relative to a selected pulse.
The high speed deflector applies the offset for processing.

It is apparent that when T1 is less than the laser pulse to pulse period, there will be
insufficient available pulses in the scquence to have a pulse available for every link.
However, in an exemplary memory repair application, a relative few links, for example 1 in
10 links are processed and a majority of links remain intact. Therefore, without the constraint
of 1 to 1 link to pulse synchronization, generally a sufficient number pulses are available to
process a device at an increased velocity, If, for example, the time between laser pulses is
1.25 times T1, a series of up to about eight adjacent links could be processed if the deflector
was capable of deflecting the pulse forward or backward up to the distance d between each
link. In practice, it is relatively rare that even four or five consecutive adjacent links are
processed. Thus, using high speed deflection and determined spot offsets, relative velocity
between links and a laser processing head can be increased and can exceed conventional
limits. In other cases, rather than increasing processing speed, other benefits can be obtained
by using lower pulse repetition rates while maintaining conventional processing speeds. For

example, it may be desirable to operate a laser at a reduced repetition rate for increased pulse
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a first deflector configured for scanning the sequence of pulses, pulse groups, combined pulses, or
pulse bursts along a direction neither parallel nor perpendicular to the motion of motion stage in either
orthogonal direction; an optical system configured to irradiate target structures with the sequence
of pulses, pUiEe%§P8IpEEEombined pulses, or pulse bursts; a controllEFEBMEHYRY S control said
laser system, said motion stage, said deflector, and said optical system such that a beam spot scans
relative to stage motion during different orthogonal portions of a processing trajectory of said beam
spot over said one or more target structures. 2. The system of Claim 1, wherein said one or more
target structures comprise conductive links on a memory circuit. 3. The system of Claim 1, wherein

said one or rifordigErgEPEifcloIres AinprsBiEe Bidherenlymrrammargid e LRSS Claim 1,

comprising a.speand deflgstonisiscanrnigatiensemienae 4f pulsssnpulse greuag: eanahingd pulses, or
pulse bursts along a direction non-parallel with the first deflector, wherein the first deflector scan range
includes two 'BYR&EEfows or columns of conductive links, and the second deflector scan range

includes two or mopg; aidiadbad abady etbeatlidkelopmdiie systémiod«dlaintipjatirereisytvefitbeteflector is
a two axis deflector, wherein the first.deflector scans in a first axis fwou 2 ra{plgﬂql' lydjpg two or
more rows of CbRIRTRE OF %35&5%&%%“&%&5? gﬁld%‘gécr?gs? ’aé@é%u éxﬁ%lt%ugﬁ a ra%%ﬁé including two or
more adjaceiikelyrtbiastciviedinlsplBatomethodifor dabdettqrdreralingt dngiedterridd abtievdeiitbluding a
Substrate a”%,E;}tAS&.%&Q&&}?&%%%EQ&EH?dg@&g&gt%@iﬁomﬂ{@,ﬂ%ot offsets can be used in a

sequential process and can reduce requirements for simultaneous processing which can

require more complicated beam control. Combining the two techniques, e.g. using multiple

non-synchronous pulsed beams could provide still further throughput enhancements.

Mixed Pitch Processing

The deflector 130 of Figure 19 can also be used to process rows of links with gaps or
sections of different pitch. Figure 22A shows a series of links with different link separations.
In some cases such as in Figure 22A, the spacing between links is different in different areas,
but the pitch phase is constant, which will occur if the distance between any two links is an
integer multiple of the smallest pitch. In Figure 22A, for example, s; is 3d long and s; is 2d

long. The same nine pulses of Figure 20 can still be used to process this structure.

Mixed Phase Processing

Figure 22B shows another link arrangement where two sets of links in 2 common row
both have the same pitch, but are out of phase with each other. This will occur when the
distance s is not an integer multiple of pitch distance d. Conventionally, such link

" arrangements were time consuming to process. If the entire row including both sets of links
was processed in a single pass, twice as many pulses were produced so that the pulses were
synchronized with both pitches for the entire pass. Alternatively, two separate passes at full
speed could be used, which takes time to set up between passes.

With the deflector 130, the pulses associated with one of the link sets can be offset
during the pass to match the phase of that group, as shown by the arrows of Figure 22B. The

deflector 130 can thus perform on-the-fly phase correction and process such hink arrangement
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producing relative motion at a predetermined average velocity V between a beam delivery subsystem
and a substrate having a plurality of adjacent microstructures thereon, wherein the instantaneous
velocity over at different points over the plurality of adjacent microstructures may or may not be
constant, theshaRi)tiEtuding the at least one target structure; and BehE) %ﬂﬁﬁﬁzﬁ"lsed laser
output comprising a sequence of pulses, pulse groups, combined pulses, or pulse bursts, the
sequence characterized by a minimum synchronization period T, wherein the plurality of
microstructures are separated by a spatial distance S in the direction of relative motion, and

wherein tl is the transit time SN between at least one pair of adjacent microstructures and wherein t1

is not equal AR TBTER SRR BEROAYTETS- THE SORSAIER C iR 6550 hrbRFIASR B adiating

the at least onRAarast situekmwithingdagepaRet withut|gasbaspentiordicihg pulsttiaagicoutput. 8.

The method of Claim, 7, further comprisi i i
of Claim, séttHntg gmgg prising deflecting the portion of the pulsed laser

Link Severing Duning Acceleration

These techniques can also be used to sever links during non-constant velocity
segments of a beam trajectory. As shown in Figure 23, during an acceleration segment of a
trajectory, a pulse period T will produce a different beam spot spacing between pulses at
different points in the trajectory. Beam deflection can be used to correct beam spot position
to match the link positions for links to be processed. The ability to process links during
acceleration, deceleration, and other non-constant velocity portions of a beam trajectory can

reduce processing time.

Multi-Channel Processing for Link Buffering

Figures 24 and 25 illustrate another system and method for processing links at a faster
rate than conventional processing. In this embodiment, the deflector 130 selects a channel
141, 142, or 143 that causes the pulse to hit the substrate being processed at three different
locations. The distance between beam spots for adjacent channels can be set equal to the link
pitch d. The links are assigned to link groups 150a-¢, each containing N links, where in this
embodiment N is equal to 3. Depending on the channel selected for beam spot 152, link 154,
156, or 158 can be processed with that pulse. If the groups overlap, some links can be
processed with either of two pulses. This embodiment provides a potential doubling of
processing speed, as only one pulse is produced for every two links. Thus, in a pass over M
links, only P pulses are produced, where P is half of M. However, although any pair of
adjacent links can be processed, there are not enough pulses available to process a series of
three or more adjacent links. As described above, though, in some cases this may not be
present in a link group being processed in a pass. However, groups with very large numbers
of links may have occurrences of adjacent links even when a small percentage of links are
processed. ’

It will be appreciated that information regarding the number and location of links to

be processed in a pass can be used to determine the optimum size and positioning of the link

33



output relative to a beam delivery subsystem axis with a deflector. 9. The method of Claim 8, wherein
the step of deflecting offsets the laser spot to irradiate at least one target structure. 10. The method of

Claim 8, wherein the step of deflecting offsets the pulsed laser output relative to a beam delivery
subsystem a¥XR BY*4#4¥ion of the distance S to irradiate at least one targEULEAERIIE 1. The

method qf Claim 8, wherein a first portion of the pulsed laser output corresponds to one or more
first locations of irradiation of the device; wherein a second portion of the pulsed laser output
corresponds to one or more second locations of irradiation of the device; wherein the predetermined

period T is approximately an integer multiple of t/. 12. The method of Claim 11, wherei
predeterminé)g’b%?ioﬁiﬁwi)‘/é 2HA sh&?ws a pIuraE)Iity of structures indicated by thick lines. The %laclz HI]’I%S

correspond to non-target structures 105a, and the grey lines correspond to target structures
105b.

As illustrated in Figure 26B, structures may be grouped into sets 305 of two structures
105. Within each set 305, the number of structures 105 that are target structures 105b may be
determined. For example, sets 305d and 305h each include one target structure 105, while set
305a does not include any target structures 105b. In total for this example, 4 of the 12 sets
contain no target structures 105b, § of the 12 sets contain only one target structure 105b, and
none of the 12 sets contain more than one target structure 105b.

In some embodiments, groups of different sizes are examined prior to performing a
pass. For example, in Figure 26C, the same structures are grouped into sets of three
structures. As before, the number of target structures in each group can be determined. In
this instance, none of the 8 sets contain 0 target structures, 8 of the 8 sets contain only 1
target structure, and none of the sets contain 2 or 3 target structures. Therefore, grouping
structures into sets of three provides fewer sets containing no target structures (0 of 8 sets)
than would grouping structures into sets of two (5 of 12 sets). If one pulse is produced for
each set, the efficiency and/or the speed of processing may be further increased when using
sets of three rather than sets of two.

Notably, the effect of grouping may depend upon the phase of the groups. For
example, Figure 26D shows another grouping into sets of 3 structures, wherein each grouping
is shifted compared to that in Figure 26C. Therefore, while the grouping of Figure 26C
included no sets with no target structures, the grouping of Figure 26D includes two sets with
no target structures. Additionally, while the grouping of Figure 26C did not include any sets
with two target structures, that of Figure 26D includes two sets with two target structures.
This arrangement could not be processed with a single pulse for each set. In some
embodiments, for each set size, the groupings may be shifted in order to determine whether a
particular grouping offset provides preferred target structure distributions.

Figure 26E shows structures 105 grouped into sets 515 of four structures, wherein
each set 515 overlaps with the previous set 515 by two structures. As before, one or more

pulses 520 may be generated for each set. However, in this embodiment, any given structure
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13. The method of Claim 6, wherein the transit time ti is less than the synchronization period Ti 14.
The method of Claim 6, wherein the beam waist positions of two sequential portions of the pulsed
laser output are spatially displaced in the direction of relative motion relative to the substrate by a
predetermin®PI&H%%¥eet. 15. The method of claim 14, wherein adjac&NtliNKe e processed with
adjacent sequential portions. 16. The method of claim 14, wherein one link is processed with
adjacent sequential portions. 17. The method of Claim 6, further comprising determining one or more
of the synchronization period T, the transit time t, and the velocity V based at least in part on a number

of structures to be irradiated in a pass along a row_or column of links, 18. The method of Claim 6,
further comp‘ﬂ@_hB‘” i_%%ﬁ@%ﬁ%ﬂj@é@ﬂ“ﬁé’i‘ﬁlﬁ? S EERFRLIES BR RS ﬁ?@%??rrﬁi%ﬂfnﬁx%rﬁé:%tructu re of
the adjacent faif yith & fiySenitiorofiiaalseohiase rautaticioresfirshérsjgoidissgnidntaahd

raciote the DEhE) SRR SRS A ERHa LUy Lo B Craa s e shaeie

producing a $egond relative motion at a second predetermined velocity V2 to irradiate adjacent

structures. Although the previous examples are described for a single axis deflection, the
buffering/channeling technique can be used in multiple axes, for example one or more
channels may correspond to different link types in a set of links in 2 fanned-out staggered
array of links. In some cases the links are unevenly spaced and are located in multipie rows.
Various embodiments of this invention may be practiced at the same time, for example one or
more of, spot shaping, and link buffering. In some embodiment, each pass is analyzed
beforehand to determine whether non-synchronous, mixed pitch, mixed phase, or channeled
processing would produce the optimum processing speed enhancement for the given pass.
Groups of links may be analyzed to predetermine the best operational mode and slow or
speed the scan rate as required in conjunction with the system trajectory planner, while
maintaining a constant laser pulse rate, severing a single link per pulse. Adjacent channels
may correspond to adjacent links, however greater spatial channel separations may be used fo
hit the same group on pitch and multiple channels may be used to access a group at multiple
Iocations.

To deflect the beam into different channels, preferably the RF applied to the deflector
when it is an AOM is generated using a multi-channel Direct Digital Synthesizer (DDS) such
as Model AODS 20160 from Crystal Technologies. Alternately a group of fixed frequency
drivers or a single or multiple variable frequency drivers may be used. Buffering capability
of several preset frequency channel values and rapid switching between channels provides
enhanced capability for laser processing of memory devices. For example, frequencies may
be switched among channels of a multi-channel DDS. Frequencies may be set corresponding
to spatial properties of a work piece for example, link pitch or row spacing in an array of
memory repair links. Frequencies may correspond to adjacent links, a sequence of links,
adjacent row, non-adjacent links, and non-adjacent rows. Frequencies may correspond to a
lateral offset along or across one or more links or to a measured or predicted position error.

Frequencies may correspond to temporal properties of a memory repair process, for example,
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20. The method of Claim 19, wherein the second predetermined velocity V2 is less than the velocity V.
21. The method of Claim 6, further comprising a second plurality of microstructures separated by a
spatial distance S2 in the direction of relative motion. 22. The method of Claim 6, wherein the transit
time t1 is moMOHAN -y nchronization period T and less than 2 . T. 23 PFREHERBH S Claim 6,
wherein the transit time t, is more than 0.5 T. 24. The method of Claim 6, wherein relative motion is
produced at constant velocity. 25. The method of Claim 6, wherein relative motion is produced at
non-constant velocity and the average velocity is the average velocity between a pair of adjacent
microstructures. 26. A system for laser processing a multi-material device including a substrate and

one or more ¥V GBIy RVSOTTRPSAIeA delprsntpted Witkeh BV TSt RETIR 2t EE P ronous
sequence of PSS W IsSEIALDSIGOMBINGE-EIHEE Fa Rie | 8enBAKSHR or predicted position phase

lag. Generally, channel switching occurs at rates on the order of the link velocity divided by
the link pitch or a higher rates especially with multi-pulse processing. Switching time maybe
less than 20ns in a DDS driver. It is to be understood that actual switching time of beam
steering angles is limited by well-know acoustic propagation parameters of the AO cell.

In all embodiments described herein, corrective optics may be used to compensate for
the well-known cylindrical lensing effect as well as other aberration artifacts of the AOBD.
When the AOBD is operated in chirp mode, the cylindrical lensing effect increases with the
scan rate, and correction may include using fixed or variable optical elements to cancel
astigmatism and tilt artifacts of off-axis devices generated at the AOBD. Correction of
AOBD aberrations is generally taught in published U.S. Patent Application 2006/0256181,
which is hereby incorporated by reference in its entirety.

Other aberrations of AOBD devices can include chromatic aberration introduced by
dispersion of the AOBD. Especially with broad band width fiber laser sources which may
have bandwidths of 16 nm or more, pre-dispersion correct techniques can be employed to
minimize lateral chromatic aberration in the image plane. For example, dispersion prisms
and or diffraction grating can be used to compensate for the center frequency dispersion of
the AO cell. Axial chromatic aberration may also be significant and focusing optics may be
corrected over the full laser bandwidth to maintain small spot size and consistent spot shape.

Auxiliary detectors responsive to beam position and or epergy may be used to sense
position and or energy and to generate signals used for feedback in conjunction with AOBD
scanning.

While the best modes for carrying out the invention have been described in detail,
those familiar with the art to which this invention relates will recognize various alternative
designs and embodiments for practicing the invention as defined by the following claims. All
described methods and systems herein may used in any combination. Multiple pulses or
single pulses may be applied to single target structures, multiple pulses or single pulses may

be simultaneously applied to multiple target structures. In a processing pass, the laser pulse
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means for deflecting selected ones of said sequence of pulses, pulse groups, combined pulses, or
pulse bursts to process selected ones of said one or more target structures. 27.A method for laser
processing a multi-material device including a substrate and at least one et structure, the method
comprising: FEeERAHBIALh corresponding to coordinates of target mlcrostﬂ'fgm%%é’ fHrocessed:;

determining a processing trajectory segment including a plurality of target

rate may correspond to the rate of a single row single pass processing or may be

asynchronous with spatial offsets and/or buffering.
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microstructures in an array of microstructures; generating a pulsed laser output comprising a
sequence of pulses, pulse groups, combined pulses, or pulse bursts, wherein the sequence is at least
partially unsynchronized with respect to the trajectory; determining a relative displacement between
each target microstructure and at least one laser pulse in the sequence; generating a deflection
commang, sggience corresponding to the relative displacements;

1. A system for laser processing a multi-material device including a substrate and at
least one target structure, the system comprising:

a laser system configured fo generate a sequence of pulses, pulse groups, combined
pulses, or pulse bursts;

a motion stage supporting a substrate comprising one or more target structures, said
motion stage configured to move along a processing frajectory in either of two orthogonal
directions;
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deflecting the pulsed laser output according to the deflection command sequence during relative
motion between the substrate and a beam positioning subsystem to synchronize the target
microstructures with a set of laser pulses; and irradiating each target microstructure with at least a
portion of the pulsed laser output. 28.A system for laser processing a multi-material device including a

substrate and gt fpasteneciaroed slguetdrdothecayaiag wempuitisgenetntikysiepeisingdats,
oroces ] A St EL R O oty G et BEPaThor perfRbcnily feminno @
microstrijétife§f motion stage in either orthogonal direction;
an optical system configured to irradiate target structures with the sequence of
pulses, pulse groups, combined pulses, or pulse bursts;
a controller configured to control said laser system, said motion stage, said deflector,
and said optical system such that a beam spot scans relative to stage motion during different
orthogonal portions of a processing trajectory of said beam spot over said one or more target

structures,

2. The system of Claim 1, wherein said one or more target structures comprise
conductive links on a memory circuit.

3. The system of Claim 1, wherein said one or more target structures comprise one or
more alignment targets.

4. The system of Claim 1, comprising a second deflector for scanning the sequence of
pulses, pulse groups, combined pulses, or pulse bursts along a direction non-paraliel with
the first deflector, wherein the first deflector scan range includes two or more rows or
columns of conductive links, and the second deflector scan range includes two or more
adjacent conductive links.

5, The system of Claim 1, wherein the first deflector is a two axis deflector, wherein the
first deflector scans in a first axis through a range including two or more rows or columns of
conductive links, and scans in a second axis through a range including two or more adjacent
conductive links.

6. A method for laser processing a multi-material device including a substrate and at
least one target structure, the method comprising:

vroducing relative motion at a predetermined average velocity V between a beam
delivery subsystem and a substrate having a plurality of adjacent microstructures thereon,
wherein the instantaneous velocity over at different points over the plurality of adjacent
microstructures may or may not be constant, the plurality including the at least one target
structure; and

generating a pulsed laser output comprising a sequence of pulses, pulse groups,
combined pulses, or pulse bursts, the sequence characterized by a minimum
synchronization period T,
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means for generating a pulsed laser output comprising a sequence of pulses, pulse groups, combined
pulses, or pulse bursts, wherein the sequence is at least partially unsynchronized with respect to the
trajectory; means for determining a relative displacement between each target microstructure and
at least one laser pulse in the sequence; means for generating a deflection command sequence

COffeSapondinghwaéFﬁ{ elativierdisplacemnrenifucturesneans fersteflesiings s useshlas s ioutput
according to the deflection commangd sequence during relative motion between the substrate and a
beam pS%ﬁ%%S Ehi as%ygtfenﬁgﬁ)ns%%dhronize the target microstructures with a set of laser pulses; and

means for irradiBgriredchitartie maskrliftareSMthbaEess Lholtri Pife PRilsell 1888 iput.

microstructures and wherein ¢, is not equal to the predetermined period T,

7. The method of Claim 8, further comprising irradiating the at least one target structure
within a laser spot with at least a portion of the pulsed laser output.

8. The method of Claim 7, further comprising defiecting the portion of the pulsed laser
output relative to a beam delivery subsystem axis with a deflector.

9. The method of Claim 8, wherein the step of deflecting offsets the laser spot fo
irradiate at least one target structure.

10. The method of Claim 8, wherein the step of deflecting offsets the pulsed laser output
relative to a beam delivery subsystem axis by a fraction of the distance S o irradiate at least
one target structure.

11. The method of Claim 8,

wherein a first portion of the pulsed laser output corresponds to one or more first
iocaﬁoné of irradiation of the device;

wherein a second portion of the pulsed laser output corresponds to one or more
second locations of irradiation of the device;

wherein the predetermined period T is approximately an integer multiple of £;.

12.  The method of Claim 11,
wherein the predetermined period Tis 2 - t;.

13. The method of Claim 6, wherein the transit time t; is less than the synchronization
period T.

14.  The method of Claim 6, wherein the beam waist positions of two sequential portions
of the pulsed laser output are spatially displaced in the direction of relative motion relative to

the substrate by a predetermined spatial offset.

15. The method of claim 14, wherein adjacent links are processed with adjacent
sequential portions.
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29. A method of processing target structures on a substrate comprising: producing relative motion at a
non-constant velocity over a series of target structures; generating a pulsed laser output during said
relative motion; and processing target structures at different times during which the velocity is different.
30. The method of Claim 29, comprising deflecting at least some of said pulses to synchronize pulse

position@Nd targat RRYHIRNGT claim 14, wherein one fink is processed with adjacent sequential
portions.

17. The method of Claim 6, further comprising determining one or more of the
synchronization period 7T, the transit time {, and the velocity V based at least in part on a
number of structures fo be irradiated in a pass along a row or column of links.

18. The method of Claim 6, further comprising identifying an adjacent pair of structures to
be irradiated; irradiating one structure of the adjacent pair with a first portion of the pulsed
laser output in a first trajectory segment; and generating another subsequent portion of
pulsed laser out during a second ftrajectory segment fo irradiate the other siructure of the
adjacent pair.

19. The method of Claim 6, further comprising producing a second relative motion at a
second predetermined velocity V. to irradiate adjacent structures.

20, The method of Claim 19, wherein the second predetermined velocity V, is less than
the velocity V.

21. The method of Claim 6, further comprising a second plurality of microstructures
separated by a spatial distance S; in the direction of relative motion.

22. The method of Ciaim 6, wherein the transit time ¢ is more than the synchronization
period T and less than 2 T.

23. The method of Claim 6, wherein the transit time ¢, is more than 0.5 - T.
24, The method of Claim 6, wherein relative motion is produced at constant velocity.

25, The method of Claim 8, wherein relative motion is produced at non-constant velocity
and the average velocity is the average velocity between a pair of adjacent microstructures.

26. A system for laser processing a multi-material device including a substrate and one
or more target structures, the system comprising:

means for producing a non-synchronous sequence of pulses, pulse groups,
combined pulses, or pulse bursts;
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means for deflecting selected ones of said sequence of pulses, pulse groups,
combined pulses, or pulse bursts to process selected ones of said one or more target
structures.

27. A method for laser processing a multi-material device including a substrate and at
ieast one target structure, the method comprising:

recelving data corresponding to coordinates of target microstructures to be
processed,;

determining a processing trajectory segment including a plurality of target
microstructures in an array of microstructures;

generating a pulsed laser output comprising a sequence of pulses, pulse groups,
combined pulses, or pulse bursts, wherein the sequence is at least partially unsynchronized
with respect to the frajectory;

determining a relative displacement between each target microstructure and at least
one laser puise in the sequence;
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generating a deflection command sequence corresponding to the refative
displacements;

deflecting the pulsed laser output according to the deflection command sequence
during relative motion between the substrate and a beam positioning subsystem to
synchronize the target microstructures with a set of laser pulses; and

iradiating each target microstructure with at least a portion of the pulsed laser
output.

28. A system for laser processing a multi-material device including a substrate and at
least one target structure, the system comprising:

means for receiving data corresponding to coordinates of target microstructures o be
processed;

means for determining a processing trajectory segment including a plurality of target
microstructures in an array of microstructures;

means for generating a pulsed laser output comprising a sequence of pulses, pulse
groups, combined pulses, or pulse bursts, wherein the sequence Is at least partially
unsynchronized with respect to the trajectory;

means for determining a relative displacement between each target microstructure
and at least one laser pulse in the sequence;

means for generating a deflection command sequence corresponding to the relative
displacements;

means for deflecting the pulsed laser output according to the deflection command
sequence during relative motion between the substrate and a beam positioning subsystem
to synchronize the target microstructures with a set of laser pulses; and

means for irradiating each target microstructure with at least a portion of the pulsed
laser output.
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29. A method of processing target structures on a substrate comprising:
producing relative motion at a non-constant velocity over a series of target structures;
generating a pulsed laser output during said relative motion; and
processing target structures at different imes during which the velocity is different.

30. The method of Claim 29, comprising deflecting at least some of said pulses to
synchronize pulse position and target position.
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