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« MEMORY LI NK PROCESSI NG - | JUL 2005 Rel ated Applications [0001] This
1 appli cationsgl aisgsdspriority fromU. S. Provisional Application No.
" 60/269, 646, filed February 16, 2001. Technical Field [0002] This - jviiit 2086
relates to | aser processing of circuit links and, in particular, to a
| aser system and net hod enpl oying a | aser lheam and substrate posi tioning
systemthat incorporates a steering mrror to conpensate for stage
positioning errors and enhance |ink severing throughput. Background of the
I nvention [0003] Yields in integrated circuit ("IC') device fabrication
processes often incur defects resulting fromalignnment variations of
subsurface |layers or patterns or particulate contamnants. FIGS. 1, 2A,
and 2B show repetitive electronic circuits 10 of an |IC device or workpi ece
12 that are typically fabricated in rows or colums to include nultiple
iterations of redundant circuit elenents 14, such as spare rows 16 and
colums 18 of nenory cells 20. Wth reference to FIGS. 1, 2A, and 2B,
circuits 10 are also designed to include particular |aser severable
circuit links 22 between electrical contacts 24 that can be renoved to
di sconnect a defective nenory cell 20, for exanple, and Ponl nd2-4352212.1
50001/84:2 2 - | JUL 2005 substitute a replacenent redundant cell 26 in a
menory devi ce such as a DRAM an SRAM or an enbedded nenory. Simlar
techni ques are also used to sever links to programa |ogic product, gate
arrays, or ASICs. [0004] Links 22 are designed with conventional |ink
wi dt hs 28 of about 2.5 microns, link | engths 30, and el enent-to-el enent
pi tches (center-to- cenﬁﬁi-ﬂ'b?p%féi\’n@gﬁ%?ﬁd%'l ERROERILCORRDAETI@Nom adj acent
circuit structures or el ement®R BEEMOBRMLENK PRACESSINGres 36. Al t hough
the nost prevalent link materials have been polysilicon and Iike

conposi tions, nmenory nreiftes ApHHEstiGiaye nore
[0001] This application claims priority from U.S. Provisional Application
No. 60/269,6486, filed February 16, 2001.

Technical Field

[0002] This invention relates to laser processing of circuit links and, in

particular, to a laser system and method employing a laser beam and substrate
positioning system that incorporates a steering mirror to compensate for stage

positioning errors and enhance link severing throughput.

Background of the Invention

[0003] Yields in integrated circuit (“IC”) device fabrication processes
often incur defects resulting from alignment variations of subsurface layers or
patterns or particulate contaminants. FIGS. 1, 2A, and 2B show repetitive
electronic circuits 10 of an IC device or workpiece 12 that are typically
fabricated in rows or columns to include multiple iterations of redundant circuit
elements 14, such as spare rows 16 and columns 18 of memory cells 20. With
reference to FIGS. 1, 2A, and 2B, circuits 10 are also designed to include
particular laser severable circuit links 22 between electrical contacts 24 that

can be removed to disconnect a defective memory cell 20, for example, and



i recently adopted a variety of nore conductive netallic link materials that
« may include, but are not limted to, alum num copper, gold nigk . 9009

. titanirehmp-assiungsboenz platinum as well as other netals, netal "aPl such
as nickel chromde, netal nitrides such as titaniumor tantalumnitride,
metal silicides such as tungsten silicide, or other netal-like materials.

[0005] Grcuits 10, circuit elenments 14, or cells 20 are tested for
defects. The links to be severed for correcting the defects are determ ned
fromdevice test data, and the | ocations of these links are mapped into a
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test\?arta, and the locations of these links are mapped into a database or
program. Laser pulses have been employed for more than 20 years to sever
circuit links 22. FIGS. 2A and 2B show a laser spot 38 of spot size diameter 40
irﬁpinging a link structure 36 composed of a link 22 positioned above a silicon
substrate 42 and between component layers of a passivation layer stack
including an overlying passivation layer 44 (shown in FIG. 2A but not in FIG.
2B) and an underlying passivation layer 46 (shown in FIG. 2B but not in FIG.
2A). FIG. 2C is a fragmentary cross-sectional side view of the link structure of
FIG. 2B after the link 22 is removed by the laser pulse.

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

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



stage supports the inertial mass of the upper stage which supports

. workpiece 12. These positioning systens have excel |l ent positioning
accuracy because interferometers are typically used al ong eaehyap)is 2685

- det er e PRE 'alf¥Bt Ut e position of each stage. This |level of accuracy is
preferred for |link processing because the |aser spot size 40 is typically
only a little bigger than link wdth 28, 3so even a snmall discrepancy

bet ween the position of |aser spot 38 and |ink 22 can result in inconplete
link severing. In addition, the high density of features on sem conductor
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on semiconductor wafers results in small positioning errors potentially causing
laser damage to nearby structures. Stacked stage positioning systems are,
however, relatively slow because the starting, stopping, and change of
direction of the inertial mass of the stages increase the time required for the
laser tool to process all the designated links 22 on workpiece 12.

[0008] In split-axis positioninig‘systems, the upper stage is not supported
by, and moves independently from, the lower stage and the workpiece is
carried on a first axis or stage while the tool, such as a fixed reflecting mirror
and focusing lens, is carried on the second axis or stage. Split-axis positioning
systems are becoming advantageous as the overall size and weight of
workpieces 12 increase, utilizing longer and hence more massive stages.
[0009] More recently, planar positioning systems have been employed in
which the workpiece is carried on a single stage that is movable by two or more
actuators while the tool remains in a substantially fixed position. These

systems translate the workpiece in two dimensions by coordinating the efforts



accurately controlled; rather, its position is accurately sensed to trigger
. laser spot 38 to hit link 22 accurately. [0011] In contrast and with

reference again to FIG 3, the position of beam spot 38 al on S§a.AXES
- 56 or "BEGEPEdntPYPed within specified accuracy as the beamgé)jglﬁt ?@ﬁer
passes over each link 22. Due to the inertial mass of the stage or stages,
a set-up nove to start an OIF run producestringing in the cross-axis
position, and the first link 22 in an OIF run cannot be processed wuntil
the cross-axis position has settled properly. The settling delay or setting
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posi ti onerscross-axis position, and the first link 22 in an OTF run cannot be processed
until the cross-axis position has settled properly. The settling delay or setting
distance 60 reduces processing throughput. Without a settling delay (or,
equivalently, a buffer zone of settling distance 60) inserted before the first laser
pulse, several links 22 would be processed with serious cross-axis errors.
[0012] Although OTF speed has been improved by accelerating over
gaps in the link runs, one limiting factor on the effectiveness of this “gap
profiling” is still the requirement for the cross axis to settle within its specified
accuracy. Atthe same time, feature sizes, such as link length 30 and link pitch
32, are continuing to decrease, causing the need for dimensional precision to
increase. Efforts to further increase the performance of the stage or stages
substantially increase the costs of the positioning system.
[0013] The traditional way to provide for two-axis deflection of a laser
beam employs a high-speed short-movement positioner ("fast positioner") 62,
such as a pair of galvanometer driven mirrors 64 and 66 shown in FIG. 4. FIG.

4 is a simplified depiction of a galvanometer-driven X-axis mirror 64 and a



[0014] The split-axis nature of such positioners may introduce rotational
. Abbe errors, and the gal vanoneters may introduce additional posit$3Uingids
errorspbmn[ﬁ(lﬁggqi Eo{;o%l’z because there nust be separation between the two

» gal vanoneter-controlled mrrors, the mirrors cannot both be |ocated near
the entrance pupil to the focusing optics. This separation results in an
of fset of the beamthat can degrade the duality of the focused spot.
Moreover, two-mirror configurations constrain the entrance pupil to be
di spl aced farther fromthe focusing optics, resulting in an increased
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settling ergahsriometeticoniolsd snitofsehé enirtods then&bottipeelochd aéar the
entrance pupil to the focusing optics. This separatic;n results in an offset of the
beam that can degrade the quality of the focused spot. Moreover, two-mirror
configurations constrain the entrance pupil to be displaced farther from the
focusing optics, resulting in an increased complexity and limited numerical
aperture of the focusing optics, therefore limiting the smallest achievable spot
size. Even assuming’such positioners could be used for link-severing, the
above-described spot quality degradation would cause poor quality link-
severing or incomplete link-severing and result in low open resistance across
severed links 22.
[0015] What is still needed, therefore, is a system and method for
achieving higher link-processing throughput while maintaining focused spot

quality.

Summary of the Invehtion

[0016] An object of the invention is, therefore, to provide a system
and/or method for achieving higher link-processing throughput while

maintaining focused spot quality.



* linear stage travel. A two-axis steering mrror is enployed for these

. correcti ons because either axis of the linear stage nay be used as the OTF
axi s. am steering mrror is preferably used for error corrkdiiloall

. only a‘r’{ﬂ‘d"d?)m” "7 equire coordination with or nodification of the I|inear
stage position commuands, although such coordination is possible. [0020] At
| east three technol ogi es can be used to tidt a mrror in tw axes about a
single pivot point. These technol ogies include fast steering mrrors
("FSMs") that enploy a flexure nechani smand voice coil actuators to tilt
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travel path.beam steering mirroris preferably used for error correction only and does not
require coordination with or modification of the linear stage position
commands, although such coordination is possible.
[0020] At least three technologies can be used to tilt a mirror in two axes
about a single pivot point. These technologies include fast steering mirrors
(“FSMs") that employ a flexure mechanism and voice coil actuators to tilt the
mirror, piezoelectric actuators that rely upon deformation of piezoelectric
materials to tilt a mirror, and deformable mirrors that employ piezoelectric or
electrostrictive actuators to deform the surface of the mirror. Piezoelectric
actuators are preferred.
[0021] Advantages of the invention include the elimination of cross-axis
settling time, resulting in increased throughput particularly for SLP systems.
The invention also facilitates improved manufacturability of the main
positioning stage(s) due to relaxed servo performance requirements because
- the steering mirror can correct for linear stage errors. |
[0022] Additional objects and advantages of this invention will be
apparent from the following detailed description of p'referred embodiments

thereof which proceed with reference to the accompanying drawings.



[0028] FIG 4 is a sinplified side view of a prior art fast positioner

enpl oyi regraa47+9di 1ooisf2 gal vanoneter-driven mrrors that defl ect t.hg U@Qe']lﬂ%
beam al ong different respective single axes. [0029] FIG 5 schematica
illustrates a side sectional view of a preferred two- axis mrror enployed
in the practice of the invention. [0080] FIG 6 schematically illustrates a
partial front view of a preferred two- axis mrror enployed in the practice
of the invention. [0031] FIG 7 illustrates the effect of the steering
mrror during the OTF run. [0032] FIG 8 illustrates an exenplary

mul ti-row, cross-axis dithering ("MRCAD') work path. [0033] FIG 9 is a
side sectional view of a representative twd-axis steering mrror. [0034]

FIG 10 is a sinplified plan view of a representative two-axis steering
mirror. [0035] FI &refDescriptiongiithe Drawindtenatic bl ock di agram of an
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[0028] FIG. 4 is a simplified side view of a prior art fast positioner employing a

pair of galvanometer-driven mirrors that deflect the laser beam along different
respective single axes.

[0029] FIG. 5 schematically illustrates a side sectional view of a preferred two-
axis mirror employed in the practice of the invention.

[0030] FIG. 6 schematically illustrates a partial front view of a preferred two-

axis mirror employed in the practice of the invention.

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

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

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

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

positioner control system for coordinating the stage positioning and the steering

mirror for error correction.



systemmay alternatively or additionally enploy the inprovenents or beam
posi t i onersseeokthi/aat ed noti on schenes described in U S, Pat. Nos:
5,751,585, 5,798,927, and 5,847,960 of Cutler et al., which arp Afsi2§tted
to the assignee of this application. O her fixed head or |inear notor
driven conventional positioning syst&ns could also be enployed, as well as
the systens enployed in the 9000, 9800, and 1225 nodel series manufactured
by ESI of Portland, Oregon, the assignee of this application. [0039] Wth
reference to FIGS. 5 and 6 and with respect to this invention, the final
turn mrror of a fixed head systemor alternatively fast positioner 66
(FI'G 4)[0086] pr ef eFiEhl| 42 isepbimasiHicllyschephatil BloBk @iagrarest am'egémgtawr acy
two-axis steering mrror system 100 that includes a mrror 102 capabl e of
act uat i qipsiianer sonfrehsysteibliad sgpedinating the stagenpositionieg andzhegteeringent ral | y
positio i Lt 104 t .coi ncides wth an entrance

pupi | 13@9%?fép$%%ﬁgﬁhﬁé eﬁ%“?ﬁ@%5$h§f§§h§0g @ering mrror system 100 is
preferably used for error correction, although it may be enployed for beam

steering because either axis of the |inear stage nay be used as the OIF
axis. Portl| nd2- 4352¢teied [Beseription.of Preferred Fmbodimentn040] Because the beam

Is focu a ve fd | | : L Ccatd: chani sm
directi ﬁggﬁﬂjr or s?éte eérrrf1 §8€Iprgérnet§ érzdgrglfpgé%%gl?\é@p Eé’lﬁ F?é%“?ﬂﬁ“%%gﬁgﬁggs at

| east twieszxibedabdetaipindiS. iRataht N&04,53@M @ of Ovedwsuked/hidh israssigraed tche
entrance, pupi | of focusing optics or .|en 8. Smal |l .angl e, perturbations
in the ﬁagia&sm%éﬁﬁﬁwamgoaeﬁ BEfoT AR e H1PER G DY B RuF rrae?elrfor |

| inear vaAsbRAfbM NBWBbHIESoBtaidiPol ke aliffifia. and because mirror 102 is
| ocated at or near the entrance pupil of focusing |ens 108, the beamis

shi ft ed [0@38hout di ke deaimmpositieningciyséemgpeierablyl employs adbssrecgntodlier thatal | |
hi gh qual it Spot . 04 I.n one _enbodinent, settling errors in.

Cr oss- adiastils BFacked ot axs. BoPRBR BaBGRR sYapm R cGRFIARE N,  n an
on- axi s rafeewers etakdet ARd fsdus I1B8EF SFSteth oUdiBUSth RidkRe@ Xaserdipki22coh ¢0 al | ows
the I'i near stage interferoneter feedback to be the sole source of |aser

pul se t rdgytes PhyorkRiaee de; Wia heamdaprsitioniog susieat PefMits ALLKiMOWwMest i on 112
steerl ng, e%ﬂrlinkgiz%zr@ﬁ 4O shh PR GHHBht V\{cﬁrg{:i@%%z' tb P LhREIMLNE desi gn

and i ntroduces a i onal ~ erfr or sources
severing operations based on provided test or design data. The beam positioning

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

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



can (degrade on-axis direction 112 accuracy if such errors are not
- addressed. [0042] Mdtion in each axis of mrror 102 exhibits scale factor

and offset errors, noise, and cross-axis coupling. These error igﬁh?% ﬁ?n
* be welPiHHToPPR2and calibrated out in the system with noisSe 0
tenperature stability effects controlled through conventional design
techni ques. [0043] Calibration of mrror system 100 t hrough beamt o-work
("BTW) alignnents can correct for any non-linearity and alignment errors
in steering mrror 102. Traditionally, the termbeamto-work is used as

Wbt Te i r occiai0lne ") BEERORE e bRERTE RRuSPT nan R ik A0t SRRIRTSEE: et on
the wafer orgpeiidationsetheldechbMsni HireEiMd ftroMBRIgeNEN bfefefalifigiviodd trect i on

off the target are used to precisely determ ne t_arget and hence wafer
| ocati on. Bymétemhihglangaliapst ver gees akpuhpiBripeinhin84, whishosfleeatedad or

rotation of t f el Y/ he b snot ascertained. It is

al so possi bl %erotw{%a%{tﬁ{ﬂcegﬁ%fo‘xe@gépg o@%?horﬁgn%jlﬁg. $T3@88ﬁ§ ity and

posi tional dbst@biations in B gosiBod TP 2ikdr 3§ 03B #He2bd&mrefbulito?€ipedt0044]
After mrror si/istem 100 is added to the | aser system traditional BTWtype

scans can bdonggat stageseasiling aiyors ddloeinvpsk surfaeel ameherauss minor 4024 i ng

T02' in he HomRs dberibelthd ERRR I Bl Ml s PR IR AR ip BBl o'
is tilted, apghanadiSterirgiWsansktd spert, Moty Helivst &fE sitahoMighugfalityat er al
of fset of the |aser beamspot is inparted by the tilt. By neasuring the

of fset caus®Plby nunerous mirror tilts in the U and V axes, mirror system

100 1o det orB0AAk to- Bt EF BN Mo PEGAE  ERERS R ARAR T g

the |inear srag®rhatéd 8pdnirfoprioR, wHileirsoes & bh entaxis siereriion drl 29y sloem 100
for subsequent BTWt){_B_e alignnent scans. [0046] FIG 7 illustrates the
corrective dareateds Thisosinglesaxs seriertiometews the jiseanstage intaraigmeterorr

155 gor | o e AR AREILESBAISSAREEETRLE e Bodkh 8 YRS AT L o

a correctiorcooudivetid?Zondaats disedtiom 118 etegeingfmirtardioZamotion is possible,
although it complicates the design and introduces additional error sources that
can degrade on-axis direction 112 accuracy if such errors are not addressed.
[0042] Motion in each axis of mirror 102 exhibits scale factor and offset
errors, noise, and cross-axis coupling. These error source can be well-
controlled and calibrated out in the system, with noise and temperature stability
effects controlled through conventional design techniques.
[0043] Calibration of mirror system 100 through beam-to-work ("BTW?”)
alignments can correct for any non-linearity and alignment errors in steering
mirror 102. Traditionally, the term beam-to-work is used as nomenclature for
the process of scanning the linear stage back and forth, while directing the
laser beam spot at low power at an alignment target on the wafer or workpiece
12 (FIG. 1). Optical measurements of the reflection off the target are used to
precisely determine target and hence wafer Iocatioh. By scanning several
targets with BTW scans, the offset and rotation of the wafer relative to the
beam spot can be ascertained. It is also possible to map out other effects

such as axis orthogonality and positional distortions.



® curve 120. The resulting beamposition is the sumof the |linear stage

- motion and the defl ected beam position and is represented by a resulting
beam path curve 124, which is free of cross-axis error. [0047] FIG S$

s 111 ust Pati®E82Hs1 AY'%%%eering mrror system 100 for MRCAD proces .Hél.o?@ ng
boustrophedon or raster scanning in the context of link severing to
further inprove the speed at which links gge blown. In a preferred node of
operation, MRCAD scanning is done in cross-axis direction 110 while noving
along a row 130 of links 132. MRCAD scanning enploys steering mrror 102

nd adj acent [QO44IS 136 Aleratf o SvElerd 008 st 0eRa Rt AR st Bl 2
sl ower | i neap TPty sshiageah beCliosStAXisp Slitrastihabeditiesfhbinearifes i bl e

because not all the links in each row need to be blown. Link q_rocessi n_gb
becormes far sigesingfmirgrei2 KspnERCADIS scaessenplished hedeingra BiTiYssadovifot

h b - sl ewed. d N b | f 1]
Coans. can: berLieaain Tie PofuileesS 3idel fieufts A% PRbPRaca g mhron 1 "
si zes, P o rgltjifeddandrinr BT 288R 1< B4ifdrmdd to Heldire Pows RRfchdhwesl, and

pitch distance decrease, MRCAD scanning will becone an even nore val uable
t echni que. [Ofe]ofIthe dasartegamspe! isioppartatehy e bih- Byi seasutirg theyoffsaoaD")

R ths opera ey AfbiESbs el YD 4 Bk ol st et 6 Fan Be"
on-axi s direfily @Ratdderis@yering |inks while the linear notion stage

catches up. The SOAD scan ahead or scan  behind the stage feature all ows
t he positi oni0f453yst enfAnsertbguespansgef mr@c$)t€5femc%§efgef@fmtr@ds@ver

thr ee.t echnonSUPEETE (el eefd e T BT BF Rl PP RO e Y6d bebi P ou
pi vot point fbedh, itThesesibestnat@ahiesr ystbrfle0f RvbsubriguenpBayy ayié exur e
mechani sm and_voi ce coil actuators, plezoelectric actuators that rely upon

def or mat i on YINPIEHFEREEt ric materials, and piezoel ectric or

el ectrostri Gl act ua . 0 drf ! r-o4itabl e
voi ce coil ;ﬁcjlto égl ed Fskgé 'Z7r ghjg'\t/rg:?%sa@{geé&f}er%ﬁqéggﬁ%t&f(falt\g%'prg&:%&&gppgrr@ i0n of
Broonfiel d, dystamady dmindNewidTF rGar polirddratagetinging iseepfediented biy a.
However, the preferred actuator is a _nodel S$S-330 Utra-Fast Piezo Tip/Tilt
Pl at f or m nariidied GEB® heV-PAMIgPK 104 gRisnhe Iasertream dfiprpes-ayis difection

110 as represented by a correction curve 122 that is the inverse of ringing
curve 120. The resulting beam position is the sum of the linear stage motion
and the deflected beam position and is represented by a resulting beam path
curve 124, which is free of cross-axis error.

[0047] FIG. 8 illustrates using steering mirror system 100 for MRCAD
processing during boustrophedon or raster scanning in the context of link
severing to further improve the speed at which links are blown; in a preferred
mode of operation, MRCAD scanning is done in cross-axis direction 110 while
moving along a row 130 of links 132. MRCAD scanning employs steering
mirror 102 (FIGS. 5 and 6) to direct the laser beam along a pathway 134 at
links 132 and adjacent links 136 in adjacent rows 138 without needing to move
the slower linear motion stage in cross-axis direction 110. This is possible
because not all the links in each row need to be blown. Link processing
becomes far more efficient with MRCAD because the linear or stages do not
have to be scanned or slewed down each row, so the total number of link row

scans can be substantially reduced. As integration increases and link sizes,



Kar| sruhe, Germany. [0050] Traditional gal vanoneters are not typically used
for thi sapptdocateiosmz because they each tilt a mirror about only .%)n aéb@-
and ordinarily have insufficient positioning accuracy. Moreover, aﬁ-ﬂai b
physi cal |y separated gal vanoneter mrrors is required for tw axes of
actuation. This separation is inconpatlible with the desire that actuation
occur about one pivot point |ocated near the entrance pupil of focusing
lens 108 (FIGS. 5 and 6) to maintain a high quality |aser spot at the
surface of workpiece 12. Nevertheless, it is possible to enploy

gal vanoneter deflected mirrors in this invention, particularly if enployed
i n singlspob¥izes aanld piteh ldistahte decfibsca PIRCAT §€4nih§ WilkbBEsB Aceusmcy and
wel | focused | aser spots. [0051] By way of example only, FIGS. 9 and 10
show an NFER YalsakigiteChMiAEEr  system 200 in which four electrical to

mechani | brati LS .S ;

tr anodud@ ¥, ppor (AHEERE, o5 sHhrEhEIREt GaR s AUBBUSOREE) BieS miger
JUL 2003 0quadiefladt the bbain proiaris diletiohyl 12 FIGNHB-TY. ansHiscsperatidial 224,
226, and 228 are positioned at O, 90, 180, and 270 degrees with respect to

a cent r dNOGKithebram gan he auicklyieacted ahgad in gRraxdingirestion 1 h2-evesng t o

each ot : | ' e I on or
nub 234 153 WHEH HnBal i o BHRRBACK TIPS T SORR s aRad br BRR L opect
t o axi s b2a3ihd Me stageFaaturasllawsdhenetsitionirig apstem R0rauucerstags selbaity educe

its weight and facilitate high frequency response for desired beam
cor r ect IHRNIRE OF &P SSYE ?%V%fégpféﬁf ding a BIHGQWRRAMIVRRENt S8IMEN: coat i ngs

to aCCO‘{GEttléfr)r | asgf le‘él@t’ﬁlré@g%cfhﬁlo&? irﬁr:gﬁbbéjéﬁ@@e‘%{  till (SR 10201 two

i ghtwei'g igid struts or elongate ers , 244, 246, and 248
ext end raxgisabout pivehpoint U84 these teahmotagigsincludab8M<tat emplonhavtexure

respective per.ipheral term.nal portions 252. 254, 256 nd 258 affixed to
Fespoot INE T IRBLYQiod So1 Sl o ocioans wefymor el Py S88n cal 1y
novabl e defeinsgticiPbt siezbBleckid Matérddls Jase picRbeittiid oRelReirbaficBvés aBipabisonal
voi ce coil/loudspeaker arrangenment, see Van Nostrand's Scientific

Encycl ogedleform Siasureer of armiripigSuitedk: vaine ogd @ctrated dPNMe ave avaimkle

e SRk Ak Ben AR BRI OO OB ik RErai B,

suppor t o23irsCaliforiia c Howevdbethe preferred actuator is a model $-330 Ultra-Fast
Piezo Tip/Tilt Platform manufactured by Physik Instrumente (“Pi”) GmbH & Co. of
Karlsruhe, Germany.
[0050] Traditional galvanometers are not typically used for this application
because they each tilt a mirror about only one axis and ordinarily have insufficient
positioning accuracy. Moreover, a pair of physically separated galvanometer mirrors
is required for two axes of actuation. This separation is incompatible with the desire
that actuation occur about one pivot point located near the entrance pupil of focusing
lens 108 (FIGS. 5 and 6) to maintain a high quality laser spot at the surface of
workpiece 12. Nevertheless, it is possible to employ galvanometer deflected mirrors
in this invention, particularly if employed in single-axis and small deflection
applications to maintain accuracy and well focused laser spots.
[0051] . By way of example only, FIGS. 9 and 10 show an FSM two-axis mirror
system 200 in which four electrical to mechanical vibration generators or transducers

are supported by a transducer support platform 220 in a



made of a |ightweight material, such as netal (e.g. alum numor beryllium
or plastic, enabling rapid response to the electrical input si gnﬁlsﬁn_t %Mﬁe
VOI Cep b dsSa01 QuobRedescri bed. [0053] A tip control generator 260

connected to transducers 224 and 228 to cause themto nove in a

conpl ementary “"push pull” relationship with each other. Simlarly, a tilt
control generator 262 is connected to trarsducers 222 and 226 to cause
these coils to also nove in a conplenmentary push pull relationship with

each other. A laser beam 270 is reflected off reflective surface 236 and a
refl ected beaadFilre selpbsnshippetietnbyt heepehizarsducers 2aat 224 226 artte228 oss

is, which i t f. t f
X bes i o ars gPSHRERG A4 2, a%oseaq%io% B6e JAFSEBEN' §eRETaLERS 2o0une.
a push-pul | 5rglAki gRBidre, §Pn qgg w.t'hrr%e Y] th%r n% {/é‘HeLl'HFPRfr

termnal portion 252 of sup 237 othe right in Fl % JUL
2005 Poni ndzupa@zzn@nbemeamw Bemﬁ’almortlbn\mrhubrMBaeang 20Girrar qu'ushl ng

t erm nal ortjon 256 to t | eft, o.tilt reflect f 36, th b
het lbert e elalp airsle a5 sShiered Rishsbpat towie RS0 Mibr2oeasa t ng o
begi nni Ng_ofgie @FEr aWBut BOImANATBLE to FAUERYAS wERIH R teicTage 236 at a

proper frequency and danped anplitude to conpensate f I near~ st age
ri ngi ng i n reqesnaxiaspinsecior dasitdd beshecemgctice. i Mimart 236) is twatadgedth ve

effects of linear.s e set tinme and cin atively straight
beam pat h. SHOEH I B3t AP HGBLF R SR ceBUBL P v tslh Sa S RS bt fer
zone can bepprpregssd accurately. [0054] Mrror systenms suitable for use

with this |nvent|on can be inplenented with a | arge enough field to do
MRCAD scans[09p2]r ovi duﬁmglrthgbtwelgie& ligidtsitrouts onebmgat@brrtﬁmla@m%z@%o 2460

m crons; howe such mrr ) C al so be nt

Cr ose-axi o 2 SRR TG RE) (D b iR Sinhi i 3uPRor BRI 292 hVeabout
10 to 50 m IspRetifs péﬁphb?él|t§rrﬁiﬁaﬁ;9@ﬁbné@5@°2%@ ZHBCér%‘QBBEWéH [gor is
preferably positioned within about plus or mnus mm of the entrance

pupi | of th@sp@@tme tr@nlséngew%e?%ﬁgésaadQ@xwmmage elecricadiidnevablee
modi fi ed to SULT foe YS! AMhArabaidng 8RS ELB ol BKtBh QSRS N9

applicati on%’
Coil/loudspeaker arrangement, see Van Nostrand's Scientific Encyclopedia,

Sixth Edition, page 1786. The use of such conventional loudspeaker coils for
the transducers to perform mechanical actuation, decreases the manufacturing
cost of the apparatus. The floating mirror support 232 can beneficially be
made of a lightweight material, such as metal (e.g. aluminum or beryllium) or
plastic, enabling rapid response to the electrical input signals to the voice coils
to be described. v

[0053] A tip control generator 260 is connected to transducers 224 and
228 to cause them to move in a complementary “push pull” relationship with
each other. Similarly, a tilt control generator 262 is connected to transducers
222 and 226 to cause these coils to also move in a complementary push pull
relationship with each other. A laser beam 270 is reflected off reflective
surface 236 and a reflected beam 272 is positioned by the generators
controlling the cross axis, which is perpendicular to OTF direction of travel, to
compensate for cross axis errors. The pairs of signals produced by each
generator assume a push-pull relationship, so that when transducer 222 is

pulling upper terminal portion 252 of support member 232 to the right in FIG.



o

[ 0055] The preferred nodel S-330 Tip/Tilt Platform manufactured by Pl uses
pi ezoel ectric actuators for high speed, two-dinensional mrror ti*d&U
Strai n gage sensors accurately determne mrror position and prdv L2005

- f eedbek>481Hhate*to the control electronics and drive circuitry. A nore

conplete description of the nodel S-330 Tip/Tilt Platformis avail able at
the PI. web site, ww. physikinstrunente.cgn [0056] The nai n advant ages of
the Pl Piezo Tip/Tilt Platformare that the device is comrercially

avai l abl e and has a very conpact size that readily nounts in an ESI nodel
9820 positi gRi Y, fgatr I Tilt

Pl atform ar gat Rg’f/ér ?érﬁ%uée?%?@fl]sa@gﬂf eg%‘?%eoﬁrté%?ggﬁt?éngﬁ g&r)%tse i

beam t o- vwor keffsivel \gfacePb s chtrebsdefeninghefigbtedt searaizge. I'Shé'af:fuad:lt)ﬁnt for
error correction applications; and nonlinear notion, thermal drive,

hyst er esi s, CaRdehe dagﬂw%@@mﬂm\of@@%ﬁ lrurl PR XHDPlS: éﬁbw with

piezoelectr' 4474808 1
50001/ 84: 2 hefi‘le?cqézg%%ogﬂﬁ ﬁg%%é?f l?%g(gp anf dfr?}@ or oPher types
of mrror 0&0&@3@@@f&ame@mstawﬂngmgtuﬁl@k@s‘-@msmcmmh10htr$erlabyentlon
[0059] In addition to all the other above-descri bed advantages, this

.i nvention sbwﬁatwgathﬁern%g@tveo@ffems ohlneaisippemefiliag tiste aRd Irogising Rot or s

errez)l;stl'rltﬁl s”su ant 'y Te uces Z cos e linear ors ;(r)lgl al so
() - (SEhb WaidiTar 300 s SRAGHAL VoRKPOFRNRe Y [k

reduces t hecoepemtitert pudfer zbre spstsnprddesesd Routratelyt he accel eration |imit
of the linear stage or stages. [0060] FIG 11 shows an enbodi rrent of a

posi tioner Ef4lol sy digier systesns S@'Fﬁl%ielfﬁﬂl@ﬁ% WA thisrinketiol 6ak PRy t he
t J
posi tioni ng; n?éle?%rﬂ@g Vyﬂ‘?él %rggoér{ hsﬁéa%éggg%ﬁ)@% s%gf! '1909 dﬁﬁ%jbggm

p05|t|on|ng o) WO-axl's™s rror 0S| |ng err
correction. déflectiwrr igiea ravmge oﬁchbLath@tch)QO almdro’msélhmvbe suehiirest gystema
single planar notjon stage having positionin cont( in the X- and Y-axis

di rect i ons. 32450 ke ¥RA er(w)tﬁ raf PEssrad garreElien arivLspPeviging bgem or 306
I's used to gofif&tdn mF%Bém%é)gf QSOL‘?trT(?fo'SSG%'iERﬂ\sbdr 25 1118 a8t 3R HON

stages 302 and 304. osition conmand generator 308 generates X-
and Y- axi s migionsod hecowmamnid me@nablsy dasiticheld wishin aboubd pis suminug 1jramct i ons

i_loaﬁgdy?é)z(@ftst%@;(émtgzpﬁgq@ﬁ@})ég%o ftolcggin%qg%g.o%lhgrsg rg%gd'esa gge g)%eGmtp ary \ esPect Ive

and can be modified to suit the system design and particular link processing
applications. ,

[0055] The preferred model S-330 Tip/Tilt Platform manufactured by Pl
uses piezoelectric actuators for high speed, two-dimensional mirror tilting.
Strain gage sensors accurately determine mirror position and provide feedback
signals to the control electronics and drive circuitry. A more complete
description of the model S-330 Tip/Tilt Platform is available at the Pl web site,
www.physikinstrumente.com.

[0056] The main advantages of the P| Piezo Tip/Tilt Platform are that the
device is commercially available and has a very compact size that readily
mounts in an ES| model 9820 positioning system.

[0057] Disadvantages of the Pl Piezo Tip/Tilt Platform are that it has
insufficient beam deflection range for use in beam-to-work scanning
applications even though its range is sufficient for error correction applications;
and nonlinear motion, thermal drive, hysteresis, and high-voltage actuation are

all inherent problems with piezoelectric actuation that have to be accounted for.



and 304. The actual positions of X- and Y-axis notion stages 302 and 304
are . sensedwshysrespecti ve X- and Y-axis position sensors 318 anq_%zg Eq&
signals representing the actual positions are conveyed to adders % U 05
summing junctions 310 and 312 to generate X- and Y-axis position error
signals. X- and Y-axis notion controld ers 314 and 316 receive the error
signals and act to mnimze any errors between the commanded and act ual
positions. For high-accuracy applications, X- and Y-axis position sensors
318 and 320 are preferably interferoneters. [0062] Residual error signals,
such as those generated by ringing, are conveyed through enabling gates

322 and[@@38]t 0 a aOpPEslirgat etHaraestor8E bier t farhirforbtactudtbe Hesigys be
opt i onal depengﬂ@% on whet her notion stages 302 and 304 share a conmon

coor di n@ﬂ@sggﬁa WHea Withothas investieBri ng mirror - J UL 2005 w

<1 gnal s T2 ccodnampiteR e lfr kOyEldeaef 'Bﬁéét%?’&ﬁgf%%ér i MiRpu8h"

and V- ap@mﬂ&%erelmtmﬂmthe:mjmninh@ﬁts foBthe larar 3dtorsMjekhirae] sétding p
and/or tilt steering mrror 306 by controlled ampunts to deflect, for

exanpl e imelsdsing thmposendary aystamite copertiar erors. Abis suksianiplyresisest x-
and 1 4hs Bt LOMeTRAR iR ARE Srediecil UBbehiBno B Io)sidy POSI i ons

of two-axis Steerl mrror are sense spect tilt
sensor s tR&mghpdt aﬁahaaatceiegarlwdrshm;nfekbemhéalgstage actagds.tip and tilt

position e conveyed to adders o unmm n unctions 328 and 33 0
DOt e A0 e 3" S oSS ancarmbodinanaY & pastiona cpnkia! 8e@LsORef i r 1 or
control 'tﬁl%sin@ét?tlo?ﬂ@r%%r&ﬁgﬁﬂéd%é Bss.%ﬁm@ o?wr%mos\r%&g ﬁranoh%tsgéé 865 Ay

errors bet ween t he comman act ual positions. For Ig accur acy
appl i cat:iaainand alsm theex pesidivping ofga two-aais Seeéring nprref 80adypesitivringeErest ri ¢

tilt/tip for and posi.tion sen ref r abl straln
gages.  SORERPE St EhiiseTvBtob SRd Sl 3 eREy i r TP rBEdRE A SIS A
i nducti \fﬁambﬂgn ts%?dé"hﬁ\ldﬁg pdsttiorfifty o RIIEIAA ithE Xt andky laxeddivestieplss IWid |
understand that U and V-axis steering mrror controllers 332 and 334

shoul d tséandriprererationaldupde, tna-axista@ring, Bliror 06 ireusedyinafered the

Enabl | ng AU EBEEUSE ol b kSRR ko] g e Yoa. 206 10063
[0061] A position command generator 308 generates X- and Y-axis position
command signals for delivery through summing junctions 310 and 312 to X- and Y-
axis motion controllers 314 and 316 to respective X- and Y-axis motion stages 302
and 304. The actual positions of X- and Y-axis motion stages 302 and 304 are
sensed by respective X- and Y-axis position sensors 318 and 320 and signals
representing the actual positions are conveyed to adders or summing junctions 310
and 312 to generate X- and Y-axis position error signals. X- and Y-axis motion
controllers 314 and 316 receive the error signals and act to minimize any errors
-between the commanded and actual positions. For high-accuracy applications, X-
and Y-axis position sensors 318 and 320 are preferably interferometers.
[0062] Residual error signals, such as those generated by ringing, are
conveyed through enabling gates 322 and 324 to a coordinate transformation
generator 326, which may be optional depending on whether motion stages 302 and

304 share a common coordinate system with two-axis steering mirror



posi tion command generator 308 can sel ectively disable position error
correction for either the X or the Y axis, thereby enabling error :
correction for the cross-axis while |eaving the on-axis unafﬂp'tﬁs, B
Vi ce Vergg:222008%9])%F|l G 12 shows an enbodi nent of a positioner 30 L&@
system 340 for coordinating the positioning of X- and Y-axis notions
stages 302 and 304 and, in this enbodinept, FSM 236 (FIGS. 9 and 10) for
MRCAD scans and positioning error correction. In an extended operational
node, the steering mrror is used for error correction and MRCAD scanni ng.

APV AL A e T SR e o
304 and .al S%urﬁlmi@@gm‘éti@his%z@ M@BY0 o IU- ARNVENES sferirindarhiresttdongrof&hd 236.
Summing junctions 328 and 330 generate the positioni naﬁcom‘rand for FSM 236

as the Por UdB2 aad33#2 whigoeotiogip and/er liltistaelineoimos &b o aanrolied or
signals fromX- a Y; .Axi. S, nmotion,stages, 302 d 4 d._in i's

enbodi ment, aépgldn{éﬁtg qif%gﬁgovpégpgolq,iI%g%rr}&eq%fi%c@%ﬁﬁzgq C?'ffﬁ%‘sf%pThe error
si gnal s_ar e GRARIMALGGriohs bPX- SAEY ZRYRLteA _slta*gésh@oz shargar. dTes Befual tip
correction node. The additional U and V-axis tip and tilt commands are

produced by apekor filbpositanand tyeraxisasieering mirer 3060anel sastsedt heragescteritip

Cypi cal 1y &0 TECGaUs Tngas %o i b ehdpPBsd Oe L 2BhaiiBafllt o
the inventi gyshictisedr@donveyetay adders er €amingtjumdtRmhsFSM kg -33Qits mirror
system 200. [0066] In typical operation, the position commands for NMRCAD

scanni ng aigengsele tinapd ditunsitigroegoasiosalfet YoandV-exe steerérg BUERH wi t hout
commandi n - AXd i f i . )
copl 1 oat | onSCREReRyEs SRl Bl BinE iy S AR S Rlrech Bhif emare o

di t hering t eethesstiiopbatnandésaantttudl @EtlonBheF erafighaccacdgn@splidations ed
in these figures are intended to . illustrate the basic inplenentation and

oper ati on ofWPtRXs piagshgirpiTonvils RigleiARY P ewpﬁl%c%riﬁﬁ@/ﬁ@&'a@eh ¥ t hose
o) b PRI ASEETRIAR, 50 o pLAeEA) LRSS 3HES rFERIS
sensomnnayindudeopﬁcaLcapacﬁve,andinducﬂvesenﬁngtechnhuesfln
this embodiment, skilled workers will understand that U- and V-axis steering
“mirror controllers 332 and 334 should be adapted to provide zero to 100 volt
drive signals to the piezoelectric actuators deflecting two-axis steering mirror
306.
[0063] Enabling gates 322 and 324 implement a provision in which
position command generator 308 can selectively disable position error
correction for either the X or the Y axis, thereby enabling error correction for
the cross-axis while leaving the on-axis unaffected, or vice versa.
[0064] FIG. 12 shows an embodiment of a positioner control system 340
for coordinating the positioning of X- and Y-axis motions stages 302 and 304
and, in this embodiment, FSM 236 (FIGS. 9 and 10) for MRCAD scans and
positioning error correction. In an extended operational mode, the steering
mirror is used for error correction and MRCAD scanning. In this mode of
operation, a position command generator 342 generates X- and Y-axis
positioning commands for X- and.Y-axis motion stages 302 and 304 and also
U- and V-axis tip and tilt commands for deflecting FSM 236. Summing
junctions 328 and 330 generate the positioning command for FSM 236 as the



. [0068] Skilled workers will appreciate that the two-axis steering mrror
systens of this invention can be adapted for use in etched-circuit. board
_via  derid-PRgs PEPS- machi ning, and laser trinming applications %s*u@lﬂﬂﬁ&s
~ for link severing. [0069] It will be obvious to those having ski'll 1 n the
art that many changes nmay be made to thejgetails of the above-descri bed
enbodi nent of this invention w thout departing fromthe underlying
principles thereof. The scope of this invention should, therefore, be

determ ned onl Vi.t.he fol. i i Portl nd2-4474 /1842 17
2 I0L 200euie AN il b B s S ulen SEEERT B AT
target | ocatipHefibodmeént kiketige LN drRiSPRNGLt antaitdsImhRerisl on coor di nate
position command i nfornmation, the workpiece having a workpi ece surface,

- conprising: BO883i ti ondtheprson signalscarergenssaledi indbe same manngsas ipéaen

| ati t th i . t he,. i t i1.i d
ot or 1 on: S ENFeR BHAT CatrBrRiST BRI o e sneuFLaL Sl 5% He ShgdM oner
for  produci ggmhidrids ardpreeeesd HYasddifien cehemah$ gbReitat 842 tohcédmprsnal

coordi nate position of the positioner,; Er ocessing circuitry inplenmented to
per f or m conplaei degiredipeamelo-wods skarairg.pBscauss beamimworkaod MRCHM and t he

first and second positiaon_siqgnals nd to provide fr he compani spns. _pne
or more err APRIGGRANS YEr BTG o AT refedt Phiton detiRad, A BRkaEE
posi tion congrafd ihneidrpretaraid ehipforCisiad coft @RfeHtBaTFS MWLl 498 mifrbe
difference including a transient signal conmponent representing |aser beam

posi tion erreystem2@the wor kpi ece surface; a steering mrror controller

syst em produgci a posj.tior rrection ignal in re C reQ
< anal " pr ovi 08812 Fan rEb A Bk es PFBh RIS o VA8 el
posi tioned tgre yReRiov/srddueel (68¢-akRafbasn of theRiset Beani WithoBotdthmdrting
two-axis steering mrror, response to the position correction signal,

i mparting t wr@ﬁ%aw&@ptiaeéhqaﬁ@mtmn stagepomtowenar, aiber epplieaionsd® beam in
a manner suf{lgLERE 4 . CRSRENSHit H¥m bR%xid 855hIehRATLPARIdY e rors: and
boustrophedon scanning.
[0067] The control schemes depicted in these figures are intended to
ilustrate the basic implementation and operation of this invention. More
advanced control schemes, such as those employing feedforward commands
to the motion stages and steering mirror, will be obvious to those skilled in the |
art. ‘
[0068] Skilled workers will appreciate that the two-axis steering mirror
systems of this invention can be adapted for use in etched-circuit board via
drilling, micro-machining, and laser trimming applications as well as for link
severing.
[0069] It will be obvious to those having skill in the art that many
changes may be made to the details of the above-described embodiment of
this inventibn without departing from the underlying principles thereof. The
scope of this invention should, therefore, be determined only by the following

claims.



a focusing |l ens having an entrance pupil and positioned to receive the
def | ect egdnd-aset: heam and focus it on the target location of the workpiece,
the entrance pupil being set at or near the pivot point to provi-d? SJL 2005
substantially distortion-free deflected | aser beam 2. The apparatus of
claiml in which the position correctjion signal includes first and second
position correction signal portions, the steering mrror controller system
i ncludes first and second steering mrror controllers, and the one or nore
error signals include first and second error signals that produce first and
second position correction signals to which the first and second steering
mrror Portlnd2-4404868B8a50001/84:2 18 - Z JUL 2005 controllers respond,
and the first and second steering mrror controllers producing the
respective first ahdAseppadatpissot dacting adasérdreasn ¢pwardoa targehkcatiomioinc h

t he two- axiks.steering mrgo#regpon s to deflgect the IaWap 3... The
appar at GeWBFKPEGE I "BSPANGR I FRTERE OGP RIGA UNBIER IS M €8 QAR i on
i ncl udesghé RiRKkPBEE PRAVIFRY a Wkéib@@'sntﬁfafc@,ecﬁﬁtﬁri%ln@rz‘er to respective X-axis
and Y-axis orthogonal “coordinate |ocations. 4. "The apparatus of claim2 in
which the first arRipesitoner pesitionisgdhalvworkpiset@nd the lasen hbeamdelative hat e
system and %ﬁethm)ti on. of tpe t Wo- a?ﬂis tsteeri ng m [1Oh .iTs characterized
with refreHEE L NeRRE™Y %Hber gt 'éagfsotsgm Ggmay v(ﬂoéﬁ‘att'ﬂ@’ appar at us
further includes &irsoaidsaedid bbsitiohWensaeNes@|ed td e posiiensd fog at | east
one of the first and second error signals to the second coordi nate system
5. The &spdueingdirgfand sgeand positipn slonahe insticativernf am actupl eanidingte epsitionst em
i ncl Udeﬁffﬂi]éibsﬁ’iaﬂersecond steering mrror controllers, and in which the

t ar get ocat1on codrdi nate position comrand i nformation includes mrror
positioning inforpratessing chreultiyririplementettonpersdreecomgarnisonoof thentrol | ers

the twg-axis steeri m.rror es se to the mrror

8325 i %oﬁgdinﬁ?eom%ﬁi%ﬁowre @fgﬁe?fﬂ%ﬁnd 269 ?i&%%grﬁesqogﬁd?qsit@n Yiggals
appar al whedib §rodidd florninWRLASHAMBHEUAS! fiotd B SRl flicalive RS LT oned
y at |least one piezo electric actuator. 7. The apparatus of claim1l in
whi ch t ldifferencesbietwser éé ngomdinaterpasitiorpoaintmanteidfdrynadionl arabtheoaatuabi ce
coi | athlcja(’j‘otr |Flate8poémoen,atﬁg%riﬁérlé%cgfinalu fnré] aiLtriaP]sive\m gigngpgo B(S)inér%ton correction
si gnal
representing laser beam position errors at the workpiece surface;

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

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

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

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

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



I ncludes a series of position correction signal conponents, and in which
the poskitdtones: sewakds the workpi ece and the |aser beamrelative to o
another in a second axis direction in response to a series oﬁ-%aﬂﬂdﬂﬁ&ﬁe
posi tion command information while the two-axis steering mrror is
responsive to the series of position jgorrection signal conponents to
receive the | aser beam and deflect it toward a set of the target |ocations
on the workpiece. 9. The apparatus of claim1 in which the workpiece
includes an integrated nenory circuit and in which the target |ocation

I ncludes a severable link for renoving a defective nenory cell. Po rt |

nd2- 4474806 ohoRORILR: and e 1St 2k 200BGooTHE nIRBAESHIGRS pRldiicg | N

whi ch the workpiece 1ncludes an electronic circuit elenent that 1s Trimred
to a préoerespaative first dra secord pokitioacoeractionsidgnal podidresterwhieh e Mo- The

apparatus. of, cl.aiml in Wm’%{lﬁ h ositioner ,includes stages that are

ar r ange @4SStEeL0g (REPT LEHPT %’t‘?‘?ﬁ?&ﬁe ?aﬁ?é ratus of claim1 in which
the positioner inciUtRg jpaes%s Siddinfi tn HHIGBRECAddmatP bbbitidicdmmand
configuration. 13. The apparatus of claim1l K?ﬂ whi ch the Bosi.t i onerr_na

i ncl udednfarpetioninclusiesiinfasmatignFornpesitioningAhewmadsitibnies to tkspective K-axis angr
beam toward. a t.arget ,l ocat.i on ,on wor kpi ece in response to target

| ocatio ’86‘&%{”?&%@%89?{4%#9&8%@%'i nformation, the workpiece having a
wor kpi ece surf ace,4 CURBrdppafatusRToIdihPRIimHidILtHEOirsPARE 8eddild BRor kmals beam
relative to one another in response to the coordinate position conmmand

i nf or matcoBfPMy Enaifingt caprdinaiepystest and dhe mutisin ofdhe dwotaxds gieekipoaniror is

relativ ' ' itd ' ion:. pr i ng one or
mor e or Shetafiand SR eRbRcB U StarpRERinat e PR, <P RGN IS, o
posi t i ompparaasdurthépinthidesna aodrdilsteardnsfibrne gendraiat forgoavétion, attidgst

' a transient signal conponent representing |aser beam

difference %nﬁlgﬂlp s sigh th Gaordin tem. i

posi t i oPNErQIgNe Tiagt AME SRERKDPELE SHNAISINEHRANE; GRPT@iNaSPYSIBM- correct i on

signal in responsest §heahPAILR SRR i W& steering mirror controller
system includes first and second steering mirror controllers, and in which the target
location coordinate position command information includes mirror positioning
information, the first and second steering mirror controllers positioning the two-axis
steering mirror in response to the mirror positioning information and the position
correction signal.

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

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

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

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

for removing a defective memory cell.



positioning a two-axis steering mrror including a pivot point for
recelvngg@gm@WIQ&g@mbean1at or near the pivot point, the two-axis steering
mrror, in response to the position correction signal, inpartihgUlo 288

| aser bean1angu|ar notions that deflect the |aser bean1|n a manner
sufficient to conpensate for the |ager beam position errors; and providing
a focusing |l ens having an entrance pupil and positioned to receive the
defl ected | aser beamand focus it on the target |ocation on the workpiece,
Portl nd2-4474808. 1 50001/84:2 20 - | JUL 2005 the entrance pupil being set
at or near the pivot point to provide a substantially distortion-free

defl ected | aser bqem-ﬁ,}e éﬁﬁar‘ﬁ?ué(Bf ggﬁns‘uw\ﬁﬁﬁg tl]"?l rs%ﬁ mg Qg |l aim 14

in which the one or nore error I nc second error

si gnal sebnﬁohiwumsﬂ elememmatesttmmmed gnalpredmtbudmdfperﬁdrmatw second

posi ti on]_(‘)%or recti t?_‘iﬁqnal ortions, the first and second position

correctf aé’?t%f%'lc o0 '6%%”8 #Yfuced in response to the respective first and

second error si 9 ' STH aBﬁén‘aﬁbQBf El% LR B tﬁé?%&ltl%ﬂem cf’t?des ét@graghe

net hod of cl ai ml e coor nate position coman I nformati on
i ncl udeﬂwaXea&imrmg&d\fnawtacbed hogﬁguanatlonor d| nate | ocations. 17. The net hod

f claim 14 in whighth formto a f
Coor di nat e syst om!and N EORGERUMOLFETel PunRiliBe DoslBnag T YdRs Steges

char act g{-tzpg apdriyetah e §hRaxkiLconFRFafincoordinate system and in which
the nethod furthér includes transformng at | east one of the error signals

into the second ddortheapparajds oficlairg.1 Mhehiebtthe gositiooerineludes a planiash t he

t ar get .0 rdinate position command information includes mrror
posi ti ohgﬁggpﬁ\%ﬁ%ﬁﬁ?i on, and the nethod further includes positioning the

two-axis steering mrror in response to the mrror positioning information
and the position correctlon signal. 19. The nethod of claim 14 in which the

position correcti dé- s’?\mﬁhOdlfﬁWU@l@ﬁ’gaa fasardeam tqara tgebloeatien 8A &i gnal
corrponewot Ir\)}ge i Hdddise! tﬁ llchrt] ncgcas’fleoilo Hfﬁ%té ESSMBH %Bhﬁﬁgn@q’ﬂ’oﬁhgtléﬁser

beamre 0 Oh€ anot axi's grrection in Tesponse t
seri es tife wodkplecahavipgsa wodkpiecensarfece) edmprigingon; and moving the t vvo aX| S
steering mrror | %orsﬁ%%?nngsﬁetv(\)/o;['krb?egeegrlwg ?he{ase? Ie:[aImornelatlve to one another in
response to the coordinate position command information;
sensing an actual coordinate position of the workpiece relative to the
coordinate position command information;
producing one or more error signals indicative of a difference between
the coordinate position command information and the actual coordinate position, the
difference including a transient signal component representing laser beam position
errors at the workpiece surface;
producing a position correction signal in response to each error signal
produced;
positioning a two-axis steering mirror including a pivot point for
receiving the laser beam at or near the pivot point, the two-axis steering mirror, in
response to the position correction signal, imparting to the laser beam angular
motions that deflect the laser beam in a manner sufficient to compensate for the
laser beam position errors; and
providing a focusing lens having an entrance pupil and positioned to

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



correction signal conmponents. ON THE- FLY BEAM PATH ERROR CORRECTI ON FOR
MEMORY  bohuKas RROCESTHNG Abstract of the Disclosure Laser bean1poiajjogﬁ
(300, 340) enploy a steering mrror (236, 306) that perforns™s L @f
defl ection of a | aser beam (270) to conpensate for cross-axis (110)
settling errors of a positioner stage302). Atwo-axis mrror is
preferred because either axis of the positioner stages nmay be used for
perform ng work. In one enbodinment, the steering mrror is used for error
correction only without necessarily requiring coordination with the
positioner stage position commands. A fast steering mrror enploying a

f1 exur e tharentrante Pupn® dﬁé@?éﬁ&ﬂﬁéért%@tm%wcﬁnﬁt@ rbpld@ruis&béthnﬁﬁleymrror
is preferred in sem conductor |ink processing ("SLP") applications. This

i nvent i dwstodmpféa@@eﬂgcmdrlaaebb@am@tsthgemnkpw@etsw@cer esulting in increased
posi t] onor st ages T hesaE e PRE i ns FaduaF sl e PR it odie'
posi ti ontlugé fitst iRy ¥6cahd dirdgsigheRlan@ RNpSsition correction signal includes first

and second position correction signal portions, the first and second position

correction signal portions produced in response to the respective first and second

error signals to position the two-axis steering mirror.

16. The method of claim 14 in which the coordinate position command
information includes X-axis and Y-axis orthogonal coordinate locations.

17. The method of claim 14 in which the one or more error signals
conform to a first coordinate system and the motion of the two-axis steering mirror is
characterized with reference to a second coordinate system, and in which the
method further includes transforming at least one of the error signals into the second
coordinate system.

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

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

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

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

correction signal components.



